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Abstract

Background: Neutrophil-to-lymphocyte ratio (NLR) is a marker of systemic inflammation that correlates with
cardiac events. This study assessed the association between NLR and the presence of chronic coronary total
occlusion (CTO).

Methods: The study population included 225 patients, a control group (n = 75), a coronary artery disease group
(n = 75), and a CTO group (n = 75). NLR was compared in the three groups.

Results: NLR levels were significantly higher in the CTO than in the other two groups (p < 0.001). Bivariate correlation
analysis showed a positive correlation between NLR and SYNTAX Score, and multivariate logistic regression analysis
found that NLR was an independent predictor of CTO. ROC analysis showed that an NLR cut-off of 2.09 could
distinguish between patients with and without CTO (AUC = 0.74; 95% CI, 0.68–0.81), with a specificity of 69.3% and a
sensitivity of 61%.

Conclusion: NLR may be useful as a marker of CTO.
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Background
Cardiovascular disease is the major cause of death in
developed countries. Atherosclerosis is a progressive
disease characterized by the accumulation of lipids and
fibrous elements in the large arteries and constitutes the
single most important contributor to the growing bur-
den of cardiovascular disease [1]. Inflammation plays a
key role in the development, progression, and complica-
tions of atherosclerosis. Inflammatory processes inter-
acting with endothelial dysfunction initiate a progressive
process within the arterial wall, resulting in the reduc-
tion or obstruction of blood supply to end organs of the
body including the brain, heart, and intra-abdominal or-
gans, as well as tissues of the lower limbs, causing mor-
bidity and mortality [2-4]. Increased cardiovascular risk
has been found to correlate with counts of white blood
cells (WBC) and subtypes. Neutrophil-to-lymphocyte
ratio (NLR) is a marker of systemic inflammation that
has been found to correlate with mortality and cardiac
events in many cardiovascular diseases such as stable
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coronary artery disease (CAD), unstable CAD, and acute
decompensated heart failure [5,6].
Chronic coronary total occlusions (CTOs) are gene-

rally considered lesions of duration >3 months in which
the vessel shows either complete interruption of ante-
grade blood flow on angiography or minimal contrast
penetration through the lesion without distal vessel
opacification [7]. CTO, which is present in one third of
patients with coronary diseases, is the end stage of
coronary artery atherosclerosis [8].
The SYNTAX score (SS) provides important information

on favorable revascularization strategy and the prognostic
significance of CAD [9]. NLR may be associated with a
greater complexity of CAD and CTO as assessed using the
SS. Thus, this study was designed to examine whether NLR
is associated with the extent of CAD and CTO.
Patients and methods
The study population included 225 patients who were
referred for elective coronary angiography for stable
angina pectoris between August 2013 and April 2014.
All patients recruited in this study underwent coronary
angiography for the presence of chest pain with objective
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signs of ischemia (treadmill exercise test or myocardial
perfusion scintigraphy). Exclusion criteria were previous
coronary artery bypass grafting (CABG), acute coronary
syndrome, hematological disease, malignancy, severe
renal or liver disease, ongoing infection or chronic
inflammatory disease, and autoimmune disease. Patients
(n = 75) who were considered to have lesions with a
duration of >3 months, in which the vessel shows no
antegrade blood flow on angiography or only minimal
contrast penetration through the lesion without distal
vessel opacification were included in the CTO group.
Patients (n = 75) who had coronary lesion with a diam-
eter stenosis of ≥50% were included in the CAD group,
and those (n = 75) who had normal coronary artery or
coronary lesion with a diameter <50% were included in
the control group. Patients’ laboratory and clinical char-
acteristics, such as age, sex, diabetes mellitus, hyper-
tension, hypercholesterolemia, smoking, and family history
of cardiovascular disease were reported. Hemoglobin,
WBC, platelet, lymphocyte, and neutrophil counts were
measured as part of the automated complete blood count.
Baseline NLR was measured by dividing the neutrophil
count by the lymphocyte count.
Transthoracic echocardiographic examination was

conducted in all patients with Vivid E9 system using a 1.5-
4.6 MHz probe (GE-Vingmed Ultrasound AS, Horten,
Norway) before they were discharged. The left ventricu-
lar ejection fraction was measured using the modified
Simpson rule [10].
SS is an angiographic tool used in grading the complex-

ity of CAD. Each coronary lesion with a diameter stenosis
more than 50% in vessels >1.5 mm must be scored. The
online latest updated version (2.1) was used in the calcula-
tion of the SS (www.syntaxscore.com) [11].
The study was approved by the ethical committee of

Selcuk University, Faculty of Medicine. All participants
also had to give a written consent.

Statistical analysis
SPSS 17.0 for Windows was used for statistical analyses
(SPSS, Chicago, Illinois, USA). Continuous variables were
presented as median or mean ± SD; categorical variables
were defined as percentage. Differences in the continuous
variables between groups were determined using Student’s
t test or the Mann-Whitney U test for variables with or
without normal distribution, respectively. To test the nor-
mal distribution, the Kolmogorov-Smirnov test was used.
Categorical variables were summarized as percentages and
compared with the X2 test. The Pearson correlation co-
efficient was computed to examine the association be-
tween 2 continuous variables. Logistic regression analysis
with “enter” method was performed including independ-
ent variables being significantly different between patients
with CAD and CTO and having a possible causative role
for CTO. All tests of significance were two tailed. An
exploratory evaluation of additional cut-points was per-
formed using the receiver operating characteristic (ROC)
curve analysis. Statistical significance was defined as
a p value of less than 0.05.

Results
The baseline characteristics of patients are summarized
in Table 1. There were 75 patients (mean age of 58 ± 11,
and 45.3% were male) in the control group, 75 patients
(mean age of 63 ± 10, and 65.3% were male) in the CAD
group, and 75 patients (mean age of 61 ± 8, and 88% were
male) in the CTO group. Mean age was significantly
higher in the CAD group (p = 0.01). The male patient ratio
of CTO and CAD groups were higher than that of the
control group. The prevalence of cardiovascular risk fac-
tors. such as diabetes mellitus, hyperlipidemia, and family
history of CAD, were significantly higher in the CTO
group than in other groups (p = 0.004, p < 0.001, and p <
0.001, respectively), but hypertension and smoking were
similar in all the groups. The groups were similar in terms
of hemoglobin levels and platelet count. WBC and neutro-
phil count were significantly higher in the CTO group; in
contrast, the lymphocyte count was significantly lower in
the CTO group (p = 0.001, p < 0.001, and p = 0.01, respect-
ively). NLR levels were significantly higher in the CTO
group (p < 0.001) (Figure 1). Also, Gensini score and SYN-
TAX score were significantly higher in the CTO group
than in other groups (both p < 0.001).
In the bivariate correlation analyses, there was a

weak positive correlation between NLR and SS (p =
0.05) (Figure 2). And, in the bivariate correlation ana-
lyses, there was a positive correlation between NLR
and Gensini score (p < 0.001) (Figure 3).
In the multivariate logistic regression analysis, NLR,

male sex, hyperlipidemia, and family of history CAD were
identified as independent predictors of CTO in our model
(Table 2).
In ROC analysis, a cut point of 2.09 for NLR was iden-

tified in patients with CTO (area under the curve = 0.74;
95% CI, 0.68-0.81). A NLR value of more than 2.09 demon-
strated a specificity of 69.3% and a sensitivity of 61%
(Figure 4).

Discussion and conclusions
To our knowledge, this study is the first to investigate the
relationship between NLR and CTO. This study found
that NLR levels were significantly higher in the CTO
group, suggesting that high NLR levels may predict CTO
in patients with CAD.
Atherosclerosis is a complex and multifactorial inflamma-

tory disease characterized by low-grade arterial inflamma-
tory lesions that can develop through disease progression
[12]. Previous epidemiological and clinical studies have
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Table 1 Baseline clinical characteristic of patients and controls

Control group (n = 75) CAD group (n = 75) CTO group (n = 75) p

Age, years 58 ± 11 63 ± 10 61 ± 8 0.01

Male, n (%) 34 (45.3) 49 (65.3) 66 (88) <0.001

Diabetes mellitus, n (%) 12 (16) 30 (40) 26 (34.7) 0.004

Hypertension, n(%) 50 (66.7) 55 (73.3) 49 (65.3) 0.52

Hyperlipidemia, n (%) 19 (25.3) 44 (58.7) 52 (69.3) <0.001

Family history of CAD, n (%) 2 (2.7) 4 (5.3) 29 (38.7) <0.001

Smoking, n (%) 25 (33.3) 33 (44.4) 39 (52) 0.06

Ejection fraction, % 57.9 ± 7.4 55.1 ± 10 51.3 ± 9.1 <0.001

Hemoglobin, g/dL 14.2 ± 1.6 13.8 ± 1.6 13.7 ± 1.7 0.16

Platelet, 103/ml 233 ± 61 251 ± 75 233 ± 68 0.17

WBC, 103/ml 7.40 ± 1.84 7.93 ± 1.96 8.63 ± 1.94 0.001

Neutrophil, 103/ml 4.16 ± 1.27 4.78 ± 1.36 5.62 ± 1.49 <0.001

Lymphocyte,103/ml 2.46 ± 0.76 2.33 ± 0.67 2.11 ± 0.72 0.01

NLR 1.79 ± 0.57 2.13 ± 0.64 2.95 ± 1.29 <0.001

Gensini score 1.5 (0-13) 26 (2-128) 64 (33.5-158) <0.001

SYNTAX score 10.3 ± 6.8 19.2 ± 7.6 <0.001

CAD, coronary artery disease; CTO, coronary total occlusion; NLR, neutrophil-to-lymphocyte ratio; WBC, white blood cell.
Significant p values are bold.
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shown a clear association between peripheral leukocyte
counts and the risk of adverse cardiovascular events in
patients with CAD [6]. WBC subtypes have also been
shown to be markers of inflammation in cardiovascular
diseases [13]. NLR is a predictor of severe atheroscler-
osis that may be useful for cardiac risk stratification in
patients with CAD [14]. Several studies have suggested
Figure 1 NLR levels among study groups.
that high NLR levels were associated with adverse
outcomes and increased cardiovascular mortality in pa-
tients with stable CAD and acute coronary syndrome
and in those undergoing CABG and primary percutan-
eous coronary intervention [15-18].
The SS is an established anatomical-based tool for

objectively determining the complexity of coronary



Figure 2 Correlation between NLR and SYNTAX score; Pearson test was used.
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artery disease and for guiding the decision on whether
to perform CABG surgery or percutaneous coronary
intervention. The SS assesses the importance of a dis-
eased coronary artery segment based on its severity,
anatomical location, and importance in supplying
blood to the myocardium; the SS can also be used to
Figure 3 Correlation between NLR and Gensini score; Pearson test wa
assess bifurcation lesions, and total occlusion charac-
teristics [19]. The Gensini score is another scoring
system used to evaluate collateral circulation in the
coronary arteries [20]. CTO is defined as complete
occlusion of the coronary vessel with TIMI 0 flow,
present for an estimated duration of ≥3 months [21].
s used.



Table 2 Predictors of CTO in multivariate logistic
regression analysis

Independent variables β ± SE Wald p

NLR 1.03 ± 0.25 16.74 <0.001

WBC 0.18 ± 0.09 3.79 0.05

Sex -1.36 ± 0.45 9.11 0.003

Hyperlipidemia -0.81 ± 0.38 4.56 0.03

Family history of CAD -2.45 ± 0.55 19.65 <0.001

β ± SE, beta ± Standard error; CAD, Coronary artery disease; NLR, neutrophil-to-
lymphoycte ratio; WBC, white blood cell.
Significant p values are bold.
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Elevated inflammatory markers and WBC counts have
been reported associated with the extent and severity of
CAD [22]. Additionally, WBC and neutrophil counts
were found to be higher in patients with high than low
SS [23,24]. High SS has been found to be predict poorer
short and long-term clinical outcomes in patients with
CAD who underwent revascularization [25]. Increased
NLR, widely recognized as an indicator of systemic in-
flammation, has been associated with higher mortality
rates (Papa et al) [15]. Moreover, NLR has been found to
correlate with the severity and complexity of CAD,
assessed by SS in stable patients with CAD (Kaya et al.)
[26], and higher NLR at baseline was found to be inde-
pendently associated with greater coronary complexity
of CAD as assessed by SS (Sönmez et al.) [9]. In this
study, both Gensini score and SS were significantly
higher in the CTO than in the CAD group, with bivari-
ate correlation analysis showing a weak positive correl-
ation between NLR and SS.
Figure 4 Receiver–operating characteristic analysis and curve
for predicting coronary total occlusions (CTOs).
Arterial CTOs in the coronary and peripheral vascula-
ture are common and are associated with significant mor-
bidity and adverse outcomes [27]. CTO develops from
total luminal obstruction of an artery by a thrombus, with
subsequent organization and varying degrees of recanali-
zation; often, these events are clinically silent. The process
of thrombus organization coincides with the development
of intraluminal microvessels accompanied by inflamma-
tory cells, followed by infiltrating smooth muscle cells and
deposition of proteoglycan matrix [28]. In CTOs of all
ages, a close relation in both location and intensity has
been observed between cellular inflammation and vessel
wall neovascularization [29]. NLR is an indicator of in-
flammatory status that can easily be derived from the
WBC count. Moreover, higher NLR has been correlated
with the development of poor coronary collateral circula-
tion in patients with CTO (Kalkan et al.) [30]. To our
knowledge, our study is the first to evaluate NLR levels in
controls, patients with CAD, and patients with CTO, find-
ing that NLR levels were significantly higher in the CTO
than in the other groups. An optimal NLR cut off value of
2.09 was found to predict CTO with a specificity of 69.3%
and a sensitivity of 61%. Moreover, multivariate logistic re-
gression analysis showed that NLR was an independent
predictor of CTO. These findings indicate that measure-
ments of NLR, a novel cardiovascular risk marker, is an
important, simple, and inexpensive method of screening
for CTO prior to the performance of other expensive and
invasive procedures.
The major limitations of our study include the small

patient population and the lack of measured inflamma-
tory markers. Moreover, our exclusion criteria prevent
the extrapolation of our findings to other populations
with these co-morbid conditions.
In conclusion, NLR may predict the presence of CTO,

but additional studies with more patients are required to
confirm this result.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
KD have made substantial contributions to conception and design, or
acquisition of data, or analysis and interpretation of data. AA have made
substantial contributions to conception and design, or acquisition of data, or
analysis and interpretation of data. BBA have been involved in drafting the
manuscript or revising it critically for important intellectual content. AY have
been involved in drafting the manuscript or revising it critically for important
intellectual content. FK have been involved in drafting the manuscript or
revising it critically for important intellectual content AE have been involved in
drafting the manuscript or revising it critically for important intellectual content.
Each author should have participated sufficiently in the work to take public
responsibility for appropriate portions of the content. All authors read and
approved the final manuscript.

Acknowledgements
All sections prepared by authors. All authors did not use any source of
funding for this study.



Demir et al. BMC Cardiovascular Disorders 2014, 14:130 Page 6 of 6
http://www.biomedcentral.com/1471-2261/14/130
Received: 10 July 2014 Accepted: 23 September 2014
Published: 27 September 2014
References
1. Libby P: Inflammation in atherosclerosis. Arterioscler Thromb Vasc Biol 2012,

32:2045–2051.
2. Brevetti G, Giugliano G, Brevetti L, Hiatt WR: Inflammation in peripheral

artery disease. Circulation 2010, 122:1862–1875.
3. Brevetti G, Schiano V, Chiariello M: Endothelial dysfunction: a key to the

pathophysiology and natural history of peripheral arterial disease?
Atherosclerosis 2008, 197:1–11.

4. Libby P: Inflammation in atherosclerosis. Nature 2002, 420:868–874.
5. Guasti L, Dentali F, Castiglioni L, Maroni L, Marino F, Squizzato A, Ageno W,

Gianni M, Gaudio G, Grandi AM, Cosentino M, Venco A: Neutrophils and
clinical outcomes in patients with acute coronary syndromes and/or
cardiac revascularisation. A systematic review on more than 34,000
subjects. Thromb Haemost 2011, 106:591–599.

6. Uthamalingam S, Patvardhan EA, Subramanian S, Ahmed W, Martin W,
Daley M, Capodilupo R: Utility of the neutrophil to lymphocyte ratio in
predicting long-term outcomes in acute decompensated heart failure.
Am J Cardiol 2011, 107:433–438.

7. Vatankulu MA, Sonmez O, Ertas G, Bacaksiz A, Turfan M, Erdogan E, Tasal A,
Kul S, Uyarel H, Goktekin O: A new parameter predicting chronic total
occlusion of coronary arteries: platelet distribution width. Angiology 2014,
65:60–64.

8. Yamane M: Current percutaneous recanalization of coronary chronic total
occlusion. Rev Esp Cardiol 2012, 65:265–277.

9. Sönmez O, Ertaş G, Bacaksız A, Tasal A, Erdoğan E, Asoğlu E, Uyarel H,
Göktekin O: Relation of neutrophil-to-lymphocyte ratio with the presence
and complexity of coronary artery disease: an observational study.
Anadolu Kardiyol Derg 2013, 13:662–667.

10. Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R, Feigenbaum H,
Gutgesell H, Reichek N, Sahn D, Schnittger I: Recommendations for
quantitation of the left ventricle by two-dimensional echocardiography.
American Society of Echocardiography Committee on Standards,
Subcommittee on Quantitation of Two-Dimensional Echocardiograms.
J Am Soc Echocardiogr 1989, 2:358–367.

11. SYNTAX working-group: SYNTAX score calculator. 2012, www.syntaxscore.com.
12. von Eckardstein A: Is there a need for novel cardiovascular risk factors?

Nephrol Dial Transplant 2004, 19:761–765.
13. Lind L: Circulating markers of inflammation and atherosclerosis.

Atherosclerosis 2003, 169:203–214.
14. Shen XH, Chen Q, Shi Y, Li HW: Association of neutrophil/lymphocyte

ratio with long-term mortality after ST elevation myocardial infarction
treated with primary percutaneous coronary intervention. Chin Med J
2010, 123:3438–3443.

15. Papa A, Emdin M, Passino C, Michelassi C, Battaglia D, Cocci F: Predictive value
of elevated neutrophil–lymphocyte ratio on cardiac mortality in patients
with stable coronary artery disease. Clin Chim Acta 2008, 395:27–31.

16. Gul M, Uyarel H, Ergelen M, Ugur M, Isık T, Ayhan E, Turkkan C, Aksu HU,
Akgul O, Uslu N: Predictive value of neutrophil to lymphocyte ratio in
clinical outcomes of non-ST elevation myocardial infarction and unstable
angina pectoris: a 3-year follow-up. Clin Appl Thromb Hemost 2012,
20:378–384.

17. Kaya MG, Akpek M, Lam YY, Yarlioglues M, Celik T, Gunebakmaz O, Duran M,
Ulucan S, Keser A, Oguzhan A, Gibson MC: Prognostic value of neutrophil/
lymphocyte ratio in patients with ST-elevated myocardial infarction
undergoing primary coronary intervention: a prospective, multicenter
study. Int J Cardiol 2013, 168:1154–1159.

18. Tasoglu I, Turak O, Nazli Y, Ozcan F, Colak N, Sahin S, Kavasoglu K, Genc B,
Sert D, Karahan M, Cicek O, Ecevit A: Preoperative neutrophil lymphocyte
ratio and saphenous vein graft patency after coronary artery bypass
grafting. Clin Appl Thromb Hemost 2013, 10:1–6.

19. Farooq V, Head SJ, Kappetein AP, Serruys PW: Widening clinical
applications of the SYNTAX Score. Heart 2013, 0:1–12.

20. Gensini GG: A more meaningful scoring system for determining the
severity of coronary heart disease. Am J Cardiol 1983, 51:606–607.

21. Christofferson RD, Lehmann KG, Martin GV, Every N, Caldwell JH, Kapadia SR:
Effect of chronic total coronary occlusion on treatment strategy. Am J
Cardiol 2005, 95:1088–1091.
22. Drakopoulou M, Toutouzas K, Stefanadi E, Tsiamis E, Tousoulis D, Stefanadis C:
Association of inflammatory markers with angiographic severity and extent
of coronary artery disease. Atherosclerosis 2009, 206:335–339.

23. Ateş AH, Canpolat U, Yorgun H, Kaya EB, Sunman H, Demiri E, Taher A,
Hazirolan T, Aytemir K, Tokgözoglu L, Kabakçi G, Oto A: Total white blood
cell count is associated with the presence, severity and extent of
coronary atherosclerosis detected by dual source multislice computed
tomographic coronary angiography. Cardiol J 2011, 18:371–377.

24. Sabatine MS, Morrow DA, Cannon CP, Murphy SA, Demopoulos LA,
DiBattiste PM, McCabe CH, Braunwald E, Gibson CM: Relationship between
baseline white blood cell count and degree of coronary artery disease and
mortality in patients with acute coronary syndromes: a TACTICS-TIMI 18
(Treat Angina with Aggrastat and determine Cost of Therapy with an
Invasive or Conservative Strategy thrombolysis in myocardial infarction
18 trial) substudy. J Am Coll Cardiol 2002, 40:1761–1768.

25. van Gaal WJ, Ponnuthurai FA, Selvanayagam J, Testa L, Porto I, Neubauer S,
Banning AP: The Syntax score predicts peri-procedural myocardial
necrosis during percutaneous coronary intervention. Int J Cardiol 2009,
135:60–65.

26. Kaya A, Kurt M, Tanboga IH, Isik T, Günaydin ZY, Kaya Y, Topcu S, Sevimli S:
Relation of neutrophil to lymphocyte ratio with the presence and
severity of stable coronary artery disease. Clin Appl Thromb Hemost 2013,
0:1–5.

27. Jaffe R, Leung G, Munce NR, Thind AS, Leong-Poi H, Anderson KJ, Qi X,
Trogadis J, Nadler A, Shiff D, Saperia J, Lockwood J, Jacobs C, Qiang B,
Teitelbaum A, Dick AJ, Sparkes JD, Butany J, Wright GA, Strauss BH: Natural
history of experimental arterial chronic total occlusions. J Am Coll Cardiol
2009, 53:1148–1158.

28. Finn AV, Kolodgie FD, Nakano M, Virmani R: The differences between
neovascularization of chronic total occlusion and ıntraplaque
angiogenesis. JACC Cardiovasc Imaging 2010, 38:806–810.

29. Srivatsa SS, Edwards WD, Boos CM, Grill DE, Sangiorgi GM, Garratt KN,
Schwartz RS, Holmes DR: Histologic correlates of angiographic chronic
total coronary artery occlusions. J Am Coll Cardiol 1997, 29:955–963.

30. Kalkan M, Sahin M, Kalkan A, Güler A, Tas M, Bulut M, Demir S, Acar R,
Arslantas U, Oztürkeri B, Güler Y, Akçakoyun M: The relationship between
the neutrophil-lymphocyte ratio and the coronary collateral circulation
in patients with chronic total occlusion. Perfusion 2014, doi:10.1177/
0267659114521102.

doi:10.1186/1471-2261-14-130
Cite this article as: Demir et al.: The relation between neutrophil-to-
lymphocyte ratio and coronary chronic total occlusions. BMC Cardiovascular
Disorders 2014 14:130.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.syntaxscore.com

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Patients and methods
	Statistical analysis

	Results
	Discussion and conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	References

