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Purpose: The neutrophil-to-lymphocyte ratio (NLR) is an extensively analyzed prognostic inflammatory index in cardiac patients.
The degree of change in NLR values before and after surgery (delta-NLR) can represent the inflammatory response induced by surgery
and serve as a meaningful prognostic biomarker in surgical patients; however, this has not been well investigated. We aimed to
investigate the predictive value of the perioperative NLR and delta-NLR for outcomes of off-pump coronary artery bypass (OPCAB)
surgery by evaluating “days alive and out of hospital (DAOH)”, a novel patient-centered outcome.

Patients and Methods: In this single-center retrospective study, perioperative data, including NLR data, from 1322 patients were
analyzed. The primary endpoint was DOAH at 90 days postoperatively (DAOH 90), and the secondary endpoint was long-term
mortality. Linear regression analysis and Cox regression analysis were performed to identify independent risk factors for the endpoints.
In addition, Kaplan—Meier survival curves were plotted to assess long-term mortality.

Results: The median NLR values significantly increased from 2.2 (1.6-3.1) at baseline to 7.4 (5.4-10.3) postoperatively, with median
delta-NLR values of 5.0 (3.2-7.6). Preoperative NLR and delta-NLR were independent risk factors for short DAOH 90 in the linear
regression analysis. In Cox regression analysis, delta-NLR, but not preoperative NLR, was an independent risk factor for long-term
mortality. When patients were divided into two groups according to delta-NLR, the high delta-NLR group had a shorter DAOH 90
than the low delta-NLR group. Kaplan—Meier curves showed higher long-term mortality in the high delta-NLR group than in the low
delta-NLR group.

Conclusion: In OPCAB patients, preoperative NLR and delta-NLR were significantly associated with DAOH 90, and delta-NLR was
an independent risk factor for long-term mortality, indicating their role in risk assessment, which is essential for perioperative
management.

Keywords: neutrophil-to-lymphocyte ratio, off-pump coronary artery bypass, days alive and out of hospital

Introduction

Emerging evidence has shown the role of objective inflammatory indices in predicting postoperative outcomes,'

and
the neutrophil-to-lymphocyte ratio (NLR) is one of the most extensively analyzed inflammatory indices in various
subsets of surgery, including cardiac surgery.*”’ The NLR shows an interaction between neutrophilia and lymphopenia,
which are complementary immune pathways. Neutrophilia reflects a nonspecific inflammatory reaction, whereas lym-
phopenia reflects a poor general condition.®'* Further, NLR is less affected by physiological changes, such as exercise or
dehydration, than individual cell subtypes.'®'" With the practical advantage of being able to measure neutrophil and
lymphocyte counts through routine blood tests, NLR has been suggested as an easily accessible and cost-effective
predictor of outcomes in cardiovascular disease and surgical patients.'?
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In a previous study, NLR value measured at the immediate postoperative period (within 1 hour) was associated with
postoperative morbidity after coronary artery bypass graft using cardiopulmonary bypass,* indicating the impact of the
surgery-related inflammatory response on the patient’s outcome. In this regard, the degree of change in NLR values
before and after surgery (delta-NLR) can represent the inflammatory response induced by surgery and serve as
a meaningful prognostic biomarker in surgical patients."* Although there are a few studies for delta-NLR in cardiac

surgery with cardiopulmonary bypass,'>'®

the prognostic significance of delta-NLR value has not been well investigated
compared to that of the preoperative or postoperative NLR value, especially in off-pump coronary artery bypass
(OPCAB) surgery. Given the different perioperative inflammatory kinetics and NLR values in OPCAB compared to on-

. 17,1
pump cardiac surgery,'”'®

it would be worth examining the predictive value of delta-NLR in OPCAB patients.
Recently, days alive and out of hospital (DAOH), an index that counts the days spent out of hospital after surgery, has
been studied as a novel patient-centered outcome parameter.'®>* It integrates the hospital length of stay, readmission,
and mortality, representing postoperative outcomes in a patient-centered manner. (Figure 1) In this retrospective study,
we aimed to investigate the predictive value of perioperative NLR and delta-NLR for outcomes after OPCAB surgery,

which was evaluated using DAOH.

Materials and Methods

The Institutional Review Board of the Yonsei University Health System (Seoul, Republic of Korea) approved this study
on December 9, 2020 (#4-2020-1187). We retrospectively collected data from electronic medical records stored in the
Yonsei University Health System database in South Korea. The need for informed consent was waived since this study
retrospectively analyzed clinical data obtained from already completed treatment, and the risk to the subject does not
exceed the minimum risk. To maintain the confidentiality of patient data, the collected data were stored on a computer
with restricted access, and the case reports were stored on a locked device. This study adhered to the principles of Good
Clinical Practice and the Declaration of Helsinki.

Study Population

Patients aged >18 years who underwent OPCAB at the Severance Cardiovascular Hospital (Seoul, Republic of Korea)
between January 2010 and November 2019 were included. In contrast, we excluded patients who underwent minimally
invasive direct coronary artery bypass.

Data Collection

We collected data on sex, age, body mass index (BMI), history of cardiac operation, and preoperative comorbidities, including
hypertension, chronic renal failure (CRF), cerebrovascular accident (CVA), diabetes mellitus (DM), congestive heart failure
(CHF), chronic obstructive pulmonary disease (COPD), and recent myocardial infarction (MI) (defined as MI within 1 month
preoperatively). Moreover, perioperative laboratory results were collected, including neutrophil count; lymphocyte count; and
serum levels of albumin, cholesterol, glucose, creatine kinase-MB (CK-MB), C-reactive protein (CRP), and creatinine. We also

DAOH 90 (days alive and out of hospital at postoperative 90 days)
: Longer DAOH 90 indicates a better prognosis.
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Figure | Graphical explanation of the days alive and out of hospital.
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collected the following perioperative data: EuroSCORE2, preoperative left ventricular ejection fraction, emergency surgery,
operation time, number of bypass grafts, intraoperative urine output, and perioperative transfusion (defined as transfusion from
the start of surgery to 24 h postoperatively). The following postoperative data were collected: intensive care unit (ICU) length of
stay, in-hospital length of stay, readmission, mortality, acute kidney injury (AKI), CVA, deep sternal infection, prolonged
mechanical ventilation, and cardiac reoperation. AKI was defined according to the guidelines of the Kidney Disease Improving
Global Outcomes,* and the definitions of CVA, deep sternal infection followed the guidelines of the Society of Thoracic
Surgeons Adult Cardiac Surgery Database.”> Furthermore, prolonged mechanical ventilation was defined as mechanical
ventilation for > 24 h. In addition, we also collected information on the date of surgery, admission, discharge, death, and last
follow-up.

Calculation of NLR

The NLR was calculated using the following formula, described in a previous study:*® NLR = (neutrophil count) /
(lymphocyte count). The preoperative NLR (pre-NLR) was calculated from the preoperative laboratory results dated
closest to the time of surgery (within 7 days before surgery), and the postoperative NLR (post-NLR) was calculated from
laboratory results obtained on postoperative day 3 (POD 3). The delta-NLR was calculated by subtracting the pre-NLR
from the post-NLR.

Endpoints

The primary endpoint was the DAOH at postoperative 90 days (DAOH 90), which indicates the number of days spent out
of the hospital for 90 days after surgery. It was calculated from the length of hospital stay, readmission, and mortality, and
a longer DAOH 90 indicates a better prognosis. (Figure 1) As in previous studies, if a patient died within 90 days
postoperatively, DAOH 90 was calculated as zero.'”*° The secondary endpoint was long-term mortality.

Statistical Analysis

All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), R Statistics version
4.2.2, and IBM SPSS Statistics 25 (IBM Corp., Armonk, NY, USA). We performed the Kolmogorov—Smirnov test to
evaluate the normality of continuous variables. Since none of the continuous variables in this study showed a normal
distribution, all continuous variables were expressed as medians (interquartile ranges). Dichotomous variables were
expressed as numbers (percentages). Additionally, Spearman’s rank correlation coefficients were calculated between pre-
NLR, post-NLR, and delta-NLR.

Regarding DAOH 90, linear regression analysis was performed for each variable. Additionally, multivariable linear
regression analysis was performed using a multivariable model, including the variables that showed a p-value less than
0.05 in the univariable analysis. Since the post-NLR and delta-NLR showed a strong correlation (Spearman correlation
coefficient = 0.918), the pre-NLR and delta-NLR, but not the post-NLR, were included in the multivariable model to
avoid multicollinearity.

Cox regression analysis for long-term mortality was performed on each variable. Further, multivariable Cox regres-
sion analysis was conducted using a multivariable model, which included the variables that had p-values less than 0.05 in
the univariable analysis. Pre-NLR and delta-NLR, but not post-NLR, were included in the multivariable model to avoid
multicollinearity.

Linear regression analysis was also performed between variables and delta-NLR, and a multivariable linear regression
analysis was conducted using a multivariable model that included variables with a p-value less than 0.05 in the
univariable analysis.

Patients were divided into high and low delta-NLR groups according to the values arranged in a row, and post-
operative outcomes were compared between the two groups. As all continuous variables did not show a normal
distribution, the Mann—Whitney U-test was used to compare them between the two groups. The chi-squared test or

Fisher’s exact test was used to compare dichotomous variables between the two groups.
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Furthermore, Kaplan—Meier survival curves were plotted to assess long-term mortality, and the Log rank test was
performed to assess whether there was a difference between the survival curves. For all statistical analyses, a p-value <
0.05 was considered statistically significant.

Results

Initially, 1539 patients who underwent OPCAB at Severance Cardiovascular Hospital between January 2010 and
November 2019 were screened. Fifty-four patients who underwent minimally invasive direct coronary artery bypass
surgery and one patient who required emergent conversion to an on-pump procedure were excluded. In addition, 162
patients with missing data were excluded from the analysis. Therefore, data from 1322 patients were included in the final
analysis (Figure 2).

The median NLR values significantly increased from 2.2 (1.6-3.1) at baseline to 7.4 (5.4-10.3) on POD 3. When
analyzing the changes in NLR values pre- and postoperatively, the NLR increased in 1299/1322 patients (98.4%), with
a median delta-NLR value of 5.0 (3.2-7.6) (Table 1). Notably, there was a moderate degree of correlation between pre-
NLR and post-NLR (rho = 0.433, P < 0.001), a poor degree of correlation between pre-NLR and delta-NLR (rtho = 0.115,
P < 0.001), and a strong correlation between delta-NLR and post-NLR (rho = 0.918, P < 0.001).

The median DAOH 90 was 81 (76—82) days, and the overall mortality rate was 5.3% (70 patients) during the median
follow-up duration of 36 (17-59) months. All deaths occurred after POD 3 (delta-NLR measurement). The patient
demographics, clinical data, and laboratory findings are presented in Table 1.

Multivariable linear regression analysis between the chosen variables and DAOH 90 is summarized in Table 2. Pre-
NLR, delta-NLR, age, history of CRF and CHF, and serum albumin levels were significantly correlated with DAOH 90.
Univariable regression analyses regarding DAOH 90 are summarized in Supplementary Table S1.

Table 3 presents the multivariable Cox regression analysis for long-term mortality. Delta-NLR, age, and history of
anemia showed a significant hazard ratio for long-term mortality; however, pre-NLR did not show a significant hazard
ratio for long-term mortality in the multivariable analysis. Univariable Cox regression analysis of each variable for long-
term mortality is shown in Supplementary Table S2.

Assessed for eligibility (n = 1539)

- Patients who underwent OPCAB between
Jan 2010 and Nov 2019

| Excluded
> 1) Patients who underwent MIDCAB (n = 54)
‘ 2) Emergency conversion to on-pump CABG (n = 1)

v

‘ Study Enrollment (n = 1484)

Excluded
- Patients with missing data (n = 162)

v

‘ Data analyzed (n = 1322)

Figure 2 Flow diagram of the study.
Abbreviations: OPCAB, off-pump coronary artery bypass; MIDCAB, minimally invasive direct coronary artery bypass; CABG, coronary artery bypass graft surgery.
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Table 1 Patient Demographics, Clinical Data, and

Laboratory Finding

Variables Total (N = 1322)
Sex (female) 301 (22.8)
Age (years) 66 (60, 73)

Body mass index (kg/m?)

242 (223, 26.4)

Emergency 39 (3.0)

Preoperative medical history
Hypertension 936 (70.8)
Chronic renal failure 186 (14.1)
Cerebrovascular accident 185 (14.0)
Diabetes mellitus 690 (52.2)
Congestive heart failure 144 (10.9)
COPD 57 (4.3)
Recent Ml 428 (32.4)
Anemia 592 (44.8)
Prior cardiac operation 8 (0.6)

Perioperative data

Pre Neutrophil (/uL)

4010 (3138, 5073)

Post Neutrophil (/ulL)

8665 (6890, 10,673)

Pre Lymphocyte (/uL)

1780 (1390, 2220)

Post Lymphocyte (/uL)

1170 (880, 1460)

Pre NLR 2.2 (1.6, 3.1)
Post NLR 74 (54, 103)
Delta NLR 5.0 (3.2,7.6)
EuroSCORE2 1.2 (0.8, 1.9)
Albumin (g/dL) 4.0 (3.6, 4.3)
Cholesterol (mg/dL) 141 (119, 168)
Glucose (mg/dL) 124 (102, 163)
CK-MB (mccg/l) 1.7 (1.2, 2.6)
C-reactive protein (mg/L) 1.9 (08, 1.I)
Creatinine (mg/dL) 0.9 (0.8, 1.1)
Ejection fraction (%) 57 (45, 66)
Graft number 33,4
(Continued)
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Table 1 (Continued).

Variables

Total (N = 1322)

Operation time (min)

230 (209, 255)

Urine output (mL)

250 (150, 420)

Transfusion

637 (48.2)

Note: Values are median (interquartile range) or number (%).

Abbreviations: NLR, neutrophil to lymphocyte ratio;, COPD, chronic
obstructive pulmonary disease; MI, myocardial infarction; CK-MB, creatine

kinase-MB.

Table 2 Multivariable Linear Regression Analysis Between Chosen Variables

and DAOH 90
Variables Beta (95% CI) p-value
Pre NLR —0.695 (—1.146, —0.243) 0.003
Delta NLR —0.220 (—0.398, —0.041) 0.016
Age (years) —0.133 (-0.220, —0.046) 0.003
Body mass index (kg/m?) 0.088 (—0.140. 0.317) 0.449
Hypertension —0.228 (—1.874, 1.418) 0.785
Chronic renal failure —3.865 (—6.514, —1.216) 0.004
Cerebrovascular accident —1.134 (—3.214, 0.946) 0.285
Diabetes mellitus —0.961 (—2.610, 0.687) 0.253
Congestive heart failure —2.608 (—5.020, —0.197) 0.034
COPD —1.856 (—5.358, 1.646) 0.299
Anemia —0.588 (—2.280, 1.103) 0.495
EuroSCORE2 —0.062 (—0.560, 0.435) 0.806
Albumin (g/dL) 3.412 (1.597, 5.227) <0.001
Cholesterol (mg/dL) 0.002 (—0.016, 0.021) 0.806
Glucose (mg/dL) —0.005 (—0.018, 0.008) 0.470
C-reactive protein (mg/L) —0.005 (—0.047, 0.037) 0811
Creatinine (mg/dL) —0.153 (—0.644, 0.338) 0.542
Ejection fraction (%) 0.042 (—0.014, 0.097) 0.145
Urine output (mL) 0.000 (—0.003, 0.003) 0.974
Transfusion —0.047 (—1.604, 1.510) 0.953

Abbreviations: DAOH 90, days alive and out of hospital at postoperative 90 days; NLR, neutrophil

to lymphocyte ratio; COPD, chronic obstructive pulmonary disease.

When comparing postoperative outcomes between the high and low delta-NLR groups, the high delta-NLR group

showed a significantly shorter DAOH 90 and higher incidences of in-hospital morbidities compared to the low delta-NLR

group (Table 4).
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Table 3 Multivariable Cox Regression Analysis of Chosen Variables for Long-

Term Mortality

Variable Hazard Ratio (95% CI) p-value
Pre NLR 1.050 (0.936, 1.177) 0.409
Delta NLR 1.051 (1.003, I.101) 0.036
Age (years) 1.091 (1.054, 1.130) <0.001
Body mass index (kg/m?) 0.926 (0.854, 1.004) 0.063
Chronic renal failure 1.536 (0.785, 3.008) 0.210
Congestive heart failure 1.331 (0.721, 2.457) 0.361
Anemia 2.337 (1.250, 4.369) 0.008
EuroSCORE2 0.966 (0.843, 1.105) 0.612
Albumin (g/dL) 0.818 (0.457, 1.463) 0.498
C-reactive protein (mg/L) 1.000 (0.989, 1.012) 0.941
Creatinine (mg/dL) 1.076 (0.991, 1.169) 0.081
Ejection fraction (%) 0.986 (0.968, 1.005) 0.148
Urine output (mL) 1.000 (0.999, 1.001) 0.638
Transfusion 0.752 (0.428, 1.322) 0.322

Abbreviation: NLR, neutrophil to lymphocyte ratio.

Table 4 Postoperative Outcome According to delta-NLR Groups

Total (n = 1322) | Low delta-NLR (n = 611) | High delta-NLR (n = 611) | p-value
Acute kidney injury 285 (21.6) 109 (16.5) 176 (26.6) < 0.001
Cerebrovascular accident 20 (1.5) 8 (1.2) 12 (1.8) 0.367
Cardiac reoperation 20 (1.5) 5 (0.8) 15 (2.3) 0.024
Prolonged ventilation 137 (10.4) 43 (6.5) 94 (14.2) < 0.001
Sternum infection 62 (4.7) 22 (3.3) 40 (6.1) 0.019
In-hospital mortality 12 (0.9) 4 (0.6) 8 (1.2) 0.246
In-hospital morbidity® 411 31.1) 156 (23.6) 255 (38.6) < 0.001
One-year mortality 29 (2.2) 10 (1.5) 19 (2.9) 0.091
Overall mortality 70 (5.3) 17 (2.6) 53 (8.0) < 0.001
ICU stay (days) 3(2,4 3(23) 32,4 0.630
DAOH 90 (days) 81 (76, 82) 81 (78, 83) 80 (74, 82) < 0.001

Notes: Values are median (interquartile range) or number (%). *In-hospital morbidity includes acute kidney injury, cerebrovascular accident,

cardiac reoperation, prolonged ventilation, sternum infection, and in-hospital mortality.
Abbreviations: NLR, neutrophil to lymphocyte ratio; ICU, intensive care unit; DAOH 90, days alive and out of hospital at 90 days.

Multivariable linear regression analysis between the chosen variables and delta-NLR showed that sex, age, BMI,
history of hypertension, CRF, CHF, MI within 1 month, EuroSCORE2, and serum albumin levels were significantly
correlated with delta-NLR (Supplementary Table S3).
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Figure 3 Kaplan—Meier survival curves according to delta-NLR groups. The blue line represents the survival curves of the low delta NLR group, and the red line represents
the survival curves of the high delta-NLR group.

Figure 3 shows the Kaplan—Meier survival curves according to the delta-NLR groups. Log-rank analysis indicated
that long-term mortality increased in the high delta-NLR group compared to the low delta-NLR group (P<0.001).

Discussion

In this single-center retrospective study, preoperative NLR and delta-NLR were proven to be good predictors of DAOH
90 after OPCAB. Additionally, delta NLR, but not preoperative NLR, was significantly associated with long-term
mortality. Patients in the high delta-NLR group demonstrated poorer postoperative outcomes than those in the low delta-
NLR group.

Considering the significant association between inflammatory responses and outcomes after cardiac surgery,’ objec-
tive inflammatory indices have been developed to improve risk stratification in cardiac surgery. Among these indices, the
NLR has been demonstrated to be an important inflammatory biomarker that predicts outcomes after cardiac surgery.®’
The NLR represents a complex interplay between two complementary immune pathways, represented by neutrophils and
lymphocytes.* '® An elevated neutrophil count reflects the nonspecific activation of inflammation associated with
oxidative stress. In contrast, a decreased lymphocyte count reflects poor general health and a dysregulated host immune
response to physiologic stress.*'® In addition to their pivotal role in immune activities, neutrophils and lymphocytes
2729 and the NLR is closely related to the
progression of atherosclerosis.’®*' Accordingly, the NLR has been reported to be a meaningful predictor of prognosis in

have an essential role in the formation and stability of atherosclerotic plaque,

coronary artery disease patients who underwent surgery.>> However, previous studies have focused on preoperative NLR,
and there have been few studies on the dynamic changes in the NLR. The delta-NLR can represent the degree of
inflammation and physical stress induced by surgical stimulation and may serve as a valuable prognostic indicator in
surgical patients.'* Therefore, we evaluated the effects of delta-NLR on outcomes after OPCAB.

In the current study, delta-NLR was strongly correlated with postoperative NLR (rho = 0.918) but poorly correlated
with preoperative NLR (rho = 0.115). When patients were divided into high and low delta-NLR groups, the difference in
preoperative NLR value between the two groups was significant, but not by much in the present study (2.1 (1.5-2.9) in
the low delta-NLR group; 2.3 (1.7-3.2) in the high delta-NLR group). These findings may indicate that the preoperative
NLR alone cannot sufficiently predict the increase in inflammation caused by OPCAB surgery. Notably, pre- and delta-
NLR demonstrated significant relationships with DAOH 90, whereas only delta-NLR showed a significant relationship
with long-term mortality in this study. These results imply that measuring pre- and delta-NLR together would be helpful
for better risk stratification and screening of high-risk patients. However, they are not definitive diagnostic tests and
should be used in conjunction with other clinical assessments. The delta-NLR was significantly related to well-known
risk factors for poor prognosis after cardiac surgery, which implies that delta-NLR may be affected by the patient’s
underlying condition, and delta-NLR can properly represent it.
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The timing of measuring postoperative NLR values varies among different studies and could affect the delta-NLR
values. In the current study, laboratory results on POD 3 were used to calculate postoperative NLR and delta-NLR.
Previous studies have reported that the inflammatory response after cardiac surgery peaks within 48 hours and shows
a decreasing trend.>*~** Therefore, we hypothesized that the NLR measured on POD 3 might reflect the early recovery
phase after cardiac surgery. The delta-NLR on POD 3 may be a valuable indicator for identifying patients who were not
in the high-risk group preoperatively but had a poor recovery pattern postoperatively. In this regard, greater incidences of
postoperative in-hospital morbidity were observed in the high delta-NLR group than in the low delta group in the current
study. This might indicate that delta-NLR reflects the declined immediate postoperative conditions. It could contribute to
the predictability of delta-NLR for long-term mortality.

The active role of neutrophils and lymphocytes in atherosclerotic plaque formation may contribute to the high
preoperative NLR values in patients with coronary artery disease.’”>> Similar to the result of the present study,
a preoperative NLR was an independent risk factor of postoperative outcomes in patients with stable coronary artery
disease and acute coronary syndromes, as well as in patients undergoing coronary artery bypass graft surgery.’®>*
Interestingly, some studies on OPCAB reported that the postoperative NLR, but not the preoperative NLR, was related to

long- and mid-term mortality rates after surgery,””"*°

while they did not evaluate the prognostic value of the delta-NLR.

Compared with previous studies that used mortality several years after surgery as a primary outcome, the present
study focused on relatively short-term outcomes such as DAOH 90. Although mid- and long-term mortality are important
endpoints in cardiac surgery, DAOH is a novel outcome that accounts for multiple outcome parameters in a patient-
centered manner.'” ' In recent years, there has been an increasing emphasis on patient-centered outcomes, which
represent actual patient experiences, such as improved quality of life or cost savings.21 DAOH is an easily accessible
patient-centered outcome, which reflects the days spent healthy after surgery.?>* It has been validated to be a valuable
outcome for clinical investigations.'”>* To the best of our knowledge, this is the first study to investigate DAOH 90 in
patients undergoing OPCAB.

An elevated NLR can occur in various whole blood cell subgroups, including those with elevated neutrophil, reduced
lymphocyte, normal neutrophil, and normal lymphocyte counts. When we evaluated each component of the NLR in the
present study, median preoperative neutrophil and lymphocyte counts were within the normal range; however, the NLR was
higher than that in a healthy population,*' indicating the importance of a balance between the two components.
Postoperatively, the neutrophil count increased by 117% (65-175%), and the lymphocyte count decreased by 35% (20—
48%), resulting in a 235% (136-362%) increase in the NLR. These findings clearly show the activation of opposite immune-
inflammatory pathways induced by OPCAB and confirm the importance of delta-NLR as a risk stratification marker.

This study had some limitations. First, this was a retrospective study, and the data were limited to a single center;
however, this study analyzed a large sample size of 1322 patients and included many variables that could affect
postoperative outcomes. Second, we excluded the data of 162 patients with missing values, which may have affected
the statistical results; however, the data of the remaining 1322 patients were intact data without missing values and were
large enough for analysis.

Conclusion

In conclusion, both pre- and delta-NLR were significantly associated with DAOH 90, and delta-NLR showed
a significant relationship with long-term mortality after OPCAB surgery, indicating their beneficial role in risk assess-
ment, which is essential for the perioperative management of these patients.

Abbreviations

AKI, acute kidney injury; AUROC, area under the receiver operating characteristic curve; BMI, body mass index; CHF,
congestive heart failure; CK-MB, creatine kinase-MB; COPD, chronic obstructive pulmonary disease; CRF, chronic renal
failure; CRP, C-reactive protein; CVA, cerebrovascular accident; DAOH, days alive and out of hospital; DAOH 90, days
alive and out of hospital at postoperative 90 days; DM, diabetes mellitus; ICU, intensive care unit; MI, myocardial
infarction; NLR, neutrophil-to-lymphocyte ratio; OPCAB, off-pump coronary artery bypass; POD, postoperative day;
ROC, receiver operating characteristic.
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