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Purpose: The purpose of the present study was to investigate the association between the 

perioperative neutrophil to lymphocyte ratio (NLR) and cardiac surgery patient outcomes.

Patients and methods: A retrospective cohort study of 145 patients who underwent cardiac 

surgery in a tertiary hospital of Athens, Greece, from January to March 2015, was conducted. 

By using a structured short questionnaire, this study reviewed the electronic hospital database 

and the medical and nursing patient records for data collection purposes. The statistical signifi-

cance was two-tailed, and p-values <0.05 were considered significant. The statistical analysis 

was performed with Mann–Whitney U test and Spearman’s correlation coefficient, by using the 

Statistical Package for Social Sciences software (IBM SPSS 21.0 for Windows).

Results: The increased preoperative levels of NLR were associated with significantly higher 

mortality, both in-hospital (p=0.001) and 30-day (p=0.002), prolonged postoperative hospital 

length of stay (LOS), both in the cardiac intensive care unit (ICU) (p=0.002), and in-hospital 

(p=0.018), and likewise with delayed tracheal extubation (p≤0.001). Furthermore, patients with 

elevated NLR during the second postoperative day had significantly higher in-hospital mortality 

(p=0.018), increased incidence of pneumonia (p=0.022), higher probability of readmission to 

the ICU (p=0.002), prolonged ICU LOS (p≤0.001), and delayed tracheal extubation (p≤0.001).

Conclusion: Increased perioperative NLR seems to be associated with significantly higher mortal-

ity and morbidity in cardiac surgery patients. At the same time, NLR is a significant and inexpensive 

biomarker for the early identification of patients at high risk for complications. In addition, NLR 

levels could lead clinicians to perform measures for the optimal therapeutic patient approach.

Keywords: airway extubation, hospital mortality, intensive care units, length of stay, leukocytes, 

patient readmission, pneumonia

Introduction
Although increased white cell counts are general markers of the inflammatory response 

to various stimuli and have been used as indicators of morbidity and mortality of 

patients with cardiovascular diseases,1,2 their predictive value seems to be significantly 

low.3 Αpart from the total number of white blood cells, various white cell subtypes, 

such as neutrophils and lymphocytes, have an active role in the inflammatory process 

of chronic cardiovascular disease.4,5 Besides, raised neutrophil and decreased lympho-

cyte counts have been associated with poor outcomes in patients with acute coronary 

syndrome or ischemic stroke.6

The neutrophil to lymphocyte ratio (NLR) is a well-studied biomarker of the 

patients’ inflammatory response,7,8 especially in those with surgical treatment of 

a malignancy.9,10 Moreover, this indicator has been investigated in patients with 
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 cardiovascular disease11–13 and it has been observed that the 

number of white cell counts or any type of leukocyte sepa-

rately has greater ability to predict mortality and morbidity in 

patients undergoing coronary angiography and angioplasty, 

or even those with acute myocardial infarction (AMI) or 

chronic coronary disease.14,15 However, the NLR has been 

assessed in patients undergoing cardiac surgical procedures, 

which are characterized by significant systemic inflammation 

response due to the surgical procedure and the application 

of cardiopulmonary bypass.16 

The purpose of this study was to investigate the associa-

tion between perioperative NLR and patient outcomes after 

open heart surgery. This study intended to add new data to 

the important literature and research deficit on the effect of 

NLR on cardiac surgery patient outcomes. In addition, the 

possible association of NLR with the patient outcomes will 

allow the early identification of high-risk patients, through a 

low-cost biomarker and could contribute to clinical decisions 

and measures for the prevention of complications, achieving 

the optimal health care for these patients.

Materials and methods
Study design, variables, and participants
A retrospective cohort study was conducted. The periop-

erative NLR, as measured at three different times, was the 

independent variable of the present study. Specifically, NLR 

was measured preoperatively (within 24 h before the begin-

ning of the surgical operation), during the first and the second 

postoperative days. The dependent variables (outcomes) of 

this study were the following: 30-day mortality, in-hospital 

mortality, cardiac surgery intensive care unit length of stay 

(ICU LOS), postoperative LOS, surgical re-exploration due to 

mediastinal bleeding, occurrence of nosocomial pneumonia, 

patient readmission to the cardiac surgery ICU, and the time 

of tracheal extubation. 

The inclusion criteria of this study were a priori defined 

as follows: 1) age ≥18 years, and 2) open-heart surgery. The 

study excluded patients with recent AMI (within the last 

7 days before the surgery), those with known hematologic 

malignancy, patients without preoperative and postopera-

tive measurement of neutrophil and leukocyte levels in their 

blood, those with the absence of socio-demographic and 

clinical data in their medical and nursing records, and finally 

patients who were admitted to the cardiac surgery ICU for 

medical reasons, other than open-heart surgery, such as 

those with acute coronary syndrome without surgical treat-

ment and those who underwent cardiac catheterization for 

diagnostic reasons.

Methods and data collection
Data collection was performed retrospectively in December 

2015. For data collection purposes, preoperative and post-

operative levels of neutrophils and lymphocytes (first and 

second postoperative days) were obtained through the elec-

tronic database of the hospital. NLR was calculated on the 

basis of these levels. Socio-demographic and clinical patient 

data were collected by using a structured short questionnaire 

and through medical and nursing patient record review, which 

was conducted by one of the researchers simultaneously, 

aiming to ensure the reliability and validity of the data col-

lection process.

Statistical analysis
Categorical and numerical data are expressed as n (%) and 

mean (±standard deviation [SD]), respectively. Bivariate 

analyses were performed by using the Kruskal–Wallis test 

to examine the possible association between numerical and 

categorical variables and the Spearman’s correlation coeffi-

cient to examine the possible association between numerical 

variables. All tests of statistical significance were two-tailed, 

and p-values <0.05 were considered statistically significant. 

Analyses were conducted using IBM SPSS 21.0 for Windows.

Ethics
The data collection was conducted after obtaining written 

permission from the ethics committee of the “Evangelismos” 

General Hospital of Athens, Greece. The requirement of 

patient consent was waived by the hospital ethics committee 

as the data collection was carried out retrospectively. The 

investigation was carried out in accordance with the ethi-

cal standards of the responsible institutional committee for 

human experimentation and with the Helsinki Declaration 

of 1975, as revised in 2013. Precaution measures were taken 

in order to protect the privacy of the research subjects and 

the confidentiality of their personal information, including 

limiting the amount of personal information to the absolute 

minimum, assigning an identification number to each subject 

and attaching the identification number to the actual research 

information, removing the subject names as soon as data 

were analyzed and maintaining any identifying information 

and lists of identification numbers in a safe and locked file. 

Results
During a 3-month period, from January 2015 to March 2015, 

204 patients were admitted to the eight-bed cardiac surgery ICU 

of a tertiary hospital of Athens, Greece and were eligible for 

enrollment in the present study. Based on the aforementioned 
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inclusion and exclusion criteria, 145 patients (participation 

rate 71.1%) constituted the final study sample. The mean age 

of patients in this study was 65.5 years, while the majority of 

them were males (68.3%). Approximately half of the patients 

underwent exclusively coronary artery bypass grafting (46.2%), 

while emergency heart surgery was performed in only 13 

patients (9%). Table 1 summarizes the socio-demographic, 

clinical, and perioperative patient characteristics.

The mean perioperative (preoperative, first, and second 

postoperative day) NLR was 4.2, 14.5, and 12.1, respectively 

(Table 2). Table 3 presents the main outcomes of patients in 

this study. The mean ICU and in-hospital LOS were 6.4 and 

13.1 days, respectively, while the 30-day and in-hospital mor-

tality reached 13.1% and 16.6%, respectively. The incidence 

of nosocomial pneumonia and readmission to the cardiac 

ICU was 9.7% and 3.4%, respectively. Also, the mean time 

of tracheal intubation was 57.3 h.

Tables 4 and 5 show the associations of preoperative and 

second postoperative day NLR with the dependent variables 

of this study, respectively. Specifically, patients who died 

within the first 30 days after the surgery demonstrated sig-

nificantly higher preoperative NLR (3.8 vs 2.0, p=0.002), 

and there was the same finding for those who died during 

their hospitalization (3.6 vs 2.1, p=0.001). Furthermore, the 

increased preoperative NLR levels were strongly associated 

with poor outcomes, such as the prolonged postoperative 

LOS, either in the ICU (p=0.002) or in-hospital (p=0.018), 

and the delayed tracheal extubation (p≤0.001) (Table 4).

Table 1 Demographic, clinical, and perioperative patient 
characteristics

Characteristics Mean (±SD)

Age (years) 65.5 (12)
BMI (kg/m2) 27.9 (4.6)
Ejection fraction (%) 51.3 (11)
Duration of surgery (min) 267.1 (97.9)
Duration of cardiopulmonary bypass (min) 129 (77.9)
EuroSCORE (%) 9.4 (11.1)

n (%)

Gender
Male
Female

99 (68.3)
46 (31.7)

COPD 26 (17.9)
DM 49 (33.8)
CRF 11 (7.6)
Cardiopulmonary bypass 129 (89)
Type of surgery

CABG
Not isolated CABG

67 (46.2)
78 (53.8)

Surgical operation
Emergency 
Elective

13 (9)
132 (91)

Abbreviations: BMI, body mass index; SD, standard deviation; COPD, chronic 
obstructive pulmonary disease; DM, diabetes mellitus; CRF, chronic renal failure; 
CABG, coronary artery bypass grafting.

Table 2 Perioperative neutrophil to lymphocyte ratio

NLR Mean (±SD)

Preoperatively 4.21 (10)
First postoperative day 14.5 (10.1)
Second postoperative day 12.1 (7.5)

Abbreviations: SD, standard deviation; NLR, neutrophil to lymphocyte ratio.

Table 3 Patient outcomes

Outcome Mean (±SD)

ICU length of stay (days) 6.4 (15.9)
Total postoperative length of stay (days) 13.1 (16.8)
Time until tracheal extubation (h) 57.3 (323)

n (%)

Surgical re-exploration due to mediastinal bleeding 4 (2.8)
Nosocomial pneumonia 14 (9.7)
ICU readmission 5 (3.4)
30-day mortality 19 (13.1)
In-hospital mortality 24 (16.6)

Abbreviations: SD, standard deviation; ICU, intensive care unit.

Table 4 Associations between preoperative NLR and dependent 
variables of the study

Variables Median preoperative 
NLR

p-value

Surgical re-exploration due to 
mediastinal bleeding

Yes
No

2.4
2.2

0.681a

30-day mortality 
Yes
No

3.8
2.0

0.002a

In-hospital mortality 
Yes
No

3.6
2.1

0.001a

Nosocomial pneumonia 
Yes
No

3.0
2.1

0.199a

ICU readmission
Yes
No

3.7
2.2

0.085a

Spearman’s correlation coefficient
ICU length of stay 0.251 0.002b

Total postoperative length  
of stay

0.196 0.018b

Time until tracheal extubation 0.363 £0.001b

Notes: aKruskal–Wallis test; bSpearman’s correlation coefficient. Bold entries 
denote p<0.05.
Abbreviations: ICU, intensive care unit; NLR, neutrophil-lymphocyte ratio.
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Patients who died in-hospital were characterized by 

significantly higher levels of NLR during the second post-

operative day (14.0 vs 9.3, p=0.018) (Table 5). Likewise, 

patients who developed nosocomial pneumonia and those 

who were readmitted to the cardiac ICU exhibited sig-

nificantly higher NLR during the second postoperative day 

(13.9 vs 9.5, p=0.022 and 23.7 vs 9.6, p=0.002, respectively) 

(Table 5). Finally, significant associations of NLR at the sec-

ond postoperative day with prolonged ICU stay (p≤0.001) 

and delayed tracheal extubation (p≤0.001) are presented in 

Table 5. Statistically significant relationships between the first 

postoperative day NLR levels and the investigated patient 

outcomes were not determined.

Discussion
The most important finding of this study was the association 

of the increased perioperative NLR levels with adverse out-

comes of patients undergoing cardiac surgery. Specifically, 

the elevated NLR levels, both preoperatively and at the second 

postoperative day were associated with significantly higher 

mortality, prolonged postoperative hospital stay, and delayed 

tracheal extubation. Furthermore, the increased NLR at the 

second postoperative day was associated with significantly 

higher risk of both postoperative pneumonia and patient 

ICU readmission.

Several investigators have previously attempted to cor-

relate the NLR with the mortality rates of patients with 

cardiovascular disease and have stated that NLR is a major 

determinant of mortality among those with chronic coronary 

disease, AMI, and after coronary angioplasty.17–19 However, 

only two original studies14,20 and one meta-analysis4 found 

in the literature review, had investigated the association of 

perioperative NLR levels with the outcomes of patients 

undergoing cardiac surgery.

Gibson et al20 in their prospective study of 1,938 coronary 

artery bypass grafting patients, in line with the findings of 

the present study, concluded that preoperative NLR was an 

important independent risk factor for increased patient mor-

tality. Specifically, the increase of NLR by one unit was asso-

ciated with an increase of mortality by 9% (HR 1.09, 95% CI: 

1.03–1.16, p=0.004). Contrary to the findings of this study, 

the authors reported that patients with raised NLR levels were 

significantly more likely to require tracheal re-intubation after 

surgery (odds ratio [OR] 6.29, 95% confidence interval [CI]: 

1.85–21.4, p=0.003), and they had higher cardiac troponin 

I levels at 24 h after the surgical procedure.20 This study did 

not examine the association of postoperative NLR with the 

aforementioned patient outcomes.

The second relevant study was performed by Gibson et 

al,14 in which the authors investigated the possible effect of 

perioperative (preoperative and at the second postoperative 

day) NLR levels on the incidence of postoperative atrial 

fibrillation in 275 cardiac surgery patients. Although this 

outcome seemed to be strongly associated with the elevated 

perioperative NLR levels, it was not assessed in this study. 

However, it remains indicative of both the higher morbidity 

of patients with increased perioperative NLR and the close 

relationship of NLR with cellular inflammatory response 

and oxidative stress, which are the main causes of atrial 

fibrillation in patients after coronary artery bypass grafting.21

The findings of a recent meta-analysis of five studies 

with a total sample of 3,108 patients after cardiac or vascular 

surgery are noteworthy.4 In line with the present study, the 

increased preoperative NLR was an important independent 

predictor of mortality from all causes, since its increase by 

one unit was strongly associated with higher mortality by 

85% (hazards ratio [HR] 1.85, 95% CI: 1.46–2.36, p<0.001). 

On the other hand and in contrast with the findings of this 

study, the aforementioned meta-analysis investigated the 

long-term mortality (>6 months) and not the early (within 

30 days after surgery) or in-hospital one.

It is worth mentioning that in the currently available pub-

lished research, we did not find data suggesting that increased 

Table 5 Associations between NLR at second postoperative day 
and dependent variables of the study

Variables Median NLR at second 
postoperative day

p-value

Surgical re-exploration due to 
mediastinal bleeding

Yes
No

17.6
9.7

0.433a

30-day mortality 
Yes
No

13.7
9.6

0.074a

In-hospital mortality
Yes
No

14.0
9.3

0.018a

Nosocomial pneumonia 
Yes
No

13.9
9.5

0.022a

ICU readmission 
Yes
No

23.7
9.6

0.002a

Spearman’s correlation coefficient
ICU length of stay 0.316 £0.001b

Total postoperative length  
of stay

0.142 0.088b

Time until tracheal extubation 0.311 £0.001b

Notes: aKruskal–Wallis Test; bSpearman’s correlation coefficient. Bold entries 
denote p<0.05.
Abbreviations: ICU, intensive care unit; NLR, neutrophil-lymphocyte ratio.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Pragmatic and Observational Research 2017:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

13

Neutrophil to lymphocyte ratio and patient outcomes

NLR levels are associated with specific poor patient out-

comes, such as the prolonged postoperative in-hospital LOS, 

the readmission to the cardiac surgery ICU, and the delayed 

tracheal extubation. Consequently, the findings of the pres-

ent study on the aforementioned outcomes are of particular 

interest and highlight the need for further future research.

Interpreting the results of the present study, elevated 

preoperative NLR may reflect a chronic background inflam-

matory condition, due to a chronic cardiovascular disease, 

and probably indicates patients of high cardiovascular risk 

considering that neutrophilia is often associated with states 

of hyper-coagulability and unstable atheromatous plaque in 

coronary disease.22 Moreover, the high postoperative NLR 

highlights not only the degree of myocardial damage due 

to surgery but also the level of tissue hypoperfusion due to 

both the low cardiac output and the ischemia–reperfusion 

syndromes, which frequently follow major operations, includ-

ing open heart surgery.23 

In addition, from the available evidence, it is found that 

the harmful effect of elevated NLR levels on the outcomes 

of cardiac surgical patients is very likely to be a reflection 

of pathophysiological disorders resulting from the increased 

neutrophil count and through the protective role of lympho-

cytes. Neutrophilia represents low-grade5 to unrestrained cel-

lular inflammation, while lymphopenia is indicative of latent 

immune response.4 Significant neutrophilia is observed in 

acute inflammatory response to tissue injury and also has been 

associated with reperfusion injury.23 In addition, the significant 

association of neutrophilia with the increased levels of the 

inflammatory mediators, such as tumor necrosis factor-alpha 

(TNF-α) and the interleukins 6, 7, 8, 12, and 17, that are well-

known markers of poor outcomes, such as higher mortality, 

multiorgan failure, and increased incidence of recurrent isch-

emic events, in critically ill patients, cannot be overlooked.24,25 

On the other hand, lymphopenia occurs in cases of increased 

cortisol production and neuroendocrine stress, while normal 

and/or elevated lymphocyte count indicates better survival 

rates in patients with coronary artery disease, heart failure, 

and those undergoing percutaneous coronary angioplasty.4

Study limitations
To the best of our knowledge, the present study was the 

first one in Greece to investigate the association between 

the perioperative NLR levels and the outcomes of patients 

undergoing cardiac surgery. Moreover, this was one of the 

few relevant studies worldwide, aiming to add new data to the 

currently known body of knowledge in a research area that 

has not been fully investigated. However, the retrospective 

design of the present study, small sample size, and the fact 

that the data were collected from a single cardiac surgery 

center are limitations that threaten the validity of the study 

and the generalization of the findings to the general popula-

tion of cardiac surgery patients. These limitations did not 

allow us to focus on multivariate adjustments. Future research 

with greater sample size, prospective design, multicenter data 

collection, and multivariate adjustments is needed.

Conclusion
Elevated perioperative NLR seems to be associated with 

significantly higher patient morbidity and mortality rates. 

Simultaneously, NLR is a reliable and inexpensive biomarker, 

contributing to the early identification of patients at high risk 

for complications. In addition, through the use of NLR, clini-

cians could implement measures for the optimal therapeutic 

approach of cardiac surgery patients and the elimination of 

adverse patient outcomes. 

Disclosure
The authors report no conflicts of interest in this work.
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