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Intracoronary Administration of Epinephrine 
in the Refractory No-Reflow Phenomenon 
in Patients With Acute Myocardial Infarction

Aim To evaluate the efficacy and safety of intracoronary epinephrine for the treatment of refractory 
no-reflow phenomenon in patients with ST-segment elevation myocardial infarction (STEMI) during 
percutaneous coronary intervention (PCI).

Material and methods A single-site prospective controlled study «Intracoronary administration of epinephrine for refractory 
no-reflow phenomenon in patients with acute myocardial infarction» was conducted (registration 
on ClinicalTrials.gov: NCT04573751). The study included 40 patients with refractory no-reflow 
phenomenon, which was identified when it was not resolved with at least one of the following means: 
nitroglycerin, adenosine, papaverine, platelet receptor inhibitors IIB / IIIA, or thromboaspiration. 
Patients were divided into 2 groups: patients of group 1 (n=18) were injected with intracoronary 
epinephrine 100 μg, patients of group 2 (n=22) received standard therapy without epinephrine. The 
groups did not differ in the main baseline clinical and anamnestic characteristics, with the exception 
of the predominance of men in the control group: 86.4 % vs. 55.6 % (p=0.03).

Results In the epinephrine group, TIMI 3 blood flow was more often achieved: 55.6 % vs. 0 % (p<0.01); 
reduction in ST elevation >50 % within 1 hour after PCI: 72.2 % vs. 31.8 % (p=0.01). Concentrations 
of troponin I 12–24 h after PCI were significantly lower in the epinephrine group than in the control 
group: 15.2 (6;25) ng / ml vs. 25 (10;40) ng / ml (p=0.03). No life-threatening hemodynamic disorders 
or cardiac arrhythmias were recorded after the administration of epinephrine. No statistically significant 
differences were found in cardiac ultrasound data and MACE (Major Adverse Cardiovascular Events) 
during 30 days of follow-up.

Conclusions Intracoronary epinephrine 100 μg in STEMI patients with refractory no-reflow phenomenon during 
PCI is a safe and effective method for improving the blood flow in the infarct-related coronary 
artery. The prevalence of refractory no-reflow phenomenon among STEMI patients in our study 
reached 4.6 %.
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Introduction
Percutaneous coronary intervention (PCI) represents 

the most effective and preferred method of restoring 
coronary blood flow in patients with acute ST-segment 
elevation myocardial infarction (STEMI) [1]. In some 
cases, PCI is complicated by the development of no-reflow 
phenomenon, which is defined as persistent impairment 
of myocardial perfusion in the area of blood supply of the 
infarct-related coronary artery (IRCA) after restoration 
of its potency. This phenomenon is characterized by a 
decrease in angiographic coronary blood flow of less than 
3 points on the TIMI scale [2]. This phenomenon has been 
known for over three decades. During this period, research 
has been conducted into the pathogenesis of the disease, 

and diagnostic criteria and prognostic methods have been 
developed [3–5].

The no-reflow phenomenon has been linked to adverse 
left ventricular (LV) remodeling, progressive LV failure, an 
elevated risk of LV wall rupture, and an increased mortality 
rate [6, 7]. The no-reflow phenomenon has been identified 
as an independent predictor of one-year mortality, with an 
adjusted risk of death that is three times higher in patients 
with STEMI undergoing PCI [8]. Therefore, the no-reflow 
phenomenon negates the advantages of early restoration of 
IRCA potency.

At present, a number of pharmacological agents and 
therapeutic modalities are available for the prevention 
of no-reflow phenomenon [9]. Some medications and 
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modalities, including calcium channel blockers, platelet 
IIb / IIIa receptor inhibitors, adenosine, and thrombus 
extraction, have demonstrated variable success in improving 
coronary blood flow [9, 10], though there is no evidence 
that they improve disease outcomes [11]. Nevertheless, 
in certain instances, the no-reflow phenomenon remains 
unresponsive to the administration of conventional 
treatments. Currently, there is a paucity of scientific 
research evaluating the efficacy of treatments for refractory 
no-reflow phenomenon. The available data is limited to 
clinical cases [12] and pilot studies [13]. Therefore, this 
issue of emergency cardiology remains a pertinent and 
pressing concern which must be addressed [14].

In light of the fact that one of the principal potentially 
reversible factors in the pathogenesis of the no-reflow 
phenomenon is microvascular arteriolar spasm, it can be 
reasonably assumed that drugs with a thrombolytic effect 
will have a beneficial impact. Epinephrine, also known as 
adrenaline, is an example of such a pharmacological agent. 
Although high-dose epinephrine administration exerts 
beneficial inotropic and chronotropic actions through the 
stimulation of beta-1 adrenoreceptors, lower doses have 
been observed to cause coronary dilation due to their 
agonistic effects on beta-2 adrenoreceptors. The results 
of several small pilot studies on testing intracoronary 
administration of epinephrine for no-reflow phenomenon 
have been published, yielding preliminary positive results 
[13, 15–17]. However, the power of these studies is 
insufficient to introduce such a technique into practice. 
Therefore, additional clinical studies in this direction are 
needed.

Objective
The objective of this study is to evaluate the efficacy and 

safety of intracoronary epinephrine administration in the 

treatment of refractory no-reflow phenomenon in STEMI 
patients undergoing PCI.

Material and Methods
A single-center prospective controlled study, entitled 

«Intracoronary Administration of Epinephrine for Refrac-
tory No-Reflow Phenomenon in Patients with Acute 
Myocardial Infarction», was conducted at the Research 
Institute of Cardiology, a branch of the Tomsk National 
Research Medical Center. Prior to their inclusion in the 
study, all patients provided written informed consent 
for the intervention. The conduct of the study was 
approved by the local ethics committee (minutes no. 203 
dated 14 / 10 / 2020). The protocol was registered on 
ClinicalTrials.gov under no. NCT04573751. The study 
was conducted in accordance with a protocol that was 
published in 2022 [18].

Inclusion criteria: 1. Acute ST-segment elevation myo-
cardial infarction complicated by a refractory no-reflow 
phenomenon during PCI. 2. Signed informed consent form. 
Exclusion criteria: refractory cardiogenic shock requiring 
mechanical circulatory support.

The no-reflow phenomenon was defined as a reduction 
in anterograde angiographic blood flow in an infarct-related 
coronary artery (TIMI < 3), subsequent to stent deployment, 
in the absence of stent dissection and acute stent thrombosis. 
The no-reflow phenomenon was defined as refractory when 
it did not resolve with the administration of at least one of 
the following agents: nitroglycerin, adenosine, papaverine, 
glycoprotein IIB / IIIA inhibitors, and thrombaspiration.

In the event of the development of a refractory no-reflow 
phenomenon, the patients were divided into two groups. On 
even-numbered calendar days, the patients received standard 
therapy, which typically involved the administration of 
an additional drug from the aforementioned list, either 

* – р <0,05; STEMI – ST-Elevation Myocardial Infarction; TIMI – Thrombolysis In Myocardial Infarction.
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nitroglycerin or a platelet IIB / IIIA receptor inhibitor. 
Conversely, on odd-numbered calendar days, epinephrine 
100 µg was administered once into the infarct-related 
coronary artery through a guiding catheter. One ampule 
of epinephrine 1 mL of 0.1 % solution (1000 µg / mL) was 
diluted in 50 mL of physiologic solution (20 µg / mL). The 
prepared 5-mL syringe contained 100 μg of epinephrine. 
Figure 1 presents a flowchart outlining the temporal phases 
of standard therapeutic procedures.

Prior to PCI, patients were administered aspirin 250 
mg, clopidogrel 600 mg, or ticagrelor 180 mg, a bolus 
of unfractionated heparin 70–100 IU / kg, followed 
by its infusion. The primary end point was the level of 
coronary blood flow in IRCA by TIMI scale following 
the administration of epinephrine. Secondary endpoints 
included: a) troponin I level 12–24 hours from admission; 
b) resolution of ST-segment elevation on ECG greater than 

50 % within 1 hour after PCI; c) left ventricular ejection 
fraction (LVEF), end-diastolic volume (LVEDV), end-
systolic volume (LVESV), wall motion score index (WMSI) 
according to echocardiography at admission and after 7–10 
days; d) changes in systolic and diastolic blood pressure 
(BP), heart rate (HR) after epinephrine administration; 
e) irregular heartbeats following epinephrine administration; 
f) MACE events within 30 days (Figure 2). MACE events 
were defined as cardiovascular deaths and hospitalizations 
for acute heart failure and acute myocardial infarction [19]. 
The clinical, laboratory, and investigational data pertaining 
to the patients were extracted from the case records. The 
30 day clinical outcomes were obtained through telephone 
interviews.

Methods of statistical processing
The normality of the sample distribution of quantitative 

indicators was evaluated using the Shapiro–Wilk test. 
Normally distributed variables are represented by the 
mean and standard deviation, (m ± SD), and non-normally 
distributed variables are expressed by the median (Me) and 
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Patients with STEMI

Emergency PCI

NitratesAdenosine Papaverine

Epinephrine, n=18

Primary and secondary endpoints

Standard treatment, n=22

Ine�ectiveness of ≥ 1 agents

Refractory no-re�ow
n=53 (4.6%) 

n=40 (3,5%)

�romb-
aspiration

IIb/IIIa 
inhibitors

TIMI 3
n=1006 
(87.9%)

Reversible 
no-re�ow

n=86%

Excluded
n=13

No-re�ow
n=139 (12.1%)

Signing 
of the informed consent

n=1145 (100%)

Figure 1. Study design

BP, blood pressure; PCI, percutaneous coronary  
intervention; HR, heart rate; ECG, electrocardiography;  
MACE, major adverse cardiovascular events;  
TIMI, Thrombolysis in Myocardial Infarction Score.

PCI

Refractory no-re�ow

Standard treatment

BP, HR, ECG monitoring. TIMI

ST-segment elevation

Troponin I

Echocardiogram

Echocardiogram

MACE events

Epinephrine

Hour 1

Hours 12–24

Days 1–3

Days 7–10

Day 30

Figure 2. Research methods and endpoints



37ISSN 0022-9040. Kardiologiia. 2024;64(6). DOI: 10.18087/cardio.2024.6.n2493

ORIGINAL ARTICLES§

interquartile range (Q25; Q75). Categorical indicators 
were expressed as absolute and relative (%) rates of 
incidence. The nonparametric Mann–Whitney test was 
employed to detect statistically significant differences in 
quantitative indices between independent patient groups 
receiving different treatment. Statistically significant 
changes in quantitative indicators were identified in 
dependent samples of normally distributed data using 
parametric repeated measures ANOVA (a comparison of 
changes in groups and paired Student’s test for dynamic 
diffe rences in each individual group). In dependent 
non-normally distributed samples, the non-parametric 
Wilcoxon test was employed. In independent groups, 
categorical indices were compared using either Pearson’s 
chi squared test or Fisher’s exact test. The threshold level of 
significance was set at p=0.05.

Results
From December 2020 to December 2022, a total of 1,145 

patients with STEMI were referred for emergency PCI. Of 
the total number of patients, 139 (12.1 %) exhibited the 
development of no-reflow phenomenon, which proved 
refractory to standard treatment in 53 (4.6 %) cases. A total 
of 13 patients were identified as meeting the exclusion 
criteria. Accordingly, the 40 patients were distributed into 
two distinct groups. A total of 18 patients in Group 1 (the 
main group) received epinephrine, while 22 patients in 
Group 2 (the control group) received standard therapy with-
out epinephrine (Figure 1).

The groups exhibited no significant differences in the 
main baseline clinical and anamnestic characteristics, 
with the exception of the control group, which included a 
greater percentage of males: 86.4 % versus 55.6 % (p = 0.03). 

Parameter Epinephrine Standard 
therapy p

Patients, n (%) 18 (100) 22 (100)

Age, years 62.0 (56.0; 
70.0)

65.5 (61.0; 
72.0) 0.20

Male, n (%) 10 (55.6) 19 (86.4) 0.03
Hypertensive heart disease, 
n (%) 18 (100) 21 (95.5) 0.27

Antihypertensive therapy, n 
(%) 8 (44.4) 8 (36.4) 0.60

Smoking status at admission / 
history of smoking, n (%) 10 (55.6) 15 (68.2) 0.41

Obesity, n (%) 7 (38.9) 11 (50) 0.78

Body mass index, kg/m2 28.79 (25.5; 
33.6)

29.35 (24.5; 
33.6) 0.90

Diabetes mellitus, n (%) 9 (50) 12 (54.5) 0.77
History of angina pectoris, n 
(%) 4 (22.2) 6 (27.3) 0.71

PICS, n (%) 1 (5.6) 2 (9.1) 0.67
History of CVA, % (n) 3 (16.7) 2 (9.1) 0.47
Time from onset of ACS 
symptoms, patients admitted 
in the first 24 h, min

345.0 (190.0; 
900.0)

320.0 (177.0; 
600.0) 0.32

In the first 6 h, n (%) 9 (50) 11 (50)  0.77
6–24 h, n (%) 8 (44.4) 9 (40.9) 0.82
Later than 24 h, n (%) 1 (5.6)  2 (9.1) 0.88
Pre-hospital TLT, n (%) 5 (27.8) 5 (27.8) 0.97
AHF degree (Killip) at admission
Killip I, n (%) 11 (61.1) 14 (63.6) 0.99
Killip II, n (%) 0 (0) 3 (13.6) 0.05
Killip III, n (%)  2 (11.1) 2 (9.1) 0.83
Killip IV, n (%) 5 (27.8) 3 (13.6) 0.27
Pre-hospital  
circulatory arrest, n (%) 1 (5.6) 3 (13.6) 0.38

Administration of P2Y12  
platelet receptor inhibitors
Clopidogrel, n (%) 8 (44.4) 14 (63.6) 0.22
Ticagrelor, n (%) 9 (50) 7 (31.8) 0.24

Prasugrel, n (%) 1 (5.6) 1 (4.6) 0.28

Table 1. Clinical and anamnestic characteristics of patients

Parameter Epinephrine Standard 
therapy p

PCI parameters
IRCA thrombosis, n (%) 10 (55.6) 12 (54.5) 0.92
Type of circulation
Left, n (%) 2 (11.1) 3 (13.6)  0.81
Right, n (%) 12 (66.7) 8 (36.4) 0.06
Mixed, n (%) 4 (22.2) 11 (50) 0.07
IRCA:
LAD, n (%) 8 (44.4) 11 (50) 0.73
LCX, n (%) 1 (5.6) 4 (18.2) 0.21
RCA, n (%) 7 (38.9) 5 (22.7) 0.27
PDA, n (%) 0 (0) 2 (9.1) 0.16
OM, n (%) 2 (11.1) 0 (0) 0.07
Anatomical location of MI
Anterior, n (%) 8 (44.4) 11 (50) 0.73
Inferior, n (%) 10 (55.6) 11 (50) 0.73
NO-REFLOW management techniques
Thrombaspiration, n (%) 7 (38.9) 7 (31.8) 0.72
IIb/IIIa inhibitor, n (%) 9 (50) 9 (40.9) 0.66
Papaverine, n (%) 2 (11.1) 0 (0) 0.07
Nitroglycerin, n (%) 15 (83.3) 17 (77.3) 0.85
Adenosine, n (%) 3 (16.7) 4 (18.2) 0.85
IABP, n (%) 0 (0) 1 (4.5) 0.27
IRCA blood flow (TIMI) following PCI prior to the administration of epinephrine
TIMI 0, n (%) 2 (11.1) 4 (18.2) 0.53
TIMI 1, n (%) 4 (22.2) 3 (13.6) 0.48
TIMI 2, n (%) 12 (66.7) 15 (68.2) 0.92
Data are presented as median and interquartile range – Me (Q25; 
Q75), number of patients – n (%); AHF, acute heart failure; CVA, 
cerebrovascular accident; IABC, intra-aortic balloon counterpulsation; 
IRCA, infarct-related coronary artery; Killip, acute heart failure 
classification used in patients with confirmed acute coronary syndrome; 
LAD, left anterior descending artery; LCX, left circumflex branch; MI, 
myocardial infarction; OM, obtuse marginal branch; PCI, percutaneous 
coronary intervention; PDA, posterior descending artery; PICS, 
postinfarction cardiosclerosis; RCA, right coronary artery; TIMI, 
Thrombolysis in Myocardial Infarction Score; TLT, thrombolytic therapy.
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The majority of patients in both groups presented with 
IRCA thrombosis: 54.5 % and 55.6 % in Groups 1 and 2, 
respectively (p=0.92). Furthermore, no differences were 
observed between the groups with regard to the treatment 
modalities and the degree of IRCA blood flow (TIMI) prior 
to the administration of epinephrine (Table 1).

The achievement of TIMI 3 blood flow was documented 
solely in the main group. Following the administration of 
epinephrine, a notable reduction in ST elevation of over 50 % 
was observed within the first hour following PCI in the main 
group: 72.2 % versus 31.8 % (р=0.01) (Figure 3). Furthermore, 
troponin I levels 12 to 24 hours following PCI exhibited 
a notable decline in the main group in comparison to the 
control group: 15.2 (6;25) ng / mL versus 25 (10;40) ng / mL 
(p=0.03). In the main group, systolic BP increased from 125.5 

± 25.7 mm Hg to 141.7 ± 15.9 mm Hg (p=0.002), while 
diastolic BP increased from 76.9 ± 14.2 mm Hg to 84.1 (±9.3) 
mm Hg (p=0.005), and HR rose from 77 (66; 92) bpm to 
110 (90; 124) bpm (p=0.002) following epinephrine admi-
nis  tration. In the main group, supraventricular and ventricular 
extrasystoles were observed with greater fre quency following 
epinephrine administration: 33.3 % versus 0 % (р=0.02). All 
episodes of elevated BP, HR, and extra systoles were treated 
independently, and no further medi cation was required. The 
data obtained from cardiac ultra sound on days 7–10 of the 
disease indicated a reduction in left ventricular end-diastolic 
volume (LVEDV) and end-sys tolic volume (LVESV) and 
an increase in left ventricular ejec tion fraction in the main 
group when compared to the control group. However, this 
difference did not reach statistical significance (Table 2).

Table 2. Examination and treatment results

Parameter Epinephrine, n=18 Standard therapy, n=22 p
Laboratory data
Troponin I at admission, ng/mL 0.31 (0.08; 2.6) 1.49 (0.08; 2.4) 0.80
Troponin I after 12-24 hours, ng/mL  15.2 (6; 25) 25 (10; 40) 0.03
Clinical examinations

Achievement of TIMI 3 at the end of PCI, n (%) 10 (55.6) 0 (0) <0.001
ST-segment elevation resolution > 50 % within 1 hour, n (%) 13 (72.2) 7 (31.8) 0.01
Hemodynamic parameters and PCI complications
SBP prior to agent administration, mm Hg 125.5 (±25.7) 133.1 (±17.7) 0.21
SBP after agent administration, mm Hg 141.7 (±15.9) -
DBP prior to agent administration, mm Hg 76.9 (±14.2) 83.6 (±12.9) 0.38
SBP after agent administration, mm Hg 84.1 (±9.3) -
HR prior to agent administration 77 (66; 92) 80.5 (69; 96) 0.55
HR after agent administration 110 (90; 124) -
VPB/SVPB after agent administration, n (%) 6 (33.3) - 0.02
AF/AFL after agent administration, n (%) 3 (16.7) - 0.55
VT after agent administration, n (%) 2 (11.1) - 0.43
Echocardiographic measurements
LVEDV, days 1–2, mL 95 (86; 109) 110 (98; 120) 0.19
LVESV, days 1–2, mL 50 (43; 61) 61 (48; 78) 0.21
LVEF, days 1–2, % 46 (43; 51) 45 (38;56) 0.73
WMSI, days 1–2 1.44 (1.31; 1.78) 1.69 (1.25; 2) 0.47
LVEDV, days 7–10, mL 101 (90; 115) 129 (110; 144) 0.08
LVESV, days 7–10, mL 44 (42; 59) 66.5 (42.5; 98) 0.15
LVEF, days 7–10, % 51 (48; 54) 48 (37.5; 55) 0.44
WMSI, days 7–10 1.44 (1.31; 1.75) 1.51 (1.24; 1.82) 0.71
Hospital mortality, n (%) 1 (5.6) 2 (9.1) 0.64
MACE events within 30 days, n (%) 2 (11.1) 5 (22.7) 0.37
30-day mortality, n (%) 1 (5.6) 3 (13.6) 0.41

Data are presented as median and interquartile range - Me (Q25; Q75), number of patients - n (%); AF, atrial fibrillation;  
AFL, atrial flutter; DBP, diastolic blood pressure; HR, heart rate; LVEF, left ventricular ejection fraction; LVEDV, left ventricular  
end-systolic volume; LVESV, left ventricular end-systolic volume; MACE, major adverse cardiovascular events; PCI, percutaneous coronary 
intervention; SBP, systolic blood pressure; SVPB, supraventricular premature beat; TIMI, Thrombolysis in Myocardial Infarction Score;  
VPB, ventricular premature beat; VT, ventricular tachycardia; WMSI, wall motion score index.
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The mortality rate in the control group was three deaths 

during the hospital period, all of which were attributed to 
the development of cardiogenic shock. In the epinephrine 
cohort, one patient died due to hemorrhagic and cardiogenic 
shock. During the 30-day follow-up period, the incidence of 
MACE events was slightly lower in the epinephrine group: 
11.1 % versus 22.7 % (р=0.37) (Table 2).

Discussion
It is established that the primary factor influencing the 

prognosis of STEMI is the duration of the IRCA occlusion. 
Nevertheless, the evidence from several studies indicates 
that reducing the door-to-balloon time does not result in 
a reduction in mortality in this disease [20]. One potential 
explanation for this is the no-reflow phenomenon, which 
has been demonstrated to reduce the efficacy of PCI. In 
the absence of a therapeutic alternative, epinephrine may 
be the optimal agent for the treatment of refractory no-
reflow phenomenon. Refractory nature of the no-reflow 
phenomenon lacks a clear definition. In the RESTORE 
study, it was understood as the ineffectiveness of two 
treatment modalities [13], whereas in the study by Aksu 
et al., it was understood as the ineffectiveness of a single 
treatment modality [17]. The present study broadens 
the scope of indications for epinephrine by defining the 
concept as the ineffectiveness of a single treatment modality. 
In the RESTORE study, epinephrine was administered via 
a guiding catheter at the orifice of the occluded IRCA. We 
employed the same technique of administration. However, 
the available evidence indicates that the administration of 
epinephrine into the distal channel via the central lumen 
of the balloon catheter is more effective than at the orifice 
of the coronary artery [16]. However, the administration 
of epinephrine at the IRCA orifice is a more viable option, 
including for our own practice, and may be more widely 
adopted in clinical settings.

The findings of the study indicate that the administration 
of 100 μg of epinephrine via intracoronary route to patients 
presenting with refractory no-reflow phenomenon resulted 
in enhanced TIMI blood flow and a more rapid reduction 
of ST elevation (Figure 3). The relative safety of this 
treatment method was demonstrated by the absence of 
life-threatening complications in the main group following 
epinephrine administration (Table. 2).

Patients with IRCA thrombosis were found to be highly 
likely to have distal embolization as one of the primary 
factors in the pathogenesis of the no-reflow phenomenon. 
In contrast, in the others, persistent vasospasm, ischemic 
and reperfusion injury were identified as the predominant 
causes, although vasospasm was also identified as a 
significant contributor to distal embolization. This explains 
the beneficial effect of epinephrine. Lower levels of high-

sensitivity troponin I in the main group (Table 2) are 
associated with a smaller volume of damaged myocardium, 
which can be considered a limitation of the volume of 
myocardial necrosis during epinephrine administration. All 
rhythm disturbances observed subsequent to epinephrine 
administration were noted in patients exhibiting improved 
blood flow in IRCA (Table 2). Therefore, these occurrences 
may be attributed to reperfusion syndrome, although the 
proarrhythmic effect of epinephrine cannot be discounted.

The observed downward trend in LVEDV and LVESV 
on days 7–10 of the disease (Table 2) may indicate a more 
favorable LV remodeling in the epinephrine group and, 
hence, a slight decrease in the incidence of MACE within 
30 days. It can be reasonably anticipated that statistical 
significance for these indicators will be achieved with a 
larger patient cohort and a longer follow-up period. The 
collection of data in accordance with the established 
protocol is currently underway.

These findings are consistent with those of the RESTORE 
study, which included 30 patients with refractory no-reflow, 
and demonstrated the efficacy of epinephrine in improving 
angiographic coronary blood flow and better resolution of 
ST-segment elevation [13]. Additionally, these findings 
align with those of the COAR study, which showed the 
superiority of intracoronary administration of epinephrine 
over adenosine [21].

Limitations
The practice of allocating patients into groups based 

on the time of admission (even and odd days) does not 
constitute a complete randomization. A further limitation of 
the study is the relatively small number of patients included, 
which precluded the attainment of statistical significance in 
the observed trend towards improved echocardiographic 
parameters and clinical outcomes in the epinephrine group.

TIMI, Thrombolysis in Myocardial Infarction Score.
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Conclusions

The intracoronary administration of epinephrine 
at a dose of 100 mcg in patients with ST-segment ele-
vation myocardial infarction and refractory no-reflow 
phenomenon during percutaneous coronary intervention 
is a safe and effective method to improve blood flow in the 
infarct-related coronary artery. The prevalence of refractory 
no-reflow phenomenon among patients presenting with ST-
segment elevation myocardial infarction in the present study 
was 4.6 %.

Ethics compliance
The study was conducted in accordance with the ethical 

standards set forth in the World Medical Association 
Declaration of Helsinki: Ethical Principles for Medical 
Research Involving Human Subjects, as amended in 2000, 
and the Rules of Clinical Practice in the Russian Federation, 
approved by Order No. 266 of the Ministry of Health of the 
Russian Federation dated June 19, 2003.

No conflict of interest is reported.
The article was received on 23/04/2023

REFERENCES

1. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bue-
no H et al. 2017 ESC Guidelines for the management of acute myo-
cardial 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 Soci-
ety of Cardiology (ESC). European Heart Journal. 2018;39(2):119–
77. DOI: 10.1093/eurheartj/ehx393

2. Averkov O.V., Duplyakov D.V., Gilyarov M.Yu., Novikova N.A., Shakh-
novich R.M., Yakovlev A.N. et al. 2020 Clinical practice guidelines 
for Acute ST-segment elevation myocardial infarction. Russian Jour-
nal of Cardiology. 2020;25(11):251–310. [Russian: Аверков О.В., 
Дупляков Д.В., Гиляров М.Ю., Новикова Н.А., Шахнович Р.М., 
Яковлев А.Н. и др. Острый инфаркт миокарда с подъемом сегмента 
ST электрокардиограммы. Клинические рекомендации 2020. 
Российский кардиологический журнал. 2020;25(11):251-310]. 
DOI: 10.15829/29/1560-4071-2020-4103

3. Bessonov I.S., Kuznetsov V.A., Gorbatenko E.A., Sapozhnikov S.S., 
Dyakova A.O., Zyrianov I.P. et al. Development of a risk score for no-
reflow phenomenon after percutaneous coronary interventions in 
patients with ST-segment elevation myocardial infarction. Circula-
tion Pathology and Cardiac Surgery. 2020;24(3S):68–76. [Russian: 
Бессонов И.С., Кузнецов В.А., Горбатенко Е.А., Сапожников С.С., 
Дьякова А.О., Зырянов И.П. и др. Шкала оценки риска феномена 
no-reflow при чрескожных коронарных вмешательствах 
у пациентов с острым инфарктом миокарда с подъемом 
сегмента ST. Патология кровообращения и кардиохирургия. 
2020;24(3S):68–76]. DOI: 10.21688/1681-3472-2020-3S-68-76

4. Bessonov I.S., Krinochkin D.V., Shadrin A.A., Zyrianov I.P. Risk as-
sessment score of no-reflow phenomenon in predicting myocar-
dial perfusion disorders by contrast echocardiography in ST-seg-
ment elevation myocardial infarction patients after endovascu-
lar revascularization. The Siberian Journal of Clinical and Exper-
imental Medicine. 2022;37(2):57–64. [Russian: Бессонов И.С., 
Криночкин Д.В., Шадрин А.А., Зырянов И.П. Шкала оценки 
риска развития феномена «no-reflow» в прогнозировании 
нарушений миокардиальной перфузии по данным контрастной 
эхокардиографии у пациентов с острым инфарктом миокарда 
с подъемом сегмента ST после эндоваскулярной реваскуляризации. 
Сибирский журнал клинической и экспериментальной медицины. 
2022;37(2):57-64]. DOI: 10.29001/2073-8552-2022-37-2-57-64

5. Frolov A.A., Pochinka I.G., Shakhov B.E., Mukhin A.S., Frolov I.A., 
Barinova M.K. et al. Using an Artificial Neural Network to Predict 
Coronary Microvascular Obstruction (No-Reflow Phenomenon) du-
ring Percutaneous Coronary Interventions in Patients with Myocar-
dial Infarction. Modern Technologies in Medicine. 2021;13(6):6–
14. [Russian: Фролов А.А., Починка И.Г., Шахов Б.Е., Мухин А.С., 
Фролов И.А., Баринова М.К. и др. Использование искусственной 
нейронной сети для прогнозирования развития коронарной 
микрососудистой обструкции (феномена no-reflow) в ходе 
выполнения чрескожных коронарных вмешательств у пациентов 
с инфарктом миокарда. Современные технологии в медицине. 
2021;13(6):6-14]. DOI: 10.17691/stm2021.13.6.01

6. Reffelmann T, Hale SL, Dow JS, Kloner RA. No-Reflow Phenome-
non Persists Long-Term After Ischemia/Reperfusion in the Rat and 
Predicts Infarct Expansion. Circulation. 2003;108(23):2911–7. DOI: 
10.1161/01.CIR.0000101917.80668.E1

7. De Waha S, Patel MR, Granger CB, Ohman EM, Maehara A, Eitel I 
et al. Relationship between microvascular obstruction and adverse 
events following primary percutaneous coronary intervention for ST-
segment elevation myocardial infarction: an individual patient data 
pooled analysis from seven randomized trials. European Heart Journal. 
2017;38(47):3502–10. DOI: 10.1093/eurheartj/ehx414

8. Ndrepepa G, Tiroch K, Keta D, Fusaro M, Seyfarth M, Pache J et al. 
Predictive Factors and Impact of No Reflow After Primary Percuta-
neous Coronary Intervention in Patients With Acute Myocardial In-
farction. Circulation: Cardiovascular Interventions. 2010;3(1):27–33. 
DOI: 10.1161/CIRCINTERVENTIONS.109.896225

9. Rezkalla SH, Stankowski RV, Hanna J, Kloner RA. Management of 
No-Reflow Phenomenon in the Catheterization Laboratory. JACC: 
Cardiovascular Interventions. 2017;10(3):215–23. DOI: 10.1016/j.
jcin.2016.11.059

10. Hausenloy DJ, Botker HE, Engstrom T, Erlinge D, Heusch G, 
Ibanez B et al. Targeting reperfusion injury in patients with ST-seg-
ment elevation myocardial infarction: trials and tribulations. Euro-
pean Heart Journal. 2017;38(13):935–41. DOI: 10.1093/eurheartj/
ehw145

11. Zhao Y-J, Fu X-H, Ma X-X, Wang D-Y, Dong Q-L, Wang Y-B et al. In-
tracoronary fixed dose of nitroprusside via thrombus aspiration cathe-
ter for the prevention of the no-reflow phenomenon following prima-
ry percutaneous coronary intervention in acute myocardial infarction. 
Experimental and Therapeutic Medicine. 2013;6(2):479–84. DOI: 
10.3892/etm.2013.1139

12. Skelding KA, Goldstein JA, Mehta L, Pica MC, O’Neill WW. Resolu-
tion of refractory no-reflow with intracoronary epinephrine. Cathete-
rization and Cardiovascular Interventions. 2002;57(3):305–9. DOI: 
10.1002/ccd.10303

13. Navarese EP, Frediani L, Kandzari DE, Caiazzo G, Cenname AM, 
Cortese B et al. Efficacy and safety of intracoronary epinephrine ver-
sus conventional treatments alone in STEMI patients with refracto-
ry coronary no‐reflow during primary PCI: The RESTORE obser-
vational study. Catheterization and Cardiovascular Interventions. 
2021;97(4):602–11. DOI: 10.1002/ccd.29113

14. Frolov A.A., Pochinka I.G., Shahov B.E., Sharabrin E.G., Kuzymi-
chev K.V. Coronary microvascular obstruction (the no-reflow phe-
nomenon) during percutaneous coronary interventions in patients 
with myocardial infarction. Circulation Pathology and Cardiac Sur-
gery. 2020;24(1):18–27. [Russian: Фролов А.А., Починка И.Г., 
Шахов Б.Е., Шарабрин Е.Г., Кузьмичев К.В. Феномен коронарной 
микрососудистой обструкции (no-reflow) при проведении 
чрескожных коронарных вмешательств у пациентов с инфарктом 
миокарда. Патология кровообращения и кардиохирургия. 
2020;24(1):18–27]. DOI: 10.21688/1681-3472-2020-1-18-27

15. Darwish A, Frere A-F, Abdelsamie M, Awady WE, Gouda M. Intraco-
ronary epinephrine versus adenosine in the management of refracto-



42 ISSN 0022-9040. Kardiologiia. 2024;64(6). DOI: 10.18087/cardio.2024.6.n2493

ORIGINAL ARTICLES§
ry no-reflow phenomenon: a single-center retrospective cohort study. 
Annals of Saudi Medicine. 2022;42(2):75–82. DOI: 10.5144/0256-
4947.2022.75

16. Abu Arab T, Rafik R, El Etriby A. Efficacy and Safety of Local Intraco-
ronary Drug Delivery in Treatment of No‐Reflow Phenomenon: A Pi-
lot Study. Journal of Interventional Cardiology. 2016;29(5):496–504. 
DOI: 10.1111/joic.12318

17. Aksu T, Guler TE, Colak A, Baysal E, Durukan M, Sen T et al. Intra-
coronary epinephrine in the treatment of refractory no-reflow after 
primary percutaneous coronary intervention: a retrospective study. 
BMC Cardiovascular Disorders. 2015;15(1):10. DOI: 10.1186/
s12872-015-0004-6

18. Dil S.V., Vyshlov E.V., Ryabov V.V. Intracoronary epinephrine 
and verapamil in the refractory no-reflow phenomenon in pa-
tients with acute myocardial infarction. Cardiovascular Therapy 
and Prevention. 2022;21(1):6–11. [Russian: Диль С.В., Вышлов 
Е.В., Рябов В.В. Интракоронарное введение эпинефрина и 
верапамила при рефрактерном феномене no-reflow у пациентов 

с острым инфарктом миокарда. Кардиоваскулярная терапия и 
профилактика. 2022;21(1):6-11]. DOI: 10.15829/1728-8800-2022-
2936

19. Ramchand J, Patel SK, Srivastava PM, Farouque O, Burrell LM. Ele-
vated plasma angiotensin converting enzyme 2 activity is an indepen-
dent predictor of major adverse cardiac events in patients with ob-
structive coronary artery disease. PLOS ONE. 2018;13(6):e0198144. 
DOI: 10.1371/journal.pone.0198144

20. Menees DS, Peterson ED, Wang Y, Curtis JP, Messenger JC, Rums-
feld JS et al. Door-to-Balloon Time and Mortality among Pa-
tients Undergoing Primary PCI. New England Journal of Medicine. 
2013;369(10):901–9. DOI: 10.1056/NEJMoa1208200

21. Khan KA, Qamar N, Saghir T, Sial JA, Kumar D, Kumar R et al. 
Comparison of Intracoronary Epinephrine and Adenosine for 
No-Reflow in Normotensive Patients With Acute Coronary Syn-
drome (COAR Trial). Circulation: Cardiovascular Interven-
tions. 2022;15(2):e011408. DOI: 10.1161/CIRCINTERVEN-
TIONS.121.011408


