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Abstract

Background: Coronary artery bypass grafting (CABG) is associated with a significant risk of postoperative major adverse event (MAE),
largely driven by systemic inflammatory responses. Easily accessible inflammatory indices such as the neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation index (SII), and plateletcrit (PCT) have been proposed as
potential predictors; however, the comparative performance and optimal timing of these indices remain unclear. Thus, this study aimed
to evaluate the association between perioperative inflammatory indices measured at different time points and postoperative MAEs in
patients undergoing elective on-pump CABG, and to compare the discriminatory performance of these indices. Methods: This single-
center retrospective cohort study included 500 patients who underwent elective on-pump CABG between January 2022 and December
2023. Inflammatory indices (NLR, PLR, SII, and PCT) were calculated preoperatively and on postoperative days 0 (PODO), 1, and
3. The primary outcome was MAE, defined as mortality, stroke, sepsis, or acute kidney injury (AKI). Multivariable logistic regression
and receiver operating characteristic curve analyses were performed to assess independent associations and discriminatory performance.
Results: MAE occurred in 120 patients (24.0%) and were predominantly driven by AKI. Meanwhile, inflammatory indices measured
on PODs0 and 1 showed limited discriminative ability. Conversely, NLR on POD3 was independently associated with MAE (odds
ratio (OR): 1.16 per unit increase; 95% confidence interval (CI): 1.11-1.22; p < 0.001) and demonstrated the highest discriminatory
performance (area under the curve (AUC): 0.733), followed by SII and PLR, whereas PCT showed poor performance. A cut-off value of
NLR =10 on POD3 was associated with a significantly increased risk of MAE (OR: 3.98, 95% CI: 2.49-6.37; p <0.001) and AKI (OR:
3.44, 95% CI: 2.09-5.66; p < 0.001). Conclusions: The prognostic value of inflammatory markers after CABG is time-dependent. NLR
measured on POD3 showed the strongest and most consistent association with adverse outcomes and may serve as a practical tool for
postoperative risk stratification, particularly for AKI. However, given the potential influence of reverse causality, these findings should
be confirmed in prospective, multicenter studies.
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1. Introduction sponse is closely associated with adverse outcomes such
as acute kidney injury (AKI), sepsis, and mortality [2,3].
Therefore, evaluating inflammatory markers at appropriate
time points is of great importance for identifying high-risk
patients.

Coronary artery bypass grafting (CABG) is one of the
most important surgical interventions that improves sur-
vival in patients with advanced coronary artery disease.
However, despite advances in surgical techniques and pe-

rioperative care, major adverse event (MAE) occurring in In recent years, parameters such as the neutrophil-

the postoperative period remain a significant cause of mor-
bidity and mortality [1].

The pathophysiology of complications following
CABG is primarily driven by a complex inflammatory pro-
cess triggered by surgical trauma, cardiopulmonary bypass,
and the neuroendocrine response. This inflammatory re-

to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), and systemic immune-inflammation index (SII),
which can be easily obtained from routine blood tests,
have gained attention as practical and cost-effective mark-
ers of systemic inflammation [4]. While an increased neu-
trophil count reflects heightened inflammatory activity, a
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decreased lymphocyte count is associated with physiolog-
ical stress and immunosuppression. The NLR, which rep-
resents a combination of these two parameters, is strongly
associated with cardiovascular diseases and postoperative
outcomes [5].

In the literature, particularly elevated preoperative or
postoperative NLR values are associated with early mortal-
ity and complications following CABG [6,7]. Additionally,
perioperative changes in NLR have been shown to be asso-
ciated with AKI and other complications [8]. By contrast,
evidence regarding the relationship between other inflam-
matory indices, such as PLR and SII, and clinical outcomes
remains more limited [4,9].

On the other hand, although numerous studies have
evaluated inflammatory markers at different time points
during the perioperative period, there is no clear consen-
sus regarding their relative performance or superiority in
discriminating clinical outcomes. The associations of pa-
rameters such as NLR, PLR, and SII with clinical outcomes
have shown variable results across different studies [4,8,9].
Furthermore, studies that comparatively evaluate these in-
flammatory indices within the same patient population are
limited. Therefore, clinical practice still lacks a clear con-
sensus on which parameter is more reliable.

Although platelet parameters such as platelet count
and mean platelet volume (MPV) are associated with clini-
cal outcomes in cardiac patients in several studies, data on
plateletcrit (PCT), which reflects total platelet mass, remain
quite limited [10]. In particular, the prognostic value of
PCT in the CABG population has not been sufficiently in-
vestigated, representing an important gap in the literature.

Therefore, the aim of this study was to evaluate the
association between NLR, PLR, SII, and PCT values mea-
sured at different perioperative time points and postopera-
tive MAE in patients undergoing elective on-pump CABG.
Although inflammatory markers after cardiac surgery have
been investigated previously, the distinctive aspect of the
present study is the comparative evaluation of multiple in-
flammatory indices within the same homogeneous CABG
cohort across serial perioperative time points, together
with formal comparison of discriminatory performance and
component-level assessment of the composite endpoint,
particularly AKI.

2. Materials and Methods

This study was designed as a single-center, retrospec-
tive cohort study. Patients who underwent elective on-
pump CABG between January 1, 2022 and December 31,
2023, at our institution were included. Ethical approval was
obtained from the Medical Sciences Ethics Committee of
University of Health Sciences Bursa Yuksek Ihtisas Train-
ing and Research Hospital on February 7, 2024 (Protocol
No. 2024/02-03).

Patients aged between 40 and 75 years were included
in the study. Patients who underwent emergency surgery,

or concomitant cardiac valve procedures alongside their
CABG were excluded. Individuals on routine hemodialysis
or with a history of active malignancies or chronic inflam-
matory diseases were also excluded. A total of 500 eligible
patients were included in the final analysis.

Patient data were retrospectively obtained from the
hospital information management system and medical
records. The following variables were recorded: age,
sex, diabetes mellitus, hypertension, chronic obstructive
pulmonary disease, chronic kidney disease, previously
documented coronary artery disease, ejection fraction,
EuroSCORE 1I, cardiopulmonary bypass duration, aor-
tic cross-clamp time, duration of mechanical ventilation,
length of intensive care unit stay, length of hospital stay,
and mortality status. Previously documented coronary
artery disease was defined as a documented diagnosis of
coronary artery disease before the index CABG admission,
including prior myocardial infarction, previous coronary
angiography demonstrating coronary artery disease, or pre-
vious coronary revascularization.

Chronic kidney disease was defined as a documented
preoperative diagnosis of chronic kidney disease or an es-
timated glomerular filtration rate <60 mL/min/1.73 m? for
at least 3 months [11]. Patients receiving routine hemodial-
ysis were excluded. Sepsis was diagnosed retrospectively
through a review of postoperative medical records and con-
sultations with infectious diseases or intensive care special-
ists.

Laboratory parameters were recorded at the follow-
ing time points: preoperative period, postoperative day 0
(PODO0), POD1, and POD3. The analyzed parameters in-
cluded white blood cell count, neutrophil count, lympho-
cyte count, platelet count, urea, and creatinine levels.

Inflammatory indices were calculated as follows
[4,12,13]:

NLR = neutrophil/lymphocyte

PLR = platelet/lymphocyte

SII = platelet x neutrophil/lymphocyte

PCT = platelet count x MPV/10,000

The primary outcome of the study was the develop-
ment of MAE. was defined as the occurrence of at least
one of the following: mortality, stroke, sepsis, or AKI. AKI
was evaluated according to the Kidney Disease: Improving
Global Outcomes criteria [14].

Statistical Analyses

Statistical analyses were performed using IBM SPSS
Statistics 27.0 (IBM Corp., Armonk, NY, USA). The nor-
mality of continuous variables was assessed using the
Kolmogorov—Smirnov test and visual inspection methods.
Data not conforming to a normal distribution are presented
as the median and interquartile range (IQR). Comparisons
of continuous variables between two independent groups
were performed using the Mann—Whitney U test, as the data
were not normally distributed. Categorical variables are ex-
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Patient Flow Diagram

Patients undergoing CABG between January 2022 and
December 2023
assessed for eligibility

!

Excluded according to study criteria:
Emergency surgery; concomitant valve surgery; chronic inflammatory
disease or malignancy; routine hemodialysis; missing clinical or
laboratory data

\

/

Final study cohort
Elective on-pump CABG patients
n = 500

<

No major adverse events
n = 380

Major adverse events
n =120

l

Components of MAE
Acute kidney injury: n = 81

Sepsis: n = 48
Mortality: n = 18
Stroke: n = 10

Fig. 1. Flow diagram. Acute kidney injury (81) was the most common complication, followed by sepsis (48), mortality (18), and stroke

(10). n, number; CABG, coronary artery bypass grafting; MAE, major adverse event.

pressed as counts and percentages (%). The Pearson chi-
square test was used for comparisons of categorical vari-
ables, and Fisher’s exact test was applied when expected
cell counts were low.

Because NLR, PLR, SII, and PCT were compared be-
tween the MAE and non-MAE groups at four predefined
perioperative time points, the Holm—Bonferroni procedure
was applied across the resulting 16 comparisons to con-
trol the family-wise error rate. Both unadjusted and Holm-
adjusted p values were reported, and statistical significance
after correction was defined as an adjusted p value < 0.05.

To identify independent predictors of postoperative
MAE, multivariable logistic regression analysis was per-
formed. Variables considered clinically relevant were in-
cluded in the model. Results were reported as odds ratios
(ORs) with 95% confidence intervals (Cls). Model calibra-
tion was assessed using the Hosmer—Lemeshow test, and

&% IMR Press

model explanatory power was evaluated using the Nagelk-
erke R? coefficient.

The discriminatory performance of inflammatory
markers for MAE and AKI was evaluated using receiver
operating characteristic (ROC) analysis. The area under
the curve (AUC) was calculated, and optimal cut-off values
were determined using the Youden index. Pairwise com-
parisons of AUC values were performed using the DeLong
test.

All statistical analyses were two-tailed, and p < 0.05
was considered statistically significant.

3. Results

A total of 500 patients were included in the study.
MAE developed in 120 patients (24.0%). The most fre-
quent complication was AKI, observed in 81 patients
(16.2%), followed by sepsis in 48 patients (9.6%), mortality
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Table 1. Baseline demographic, clinical characteristics, and postoperative outcomes according to MAE.

Variable No MAE (n=380) MAE (n=120) p-value
Age (years), median (IQR) 62 (56-69) 61 (55.25-66) 0.337
Sex (Male, n, %) 305 (80.2) 89 (74.1) 0.154
Diabetes mellitus (n, %) 175 (46.1) 63 (52.5) 0.218
Hypertension (n, %) 205 (53.9) 88(73.3) <0.001
Prior coronary artery disease (n, %) 146 (38.4) 31(25.8) 0.012
Chronic obstructive pulmonary disease (n, %) 20(5.3) 9(7.5) 0.361
Chronic kidney disease (n, %) 5(1.3) 3(2.9) 0.405
EuroSCORE II, median (IQR) 3 (2-5) 4 (2-6) 0.011
Ejection fraction (%), median (IQR) 55 (50-60) 55 (45-60) 0.005
Cardiopulmonary bypass time (min), median (IQR) 99 (93-108.75) 98 (91-115) 1
Aortic cross-clamp time (min), median (IQR) 75 (71-85) 75.5 (70-88) 0.667
Duration of mechanical ventilation (hours), median (IQR) 8 (7-8) 8 (8-24) <0.001
ICU length of stay (days), median (IQR) 3(2-3) 4 (3-7) <0.001
Hospital length of stay (days), median (IQR) 7 (6-8) 10 (7-14) <0.001

Data are presented as the median (IQR) or n (%). ICU, Intensive care unit; IQR, Interquartile range; MAE, Major

adverse event; n, number.

Table 2. Preoperative laboratory parameters and inflammatory indices.

Variable

No MAE MAE p-value  Holm-adjusted p-value
White blood cell count (10%/uL), median (IQR) 8.06 (6.73-9.48) 8.11 (6.82-9.22) 0.816 -
Urea (mg/dL), median (IQR) 16 (13-19) 18 (14-22) 0.008 -

Creatinine (mg/dL), median (IQR)
NLR, median (IQR)

PLR, median (IQR)

SII, median (IQR)

PCT, median (IQR)

0.91 (0.80-1.04)
2.25 (1.73-2.91)
112.1 (88.1-142.8)
537.9 (400-751.9)
0.25 (0.21-0.29)

0.92 (0.80-1.13) 0.341 -

2.35(1.83-3.17) 0.224 1.000
120.8 (87.8-173.6) 0.052 0.518
558.5(421.8-907.7)  0.167 1.000
0.26 (0.22-0.30) 0.223 1.000

Data are presented as the median (IQR). IQR, Interquartile range; MAE, Major adverse event; NLR, neutrophil-to-lymphocyte ratio;

PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; PCT, plateletcrit. Holm adjustment was applied to the

16 prespecified comparisons involving NLR, PLR, SII, and PCT across four perioperative time points. Other laboratory variables

were not included in the multiplicity-adjustment family.

in 18 patients (3.6%), and stroke in 10 patients (2.0%) (Fig.
1). Among the components of the composite endpoint, AKI
was the most frequently observed event, occurring in 81 pa-
tients (16.2%). Because MAE was defined as a composite
endpoint, individual components were not mutually exclu-
sive.

The demographic, clinical, intraoperative, and post-
operative characteristics of the patients according to MAE
status are presented in Table 1. Regarding demographic and
clinical characteristics, hypertension was more frequent in
the MAE group than in the non-MAE group (73.3% vs.
53.9%; p < 0.001), whereas previously documented coro-
nary artery disease before the index CABG surgery was
less frequent in patients who developed MAE than in those
without MAE (25.8% vs. 38.4%; p = 0.012). EuroSCORE
IT values significantly differed between the groups (p =
0.011). Although ejection fraction also showed a statisti-
cally significant difference (p = 0.005), the median values
were comparable between the groups. Regarding intraop-
erative variables, cardiopulmonary bypass time and aortic
cross-clamp time did not significantly differ between the

groups (both p > 0.05). Regarding postoperative outcomes,
patients who developed MAE showed statistically longer
mechanical ventilation duration, intensive care unit stay,
and hospital stay than those without MAE (all p < 0.001).

Preoperative laboratory parameters and inflammatory
indices are presented in Table 2. There were no signifi-
cant differences between the groups in terms of white blood
cell count, NLR, PLR, SII, and PCT after Holm—Bonferroni
correction (all p >0.05). Only preoperative urea levels were
significantly higher in the MAE group (p = 0.008). There
was no significant difference between the groups with re-
spect to creatinine levels.

PODO laboratory parameters are presented in Table 3.
When evaluated in terms of inflammatory indices, no sig-
nificant differences were observed between the groups with
respect to NLR, PLR, SII and PCT values (p > 0.05). Con-
versely, white blood cell count (p =0.003), urea (p <0.001),
and creatinine (p < 0.001) levels were significantly higher
in the MAE group.

POD1 and POD3 laboratory parameters are presented
in Table 4. On POD1, white blood cell count, urea, creati-
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Table 3. Postoperative day 0 laboratory parameters and inflammatory indices.

Variable No MAE MAE p-value  Holm-adjusted p-value
White blood cell count (103/uL), median (IQR) 11 (8.9-13.2) 12.3 (9.6-15) 0.003 -

Urea (mg/dL), median (IQR) 13.2 (11-16) 16.9 (13.6-21) <0.001 -
Creatinine (mg/dL), median (IQR) 0.85 (0.75-1) 1.10 (0.85-1.37) <0.001 -

NLR, median (IQR) 15.1 (11.3-20.5) 16.9 (11.3-24.9) 0.113 0.906

PLR, median (IQR) 288.4 (211.7-382.5) 262.4 (202.2-392.9) 0.348 1.000

SII, median (IQR) 2775.9 (1997.8-3948.9) 3036.7 (1936.9-4411.7) 0.438 1.000

PCT, median (IQR) 0.19 (0.16-0.23) 0.19 (0.15-0.24) 0.310 1.000

Data are presented as median (IQR). IQR, Interquartile range; MAE, Major adverse event; NLR, Neutrophil-to-lymphocyte ratio; PCT,
Plateletcrit; PLR, Platelet-to-lymphocyte ratio; SII, Systemic immune-inflammation index. Holm adjustment was applied to the 16 prespec-
ified comparisons involving NLR, PLR, SII, and PCT across four perioperative time points. Other laboratory variables were not included

in the multiplicity-adjustment family.

nine, NLR, and SII values were significantly higher in the
MAE group (p <0.05). NLR and SII remained significantly
higher in the MAE group after Holm—Bonferroni correction
(adjusted p = 0.002 and adjusted p = 0.007, respectively).
However, no significant difference was observed in terms
of PLR.

On POD3, the differences between the groups became
more pronounced. White blood cell count, urea, creatinine,
NLR, PLR, and SII values were all significantly higher in
the MAE group (all p < 0.001). NLR, PLR, and SII were
significantly higher in the MAE group after correction (ad-
justed p <0.001, adjusted p =0.007, and adjusted p <0.001,
respectively). By contrast, PCT was significantly lower in
the MAE group (adjusted p = 0.001).

Multivariable logistic regression analysis is presented
in Table 5. Hypertension (OR: 2.11, 95% CI: 1.26-3.52; p
= 0.005) and NLR measured on POD3 (OR: 1.16 per unit
increase, 95% CI: 1.11-1.22; p < 0.001) were found to be
independently associated with the development of MAE.
Age, diabetes mellitus, prior history of coronary artery dis-
ease, preoperative creatinine level, aortic cross-clamp time,
and cardiopulmonary bypass duration were not significant
in the multivariable model. The model demonstrated good
calibration (Hosmer—Lemeshow p = 0.783) and moderate
explanatory power (Nagelkerke R?: 0.273).

The discriminatory performance of NLR across peri-
operative time points was evaluated using ROC analysis.
POD3 NLR showed the highest AUC for MAE discrimi-
nation compared with preoperative NLR, POD0O NLR, and
POD1 NLR. Pairwise comparison of AUC values using
the DeLong test showed that POD3 NLR had significantly
higher discriminatory performance than preoperative NLR
(AUC: 0.733 vs. 0.533; p < 0.001), PODO NLR (AUC:
0.733 vs. 0.544; p <0.001), and POD1 NLR (AUC: 0.733
vs. 0.619; p <0.001).

Among the evaluated POD3 inflammatory indices,
NLR demonstrated the highest discriminatory power for
MAE, with an AUC of 0.733 (95% CI: 0.680-0.787; p
< 0.001), followed by SII (AUC: 0.668, 95% CI: 0.610—
0.727; p < 0.001) and PLR (AUC: 0.605, 95% CI: 0.544—
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0.667; p =0.001). PCT showed an AUC below 0.5 (AUC:
0.379, 95% CI: 0.321-0.438; p < 0.001), indicating poor
discriminatory performance in the expected direction. The
ROC curve of POD3 NLR for MAE is shown in Fig. 2.

10 ROC Curve of POD3 NLR for MAE

0.8 1

Sensitivity
o
o

o
'S

0.2

= POD3 NLR (AUC = 0.733)
Reference line

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Fig. 2. Receiver operating characteristic (ROC) curve of post-
operative day 3 neutrophil-to-lymphocyte ratio (POD3 NLR)
for discrimination of major adverse event (MAE) (area under
the curve [AUC]: 0.733).

Based on ROC analysis, the optimal cut-off value for
NLR on POD3 was determined as 10 using the Youden in-
dex (sensitivity: 51.3%; specificity: 80.7%). This thresh-
old was used only for clinically interpretable risk stratifica-
tion and was not intended to imply improved discriminatory
ability compared with the continuous NLR variable. In the
threshold-based analysis, patients with NLR >10 on POD3
were linked to an increased risk of MAE (OR: 3.98, 95%
CI: 2.49-6.37; p < 0.001).
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Table 4. Postoperative day 1 and Postoperative day 3 laboratory parameters according to MAE Status.

. PODI1 PODI1 Holm-adjusted POD3 POD3 Holm-adjusted

Variable p-value p-value

No MAE MAE p-value No MAE MAE p-value
White blood cell count (10%/uL), median (IQR) 13 (10.8-15.7) 14.1 (11.9-17.9) 0.003 - 12 (9.7-14.5) 13.2 (10.6-16.7) <0.001 -
Urea (mg/dL), median (IQR) 15.4 (12.1-19) 22.5(18.3-29) <0.001 - 18 (14-22.2) 28.2 (20.9-37) <0.001 -
Creatinine (mg/dL), median (IQR) 0.8 (0.7-1) 1.2 (0.9-1.6) <0.001 - 0.87 (0.7-1) 1.21 (0.8-1.5) <0.001 -
NLR, median (IQR) 8.4 (6.6-11.6) 10.3 (7.4-16.4) <0.001 0.002 6.1(3.8-9) 10.3 (6.2-17.2) <0.001 <0.001
PLR, median (IQR) 138.3 (100.9-186.7) 151.6 (109.3-204.6) 0.054 0.518 126 (93.2-170.6) 148 (108.2-220.3)  <0.001 0.007
SII, median (IQR) 1477.8 (1045.1-2160.7) 1863.1 (1180.6-2726.4) <0.001 0.007 1183.6 (785.8-1757.2) 1655 (1128.4-2640.8) <0.001 <0.001
PCT, median (IQR) 0.18 (0.16-0.22) 0.18 (0.15-0.23) 0.782 1.000 0.21 (0.17-0.26) 0.19 (0.15-0.22) <0.001 <0.001

Data are presented as the median (IQR). IQR, Interquartile range; MAE, Major adverse event; POD, postoperative day. Holm adjustment was applied to the 16 prespecified comparisons involving NLR,

PLR, SII, and PCT across four perioperative time points. Other laboratory variables were not included in the multiplicity-adjustment family.
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Table 5. Multivariable logistic regression analysis for MAE.

Variable OR 95%CI  p-value
Age (per year) 1.024 0.998-1.051 0.071
Diabetes mellitus 1.143 0.708-1.845 0.585
Hypertension 2.105 1.257-3.524 0.005
Coronary artery disease 0.706 0.423-1.179 0.183
NLR at POD3 (per unit increase) 1.164 1.113-1.217 <0.001
Preoperative creatinine 1.155 0.637-2.095 0.636
Cross-clamp time (min) 0.999 0.975-1.023 0.915
Cardiopulmonary bypass time (min) 1.010 0.992-1.029 0.272

Data are presented as odds ratios (ORs) with 95% confidence in-
tervals (ClIs). Continuous variables are expressed per unit increase.
MAE, Major adverse event; NLR, Neutrophil-to-lymphocyte ratio;
POD3, Postoperative day 3.

In addition, multivariable analysis for AKI demon-
strated that POD3 NLR was independently associated with
the development of AKI (OR: 1.099, 95% CI: 1.057—1.142;
p < 0.001). In this model, POD3 NLR was evaluated to-
gether with age, hypertension, and preoperative creatinine
levels. The incidence of AKI was significantly higher in
patients with NLR =10 on POD3 (29.3% vs. 10.8%; p <
0.001). Based on this threshold, patients with NLR >10
had approximately a 3.4-fold increased risk of developing
AKI (OR: 3.436; 95% CI: 2.085-5.664).

The performance of inflammatory indices in discrimi-
nating AKI was evaluated using ROC analysis. POD3 NLR
demonstrated the highest discriminatory power for AKI
(AUC: 0.718, 95% CI: 0.656-0.780; p < 0.001), followed
by SII (AUC: 0.652, 95% CI: 0.585-0.719; p < 0.001) and
PLR (AUC: 0.609, 95% CI: 0.538-0.680; p = 0.002). PCT
showed an AUC below 0.5 (AUC: 0.405, 95% CI: 0.335—
0.475; p = 0.008), indicating poor discriminatory perfor-
mance in the expected direction.

4. Discussion

In this study, the relationship between perioperative
inflammatory markers and postoperative MAE was eval-
uated in patients undergoing elective CABG. The findings
indicate that the association between inflammatory markers
and clinical outcomes is markedly time-dependent, and that
the NLR measured on POD3 is independently associated
with MAE. By contrast, inflammatory indices measured in
the preoperative and early postoperative periods demon-
strated limited performance in discriminating clinical out-
comes. Thus, rather than simply confirming that postop-
erative inflammation is associated with adverse outcomes,
this study clarifies the relative performance and timing of
routinely available inflammatory indices and suggests that
POD3 NLR provides the most informative discrimination
for postoperative MAE in this cohort.

Although the dynamic behavior of inflammatory
markers after cardiac surgery has been previously investi-
gated, the present study adds to the literature by directly
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comparing NLR, PLR, SII, and PCT across multiple peri-
operative time points in the same elective on-pump CABG
cohort. Our findings suggest that the clinical relevance of
these markers is not uniform over time and that POD3 NLR
provides the most consistent discriminatory performance.
In addition, the component-level evaluation showed that the
association between POD3 NLR and the composite MAE
outcome was largely driven by AKI, which provides a more
nuanced interpretation of the prognostic value of postoper-
ative inflammatory markers.

In our study, the prevalence of hypertension was also
found to be higher in patients who developed MAE. Hyper-
tension is associated with chronic inflammation, endothe-
lial dysfunction, and vascular stiffness, all of which may
contribute to an increased risk of postoperative complica-
tions [15]. By contrast, the lower prevalence of a prior
history of coronary artery disease in the MAE group is
noteworthy. This finding may be related to closer clinical
follow-up or more optimal medical management in these
patients [16]. Furthermore, although mechanical ventila-
tion duration, intensive care unit stay, and hospital stay
were statistically longer in patients with MAE, the clin-
ical magnitude of these differences should be interpreted
cautiously. Therefore, these findings should be considered
supportive indicators of the postoperative course rather than
definitive evidence of a large clinical impact. In this regard,
our findings are consistent with the existing literature [17].

The absence of significant differences in inflamma-
tory markers in the preoperative period suggests that these
parameters may have limited utility in risk stratification
when used alone at baseline. Although previous studies
have reported an association between preoperative NLR
and adverse clinical outcomes, this relationship appears to
be variable across different patient populations and method-
ological approaches [2,3].

It is well established that the inflammatory response
following cardiac surgery is triggered by multifactorial
mechanisms, including surgical trauma, cardiopulmonary
bypass, and ischemia—reperfusion injury [18,19]. The in-
flammatory response observed in the early postoperative
period is generally considered to be physiological, and
therefore may have limited value in discriminating clinical
outcomes [19]. The absence of significant differences in
inflammatory indices at PODO in our study supports this
notion.

Although differences between the groups in certain
inflammatory markers began to emerge on POD1, one of
the most notable findings of our study is that the dynamic
changes in inflammatory markers over time play a deci-
sive role in their association with clinical outcomes. Con-
versely, on POD3, inflammatory markers were markedly
higher in patients who developed MAE, providing a clear
separation between the groups. Importantly, POD3 reflects
a phase of persistent inflammatory response rather than the
early surgical stress response. Therefore, NLR values mea-


https://www.imrpress.com

sured at this time point appear to demonstrate greater util-
ity for clinical risk stratification, which is consistent with
the underlying biological processes. It is well established
that the systemic inflammatory response following cardiac
surgery is triggered by ischemia—reperfusion injury, car-
diopulmonary bypass, and neuroendocrine activation, and
that persistence of this response is associated with organ
dysfunction [18,19]. Importantly, the between-group dif-
ferences in POD3 NLR, PLR, SII, and PCT remained statis-
tically significant after Holm—Bonferroni correction, sup-
porting the robustness of the observed late postoperative
associations.

In our study, the comparative evaluation of different
inflammatory indices within the same patient population
demonstrated that only NLR yielded consistent and signif-
icant results, both as a continuous variable and when ana-
lyzed using the predefined threshold (=10). The higher dis-
criminatory power of NLR compared to other inflammatory
indices in ROC analysis may be explained by its ability to
simultaneously reflect systemic inflammation through both
neutrophil activation and lymphocyte suppression [5,20].
From a clinical perspective, the observed effect sizes—
particularly for POD3 NLR—suggest a clinically meaning-
ful association. However, these effects should be inter-
preted in light of the limitations of the study design. In
addition to statistical significance, consideration of effect
sizes is important for the clinical interpretation of findings.
In daily practice, POD3 NLR may serve as a simple ad-
junctive marker to identify patients who may benefit from
closer postoperative surveillance, renal function monitor-
ing, and careful evaluation for infectious or inflammatory
complications. However, it should not be used as a stan-
dalone predictor, and clinical decisions should be based on
the overall clinical context.

By contrast, the weaker and more variable perfor-
mance of more complex indices such as SII and PLR in
the present study suggests that these parameters may pro-
vide limited incremental prognostic value compared with
NLR, although previous studies have reported associa-
tions between these indices and postoperative outcomes af-
ter CABG [4]. Although PCT is associated with saphe-
nous vein graft disease after CABG and with cardiopul-
monary bypass-related hematological changes in open-
heart surgery, these associations do not necessarily trans-
late into reliable discrimination of early postoperative ad-
verse outcomes [21,22]. In our cohort, PCT demonstrated
poor discriminatory ability, suggesting a limited prognostic
value for the outcome assessed in this patient group.

The relatively high frequency of MAE in the present
cohort should be interpreted in the context of the compos-
ite endpoint definition. MAE included mortality, stroke,
sepsis, and AKI, and these components were not mutually
exclusive. In addition, AKI was the most frequent compo-
nent and was defined according to KDIGO criteria, which
may include mild postoperative renal dysfunction. There-

fore, the overall MAE rate mainly reflects the cumulative
burden of postoperative complications rather than the inci-
dence of a single severe event.

In this study, the association between NLR and MAE
appeared to be closely related to the AKI component, which
was the most frequently observed event within the com-
posite outcome. The higher risk of AKI associated with
a POD3 NLR =10, coupled with comparable ROC find-
ings for AKI and MAE, suggests that inflammatory indices
are primarily capturing postoperative renal complications
within the composite endpoint. The relationship between
systemic inflammation and AKI following CABG has also
been demonstrated in previous studies [8]. This association
may be explained by the close relationship between inflam-
matory activation, impaired renal perfusion, and microcir-
culatory dysfunction [23].

However, the threshold-based analysis should be in-
terpreted cautiously. The NLR =10 cut-off was used to
provide a clinically interpretable risk stratification thresh-
old and should not be considered evidence of improved
discriminatory ability compared with the continuous NLR
variable. Categorizing a continuous biomarker may am-
plify apparent group differences without increasing the
marker’s intrinsic discriminatory performance. Therefore,
the continuous NLR analysis and ROC-based discrimina-
tory performance remain the primary basis for interpreting
the prognostic value of POD3 NLR.

These findings highlight the importance of analyzing
individual components when interpreting composite end-
points. Because AKI was the most frequent component of
MAE, the observed associations should not be generalized
equally to all components of the composite outcome.

However, the measurement of inflammatory markers
at specific time points constitutes an important methodolog-
ical limitation. In particular, it cannot be excluded that NLR
values measured on POD3 may have been obtained after
the development of MAE in some patients. This raises the
possibility that the observed association may reflect the in-
flammatory response accompanying existing complications
rather than a causal relationship. Therefore, POD3 NLR
may be more appropriately interpreted not as a true pre-
dictor, but rather as a biomarker or risk stratification tool
reflecting early postoperative complications.

This study had several notable strengths. First, it was
conducted in a relatively large and homogeneous patient
population, which enhances the robustness of the findings.
Second, the evaluation of inflammatory markers at multiple
preoperative and postoperative time points (PODO0, PODI,
and POD3) allowed for assessment of the temporal dynam-
ics of the inflammatory response. Third, the comparative
analysis of different inflammatory indices, including NLR,
SII, PLR, and PCT, within the same patient population con-
tributed to identifying the most clinically reliable parameter
among them.
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Moreover, the use of both continuous variable analysis
and a clinically applicable threshold value (NLR >10) im-
proves the practical applicability of the findings. Finally,
additional analyses focusing on AKI enabled a more de-
tailed evaluation of the components of the composite end-
point, allowing for a more in-depth interpretation of the re-
sults.

Limitations

This study had several important limitations. First, the
retrospective, single-center design of this study may lead
to selection bias and limit the generalizability of the find-
ings. Inflammatory markers can be influenced by multiple
factors, including surgical trauma, infection, blood transfu-
sions, and medications, and these variables cannot be fully
controlled. Although patients receiving routine hemodial-
ysis were excluded and the prevalence of chronic kidney
disease was low, pre-existing renal dysfunction may still
have influenced postoperative AKI and MAE risk. There-
fore, residual confounding related to baseline renal function
cannot be completely excluded.

Second, because inflammatory markers were mea-
sured at specific time points, some may have been taken
after complications had already developed. This creates a
risk of reverse causality, meaning it is unclear if the NLR
is a true predictor of complications or simply an early indi-
cator of them. Moreover, due to the lack of detailed data
regarding the timing of MAE, the temporal relationship
between inflammatory marker measurements and clinical
events could not be definitively established. This further in-
creases the likelihood of reverse causality and necessitates
cautious interpretation of the findings.

The heterogeneous nature of the composite endpoint
(MAE), and particularly the predominance of the AKI com-
ponent in this study, suggests that the results may mainly re-
flect a specific complication. Therefore, the findings should
not be generalized equally across all components of MAE.
In addition, sepsis was identified retrospectively based
on consultation records and clinical documentation, which
may have introduced classification variability. The evalua-
tion of inflammatory markers only at predefined time points
may have limited the assessment of dynamic changes over
time. Longitudinal trajectory analyses, such as repeated-
measures correlation or linear mixed-effects models, were
not performed because the primary objective of this study
was to compare the association and discriminatory perfor-
mance of inflammatory indices at predefined perioperative
time points rather than to model within-patient temporal
changes. Therefore, the within-patient evolution of inflam-
matory indices over time could not be fully characterized.

5. Conclusions

The prognostic value of inflammatory indices after
elective on-pump CABG appears to be time-dependent.
Among the evaluated markers, POD3 NLR showed the
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strongest and most consistent association with postopera-
tive MAE, largely reflecting AKI-related AEs. However,
given the retrospective design and the possibility of reverse
causality, POD3 NLR should be interpreted as a practi-
cal postoperative risk stratification biomarker rather than
a definitive predictor. Prospective multicenter studies are
needed to validate these findings.
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