Review Article

The Diagnostic Challenges Associated with Type 2 Myocardial Infarction

Abstract

The diagnostic challenges associated with type 2 myocardial infarction (T2MI) evolve around an
extensive evidence base. T2MI is a type of MI that occurs secondary to ischemia due to increased
demand or decreased oxygen supply. This classification has been used for the last 5 years, yet there
is little understanding of the characteristics and clinical outcomes. According to a survey, T2M1 can
be caused mainly by different factors such as anemia (31%), sepsis (24%), and arrhythmia (17%).
Other associated factors, such as age and gender, also play a part in the disease. The pathology
behind T2MI is the rise and fall of cardiac troponin values with at least one value above the 99
percentile and evidence of an imbalance unrelated to coronary thrombosis. The diagnosis of the
condition is evidence-based backed up with imaging techniques. The treatment of T2MI may involve
blood pressure management, administration of blood products, heart rate control, and respiratory
support. Depending on the clinical presentation, coronary evaluations can be used to assess the
likelihood of coronary artery disease (CAD). If indicated, the MI guidelines may apply to CAD. If it
shows, the MI guidelines may use electrocardiography findings of ST-segment elevation myocardial
infarction (STEMI) or non-STEMI. However, the absence of CAD indicates that the benefits of
cardiovascular risk reduction strategies with T2MI remain uncertain.
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Introduction

In the late 19% century, advancements
in diagnostic techniques demonstrated a
possible relationship between myocardial
infarction (MI) and a coronary artery’s
thrombotic ~ occlusion.  Despite  the
improvement, it was not until the early
20" century that a connection between the
emergence of a thrombus in a coronary
artery and its associated clinical features
was described. Despite these landmark
observations, a considerable time elapsed
before general clinical acceptance was
gained in part as a result of the autopsy
study that showed no thrombi in the
coronary arteries of 31% of deceased
patients with an MI.  The clinical
presentation was referred to as coronary
thrombosis, although the use of the term
“MI” ultimately prevailed."

The fundamental was further refined by
the Global MI Task Force, which led to
the global definition of MI Consensus in
2007. This also led to the introduction of
a novel MI classification system with five
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subcategories. The development of highly
sensitive assays for markers of myocardial
injury resulted in a further revision of the
diagnostic methodology necessary for
patients who are undergoing cardiac surgery
or coronary procedures. Studies have
indicated that myocardial injury defined by
an increased cardiac troponin (cTn) value
is regularly encountered clinically and is
associated with a bad prognosis.

To establish a diagnosis of MI, guidelines
in addition to abnormal biomarkers are
required. Nonischemic myocardial injury
can arise secondary to cardiac conditions
like myocarditis or correlate  with
noncardiac conditions like renal failure.
Therefore, for patients with elevated
c¢Tn values, physicians must distinguish
whether patients have experienced a
nonischemic myocardial injury or any
other type of MI subtypes. In the absence
of evidence to support the presence of
myocardial ischemia, the diagnosis should
be a myocardial injury. This diagnosis can
be changed if the subsequent evaluation
indicates the criteria for MI.
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In other instances, myocardial cell death can result from
a mismatch between blood supply to the myocardium and
myocardial oxygen demand in the absence of an acute
atherothrombotic plaque disruption. Conditions that can
either increase myocardial oxygen demand, such as severe
anemia, hypertension, aortic valvular disease, or decrease
myocardial oxygen supply, such as tachyarrhythmias,
hypoxic respiratory failure, also leads to myocardial cell
injury and death. Myocardial injury in this context is
referred to as type 2 MI (T2MI), which is not due to acute
atherothrombotic plaque disruption. The 5’prevalence of
MI is more common in women than in men, with some
research studies pointing out the relationship between
estrogen and ML

In most cases, it is usually tricky clinically to make such a
distinction. A recent study reported that despite a universal
definition for T2MI, there is no validated, reproducible
definition in clinical research and practice, making the
diagnosis mostly subjective. The broad definition of MI
has been attributed to the terms ST-segment elevation
myocardial infarction (STEMI) and non-STEMI to T2MI,
failure of researchers to report “altered variables,” and
ambiguous cases that meet both diagnostic criteria for
TIMI and T2ML.>!

Epidemiology of Type 2 Myocardial Infarction

The epidemiologic data of T2MI are limited. Only a few
studies have established its incidence in hospitalized
patients and depend mainly on the definition applied to
T2MI. Saaby et al. concluded that 26% of the 533 patients
diagnosed with MI (8.4% of the newly admitted patients,
4,499 had T2MILE® The low prevalence of T2MI may
reflect the location, cardiac, or medical intensive care
unit (ICU).B They analyzed patients admitted to the ICU
in 73 Swedish hospitals, whereas TIMI made up 88.5%
of the acute myocardial infarction patients. The frequency
of T2MI is the opposite of the cases of ischemic coronary
systems.!"!

Etiology and Pathology

Among the five types of myocardial infraction introduced
since 2007, T2MI has been established to result from an
imbalance between oxygen demand and consumption by
the heart, especially in the absence of plaque rupture or
recent revascularization. T2MI presents with coronary
endothelial dysfunction, coronary artery spasm, coronary
embolism, arrhythmias, hypotension, hypertension, anemia,
respiratory failure, and conditions that reduce oxygen
supply to the heart.®! As compared to TIMI, the sequel
to a plaque rupture, usually in arterial sclerosis scenery
or ulceration, fissuring, or dissection, may result in acute
myocardial necrosis. T3MI attributes to sudden cardiac
death, T4MI to percutaneous coronary intervention (PCI)
or stent thrombosis, and T5SMI to coronary artery bypass
surgery.*”!

As earlier stated, the etiology and pathology of the
imbalance between oxygen demand/supply/consumption
by the myocardium are ascribed to several variables.
Three factors that influence myocardial oxygen demands
include systolic wall tension, contractility, and heart rate.
Hence, any pathology that affects these factors may shift
the oxygen consumption equilibrium of the myocardium.
Similarly, the myocardial oxygen supply depends on the
coronary blood flow and oxygen-carrying capacity, which
in turn can be affected by coronary spasm, embolism,
endothelial dysfunction, shock, and anemia.l'"™ This is
summarized in Figure 1.

According to  research, anemia, supraventricular
tachyarrhythmias, and respiratory failures were the three
most common mechanisms leading to about 20% of
T2MIL.121

Figure 1 analyses mechanisms underlying myocardial
oxygen demand/supply imbalance leading to
T2MI (n = 144).02

Diagnosis and Prognosis

Biochemical approach for
infarction and injury

diagnosing myocardial

cTnl and cTnT are the desired biomarkers recommended
to prove and disregard myocardial injury, defining MI and
each particular subtype of MI. Detection of a rise and fall
of ¢Tn values is essential as the first component alongside
other clinical evaluation elements to determine acute MI
diagnosis. It should be appreciated that the biomarkers’
release depends on the blood flow, which has significant
variability in the time to a peak value (velocity) when a
changing pattern is observed.™

For high-sensitivity (hs)-cTn tests, biological variation
assessment is also essential. In most studies, natural
variation and conjoint analytical are in the range of
50%-60%. For that reason, this percentage has been
recommended for use when initial baseline values are
99t percentile upper reference limit (URL).["™ However, for
individuals with a developing amount more significant than
the 99" percentile URL, a lesser level of change during

Figure 1: Mechanisms underlying myocardial oxygen demand/supply
imbalance leading to type 2 myocardial infarction (n = 144)1'"
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serial measurements is vital to achieving improved clinical
sensitivity (compared with inceptive values 99" percentile
URL). Thus, an expert consensus group has suggested the
following changes more significant than 20% used in this
situation. Absolute changes are assay dependent but emerge
superior to relative percent changes with hs-cTn tests, and
in some studies, this is predominantly the case when the
initial value increased.!'¥

The use of non-hs-cTn assays (10% coefficient of
variation [CV] at the 99" percentile URL) makes the
diagnosis of a significant serial change extra tricky but
does not result in a false positive. Assays with CVs of
10%-20% are acceptable for clinical use.™ If a c¢Tn
assay is not accessible, the best alternative is CK-MB
measured by a mass assay. As with c¢Tn, increased creatine
kinase (CK)-MB value can be defined as a measurement
more significant than the 99" percentile URL. The
99" percentile URL has been identified as the decision
level for the determination of MI. Sex-specific CK-MB
values should be employed.['!!

Analytical issues for cardiac troponins

The diagnostic sensitivity (limit of detection [LoD]) of
c¢Tn and cTnlT assays varies 10-fold. Since tests are not
standardized, values from one assay cannot be directly
compared with those from other assays.™

Furthermore, costs are different between assay generations,
and changes can occur when the same assay reagents are
measured on various instruments. Physicians must learn
about their local assay and look for standardized tests when
they have questions concerning analytical problems.['>!9]

The latest guidelines accommodate all tests, whether hs-cTn,
conventional c¢Tn, or point-of-care (POC) c¢Tn. While
hscTn assays measure relatively low values and minor
documented increases above the 99" percentile URL, many
conventional and POC cTn tests do not usually indicate
small increasing values within the reference interval.
This leads to significant differences in the frequency of
events based solely on the cTn assay.'” These differences
are magnified when multiples of the 99" percentile URL
are used. IFCC supports the concept that hs-cTn assays
are differentiated from conventional or POC c¢Tn assays
potentially by measures of ¢Tn values beyond the assay’s
LoD in 50% of healthy individuals. This concept provides
a rough approximate of assay sensitivity.!'*!

Electrocardiographic diagnosis of myocardial infarction

Electrocardiography (ECG) is an essential part of the
diagnostic workup of patients with suspected MI. It should
be acquired and interpreted immediately (within 10 min)
after the first medical contact. Prehospital ECGs reduce
the time to diagnosis and treatment. They can facilitate the
triage of STEMI patients to hospitals with PCI facilities
within the recommended time interval (120 min from

STEMI diagnosis). Acute myocardial ischemia is usually
associated with dynamic ECG waveform changes, and
serial ECG possession can provide critical information.!'”!
Figure 2 shows the ECG waveforms.

Figure 2 shows the ECG waveforms and segment: PQ
segment represents the SA node signal to the AV node.
The Q wave is produced when the AV nodes release
signals that move through the interventricular septum. Q,
R, and S waves together are referred to as QRS complex,
representing the electrical forces produced by ventricular
depolarization. R wave is the positive deflection after the
P wave. S wave is created when the basal parts of the
ventricles are depolarized. ST segment marks the time for
the ventricles to pump the blood to the lung and body,
while the TP segment is used as a baseline reference
to determine whether the ST segment is elevated or
depressed.

Reperfusion is mostly associated with a significant and
prompt reduction in ST-segment elevation. More profound
T wave inversions or ST-segment shifts involving several
leads/territories are associated with an increased degree of
myocardial ischemia and a worse prognosis. An ST-segment
depression 1 mm in all six leads, in addition to ST-segment
elevation in lead V1 or leads aVR and blood circulation
compromise, is suggestive of several vascular diseases or
left primary disease. Pathologic Q waves elevate the risk
associated with the prognosis.?*2!

The ECG singularly is often insufficient to diagnose
acute myocardial ischemia or infarction since ST
deviation is also observed in other conditions, such as
acute pericarditis, left bundle branch block (LBBB),
left ventricular hypertrophy (LVH), Brugada syndrome,
and Takotsubo cardiomyopathy (TTS) with an initial

J point

LPTg Segment
P T
/\ .

Q

Figure 2: The electrocardiography waveforms and segment: PQ segment
represents the signal from the SA node to the AV node. The Q wave is
produced when the AV nodes releases signals that moves through the
interventricular septum. Q, R, and S waves together are referred to as QRS
complex which represents the electrical forces produced by ventricular
depolarization. R wave is the positive deflection after the P wave. S wave
is produced when the basal parts of the ventricles are depolarized

International Journal of Applied and Basic Medical Research | Volume 11 | Issue 3 | July-September 2021 133



Abe, et al.: Diagnostic challenges of type 2 MI

repolarization pattern.'"¥ A prior ECG is often useful in
distinguishing a new MI from a chronic MI finding, but
this should not delay treatment consideration. Prolonged
new convex ST-segment eclevation is mainly related to
reciprocal ST-segment depression, which commonly
reflects acute coronary occlusion and results in myocardial
injury accompanied by necrosis.*!

Figure 3 represents a reciprocal ECG image.!'”

Reciprocal ECG changes usually help to differentiate
STEMI from pericarditis or initial repolarization changes.
As in cardiomyopathy, Q waves can also occur due to
myocardial fibrosis in the absence of coronary artery
disease (CAD). Some of the initial manifestations of
myocardial ischemia are typical T wave and ST-segment
changes.!822

Elevated hyperacute T wave amplitude, with prominent
symmetrical T waves in at least two contiguous leads, is
an initial sign that may precede the elevation of the ST
segment. In general, the development of new Q waves is
evidence of myocardial necrosis, which begins minutes/
hours after the myocardial insult.?*?4 Transient Q waves
are observed during acute ischemia or acute MI episodes,
and successful reperfusion occurs rarely. ST-segment-T
wave (ST-T) criteria indicate acute myocardial ischemia
that might or might not lead to ML

The J-point (junction between ST-segment onset and QRS
termination) is used to determine the magnitude of the
ST-segment shift, with the beginning of the QRS serving
as the reference point. In patients with a fixed baseline,
the TP segment is a more accurate method to evaluate
the magnitude of ST-segment shift and differentiating
pericarditis (depression) from acute myocardial ischemia.
Tachycardia and baseline shift are usually in the acute
setting and can make this determination difficult. QRS
onset is recommended as the reference point for J-point
resolution.[']

Figure 3: Reciprocal electrocardiography image!'¥!

Conditions  that  confound the

diagnosis of myocardial infarction

electrocardiographic

A QRS complex observed in lead V1 is usually standard.
A Q wave >0.03 s and <0.25 of the R wave amplitude
in lead III is typically normal if the frontal QRS axis is
within-30 and 0. A Q wave can also be typical in aVL with
the condition that the frontal QRS axis is within 60-90.1
Septal Q waves are minor nonpathological Q waves <0.03
s and <0.25 of the R wave amplitude within leads I, aVL,
aVF, and V4-V6. Preexcitation, TTS, cardiac amyloidosis,
LBBB, cardiomyopathy, left anterior hemiblock, LVH,
right ventricular hypertrophy, myocarditis, acute cor
pulmonale, or hyperkalemia may have some level of
correlation with Q waves or QS complexes in the absence
of ML

Figure 4 represents ECG diagnosis of myocardial ischemia
with ST-T wave abnormalities, usually observed with
different pathological cardiac conditions.

Conduction disturbances and pacemakers

The diagnosis of MI is difficult in the presence of
conduction disturbances associated with ST-T wave
changes since the conduction disturbance itself maybe heart
rate dependent. Comparison to a preadmission ECG may
help determine if the conduction deficiency or ST-T wave
changes are new, considering no delay to the treatment
period. Ischemic symptoms and presumed new right bundle
branch block or LBBB that is not rate related are associated
with an adverse prognosis.!'?

The pathophysiological mechanism is by causing ischemic
myocardial injury in the presence of a mismatch between
oxygen demand and supply classified as T2MI. By
definition, acute atherothrombotic plaque obstruction
is not a characteristic of T2MLP?" Patients with stable
known or assumed CAD with an acute stressor like severe
gastrointestinal bleed or a sustained tachyarrhythmia with

ST-Twave

Figure 4: Electrocardiography diagnosis of myocardial ischemia with ST-T
wave abnormalities which are usually observed with different pathological
cardiac conditions
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myocardial ischemia can result in myocardial injury and a
T2MI. These effects result from insufficient blood flow to
the ischemic myocardium to meet the stressor’s elevated
myocardial oxygen demand.?%

Prospective evaluations of the essentials of CAD with
T2MI using consistent definitions and approaches are
needed. The frequency of ST-segment elevation in
T2MI varies from 3% to 24%. In most cases, coronary
embolism caused by thrombi, calcium or vegetation from
the atria or ventricles, or acute aortic dissection may
lead to a T2MI. Unconstrained coronary artery dissection
with or without intramural hematoma is another
nonatherosclerotic condition that can occur, especially in
young women.?*

Imaging techniques

Noninvasive imaging plays several roles in patients with
known or suspected MI. The underlying rationale is that
structural myocardial hypoperfusion and ischemia causes
a cascade of events involving myocardial dysfunction,
healing by fibrosis, and cell death. Essential imaging
parameters include myocardial perfusion, myocardial
thickness, thickening, motion, myocyte viability, and the
effects of myocyte loss observed in radio-opaque contrast
agents identifying myocardial fibrosis or scar.*¥

Frequently used imaging techniques in acute and
prior occurring MI is echocardiography, myocardial
perfusion scintigraphy using single-photon emission
computed tomography (SPECT) or positron
emission tomography (PET), cardiovascular
magnetic resonance (CMR), and possibly computed
tomography (CT). While the wvarious techniques have
overlaps in their application, they can also determine
myocardial perfusion, viability, and function to an increased
or decreased extent.” The radionuclide technique can
provide a direct evaluation of myocyte viability due to the
tracers’ inherent properties. Other technologies offer an
indirect assessment of myocardial viability, as the response
to dobutamine by EKG and enlarged extracellular space
secondary to myocyte loss by CMR or CT.

Echocardiography

Echocardiography’s strength is the combined cardiac
structure and function evaluation, specifically myocardial
thickness, thickening/thinning, and motion. Regional
wall motion abnormalities induced by ischemia may
be detected by echocardiography almost immediately
after onset when >20% transmural myocardial thickness
is affected. New cardiac defects without an alternative
etiology reinforce MI’s diagnosis when c¢Tn values indicate
an increasing and decreasing pattern. EKG also allows
observation of noncoronary cardiac pathologies known
to cause chest pain, for example, acute pericarditis, acute
aortic stenosis, and hypertrophic cardiomyopathy, among
others.!”]

Radionuclide imaging

Different radionuclide tracers allow viable myocytes to
be imaged directly, including the SPECT tracers 201TI
chloride, 99mTc sestamibi, tetrofosmin, and the PET
tracers 18F 2-fluorodeoxyglucose and 82Rb. A strength
of radionuclide techniques is that they are usually the
only available methods for evaluating viability directly.*!
Although, the comparatively low resolution of the images
limits them for diagnosing the smallest areas of MI.
Phantom studies indicate that myocyte loss of as little as
4% of the myocardium may be detected, matching with
5-10 g of muscle structure — ECG-gated imaging yields
a reliable evaluation of myocardial motion, thickening,
and global function. Evolving radionuclide techniques
for the assessment of MI involve imaging of sympathetic
innervation using 123I-labeled meta-iodobenzylguanidine.
Diagnostic imaging of matrix metalloproteinase activation
in ventricular remodeling.B”

Cardiac magnetic resonance imaging

The high tissue resolution and contrast of CMR provides an
accurate evaluation of myocardial structure and function.
However, less commonly used in the acute setting, it has
similar capabilities to echocardiography in suspected
MI. Paramagnetic contrast agents may be used to assess
myocardial perfusion and the increase in extracellular space
that is related to the fibrosis of prior MI (diagnosed by late
gadolinium enhancement-CMR [LGE-CMR]).EY  These
techniques used in establishing acute MI and localized
delay in contrast enhancement can detect even minor
subendocardial MI areas, thought to be as little as 1 g.

Computed tomography coronary angiography

Infarcted myocardium is initially visible as an essential area
of decreased LV myocardial enhancement, but later, imaging
indicates hyperenhancement as with LGE-CMR. This
finding is clinically significant because contrast-enhanced
CT is performed for suspected aortic dissection and
pulmonary embolism, conditions with clinical features
that project with acute MI. Similarly, CT evaluation of
myocardial perfusion is technically feasible but not widely
applied.?® CT coronary angiography (CTCA) can be
used to diagnose CAD in patients with an acute coronary
syndrome in the emergency department or chest pain
unit, specifically in low-to-intermediate-risk patients with
normal c¢Tn at presentation. The only randomized trial in
these individuals that involves both hs-cTn and CTCA
found that imaging did not decrease the length of stay in
the hospital .

Applying imaging in acute myocardial infarction

Imaging techniques may be useful in diagnosing acute MI
because of the ability to identify wall motion abnormalities
or loss of viable myocardium in the presence of increased
cardiac biomarker values. Illustration of new loss of
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myocardial viability in the absence of nonischemic causes
reinforces MI’s diagnosis.[1*2531]

Standard function practically excludes significant MI, but
a minor MI cannot be ruled out. Thus, imaging techniques
are useful for the initial trial and discharge of patients with
suspected MI. However, if biomarkers have been studied
at appropriate times and are healthy, this excludes acute
MI and takes precedence over the imaging standards.
Abnormal regional myocardial motion and thickening can
be caused by acute MI or by one or more of different
other conditions, including prior infarction, acute ischemia,
hibernation, or stunning.?®

Nonischemic conditions such as inflammatory or infiltrative
diseases, and cardiomyopathy, can also lead to structural loss
of viable myocardium or functional abnormality. The positive
predictive value of imaging is not high unless these conditions
are avoided, and a new anomaly is analyzed or increases in
the setting of other characteristics of acute MI.[2732

Treatment and Management
Myocardial Infarction

of Type 2

Different studies have shown that the treatment and
management of T2MI remain unstable. It is vital to note
that patients with T2MI receive lesser prescriptions for
preventative therapies than those with TIMI. Notably,
the factors responsible for T2MI can be used to treat
acute settings by replacing the effects of those factors or
reversing them.?73

However, a lack of evidence over using conventional
cardiovascular treatments or therapies still poses a challenge
toward a standardized methodology in handling T2MI. It is
indeed possible that patients might not benefit from using
cardiovascular protective agents. .It is indeed possible
that patients might not benefit from using cardiovascular
protective agents, such as beta blockers, statin drugs when
given before their being diagnosed. such as beta blockers,
statin drugs.B¥

Troponin assays and their extensive usage clinically have
helped increase a certain level of awareness toward diagnoses
of T2MI. These assays have helped draw more consciousness
to the poor prognosis and management of T2MILF% The
Wake-Up T2MI Registry, a retrospective cohort study
investigating patients with T2MI, acute myocardial injury,
and chronic myocardial injury, mainly generates better
treatment designs and management of T2MI.*”!

Managing T2MI has still proven to be an issue considering
poor prognosis and difficulty providing an early diagnosis.
Adequately addressed MI would lead to providing better
patient care and excellent quality of life. It would also drop
mortality rates and misdiagnosis.?®

Authors’ Overview

Cardiovascular disease is a global health issue, and

prevalence is increasing in the developing world. The
effects and burden of CAD in populations are of vital
importance. Changing clinical understanding, criteria,
and biomarkers add challenges to our knowledge and the
possibility to improve the health of the public.l'*"!% For
clinicians, the definition of MI has essential and immediate
therapeutic implications. Epidemiologists see the data as
a retrospective, so consistent case definitions are vital for
comparisons and trend analysis. The standards illustrated
in this report are suitable for epidemiology studies and the
international classification of diseases.[®?236]

In countries with little economic resources, cardiac
biomarkers and imaging techniques cannot be accessible
except in a few centers, and even the choice of ECG
recordings can be lacking. MI’s diagnosis can be
established by pathological Q waves when the only
information available in clinical history, ECG with absent
or incomplete cardiac biomarkers.[®?>3"1 Using the outlined
standards, the diagnosis of MI requires integrating clinical
discovery, ECG, laboratories, diagnostic imaging, and
pathological findings overtime when the suspected event
unfolds.[3:1337

Modern health-care systems are frequently using electronic
medical records where medical information is entered,
curated, and available for retrieval for a later date. This
evolution offers the edge of a modern electronic database
that is useful for a wvariety of purposes. The various
purposes, including scientific discovery and quality
improvement in medical care, carry the challenges of sifting
through different locations and formats where key data
elements for verifying MI diagnosis are located.® The use
of the electronic medical record as an epidemiological and
research tool is likely to require efforts to confirm an acute
MI diagnosis’s accuracy rather than accepting the coded
diagnoses used for administrative and billing purposes.
Such an attempt to create a data-based phenotype of MI
will require input from experts in implementation science
to translate into the routine practice of health-care delivery
and documentation.t*2>2¢]

With the evolution of biomarker tests used to support MI’s
diagnosis, a consistent approach must be used to construct
the data-based phenotype of MI to make comparisons
across institutions and track epidemiological trends reliably.
Ideally, the information given should include the assay
used to analyze MI, the 99" percentile of the URL, and the
full sequence of values obtained to discern an increase and
decrease in biomarker levels.

The diagnostic challenges associated with T2MI are global
health issues with the rising prevalence in the developing
world. The evolution of various modalities in the early
diagnosis of T2MI has helped decrease the mortality rate in
developed and developing counties.
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