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Background: The neutrophil-lymphocyte ratio (NLR) has been recognized as a useful marker of poor
prognosis in non-cardiac surgery patients. But, the prognostic function of NLR in cardiovascular surgery
patients still largely unknown. The aim of this study was to explore the relationship between postoperative
NLR and mortality in cardiac surgery patients.

Methods: Clinical data were extracted from the Medical Information Mart for Intensive Care IIT (MIMIC-
IIT) database. Postoperative day 1 (POD-1) NLR of the patients was calculated. All patients were divided
into two groups according to the cut-off value of NLR, which was determined using the receiver operating
characteristic (ROC) curve and Youden Index. The primary death outcomes were 30-day, 90-day and 1-year
mortality. Cox proportional hazard analysis was performed to assess the associations between NLR and 1-year
mortality. Logistic analysis was performed to assess the associations between NLR and other outcomes.
Multivariate analyses were used to control for confounders.

Results: A total of 2,707 cardiac surgery patients were included in this study. The cut-off value of
postoperative NLR was 7.28. Elevated postoperative NLR was associated with increased death outcomes
including 30-day mortality [adjusted odds ratio (OR) 2.25, P=0.019], 90-day mortality (adjusted OR
2.49, P=0.001) and 1-year mortality [adjusted hazard ratio (HR) 1.58, P=0.03] of cardiac surgery in cox
proportional hazard model. Elevated NLR was also associated with increased risk of continuous renal
replacement therapy (CRRT) rate (adjusted OR 3.01, P=0.004), prolonged ICU stays (adjusted OR 2.55,
P<0.001), prolonged hospital stays (adjusted OR 3.32, P<0.001) and duration of ventilatory support (adjusted
OR 4.16, P<0.001) after adjusting confounders.

Conclusions: Elevated postoperative NLR was significantly associated with increased short-term and
long-term mortality, CRRT rate, longer ICU and hospital stay, prolonged ventilation in patients undergoing
cardiac surgery. NLR is promising to be a readily available and independent prognostic biomarker for

patients with cardiac surgery.
Keywords: Cardiac surgery; neutrophil-lymphocyte ratio (NLR); mortality; complications
Submitted Aug 03, 2020. Accepted for publication Oct 28, 2020.

doi: 10.21037/jtd-20-2593
View this article at: http://dx.doi.org/10.21037/jtd-20-2593

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2021;13(1):67-75 | http://dx.doi.org/10.21037/jtd-20-2593


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-20-2593

68

Introduction

Cardiac surgery with cardiopulmonary bypass (CPB)
remains the standard treatment for most valvular heart
disease, severe coronary heart disease and severe congenital
heart disease. Although the procedure of CPB has been
greatly improved, the incidence of complications and
mortality of cardiac surgery is still significantly higher
than that of non-cardiac surgery (1-3). The inflammatory
reaction had been considered as a leading cause of the
adverse postoperative outcomes after cardiac surgery (4,5).
Neutrophil-lymphocyte ratio (NLR), an inexpensive
and readily available biomarker originated from routine
blood examination, has been reported as a useful marker
of system inflammation in sepsis, tumor, cardiovascular
disease and non-cardiac surgery (6-9). The NLR has also
been considered as a prognostic marker of atrial fibrillation,
acute kidney injury (AKI), low output syndrome,
prolonged mechanical ventilation among cardiac surgery
(10-12). However, there was only a few studies about the
association between postoperative NLR and outcomes of
cardiac surgery, which was still debatable due to favourable
and unfavourable results (13-16). The purpose of this
study was to evaluate the relationship between NLR and
postoperative outcomes in cardiac surgery patients from
Medical Information Mart for Intensive Care (MIMIC)
database. We present the following article in accordance
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/jtd-20-2593).

Methods
Sources of data

All data of this retrospective cohort study were extracted
from MIMIC-III version 1.4 (MIMIC-III v1.4) database.
The MIMIC-III, a large critical care database for publicly
and freely use, contains health data for more than 60,000
critical care patients stay at Beth Israel Deaconess Medical
Center (BIDMC) (Boston, USA) from 2001 to 2012. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). In order to gain access
to the database, the National Institutes of Health’s web-
based course “Protecting Human Research Participants”
have been completed. This project was both approved
by BIDMC and the Institutional Review Boards of
Massachusetts Institute of Technology (MIT) (Record ID
37938207) and individual consent for this retrospective
analysis was waived.
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Data collection and definitions

We used PostgreSQL tool for data extraction. The
following data were extracted or calculated: ICU
identification number, age, body mass index (BMI), gender,
type of cardiac surgery, comorbidities, vital sign, laboratory
parameters, continuous renal replacement therapy (CRRT)
rate, the time of admission and discharge of hospital
and ICU, the day of death, and the time of mechanical
ventilation. The comorbidities included hypertension,
congestive heart failure (CHF), diabetes, chronic pulmonary
diseases, chronic renal disease. The laboratory parameters
included white blood cell (WBC) counts, neutrophil
and lymphocyte counts, hemoglobin, platelet, sodium,
potassium, lactate, creatinine, blood urea nitrogen (BUN),
activated partial thromboplastin time (APTT), prothrombin
time (PT), anion gap, bicarbonate, chloride and glucose.
The vital signs included heart rate, mean arterial pressure
(MAP), respiratory rate, temperature and SPO,. The
sequential organ failure assessment (SOFA) score was
calculated. NLR, which means the ratio of neutrophil
count to lymphocyte count, was calculated based on the
neutrophil counts and lymphocyte counts on postoperative
day 1 (POD-1).

Patients with cardiac surgery were selected. The
exclusion criteria were that: missing the neutrophil or
lymphocyte count data within the first 24 h of ICU
admission, age <18 years old, data missing >5%. The
primary outcomes were all-cause 30-day, 90-day and 1-year
mortality post-cardiac surgery. Other outcomes were
collected, including CRRT rate, length of ICU stays, length
of hospital stays and the duration of ventilatory support.

Statistical methods

"To evaluate the optimal cut-off value of NLR in predicting
1-year mortality of cardiac surgery, receiver operating
characteristic (ROC) curve was performed and Youden
Indexes were computed. The highest Youden Index was
used to determine the optimal cut-off value of NLR. All
study patients were divided into two groups according to
the cut-off value of NLR.

Continuous variables were presented as mean = standard
deviation. Categorical variables were presented as frequency
and percentage. The differences between two groups were
compared using the Mann-Whitney U-test for continuous
variables and the y’ test or Fisher exact test for categorical
variables.
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Patients from MIMIC Ill database N=62,912

Exclude 1,381 patients for missing ICU data
Exclude 8,197 patients for age <18

Patients from MIMIC Il database N=53,334

Cardiac surgery patients N=6,824

Exclude 4,100 patients for missing
neutrophil or lymphocyte count
Exclude 17 patients for missing data >5%
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Including 2,707 patients for analysis

Figure 1 The procedure of data selection and exclusion. MIMIC-III, Medical Information Mart for Intensive Care IIL.

Univariable (non-adjusted) and multivariable (adjusted)
cox proportional hazards model were performed to assess
the association between NLR and the 1-year mortality
post-cardiac surgery. Method of forward: Wald was used
to select variables in the multivariable cox proportional
hazards analysis. The following covariates were adjusted
as confounders: cardiac surgery type, age, gender, BMI,
comorbidities (hypertension, CHF, diabetes, chronic
pulmonary diseases, renal failure), laboratory tests (WBC,
platelet, hemoglobin, lactate, creatinine, BUN, APTT, PT,
anion gap, bicarbonate, chloride, glucose), vital signs (heart
rate, MAP, respiratory rate, temperature, SPO,) and SOFA
score. The results of cox proportional hazards analysis were
presented as hazard ratios (HRs) with 95% confidence
intervals (CIs). The survival curves of cox proportional
hazards model were constructed. The 1-year Kaplan-Meier
survival curve of two groups were constructed use log rank
method. Univariable (non-adjusted) and multivariable
(adjusted) logistic regression analysis were performed
to investigate the association between NLR and other
outcomes using the same method as above. The continuous
data including length of ICU stays, length of hospital stays
and the duration of ventilatory support were transformed
into dichotomous data as ICU stay >3 days, hospital stay
>14 days and ventilation time >48 h for the convenience to
perform logistic analysis.
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SPSS version 26.0 (IBM, Armonk, NY, USA) was
used for statistical analysis. Two-tailed P value <0.05 was
considered statistically significant.

Results
Subject characteristics

A total of 2,707 cardiac surgery patients were selected in
this study. The procedure of data selection and criteria
of data exclusion is presented in Figure 1. The AUC of
ROC curves of NLR and 1-year postoperative mortality
was 0.687 (P<0.001) (Figure 2). The NLR value with
the highest Youden Index in this study cohort was 7.28
(https://cdn.amegroups.cn/static/public/J TD-20-2593-1.
docx), which was considered as the cut-off value of NLR.
According to the cut-off value, all patients were divided
into two groups, including high NLR group (NLR >7.28,
N=974) and low NLR group (NLR <7.28, N=1,733).
Baseline characteristics of the subjects are presented
in Table 1. Compared with patients in low NLR group,
patients in high NLR group tend to be female, older, lower
rate of coronary artery bypass graft (CABG), lower BMI,
lower rate of hypertension, diabetes, higher rate of CHE,
renal failure, higher value of WBC counts, platelet counts,
lactate, creatinine, BUN, APTT, PT] anion gap, glucose,
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Figure 2 The ROC curves of NLR and 1-year postoperative
mortality. ROC, receiver operating characteristic; NLR,

neutrophil-lymphocyte ratio.

heart rate, respiratory rate, lower value of hemoglobin,

bicarbonate, chloride, MAP, SPO,, and higher SOFA scores.

Association between NLR and postoperative mortality and
other outcomes

The postoperative mortality and other outcomes between
two groups were presented in Table 2. The high NLR group
had significant higher 30-day mortality rate (1.6% vs. 5.9%,
P<0.001), 90-day mortality rate (2.5% vs. 11.1%, P<0.001)
and 1-year mortality rate (4.8% vs. 14.8%, P<0.001).
In both univariable and multivariable cox proportional
hazards models (7able 3), higher NLR was associated with
increased risk of 1-year mortality (adjusted HR 1.58, 95%
CI: 1.05-2.38, P=0.030). The 1-year survival curves of cox
proportional hazards model were presented in Figure 3A.
The 1-year Kaplan-Meier survival curve (Figure 3B) of two
groups showed the higher NLR patients had a lower mean
survival time (320.4, 95% CI: 313.4-327.3 vs. 353.5, 95%
CI: 350.8-356.2, log rank P<0.001). In both univariable and
multivariable logistic regression model, elevated NLR was
significantly increased the risk of 30-day mortality [adjusted
odds ratio (OR) 2.25, 95% CI: 1.14-4.43, P=0.019], 90-day
mortality (adjusted OR 2.49, 95% CI: 1.44-4.28, P=0.001)
(Table 4).

The CRRT rate, length of ICU stays, length of
hospital stays and the duration of ventilatory support were
significantly increased in the high NLR group (Tuble 2).

© Journal of Thoracic Disease. All rights reserved.

Wang et al. NLR and cardiac surgery mortality

The rates of length of ICU stay >3 days, length of hospital
stay >14 days and length of ventilation time >48 h were also
higher in the high NLR group (7i#ble 2). In both univariable
(non-adjusted) and multivariable (adjusted) logistic
regression model, elevated NLR was significantly increased
the risk of CRRT rate (adjusted OR 3.01, P=0.004),
ICU stay >3 days (adjusted OR 2.55, 95% CI: 1.61-4.03,
P<0.001), hospital stay >14 days (adjusted OR 3.32, 95%
CI: 2.45-4.49, P<0.001) and ventilation time >48 h (adjusted
OR 4.16, 95% CI: 2.93-5.89, P<0.001) (Tuble 4).

Discussion

Inflammation plays an important part in the pathogenesis
of complications related to cardiac surgery. NLR, a
readily available and effective biomarker originated from
routine blood examination, is an integrated biomarker
of inflammation (6,7). NLR have emerged as a potential
biomarker for predictor lethal outcomes and adverse events
of patients with cardiac surgery.

In this large retrospective study, we investigated the
relationship between NLR and short-term (30 days),
medium-term (90 days) and long-term (1 year) mortality
of cardiac surgery. The principle finding of the study was
that the POD-1 NLR with the cut-off value of 7.28 was
an independent predictor for short-term and long-term
death, high risk of CRRT rate, longer ICU and hospital
stay, prolonged ventilation in patients undergoing cardiac
surgery.

The result of our study consistent with the current
research for the association between NLR and mortality
and complications post-cardiac surgery. A study by Kim
et al. in 2015 assessed 600 adult patients underwent CPB
surgery in their institution. They found that immediately
elevated postoperative NLR with the cut-off value 10 was
associated with development of AKI, prolonged hospital
stays, and increased in-hospital death and 1-year death
in the multivariate logistic regression analysis (17). A
study of 906 cardiac surgery patients by Weedle et 4/. in
2019 investigated the association between postoperative
complications and preoperative, POD-1 and POD-2
NLR, which found that elevated postoperative NLR was
associated with postoperative atrial fibrillacion and AKI (18).
According to a large retrospective study by Silberman ez
al. including 3,027 cardiac surgery patients, preoperative
NLR >2.6 was an independent predictor of operative
mortality and late mortality, pleural effusion, low output
syndrome, and prolonged ventilation among post-cardiac
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Table 1 Baseline and clinical characteristics of the study population

71

Variables NLR <7.28 (N=1,733) NLR >7.28 (N=974) P value
NLR 3.9+1.6 17.1£15.3 <0.001
Cardiac surgery <0.001
CABG 1,185 (72.3) 455 (27.7)
Valvular surgery 317 (50.2) 315 (49.8)
CABG + valvular surgery 231 (563.1) 204 (46.9)
Age, years 66.5+12.3 68.6+12.8 <0.001
Gender, male 1,221 (70.5) 643(66.0) 0.017
BMI, kg/m’ 28.9+6.0 28.2+6.1 <0.001
Comorbidities
Hypertension 1,282 (74.0) 619 (63.6) <0.001
Congestive heart failure 551 (31.8) 487 (50.0) <0.001
Diabetes 625 (36.1) 294 (30.2) 0.002
Chronic pulmonary diseases 256 (14.8) 154 (15.8) 0.468
Renal failure 170 (9.8) 157 (16.1) <0.001
Laboratory tests
WBC, 10%/L 14.4+6.6 16.3+7.2 <0.001
Platelet, 10%/L 210.9+73.0 227.1£97.0 0.001
Hemoglobin, g/dL 12.6+£1.6 12.1£1.7 <0.001
Lactate, mmol/L 3.0+1.6 3.8+2.9 <0.001
Creatinine, mg/dL 1.2+1.0 1.5+1.4 <0.001
BUN, mg/dL 19.7+£10.9 25.8+16.3 <0.001
APTT, s 49.9+27.2 56.9+33.5 <0.001
PT, s 16.0+£2.8 17.1+6.6 <0.001
Anion gap, mmol/L 12.8+2.9 14.34+3.7 <0.001
Bicarbonate, mmol/L 25.1+£2.7 25+3.2 <0.001
Chloride, mmol/L 109.3+4.3 108.2+5.3 <0.001
Sodium, mmol/L 139.4+2.8 139.6+3.7 0.171
Potassium, mmol/L 5.4+0.8 5.4+0.9 0.104
Glucose, mg/dL 131.9+23.3 136.7+29.5 <0.001
Vital signs
Heart rate, beats/min 84.7+10.4 86.3+11.7 0.003
MAP, mmHg 75.4x7.0 74.0+£7.7 <0.001
Respiratory rate, beats/min 17.2+2.8 17.9+3.6 <0.001
Temperature, °C 36.9+0.5 36.9+0.6 0.945
SPO,, % 97.9+1.3 97.7+1.9 0.026
SOFA score 4.8+2.6 5.6+3.1 <0.001

Values are expressed as mean + SD or n (%). NLR, neutrophil-lymphocyte ratio; CABG, coronary artery bypass graft; BMI, body mass
index; WBC, white blood cell; APTT, activated partial thromboplastin time; PT, prothrombin time; MAP, mean arterial pressure; SOFA,
sequential organ failure assessment; SD, standard deviation.
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Table 2 Clinical outcomes between study cohorts
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Outcomes NLR <7.28 (N=1,733) NLR >7.28 (N=974) P value
First outcome
30-day mortality 28 (1.6) 57 (5.9) <0.001
90-day mortality 43 (2.5) 108 (11.1) <0.001
One-year mortality 83 (4.8) 144 (14.8) <0.001
Second outcome
CRRT 22 (1.3) 84 (8.6) <0.001
Length of ICU stay, days 3.6+4.1 9.5+£13.2 <0.001
Length of hospital stay, days 10.7+6.4 18.3+14.4 <0.001
Length of ventilation time, hours 24.9+65.3 121.9+258.3 <0.001
ICU stay =3 days 660 (39.1) 643 (67.4) <0.001
Hospital stay >14 days 348 (20.2) 493 (51.1) <0.001
Ventilation time =48 hours 157 (9.5) 325 (35.6) <0.001

Values are expressed as mean + SD or n (%). NLR, neutrophil-lymphocyte ratio; CRRT, continuous renal replacement therapy; SD,

standard deviation.

Table 3 The cox regression model of NLR and mortality

Non-adjusted model

Adjusted model

Outcomes

HR (95% CI) P value HR (95% Cl) P value
30-day mortality 3.70 (2.35, 5.81) <0.001 2.18 (1.15, 4.14) 0.017
90-day mortality 4.66 (3.27, 6.64) <0.001 2.21 (1.33, 3.69) 0.002
One-year mortality 3.29 (2.51, 4.32) <0.001 1.58 (1.05, 2.38) 0.030

Adjusted for the confounders: cardiac surgery type, age, gender, BMI, comorbidities (hypertension, congestive heart failure, diabetes,
chronic pulmonary diseases, renal failure), laboratory tests (WBC, platelet, hemoglobin, lactate, creatinine, BUN, APTT, PT, anion gap,
bicarbonate, chloride, glucose), vital signs (heart rate, MAP, respiratory rate, temperature, SPO,), SOFA score. NLR, neutrophil-lymphocyte
ratio; HR, hazard ratio; Cl, confidence interval; BMI, body mass index; WBC, white blood cell; BUN, blood urea nitrogen; APTT, activated
partial thromboplastin time; PT, prothrombin time; MAP, mean arterial pressure; SOFA, sequential organ failure.

surgery (10). Recent literature of Gurbuz ez a/. reported the
7.8-year follow-up results. In this 751-CABG-patient
study, the elevated NLR with the cut-off value of 4.32 was
associated with long-term adverse cardiac events (19).

NLR reflects the relationship between neutrophil and
lymphocyte of WBC count and considered as a valuable
indicator of system inflammatory response. It has been
well documented that the cardiac surgery with CPB was
closely related with system inflammatory response. System
inflammatory response plays an important role in multiple
organ dysfunction syndrome (MODS) and immune system
suppression post-cardiac surgery (4,20). Previous report
has reported that the incidence rate of MODS post-cardiac

© Journal of Thoracic Disease. All rights reserved.

surgery with CPB was 11% and the death rate of these patients
was about 41% which was significantly higher than non-
MODS patients (21). In our study, patients with elevated NLR
had higher SOFA scores (4.8+2.6 vs. 5.6+3.1, P<0.001) and
higher lactate level (3.0£1.6 vs. 3.8£2.9 mmol/L, P<0.001),
which indicated that higher NLR reflect more serious
organ dysfunction. The lung was the most vulnerable
organ in the process of inflammatory reaction of CPB. The
incidence of lung injury, including impaired oxygenation
index, reduced lung compliance, increased ventilation/
perfusion mismatch, was up to 12% after CPB (22). The
results of present study had shown that the ventilation time
was significantly increased in high NLR group (24.9+65.3
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Figure 3 The survival curves of cox function analysis and Kaplan-Meier survival analysis. (A) The 1-year survival curves of cox function
analysis between two NLR groups; (B) the 1-year Kaplan-Meier survival curve of two groups. Group 0 present NLR <7.28, group 1 present
NLR >7.28. NLR, neutrophil-lymphocyte ratio.

Table 4 The logistics regression of NLR and other clinical outcomes

Non-adjusted model Adjusted model

Outcomes

OR (95% Cl) P value OR (95% Cl) P value
30-day mortality 3.79 (2.40, 5.99) <0.001 2.25(1.14, 4.43) 0.019
90-day mortality 4.90 (3.41, 7.04) <0.001 2.49 (1.44, 4.28) 0.001
CRRT 7.34 (4.56, 11.82) <0.001 3.01(1.41, 6.42) 0.004
ICU stay >3 days 3.22 (2.72, 3.80) <0.001 2.55 (1.61, 4.03) <0.001
Hospital stay =14 days 4.13 (3.48, 4.91) <0.001 3.32 (2.45, 4.49) <0.001
Ventilation time =48 hours 5.24 (4.24, 6.49) <0.001 4.16 (2.93, 5.89) <0.001

Adjusted for the confounders: cardiac surgery type, age, gender, BMI, comorbidities (hypertension, congestive heart failure, diabetes,
chronic pulmonary diseases, renal failure), laboratory tests (WBC, platelet, hemoglobin, lactate, creatinine, BUN, APTT, PT, anion gap,
bicarbonate, chloride, glucose), vital signs (heart rate, MAP, respiratory rate, temperature, SPO,), SOFA score. NLR, neutrophil-lymphocyte
ratio; OR, odds ratio; Cl, confidence interval; CRRT, continuous renal replacement therapy; BMI, body mass index; WBC, white blood
cell; BUN, blood urea nitrogen; APTT, activated partial thromboplastin time; PT, prothrombin time; MAP, mean arterial pressure; SOFA,
sequential organ failure.

vs. 121.9+258.3 h, P<0.001), and NLR >7.28 increased reaction also contributes to other poor outcomes after
the risk of ventilation time >48 h by 4.16 folds (P<0.001). cardiac surgery including cardiovascular complications,
This results manifest elevated NLR was related to sever dysfunction of neural system, postoperative infection,
lung damage and prolonged ventilation support. Kidney coagulation disorder and death (26,27). The NLR was a
was another vulnerable organ during CPB procedure, the valuable predictor that associate systemic inflammation and
postoperative acute kidney injure rate was up to 55% postoperative complications of cardiac surgery according to
and might cause 60% mortality among cardiac surgery previous and present studies.

patients (23). Previous studies have confirmed that the In current, risk stratification in cardiac surgery is
inflammation play a critical role in the development of AKI dependent on clinical assessment or predictive models
after cardiac surgery (24,25). The creatinine and BUN level, rather than common biomarkers. The NLR is an
and CRRT rate were significantly increased in the elevated inexpensive and easily acquired parameter generated from
NLR patients of our study, NLR >7.28 increased the risk blood routine, so NLR can be widely used as an effective
of CRRT by 3 folds (P=0.004). The system inflammatory clinical biomarker to enhance patient risk stratification
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after cardiac surgery. This prognostic utility of NLR is
independent of other well-recognized individual risk factors

and the EuroSCORE.

Limitation

There are several limitations in this study. First, this is
a single center retrospective study based on MIMIC-III
database, so selection bias is unavoidable existed. Secondly,
some important clinical information may influence the
final results, such as preoperative left ventricular ejection
fraction, duration of CPB, and infection were missing.
Thirdly, our study only evaluated the relationship
between NLR and poor prognosis of cardiac surgery,
but was not look into the possible mechanisms of the
association. Further study should be performed to explain
the immunological and pathophysiological mechanism
of the association between NLR, systemic inflammation
and clinical complications in cardiac surgery. Finally, we
only investigated POD-1 NLR in this study, without
evaluating the dynamic evolution of NLR during the
whole perioperative period, which could helpful to get a
comprehensive result. A further investigation is necessary
to explore the relationship between the dynamic changes of
NLR and mortality and morbidity of cardiac surgery in the
future.

Conclusions

The results of this large retrospective study based on
MIMIC-IIT database showed that elevated postoperative
NLR with a cut-off value of 7.28 was an independent
predictor for mortality and adverse events in patients
undergoing cardiac surgery. The data of our study enhanced
the evidence that NLR could be considered as a useful
cardiac surgery risk stratification biomarker n the future.
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