
ABSTRACT
Introduction: This study aimed to investigate pre-procedural (Neutrophil to Lymphocyte Ratio) (NLR) in pa-
tients with (Left Main Coronary Artery) (LMCA) disease and to identify a relevant NLR value related to mortality 
after percutaneous intervention in unprotected LMCA disease. 

Patients and Methods: Seventy-one patients diagnosed with unprotected LMCA disease were divided into 
two groups according to their mortality rates: survivors (n= 56, 78%) and non-survivors (n= 15, 22%). The 
mean follow-up duration was 26.0 ± 24.8 months, and all-cause mortality was considered as an endpoint.

Results: The non-survivor group had higher NLR values [3.23 (2.31-4.01) vs. 5.82 (2.92-14.99), p= 0.026] 
compared to the survivor-group. ROC analysis revealed an NLR cut-off value of 5.24 for predicting all-cause 
mortality. During follow-up, the group with high NLR values was associated with a significantly higher rate 
of all-cause mortality rate [6 (10.5%) vs. 9 (64.3%), p< 0.001] compared to the low NLR group. In multivari-
ate analysis, the NLR (OR= 1.695; 95% CI= 1.124-2.556; p= 0.012) was found to be independent predictors 
of mortality.

Conclusion: NLR is the independent predictor of all-cause mortality in unprotected LMCA disease. As far as we 
know, this study is the first study investigating the prognostic value of NLR in patients with unprotected LMCA 
disease stenting.
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Sol Ana Koroner Arter Hastalarında Tüm Nedenlere Bağlı Mortalitede Bağımsız 
Risk Faktörü Olarak Subklinik İnflamasyon
ÖZET
Giriş: Çalışmamızın amacı, korunmasız sol ana koroner arter hastalığında perkütan girişim sonrası uzun 
dönem mortalitede, işlem öncesi nötrofil-lökosit oranının (NLO) rolünü araştırmaktır. 

Hastalar ve Yöntem: Korunmasız sol ana koroner arter hastalığı olan 71 hasta, mortalite oranlarına göre 
hayatta kalanlar (n= 56, %78) ve hayatta kalmayanlar (n= 15, %22) olarak iki gruba ayrıldı. Ortalama takip 
süresi 26.0 ± 24.8 aydır ve sonlanım noktası tüm nedenlere bağlı mortalite olarak kabul edildi. 

Bulgular: Çalışmada, hayatta kalmayan grupta, hayatta kalan gruba göre daha yüksek NLO değeri [3.23 (2.31-
4.01) vs. 5.82 (2.92-14.99), p= 0.026] saptandı. ROC analizinde tüm nedenlere bağlı mortalite ön gördürücüsü 
olarak NLO kestirim noktası 5.24 bulundu. Takip sırasında, yüksek NLO sahip grup, düşük NLO sahip grupla 
karşılaştırıldığında tüm nedenlere bağlı mortalite oranı istatistiksel olarak anlamlı daha yüksek hesaplandı [6 
(10.5%) vs. 9 (64.3%), p< 0.001]. Çok değişkenli analizde, NLO mortalitenin bağımsız ön gördürücüsü olarak 
bulundu. 

Sonuç: NLR tüm nedenlere bağlı mortalitenin bağımsız ön gördürücüsüdür. Bizim bilgimize göre, bu çalışma 
korunmasız sol ana koroner arter hastalarında NLO’nın prognostik değerini araştıran ilk çalışmadır.
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INTRODUCTION

Inflammation is inseparable from atherogenesis and re-
lated cardiovascular diseases (CVDs)(1). Neutrophilia reflected 
a systemic inflammatory condition while an association was 
found between low lymphocyte count and significantly elevat-
ed cardiovascular (CV) morbidity and mortality(2,3). As a result, 
neutrophil to lymphocyte ratio (NLR) emerged as a sensitive 
marker of inflammation related to worse outcomes in both car-
diac and non-cardiac events(4-7).

Patients with left main disease and/or multi-vessel disease 
have the highest risk of experiencing an adverse CV event 
among all coronary artery patients(8,9). In studies, many clinical 
and anatomical scores were reported to show the complexity 
and severity of coronary artery disease (CAD) both to deter-
mine the patient with the highest risk and to choose the ap-
propriate revascularization model in complex coronary anat-
omy(10). However, these scoring systems are complicated and 
challenging to apply in clinical practice. Clinical and labora-
tory markers that have become significant in detecting high-
risk patients may replace these systems by providing better 
prognosis and mortality prediction.

In recent years, NLR has been found to be associated 
with CAD severity(11), adverse events in patients with stable 
CAD(12), long-term mortality in ST-segment elevation myo-
cardial infarction (STEMI)(13), and long-term outcomes of left 
main and/or three-vessel disease following acute myocardial 
infarction (AMI)(14). The prognostic value of pre-procedural 
NLR in patients undergoing unprotected left main coronary 
artery (LMCA) stenting has not been fully investigated. This 
study aimed to determine whether pre-procedural NLR repre-
sents an independent predictor for all-cause mortality.

PATIENTS and METHODS

Study Population
Our study is a single-center retrospective study. We re-

viewed patients who underwent coronary angiography due 
to stable angina pectoris, unstable angina pectoris/non–ST-
segment elevation myocardial infarction (non-STEMI), and 
STEMI between December 2016 and December 2019 in our 
hospital. The study included a total of 71 patients diagnosed 
with left main coronary artery (LMCA) disease and referred for 
percutaneous coronary intervention (PCI).

STEMI was diagnosed based on the criteria recommended 
by the American College of Cardiology and European Society 
of Cardiology (ACC/ESC) guidelines(15) and Non-STEMI was 
identified according to updated guidelines(16). LMCA disease 
was defined as angiographic narrowing of >50%.

We excluded those with infectious or inflammatory disease, 
autoimmune disease, chronic kidney disease, severe liver dis-
ease, prior coronary bypass graft operation, neoplasm, or he-
matological disorders from our study. 

The study was approved by the ethics committee of our in-
stitution. (Decision No: 2021/46; Date: 08.06.2021)

Clinical Data
We obtained the demographic data, (age, sex), history of 

diabetes mellitus (DM), hypertension (HT), heart failure, atrial 
fibrillation (AF), percutaneous coronary intervention (PCI), 
coronary artery bypass graft (CABG) operation history, hy-
perlipidemia (HL), chronic obstructive pulmonary disease 
(COPD), peripherical artery disease (PAD), prior cerebrovas-
cular event, percutanand smoking status of the patients in-
cluded in our study out of electronic medical records system 
(HBYS: Hospital information management system and archive 
files). Left ventricular ejection fraction (LVEF) data was taken 
from transthoracic echocardiography (TTE) records.

Patients were divided according to the reason for angiogra-
phy: Stable angina pectoris, unstable angina pectoris, STEMI, 
and Non-STEMI. Killip class III and above were used to deter-
mine cardiogenic shock which had been previously described 
as having pulmonary edema or cardiac index of ≤2.0 L/(min/
m²) or systolic arterial pressure of ≤90 mmHg despite a high 
dose of inotropic medication administration. In all patients, the 
Killip class was determined during admission(17). 

The results of the coronary angiographies were examined, 
and stent diameters and lengths, procedural techniques, and 
distal bifurcation lesions were noted. Two independent, expe-
rienced cardiologists evaluated the angiograms and calculated 
the anatomical-based SYNTAX score I (SS) (an angiographic 
lesion-based scoring system originally invented to evaluate the 
complexity of CAD) by using coronary arteries with luminal 
stenosis of ≥50% and a diameter of ≥1.5 mm. Coronary arter-
ies were subdivided into 16 different parts, and each part had a 
predetermined corresponding weighing factor and determinant 
factors like calcification and lesion length which were evalu-
ated and used when calculating the SS with the latest online 
version (https://syntaxscore2020.com/)(18).

Laboratory Data
The patients’ venous blood tests, taken 24 hours before 

angiography were examined. Creatinine, high-sensitivity C-
reactive protein (hs-CRP), and lipid profiles were determined 
by standard methods. Hemoglobin, total leukocyte counts, and 
subtypes (including neutrophils, lymphocytes, and monocytes) 
were obtained using an automated blood cell counter. The NLR 

https://syntaxscore2020.com/
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was calculated as the ratio of neutrophils to lymphocytes in the 
same peripheral blood sample.

Hospital Stay and Follow-Up After Discharge
We examined the medical health records of outpatients who 

visited the hospital for follow-up in the last six months. The 
consultations were carried out by phone with patients who did 
not come to the hospital in the last six months.

Post-discharge medicines of the patients were recorded. 
The primary endpoint of our study is all-cause mortality. In-
hospital and post-discharge mortality data were obtained from 
the hospital medical record system and national health records.

Statistical Analysis
Statistical analysis was performed using the IBM SPSS 

statistics software (IBM Corp., Armonk, NY, USA). The data 
were expressed as n (%) for categorical variables. The Pear-
son Chi-square and Fisher’s exact tests were performed for 
categorical variables. After normal distribution was analyzed 
with the Kolmogorov-Smirnov test, the data were expressed as 
median (minimum and maximum values) for variables without 
a normal distribution and mean ± SD for variables with nor-
mal distribution. The student’s t-test was used for comparing 
quantitative variables with normal distribution, and the Mann-
Whitney U test was applied to compare quantitative variables 
without normal distribution. Univariate and multivariate logis-
tic regression analyses were used to determine the independ-
ent predictors of mortality. Receiver-operating characteristic 
(ROC) curve analysis was conducted to determine the optimal 
NLR value to indicate mortality in terms of both sensitivity 
and specificity. The Kaplan-Meier method was performed to 
calculate the survival curve using the NLR, and the log-rank 
test was used for statistical assessment. A p-value of <0.005 
was considered statistically significant.

RESULTS

The study included a total of 71 patients who underwent 
unprotected LMCA stenting. The mean follow-up period of all 
patients was 26.0 ± 24.8 months. Patients were divided into two 
groups according to mortality: survivors and non-survivors. 
Table 1 shows the baseline characteristics and the comparison 
of clinical and laboratory data. The non-survivor group had a 
higher NLR than the survivor group [3.23 (2.31-4.01) vs. 5.82 
(2.92-14.99), p= 0.026] (Figure 1). The rate of peri-procedural 
cardiogenic shock (Killip class≥ III) was higher in the non-sur-
vivor group than in the survivor group [2 (3.6%) vs. 5 (33.3%) 
p= 0.004]. SS was found to be higher in the non-survivor group 
compared to the survivor group (20.3 ± 10.7 vs. 27.4 ± 10.8 p= 
0.025). Proximal optimization technique (POT) was found to 
be performed more frequently in the survivor group than in the 
non-survivor group [48 (85.7%) vs. 9 (60.0%) p= 0.037].

The follow-up period was longer in the survivor group 
than in the non-survivor group (32.0 ± 24.0 months vs. 3.0 ± 
6.0 months p< 0.001). In the non-survivor group of our study, 
the mortality rate was 80% within the first month. Regarding 
outcomes other than death, recurrent revascularization rate 
was 16.9% [Recurrent PCI= 8 patients (11.3%) and CABG= 
4 patients (5.6%)], myocardial infarction rate was 5.6% (4 pa-
tients), and stroke rate was 2.8% (2 patients).

Angiotensin-converting enzyme inhibitors [ACEIs 42 
(76.4%) vs. 6 (40.0%) p= 0.010] and statins [51 (92.7%) vs. 
7 (46.7%) p= < 0.001] used in the treatment of patients were 
administered at a higher rate in the survivor group than in the 
non-survivor group. No difference was found between the two 
groups regarding the use of other drugs.

We performed a ROC curve analysis to determine the op-
timal NLR cut-off value to indicate mortality (Figure 2). The 
highest combined sensitivity (57.1%) and specificity (90.9%) 
values crossed the curve at 5.24. The area under the curve was 
0.694 (95% CI= 0.501-0.886; p= 0.026) (Figure 2). The entire 
study group was divided into two groups: low NLR (<5.24, 
n= 57) and high NLR (>5.24, n= 14). All-cause mortality was 
found to be higher in the high NLR group [6 (10.5) vs. 9 (64.3) 
<0.001]. 

The Low NLR group had a longer follow-up period than 
the high NLR group (30.0 ± 26.0 months vs. 11.0 ± 13.0 
months p= 0.008), and the high NLR group was comprised of 
more females than males [11 (19.3% ) vs. 7 (50.0%) p= 0.025]. 
No differences were found between the groups in terms of the 
reason for hospitalization and characteristics of percutaneous 
procedure. Table 1 shows a comparison of patient characteris-
tics, the reason for coronary angiography, and characteristics of 
percutaneous procedure.

Kaplan-Meier survival analysis indicated that patients with 
high NLR had a significantly decreased long-term survival 
rate (Log-rank= p< 0.001) (Figure 3). The multivariate logistic 
regression analysis revealed that NLR (OR= 1.695; 95% CI= 
1.124-2.556; p= 0.012) and cardiogenic shock (Killip class≥ 
III) (OR= 12.063; 95% CI= 1.217-119.579; p= 0.033) were in-
dependent predictors of mortality (Table 2).

DISCUSSION

In the present study, a significantly higher NLR value was 
observed in the non-survivor group than in the survivor group 
after the evaluation of the patients who underwent unprotected 
LMCA stenting. The cut-off value of NLR was 5.24 for mortal-
ity. The prevalence of all-cause mortality among patients who 
underwent unprotected LMCA stenting was greater in the high 
NLR group (>5.24), and the NLR was reported to be the inde-
pendent predictor for mortality.
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Table 1. The baseline demographic, clinical, and laboratory parameters of the study population

Survivor (n= 56) Non-survivor (n= 15) P

Age (years) 60 ± 15 66 ± 10 0.099

Gender (female) n % 14 (25.0) 4 (26.7) 0.567

Diabetes mellitus n % 26 (46.4) 9 (60.0) 0.350

Hypertension n % 41 (73.2) 11 (73.3) 0.635

Hyperlipidemia n % 19 (33.9) 7 (46.7) 0.363

COPD n % 3 (5.4) 0 (0) 0.485

CVE n % 1 (1.8) 0 (0) 0.789

PVD n % 3 (5.4) 1 (6.7) 0.622

Smoking n % 4 (7.1) 0 (0) 0.378

Heart failure n % 8 (14.3) 2 (13.3) 0.646

Drug use

Acetylsalicylic acid 54 (96.4) 13 (86.7) 0.194

Clopidogrel 33 (58.9) 12 (80.0) 0.132

Prasugrel 7 (13.0) 1 (6.7) 0.442

Ticagrelor 15 (27.3) 1 (6.7) 0.084

Beta blocker 54 (98.2) 14 (93.3) 0.385

ACEi 42 (76.4) 6 (40.0) 0.010

ARBs 2 (3.6) 0 (0) 0.615

Statin 51 (92.7) 7 (46.7) <0.001

Laboratory Parameters

CRP (mg/L) 3.48 (2.01-6.19) 5.50 (2.0-20.5) 0.386

Hb (g/dL) 12.8 ± 2.2 12.5 ± 2.1 0.617

PLT (x 103/μL) 263 (220-305) 275 (217-328) 0.805

WBC (x 109/L) 10.69 ± 5.21 13.15 ± 5.53 0.125

Neutrophils (x 109/L) 5.74 (4.58-8.23) 9.35 (4.59-13.30) 0.128

Lymphocytes (x 109/L) 2.17 ± 0.78 1.76 ± 1.39 0.116

NLR ratio 3.23 (2.31-4.01) 5.82 (2.92-14.99) 0.026

Creatinine mg/dL 0.92 (0.77-1.17) 1.10 (0.86-1.30) 0.174

Total cholesterol mg/dL 181 ± 57 172 ± 35 0.586

LDL mg/dL 110.8 ± 49 99.5 ± 34.1 0.439

HDL mg/dL 36 (33-47) 38 (33-47) 0.706

Triglycerides mg/dL 154 (102-232) 144 (107-161) 0.501

Clinical status

SAP

USAP/Non-STEMI

STEMI

14 (25.0)

29 (51.8)

13 (23.2)

3 (20.0)

7 (46.7)

5 (33.3)

0.718
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Significant LMCA disease is found in 4-6% of all patients 
who undergo coronary angiography(19). Multi-vessel disease 
accompanies about 70% of these conditions(20,21). Patients with 
significant LMCA disease are symptomatic and at high risk of 
CV events. The three-year survival rate is as low as 37 per-
cent without revascularization(22). CABG surgery is still the 
first treatment option in patients with LMCA disease accord-
ing to the recommendations of the current guidelines, in ad-

dition, PCI is initially preferred in hemodynamically unstable 
acute coronary syndrome (ACS) patients and patients who are 
not fit for operation. In LMCA disease, at least 75% of the left 
ventricle is at risk so long as it is not under protection (with 
left anterior descending, circumflex, or patent bypass graft)(22). 
Therefore, long-term prognosis and the predictors of prognosis 
are also as critical as revascularization strategy.

Table 1. The baseline demographic, clinical, and laboratory parameters of the study population (continue)

Survivor (n= 56) Non-survivor (n= 15) p

Cardiogenic shock n % 2 (3.6) 5 (33.3) 0.004

EF (%) 50 (40-59) 45 (38-54) 0.371

Distal bifurcation lesion 44 (78.6) 11 (73.3) 0.452

Syntax score 20.3 ± 10.7 27.4 ± 10.8 0.025

Double stent technique 9 (16.1) 4 (26.7) 0.275

Stent diameter (mm) 3.25 (3.00-3.50) 3.50 (3.00-3.50) 0.562

Stent length (mm) 20 (16-24) 23.5 (16-24) 0.994

Kissing balloon  inflation 9 (16.1) 1 (6.7) 0.323

POT 48 (85.7) 9 (60.0) 0.037

Follow- up time 32 ± 24 3 ± 6 <0.001

COPD: Chronic obstructive pulmonary disease, CVA: Cerebrovascular accident, PVD: Peripheral vascular disease, ACEi: Angiotensin-converting-enzyme inhibitors,  
ARB: Angiotensin receptor blockers, CRP: C-reactive protein, NLR: Neutrophil-to-lymphocyte ratio, SAP: Stabile angina pectoris, USAP: Unstable angina pectoris, 
STEMI: ST-elevation myocardial infarction, EF: Ejection Fraction, POT: The proximal optimization technique.

Figure 1. NLR values of patients without and with mortality. 
NLR: Neutrophil-to-lymphocyte ratio.
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Figure 3. Kaplan-Meier survival curve of low and high NLR group for mortality. 
NLR: Neutrophil-to-lymphocyte ratio.

Figure 2. ROC curve indicating discriminative ability of NLR for mortality. 
NLR: Neutrophil-to-lymphocyte ratio.
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NLR is a proven systemic inflammatory biomarker. Many 
factors affect the onset and progression of atherosclerosis. In-
flammation plays an immense role in this process(23,24). Stud-
ies reported a strong correlation between high NLR levels 
and increased mortality and morbidity in a wide spectrum of 
CVDs including ACS(25-27). Lymphocytopenia occurs due to 
increased lymphocyte apoptosis during the chronic inflamma-
tory process and neutrophil production increases in the bone 
marrow. Elevated neutrophil count causes destructive inflam-
matory response(3,22). Studies revealed a strong correlation 
between NLR and severity of CAD(28), percutaneous coronary 
intervention-related CV events(29,30), and complications after 
CABG surgery(31). Furthermore, clinical studies reported that 
high NLR levels increased adverse CV and mortality outcomes 
in stable and unstable CAD(31-33). However, there is no avail-
able data in the literature on the prognostic value in patients 
who underwent LMCA stenting. 

NLR has proven prognostic value in PCI-related CV 
events(26,29,30,34). In their study, Kahraman et al.(35), showed the 
prognostic value of the severity of CAD for mortality, MI, and 
stroke in patients with unprotected LMCA stenting. Kaya et 
al.(25), found a significant relationship between NLR and the 
severity and complexity of CAD. After the calculation of CAD 
severity by SS, higher sensitivity and specificity values were 
revealed when the NLR value was >2.7. In addition, Şahin et 
al.(36), found a significant correlation between NLR and CAD 
severity estimated by SS in STEMI patients. In the present 
study, NLR and SS were found to be significantly higher in the 
non-survivor group when compared to the survivor group in 
patients who underwent LMCA stenting. Also, no difference 
was found between the survivor and non-survivor groups in 
terms of clinical presentations, yet the incidence of cardiogenic 
shock was significantly higher in the non-survivor group than 
in the survivor group. Syntax score did not reach statistical sig-
nificance in either high or low NLR groups, and cardiogenic 
shock and NLR were estimated to be the independent predic-

tors of mortality. According to a study by Wada et al.(12), high 
NLR was related to multi-vessel disease and main coronary ar-
tery lesion but was not related to vessel lumen diameter, stent 
size, or proportion of left artery descending (LAD) culprit. In 
our study, NLR was not found to be related to the length and 
diameter of the LMCA stent, kissing balloon, and POT. Among 
these techniques, only POT was found to be performed more 
frequently in the survivor group. 

Although NLR is obtained by using a simple blood test, 
there is still no consensus about its cut-off value. In various 
studies, cut-off values for in-hospital mortality after PCI were 
found to be 5.44 and 5.9 in STEMI patients(26,37). The cut-
off value for short-term mortality was >5.25 in patients with 
PAD(38). Gürbüz et al.(39) reported an optimal cut-off value of 
4.32 in predicting major adverse cardiac and cerebrovascular 
events (MACCE) for isolated CABG. In a study by Xu et al.(14), 
an optimal cut-off NLR value of >3.39 was accepted as an in-
dependent predictor of LMCA disease and three-vessel disease 
in patients with AMI after PCI. In our study, the cut-off value 
was found to be 5.24 for all-cause mortality after LMCA dis-
ease stenting. High NLR (>5.24) was found to be associated 
with all-cause mortality independent of demographic data, 
clinical presentation, and procedural techniques.

NLR is the combination of two independent inflammatory 
biomarkers. Former studies found a relationship between both 
neutrophilia and lymphocytopenia and the risk of independent-
ly and strongly elevated complications and mortality in post-
MI patients(40-46). In our study, no significant difference was 
found between the survivor and non-survivor groups in terms 
of hemoglobin, platelet, and lymphocyte subtypes. Also, stud-
ies reported a strong correlation between high NLR and other 
inflammatory markers such as hs-CRP(30). However, in a study 
by Wada et al.(12), a weak correlation was found between hs-
CRP and NLR. In our study, no relationship was found between 
high NLR and hs-CRP. This may be due to the variety of clini-
cal presentations in the study population. 

Table 2. Multivariate lojistic regression analysis givinig independent predictors of mortality

Univariate analysis Multivariate analysis

Odds ratio 95% CI (Lower-Upper) p Odds ratio 95% CI (Lower-Upper) p

Cardiogenic shock 13.500 2.292-79.512 0.004 12.063 1.217-119.579 0.033

POT 4.000 1.117-14.324 0.033 2.435 0.405-14.639 0.331

NLR 1.457 1.123-1.891 0.005 1.695 1.124-2.556 0.012

Syntax score 1.062 1.005-1.121 0.032 1.094 1.000-1.197 0.051

POT: The proximal optimisation technique, NLR: Neutrophil-to-lymphocyte ratio, CI: Confidence interval.
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Limitations
The limitations of our study are its single-center retrospec-

tive design and small sample size. Due to these limitations, the 
cardiac or non-cardiac causes of death were not clearly evalu-
ated. NLR was not compared to any other inflammatory marker 
(fibrinogen or myeloperoxidase) except hs-CRP. 

CONCLUSION

A periprocedural NLR level greater than 5.24 is an inde-
pendent predictor of all-cause mortality in patients who under-
went unprotected LMCA stenting. As far as we know, our study 
is the first study in the literature investigating the prognostic 
value of NLR in patients with unprotected LMCA disease.
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