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Pestome

B HacToslee BpeMA MHaAPKT MMOKapAa 2 Tuna npejCcTaBaseT J0BO/IbHO 3Ha4MMYI0 NPo6/1eMy, KaK B OTHOLLIEHUW ANarHOCTUKM, TaK U B OTHOLIEHUM
neyeHus. MIHpapKT MroKapaa 6e3 06CTPYKTUBHOMO nopa)KeHns KOpoHapHbIX apTepuii BcTpedaeTcs y 5-10 % nauymeHToB. OnTuUManbHble cTpaTerum
ANarHOCTUKM U Ie4eHUsA NaLUeHTOB C MOBPeX/AeHNeM MUOKap/Aa, CBA3aHHbLIM C HETPOMBOTUYECKMMU MeXxaHM3MaMu, elle He onpejeneHsbl. B ctatbe
OMMCaHO KAMHMYecKoe Hab/loAeHMe pa3BUTUA MHPapKTa MMOKapAa 2 TUNa Ha ¢poHe Ba3ocCnasMa, a Takke AMarHOCTUYecKan 1 fiedebHas TaKTUKa
B laHHOW KAMHUYeCKON cuTyaLmmn. OCHOBHbIE NOJIOXEHMA: NaLMeHT 22 1eT HaXOAW/ICA B KaPANOIOrMYeCKOM OT/Aie/IeHNN B CBA3M C BMEPBble B XU3H
BO3HMKIUMM 60/1€BbIM CUHZAPOMOM 3a FPYAUHOI U NOBbILIEHWEM TeMnepaTypbl Tena Ao 37,5°C. M3 aHaMHe3a: aKTUBHble 3aHATUA 60ANBUNAUHIOM,
rpreM TeCTOCTepOHa B UHBEKLMOHHOM dpopMe. Ha anekTpokapavorpamMme 6binv 06HapyxeHbl M3MeHeHUs Mo TUMY TPaHCMypasbHOW MLWEMUU MUO-
Kapza 6e3 xapaKTepHO /11 MHpapKTa MUOKapAa AUHaMUKK. TPOMOHMH | (KonmyecTBeHHbIN TecT) — 2,1 Hr/MA npu pedepeHCHbIX 3HaueHnsX nabopa-
Topun 0,010-0,023 Hr/mA. MpoBoOANACA AUATHOCTUHECKMI MOUCK B OTHOLLEHMMN MHpAPKTa MUOKapAa U OCTPOro nepukapauTa. Ha axokapguorpapum
06Hapy»eHbl 30Hbl JIOKa/IbHOrO HapylleHWA cokpaTUMocTu. C Lenbto AnddepeHLmanbHOM AMarHOCTUKM bblna NpoBeJeHa KOpOHapoaHruorpagus,
B XO/}e KOTOPOWA BbIAIB/IEH AVHAMMNYECKUIA CTEHO3 3a/Hell HUCXOAALLel apTepun. PellieHne o CTeHTUPOBaHUM COCY/a NPUHATO He 6bin10. [laHHble npo-
BeZeHHOro o6c/nej0BaHUsA CBUAETEIbCTBOBA/N B MO/Ib3Y MHPApKTa MUOKapaa 6e3 06CTPYKLMM KOPOHAPHBIX apTepuii (2 Tuna). C y4eToM OTCyTCTBUSA
OKK/I03MOHHO-CTEHOTUYECKMX MOPaXeHUI KOPOHaPHbIX apTepuid, HaM4MA Ba3ocnasMa HasHa4deH OAWH aHTUTPOMOOLMTapHbI Npenapart, cTaTh-
Hbl B CPe/lHeli 403e, N30copbuAa AMHNTPAT, aHTarOHUCT Ka/bLiMeBbIX KaHaI0B, UHTMBUTOP aHrMOoTeH3VHMNpeBpalyaoLiero GepMeHTa. 3aK/toHeHue.
MHBa3vBHaA TaKTMKa No3Bo/nNa C 60/blIe BEPOATHOCTLIO AMArHOCTUPOBaTb MHPAPKT MMOKapAa 2 Tuna 1 HasHauuTb Haubosee onTUMasbHYO
Me/MKaMeHTO3HYIo Tepanuio.
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Abstract

Currently, type 2 myocardial infarction is a rather significant problem, both in terms of diagnosis and treatment. Myocardial infarction without
obstructive coronary artery damage occurs in 5-10 % of patients with a myocardial infarction. Optimal strategies for the diagnosis and treatment
of patients with myocardial damage associated with non-thrombotic mechanisms have not yet been determined. The article describes a clinical
observation of type 2 myocardial infarction on the background of vasospasm, as well as diagnostic and therapeutic tactics in this clinical situation. The
main provisions: the patient was 22 years old in the cardiology department due to the pain syndrome behind the sternum for the first time in his life
and an increase in body temperature to 37.5 C. From anamnesis: active bodybuilding, taking testosterone in injectable form. The electrocardiogram
revealed changes in the type of transmural myocardial ischemia without the dynamics characteristic of myocardial infarction. Troponin | (quantitative
test) — 2.1 ng/ml at laboratory reference values of 0.010-0.023 ng/ml. A diagnostic search was conducted for myocardial infarction and acute
pericarditis. For the purpose of differential diagnosis, coronary angiography was performed, during which dynamic stenosis of the posterior descending
artery was revealed. The decision to stent the vessel was not made. Echocardiography revealed areas of local contractility disorders. The data of the
examination showed in favor of myocardial infarction without coronary artery obstruction (type 2). Taking into account the absence of occlusive-
stenotic lesions of the coronary arteries, the presence of vasospasm, 1 platelet aggregation inhibitor, medium-dose statins, isosorbide dinitrate,
calcium channel blocker, angiotensin-converting enzyme inhibitor was prescribed. Conclusion. Invasive tactics made it more likely to diagnose type
2 myocardial infarction and prescribe the most optimal drug therapy.
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Introduction due to a higher demand of myocardium in oxygen in

Myocardial infarction (MI) is a disease where car-
diomyocyte necrosis is caused by imbalance between the
oxygen demand and supply [1].

There are several types of MI, depending on the
cause of the ischemic damage and necrosis. Type 1 MI
is caused by atherothrombosis development in coronary
artery and occlusive blood clot or distal embolization
as an atherosclerotic plaque complication. Type 3 MI is
diagnosed in the presence of clinical manifestations of
ischemia, typical electrocardiogram (ECG) changes and
sudden death of the patient, but in the absence of a pos-
sibility to measure necrosis markers or before their blood
activity elevation. Type 4 MI is associated with percuta-
neous coronary intervention, while type 5 MI is caused
by coronary artery bypass grafting [2].

Type 2 MI is a result of an absolute reduction in
oxygen supply to myocardium and/or hypoperfusion

the absence of acute atherothrombosis, but in the pres-
ence of another factor [1]. There are numerous causes of
type 2 MI, including tachyarrhythmia, marked hypoxia,
hypotension, coronary spasm, coronary embolism, coro-
nary artery dissection and some other causes [3].

Diagnostics and management of type 2 MI are
challenging [3], since the estimated incidence varies
greatly — from 1.6 % to 74 % [1]. MI without coronary
artery obstruction is diagnosed in 5-10 % of patients [4].
In a majority of cases, patients in this category are older,
they have more comorbidities and lower peak troponin
levels vs. patients with type 1 MI; this disease mostly
affects women [5]. According to Raphael C.E. et al,,
prognosis is likely to be associated with a trigger. It is
assumed that prognosis in arrythmia-caused MI is more
favourable than in MI caused by hypoxia, hypotension
or anemia [6].
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Due to ischemia, clinical presentation of type 2 MI
may hardly have any prominent differences vs. type 1
MI. At the same time, clinical signs of the underlying
cause in type 2 MI make symptoms interpretation even
for challenging [3]. The significance of the problem is
accentuated also by the fact that in a number of cases
the MI type is not identified. Clinical cases of type 2 MI
are very often classified as MI without ST-segment eleva-
tion, despite significant differences in the nosetiology,
management and outcomes. Type 2 Ml is associated with
higher 30-day mortality rates (from all causes) (13.5 %
vs. 2.9 %) and repeated hospital admission rates (17.7 %
vs. 13.9 %) as compared to type 1 MI [7].

Lack of markers specific to various types of MI was a
trigger for clinical studies aimed at the search for param-
eters, the level of which is more sensitive to a certain
MI type. Bormann et al. conducted clinical studies of
the diagnostic significance of C-reactive protein (CRP).
It was found out that type 2 MI patients (n=55) had
significantly elevated CRP levels vs. type 1 MI patients
(n=199) (0.6 vs. 0.3, p = 0.02) [8].

It is worth noting that even if the exact or a suspected
cause is known, the use of specific algorithms for diag-
nostics and management of type 2 MI is challenging [9].
The optimal therapeutic and diagnostic approaches for
myocardium damage associated with non-thrombotic
mechanisms have not been identified yet, and the cur-
rently available scales do not provide for a reliable clas-
sification of short-term and long-term risks [3, 5]. The
practicability of coronary examination in type 2 MI is
being studied in the randomised controlled study of
early coronary angiography (CAG) as compared to con-
servative therapy in the presence of criteria compatible
with type 2 MI [10].

In this article, we are presenting a case study of type 2
MI development associated with vasospasm as well as
a diagnostic and therapeutic strategy for such clinical
situation.

Case Study

22-year-old patient B. was delivered to the Admission
Room by the emergency medical service (EMS) team.
According to the patient, at night, when the patient was
sleeping, for the first time in his life he had squeezing
retrosternal pain which made him wake up. Pain syn-
drome was accompanied by pale skin and lasted for a
long time (more than 1 hour). Body temperature elevated
to 37.5 °C. Pre-hospital ECG demonstrated sinus rhythm
and heart rate (HR) of 80 bpm and ST-segment elevation
in I, IT, aVL, aVE V -V . Pain was arrested with 2 doses
of sublingual isosorbide dinitrate spray. The EMS team
administered heparin intravenously (5000 units) and
gave the patient acetylsalicylic acid (250 mg). Suspecting

acute coronary syndrome (ACS), the EMS team trans-
ported the patient to the Admission Room of Irkutsk
City Clinical Hospital No. 1.

During initial examination, the patient did not
complain of chest pain. Collection of the family his-
tory of cardiovascular diseases (CVDs) was challeng-
ing: according to the patient, his father had MI at the
age of 30 years (but the patient is not sure). The patient
denies smoking, abuse of alcohol, drug abuse. The
patient denies CVDs, including arterial hypertension,
and comorbidities. In 2020, the patient had COVID-19
and was vaccinated approximately one year ago. During
history taking, it was revealed that the patient was a
body builder. For the last two weeks, he had been inject-
ing intrevenous testosterone enanthate (500 mg once
weekly) for muscle gains.

Objective findings: moderately severe condition,
active position; the patient is lucid, calm expression on
his face, talkative. Proportional, normosthenic body
build. Body weight — 88 kg, height — 177 cm, body
mass index (BMI) — 28.1 kg/m* Skin is of normal
colour, moderately moist; skin tightness is preserved.
Scalp hair is uniform; body hair is excessive. Nail plates
are smooth, slightly round, rose-pink. Visible mucous
membranes are rose-pink and moist. The adipose tissue
is moderate. No oedema. Peripheral lymph nodes are not
palpable. Muscle development is satisfactory; shoulder
muscles, biceps and triceps are hypertrophic. Muscle
tone is satisfactory; 5 points on a 5-point muscle strength
scale. When palpated, muscles are painless. The skeleton
is proportional, without deformities. When palpated,
bones are painless. Joint shape and overlying skin are
normal; when palpated, joints are painless; active and
passive joint movements are full-fledged. The chest in
normosthenic. When palpated, the chest is painless.
When percussing, the lung border is normal; ausculta-
tory, breathing is vesicular, without vesicular murmur.
Oxygen saturation is 98 %. The cardiac border is normal;
auscultatory, cardiac sounds are clear, the rhythm is
normal. The heart rate is 91 bpm and corresponds to the
a. radialis pulse wave frequency. Blood pressure (BP) is
116/70 mm Hg. No digestive and urinary abnormalities.
Body temperature is 37.3 °C.

Laboratory test results

Complete blood count upon admission shows leu-
cocytosis (15.7x10°/L), all other parameters are within
the reference range. No blood chemistry abnormalities
were found. Coagulation profile: fibrinogen — 4.2 g/L,

activated partial thromboplastin time — > 120 s,
INR — 1.05, Quicks value along — 103 %. Tro-
ponin I — 2.1 ng/mL (reference range: 0.010-

0.023 ng/mL). SARS-CoV-2 express test (nasopharyn-
geal swab): negative.
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Instrument-aided test results

ECG upon admission: sinus rhythm with heart rate
of 84 bpm. Persistent ST-segment elevation in I, I, aVL,
aVE V-V (1 mm) (Fig. 1). If compared to EMS ECG:
no changes. Chest X-ray (frontal view): no focal, infil-
trative changes in lungs; the roots are anatomical, not
dilated, sinuses are unobstructed, heart shadow is not
dilated.

For provisional diagnosis it was necessary to differen-
tiate between acute MI and acute pericarditis.

Echocardiography (EchoCG) was performed: left
ventricular ejection fraction (EF) was 50 % (Simpson);
areas of hypokinesia were seen in the bottom, posterolat-
eral walls in apical and mid-segments.

Taking into account long-lasting anginal pain which
was later arrested, elevated troponin I level, no ECG
changes, areas of hypokinesia and absence of pericardial
effusion on EchoCG, CAG was performed for additional
examination and differential diagnosis subject to volun-
tary consent from the patient and administration of a
loading dose of ticagrelor (180 mg).

Following CAG, RCA dominance was observed. First
angiocardiograms of the right coronary artery showed
the posterior descending artery (PDA) as a stump
(Fig. 2). Following intracoronary nitroglycerine injec-
tion, PDA could be seen entirely (Fig. 3); no occlusive
and stenotic involvement of other coronary arteries was
observed (Fig. 4). Taking the dynamic nature of the PDA
stenosis into account, it was decided that vascular stent-
ing was not required.

- W : ¥

Figure 1. ECG of the patient on admittance

After CAG, the patient was transfered to ICU. He did
not have any major complaints. Auscultatory, breath-
ing is vesicular; without vesicular murmur; oxygen
saturation: 97 % without additional oxygenation. Heart
sounds are muffled; the rhythm is normal; heart rate is
94 bpm. BP — 117/73 mm Hg. ECG recording: sinus
rhythm with heart rate of 72 bpm; signs of incomplete
right His bundle branch block. Development of bottom
and posterolateral MI (ST-segment is close to isoline in
L II, aVL, aVE V-V ; negative T-wave in II, aVE V;
increased negative T-wave amplitude in III; develop-
ment of biphase T-wave in V,-V,) (Fig. 5). Blood tropo-
nin I was measured qualitatively over time. The result
was positive. CRP level was elevated to 221.3 mg/L.
Lipid profile: total cholesterol — 4.12 mmol/L, triglycer-
ides — 0.59 mmol/L, HDL cholesterol — 0.69 mmol/L,
LDL cholesterol — 2.77 mmol/L. Urinalysis results:
unremarkable.

Taking into account complaints and past medical his-
tory, post-CAG ECG changes, elevated troponin I level
and positive troponin qualitative measurements, CAG
and EchoCG results, the following clinical diagnosis was
made: “Myocardial infarction of bottom, posterolateral
wall of left ventricle without coronary artery obstruction
dated 14 April 2022. Emergency CAG: angiographic con-
firmation of PDA vasospasm, recanalization following
intracoronary nitroglycerine injection. Killip I. CHF I
with preserved EF (50 % on S), FC1”

Taking into account absence of occlusive and ste-
notic coronary artery involvement on CAG, presence
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Figure 2. The first angiogram of the Figure 3. Angiogram of the right Figure 4. Angiogram of the left
right coronary artery. The posterior coronary artery after intracoronary coronary artery. Occlusive-stenotic
descending artery is contrasted in injection of nitroglycerin. The poste- lesions were not detected

the form of a stump rior descending artery is contrasted

on all extent

of vasospasm, it was decided to prescribe one antiplate-
let drug (Clopidogrel 75 mg/day), medium statin doses
(rosuvastatin 20 mg/day), prolonged-release nitrates
(isosorbide dinitrate 20 mg/day) and calcium chan-
nel antagonist (amlodipine 2.5 mg/day) to prevent
vasospasm.

Following positive changes in patients condition, in
24 hours he was transferred to the Cardiology Unit. Per-
indopril 2.5 mg/day was added to the therapy regimen.
During follow-up, positive changes were noted, mobility
improved, blood white cell levels normalised, there were
no changes in complete blood count, blood biochemistry
and coagulation profile. ECG: typical MI developments.
Holter ECG monitoring was performed: rare ectopic dis-
charge (2 single supraventricular complexes), no patho-
logical pauses, impaired atrioventricular conduction,
episodes of diagnostically significant ST-events were
recorded. Brachiocephalic artery duplex scanning did
not reveal any stenosis. 6-min walk distance test results
are consistent with functional class (FC) I of chronic
heart failure (CHF).

Also, the patient was consulted by endocrinolo-
gist who recommended to discontinue testosterone
enanthate.

The patient was discharged in satisfactory condition
with therapeutic and occupational recommendations.
Prescription: clopidogrel 75 mg/day for 12 months,
amlodipine 2.5 mg/day, perindopril 2.5 mg/day, atorvas-
tatin 20 mg/day, isosorbide dinitrate 20 mg/day.

Figure 5. ECG after coronary angiography. Dynamics
of lower and posterolateral myocardial infarction
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Additional scheduled examinations were recom-
mended. Taking into account the patient’s young age,
absence of atherosclerotic coronary artery involvement,
an antiphospholipid syndrome examination was recom-
mended (antiphospholipid antibodies — Ig M and Ig G).
Considering vasospasm and suspected endothelial dys-
function in MI pathogenesis, we recommended to have
blood tested for homocysteine and an extended test for
folate cycle enzymes genes (MTHFR — methylenetet-
rahydrofolate reductase gene, MTR — methionine syn-
thase gene, MTRR — methionine synthase reductase
gene) in order to identify their mutations if homocyste-
ine levels are elevated.

Discussion

Currently, type 2 MI diagnosis is somehow challeng-
ing. Because of the nature of pain syndrome, fever and
ECG pattern, we were considering ACS and acute peri-
carditis. Clinical manifestations are also not specific for
this condition. Auscultation did not reveal pericardial
murmur, although this sign was observed in less than
33 % of acute pericarditis cases [11]. Subfebrile fever
can occur both in acute pericarditis (if it is caused by an
infection) and MI (probably as a manifestation of resorp-
tion necrotic syndrome) [12]. Usually elevated tropo-
nin I levels confirm suspected MI; however, they can
show pathological processes including pericarditis [13].
Besides, elevated troponin I levels are not useful in dif-
ferentiating MI types [3, 5]. Areas of hypokinesia in the
bottom, posterolateral walls in apical and mid-segment
during EchoCG evidence focal myocardial involvement,
a sign typical of ischemic damage. However, impaired
local contractility does not allow differentiating between
type 1 and type 2 ML

Taking into account patient’s medical history, it is
obvious that there are no CVDs; also, the young age
makes it doubtful that the diagnosis is ACS.

Lack of specific signs for differential diagnosis and
suspected ACS with elevated ST-segment necessitated
CAG [2]. According to DeFilippis A.P. et al., CAG is the
golden standard for identification of coronary anatomy
and coronary trombosis; besides, it can help differenti-
ate to some extent between type 1, type 2 MI 2 and acute
myocardial damage [5]. Absence of occlusive and ste-
notic coronary artery involvement made it possible to
rule out atherothrombosis and, hence, type 1 MI. DPA
spasm seen during CAG and controlled by nitroglycer-
ine injection was a probable cause of acute myocardium
ischemia and necrosis. It can be assumed that the vaso-
spasm could be caused by testosterone use by the patient,
as there are some evidences in literature. According
to Seara FA.C. et al,, vasospasm with atherosclerosis,
hypercoagulation and increased thrombogenicity is

seen as a probable cause of myocardial ischemia in per-
sons consuming synthetic testosterone products [14].
There are some evidences that increased homocysteine
levels and genetic defects in folate cycle enzymes which
can cause homocysteine accumulation in the body are
risk factors for cardiovascular pathology. In their case
control study, Nedelcu C. et al. demonstrated a strong
correlation between plasma homocysteine levels and
first acute MI in young patients; therefore, homocys-
teine can be seen as a possible risk factor for MI [15].
Mechanisms of homocysteine effect on the vascular wall
include endothelial dysfunction, direct impact on plate-
lets, smooth muscle cell proliferation, oxidative HDL
modification [16].

At present, relevant is the information on antiphos-
pholipid syndrome and its role in arterial and venous
blood-clotting. Loczi L. et al. reported a high risk of MI
in such patients. MI with antiphospholipid syndrome
has a number of specific features: relatively young age,
usually absence of signs of coronary artery atherosclero-
sis, a high risk of recurrent blood-clotting complications.
These features are typical of the present case, therefore,
the patient should undergo an additional scheduled
examination for antiphospholipid syndrome [17].

Changes in ST-segment and T-wave after CAG were
indicative of acute ischemic changes in the myocardium.
Available imaging methods have limited capabilities in
differential diagnosis of MI types. There are evidences
that magnetic resonance tomography can identify condi-
tions associated with non-MI myocardial damages [5].

According to DeFilippis A.P. et al,, in the absence of
a certain alternative cause in a majority of patients pre-
senting with signs of acute ischemic damage of the myo-
cardium, type 1 MI should be suspected, and surgery
should be performed in accordance with the approved
guidelines for type 1 MI. In the absence of atherothrom-
bosis, alternative causes should be considered, including
type 2 MI [5]. Based on the clinical presentation, medical
history, ECG changes, EchoCG and CAG results, as well
as confirmatory positive result of troponin test, type 2
MI was diagnosed which was caused by angiographically
confirmed vasospasm.

The therapeutic approach for type 1 MI patients is
well-known; however, there is no reliable information on
the management of other types of MI [9]. Prescription of
prolonged-release nitrates was necessary not for symp-
tomatic effect, but rather for pathogenic action: vasodila-
tion and reduction of the pre- and afterload on the myo-
cardium [2]. The information on dual antiplatelet therapy
(DAPT) is dubious. In MINOCA observational study,
during the 4.1-year follow-up of patients with MI with-
out coronary artery obstruction who were treated with
DAPT, the risk of unfavourable cardiac events (death
from all causes, hospital admission for MI, ischemic
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stroke and heart insufficiency) was 10 % lower (OR 0.90;
95 % CI 0.74-1.08) vs. patients who were not treated with
DAPT. However, the benefit from DAPT therapy was
minor, while the rate of hospital admissions for bleeding
grew by 33 % [4]. In this case, one antiplatelet — platelet
P,Y ,-receptor inhibitor Clopidogrel — was prescribed.
Also, according to MINOCA study, the identifiable risk
was 18 % lower (OR 0.82; 95 % CI 0.73-0.93) in patients
treated with ACE inhibitors/angiotensin II receptor
blockers, 23 % lower (OR 0.77; 95 % CI 0.68-0.87) in
patients treated with statins, by 14 % lower in patients
treated with beta-blockers (OR 0.86; 95 % CI 0.74-1.01)
vs. patients who did not receive these medicinal prod-
ucts [4]. However, according to the clinical guidelines of
the Russian Society of Cardiology, beta-blokers are not
recommended in suspected coronary artery spasm [18].
The patient was prescribed atorvastatin and perindopril.
Taking into account vasospastic origin of MI, amlodip-
ine, a dihydropyridine calcium channel blocker, was pre-
scribed to prevent vasospasm [18].

Conclusion

Therefore, despite limited data and lack of a special-
ised algorithm for diagnosis and management of specific
MI types, except for type 1 MI, the use of invasive diag-
nostics in this case study allowed diagnosing type 2 MI
and prescribing the most optimal drug therapy.
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