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Abstract
In the pathogenesis of atherosclerosis, oxidative stress plays a major role in plaque instability, rupture, and erosion, which
subsequently leads to thrombus formation and causes total infarct-related artery (IRA) occlusion. We investigated the relation-
ship between spontaneous reperfusion (SR) of IRA and oxidative stress in patients with anterior ST-segment elevation myocardial
infarction (STEMI) undergoing primary percutaneous coronary intervention. A total of 341 consecutive patients with anterior
STEMI were prospectively included in the present study. Patients were divided into 2 groups according to their thrombolysis
in myocardial infarction (TIMI) flow grade: SR group (66 patients, TIMI flow 3) and non-SR group (275 patients, TIMI flow
0-2). On multivariate logistic regression analysis, oxidative stress index (b ¼ 0.868, 95% confidence interval [CI] ¼
0.806-0.934, P < .001), neutrophil to lymphocyte ratio, uric acid, mean platelet volume, Killip 2 to 4 class, and initial SYNTAX
score were independently associated with SR. Oxidative stress as well as inflammation may play a pivotal role in the pathogenesis
of SR in patients with STEMI.
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Introduction

In patients with acute ST-segment elevation myocardial infarc-

tion (STEMI), urgent restoration of blood flow in infarct-

related coronary artery (IRA) is related to improved survival.1

In several reports, it has been demonstrated that patients who

underwent primary percutaneous coronary intervention (pPCI)

had a better outcome if they had thrombolysis in myocardial

infarction (TIMI) 3 patency before pPCI.2,3 Moreover, pre-

pPCI spontaneous reperfusion (SR) of IRA in patients with

STEMI is a major determinant of after pPCI TIMI 3 flow,

which is related to an improved prognosis.3-5

Oxidative stress, defined as the impaired balance between

oxidant and antioxidant systems, plays a crucial role in the

pathogenesis of both atherosclerosis and acute coronary syn-

dromes including STEMI.6-8 Although total antioxidant status

(TAS) reflects the total effect of all antioxidants in the plasma

and body,9 total oxidant status (TOS) shows the total effect of

all oxidants.10

Oxidative stress is one of the major contributors to athero-

sclerotic plaque instability with inflammation process.11 The

principal mechanisms of total coronary occlusion and acute

STEMI are plaque rupture, erosion, and subsequent thrombus

formation.11 It was shown that plasma oxidants and oxidized

low-density lipoprotein (LDL) levels increased in patients with

erythrocyte-rich thrombi following STEMI.12 Furthermore,

oxidative stress is also associated with no-reflow following
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pPCI, which is a predictive of cardiovascular events in patients

with STEMI.8,13 Based on these findings, we investigated the

relationship between SR of IRA and oxidative stress markers,

such as TAS, TOS, and oxidative stress index (OSI) in patients

with anterior STEMI undergoing pPCI.

Materials and Methods

Study Population

We prospectively included 341 consecutive patients with

anterior STEMI who underwent pPCI (mean age: 54.5 +
11.6 years) between July 2013 and May 2014. This study is

a continuation of our previous study that investigated the rela-

tion between oxidative stress and contrast-induced nephropa-

thy in patients with STEMI.14 Additionally, we included 52

more patients to the study population during the lead time.

Patients were divided into 2 groups: SR group (n ¼ 66) and

non-SR group (n ¼ 275). The STEMI was defined as resting

chest pain lasting �30 minutes, together with new or pre-

sumed new ST-segment elevation in�2 contiguous leads with

a cutoff point �0.2 mV in anterior leads. The diagnosis was

confirmed by coronary angiography in all patients. All

patients received standard contemporary coronary artery dis-

ease (CAD) treatment of aspirin, clopidogrel, b-blockers,

angiotensin-converting enzyme inhibitors, and statins.

Patients with a recent history of CAD, late presentation (>12

hours), infectious or inflammatory disease, severe liver or renal

disease, neoplasm, or hematological disorders, and treatment

with aspirin/clopidogrel/warfarin/unfractionated heparin, low-

molecular-weight heparin, and thrombolytic therapy were

excluded from the study. Patients taking antioxidant drugs such

as diuretics, angiotensin-converting enzyme inhibitors (capto-

pril and zofenopril), b-blockers (carvedilol and nebivolol), and

vitamins (such as E and C) were excluded from the study. No

dietary variation was present between the groups. Patients tak-

ing xenobiotics and alcohol were also excluded from the study.

Exclusion criteria were applied to all the groups. The Local

Ethics Committee approved the study protocol, and each parti-

cipant provided written informed consent.

After assessment of detailed medical history and a complete

physical examination, the baseline characteristics including

age, sex, hypertension, hyperlipidemia, diabetes mellitus,

smoking status, family history of CAD, body mass index, and

medications were recorded for all patients. Also, Killip classi-

fication and the time interval from the onset of symptoms to

hospital admission were recorded in all patients.15 Left ventri-

cle ejection fraction was measured using Simpson method

according to the suggestions of the American Society of

Echocardiography.16

Blood Samples

In all patients, antecubital venous blood samples were taken on

admission in the emergency department, before the patients

were started any medications and transferred to the catheter

laboratory. Samples were taken from cubital vein into blood

tubes and immediately stored on ice at 4�C. The serum was

then separated from the cells by centrifugation at 3000 rpm for

10 minutes. Serum samples were stored at�80�C until analysis

of lipid parameters, TOS, and TAS.

Blood counts were measured by a Sysmex K-1000 (Block

Scientific, Bohemia, New York) autoanalyzer within 5 minutes

of sampling. Plasma triglyceride, LDL, high-density lipopro-

tein, glucose, uric acid, and creatinine concentrations were

measured with an automated chemistry analyzer (Abbott Aero-

set, Minnesota) using commercial kits (Abbott). Activity of

creatine kinase MB (CK-MB) was measured with an assay that

uses 2 monoclonal antibodies (CKMB STAT) on an Elecsys

2010 analyzer (Roche Diagnostics, Basel, Switzerland) by

electrochemiluminescence immunoassay. Plasma N-terminal

probrain natriuretic peptide was measured by electrochemilu-

minescence. (Roche Diagnostics, Mannheim, Germany).

High-sensitive cardiac troponin T was measured using a

fourth-generation assay on an Elecsys 2010/cobas e 411 instru-

ment (Roche Diagnostics).

Measurement of TOS, TAS, and OSI

Total antioxidant status was measured using an automated

new-generation, more stable, colored 2,2-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid) radical cation (ABTSþ).

The ABTSþ is decolorized by antioxidants according to their

concentrations and antioxidant capacities. This change in color

was measured as a change in absorbance at 660 nm. This pro-

cess was applied to an automated analyzer, and the assay was

calibrated with Trolox. The results were expressed as mmol

Trolox equivalent/L.9

Total antioxidant status was determined using an automated

measurement method. The oxidants in the sample oxidize the

ferrous ion-o-dianisidine complex to ferric ion. The ferric ion

makes a colored complex with xylenol orange in an acidic

medium. The color intensity, measured spectrophotometri-

cally, is related to the total amount of oxidant molecules pres-

ent. The assay was calibrated with hydrogen peroxide (H2O2),

and the results were expressed as mmol H2O2 equivalent/L.10

Oxidative Stress Index Was Calculated by the TOS/TAS
Formula

Coronary angiography and thrombolysis in myocardial infarction flow
grade. All patients underwent selective coronary angiography

using the Judkins technique. Primary PCI procedures were per-

formed with standard femoral approach using a 7F guiding

catheter. To achieve maximal dilation, each coronary angio-

gram was preceded by intracoronary injection of 100 mg nitro-

glycerine. TIMI flow grade was documented for each patient.17

TIMI flow grade 0 was defined as complete occlusion with no

angiographic visualization of the vessel beyond the site of ste-

nosis, whereas TIMI flow grade 3 was defined as complete fill-

ing of the distal vessel by the third cardiac cycle.17 Angiograms

were analyzed according to the presence or absence of SR as

defined by TIMI flow grade 3 (vs TIMI grade 0, 1, or 2).17 Two
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experienced interventional cardiologists analyzed the TIMI

flow grade and IRA assessment; the opinion of a third analyst

was obtained, and the final judgment was made by consensus in

cases of disagreement. Patients with pre-PCI were divided into

2 groups based on the TIMI flow grade: non-SR was defined as

TIMI grade 0, 1, and 2 flows (impaired flow group) and SR was

defined as TIMI 3 flow (normal flow group). The coefficient of

interobserver variation was 2.4% for IRA evaluation.

Statistical Analysis

Statistical analysis was carried out using SPSS 17.0 for Win-

dows (SPSS Inc, Chicago, Illinois). Data are expressed as mean

+ standard deviation. Continuous variables were tested for

normality using the Kolmogorov-Smirnov test. An independent

simple t test was used in the analysis of continuous variables.

Categorical variables were compared using the chi-square test.

Multivariate, stepwise backward conditional logistic regression

analysis was used to determine the independent predictors of

SR. All significant parameters in the univariate analysis were

selected in the multivariate model. A receiver–operator charac-

teristic (ROC) curve analysis was carried out to identify the

optimal cutoff point of OSI in patients with STEMI and SR.

The area under the curve (AUC) was calculated as a measure

of the accuracy of the test. A 2-tailed P value <.05 was consid-

ered significant.

Results

Infarct-related artery patent and non-IRA patent groups

included 66 (19.3%) and 275 (80.7%) patients, respectively.

Comparison of baseline, clinical, laboratory, and echocardio-

graphic parameters between the groups is shown in Table 1.

Frequencies of the patients with preinfarct angina and Killip

2 to 4 class were higher in the non-SR group than in the SR

group (P < .05, for all). Moreover, ejection fraction values of

the SR group were higher and initial SYNTAX scores were

lower than the non-SR group (P < .05, for both). In-hospital

mortality rate of patients with SR was lower compared to

patients without SR (1.5% vs 2.5%), but this finding did not

reach statistical significance (P > .05).

Compared to the SR group, eosinophil and TAS levels were

significantly lower, whereas TOS and OSI levels, uric acid

level, creatinine level, initial CK-MB, neutrophil–lymphocyte

ratio, and mean platelet volume (MPV) were significantly

higher in the non-SR group (P < .05, for all; Table 1).

Independent Predictors of SR in Anterior STEMI

Oxidative stress index (95% confidence interval [CI]: 0.613-

0.800, P < .001), Killip class 2 to 4 (95% CI: 1.114-26.057,

P ¼ .036), initial SYNTAX score (95% CI: 0.844-0.972, P <

.001), uric acid (95% CI: 0.439-0.813, P ¼ .001), MPV (95%
CI: 0.371-0.909, P ¼ .017), and neutrophil–lymphocyte ratio

(95% CI: 0.582-0.834, P < .001) were found to be independent

predictors for SR on multiple logistic regression analysis

(Table 2).

Receiver–operator characteristic Curve Analysis

The cutoff value of OSI obtained by the ROC curve analysis

was 15.6 for the prediction of non-SR (sensitivity: 79% and

specificity: 78%). The AUC was 0.831 (95% CI: 0.782-

0.879, P < .001). The ROC curve for predicting the poor TIMI

flow (non-SR) in IRA is shown in Figure 1.

Discussion

To the best of our knowledge, this is the first study that inves-

tigated the relationship between pre-pPCI IRA patency and

oxidative stress in patients with STEMI. Our study shows that

increased oxidative stress is a good predictor of poor TIMI flow

in IRA.

Coronary blood flow of IRA is an important determinant of

prognosis in patients with STEMI. In previous studies, the rate

of TIMI grade 3 flow before pPCI occurring spontaneously has

been found to be around 15% to 20%.2,18 In the present study,

TIMI grade 3 flow before pPCI was reported in 19.3% of the

patients. In several previous studies, it has been demonstrated

that patients showing pre-PCI IRA patency had an increased

rate of TIMI grade 3 flow after the primary PCI,3-5 better

improved ST-segment resolution,3 decreased rates of heart fail-

ure and cardiogenic shock, improved both early and late LVEF,

decreased morbidity, and reduced short- and long-term

mortality.2,3

Oxidative stress occurs if there is an increased production of

oxidizing species or a significant decrease in the effectiveness

of antioxidant defenses. In a previous study, it has been

reported that oxidant–antioxidant balance was impaired and

oxidative stress was increased in patients with acute STMI.19

Cardiovascular diseases, including STEMI, are associated with

increased oxidative stress.6 Recently, Guerin et al reported that

oxidants were increased in occluded vessels during AMI,

demonstrating that antioxidants were consumed.7 It was also

demonstrated that oxidative stress was an independent predic-

tor for no-reflow phenomenon following pPCI in patients with

STEMI.8

Although relationship between oxidative stress and coron-

ary flow dynamics is well known in patients with coronary

slow flow and STEMI following pPCI,8,20 this relationship has

not been not investigated in patients with STEMI with and

without SR before pPCI. The present study showed that oxida-

tive stress was increased in patients without SR in IRA com-

pared with patients showing IRA patency. We also showed

that increased oxidative stress was a negative predictor of SR

in anterior STEMI. The role of oxidative stress in pre-pPCI

SR pathogenesis is not yet fully understood. Oxidative stress

may facilitate thrombus formation causing total occlusion in

IRA.11,21-25 Activity of reactive oxygen species in the vessel

wall is thought to play a crucial role in the formation of oxi-

dized LDL, which is a major contributor to the pathogenesis
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of atherosclerosis.21 The relationship between oxidative stress

and endothelial function may mediate impaired coronary flow.

As the duration of disease increases, oxidative stress causes

augmentation in vulnerability of fibrous cap of plaques to rup-

ture, which consecutively progresses stable CAD to unstable

angina and myocardial infarction.22 Moreover, it has been

Table 1. Comparison of Baseline, Clinical, and Laboratory Characteristics of Groups.

Variables SR Group (n ¼ 66) NSR Group (n ¼ 275) P Value

Baseline characteristics
Age, years 54.1 + 10.4 55.7 + 11.5 .293
Gender, male 42 (63.6%) 177 (64.4%) .510
BMI, kg/m2 27.3 + 4.0 27.3 + 4.3 .994
SBP, mm Hg 131.5 + 14.2 128.0 + 19.7 .140
DBP, mm Hg 82.9 + 12.4 80.0 + 13.3 .070
Heart rate, beat/min 83.3 + 12.8 85.1 + 15.3 .319
Ejection fraction, % 47.4 + 6.2 43.5 + 6.5 <.001
Hypertension, n (%) 22 (33.3) 106 (38.5) .261
Diabetes, n (%) 16 (24.2) 63 (22.9) .466
Hyperlipidemia, n (%) 11 (16.7) 44 (16.0) .511
Smoking, n (%) 38 (57.6) 138 (50.2) .173
Family history, n (%) 30 (45.5) 123 (44.7) .511
Killip 2-4, n (%) 6 (6.1) 47 (17.1) .014
Preinfarct angina, n (%) 30 (45.5) 76 (27.6) .005
IABP, n (%) 0 (0) 2 (0.7) .650
In-hospital mortality, n (%) 1 (1.5) 7 (2.5) .521

Laboratory findings
Glucose, mg/dL 159.2 + 70.0 171.5 + 75.3 .229
HbA1C, % 6.3 + 1.7 6.4 + 1.8 .906
Total cholesterol, mg/dL 205.5 + 41.6 200.6 + 43.1 .369
Triglyceride, mg/dL 169.2 + 90.8 148.3 + 86.9 .066
HDL cholesterol, mg/dL 38.6 + 10.2 39.8 + 11.1 .401
LDL cholesterol, mg/dL 136.5 + 31.5 132.0 + 36.1 .319
Creatinine, mg/dL 0.83 + 0.17 0.82 + 0.20 .864
Uric acid, mg/dL 4.8 + 1.0 5.4 + 1.6 .002
NT-proBNP, ng/mL 583.5 + 872.7 773.5 + 1586.2 .348
Initial CK-MB, ng/mL 23.2 + 46.2 48.5 + 76.0 .010
Initial hs-cTnT, ng/mL 175.0 + 225.6 186.7 + 217.3 .680
Hemoglobin, g/dL 14.2 + 1.4 14.1 + 1.4 .353
WBC, �109/L 12.6 + 3.5 13.3 + 4.2 .223
Platelet count, �109/L 254.5 + 80.2 240.7 + 66.3 .161
Red cell distribution width, % 13.7 + 1.2 13.9 + 1.4 .378
Mean platelet volume, fL 9.5 + 0.9 10.3 + 1.0 <.001
Neutrophil, �109/L 8.1 + 3.4 9.8 + 4.0 .001
Lymphocyte, �109/L 3.2 + 1.3 2.2 + 1.3 <.001
Neutrophil/lymphocyte ratio 2.9 + 1.8 5.8 + 3.8 <.001
Eosinophil 145.6 + 129.3 107.5 + 111.3 .016
Basophils 29.5 + 14.6 28.6 + 17.3 .684
TAS, mmol Trolox Eq/L 0.97 + 0.17 0.88 + 0.16 <.001
TOS, mmol Trolox Eq/L 13.8 + 2.3 18.0 + 4.7 <.001
OSI 14.5 + 2.9 21.1 + 6.9 <.001

Angiography
Infarction time, hours 4.2 + 3.2 4.7 + 4.0 .259
Pre-PCI SYNTAX score 13.2 + 5.9 19.2 + 5.3 <.001

Prehospital medications, n (%)
OAD use 11 (16.7) 54 (19.6) .360
ACEI use 16 (24.2) 61 (22.2) .416
ARB use 4 (6.1) 15 (5.5) .520
Statin use 8 (12.1) 31 (11.3) .494
b-Blocker use 4 (6.1) 18 (6.5) .573

Abbreviations: SR, spontaneous reperfusion; NSR, nonspontaneous reperfusion; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
IABP, intra-aortic balloon pump; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NT-proBNP, N-terminal probrain natriuretic peptide; Hs-cTnT, high-
sensitive cardiac troponin T; WBC, white blood cell; TAS, total antioxidant status; TOS, total oxidant status; OSI, oxidative stress index; PCI, percutaneous coronary
intervention; OAD, oral antidiabetic; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CK-MB, creatine kinase MB.
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shown that myeloperoxidase-derived reactive oxygen

increased the release of tissue factor leading to a thrombotic

state.23 Therefore, increased oxidative stress in the preinfarc-

tion period can be reduced in the probability of SR by activat-

ing thrombus formation in IRA and by impairing endothelial

function. On the other hand, thrombus formation leading to

total occlusion in IRA may increase oxidative stress in patients

with STEMI.12 In a previous study, it has been reported that

oxidants were increased in patients with acute coronary

syndrome, demonstrating that antioxidants are consumed.24

Also, previous studies showed that plasma pro-oxidant

myeloperoxidase and oxidized-LDL levels were increased in

patients with erythrocyte-rich thrombi.12 Moreover, ischemia

results in impaired antioxidant defense system in patients with

STEMI.7,24 Therefore, oxidative stress may facilitate thrombus

formation leading to total occlusion in IRA and also oxidative

stress may be increased as a result of the total occlusion in IRA.

The present study also showed that pre-pPCI SR of IRA was

associated with neutrophil to lymphocyte ratio, MPV, uric acid,

and Killip class 2 to 4 besides oxidative stress. It has been

demonstrated that neutrophil to lymphocyte ratio was a useful

marker to predict early and late clinical outcomes in patients

with STEMI undergoing pPCI.25 Neutrophil to lymphocyte

ratio is also an independent predictor of both no-reflow phe-

nomena after pPCI and SR in IRA before pPCI.26,27 On the

other hand, MPV is a well-known risk factor for cardiovascular

disease.28 Moreover, recent studies demonstrated that uric acid

and MPV levels are independent predictors for SR of IRA in

patients with STEMI.27,29 Our study agrees with previous stud-

ies that investigated the relationship between SR with neutro-

phil to lymphocyte ratio, uric acid, and MPV.

According to recent reports, there is a strict correlation

between oxidative stress and the pathogenesis of diabetes as

well as hypertension and cardiovascular diseases.30 Moreover,

oxidative stress causes a complex dysregulation of cell metabo-

lism and cell-to-cell homeostasis, which leads to insulin resis-

tance and b-cell dysfunction.30 On the other hand, endothelial

dysfunction is an important component of diabetic vascular

complications, and several studies have reported that reactive

oxidant species play a crucial role in the pathogenesis of dia-

betic vasculopathy.31 As a consequence, these mechanisms

have important contributions in the pathophysiology of type

2 diabetes and its vascular complications including myocardial

infarction.30,31 However, in the present study, when the

patients were divided into subgroups according to their diabetic

status, we did not observe any difference in plasma oxidative

stress parameters. Nonetheless, larger scale studies investigat-

ing the role on reperfusion pathophysiology of oxidative stress

in diabetic patients with myocardial infarction are needed.

Study Limitations

The use of previous antioxidant medications such as statins,

b-receptor blockers, and angiotensin-converting enzyme inhi-

bitors may affect oxidative stress.32,33 However, in our study,

the frequency of previous statin use was similar between the

groups. The patients taking antioxidant drugs such as zofeno-

pril, captopril, and nebivolol were excluded from the study.

Also, smoking may have a role in oxidative stress. In the pres-

ent study, the rate of previous smoking was not different

between the groups.

Conclusions

In patients with anterior STEMI who underwent primary PCI,

oxidative stress on admission is independently associated with

SR of IRA as well as neutrophil to lymphocyte ratio, MPV, uric

Figure 1. The receiver–operator characteristic (ROC) curve analysis
of OSI for predicting the poor thrombolysis in myocardial infarction
(TIMI) flow.

Table 2. The Independent Predictors of pre-PCI Spontaneous
Reperfusion.

Variables Odds Ratio
95% CI

(Lower-Upper) P Value

Preinfarct angina 0.503 0.226-1.123 .094
Killip 2-4 5.388 1.114-26.057 .036
Initial SYNTAX score 0.906 0.844-0.972 <.001
Ejection fraction 1.041 0.984-1.102 .164
Uric acid, mg/dL 0.597 0.439-0.813 .001
Mean platelet volume, fL 0.581 0.371-0.909 .017
Neutrophil/lymphocyte ratio 0.697 0.582-0.834 <.001
OSI 0.700 0.613-0.800 <.001
Eosinophil 0.998 0.994-1.002 .254

Abbreviations: PCI, percutaneous coronary intervention; CI, confidence inter-
val; OSI, oxidative stress index.
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acid, and Killip class 2 to 4. Oxidative stress as well as inflam-

mation may play an important role in the pathogenesis of SR in

patients with STEMI.
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