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Highlights
* The article presents relevant literary data on the epidemiology, main causes, approaches to the
diagnostics and treatment of type 2 myocardial infarction patients. The authors emphasize an unfavorable
prognosis in these patients due to comorbidity that leads to development of myocardial infarction. They
highlight the need to improve and unify approaches to identifying this phenomenon, as well as the
necessity to conduct observational and randomized studies to evaluate approaches to the treatment of

type 2 myocardial infarction patients.

The article summarizes the available data from clinical trials and current guidelines,
approaches to the definition and type 2 myocardial infarction (MI) differential
diagnosis in clinical practice. The attention is focused on the fundamental difference
between type 1 and type 2 MI and the need to consider the comorbidities for the
identification of etiological factors type 2 MI development. The lack of evidence-

Abstract

based medical data regarding the prognosis and effective treatment of patients with

type 2 MI is emphasized. Nevertheless, such patients are characterized with high
rates of overall and cardiovascular mortality in hospital and long-term disease
course, as well as a high rate of readmission. Thus, there is the need for multicenter
observational studies of type 2 MI patients and the development of algorithms for
treatment and rehabilitation of this category of patients.
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CA
CAG

— coronary artery
— coronary angiography

MI
MRI

— myocardial infarction
— magnetic resonance imaging

hsTnT — high sensitivity troponin T MSCT — multislice computed tomography

Introduction

In recent decades there has been a decrease in the
frequency of circulatory system diseases complications
in the world and Russian Federation, although acute
coronary syndrome and myocardial infarction (MI) still
remain the leading causes of cardiovascular mortality
in industrialized countries [1, 2]. Thus, in the European
Union countries various forms of coronary heart disease
lead to 2 million deaths annually [2]. More than 8 million
Americans a year visit hospitals with signs of acute
coronary syndrome and approximately 700 thousand
patients are diagnosed with it [3]. Nevertheless,

mortality rates from coronary heart disease among the
working population in Russia are several (3—9) times
higher than in Europe and the USA [4].

During the process of MI etiopathogenesis data
collection its definitions are being developed and
improved, which require a revision of views on
approaches to the diagnosis, treatment and rehabilitation
of patients with MI in real clinical practice [5].

A coronary thrombus on the surface of a ruptured
fibrous capsule ofanatherosclerotic plaque is considered
a distinctive feature and the main therapeutic target of
acute MI type 1, however, many other mechanisms
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that cause or contribute to the development of MI are
currently known. The "Fourth Universal Definition of
myocardial infarction" identifies five types of MI, as
well as ischemic myocardial injury [6].

"Myocardial infarction" is diagnosed in patients
with verified myocardial ischemia as the main cause of
its damage, regardless of whether this is due to acute
atherothrombosis (MI type 1) or a mismatch between
delivery and myocardial oxygen demand without
acute atherothrombosis (MI type 2). A diagnostically
significant increase in necrosis biomarkers (high
sensitivity troponin T (hsTnT) orI) of the myocardiumin
the absence of clinical signs of its ischemia is classified
as acute or chronic non-ischemic myocardial damage.
However, optimal strategies for the assessment and
treatment of these etiologically different pathological
conditions have not been determined [7].

Myocardial injury and its differences from
myocardial infarction

Myocardial injury can be acute and manifest itself
by dynamic changes in the concentration of hsTnT
with successive measurements: an increase in hsTnT
of more than the 99th percentile of the upper reference
limit for patients without an initial increase, or an
increase of more than 20.0% if the previous level of
hsTnT was higher than the 99th percentile of the upper
reference limit (while remained stable at a variation of
<20.0% or decreased altogether). In chronic myocardial
injury, the concentrations of hsTnT are stable or change
minimally with successive measurements. The causes
of chronic myocardial injury can be both structural
heart diseases (hypertrophy/dysfunction of the left
ventricle) and non-cardiac diseases (diabetes mellitus,
chronic kidney disease). Myocardial injury prevelence,
according to various data, ranges from 4.0% to 72.0%
[8,9, 5, 10—14].

In contrast to MI its acute ischemic injury is a
broader diagnostic category which is subsequently
followed by the development of MI. Both conditions
combine an increase and subsequent decrease in serum
levels of myocardial necrosis markers mainly hsTnT.
The main differences between MI and myocardial
injury are considered to be clinical (anginal pain,
shortness of breath) and electrocardiographic (ST
segment deviation, pathological Q wave) signs of
myocardial ischemia; violations of local myocardial
contractility, confirmed by instrumental methods
(echocardiography, myocardial scintigraphy, heart
magnetic resonance imaging (MRI)) [15].

Type 2 MI: the main causes and prevalence

According to the "Fourth Universal Definition of
myocardial infarction" [6], type 2 MI is developed
due to a mismatch between delivery and myocardial

oxygen demand. A decrease in myocardial perfusion, as
a cause of infarction, is produced by spasm, embolism
or dissection of the coronary artery (CA), dysfunction
of the microcirculatory bed, systemic hypotension or
shock, respiratory failure, severe anemia. Persistent
tachyarrhythmias, high systemic arterial hypertension,
severe myocardial hypertrophy of any genesis
(including hypertrophic cardiomyopathy or severe
aortic stenosis) cause an increase in myocardial oxygen
demand. The authors proposed the so-called geriatric
concept of type 2 MI on this basis. It included three
components:

1) age-related physiological decrease in adaptive
mechanisms of the cardiovascular system ("aging");

2) chronic comorbidity (aortic stenosis, hypertrophic
cardiomyopathy, thyrotoxicosis, chronic anemia);

3) acute stress triggers (acute bleeding, acute
respiratory failure, severe acute cardiovascular
insufficiency, pronounced bradyarrhythmias, conditions
after non-cardiosurgical operations, coronary spasm,
coronary embolism, acute infection, supraventricular
arrhythmias, ventricular tachycardia, seizures).

F. Szymanski and colleagues in 39.6% of cases call
coronarospasm, in 19.0% — severe anemia, in 15.5% —
hypertensive crisis, in 25.9% of cases — tachyarrhythmias
and bradiarrhythmias among the causes leading to the
development of type 2 MI [17]. F. Borges and co-
authors indicated that supraventricular tachycardia
might be the cause of type 2 MI in 19.4% of cases,
ventricular tachycardia — in 9.0%. The authors identified
anemia as a factor in the development of type 2 MI in
19.0%—34.0% of cases. Sepsis, as an acute trigger of
type 2 MI, was detected in 17.5%—39.0% of cases [18].

According to A. Putot and colleagues, acute
infections, mainly of the respiratory tract, caused
type 2 MI in 39.0% of cases, tachyarrhythmias — in
13.0%, acute heart failure — in 10.0% of cases [19].
A combination of several factors provoking the
development of type 2 MI was noted in 14.0% of
patients. Nevertheless, the data about the frequency of
type 2 MI among all patients with MI are very variable
— from 2.0% to 58.0% [20].

According to the results of the Danish study in
which 4,500 clinical cases with elevated levels of
troponin [ were analyzed, only 553 met the criteria of
MI and type 2 MI was diagnosed in 144 cases (26.0%)
[21]. According to the Wake Forest Medical School
(USA), out of 807 examined patients, the frequency of
type 2 MI was 36.6% (295cases) [22].

Statistics from the Swedishregistry SWEDEHEART
indicates that out of 20,138 cases type 2 MI was
diagnosed in 1,429 (7.1%) patients [3]. According to
a retrospective cohort study conducted in Norway [23]
out of 1,102 cases of MI, the second type was only 17
(1.6%) cases.
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According to the database of clinics in Israel, out
of 2,818 cases of MI, the second type was determined
in 127 (4.5%) patients [24]. Out of 2,882 patients
examined in the cardiology department of the Medical
University of Warsaw, only 57 (2.0%) patients were
diagnosed with type 2 MI [17]. According to the study
by T. Melberg and co-authors [25], out of 1,093 patients
with MI the second type was established in 21 (2.0%)
cases. The group of researchers led by Y. Sandoval
examined 1,640 patients with MI and revealed the
second type of MI in 951 (58.0%) patients [7]. S.
Meigher and co-authors diagnosed type 2 MI in 705
(57.0%) patients out of 1,283 the examined ones; L.
Sarkisian and colleagues detected type 2 MI in 26.0%
of patients [9, 10]. According to Russian researchers
led by H.C. Hoang, in a retrospective analysis of 450
patients with MI, the second type was found in 175
(38.9%) patients [26].

In our opinion, a significant role in such variations
of type 2 MI detection frequency can be played by the
initial differences in the clinical and epidemiological
cohorts of patients selected for observation, the
accuracy (sensitivity and specificity) of laboratory
test systems for troponins, as well as differences in the
interpretation of the provisions of the "Fourth Universal
Definition of Myocardial infarction" in the context of
this type MI diagnosis [27].

Clinical Characteristics of Patients with type 2 MI

According to observational studies, the clinical
characteristics of patients with type 2 MI, are quite
diverse. As a rule, patients with this type of MI are
significantly older (by 10 years or more) and are mostly
females compared with the group of type 1 MI patients
[5, 9, 16]. Although Y. Seo and colleagues found no
statistically significant age difference between patients
with MI of the first and second types [28]. People with
MI 2 are also significantly more likely than those with
MI 1 to have a history of comorbid diseases such as
chronic heart failure (20.5 vs. 10.6%), a stroke (13.9
vs. 9.2%) that preceded them (40.1 vs. 30.4%), diabetes
mellitus (26.8 vs. 22.2%) [29].

When comparing clinical symptoms in the acute phase
of MI, pain syndrome was established in 84.8% of cases
with type 1 MI and only in 62.0% of patients with type 2
M, dyspnea — in 7.0% and 19.2% of cases. [30]. Type 2
MI causes hospitalization for 38%—45% of patients in real
clinical practice [31]. Changes in the electrocardiogram
recorded at the admission of patients with a later diagnosis
of type 2 MI also have their own characteristics. In
particular, ST-segment depression (31.8% vs. 22.7%),
atrial fibrillation (28.1% vs. 8.4%), left bundle branch
block (11.6 vs. 6.3%), as well as the absence of ischemic
changes according to ECG data (25.9% vs. 22.2%)).

It has been proved that patients with type 2 MI
demonstrate lower levels of troponins and naturally less
pronounced atherosclerotic changes during coronary

angiography (CAG). Thus, according to the Swedish
registry SWEDEHEART, the absence of atherosclerotic
changes of CA was registered in 42.4% of patients with
type 2 MI versus 7.4% in people with type 1 MI [33].
This angiographic phenomenon has been commonly
referred to as MINOCA (Myocardial Infarction with
Non-obstructive Coronary Arteries) in the international
medical literature since 2017 [34]. Similar results were
obtained when analyzing the Danish registry, where
the absence of significant stenoses in MI of the second
and first types was 45.0 and 12.0% respectively if to
consider the total number of MI patients [21, 35].

According to the domestic data, type 2 MI was more
common in women (44.6% vs. 32.7%) and elderly
patients (the average age of type 2 MI patient is 3.2
years higher than that of type 1 MI patient and it is 66.9
vs. 63.7 years old respectively); electrocardiogram
shows ST segment elevation less often with type 2
MI than in the first type of MI (24.6 vs. 72.0%) [26].
114 patients (65.1%) with type 2 MI also had triggers
for the development of an imbalance between the
need and oxygen delivery to myocardial cells: arterial
hypertension or hypotension (blood pressure >160
or <90 mmHg) — in 21 (12.2%) participants, severe
anemia — in 67 (38.3%) patients, atrial fibrillation —
in 24 (13.7%), bronchopulmonary infection — in 10
(5.7%) people. In the past history of patients with type
2 MI cardiovascular diseases were significantly more
common than in the first type: preceding MI (46.9% vs.
18.9%), symptomatic coronary heart disease (66.9%
vs. 53.5%), myocardial revascularization (19.4% vs.
9.0%; p = 0.002). It is worth mentioning that in type
2 MI low (52.1% vs. 54.7%) and moderate (29.0% vs.
33.9%) degrees of valvular heart defects were detected
less often than in the first type, but severe valve defects
were diagnosed more often (16.5% vs. 7.5%) [26].

According to C. McCarthy and other authors the
following diseases were identified as comorbid in 359
patients diagnosed with type 2 MI: chronic heart failure
—in 21.7% of cases, respiratory failure — in 19.2%,
acute and chronic sepsis — in 14.2%, life-threatening
arrhythmias — in 14.5%, hypertensive crisis —in 10.6%,
acute bleeding — in 5.3%, chronic anemia — in 3.9%,
severe hypotension — in 3.9%, non-cardiac surgical
interventions — in 2.8%, acute dissection of CA — in
0.3% of cases [14, 21, 36].

Thus, type 2 Ml is characterized by a high frequency
of concomitant or background diseases, often life-
threatening to patients and may also represent a direct
mechanism of thanatogenesis.

Specific Features of Type 2 MI Diagnosis

Taking into account the polymorphism of
etiological and pathogenetic factors contributing to the
development of type 2 MI, the diagnostic process can
be complex, lengthy and require individual diagnostic
algorithms. According to some studies, up to 45%
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of all cases of acute coronary syndrome are
asymptomatic which further complicates the
differential diagnosis of type 2 MI [15, 18, 32].

According to the results of the OPTIMUS study, the
practitioners’ accuracy in identifying type 2 MI was
56% after non-cardiosurgical interventions and 63%
for cases of primary type 2 MI, which confirms the
relevance of a more detailed study of this MI type [18].

Both invasive and non-invasive research methods
are currently used in the diagnosis of MI. T. Baron and
colleagues report that CAG was performed in 36% of
cases with type 2 MI and in 77% of cases with type
1 MI. CAG with intravascular ultrasound or optical
coherence tomography is the "gold standard" in the
study of the anatomy and virtual histology of CA
and is widely used to identify local signs of rupture
of atherosclerotic plaques and coronary thrombosis,
which allows the most reliable diagnosis of the
first type of MI. In patients with MI the presence of
atherosclerotic plaque damage is detected only in 73%
of cases with optical coherence tomography, in 47%
of cases with contrast video angioscopy and in 40% of
cases with intravascular ultrasound [37].

Other studies have shown that up to 79% of
atherosclerotic plaques with signs of damage detected
by intravascular ultrasound "heal" without obstructive
coronary atherothrombosis and the development of M1.
Consequently, the violation of the integrity of plaques
by itself does not always end with atherothrombosis
and the formation of type 1 MI [38].

Noninvasive imaging methods, such as multislice
computed tomography (MSCT), MRI can be useful for
distinguishing type 1 MI from other causes of myocardial
damage based on the assessment of the coronary bed
for the presence of atherosclerotic plaques and blood
clots, the presence and nature of myocardial edema,
myocardial inflammation or scarring zones [38, 6].

MSCT is suitable for non-invasive assessment of
the coronary bed due to its high resolution. Coronary
MSCT can detect small atherosclerotic plaques,
which clearly correlates with intravascular ultrasound
data. Nevertheless, it is often difficult to distinguish
an intracoronary thrombus from an uncalcified
atherosclerotic plaque with the help of MSCT.
Ruptures of atherosclerotic plaques can be visualized
using tomography but the sensitivity of this method
is significantly lower if compared with intravascular
ultrasound. The value of MSCT-coronary angiography
for the detection of thrombotic lesions may increase with
the further improvement of technology, for example,
with the improvement of spatial resolution [6].

Since atherosclerosis is a necessary condition
for type 1 MI development, its absence according to
MSCT-coronary angiography largely excludes this
possibility and suggests the presence of type 2 MI or
ischemic myocardial damage. Spontaneous dissection
of'the CA intima is a recognized etiological cause of MI

development in more than a third of women under the
age of 50, which is why MSCT-coronary angiography
can be useful for identifying patients with spontaneous
dissection of CA and type 2 MI [39].

Echocardiography can be wused to diagnose
myocardial damage non-coronary causes, such as
severe aortic stenosis, mitral and tricuspid valve defects,
septum integrity disorders, cardiomyopathy [40].
It is possible to assess the degree of violation of
myocardial perfusion in the differential diagnosis
of MI with myocarditis with the help of contrast
echocardiography.

Visualization of myocardial perfusion can also be
performed if to use single-photon emission computed
tomography, positron emission tomography, MRI.
Nuclear magnetic resonance is a non-invasive
instrumental method, and in combination with
delayed contrast enhancement can detect myocardial
damage by the presence of edema of its tissues.
Ischemic myocardial damage usually spreads from
the endocardium to the epicardium, whereas ischemic
damage can be visualized in the epicardium and
intramural regions of the myocardium. MRI has
limitations in assessing coronary anatomy due to
insufficient spatial resolution. The advantage of MRI
is the ability to diagnose myocardial damage that is
not associated with ischemia. MRI can detect signs
of acute myocarditis in 15-75% of cases in patients
without coronary obstruction, [41].

Approaches to type 2 MI patients treatment

Timely diagnosis of MI type 1 is necessary for the
immediate initiation of a complex active treatment,
including statins, antithrombotics, anticoagulants and
percutaneous coronary intervention. In the absence of
an aggravating comorbid background (severe anemia,
acute bleeding, sepsis, arrhythmogenic shock, acute
respiratory failure) the preliminary diagnosis for most
patients with signs of acute myocardial injury and
symptoms of its ischemia before CAG or other imaging
methods of the coronary bed should be type 1, which
requires initiation of recommended therapy before
clarifying the diagnosis. If a subsequent diagnosis does
not confirm the presence of coronary atherothrombosis,
it is necessary to search for the etiological causes of
type 2 MI (coronary embolism, spasm, CA dissection)
or myocardial damage (pulmonary embolism,
myocarditis). It is important to note that many patients
with MI of the first type may have tachycardia,
hypertensive crisis and even chronic anemia, which
must be taken into account to prevent overdiagnosis of
MI of the second type before CAG [42].

However, in cases where the first type MI is not the
most likely cause of myocardial damage, the use of
diagnostic and therapeutic strategies that can potentially
cause iatrogenic harm should be cautious. When acute
myocardial injury occurs in the context of another
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acute disease or surgical intervention, type 2 MI or
myocardial injury is more likely than type 1 ML
Nevertheless, in a number of clinical situations, plaque
rupture can be triggered by acute infectious diseases
(including COVID-19) or perioperative stress [43].

The treatment of patients with type 2 Ml is a complex
task and should be based on an individual approach
and a thorough assessment of clinical data in each case.
The evidence base for the management of patients
with this type of MI is currently significantly limited;
however, it is possible to identify the most important
areas of treatment. The first thing is emergency care,
which consists of symptomatic and supportive therapy
in cases with the threat of complications development
(life—threatening arrhythmias, cardiogenic shock,
hypotension,etc.). The second direction includes a
timely diagnostic search for the cause of type 2 MI
and subsequent treatment aimed at eliminating the
etiological cause, including compensation for comorbid
diseases. The third direction is the therapy aimed
at improving the prognosis. Emergency myocardial
revascularization in uncomplicated type 2 Ml is not the
method to be chosen [44].

Thrombolytic therapy does not seem appropriate for
type 2 MI, except for obvious signs of embologized MI.
The absence of atherothrombosis and the low frequency
of CA stenting in these patients make it unreasonable
to conduct dual antiplatelet, anticoagulant therapy and
aggressive statin therapy regimens. Thus, according
to T. Barron and co-authors, stenting for type 2 MI is
performed only in 13% of cases in Swedish clinics [33].
According to Israeli authors, the frequency of
coronary stenting was 50% in patients with such type
of MI [3, 37, 44].

If coronary spasm is the cause of type 2 MI, it is
advisable to use calcium channel blockers due to
their proven effectiveness in patients with vasospastic
angina [46, 30, 47]. In cases of coronary embolism
or thrombosis (without damage to the atherosclerotic
plaque), the question of the expediency of anticoagulant
and long-term antiplatelet therapy is debatable and
there are currently no unambiguous positions in these
clinical situations [48].

If the cause of the development of type 2 MI was
spontaneous dissection of the CA, then the experience
of clinical practice demonstrates the inexpediency of
percutaneous coronary intervention, except for the
cases of clinical instability and the development of
MI with ST segment elevation as a result of coronary
occlusion. In most cases, coronary dissection resolves
spontaneously, and stenting of this CA section is
associated with certain risks [9, 48].

In practice the treatment of patients with both types
of MI differs only in the frequency of antiplatelet
agents, anticoagulants and statins subscription [3, 39,
48]. Thus, aspirin is used in patients with type 2 MI
in 74.2% vs. 92.6% of cases with type 1 MI, two-

component antiplatelet therapy is applied to in 40.2%
vs. 75.9% of cases, statins are used in 66.0% and 86.0%
of cases, respectively.

According to the SWEDEHEART registry,
anticoagulants were prescribed with relatively the same
frequency for both types of MI: in 65% and 67% of
cases, respectively [37]. Statins and beta-blockers were
prescribed somewhat less frequently for type 2 MI, but
still more than 60% of patients in both groups took these
drugs. Some publications revising pharmacotherapeutic
strategies for managing the patients with type 2 MI and
myocardial injury have recently appeared in the scientific
literature. Such drugs as colchicine, eplerenone and
ticagrelor can form the basis of pharmacotherapy in this
group of patients [49].

Thus, there are no generally accepted positions
regarding the treatment of type 2 MI patients due to
the lack of evidence, the extreme heterogeneity of the
reasons how this type of MI is developed, and certain
difficulties in diagnosing a specific type of MI in real
clinical practice, which in most cases leads to an
undifferentiated approach to therapy prescriptions.

Type 2 MI patients’ prognosis

According to a number of foreign studies, the
immediate and long-term prognoses in patients with
different types of MI may vary significantly towards
more negative outcomes in type 2 MI. Some researchers
report that only 30% of patients with the second type of
MI survive for 5 years [10-13, 19, 44, 45].

A. Singh and the colleagues analyzed the outcomes
of 3,829 young patients with primary suspicion about
acute coronary syndrome with increased troponins,
among whom 55% of individuals were with type 1 MI,
32% with type 2 M1, in 13% of cases myocardial damage
was detected. During 10.2 years of the follow up period
the highest mortality from all causes was recorded
among patients with myocardial injury and it was 45.6%
of cases, in patients with type 2 MI the mortality rate
was 34.2%, in patients with type 1 MI it equaled 12%.
Patients with type 2 MI have higher mortality rates from
all causes and the cardiovascular ones compared with
patients with type 1 MI [36, 39, 50].

According to Y. Sandoval and the colleagues, the
mortality rate of patients with type 2 MI within 180 days
was 13%, within 2 years it came up to 22%; in patients
with type 1 MI the 180-day mortality rate was 8%,
within 2 years it equaled 16%. Other authors point to a
higher frequency of repeated hospitalizations with MI of
the second type if to compare with the first [6-8, 29, 50].

According to C.E. Raphael and co-authors, ACT-
2 (Appropriateness of Coronary Investigation in
Myocardial Injury and Type 2 Myocardial Infarction)
study is currently underway and it will assess the role of
early coronary angiography in reducing cardiovascular
mortality in patients with type 2 MI and myocardial
injury in comparison with conservative therapy.
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The detection and treatment of coronary heart disease
obstructive forms can increase the threshold for the
occurrence of ischemia and reduce the frequency of
relapses of acute coronary syndrome and cardiovascular
mortality in patients with an established diagnosis of type
2 MI. According to the results of this study, screening
and careful correction of cardiovascular risk factors,
as well as the treatment of the underlying disease and
comorbid background are recommended to improve the
prognosis in people with type 2 MI [30, 42, 50].

Thus, in patients with type 2 MI, both the early
and long-term prognosis is less favorable than in
patients with type 1 MI. It happens not only due to
overall mortality rates but also due to cardiovascular
causes, which indicates the need for the patients focus
monitoring of patients with such a diagnosis.

Conclusion

The true prevalence and prognosis of the disease
are unknown and it requires regional and international
observational clinical studies with a thorough
assessment of the effectiveness and safety of therapeutic
and diagnostic strategies and risk stratification in this
type of MI. It seems impractical to mechanically transfer
evidence-based (based on the results of randomized
clinical trials) positions of clinical recommendations
related to risk management in patients with type 1 MI, in
relation to type 2 MI patients.

Currently, it is generally accepted that the
management of patients with type 2 MI in each case
is the subject of multidisciplinary team of doctors
interaction and presents a complex clinical task,
taking into account the underlying disease, comorbid
background and pathogenetic processes underlying
acute coronary syndrome.
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