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ABSTRACT The article highlights the problem of providing care for patients with acute coronary syndrome, given the high myocardial infarction (MI) 
morbidity and mortality among the youth population. The main method of managing acute myocardial infarction is reperfusion therapy, performing 
revascularization with percutaneous coronary intervention (PCI) in the shortest possible time from the disease onset. Only rational and timely 
treatment can reduce mortality after MI, the frequency of its complications, as well the period of inpatient treatment and disability of the population. 
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IABP – Intra-aortic balloon counterpulsation  
MI – Myocardial infarction 
NSTEMI – Non-ST-elevation myocardial infarction 
STEMI – ST-segment elevation myocardial infarction 
LV – Left ventricle 
MCSDs – Mechanical circulatory support devices  
AMI – Acute myocardial infarction 
ACS – Acute coronary syndrome 
NSTE-ACS – Non-ST elevation acute coronary syndrome 
STEACS – ST-segment elevation acute coronary syndrome  
AHF – Acute heart failure 
HF – Heart failure 
PCI – Percutaneous coronary intervention 
ECG – Electrocardiography 
ECMO – Extracorporeal membrane oxygenation 
CAG – Coronary angiography 
CS – Cardiogenic shock 
CABG – coronary artery bypass graft 
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DEFINITION AND EPIDEMIOLOGY OF MYOCARDIAL INFARCTION, MAIN METHODS OF TREATMENT 
Myocardial infarction (MI) is an acute myocardial injury which is characterized by a deviation in the level of 

acute phase biomarkers in the presence of clinical, electrocardiographic or imaging signs of acute ischemia [1]. 
Currently, acute myocardial infarction is a widespread disease with persistent high mortality and the risk of 
complications. The prevalence of MI in adults is about 2-4%. At a younger age (up to 39-40 years old), it is quite 
low (up to 0.4%), while among people over 80 years old, the proportion of patients with MI can reach 17% [2]. 
According to foreign literature, the annual incidence of MI ranges from 2 to 16 cases per 1000 population, 
depending on the age of the studied patients [2]. According to data on the Russian Federation in 2017, it was 
138.2 cases per 100,000 people. Moreover, about 25% of the reported MI cases are repeated MI [3]. 

Along with other forms of ischemic heart disease, acute myocardial infarction remains one of the leading 
causes of death worldwide [4]. According to various sources, mortality rates from MI are from 3.4 to 14% (I.V. 
Samorodskaya, 2017; S.S. Virani et al., 2020), and hospital mortality ranges from 4-15% [3,5,6]. 

Despite the development of prevention and treatment methods in the last decade, the data on the dynamics 
of MI incidence are rather contradictory: in some studies, a decrease in MI incidence was found, while in others 
no statistically significant differences were shown [7]. According to the data on the Russian Federation for 2002-
2012, a decrease in the incidence of primary MI was found, while the incidence of recurrent MI, on the contrary, 
increased [8]. On the other hand, the development of methods for the treatment of MI, primarily the 
introduction of reperfusion into clinical practice in the early stages of the disease, has led to a decrease in 
mortality from MI, which is confirmed by large-scale epidemiological studies [9]. This trend is also typical for 
the Russian Federation: for example, when comparing mortality rates for 2006 and 2015, they show a decrease 
of 14%. In Moscow, for the period 2018-2019, the mortality rate for myocardial infarction was 8.7%. And the 
number of endovascular interventions (percutaneous coronary interventions - PCI) performed in patients with 
a heart attack increased in comparison with 2005-2006 and 2019-2020 from 75% to 95%, respectively. Currently, 
patient comorbidity, age, etc. are not a contraindication to PCI. 

Improvement of outcomes in patients with MI is possible with timely, i.e. the earliest possible, myocardial 
reperfusion. At the same time, ST-segment elevation recorded by an electrocardiogram in a patient with acute 
coronary syndrome (ACS) is always an indication for reperfusion (PCI) [10], while in the case of ACS without 
ST-segment elevation (NSTE-ACS), the tactics depend on the severity of the patient's condition and risk 
assessment results based on laboratory and instrumental examination [11]. The main method of reperfusion is 
PCI. Pharmacological reperfusion therapy (thrombolysis) is recommended only for ST-elevation MI (STEMI) in 
case that a transport time to a vascular center where PCI is possible exceeds 120 minutes. If thrombolysis is 
effective, delayed PCI within 24 hours is feasible in the absence of clinical deterioration of the patient, while 
the absence of electrographic improvement or an increase in symptoms are indications for salvage PCI 
immediately after transport to the vascular center. On the other hand, according to a number of studies, the 
earliest PCI after thrombolysis is more practical [12]. In other cases, the combination of thrombolysis and PCI, 
i.e. the pharmacoinvasive strategy, is currently subject to discussion. In addition to reperfusion, the use of drugs 
(dual antiplatelet and anticoagulant therapy, beta-blockers, angiotensin-converting enzyme inhibitors or 
aldosterone receptor blockers, lipid-lowering therapy, etc.) is important for the treatment of MI. 
Pharmacological therapy is aimed at preventing a complicated course of MI. 

Due to the wide prevalence and high mortality rate, MI remains an urgent medical and social problem. It is 
especially important to study the effectiveness of the treatment methods used in relation to MI and its 
complications, not only in clinical trials, but also in real practice, for which registries of patients with MI can be 
used. The analysis of their data allows both assessing adherence to current recommendations for patient 
management and improving the therapeutic tactics used, as well as formulating hypotheses on the basis of 
which new fundamental and clinical studies can be conducted [13]. The largest Russian registries of patients 
with MI and ACS include RECORD (2007-2008, number of patients (n)=796), RECORD-2 (2009-2011, n=1656) 
and RECORD-3 (March-April 2015, n= 2370); registries of acute MI (AMI): Yakutsk (2004-2006, n=799) 
Khabarovsk (n=321), Lyubertsy (The LIS study – Lyubertsy study on mortality rate in patients after acute 
myocardial infarction, 2005-2007, n=1133) , the register of ACS in Krasnodar (2008, n=776), as well as the 
Federal register of ACS [14,15,16,17,18]. 
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According to epidemiological studies, in recent years in the Russian Federation there has been an increase 
in the frequency of using PCI as a method of reperfusion. The proportion of patients undergoing coronary 
angiography (CAG) and primary PCI is especially high in large federal and regional vascular centers (80-90% 
and 50-70%, respectively). These figures are somewhat lower in the RECORD-3 study (70% and 39% for patients 
with STEACS, and 48% and 21% for patients with NSTE-ACS, respectively) [14]. Similar results are shown in the 
Khabarovsk MI registry: CAG was performed in 65% of patients with MI, and primary PCI was performed in 
65.5% of patients with STEMI and 42% with NSTEMI. Moreover, when comparing the data of the RECORD-3 
registry with the previous RECORD and RECORD-2 registries, the proportion of patients undergoing CAG and 
PCI increased significantly, along with a decrease in mortality [14,18]. 

MAJOR MI COMPLICATIONS. THE EFFECT OF REPERFUSION ON THE INCIDENCE OF THEIR DEVELOPMENT 

In addition to the treatment of MI, an important aspect is the correction of its complications, which 
significantly increase mortality in this group of patients. According to the pathophysiological principle, the 
following groups can be distinguished among the MI complications: mechanical myocardial injury (rupture of 
left ventricular free wall, interventricular septum or papillary muscles leading to acute mitral regurgitation and 
true ventricular aneurysm), cardiogenic shock (CS), electrical instability (rhythm and conduction disturbances), 
inflammatory (peri-infarction pericarditis and post-infarction Dressler syndrome), ischemic (post-infarction 
angina pectoris, enlargement of the infarct zone or reinfarction), and embolic (parietal thrombus formation and 
systemic embolism) processes [19]. From a clinical point of view, it is also advisable to single out systolic 
myocardial dysfunction and acute heart failure (AHF) as separate complications. This paper mainly considers 
MI complications that develop in the acute and subacute period, which are often urgent conditions with a high 
probability of death. 

Among the MI complications, systolic dysfunction of the left ventricle (LV) is most common, the prevalence 
of which, according to various data, can range from 23 to 60% in the acute period of MI. AHF is observed in 20-
35% of patients with MI at admission and its proportion during hospitalization increases to 40-54% [20]. At the 
same time, we are mainly talking about LV AHF due to the relatively rare development of right ventricular MI 
[19]. According to Russian registries, the prevalence of AHF in patients with MI is 21-35%.  Rhythm and 
conduction disturbances are also highly prevalent, ranging from 6% for ventricular arrhythmias to 28% for atrial 
fibrillation [21]. CS is a less frequent complication and observed in 5-14% of patients with MI and in the vast 
majority of cases developing on the first day from the onset of the disease in patients with STEMI. CS is 
characterized by extremely high mortality (up to 45-60%) [19]. The prevalence of such mechanical 
complications as myocardial ruptures and acute mitral regurgitation, which develop mainly in the acute period 
of MI (the first week), is quite low and is about 1-7%, but even with timely surgical correction, mortality in case 
of their development ranges from 25 up to 75% [19]. LV aneurysms develop somewhat more frequently than 
myocardial ruptures and are recorded in 2-6% of patients with MI [22]. Pericardial complications are currently 
quite rare (acute pericarditis is detected in 1-5% of patients with MI, Dressler syndrome in about 0.1%) [23]. 

The development of MI therapy methods, primarily reperfusion, has led to a decrease in the incidence of 
most MI complications. In particular, after the introduction of PCI into routine practice, the incidence of AHF 
decreased to 12-20% [24]. Also, a statistically significant decrease in incidence was noted for LV systolic 
dysfunction. A similar trend is observed for CS: for example, one of the recent studies showed a decrease in the 
incidence of early CS in patients with MI from 2.2% to 1.2%, while the incidence of prehospital CS remained the 
same, which indirectly confirms the connection between the decrease in the incidence and the development of 
methods for MI treatment. The same study showed a decrease in mortality in early and late CS from 35.9% and 
64.7% to 15.8% and 39.1%, respectively [25]. In another study, mortality in patients with MI-related CS who 
underwent PCI was even lower and amounted to 13.2%. Also, the widespread use of PCI may explain the 
observed decrease in the incidence of rhythm and conduction disorders, since the restoration of blood flow in 
the infarct-associated artery is the main method of treating rhythm and conduction disorders in the acute period 
by correcting ischemia of the pacemaker cells or the conduction system [26]. Similar prevalence dynamics is 
noted for mechanical and pericardial MI complications. 

The effect of particular myocardial reperfusion strategies on the incidence of MI complications has been 
little studied. A direct comparison of the effect of PCI with thrombolysis on the risk of MI complications has not 
been conducted, and most large-scale studies comparing PCI with the pharmacoinvasive strategy did not 
include the risk of developing HF or CS as a separate endpoint. On the other hand, it has been shown that HF is 
registered less frequently when thrombolysis is combined with subsequent PCI compared to primary PCI, 
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however, in the case of the pharmacoinvasive strategy, the risk of developing hemorrhagic stroke increases [27]. 
The risk of developing CS is also lower when thrombolysis is combined with PCI, if the latter cannot be 
performed early (compared to primary PCI). However, these results do not allow unambiguous conclusions 
about the advantage of the pharmacoinvasive strategy in relation to the development of CS or AHF in patients 
with MI. 

THERAPY OF AHF AND CARDIOGENIC SHOCK IN MI 

Since AHF and CS are quite common complications of MI leading to worse outcomes and associated with a 
higher risk of death in this group of patients, the study of methods for their diagnosis and treatment is of 
particular importance [28]. AHF is diagnosed based on the typical clinical presentation and chest x-ray findings. 
ECG and echocardiography are used to determine the cause of AHF which may include loss of viable myocardium 
and consequent LV systolic dysfunction, mechanical complications, or arrhythmias. Criteria for CS are a 
tendency to persistent hypotension (systolic blood pressure less than 90 mm Hg and/or need for inotropic 
support) with satisfactory filling of the vascular bed and the signs of hypoperfusion or pulmonary congestion. 
In 2019, a new classification of CS was proposed, according to which 5 stages are distinguished: stage A is “at 
risk” for cardiogenic shock (patients with acute MI, AHF or decompensated chronic HF without clinical signs of 
CS); stage B is “beginning” shock (relative hypotension without signs of hypoperfusion); stage C is “classic” 
cardiogenic shock (hypoperfusion requiring additional interventions besides the correction of volemia); stage 
D is “deteriorating” (no response to intensive care within 30 minutes); and E is “extremis”, terminal stage 
(circulatory collapse). 

Revascularization remains the main treatment option that can improve outcomes in patients with infarct-
related HF and CS. In this case, the main method used is PCI, which, according to various studies, is comparable 
in efficiency to surgical revascularization with CABG and is more effective than pharmacological reperfusion. It 
should be noted that the development of CS in hemodynamically stable patients during CAG and PCI, on the 
contrary, is quite rare (about 0.2%) and is associated with more severe coronary artery disease (multivascular 
stenosis or damage to the left coronary artery trunk) and STEMI. The effectiveness of primary PCI in patients 
with MI complicated by CS has been confirmed in large-scale studies, while it is noted that that delay in 
revascularization is associated with increased mortality rate in this group of patients. On the other hand, in real 
clinical practice, revascularization is often performed in these high-risk patients less frequently and at a later 
stage than in patients without CS, which can lead to high mortality (A. Kochar et al., 2018) [29, 30]. In this 
regard, an important aspect is the development of optimal algorithms to reduce the time before PCI. 

Since multivessel coronary artery disease is common in patients with MI and CS, an important issue in PCI 
is the amount of revascularization performed. According to large-scale trials and meta-analyses, PCI with only 
infarct-related artery revascularization has the advantage of less short-term mortality and a lower risk of acute 
kidney injury compared to multivessel revascularization. On the other hand, a recent study found no 
statistically significant difference in survival or development of acute kidney injury between groups undergoing 
infarct-related artery revascularization or multivascular PCI, and therefore the choice of PCI tactics in these 
patients requires further study. A decision on multivascular PCI still needs to be made individually, taking into 
account the hemodynamic and clinical parameters of each patient. 

Intensive pharmacological therapy and circulatory support techniques are also extremely important 
components of the treatment of patients with HF and CS due to MI. The two main lines of HF therapy are the 
correction of congestion and hypoperfusion. In case of LV AHF, diuretics and nitrates are used to reduce 
congestion, and oxygen therapy and morphine can be used to correct respiratory failure [31]. To correct 
hypotension after exclusion of mechanical complications, infusion therapy with crystalloids is used. In addition, 
as in case of uncomplicated MI, patients need early treatment with ACE inhibitors or angiotensin II receptor 
blockers (unless contraindicated) and beta-blockers. In the case of right ventricular AHF, in contrast, nitrates, 
diuretics, and beta-blockers which reduce preload, should be avoided. 

With the development of CS in patients with MI, an important component of therapy is the maintenance of 
adequate perfusion, for which pharmacological agents or mechanical methods of circulatory support can be 
used. However, there is not enough data on the effectiveness of particular drugs for CS treatment. According to 
current recommendations, the predominance of hypotension requires the prescription of vasopressors 
(norepinephrine), while the prescription of inotropic drugs (dobutamine) is recommended for low cardiac 
output. 
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If pharmacological methods for correcting hypoperfusion in patients with MI complicated by AHF and CS 
are not effective, methods of mechanical hemodynamic support are used. The main circulatory support 
techniques are intra-aortic balloon counterpulsation (IABP) and implantable mechanical circulatory support 
devices (MCSDs). For patients with refractory CS, extracorporeal membrane oxygenation (ECMO) may be used 
[32]. The principle of IABP operation is to decrease the afterload in order to reduce myocardial oxygen 
consumption, and increase diastolic pressure, which improves coronary circulation in the area of damage. 
Implantable MCSDs act by actively pumping blood from the heart cavity into the great vessels, which allows 
maintaining an adequate level of perfusion regardless of ventricular myocardial contractility and cardiac 
output. In modern practice, MCSDs are used to pump blood both from the left heart into the aorta or its 
branches, and from the right heart (or large veins of the major circle) into the pulmonary artery. 

Currently, a degree of efficiency of routine use of mechanical circulatory support in patients with MI 
complicated by AHF or CS is widely discussed. Thus, in the largest IABP-SHOCK II trial and meta-analyses, 
statistically significant differences between the group of patients who used IABP and the comparison group 
were not unambiguously confirmed, and therefore this method is not recommended for routine use in patients 
with advanced CS [33]. No large clinical trials have been conducted on the effectiveness of routine use of MCSDs, 
although small studies have confirmed better survival rates in the group of patients with early implantation of 
MCSDs (before the introduction of inotropic and vasopressor drugs and PCI), in this connection, the possible 
effectiveness of the early use of this method in selected patients with MI and CS is noted. Besides, there is 
insufficient data on the comparative efficacy of IABP and MCSDs, although a small study did not confirm a 
statistically significant difference in 30-day mortality between groups in which IABP was used or an Impella 
MCSD was implanted [34]. The results of a meta-analysis of studies on the use of IABP and MCSDs in patients 
undergoing high-risk PCI showed no statistically significant differences in mortality [35]. 

In addition to maintaining hemodynamics, increasing attention is being paid to the use of circulatory 
support techniques for unloading the myocardium, which may represent an alternative method of pathogenetic 
therapy for MI. It is assumed that a decrease in the hemodynamic load on the myocardium when using 
implantable assistive devices can help reduce the size of the infarct zone and weaken myocardial remodeling. 
To date, the effectiveness of "unloading" for MI has been shown in in vitro and ex vivo studies. On the other 
hand, clinical trials have not confirmed that the combination of unloading with delayed PCI is superior to 
primary PCI in terms of outcomes or the size of the infarction area. For final conclusions about the effectiveness 
of MCSDs for patients with MI, especially in the case of its complication in the form of AHF or CS, it is necessary 
to obtain the results of currently ongoing studies. 

A number of authors recommend to apply – timely and according to indications – mechanical hemodynamic 
support techniques. 

CONCLUSION 

Given the widespread occurrence of MI and its high mortality, the search for effective methods of treating 
MI, as well as the evaluation of their use in real clinical practice, remains an urgent problem in modern 
medicine. To date, the main method of treatment for MI is reperfusion in the early stages of the disease, with 
preference given to primary PCI, which, according to the registries of patients with MI, is currently performed 
in about 50-70% of patients. On the other hand, the increasing number of vascular centers makes primary PCI 
more accessible, and therefore this procedure has become more frequent in recent years.  

The spread of PCI has reduced the lethality of MI and the incidence of most of its complications, including 
AHF, CS, CARDIAC ARRHYTHMIAS, MECHANICAL AND PERICARDIAL COMPLICATIONS. DESPITE THIS, AHF AND CS REMAIN fairly 
common complications of MI. The main method to improve outcomes in this group of patients is 
revascularization with PCI, although data on comparative efficacy with the pharmacoinvasive reperfusion 
strategy are scarce. In addition, an important aspect of the management of these patients is the symptomatic 
therapy of AHF and CS, including pharmacological and mechanical inotropic support. It should be noted that 
the latter can also be used as an alternative strategy for the pathogenetic treatment of MI by unloading the 
myocardium, however, its effectiveness in patients with MI, especially if MI is complicated by AHF and CS, 
requires further research. 
  



6 

 

REFERENCES 

1. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. Fourth universal definition of myocardial infarction (2018). Eur 
Heart J. 2019;40(3):237–269. https://doi.org/10.1093/eurheartj/ehy462 

2. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, et al. Heart disease and stroke statistics—2020 update: a report 
from the American Heart Association. Circulation. 2020;141(9):e139–e596. PMID: 31992061 https://doi.org/10.1161/CIR.0000000000000757 

3. Okrugin SA, Kuzheleva EA, Garganeeva AA. World Health Organization Project “Acute Myocardial Infarction Registry”: Epidemiological 
Monitoring of Acute Coronary Catastrophes. Complex Issues of Cardiovascular Diseases. 2018;7(1):76–83. (in Russ.) 
https://doi.org/10.17802/2306-1278-2018-7-1-76-83 

4. Khan MA, Hashim MJ, Mustafa H, Baniyas MY, Al Suwaidi SKBM, AlKatheeri R, et al. Global Epidemiology of Ischemic Heart Disease: Results 
from the Global Burden of Disease Study. Cureus. 2020;12(7):e9349. PMID: 32742886 https://doi.org/10.7759/cureus.9349 

5. Samorodskaya IV, Barbarash ОL, Kashtalap VV, Starinskaya МА. Mortality from Myocardial Infarction in Russia in the Years 2006 and 2015. 
Russian Journal of Cardiology. 2017;(11):22–26. (in Russ.) https://doi.org/10.15829/1560-4071-2017-11-22-26 

6. Martsevich SIu, Ginzburg ML, Kutishenko NP, Deev AD, Smirnov VP, Drozdova LIu, Fokina AV, Daniél’s EV. Lyubertsy mortality study 
(LMS): factors influencing the long-term survival after myocardial infarction. Profilakticheskaya Meditsina. 2013;16(2):32–38. (in Russ.). 

7. Sanchis-Gomar F, Perez-Quilis C, Leischik R, Lucia A. Epidemiology of coronary heart disease and acute coronary syndrome. Ann Transl 
Med. 2016;4(13):256. PMID: 27500157 https://doi.org/10.21037/atm.2016.06.33 

8. Bunova SS, Usacheva EV, Zamakhina OV. Dynamics of myocardial infarction incidence in the Russian regions for 11 years (2002–2012). 
Social aspects of population health. 2014;40(6):3. (in Russ.) Available at: http://vestnik.mednet.ru/content/view/624/30/lang,ru/ [Accessed 
Jan 13, 2022] 

9. García-García C, Oliveras T, Serra J, Vila J, Rueda F, Cediel G, et al. Trends in Short- and Long-Term ST-Segment–Elevation Myocardial 
Infarction Prognosis Over 3 Decades: A Mediterranean Population – Based ST-Segment–Elevation Myocardial Infarction Registry. J Am 
Heart Assoc. 2020;9(20):e017159. PMID: 33054490 https://doi.org/10.1161/JAHA.120.017159 

10. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al. 2017 ESC Guidelines for the management of acute myocardial 
infarction in patients presenting with ST-segment elevation: The Task Force for the management of acute myocardial infarction in patients 
presenting with ST-segment elevation of the European Society of Cardiology (ESC). Eur Heart J. 2018;39(2):119–177. PMID: 28886621 
https://doi.org/10.1093/eurheartj/ehx393 

11. Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, et al. 2020 ESC Guidelines for the management of acute coronary 
syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. 2021;42(14):1289–1367. PMID: 32860058 
https://doi.org/10.1093/eurheartj/ehaa575 

12. Armstrong PW, Gershlick AH, Goldstein P, Wilcox R, Danays T,  Y, et al. Fibrinolysis or primary PCI in ST-segment elevation myocardial 
infarction. N Engl J Med. 2013;368(15):1379–1387. PMID: 23473396 https://doi.org/10.1056/NEJMoa1301092 

13. Ehrlich AD. The Registers of Acute Coronary Syndromes – Their Types, Characteristics and Significance in Clinical Practice. Annals of the 
Russian Academy of Medical Sciences. 2012;67(4):30–39. (in Russ.). 

14. Erlikh AD, Gratsiansky NA. Registry of Acute Coronary Syndromes “RECORD-3”. Characteristics of Patients and Treatment During Initial 
Hospitalization. Kardiologiia. 2016;56(4):16–24. (in Russ.) https://doi.org/10.18565/cardio.2016.4.16-24 

15. Erlikh AD. Changes of Treatment of Patients With Non-ST Elevation Acute Coronary Syndrome in Clinical Practice During Recent Several 
Years (Data From a Series of the Russian RECORD Registries). Kardiologiia. 2018;58(12):13–21. (in Russ.) 
https://doi.org/10.18087/cardio.2018.12.10189 

16. Gafarov VV, Gafarova AV, Blaginina MYu. WHO Program “Register Of Acute Myocardial Infarction”: 25-Year (1977-2001) Epidemiological 
Study of Myocardial Infarction in Russia. Kardiologiia. 2005;45(8):48–50. (in Russ.). 

17. Boytsov SA, Krivonos OV, Oshchepkova EV, Dmitriev VA, Dovgalevskiy PYa, Gridnev VI, et al. Otsenka effektivnosti realizatsii meropriyatiy, 
napravlennykh na snizhenie smertnosti ot sosudistykh zabolevaniy, po dannym monitoringa Minzdravsotsrazvitiya Rossii i registra OKS. 
Part 2. Manager Zdravoohranenia. 2010;(6):14–19. (in Russ.). 

18. Erlikh AD, Kharchenko MS, Barbarash OL, Kashtalap VV, Zykov MV, Pechyorina TB, et al. Adherence to Guidelines on Management of Acute 
Coronary Syndrome in Russian Hospitals and Outcomes of Hospitalization (Data from the RECORD-2 Registry). Kardiologiia. 2013;53(1):14–
22. (in Russ.). 

19. Bajaj A, Sethi A, Rathor P, Suppogu N, Sethi A. Acute complications of myocardial infarction in the current era: diagnosis and management. 
J Investig Med. 2015;63(7):844–855. PMID: 26295381 https://doi.org/10.1097/JIM.0000000000000232 

20. Cleland JG, Torabi A, Khan NK. Epidemiology and management of heart failure and left ventricular systolic dysfunction in the aftermath of 
a myocardial infarction. Heart. 2005;91(Suppl 2):ii7–13; discussion ii31, ii43–8. PMID: 15831613 https://doi.org/10.1136/hrt.2005.062026 

21. Gorenek B, Blomström Lundqvist C, Brugada Terradellas J, Camm AJ, Hindricks G, Huber K, et al. Cardiac arrhythmias in acute coronary 
syndromes: position paper from the joint EHRA, ACCA, and EAPCI task force. Europace. 2014;16(11):1655–1673. PMID: 25172845 
https://doi.org/10.1093/europace/euu208 

22. Antunes MJ, Antunes PE. Left-ventricular aneurysms: from disease to repair. Expert Rev Cardiovasc Ther. 2005;3(2):285–294. PMID: 
15853602 https://doi.org/10.1586/14779072.3.2.285 

23. Imazio M, Negro A, Belli R, Beqaraj F, Forno D, Giammaria M, et al. Frequency and prognostic significance of pericarditis following acute 
myocardial infarction treated by primary percutaneous coronary intervention. Am J Cardiol. 2009;103(11):1525–1529. PMID: 19463510 
https://doi.org/10.1016/j.amjcard.2009.01.366 

24. Auffret V, Leurent G, Gilard M, Hacot JP, Filippi E, Delaunay R, et al. Incidence, timing, predictors and impact of acute heart failure 
complicating ST-segment elevation myocardial infarction in patients treated by primary percutaneous coronary intervention. Int J Cardiol. 
2016;221:433–442. PMID: 27409570 https://doi.org/10.1016/j.ijcard.2016.07.040 

25. Nguyen HL, Yarzebski J, Lessard D, Gore JM, McManus DD, Goldberg RJ. Ten-Year (2001-2011) Trends in the Incidence Rates and Short-
Term Outcomes of Early Versus Late Onset Cardiogenic Shock After Hospitalization for Acute Myocardial Infarction. J Am Heart Assoc. 
2017;6(6):e005566. PMID: 28592462 https://doi.org/10.1161/JAHA.117.005566 

26. Piccini JP, Schulte PJ, Pieper KS, Mehta RH, White HD, Van de Werf F, et al. Antiarrhythmic drug therapy for sustained ventricular 
arrhythmias complicating acute myocardial infarction. Crit Care Med. 2011;39(1):78–83. PMID: 20959785 
https://doi.org/10.1097/CCM.0b013e3181fd6ad7 

27. Milenkina SG, Belogurov AA, Delver EP, Staroverov II. Pharmacoinvasive Approach to the Treatment of Acute ST-Segment Elevation 
Myocardial Infarction. Current State of the Problem. Kardiologiia. 2020;60(1):62–69. (in Russ.) https://doi.org/10.18087/cardio.2020.1.n699 



7 

 

28. Aronow WS. Heart Failure Complicating Acute Myocardial Infarction. Heart Fail Clin. 2017;13(3):513–525. PMID: 28602369 
https://doi.org/10.1016/j.hfc.2017.02.007 

29. Khot UN, Huded CP. Systems for Rapid Revascularization in ST-Segment Elevation Myocardial Infarction with Cardiogenic Shock: An 
Important Yet Elusive Goal. JACC Cardiovasc Interv. 2018;11(18):1834–1836. PMID: 30236356 https://doi.org/10.1016/j.jcin.2018.07.043 

30. Kochar A, Al-Khalidi HR, Hansen SM, Shavadia JS, Roettig ML, Fordyce CB, et al. Delays in primary percutaneous coronary intervention in 
ST-segment elevation myocardial infarction patients presenting with cardiogenic shock. JACC Cardiovasc Interv. 2018;11(18):1824–1833. 
PMID: 30236355 https://doi.org/10.1016/j.jcin.2018.06.030 

31. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, 2016 ESC Guidelines for the diagnosis and treatment of acute and 
chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology 
(ESC). Eur Heart J. 2016;37(27):2129–2200. PMID: 27206819 https://doi.org/10.1093/eurheartj/ehw128 

32. Grigoryev EV, Bautin AE, Kirov MYu, Shukevich DL, Kornelyuk RA. Cardiogenic shock associated with acute coronary syndrome: the current 
state of the problem of diagnostics and intensive care. Annals of Critical Care. 2020;(2):73–85. (in Russ.) https://doi.org/10.21320/1818-
474X-2020-2-73-85 

33. Thiele H, Akin I, Sandri M, Fuernau G, de Waha S, Meyer-Saraei R, et al. CULPRIT-SHOCK Investigators. PCI strategies in patients with 
acute myocardial infarction and cardiogenic shock. N Engl J Med. 2017;377(25):2419–2432. PMID: 29083953 
https://doi.org/10.1056/NEJMoa1710261 

34. Basir MB, Schreiber TL, Grines CL, Dixon SR, Moses JW, Maini BS, et al. Effect of Early Initiation of Mechanical Circulatory Support on 
Survival in Cardiogenic Shock. Am J Cardiol. 2017;119(6):845–851. PMID: 28040188 https://doi.org/10.1016/j.amjcard.2016.11.037 

35. Rios SA, Bravo CA, Weinreich M, Olmedo W, Villablanca P, Villela MA, et al. Meta-Analysis and Trial Sequential Analysis Comparing 
Percutaneous Ventricular Assist Devices Versus Intra-Aortic Balloon Pump During High-Risk Percutaneous Coronary Intervention or 
Cardiogenic Shock. Am J Cardiol. 2018;122(8):1330–1338. PMID: 30146099 https://doi.org/10.1016/j.amjcard.2018.07.011 

Received on 14.04.2021 

Review completed on 24.05.2021 
Accepted on 27.12.2021 


