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ABSTRACT 

This study was conducted to determine whether macrophage migration inhibitory factor (MIF) levels predict no-

reflow in patients with ST-segment elevation myocardial infarction (STEMI). We included 120 STEMI patients 

who had received initial PCI therapy. Serial 12-lead ECGs acquired before and after primary PCI within 1-2 hours 

at 50 mm/sec were used to assess the ST-segment dynamics. When microcirculatory perfusion is compromised, 

the dynamics of ST-segment elevation resolution (STR) remain at 70% or less. No-reflow was detected using real-

time myocardial perfusion imaging by myocardial blush grade assessment. MIF levels were assessed using ELISA 

before and after PCI. We found that the pre-PCI MIF contents did not significantly differ from the post-PCI MIF 

levels and that the total population of STEMI patients had higher plasma MIF contents than the group of healthy 

volunteers (3400 [2089.0-5571.0] pg/mL and 721 [567.3-1104.1] pg/mL, respectively, P < 0.001). MIF levels 

before and after PCI were significantly higher in patients with no-reflow than in those without it. According to 

ROC characteristics, the pre-PCI MIF levels that predicted the no-reflow condition had a well-balanced cut-off of 

3663 pg/mL (sensitivity = 74%, specificity = 72%, 95% CI = 0.585-0.857; P = 0.0023). The no-reflow was 

predicted by pre-PCI MIF levels > 3663 pg/mL, whereas post-PCI MIF levels showed no discriminative potency 

for it. The no-reflow phenomena were independently predicted by female gender and pre-PCI MIF levels > 3663 

pg/mL. Higher pre-PCI MIF levels (> 3663 pg/mL and > 5033 pg/mL, respectively) in STEMI patients were 

predictive of systolic cardiac dysfunction and the post-procedural no-reflow phenomena. 
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Introduction 

Even though primary percutaneous coronary intervention (PCI) has significantly improved the cardiovascular 

(CV) outcomes and short- and long-term prognosis for patients with ST-segment elevation myocardial infarction 

(STEMI), peri-procedural events (sudden death, cardiac arrest, and cardiogenic shock) continue to be among the 

leading causes of death for this patient population [1-3]. The median time reduction from hospital admission to 

primary PCI, the use of drug-eluting stents, dual antiplatelet therapy, an efficient lipid-lowering strategy with 

statins, ezetimibe, and human monoclonal antibodies against proprotein convertase subtilisin / kexin 9, beta-

blockers, and angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers were among the 

strategies that demonstrated mild-to-moderate benefits in lowering the in-hospital mortality of STEMI patients 

with reperfusion damage [4-6]. Furthermore, the increase in the financial strain on the global health system over 

the past ten years is unquestionably linked to the in-hospital management of post-PCI problems [7]. 
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Numerous pathological processes including downstream embolization by plaque debris, the release of soluble 

inflammatory and prothrombogenic factors from the culprit lesion, altered endothelial integrity due to increased 

vascular permeability and oedema of the vascular wall, platelet aggregation, red blood cell and leucocyte 

adherence, endothelial dysfunction, and vasoconstriction have been caused by ischemia/reperfusion damage of 

cardiomyocytes and coronary vasculature [8-10]. Ultimately, intramyocardial haemorrhage, microvascular 

blockage, and eventual no-reflow phenomenon cause structural damage to cardiac myocytes, the vasculature of 

intramuscular arterioles, and capillary walls, which contributes to persistent myocardial hypoperfusion and 

unfavorable cardiac remodeling [11]. Furthermore, contemporary biomarker technologies can detect and diagnose 

myocardial hypoperfusion after PCI, independent of the magnitude of the myocardial infarction [12, 13]. 

Due to glucocorticoid activation, macrophages and T lymphocytes produce the multifunctional cytokine known 

as Macrophage Migration Inhibitory Factor (MIF), which has several biological characteristics [14]. MIF plays a 

role in inflammation and immunological reactivity. It is also thought to be a key component of the stress response 

to infection and the ensuing tissue damage. At an early stage of myocardial infarction, the MIF level rose sharply 

and likely had predictive value for both recurrent CV events and all-cause mortality [15]. Among STEMI patients, 

MIF levels were strongly correlated with unfavorable cardiac remodeling, cerebrovascular events, and N-terminal 

pro-b-type natriuretic peptide (NT-proBNP) levels [16, 17]. Consequently, the extent of the myocardial infarct as 

determined by magnetic resonance imaging was linked with the MIF contents in STEMI patients who were 

admitted urgently to a catheter laboratory [18]. It is uncertain, nevertheless, if inflammatory indicators can forecast 

the no-reflow phenomenon, myocardial damage linked to PCI. The study speculates as to whether circulating MIF 

levels in STEMI patients are a sign of reperfusion myocardial damage. 

Materials and Methods  

Patients’ population  

Totally 120 patients who presented with a first STEMI and undergone primary PCI were included in the research 

from an entire cohort of STEMI individuals (n = 341). These patients were urgently admitted to the emergency 

unit of the Government Institution “L. T. Malaya Therapy National Institute NAMSU” and the Department of 

Interventional Cardiology of the Government Institution “V.T. Zaitsev Institute of General and Emergency 

Surgery of the NAMS of Ukraine” with STEMI within two to twelve hours of the onset of the first symptoms 

between October 2019 and December 2020. Twenty-five healthy volunteers were served in an age-matched 

control group. The research design flow chart is reported in Figure 1. 

 

 
Figure 1. Flow chart of the research design; abbreviations: CRP, C-reactive protein; cTnI, cardiac troponin I; 

ECG, electrocardiogram; H.F., heart failure; ICF, informed consent form; MBG, myocardial blush grade; 

MIF, macrophage migration inhibitory factor; PCI, percutaneous coronary intervention; STEMI, ST-segment 

Elevation Myocardial Infarction; STR, ST-segment resolution; sST2, soluble suppression of tumorigenesis 2 

protein;- TIMI, thrombolysis in myocardial infarction flow grade. 
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STEMI, age over 18 years old, and successfully performed primary PCI with epicardial blood flow that 

corresponded to TIMI III were the inclusion criteria. Patients with severe comorbidities, including active 

malignancy, chronic inflammatory disease in its acute phase, and the presence of known psychiatric disorders - 

have not been included in the research. 

 

STEMI determination 

STEMI was diagnosed following the ECS Guideline [19] within the first 12 hours after the onset of the coronary 

event.  

Ethical declaration 

The local Ethics Committee of G.I. “L. T. Malaya Therapy National Institute NAMSU” (Kharkiv, Ukraine) 

confirmed this study following the Helsinki Declaration (Protocol № 5, 26.05.2016). All enrolled patients 

expressed their agreement in written form to participate in the research. 

 

Coronary angiography 

We used the radial approach by the Seldinger technique to provide conventional coronary angiography. Multiple 

projections of coronary arteries were recorded for each vessel. Automatic contrast injection of 6-10 mL of the 

“Ultravist-370” (Bayer Pharma GmbH, Germany) was utilized for contrast enhancement. The radiation exposure 

fluctuated from 20 to 35 mGycm. Two independent assessors analyzed the contrast images visually and 

quantitatively. Controversial issues were re-examined by the supervisor (MPK). Unclear angiograms were 

excluded from further analysis. 

 

Primary PCI 

Primary PCI was performed within six to twelve hours after the first symptom onset. Integrity bare-metal stent 

(Boston Scientific, USA) and Resolute Integrity drug-eluting stent (Medtronic, USA) were implanted in 92 and 

42 patients. Adjuvant therapy was provided for all examined patients based on current ESC guidelines. 

Assessment of successful reperfusion  

Assessment of the ST-segment dynamics was performed with serial 12-lead ECGs obtained before and after 

primary PCI within 1-2 hours at 50 mm/sec. In the case of impaired microcirculatory perfusion, the dynamics of 

ST-segment elevation Resolution (STR) remain equal to 70% or less [20]. 

 

STEMI prognosis determination  

To accredit prognostic capacity after STEMI, we utilized the TIMI and the GRACE score [21, 22]. 

Real-time myocardial perfusion imaging determination 

Real-time myocardial perfusion imaging with myocardial blush determination grade (MBG) was used to measure 

myocardial perfusion [23]. The MBG was scored during angiographic analysis according to the conventional 

method [24]. MBG was graded as 0, 1, 2, and 3 corresponding to the following criteria: a lack of contrast density 

of myocardial blush (M.B.), minimal contrast density of M.B., contrast density of M.B. with impaired clearing, 

and normal M.B. or contrast density, respectively [25]. Occurrence of post-PCI epicardial large coronary artery 

blood flow of TIMI < 3 or МBG 0-1 along with STR < 70% within 2 hours after PCI was qualified as the no-

reflow condition. Figure 2 illustrates the decision-making performed by the supervisor regarding contrast density 

and myocardial blush. 
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a) b) c) 

   
d) e) f) 

Figure 2. Determination of contrast density and myocardial blush in STEMI patients undergoing primary PCI; 

a) inferior infarction with severe proximal and mid-RCA occlusion, b) final angiographic image after stent 

implantation with TIMI 3 flow in RCA, c) lack of myocardium staining in the infarct area, MBG 0 grade, d) 

anterior infarction with stenosis of both LAD and LCX, e) final angiographic result after revascularization with 

TIMI 3 Flow in LAD, as well as LCX, and f) MBG 0 grade adjusted by supervisor 

Notes: The skilled operator performed the MBG right after PCI and was based on a visual evaluation of the contrast density 

in the myocardium's infarcted zone. Without myocardial flush, MBG was rated as zero in the first scenario. 

 

The supervisor verified the MBG 0 grade on the recorded angiograms during the angiographic study. In the second 

instance, the supervisor assigned MBG a score of 0 due to the minimal myocardial blush.  

The following acronyms are used: STEMI, or ST-segment elevation myocardial infarction; RCA, or right coronary 

artery; PCI, or percutaneous coronary intervention; MBG, or myocardial blush grade; LCX, or left circumflex 

artery; and LAD, or left anterior descending artery. 

 

Comorbidities and risk factors determination  

A questionnaire was used to assess the patient's medical history, including recent transient ischaemic attacks and 

strokes, malignancy, hypertension, and use of medications (such as lipid-lowering, antihypertensive, and 

hypoglycemic medications). During the interview, anthropometric parameters were measured by trained 

investigators. A body mass index (BMI) of kg/m2 was calculated. The European Society of Cardiology's (ESC) 

2019 dyslipidemia guideline [26] was used to determine dyslipidemia. Hypertensive patients were defined 

according to the 2018 ESC guideline on diagnosis and management of arterial hypertension [27]. A new diagnosis 

of H.F. was made following the ESC criteria [28]. According to the 2017 ADA statement, type 2 diabetes was 

identified [29].  

Transthoracic echocardiography and Doppler 

Twenty-four hours after being admitted to the intensive cardiac care unit (ICCU), all STEMI patients underwent 

transthoracic conventional B-mode echocardiography and Doppler using a Toshiba TUS-A500 (Aplio 500, Japan) 

equipped with a 3.5 MHz phase probe. Left ventricular end-diastolic volume (LVEDV), LV end-systolic volume 

(LVESV), LV mass (LVM), and LV ejection fraction (LVEF) were automatically measured using Simpson's 
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biplane method. Following the current recommendation, diastolic function was evaluated by impulse Doppler 

using early to late diastolic transmitral flow velocity (E/A) [30].  

Calculation of the sample size  

The sample size was determined using the study's prospective design, which provided a design effect of 1.0, 95% 

confidence intervals, and an error of 5% [31]. 

Glomerular filtration rate calculation  

The glomerular filtration rate (GFR) was calculated using the CKD-EPI (chronic kidney disease epidemiology 

collaboration) algorithm [32]. 

Blood samples 

According to the following plan, blood samples were taken at admission before PCI (MIFI, CRPI, sST2) and 

following PCI for the analysis of biomarkers and other standard laboratory analyses: Peak cardiac TnI levels were 

monitored every six hours for 24 hours following the surgery, and post-PCI MIF levels were assessed 24 hours 

later. Before being delivered to G.I. “L. T. Malaya TNI NAMSU's” immunochemical and molecular-genetic 

research lab, blood samples were carefully centrifuged, separated within 30 minutes, and frozen in plastic tubes 

at -70 °C. 

Using commercial kits, the enzyme-linked immunosorbent assay was used to determine the serum biomarkers. 

Humalyzer 2000 (HUMAN GmbH, Germany) used a “Human MIF ELISA” (RayBio, USA) kit with upper 

reference limits of 6000.0 pg/ml to assess MIF levels. According to the manufacturer's instructions, the “The 

Presage ST2 Assay” (Critical Diagnostics, CA, USA) kit was used to measure the sST2 contents, with limits of 

0–200.0 ng/ml. The troponin I (TnI) and C-reactive protein (CRP) levels were measured using the “Troponin I-

ELISA” kit from Xema, Russia, which had limits of 0–10.0 ng/ml and the “CRP-ELISA” kit from Xema, Russia, 

which had an upper limit of 25.0 mg/L. Total cholesterol (T.C.), high-density lipoprotein (HDL) cholesterol, low-

density lipoprotein (LDL) cholesterol, and triglycerides (T.G.) were measured using the direct enzymatic method 

(Roche P800 analyzer, Basel, Switzerland). The coefficients of variation within and between assays were less than 

5%.  

The double-antibody sandwich immunoassay (Elecsys 1010 analyzer, F. Hoffmann-La Roche Diagnostics, 

Mannheim, Germany) was used to measure the fasting glucose level. 

Statistics 

For statistical analysis, we utilized Statistica version 10.0 (Stat Soft Inc., Tulsa, OK, USA). Means (S.D.s) and 

counts (percentages) were used to represent continuous and categorical variables, respectively. If the data showed 

a skewed distribution, it would be assumed that it was distributed normally or shown as medians (interquartile 

ranges [IQR]).  

Data distribution was tested using the Shapiro-Wilk test. Student's t-test, one-way ANOVA, or non-parametric 

tests (Kruskal-Wallis or Mann-Whitney) were used to compare continuous variables between groups. The chi-

square test was used to compare categorical variables. The Spearman test was used to examine correlations 

between variables. 

A well-balanced cut-off of biomarker concentration was found using the receiver operational characteristic (ROC) 

curve analysis. The Youden technique was used to calculate the cut-off point's area under the curve (AUC), 

specificity, and sensitivity [33]. The relationship between several variables and myocardial perfusion disruption 

was examined using logistic regression. For every component influencing the no-reflow phenomenon, the odds 

ratio (OR), β-coefficient, and 95% confidence interval (CI) were performed. A P-value of 0.05 or less was 

regarded as statistically significant. 

Results and Discussion 

Table 1 displays the baseline clinical characteristics of the individuals who participated in the study. With a broad 

spectrum of cardiovascular risk factors, such as type 2 diabetes mellitus (33.6%), hypertension (78.4%), mild-to-

moderate obesity (42.5%), smoking (45.8%), and a family history of coronary artery disease (44.8%), the majority 

of patients (70.9%) are male. 
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Table 1. Baseline specifications of the research patients 

 

Entire STEMI 

patients’ cohort 

(n = 134) 

Patients with post-

PCI no-reflow 

condition (MBG 0-1, 

STR < 70%, n = 32) 

Patients without 

post-PCI no-reflow 

condition (MBG 2-3, 

STR >70%, n = 61) 

P-

value 

Clinical data, previous medical history 

Age (years) 61.36 ± 10.43 65.31 ± 10.03 62.25 ± 9.67 0.066* 

Male (n (%)) 95 (70.9%) 23 (71.9%) 41 (67.2%) 0.645 

Female (n (%)) 39 (29.1%) 9 (28.1%) 20 (32.8%)  

Systolic blood pressure (mm Hg) 133.90 ± 30.51 125.22 ± 34.85 139.05 ± 26.49 0.110 

Diastolic blood pressure (mm Hg) 80.12 ± 14.97 76.66 ± 15.43 81.93 ± 15.41 0.321 

Heart rate (beats/min) 79.22 ± 16.74 84.38 ± 23.29 77.18 ± 15.41 0.104 

Hypertension (n (%)) 105 (78.4%) 28 (87.5%) 48 (78.7%) 0.226 

Type 2 diabetes mellitus (n (%)) 45 (33.6%) 12 (37.5%) 17 (27.9%) 0.341 

Smoking (n (%)) 65 (48.5%) 12 (37.5%) 28 (45.9%) 0.437 

BMI > 30 kg/m2 (n (%)) 57 (42.5%) 6 (18.8%) 13 (21.3%) 0.771 

Stable angina before STEMI (n (%)) 63 (47.0%) 18 (56.3%) 30 (49.2%) 0.517 

Unstable angina before STEMI (n (%)) 24 (17.9%) 9 (28.1%) 8 (13.1%) 0.134 

Family history of CAD (n (%)) 60 (44.8%) 12 (37.5%) 31 (50.8%) 0.221 

Echocardiographic parameters 

LVEDV (mL) 126.03 ± 30.35 131.59 ± 15.01 125.74 ± 28.42 0.663 

LVEDV index (mL/m2) 64.35 ± 15.03 68.31 ± 16.36 65.21 ± 14.50 0.440 

LVESV (mL) 60.84 ± 22.26 65.73 ± 24.27 62.32 ± 21.07 0.690 

LVM (g) 221.29 ± 77.88 227.09 ± 60.34 209.22 ± 76.75 0.266 

LVM index (g/m2) 109.41 ± 41.42 118.04 ± 30.96 103.21 ± 41.64 0.144 

LVEF (%) 49.72 ± 8.66 45.00 ± 6.95 49.79 ± 7.81 0.018* 

E/A 1.08 ± 0.38 0.99 ± 0.44 1.09 ± 0.33 0.221 

STEMI risk scores 

GRACE risk score (in-hospital) (points) 140.38 ± 35.31 162.00 ± 48.67 138.05 ± 27.74 0.023* 

GRACE risk score (admission - 6-month) 

(points) 
115.83 ± 30.73 135.72 ± 39.30 114.27 ± 24.83 0.009* 

TIMI risk score (points) 3.82 ± 2.40 5.25 ± 2.63 3.44 ± 2.14 0.001* 

STEMI localization 

Anterior (n (%)) 64 (47.8%) 23 (71.9%) 24 (39.3%) 0.006* 

Posterior (n (%)) 70 (52.2%) 9 (28.1%) 37 (60.7%) 0.003 

LMCA (n (%)) 10 (7.5%) 2 (5.4%) 4 (6.6%) 0.662 

LAD (n (%)) 94 (70.1%) 27 (84.4%) 38 (62.3%) 0.022* 

RCA (n (%)) 85 (63.4%) 18 (56.3%) 39 (63.9%) 0.588 

LCX (n (%)) 47 (35.1%) 17 (53.1%) 21 (34.4%) 0.081 

The number of injured coronary vessels 

One-vessel injury (n (%)) 55 (41.0%) 12 (37.5%) 26 (42.6%) 0.633 

Two-vessel injury (n (%)) 40 (29.9%) 8 (25.0%) 20 (32.8%) 0.437 

Three and multiple vessel injury (n (%)) 39 (29.1%) 12 (37.5%) 15 (24.6%) 0.193 

Biomarkers 

Peak TnІ (ng/mL) 9.06 ± 4.27 10.74 ± 3.45 9.01 ± 4.21 0.106 

MIFI (pg/mL) 
2501.0 [1409.0-

3896.5] 

3262.0 [2260.5-

5951.5] 
2261.0 [1324-3400] 0.004 

MIFII (pg/mL) 
2395.5 [1252.0-

4140.5] 
3287.0 [1927.0-4303] 

2008.5 [1202.0-

3507.0] 
0.015 



Storozhenko et al., Predictive Value of Macrophage Migration Inhibitory Factor in No-Reflow Phenomenon in STEMI 

Patients 

 

 

38 

sST2 (ng/mL) 24.36 [17.59-30.38] 42.1 [30.69-135.74] 33.08 [20.15-56.6] 0.045 

CRPI (mg/L) 18.90 ± 9.53 19.02 ± 9.77 19.24 ± 9.53 0.863 

CRPII (mg/L) 23.23 ± 8.80 23.37 ± 9.55 22.64 ± 8.32 0.763 

Serum creatinine (μmol/L) 104.01 ± 29.46 109.99 ± 32.49 104.96 ± 31.84 0.363 

GFR (CKD-EPI) (ml/min/1.73m2) 66.22 ± 20.23 62.52 ± 22.26 64.36 ± 18.99 0.685 

Blood glucose (mmol/L) 9.59 ± 4.78 10.74 ± 5.67 8.78 ± 4.30 0.171 

Hemoglobin (g/L) 140.02 ± 16.60 138.13 ± 15.01 139.23 ± 17.50 0.937 

WBC (109/L) 10.44 ± 3.80 12.24 ± 3.96 10.36 ± 3.74 0.025 

TC (mmol/L) 5.03 ± 1.33 4.53 ± 1.41 5.39 ± 1.33 0.007 

LDL (mmol/L) 3.13 ± 1.25 2.82 ± 1.27 3.35 ± 1.31 0.062 

HDL (mmol/L) 1.05 ± 0.34 1.01 ± 0.26 1.06 ± 0.35 0.948 

TG (mmol/L) 1.87 ± 1.12 1.55 ± 0.69 2.06 ± 1.43 0.044 

In-hospital complications 

Total number of in-hospital complications 

(acute heart failure, cardiac aneurysm, new 

atrial fibrillation / flatter and sustainable 

ventricular tachycardia) (n (%)) 

29 (21.6%) 15 (46.9%) 9 (14.8%) 0.002 

II-III Killip class of HF (n (%)) 18 (13.4%) 7 (21.9%) 7 (11.5%) 0.304 

IV Killip class of HF (n (%)) 10 (7.5%) 6 (18.6%) 3 (4.9%) 0.041 

Out-hospital complications 

Combined endpoints (n (%)) 43 (32.1%) 17 (53.1%) 16 (26.2%) 0.010 

Concomitant medication 

Aspirin (n (%)) 134 (100%) 32 (100%) 61 (100%) 1.0 

Clopidogrel (n (%)) 44 (32.8%) 12 (37.5%) 22 (36.1%) 0.892 

Ticagrelor (n (%)) 89 (66.4%) 19 (59.4%) 39 (63.9%) 0.666 

Statins (n (%)) 134 (100%) 32 (100%) 61 (100%) 1.0 

β‐blockers (n (%)) 119 (88.8%) 28 (87.5%) 53 (86.8%) 0.94 

ACEI/ARBs 112 (83.5%) 30 (93.7%) 55 (90.1%) 0.96 

MRA 8 (6.0%) 3 (9.4%) 3 (4.9%) 0.338 

Abbreviations: CAD, chronic stable angina pectoris, ARBs, angiotensin II receptor blockers; ACEI, angiotensin-converting-enzyme 

Inhibitors; CRP, C-reactive protein; BMI, body mass index; GFR, glomerular filtration rate; E/A, early to late diastolic transmitral flow 

velocity; HDL, high-density lipoprotein; H.F., heart failure; LAD, left anterior descending artery; LDL, low-density lipoprotein; LCX, left 

circumflex artery; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-

systolic volume; LVM, left ventricular mass; LVPWs, left ventricle posterior wall thickness; MIF, macrophage migration inhibitory factor; 

LMCA, left main coronary artery;  RCA, right coronary artery; STEMI, ST-segment elevation myocardial infarction; sST2, soluble 

suppression of tumorigenesis 2 protein; T.C., total cholesterol; T.G., triglycerides; TnI, troponin I; MRA, mineralocorticoid receptor 

antagonists. 

These patients had mild-to-moderate risk based on GRACE and TIMI risk scores, the majority had posterior 

localization of STEMI, nearly 60% had two-vessel and multiple vessel injury, and the mean LV ejection fraction 

was 49.7% (95% interquartile range was from 40.2% to 49.5%). Their left ventricle (LV) was not severely dilated. 

Consequently, over 22% of STEMI patients experienced in-hospital sequelae, including acute heart failure, 

cardiac aneurysm, spontaneous atrial fibrillation/flutter, and prolonged ventricular tachycardia. ACE 

inhibitors/angiotensin-II receptor antagonists, statins, mineralocorticoid receptors, beta-blockers, antiplatelets, 

and antagonists were among the concurrent drugs. 

Compared to those without this phenomenon, STEMI patients with post-PCI no-reflow state (MBG = 0-1, STR < 

70%) exhibited higher levels of sST2 (P = 0.045), TC (P = 0.025), TG (P = 0.007), and white blood cells (P = 

0.044) and a worse LV ejection percentage (P = 0.018). Furthermore, compared to patients without the post-PCI 

no-reflow condition, those with it had superior anterior STEMI localization (P = 0.006) and a left anterior 

descending artery lesion (P = 0.022). Creatinine, TnI, C-reactive protein, and concurrent medicines were among 

the other biomarkers whose levels did not significantly change between cohorts.  
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Determination of MIF levels in STEMI patients 

The MIF levels in STEMI patients are shown in Figure 3 along with the differences in this biomarker between 

STEMI groups and healthy volunteers. When compared to the group of healthy volunteers, the total population of 

STEMI patients had higher plasma MIF levels (3400 [2089.0-5571.0] pg/mL and 721 [567.3-1104.1] pg/mL, 

respectively, P < 0.001) (Figure 3a). Twenty-four hours after the procedure, the pre-PCI MIF levels did not 

significantly differ from the post-PCI MIF levels (3400 [2089.0-5571.0] pg/mL and 3563 [2283.0-4311.0] pg/mL, 

respectively, P = 0.647), as shown in Figure 3b.  However, no-reflow condition patients had significantly higher 

pre-PCI and post-PCI MIF levels (3262.0 [2260.5-5951.5] pg/mL and 2261.0 [1324-3400] pg/mL, respectively, 

P = 0.004 and 3287.0 [1927.0-4303] pg/mL and 2008.5 [1202.0-3507.0] pg/mL, respectively, P = 0.015) than 

those who did not exhibit the no-reflow phenomenon (Figure 3c). 

 

   

a) b) c) 

Figure 3. The levels of MIF in STEMI patients and healthy volunteers; a) the comparison of the MIF levels in 

the entire STEMI patients’ population and healthy volunteers’ group, b) the comparison of pre-and post-PCI 

MIF levels in the entire STEMI patients’ population, and c) the comparison of pre-and post-PCI MIF levels in 

STEMI cohorts 

 

Spearman correlations between MIF levels, other circulating biomarkers, cardiac hemodynamics’ parameters, 

risk factors and comorbidities 

Spearman's rank correlation test revealed that there were positive relationships between MIF contents and LV 

mass index (r = 0.75; P = 0.007), LVEDV (P = 0.001), LVESV (P = 0.02), peak TnI levels (r = 0.44; P = 0.002), 

white blood cells count (r = 0.33, P = 0.0001), C-reactive protein (r = 0.19, P = 0.032), but not with sST2 levels, 

T2DM, and GRACE score. Pre-PCI levels of sST2 positively correlated with GRACE score (r = 0.42; P = 0.001), 

T2DM (r = 0.41; P = 0.001), acute heart failure Killip class (r = 0.40; P = 0.001), age (r = -0.36; P = 0.001), peak 

ТnІ levels (r = 0.33; P = 0.001), and inversely correlated with LV ejection fraction (r = -0.40; P = 0.001), LDLP 

cholesterol (r = -0.33; P = 0.007). Pre-PCI LV ejection fraction was associated with GRACE risk score (r = -0.40; 

P = 0.001), T2DM (r = 0.38; P = 0.001), age (r = 0.32; P = 0.002), male gender (r = 0.31; P = 0.001), several 

culprit coronary arteries (r = -0.31; P = 0.002), and peak TnI (r = 0.38; P = 0.003).  

MIF as predictor for no-reflow condition: receive operation curve analysis 

The no-reflow condition was predicted by a well-balanced cut-off of pre-PCI MIF levels of 3663 pg/mL 

(sensitivity = 74%, specificity = 72%, AUC = 0.74; 95% CI = 0.585-0.857; P = 0.0023), according to our findings 

from the ROC analysis (Figure 4a). 2380 pg/mL was found to be the post-PCI MIF level cut-off point (sensitivity 

= 48%, specificity = 89%, AUC = 0.65; 95% CI = 0.500 to 0.791; P = 0.07(;  )Figure 4b). 
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a) b) 

Figure 4. Predictive value of circulating pre-PCI MIF levels for the no-reflow phenomenon in STEMI 

patients: The ROC analysis; a) predictive value of pre-PCI MIF levels, b) predictive value of post-PCI MIF 

levels 

 

MIF levels as predictor for reduced left ventricular ejection fraction: receive operation curve analysis 

The results of ROC analysis showed that whether or not post-PCI MIF levels independently predicted LV systolic 

dysfunction, which was defined as a reduced (< 40%) LV ejection fraction (sensitivity = 50.0%; specificity = 

91.7%, AUC = 0.716; 95% CI = 0.536-0.857, P = 0.0189) (Figure 5). 

 
Figure 5. MIF levels as predictor for reduced left ventricular ejection fraction: receive operation curve 

analysis 

  

Predictive factors for post-PCI no-reflow phenomenon: the results of univariate and multivariate regressions 

Using univariate and multivariate regressions, we identified the factors related to the post-PCI no-reflow 

phenomenon in STEMI patients (Table 2). 

Table 2. The factors related to Post-PCI no-reflow phenomenon in STEMI patients: univariate and multivariate 

regressions 

Variables 
Univariate analysis Multivariate analysis 

β- Coefficient OR 95% CI P-value β- Coefficient OR 95% CI P-value 

Age (years) -1.1 0.3 0.0-29.3 0.627 - 

Gender (female) 15.1 3.9 0.0-5.3 0.684 2.8 17.7 0.9-327.2 0.053 

Smoking 2.7 15.6 0.0-31.7 0.658 - 

T2DM -51.6 0.0 - 0.982 - 

Number of culprit's vessels -10.6 0.0 0.0-0.0 0.697 - 

STEMI localization -16.0 0.0 0.0-0.0 0.649 - 
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CRP 0.6 1.8 0.2-12.0 0.521 - 

Pre-PCI MIF > 3663 pg/mL 0.0033 1.0 0.9-1.0 0.664 0.1 1.1 1.0-1.2 0.036 

Post-PCI MIF > 2380 

pg/mL 
-0.001 0.9 0.9-1.0 0.779 - 

sST2 -0.2 0.8 0.3-1.9 0.631 - 

Peak TnІ level -0.1 0.8 0.0- 9.7 0.894 - 

Abbreviations: MIF, macrophage migration inhibitory factor; CRP, C-reactive protein; OR, odds ratio; sST2, soluble suppression of 

tumorigenesis 2 protein; CI, confidential interval; TnI, troponin I; T2DM, type 2 diabetes mellitus 

Pre-PCI MIF levels > 3663 pg/mL and female gender were independent predictors for the no-reflow phenomenon 

(β-coefficient = 0.1, OR = 1.1, 95% CI = 1.0-1.2, P = 0.036; and β-coefficient = 2.9, OR = 17.7, 95% CI = 0.9-

327.2, P = 0.053, respectively). 

Pre-PCI MIF values were found to be predictive of the no-reflow phenomenon and the decline in left ventricular 

pump function following PCI. In STEMI patients, no-reflow is conventionally described as myocardial 

hypoperfusion related to PCI that is strongly linked to poor clinical outcomes (increased death rate and repeated 

short-term hospitalization), unfavorable cardiac remodeling, and the development of heart failure [34, 35]. High 

levels of these inflammatory cytokines in STEMI patients are believed to be a clear indicator of advanced 

oxidative stress recurrent ischemia-reperfusion injury to the myocardium and vasculature because MIF stimulates 

the inflammatory response by inducing the release of multiple inflammatory cytokines and forming NLRP3 

inflammasomes from circulating leukocytes [36, 37]. Conversely, MIF inhibits the death of cardiac myocytes and 

endothelial cell progenitors and promotes reparative angiogenesis/neovascularization, cardiomyocyte survival, 

and endothelial progenitor cell differentiation/proliferation [38]. Since its peak levels remarkably reflect an 

adaptive response against the severity of microvascular inflammation, endothelial dysfunction, cardiac 

dysfunction, and remodeling, MIF can be considered an adaptive multifunctional cytokine with the ability to 

protect the heart and vessels and promote collateral development. It also predicts poor clinical outcomes in patients 

with STEMI [16, 39].  

Even though several clinical investigations have documented a negative correlation between MIF levels and the 

left ventricular ejection fraction, contingent on the presence of T2DM and other cardiovascular comorbidities [15, 

39], we were unable to establish conclusive evidence for these prior concerns in this investigation. The GRACE 

score, LV systolic and diastolic dimensions, LV ejection fraction, and peak troponin level were all linked with the 

pre-PCI MIF levels. These results were consistent with those of other researchers [17, 40]. Furthermore, we 

observed that elevated pre-PCI concentrations of MIF > 5033 pg/mL had a strong discriminative potency for 

impaired LV systolic function following PCI and that pre-PCI MIF levels > 3663 pg/mL predicted post-procedural 

no-reflow phenomenon. It is noteworthy that post-PCI MIF levels did not exhibit strong discriminative potency 

for left ventricular systolic dysfunction and had a weak ability to predict no-reflow. However, increased levels of 

other biomarkers, including sST2, TnI, and CRP, did not produce predictive values that might have predicted the 

no-reflow at all. According to Zhao et al. [41], the majority of patients with STEMI treated with PCI had elevated 

MIF levels at admission, which predicted in-hospital CV mortality and major adverse cardio-and/or 

cerebrovascular events (MACCE) during the hospital stay and long-term follow-up. On the other hand, there was 

no solid proof of any post-PCI problems using traditional biomarkers. Nonetheless, there is proof that pre-PCI 

sST2 might accurately predict STEMI no-reflow [42, 43]. We proposed that sST2 and MIF can predict no-reflow 

and MACCE in PCI-treated STEMI patients in various ways since sST2 concentrations in STEMI patients at 

admission were positively correlated with the degree of major coronary artery stenosis. While MIF may represent 

ischemia-induced preconditioning conditions in CAD patients, SST2, which is significantly linked to multivessel 

major coronary disease, independently predicts reperfusion damage and microvascular inflammation. However, 

the results of the previously published meta-analysis of 27 retrospective and prospective studies on PCI-induced 

myocardial dysfunction showed that high thrombus burden and primary TIMI flow ≤ 1 had a significant impact 

on STEMI patients' survival [44]. As a result, delayed complete reperfusion of ischaemic stenosis may be a 

significant co-factor that interferes with the predictive capacity of inflammatory biomarkers on no-reflow 

following successful PCI. 

By suppressing the ischemia-induced salvage kinase pathway, the CD74/AMP-activated protein kinase signal 

system, and its constituents, MIF, which is crucial for ischaemic preconditioning-induced myocardial protection, 

may improve compromised cardiac function and adverse cardiac remodeling [40, 45]. Furthermore, MIF promotes 
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CXCR2 in resident cells to maintain cardiac function and decrease myocardial repair, having protective effects 

[46]. Eventually, MIF can prevent revascularisation damage by reducing the amount of apoptosis of injured 

cardiac myocytes and circulating mature and progenitor endothelial cells [46]. These findings, however, enable 

us to explain the likely molecular mechanisms through which pre-PCI MIF affected the recovery of coronary 

blood flow and the maintenance of myocardial function. 

Notably, our study indicated that pre-PCI MIF and female gender were risk factors for no-reflow following 

primary PCI. A signature of comorbidities, such as type 2 diabetes mellitus, chronic kidney disease, and 

hypertension, has been proposed as a critical component to fully characterize the role of female gender in 

prognosis following STEMI, even though prior research has produced contradictory findings regarding the short-

term, not long-term, mortality rate and adverse clinical outcomes among women following primary PTCA for 

STEMI [47]. We hypothesized that sex hormones and cytokines linked to white adipose tissue regulate pre-PCI 

levels of circulating MIF, which may have varying effects on reperfusion injury. The protective function of MIF 

may be mediated by sex and sex hormones that affect ectopic fat deposition and surrogate inflammatory markers 

[47]. However, a substantial clinical trial in the future will need to go deeper into this premise. 

 

Study limitations 

There were various restrictions on the study. Although the study's methodology enabled us to examine the 

discriminative value of MIF levels for post-PCI no-reflow, the first limitation was its small size. The infarct and 

microvascular blockage were not assessed by cardiac magnetic resonance imaging. Nevertheless, we assessed a 

peak value of troponin, angiographic TIMI, MBG, and ST-segment resolution during PCI, and we did not examine 

any other inflammatory biomarkers, aside from CRP, that could connect the rise in MIF to inflammatory 

responses. A selection bias might have existed, though, because the study was only carried out in one location. 

Nonetheless, we think that the research findings would not be sufficiently impacted by the study limitations. 

Conclusion  

The findings of our investigation indicate that no-reflow following primary successful PCI may be predicted by 

an early rise in MIF levels in STEMI. 

Acknowledgments: None 

Conflict of Interest: None 

Financial Support: The goal of this study was to “assess the cardioprotective effect of antiplatelet therapy in 

acute myocardial infarction and to study the biochemical, genetic mechanisms of reperfusion damage of the 

myocardium.” “L. T. Malaya Therapy National Institute NAMSU,” a government institution in Kharkiv, Ukraine, 

with State Registration No. 0117U003028 / Ukraine, assisted in the study. 

Ethics Statement: Following the Helsinki Declaration, this study was authorized by the local Ethics Committee 

of G.I. “L. T. Malaya TNI NAMSU” (Kharkiv, Ukraine) (Protocol № 5, 26.05.2016). Every patient who was 

included provided written, informed consent to take part in the trial. 

References 

1. Alanazi A, Mohammed HA, Abdallah JA, Mohammed AA, Al Busaeed MM, Ali HA, et al. Acute myocardial 

infarction patients’ knowledge regarding the modifiable risk factors of heart disease. Int J Pharm Res Allied 

Sci. 2020;9(2):210-16. 

2. Zandecki Ł, Sadowski M, Janion M, Kurzawski J, Gierlotka M, Poloński L, et al. Survival benefit from recent 

changes in management of men and women with ST-segment elevation myocardial infarction treated with 

percutaneous coronary interventions. Cardiol J. 2019;26(5):459-68. doi:10.5603/CJ.a2018.0057 

3. Crea F, Bairey Merz CN, Beltrame JF, Berry C, Camici PG, Kaski JC, et al. Mechanisms and diagnostic 

evaluation of persistent or recurrent angina following percutaneous coronary revascularization. Eur Heart J. 

2019;40(29):2455-62. doi:10.1093/eurheartj/ehy857 



Storozhenko et al., Predictive Value of Macrophage Migration Inhibitory Factor in No-Reflow Phenomenon in STEMI 

Patients 

 

 

43 

4. Saito Y, Kobayashi Y. Update on antithrombotic therapy after percutaneous coronary intervention. Intern 

Med. 2020;59(3):311-21. doi:10.2169/internalmedicine.3685-19 

5. Kim YH, Her AY, Jeong MH, Kim BK, Hong SJ, Kim S, et al. A comparison between statin with ACE 

inhibitor or ARB therapy in STEMI patients who underwent successful PCI with drug-eluting stents. 

Atherosclerosis. 2019;289:109-17. doi:10.1016/j.atherosclerosis.2019.08.018 

6. Phillips LM, Vitola JV, Shaw LJ, Giubbini R, Karthikeyan G, Alexanderson E, et al. Value of gated-SPECT 

MPI for ischemia-guided PCI of non-culprit vessels in STEMI patients with multivessel disease after primary 

PCI. J Nucl Cardiol. 2018;25(5):1616-20. doi:10.1007/s12350-018-1368-7 

7. Iantorno M, Weintraub WS. Cost-effectiveness and economic burden of PCI. Cardiovasc Revasc Med. 

2018;19(5 Pt B):561-3. doi:10.1016/j.carrev.2018.07.009 

8. Hausenloy DJ, Chilian W, Crea F, Davidson SM, Ferdinandy P, Garcia-Dorado D, et al. The coronary 

circulation in acute myocardial ischaemia/reperfusion injury: a target for cardioprotection. Cardiovasc Res. 

2019;115(7):1143-55. doi:10.1093/cvr/cvy286 

9. Ma H, Dai X, Yang X, Zhao X, Wang R, Zhang J. Clinical and imaging predictors of impaired myocardial 

perfusion in symptomatic patients after percutaneous coronary intervention: insights from dynamic C.T. 

myocardial perfusion imaging. Quant Imaging Med Surg. 2021;11(7):3327-37. doi:10.21037/qims-20-977 

10. Mansoury MM. Marjoram (Origanum majorana L.) alleviate myocardial damage induced by doxorubicin in 

rats. J Biochem Technol. 2019;10(4):82-8. 

11. Yu L, Tao X, Dai X, Liu T, Zhang J. Dynamic CT. Myocardial perfusion imaging in patients without 

obstructive coronary artery disease: quantification of myocardial blood flow according to varied heart rate 

increments after stress. Korean J Radiol. 2021;22(1):97-105. doi:10.3348/kjr.2020.0249 

12. Zencirci AE, Zencirci E, Değirmencioğlu A, Erdem A, Karakuş G, Özden K, et al. Predictive value of the 

no-reflow phenomenon and epicardial adipose tissue for clinical outcomes after primary percutaneous 

coronary intervention. Hellenic J Cardiol. 2015;56(4):311-9.  

13. Ayub MT, Kalra D. Coronary microvascular dysfunction and the role of noninvasive cardiovascular imaging. 

Diagnostics (Basel). 2020;10(9):679. doi:10.3390/diagnostics10090679 

14. Calandra T, Bucala R. Macrophage migration inhibitory factor (MIF): a glucocorticoid counter-regulator 

within the Immune System. Crit Rev Immunol. 2017;37(2-6):359-70. doi:10.1615/CritRevImmunol.v37.i2-

6.90 

15. Yu H, Wang X, Deng X, Zhang Y, Gao W. Correlation between plasma macrophage migration inhibitory 

factor levels and long-term prognosis in patients with acute myocardial infarction complicated with diabetes. 

Mediators Inflamm. 2019;2019:8276180. doi:10.1155/2019/8276180 

16. Di Serafino L, Bartunek J, Heyndrickx G, Dierickx K, Scognamiglio G, Tesorio T, et al. Macrophage 

migration inhibitory factor (MIF) is associated with degree of collateralization in patients with totally 

occluded coronary arteries. Int J Cardiol. 2018;262:14-9. doi:10.1016/j.ijcard.2018.03.094 

17. Deng XN, Wang XY, Yu HY, Chen SM, Xu XY, Huai W, et al. Admission macrophage migration inhibitory 

factor predicts long-term prognosis in patients with ST-elevation myocardial infarction. Eur Heart J Qual 

Care Clin Outcomes. 2018;4(3):208-19. doi:10.1093/ehjqcco/qcy020 

18. Chan W, White DA, Wang XY, Bai RF, Liu Y, Yu HY, et al. Macrophage migration inhibitory factor for the 

early prediction of infarct size. J Am Heart Assoc. 2013;2(5):e000226. doi:10.1161/JAHA.113.000226 

19. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al. ESC scientific document 

group, 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):119-77. 

doi:10.1093/eurheartj/ehx393 

20. Lønborg J, Kelbæk H, Holmvang L, Vejlstrup N, Jørgensen E, Helqvist S, et al. S.T. peak during primary 

percutaneous coronary intervention predicts final infarct size, left ventricular function, and clinical outcome. 

J Electrocardiol. 2012;45(6):708-16. doi:10.1016/j.jelectrocard.2012.06.028 

21. Morrow DA, Antman EM, Charlesworth A, Cairns R, Murphy SA, de Lemos JA, et al. TIMI risk score for 

ST-elevation myocardial infarction: a convenient, bedside, clinical score for risk assessment at presentation. 

An intravenous nPA for treatment of infarcting myocardium early II trial substudy. Circulation. 

2000;102(17):2031-27. doi:10.1161/01.cir.102.17.2031 



Storozhenko et al., Predictive Value of Macrophage Migration Inhibitory Factor in No-Reflow Phenomenon in STEMI 

Patients 

 

 

44 

22. Eagle KA, Lim MJ, Dabbous OH, Pieper KS, Goldberg RJ, Van de Werf F, et al. A validated prediction 

model for all forms of acute coronary syndrome: estimating the risk of 6‐month post-discharge death in an 

international registry. JAMA. 2004;291(22):2727-33. doi:10.1001/jama.291.22.2727 

23. Yusuf J, Das D, Mukhopadhyay S, Tyagi S. Correlation of QRS duration with myocardial blush grade as a 

marker of myocardial reperfusion in primary percutaneous coronary intervention. Indian Heart J. 

2018;70(3):359-64. doi:10.1016/j.ihj.2018.10.412 

24. Henriques JP, Zijlstra F, van ’t Hof AW, de Boer MJ, Dambrink JH, Gosselink M, et al. Angiographic 

assessment of reperfusion in acute myocardial infarction by myocardial blush grade. Circulation. 

2003;107(16):2115-9. doi:10.1161/01.CIR.0000065221.06430 

25. Shakiba M, Salari A, Mirbolouk F, Sotudeh N, Nikfarjam S. Clinical, laboratory, and procedural predictors 

of no-reflow in patients undergoing primary percutaneous coronary intervention. J Tehran Heart Cent. 

2020;15(2):50-6. doi:10.18502/jthc. v15i2.4183 

26. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al. ESC scientific document group, 

2019 ESC/EAS guidelines for the management of dyslipidaemias: lipid modification to reduce cardiovascular 

risk: the task force for the management of dyslipidaemias of the European society of cardiology (ESC) and 

european atherosclerosis society (EAS). Eur Heart J. 2020;41(1):111-88. doi:10.1093/eurheartj/ehz455 

27. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. ESC scientific document 

group, 2018 ESC/ESH guidelines for the management of arterial hypertension: the task force for the 

management of arterial hypertension of the European society of cardiology (ESC) and the European society 

of hypertension (ESH). Eur Heart J. 2018;39(33):3021-104. doi:10.1093/eurheartj/ehy339 

28. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, et al. ESC scientific document 

group, 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) 

developed with the special contribution of the heart failure association (HFA) of the ESC. Eur Heart J. 

2016;37(27):2129-200. doi:10.1093/eurheartj/ehw128 

29. Standards of medical care in diabetes -2017: summary of revisions. Diabetes Care. 2017;40(1):S4-5. 

doi:10.2337/dc17-S003 

30. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. Recommendations for cardiac 

chamber quantification by echocardiography in adults: an update from the American society of 

echocardiography and the European association of cardiovascular imaging. J Am Soc Echocardiography. 

2015;28(1):1-39. doi:10.1016/j.echo.2014.10.003 

31. Kirby A, Gebski V, Keech AC. Determining the sample size in a clinical trial. Med J Aust. 2002;177(5):256-

7. doi:10.5694/j.1326-5377.2002.tb04759.x 

32. Levey AS, Stevens LA, Schmid CH, Zhang Y, Castro III AF, Feldman HI, et al. CKD-EPI (chronic kidney 

disease epidemiology collaboration). A new equation to estimate glomerular filtration rate. Ann Intern Med. 

2009;150(9):604-12. doi:10.7326/0003-4819-150-9-200905050-00006 

33. Unal I. Defining an optimal cut-point value in ROC analysis: an alternative approach. Comput Math Methods 

Med. 2017;2017(4):3762651. doi:10.1155/2017/3762651 

34. Lang T, Lee JPW, Elgass K, Pinar AA, Tate MD, Aitken EH, et al. Macrophage migration inhibitory factor 

is required for NLRP3 inflammasome activation. Nat Commun. 2018;9(1):2223. doi:10.1038/s41467-018-

04581-2 

35. Ashraf T, Khan MN, Afaque SM, Aamir KF, Kumar M, Saghir T, et al. Clinical and procedural predictors, 

and short-term survival of the patients with no-reflow phenomenon after primary percutaneous coronary 

intervention. Int J Cardiol. 2019;294:27-31. doi:10.1016/j.ijcard.2019.07.067 

36. Petyunina OV, Kopytsya MP, Berezin AE. Macrophage inhibitory factor predicted late cardiac remodeling 

in acute myocardial infarction patients underwent successful percutaneous coronary intervention. La Prensa 

Medica Argentina. 2019;105(5):160-76. doi:10.47275/0032-745X-160 

37. Gao XM, Liu Y, White D, Su Y, Drew BG, Bruce CR, et al. Deletion of macrophage migration inhibitory 

factor protects the heart from severe ischemia-reperfusion injury: a predominant role of anti-inflammation. J 

Mol Cell Cardiol. 2011;50(6):991-9. doi:10.1016/j.yjmcc.2010.12.022 

38. Deng X, Wang X, Zhang Y, Dart A, Du X, Gao W. Higher macrophage migration inhibitory factor levels 

identify reperfusion inefficiency in patients with acute myocardial infarction. J Am Coll Cardiol. 

2018;71(11):A62. doi:10.1016/S0735-1097(18)30603-X 



Storozhenko et al., Predictive Value of Macrophage Migration Inhibitory Factor in No-Reflow Phenomenon in STEMI 

Patients 

 

 

45 

39. Zhang Y, Zhu W, He H, Fan B, Deng R, Hong Y, et al. Macrophage migration inhibitory factor rejuvenates 

aged human mesenchymal stem cells and improves myocardial repair. Aging (Albany NY). 

2019;11(24):12641-60. doi:10.18632/aging.102592 

40. Ruze A, Chen BD, Liu F, Chen XC, Gai MT, Li XM, et al. Macrophage migration inhibitory factor plays an 

essential role in ischemic preconditioning-mediated cardioprotection. Clin Sci (Lond). 2019;133(5):665-80. 

doi:10.1042/CS20181013 

41. Zhao Q, Men L, Li XM, Liu F, Shan CF, Zhou XR, et al. Circulating MIF levels predict clinical outcomes in 

patients with ST-elevation myocardial infarction after percutaneous coronary intervention. Can J Cardiol. 

2019;35(10):1366-76. doi:10.1016/j.cjca.2019.04.028 

42. Somuncu MU, Akgun T, Cakır MO, Akgul F, Serbest NG, Karakurt H, et al. The elevated soluble ST2 

predicts no-reflow phenomenon in ST-elevation myocardial infarction undergoing primary percutaneous 

coronary intervention. J Atheroscler Thromb. 2019;26(11):970-8. doi:10.5551/jat.48413 

43. Zhang Q, Hu M, Ma S. Association of soluble suppression of tumorigenicity with no-reflow phenomenon 

and long-term prognosis in patients with Non-ST-Segment elevation acute coronary syndrome after 

percutaneous coronary intervention. J Atheroscler Thromb. 2021;28(12):1289-97.   doi:10.5551/jat.59832 

44. Fajar JK, Heriansyah T, Rohman MS. The predictors of no-reflow phenomenon after percutaneous coronary 

intervention in patients with ST-elevation myocardial infarction: a meta-analysis. Indian Heart J. 

2018;70(3):S406-18. doi:10.1016/j.ihj.2018.01.032 

45. Liehn EA, Kanzler I, Konschalla S, Kroh A, Simsekyilmaz S, Sönmez TT, et al. Compartmentalized 

protective and detrimental effects of endogenous macrophage migration-inhibitory factor mediated by 

CXCR2 in a mouse model of myocardial ischemia/reperfusion. Arterioscler Thromb Vasc Biol. 

2013;33(9):2180-6. doi:10.1161/ATVBAHA.113.301633 

46. Pluijmert NJ, Atsma DE, Quax PHA. Post-ischemic myocardial inflammatory response: a complex and 

dynamic process susceptible to immunomodulatory therapies. Front Cardiovasc Med. 2021;8:647785. 

doi:10.3389/fcvm.2021.647785 

47. Benamer H, Tafflet M, Bataille S, Escolano S, Livarek B, Fourchard V, et al. CARDIO-ARHIF registry 

investigators. Female gender is an independent predictor of in-hospital mortality after STEMI in the era of 

primary PCI: insights from the greater Paris area PCI registry. EuroIntervention. 2011;6(9):1073-9. 

doi:10.4244/EIJV6I9A187 

 

 

 

 

  


