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ABSTRACT

Background: The neutrophil-to-lymphocyte ratio (NLR) has been proven to be a reliable 
inflammatory marker. A recent study reported that elevated NLR is associated with adverse 
cardiovascular events in patients with ST-segment elevation myocardial infarction (STEMI). 
We investigated whether NLR at emergency room (ER) is associated with mechanical 
complications of STEMI undergoing primary percutaneous coronary intervention (PCI).
Methods: A total of 744 patients with STEMI who underwent successful primary PCI from 
2009 to 2018 were enrolled in this study. Total and differential leukocyte counts were 
measured at ER. The NLR was calculated as the ratio of neutrophil count to lymphocyte 
count. Patients were divided into tertiles according to NLR. Mechanical complications of 
STEMI were defined by STEMI combined with sudden cardiac arrest, stent thrombosis, 
pericardial effusion, post myocardial infarction (MI) pericarditis, and post MI ventricular 
septal rupture, free-wall rupture, left ventricular thrombus, and acute mitral regurgitation 
during hospitalization.
Results: Patients in the high NLR group (> 4.90) had higher risk of mechanical complications 
of STEMI (P = 0.001) compared with those in the low and intermediate groups (13% vs. 13% 
vs. 23%). On multivariable analysis, NLR remained an independent predictor for mechanical 
complications of STEMI (RR = 1.947, 95% CI = 1.136–3.339, P = 0.015) along with symptom-to 
balloon time (P = 0.002) and left ventricular dysfunction (P < 0.001).
Conclusion: NLR at ER is an independent predictor of mechanical complications of 
STEMI undergoing primary PCI. STEMI patients with high NLR are at increased risk for 
complications during hospitalization, therefore, needs more intensive treatment after PCI.
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INTRODUCTION

It has been shown that the inflammation plays a major role in the initiation and progression 
of atherosclerosis.1 Inflammation promotes coronary atherosclerotic plaque rupture and 
development of thrombosis, which are the main mechanisms in the pathophysiology of ST-
segment elevation myocardial infarction (STEMI). The neutrophil-to-lymphocyte ratio (NLR) 
has emerged as an important inflammatory marker for cardiovascular risk stratification and 
has shown to be associated with worse outcomes in patients with acute coronary syndromes 
(ACS) and established coronary heart disease.2 Recent accumulating evidence points out that 
high NLR to be independently and strongly associated with increased risk of complications 
and mortality in post MI patients.3 Patients with ACS have higher mortality rates, especially 
during the first 30 days.4 NLR has been shown to predict adverse in-hospital mortality and 
morbidity.5 Furthermore, in previous studies, the NLR has been demonstrated to be related 
to in-hospital major adverse cardiac events (MACE) and cardiovascular mortality in patients 
with STEMI.6,7 Although the relationship between NLR and in-hospital MACE in STEMI 
has been studied, previous studies have not focused on the relationship between NLR and 
in-hospital mechanical complications in STEMI patients. Thus, we investigated whether an 
elevated NLR measured at admission is associated with mechanical complications of STEMI 
undergoing primary percutaneous coronary intervention (PCI).

METHODS

A total of 744 consecutive patients with STEMI who underwent primary PCI from July 
2009 to June 2018 at Inha University Hospital were retrospectively included in this study 
(Fig. 1). STEMI was defined as the characteristic symptom of myocardial ischemia in 
association with persistent electrocardiographic changes of ST-elevation and positive cardiac 
enzymes. Exclusion criteria were mainly medical conditions that could affect the total or 
differential white blood cell counts such as hematologic disorders, malignancies, a history of 
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Consecutive patients with STEMI
(n = 764)

Low NLR
(n = 248)

Medium NLR
(n = 248)

High NLR
(n = 248)

Patients with STEMI
who underwent primary PCI

(n = 744)

Patients were excluded (n = 20)
Prior bypass surgery (n = 4)
Thrombolysis (n = 2)
Refusal of PCI (n = 3)
Active bleeding (n = 3)
Chemotherapy (n = 5)
Hematologic disorder (n = 2)
Inadequate data (n = 1)

Fig. 1. Flowchart of the study population. 
STEMI = ST-elevation myocardial infarction, PCI = percutaneous coronary intervention, NLR = neutrophil-to-
lymphocyte ratio.
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chemotherapy or radiation therapy, evidence of inflammatory or infectious diseases, and use 
of corticosteroids. Patients with history of coronary artery bypass graft surgery and previous 
intravenous thrombolytic therapy before PCI were also excluded.

Total leukocyte count and its subtypes, including neutrophils and lymphocytes, were 
obtained initially at emergency room (ER). Complete blood cell count samples were analyzed 
by the XE-2100 (Sysmex Inc., Kobe, Japan). The NLR was calculated as the ratio of neutrophil 
count to lymphocyte count.

All patients were pre-treated with a loading dose of acetylsalicylic acid (300 mg) and 
clopidogrel (600 mg) or ticagrelor (180 mg) or prasugrel (60 mg). Unfractionated heparin 
was used before transfer to the catheter laboratory (5,000 U) and additional heparin was used 
during the procedure. Use of glycoprotein IIb/IIIa, aspiration thrombectomy and PCI technical 
strategies were performed according to the physician's decision. Coronary flow before and 
after the procedure was assessed and described according to the thrombolysis in myocardial 
infarction (TIMI) criteria. A baseline transthoracic echocardiogram was performed within 24 
hours of primary PCI. Patients were divided into tertiles on the basis of their NLR.

Mechanical complication of STEMI was defined by STEMI combined with cardiovascular 
death, sudden cardiac arrest, stent thrombosis, post MI pericarditis, post MI ventricular 
septal rupture, ventricular free-wall rupture, left ventricular thrombus, and acute mitral 
regurgitation during hospitalization.

Statistical analysis
Categorical variables are expressed as frequencies (percentages) and Pearson's χ2 tests were 
used for analysis. Continuous variables are expressed as the mean ± standard deviation and 
one-way analysis of variance was used for analysis. Logistic regression analysis utilizing 
backward elimination method was performed to investigate the association between NLR 
and variables using clinical, laboratory, echocardiographic, and angiographic data. Omitted 
columns represent multivariate parameters which were not statistically significant. A P value 
< 0.05 was considered statistically significant. Statistical comparisons were performed using 
SPSS version 19.0 (SPSS Inc., Chicago, IL, USA).

Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board of 
the Inha University Hospital, Inha University College of Medicine (2016-12-002). Informed 
consent was submitted by all subjects when they were enrolled.

RESULTS

The baseline clinical characteristics of the patients divided into 3 groups according to the 
NLR tertiles are listed in Table 1. Patients with high NLR were significantly younger and 
tended to have a higher frequency of dyslipidemia. White blood cell (WBC) counts were 
significantly higher in the high NLR group than those in the low and intermediate NLR 
groups. High-sensitivity C-reactive protein (Hs-CRP) and cardiac biomarker levels were 
also higher in the high NLR group than those in the low and intermediate NLR groups. 
Angiographic and procedural characteristics of the 3 NLR groups are shown in Table 2. The 
prevalence of multivessel disease was similar across all 3 groups (P = 0.199).
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Symptom onset-to-balloon time significantly increased with tertiles getting higher. However, 
door-to-balloon time was not significantly different by NLR groups. Pre-PCI TIMI flow grade 0 
portion gradually increased as the NLR tertile increased. In contrast, post-PCI TIMI flow grade 
3 portion gradually decreased as the NLR tertiles increased. In addition, a higher prevalence of 
no-reflow phenomenon after primary PCI was observed as the NLR tertiles increased.

Clinical outcomes of mechanically complicated STEMI are summarized in Table 3. There were 
120 mechanically complicated STEMI patients. Patients with high NLR had higher risk of 
mechanical complications of STEMI (23%) compared to those in low and intermediate groups 
(13%, 13%) (Fig. 2). Indeed, high NLR was independently associated with cardiovascular 
mortality, pericardial effusion and left ventricular thrombus during hospitalization.
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Table 1. Baseline clinical, laboratory, and echocardiographic characteristics according to NLR tertiles
Variables NLR P value

< 1.87 (n = 248) 1.87–4.90 (n = 248) > 4.90 (n = 248)
Age, yr 64 ± 13 60 ± 13 60 ± 13 0.001
Male 201 (81) 216 (87) 207 (84) 0.464
BMI, kg/m2 24.3 ± 3.8 24.2 ± 3.8 24.3 ± 3.3 0.970
Systolic blood pressure, mmHg 127 ± 32 126 ± 36 129 ± 29 0.598
Diastolic blood pressure, mmHg 78 ± 21 79 ± 24 80 ± 21 0.731
Heart rate, beats per min 79 ± 22 79 ± 25 77 ± 21 0.374
Hypertension 126 (51) 104 (42) 135 (54) 0.419
Diabetes mellitus 79 (32) 64 (26) 89 (36) 0.333
Dyslipidemia 65 (26) 73 (29) 101 (41) 0.001
Smoking 136 (55) 156 (63) 149 (60) 0.129
White blood cell, × 109/L 10.4 ± 3.0 11.5 ± 3.6 13.9 ± 4.9 < 0.001
Hemoglobin, g/dL 14.7 ± 1.8 14.8 ± 5.9 14.0 ± 2.2 0.024
Platelets, × 109/L 252.9 ± 61.9 253.0 ± 99.4 247.2 ± 89.0 0.690
Neutrophil, % 46.5 ± 8.7 68.9 ± 5.8 83.0 ± 4.8 < 0.001
Lymphocyte, % 42.9 ± 7.9 23.0 ± 4.6 10.8 ± 3.2 < 0.001
NLR 1.15 ± 0.39 3.17 ± 0.87 8.91 ± 4.57 < 0.001
High-sensitivity C-reactive protein, mg/dL 0.36 ± 1.27 1.52 ± 7.49 2.06 ± 4.10 0.001
Creatinine, mg/dL 1.15 ± 1.19 1.12 ± 0.37 1.24 ± 0.84 0.253
Lactate 7.0 ± 4.7 6.8 ± 6.0 5.1 ± 4.9 0.396
Peak creatine kinase, IU/L 3,223.5 ± 3,619.8 2,929.6 ± 2,768.2 3,670.5 ± 3,132.2 0.037
Peak CK-MB, ng/mL 224.3 ± 196.3 243.1 ± 194.2 286.8 ± 193.4 0.001
Peak troponin I, ng/mL 110.7 ± 107.7 119.0 ± 179.8 140.4 ± 93.6 0.044
Left ventricular ejection fraction, % 47 ± 8 46 ± 7 44 ± 8 < 0.001
Wall motion score index 1.56 ± 0.37 1.57 ± 0.32 1.70 ± 0.37 < 0.001
BMI = body mass index, NLR = neutrophil-to-lymphocyte ratio, CK-MB = creatine kinase myocardial band.
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Fig. 2. Mechanical complication rate (A) and mortality rate (B) during hospitalization according to NLR tertiles. 
NLR = neutrophil-to-lymphocyte ratio.



The independent predictors of mechanical complications of STEMI are presented in Table 4.  
Univariate logistic regression analyses revealed that NLR showed significant correlation 
mechanical complications of STEMI along with hs-CRP, left ventricular (LV) dysfunction, 
symptom-to-balloon time, pre-PCI TIMI flow grade 0, post-PCI TIMI flow grade 3 and no-
reflow phenomenon. On multivariable analysis, NLR remained an independent predictors of 
mechanical complications of STEMI along with symptom-to-balloon time, and LV dysfunction.
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Table 2. Angiographic and procedural characteristics according to NLR tertiles
Variables Neutrophil-to-lymphocyte ratio P value

< 1.87 (n = 248) 1.87–4.90 (n = 248) > 4.90 (n = 248)
Symptom onset-to-balloon (min) 227 ± 359 447 ± 671 581 ± 680 < 0.001
Door-to-balloon (min) 74 ± 76 73 ± 44 72 ± 36 0.879
Culprit coronary artery 0.746

Left anterior descending 140 (57) 134 (54) 134 (54)
Left circumflex 20 (8) 22 (9) 22 (9)
Right 82 (33) 87 (35) 89 (36)
Left main 6 (2) 5 (2) 3 (1)

Multivessel disease 0.199
Two vessel disease 77 (31) 85 (34) 73 (29)
Three vessel disease 41 (17) 44 (18) 54 (22)

Multivessel PCI strategy 0.603
One-stage 37 (15) 41 (17) 40 (16)
Two-stage within admission 29 (12) 27 (11) 33 (13)
Culprit only 49 (20) 55 (22) 50 (20)

Aspiration thrombectomy 92 (37) 92 (37) 86 (35) 0.576
Use of intracoronary abciximab 49 (20) 60 (24) 63 (25) 0.136
Use of Temporary pacemaker 39 (16) 39 (16) 38 (15) 0.902
Use of intra-aortic balloon pump 25 (10) 33 (13) 31 (13) 0.407
Use of vasoactive medicines 49 (20) 44 (18) 50 (20) 0.909
Pre-PCI TIMI flow grade 0.008

0 128 (52) 136 (55) 165 (67)
1 44 (18) 37 (15) 33 (13)
2 61 (25) 65 (26) 32 (13)
3 14 (6) 10 (4) 18 (7)

Post-PCI TIMI flow grade 0.001
0/1 4 (2) 4 (2) 10 (4)
2 24 (10) 33 (13) 47 (19)
3 219 (89) 211 (85) 191 (77)

No reflow 41 (17) 54 (22) 71 (29) 0.001
PCI = percutaneous coronary intervention, TIMI = thrombolysis in myocardial infarction.

Table 3. Mechanical complications of STEMI according to NLR tertiles
Variables Neutrophil-to-lymphocyte ratio P value

< 1.87 (n = 248) 1.87–4.90 (n = 248) > 4.90 (n = 248)
Mechanical complications of STEMI 31 (13) 33 (13) 56 (23) 0.002
Cardiovascular mortality 12 (5) 16 (7) 24 (10) 0.035
Sudden cardiac arrest 3 (1) 7 (3) 8 (3) 0.144
Stent thrombosis 5 (2) 1 (0) 2 (1) 0.192
Post MI pericarditis 3 (1) 2 (1) 5 (2) 0.436
Post MI ventricular septal rupture 2 (1) 2 (1) 4 (2) 0.384
Free-wall rupture 0 (0) 0 (0) 2 (1) 0.083
Left ventricular thrombus 2 (1) 4 (2) 11 (4) 0.007
Acute mitral regurgitation 5 (2) 8 (3) 12 (5) 0.081
STEMI = ST-elevation myocardial infarction, MI = myocardial infarction.



DISCUSSION

In this study we found that high NLR is related to higher rates of mechanical complications of 
STEMI undergoing primary PCI. Patients in the highest NLR tertile exhibited around two-fold 
increase in risk of in-hospital mechanical complications when compared with those in the low 
and intermediate tertile of NLR distribution. This association remained significant even after 
adjusting key predictors including age, initial and peak cardiac biomarkers, left ventricular 
dysfunction, pre- and post-primary PCI TIMI flow grade and no-reflow phenomenon.

The NLR is a combination of 2 independent markers of inflammation: neutrophils as a 
marker of the ongoing nonspecific inflammation through secretion of many inflammatory 
mediators and lymphocytes as a marker of the regulatory pathway of immune system.8 
consequently, elevated NLR reflects both neutrophilia and relative lymphopenia. Mean NLR 
values of each tertiles were similar to that of other prior studies which reinforce the validity 
of our data.9 With growing understanding of the role of inflammation in the atherosclerotic 
process, many studies have demonstrated an association between elevated NLR and adverse 
clinical outcomes in patients with ACS undergoing PCI.

NLR was an independent predictor of long-term mortality.10,11 but it was mainly due to 
increases in 3-day mortality. Núñez et al.12 reported that the major separation between 
Kaplan-Meier curves of top quintiles and lower quintiles of NLR was observed during the first 
months of follow-up for the long-term mortality. Park et al.8 showed that although 24-hour 
NLR was an independent predictor of long-term mortality, it was mainly due to increases in 
30-day mortality, as demonstrated by the landmark analysis.

The association between high NLR and worse short-term outcomes in patients with ACS have 
been reported in recent years,13,14 but little research has been made regarding the complications 
during hospitalization. Umesh et al. showed that NLR is an independent predictor of in-
hospital mortality in patients with ACS.1 Machado et al.15 found that a low NLR has an excellent 
negative predictive value for in-hospital MACE (all-death, new MI, ST and stroke after primary 
PCI) in STEMI patients after primary PCI. Akpek et al.16 reported that the NLR is independently 
associated with in-hospital MACEs in patients with STEMI undergoing primary PCI.

Our result is in line with these studies. In addition to these results, we found that the NLR at 
ER is a predictor of mechanical complications of STEMI undergoing PCI.
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Table 4. Logistic regression analysis for mechanical complications of ST-elevation myocardial infarction
Variables Univariate analysis P value Multivariable analysis P value

HR (95% CI) HR (95% CI)
Age 0.995 (0.980–1.010) 0.515
Initial level of CK-MB 1.005 (1.003–1.007) < 0.001
Peak level of CK-MB 1.002 (1.001–1.003) 0.002
hs-CRP 1.089 (1.031–1.145) 0.002
LVEF < 40% 4.720 (2.861–7.788) < 0.001 4.959 (2.849–8.633) < 0.001
Symptom-to-balloon time 1.000 (1.000–1.001) 0.022 1.001 (1.000–1.001) 0.002
Door-to-balloon time 1.002 (0.999–1.005) 0.217
Pre-primary PCI TIMI flow grade 0 1.657 (1.097–2.503) 0.017
Post-primary PCI TIMI flow grade 3 0.247 (0.159–0.383) < 0.001
No reflow 3.329 (2.203–5.031) < 0.001
High NLR 1.969 (1.324–2.928) 0.001 1.947 (1.136–3.339) 0.015
HR = hazard ratio, CI = confidence interval, CK-MB = creatine kinase myocardial band, hs-CRP = high-sensitivity C-reactive protein, LVEF = left ventricular ejection 
fraction, NLR = neutrophil-to-lymphocyte ratio, PCI = percutaneous coronary intervention, TIMI = thrombolysis in myocardial infarction.



Although the NLR was an independent predictor of mechanical complications of STEMI, it 
was primarily due to increased death rate, which is considered as one of the most important 
mechanical complication. In addition, we confirmed by logistic regression analysis, the 
prognostic role of NLR, predicting complicated STEMI except for death (hazard ratio, 1.842; 
95% confidence interval, 1.063–3.192, P = 0.029).

Interestingly, the hs-CRP at ER was not an independent risk factor for mechanical 
complications of STEMI. This is probably due to the fact that initial hs-CRP taken at ER does 
not fully represent myocardial necrosis and infarct size since they are time dependent. Had it 
been peak hs-CRP level, it would have mirrored infarct size more accurately.17 Furthermore, 
Smit et al.18 was able to demonstrate that elevated CRP level was a poor prognosticator with 
respect to re-infarction and mortality. However, final logistic regression model devised to 
predict infarct size after adjusting for age, gender, CRP, baseline WBC count and hypotension 
showed that baseline WBC and hypotension were the only independent prognosticators.

Delayed symptom-to-balloon time could affect myocardial perfusion and mortality in 
patients with STEMI who had undergone primary PCI.19 In addition, we have previously 
shown that symptom onset-to-balloon time was significantly longer in the high NLR group 
in patients with STEMI undergoing primary PCI.20 Chia et al.13 demonstrated that elevated 
neutrophil counts after primary PCI in patients with STEMI are directly related to myocardial 
infarct size and the left ventricular ejection fraction (LVEF). Our data also showed that NLR 
was correlated to symptom-to-balloon time, cardiac enzymatic biomarkers, LVEF and wall 
motion score index. Taking all of these factors into account, the NLR could reflect the extent 
of myocardial damage and might explain at least part of the correlation between NLR and 
mechanical complications of STEMI.

Early risk stratification is important in managing STEMI patients. It informs decisions 
regarding pharmacologic and interventional treatment, allocation of clinical resources, and 
triage of alternative levels of hospital care.21,22

Our current study provides a clinical tendency of NLR; patients with high NLR have almost 
two-fold risk for mechanical complications of STEMI and should receive prompt and more 
intensive treatment as well as risk factor modification.

This study has several limitations. The study was designed as a single-center retrospective 
trial. Thus, although we performed adjustment for significant clinical variables, the 
possibility of selection and confounding bias cannot be completely excluded. Despite these 
limitations, this is the first study to demonstrate the correlation between NLR at ER and 
mechanical complications of STEMI undergoing primary PCI.

In summary, NLR at ER is an independent predictor of mechanical complications of 
STEMI undergoing primary PCI. STEMI patients with high NLR are at increased risk for 
complications during hospitalization, therefore, needs more intensive treatment after PCI.
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