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Abstract

Background: The neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), and lymphocyte—monocyte ratio (LMR) are
recognized markers linked to inflammation and have been studied across various fields. This study aimed to evaluate which systemic
inflammation indices are more specific to post-cardiac surgery mortality and morbidity. Method: A total of 1528 cardiac surgery patients
were retrospectively analyzed, including a subset of 1205 patients who underwent coronary artery bypass grafting (CABG). This study
assessed the associations between the NLR, PLR, and LMR and postoperative complications. The predictive accuracy of indices was
also specifically compared within the CABG subgroup. While the NLR and PLR indicated the occurrence of events, the LMR, with
a receiver operating characteristic curve below 0.5, was interpreted as “free of events”. The cut-off values were determined as NLR:
3.10, PLR: 143.9, and LMR: 3.52. Results: The NLR correlated with higher mortality and complications, whereas the PLR showed
no significant relation to neurological complications. The LMR was found to be related to the non-occurrence of events. Patients with
higher NLR and PLR values experienced increased mortality and major adverse cardiac and cerebrovascular events, as well as a higher
incidence of complications, including postoperative revision, atrial fibrillation (AF), and renal issues. Conversely, higher LMR values
corresponded with lower rates of such complications. Conclusion: The NLR has emerged as a crucial indicator for predicting mortality
and complications in cardiac surgery patients, more so than the PLR and LMR. Specifically, the NLR can be used to indicate the risk of
mortality and complications in cardiac surgery. This prediction can be supported further using the PLR and LMR.
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Introduction

It is increasingly accepted that systemic inflammation
plays a fundamental role in the pathophysiology and clinical
course of cardiovascular diseases [1]. Chronic inflamma-
tion is reported in the literature as a key factor in the desta-
bilization of atherosclerotic plaques, thrombus formation,
and myocardial damage [2]. In addition, numerous stud-
ies have studied the relationship between systemic inflam-
matory processes and valve [3] and aortic diseases [4]. In-
flammation indices such as the neutrophil-lymphocyte ratio
(NLR), platelet-lymphocyte ratio (PLR), and lymphocyte—
monocyte ratio (LMR), which have recently increased in
popularity, have been used to predict the outcome of car-
diac and many other surgical procedures [5-8].

However, to our knowledge, no comparative study has
been presented in the literature to determine which of these
indices is the most powerful tool in predicting mortality and
morbidity after cardiac surgery. Therefore, this study is
based on a large patient population that has undergone var-
ious cardiac surgeries, and aimed to evaluate the relation-
ships between the NLR, PLR, and LMR and 1-year mortal-
ity and morbidity after cardiac surgery to determine which
of these indices has the highest predictive value.

Materials and Methods

This study received ethical approval from the Istan-
bul University-Cerrahpasa Non-Interventional Clinical Re-
search Ethics Committee, chaired by Prof. Dr. Aysem
Kaya, on June 7, 2023, under approval number 2023/93.

The study included all cardiac surgery patients, ret-
rospectively screened at our university clinic over the last
10 years. The study included adult patients (aged >18
years) who underwent elective cardiac surgery using car-
diopulmonary bypass (CPB). Patients were excluded if they
underwent emergency operations or re-operations, pedi-
atric or adult congenital heart surgeries, surgeries without
CPB (off-pump), or had conditions such as infective en-
docarditis, rheumatological, hematological, or oncological
diseases, or were receiving immunosuppressive therapy. A
total of 1528 patients who met the criteria were included in
the study.

Laboratory Analysis of Blood Parameters

Peripheral venous blood samples were collected from
all patients within 48 hours before cardiac surgery. Hema-
tological parameters were analyzed using the Beckman
Coulter DxH 800 automated hematology analyzer (Beck-
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man Coulter Inc., Brea, CA, USA); meanwhile, bio-
chemical analyses were performed using the Roche Cobas
e411 analyzer (Roche Diagnostics, Mannheim, Germany)
according to the manufacturer’s standard protocols. All
analyses were conducted in the central laboratory in the hos-
pital by trained personnel in accordance with institutional
quality control standards. Reference ranges for hematolog-
ical and biochemical parameters were consistent with cur-
rent laboratory guidelines.

Definitions

Atrial fibrillation (AF): The presence of complications
was accepted in patients with any postoperative AF episode
lasting >30 seconds, detected via 12-lead electrocardiogra-
phy, and diagnosed as AF after surgery [9].

Myocardial infarction (MI): During the first 72 hours
following coronary artery bypass grafting (CABG), the di-
agnosis of MI associated with CABG is accepted when cre-
atine kinase and troponin levels exceed five times the 99th
percentile of the normal reference range, combined with
new pathological Q-waves, the emergence of a new left
bundle branch block, or newly documented graft or natu-
ral coronary artery occlusion via angiography [10]. In the
postoperative period, patients meeting these criteria and re-
quiring revascularization through surgical or percutaneous
interventions are considered to have the complication.

Major adverse cardiovascular and cerebrovascular
events (MACCESs): A composite outcome including MI,
stroke, cardiovascular death, and the need for urgent revas-
cularization.

Prolonged intubation: Patients who required mechan-
ical ventilation for more than 24 hours after surgery were
considered to have prolonged intubation.

Acute kidney injury (AKI): The presence of compli-
cations was acknowledged if a diagnosis of AKI was made
within 7 days postoperatively according to the Acute Kid-
ney Injury Network (AKIN) criteria [11]; this includes an
increase in creatinine to 1.5-2 times the preoperative level,
a rise of 0.3 mg/dL within 48 hours, or a decrease in urine
output to less than 0.5 mL/kg/hour.

Transient ischemic attack (TIA): The presence of com-
plications was acknowledged in patients who experienced a
transient neurological deficit that resolved within 24 hours
without sequelae and did not show findings on magnetic
resonance imaging (MRI) [12].

Cerebrovascular event (CVE): The presence of com-
plications was acknowledged in patients who experienced a
neurological deficit accompanied by findings on magnetic
resonance or computed tomography imaging [12].

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) ver-
sion 21 software (IBM Corp., Armonk, NY, USA) was
used for statistical analyses. Descriptive statistical methods
(median, frequency, percentage, 25th, and 75th percentile)

were employed to evaluate the study data. The suitability
of quantitative data for normal distribution was tested us-
ing the Kolmogorov—Smirnov and Shapiro—Wilk tests, as
appropriate, and further examined graphically. For com-
parisons between two groups of quantitative variables, the
Mann—Whitney U test was used because the data did not
exhibit a normal distribution. Categorical data were com-
pared using the Chi-square test and Fisher’s exact test. Re-
ceiver operating characteristic (ROC) analysis was applied
to determine estimation accuracy. To control for the risk
of Type I error due to multiple comparisons across inflam-
matory indices, Bonferroni correction was used where ap-
plicable. The Bonferroni-corrected significance level was
set at p < 0.0028 (0.05/18), accounting for the 18 individ-
ual hypothesis tests performed across each inflammatory
index. Accordingly, adjusted p-values were used to deter-
mine statistical significance in related analyses. A p-value
< 0.05 was considered statistically significant unless oth-
erwise specified due to correction. Initially, analyses were
conducted on all patients included in the study, and then
analyses were repeated on patients who underwent isolated
CABG.

Cut-off Values

The NLR was found to be statistically significant (p
< 0.05) for in-hospital mortality, mortality at 1 month, 6
months, 12 months, MACCEs, and the presence of compli-
cations, while the PLR was found to be statistically non-
significant for in-hospital mortality, TIA and CVE accord-
ing to the ROC curve (p = 0.066 and p = 0.523, respec-
tively). Unlike the NLR and PLR, the LMR consistently
yielded an area under the ROC curve below 0.5 when an-
alyzed in relation to the occurrence of complications. This
statistical behavior suggested a potential inverse associ-
ation, whereby higher LMR values might correspond to
the non-occurrence of complications. Therefore, to enable
a meaningful comparison with the NLR and PLR, the ROC
analysis for the LMR was interpreted in terms of the ability
of this ratio to predict the non-occurrence of events. This
methodological adjustment should be considered when in-
terpreting the comparative predictive performance of the
three indices, as the adjustment reflects an inverse analyti-
cal orientation unique to the LMR due to its distributional
characteristics. Following the evaluation of the ROC curves
for the NLR, PLR, and LMR, multiple potential cut-off val-
ues were assessed based on their sensitivity, specificity, and
overall predictive performance. Among these, the most ap-
propriate cut-off values were identified as 3.10 for the NLR,
143.9 for the PLR, and 3.52 for the LMR, as these ratios
demonstrated the highest diagnostic accuracy in predicting
relevant outcomes.

Results

The demographic and clinical characteristics of the
1528 patients included in the study are presented in Ta-
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Table 1. Distribution of demographic and clinical characteristics of all patients.

n (%) Mean =+ standard deviation Median (Q1-Q3)
Gender
Male 1152 (75.4)
Female 376 (24.6)
Age 61.1+9.9 61 (55-68)
Height 167.5 £ 8.5 168 (161-174)
Weight 79.7 £ 15 79 (70-87)
BMI 284+ 5.1 27.8 (25.1-30.8)
BMI >30 (obese) 475 (31.1)
Procedure
Isolated CABG 1205 (79)
Combined CABG 1319 (86.3)
Aortic valve 172 (11.3)
Mitral valve 178 (11.6)
Tricuspid valve 61 (4)
Ascending aorta 61 (4)
Hypertension 1279 (83.7)
Diabetes mellitus 975 (63.8)
Hyperlipidemia 1077 (70.5)
COPD 361 (23.6)
CVE 70 (4.6)
Peripheral artery disease 122 (8)
MI 629 (41.2)
Renal failure 200 (13.1)
EF 542+ 8.4 60 (48-60)
EF <40 (low EF) 137.(9)
Medication
Antihypertensive 991 (64.9)
Beta blockers 635 (41.6)
Calcium channel blocker 274 (17.9)
Antiaggregant 900 (41.6)

CABG, coronary artery bypass grafting; CVE, cerebrovascular event; MI, myocardial infarction;

BMI, body mass index; EF, ejection fraction; COPD, chronic obstructive pulmonary disease.

ble 1. When comparing the NLR, PLR, and LMR based
on demographic and clinical characteristics, comorbidities,
and medication usage, it was observed that patients with
a NLR >3.10 had a higher incidence of renal failure di-
agnoses. Likewise, the rate of renal failure diagnosis was
higher in patients with a PLR >143.9, while the use of anti-
hypertensive medications was less frequent. Interestingly,
the rates of diabetes diagnosis were higher in patients with a
LMR >3.5; however, the rates of renal failure diagnosis and
beta-blocker usage were lower. No significant differences
were observed in the rates of other comorbidities, medica-
tion usage, demographics, and clinical characteristics.

The predictive values of the NLR, PLR, and LMR
were evaluated in relation to in-hospital mortality, 1-month,
6-month, and 12-month mortality, as well as MACCEs and
complications. Upon examination of the ROC curves, the
NLR and PLR were found to be the most successful in pre-
dicting 12-month mortality associated with the complica-
tions (Fig. 1). Since the LMR curve fell below 0.5, the ROC
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curve was interpreted as representing an absence of events.
Moreover, the analysis of the ROC curve revealed that the
LMR was most effective in predicting the non-occurrence
of renal complications (Fig. 2). The ROC analysis results
for the NLR, PLR, and LMR revealed no significant overall
differences in prognostic performance between males and
females, as well as between younger (<65) and older (>65)
age groups for most outcomes.

The comparisons for the NLR, PLR, and LMR in rela-
tion to mortality and postoperative complications revealed
that patients with a NLR >3.1, PLR >143.9, and LMR
<3.5 had significantly higher rates of in-hospital mortality.
These patients also exhibited higher 1-month, 6-month, and
12-month mortalities, in addition to an increased incidence
of MACCEs. Among these variables, only the duration of
hospital stay showed no significant difference in relation to
the NLR.

Furthermore, an elevated NLR (>3.10) was associated
with higher rates of various postoperative complications,
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Fig. 1. NLR and PLR ROC curves for 12-month mortal-
ity. NLR AUC: 0.628; 95% CI: 0.578-0.677; PLR AUC: 0.587;
95% CI: 0.535-0.640. NLR, neutrophil-lymphocyte ratio; PLR,
platelet-lymphocyte ratio; ROC, receiver operating characteristic;
CI, confidence interval; AUC, area under the curve.
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Fig. 2. LMR ROC curve for the non-occurrence of renal com-
plications. The red line corresponds to the reference line, and the
blue line represents the LMR. LMR AUC: 0.603; 95% CI: 0.553—
0.654. LMR, lymphocyte-monocyte ratio.

including revision surgery, AF, pneumonia, prolonged in-
tubation, AKI, need for renal replacement therapy (RRT),
TIA, and CVEs. Similarly, a PLR >143.9 was linked to
increased rates of revision surgery, AF, pneumonia, pro-
longed intubation, AKI, and RRT. In contrast, patients with
aLMR >3.5 exhibited significantly lower rates of AF, AKI,
RRT requirement, TIA, and CVE (Table 2).

When examining 1205 patients who underwent iso-
lated CABG, comparisons between the NLR, PLR, and
LMR and mortality and morbidity variables and postoper-
ative complications revealed that, unlike in the entire pa-

tient cohort, the RRT requirement became statistically non-
significant. Similarly, the relationship between the PLR
and both AF and prolonged intubation no longer exhibited
significance (Table 3).

Discussion

Cardiac surgery is a major surgical procedure and,
as expected, carries risks of postoperative complications
and mortality. Therefore, accurately assessing risk factors,
predicting postoperative outcomes, and minimizing risks
is critically important for success. Traditional biomark-
ers such as high-sensitivity C-reactive protein (hs-CRP),
erythrocyte sedimentation rate, and fibrinogen levels have
been extensively studied for their predictive value in both
coronary artery disease and the postoperative course of car-
diac surgery. Indeed, in the most recent meta-analysis in-
volving 7068 cases, hs-CRP was associated with coronary
heart disease, although this association appeared weaker
than that of fibrinogen [13]. Meanwhile, another meta-
analysis indicated a significant but weak-to-moderate cor-
relation between preoperative and postoperative fibrino-
gen levels and postoperative blood loss in cardiac surgery
[14]. In contrast, erythrocyte sedimentation rate generally
does not affect postoperative morbidity or mortality un-
less elevated to >40 mm/h, at which point this rise can
increase the length of postoperative ICU and hospital stay
[15]. Although the relationship between inflammatory in-
dices and complications has been extensively studied, we
identified no study in the literature that conclusively deter-
mines which index best predicts complications after cardiac
surgery. Thus, this study aimed to identify the most robust
among the NLR, PLR, and LMR indices.

We designed our study to examine on-pump cardiac
surgery; however, prior studies have explored whether
these inflammatory indices have predictive value in off-
pump CABG. Indeed, the NLR and MLR are consid-
ered significant predictors of all-cause long-term mortal-
ity following surgical revascularization performed with the
off-pump technique, particularly when combined with de-
mographic factors (ages above 62 years) and echocardio-
graphic parameters [ 16]. Additionally, studies have demon-
strated that the NLR and PLR are important hematological
parameters for predicting poor outcomes after Off Pump
CABG [17].

In our study, the relationships between the NLR, PLR,
and LMR indices and mortality and morbidity within 12
months after adult cardiac surgery were evaluated, and pre-
dictive values for each were calculated for routine clini-
cal practice. However, instead of calculating a predictive
value for each complication, the mortality and complica-
tion risks were assessed in groups to enhance suitability for
daily practice and facilitate comparisons, aiming to deter-
mine a single predictive value. These values were calcu-
lated as 3.10 for the NLR, 143.9 for the PLR, and 3.5 for
the LMR.
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Table 2. Comparison of inflammatory indices and their association with postoperative complications.

. o NLR (n) PLR (n) LMR

Postoperative complication

<3.10(1068) >3.10(460) p-value BAS <143.9(1080) >143.9(448) p-value BAS <3.5(971) >3.5(557) p-value BAS
Revision 48 (4.5) 32(7) 0.0471 NS 47 (4.4) 33(7.4) 0.0161 NS 53(5.5) 27 (4.8) 0.606! NS
AF 261 (24.4) 147 (32) 0.0021 S 264 (24.4) 144 (32.1) 0.0021 S 284(29.2)  124(22.3)  0.003! NS
MI 79 (7.4) 43 (9.3) 0.197% NS 85(7.9) 37(8.3) 0.7991 NS 81(8.3) 41 (7.4) 0.496! NS
Pneumonia 150 (14) 116 (25.2) <0.0011 S 165 (15.3) 101 (22.5) 0.001* S 182 (18.7) 84 (15.1) 0.0691 NS
Prolonged intubation 115 (10.8) 94 (20.4) <0.0011 S 132 (12.2) 77 (17.2) 0.010* NS 143 (14.7) 66 (11.8) 0.115% NS
AKI 75 (5) 69 (15) <0.001* S 77 (7.1) 67 (15) <0.0011 S 109 (11.2) 35(6.3) 0.001* S
Dialysis (RRT) 20 (1.9) 21 (4.6) 0.0031 NS 20 (1.9) 21 (4.7) 0.0021 S 34 (3.5) 7 (1.3) 0.009* NS
TIA 47 (4.4) 43(9.3) <0.001* S 57 (5.3) 33(7.4) 0.1141 NS 67 (6.9) 23 (4.1) 0.0271 NS
CVE 42 (3.9) 37 (8) 0.0011 49 (4.5) 30 (6.7) 0.0831 NS 60 (6.2) 19 (3.4) 0.0191 NS
Superficial wound infection 89 (8.3) 42 (9.1) 0.6101 NS 91 (8.4) 40 (8.9) 0.7491 NS 79 (8.1) 52(9.3) 0.4201 NS
DSWI 21 (2) 12 (2.6) 0.4281 NS 20 (1.9) 13 (2.9) 0.1991 NS 19 (2) 14 (2.5) 0.4711 NS
In-hospital mortality 55(5.1) 43 (9.3) 0.0021 S 57(5.3) 41 (9.2) 0.0051 S 72 (7.4) 26 (4.7) 0.0351 NS
1-month mortality 47 (4.4) 43 (9.3) <0.0011 S 48 (4.4) 42(9.4) <0.0011 S 66 (6.8) 24 (4.3) 0.0471 NS
6-month mortality 67 (6.3) 68 (14.8) <0.0011 S 74 (6.9) 61 (13.6) <0.0011 S 101 (10.4) 34 (6.1) 0.0041 NS
12-month mortality 71 (6.6) 72 (15.7) <0.001* S 78 (7.2) 65 (14.5) <0.0011 S 107 (11) 36 (6.5) 0.003* NS
MACCEs 143 (13.4) 106 (23) <0.001* S 156 (14.4) 93 (20.8) 0.0021 S 176 (18.1) 73 (13.1) 0.0111 NS
Intensive care length of stay (days) 2 (2-3) 2 (2-5) <0.0012 S 2(2-3) 2(2-4) 0.0032 S 2(2-4) 2(2-3) 0.0752 NS
Hospital length of stay 6 (6-8) 6 (5-9) 0.3622 NS 6 (5-8) 6 (5-9) 0.1372 NS 6 (5-8) 6 (6-8) 0.9782 NS

1 Chi square test; 2 Mann-Whitney U test; BAS, Bonferroni-adjusted significance; S, statistically significant after Bonferroni correction (adjusted a = 0.0028); NS, not significant after Bonferroni
correction. Continuous data are shown as median (Q1-Q3), and categorical data are shown as n (%). AKI, acute kidney injury; RRT, renal replacement therapy; TIA, transient ischemic attack;
MACCESs, major adverse cardiovascular and cerebrovascular events; DSWI, Deep sternal wood infection.


https://www.imrpress.com

Table 3. Comparison of inflammatory indices and their association with postoperative complications in isolated CABG patients.

, . NLR (n) PLR (n) LMR (n)

Postoperative complication

<3.10(864) >3.10(341) p-value BAS <143.9(888) >143.9(317) p-value BAS <3.5(762) >3.5(443) p-value BAS
Revision 28 (3.2) 20 (5.9) 0.036! NS 29 (3.3) 19 (6) 00331 NS  31(41) 17(3.8)  0.8431 NS
AF 146 (16.9) 75 (22) 0039 NS 160 (18) 61(19.2) 06290 NS  155(203)  66(149)  0.019! NS
MI 64 (7.4) 37(10.9) 0.052! NS 70 (7.9) 31(9.8) 02961 NS  66(8.7) 35(7.9)  0.646! NS
Pneumonia 102 (11.8) 72(21.1) <0001 S 111 (12.5) 63 (19.9) 0.0011 S 114(15)  60(13.5)  0.500! NS
Prolonged intubation 72 (8.3) 61(179)  <0.001' S 89 (10) 44 (13.9) 00601 NS  92(12.1)  41(9.3)  0.132! NS
AKI 47 (5.4) 38(11.1)  <0.001 S 49 (5.5) 36(114) <0001 S 65 (8.5) 20(4.5)  0.009 NS
Dialysis (RRT) 12 (1.4) 10 (2.9) 0.071' NS 11 (1.2) 11 (3.5) 00111 NS  20(2.6) 2(0.5) 0.0071 NS
TIA 33(3.8) 25(7.3) 00101 NS 42 (4.7) 16 (5) 08211 NS  42(5.5) 16(3.6)  0.137 NS
CVE 25(2.9) 23 (6.7) 0.002! S 33(3.7) 15 (4.7) 04271 NS 37(4.9) 1125  0.042! NS
Superficial wound infection 70 (8.1) 28 (8.2) 09501 NS 71 (8) 27 (8.5) 07701 NS 60(7.9) 38(8.6)  0.666 NS
DSWI 15(1.7) 7@2.1) 07111 NS 15 (1.7) 7(2.2) 0.5541 NS 11 (1.4) 11(2.5)  0.194! NS
In-hospital mortality 30 (3.5) 26 (7.6) 0.0021 S 33(3.7) 23(7.3) 00100 NS  42(5.5) 14(32)  0.062! NS
1-month mortality 26 (3) 26(7.6) <0001 S 28(3.2) 24 (7.6) 0.0011 S 40 (5.2) 12(27)  0.036! NS
6-month mortality 37 (4.3) 43(12.6)  <0.001' S 45 (5.1) 35(11) <0.001' S 61 (8) 19(4.3)  0.012! NS
12-month mortality 41 (4.7) 47(13.8)  <0.001' S 49 (5.5) 39(123) <0001 S 67 (8.8) 21(47)  0.009 NS
MACCEs 101 (11.7) 75 (22) <0.001' S 114 (12.8) 62 (19.6) 0.0041 NS  125(164) 51(11.5)  0.020! NS
Intensive care length of stay (days) 2 (2-3) 2 (2-4) 0.0252 NS 2(2-3) 2(2-3) 0.0692 NS 2(2-3) 2(2-3) 02752 NS
Hospital length of stay 6 (5-7) 6 (5-8) 06192 NS 6 (5-7) 6 (5-8) 0.5052 NS 6 (5-7) 6(5-7) 05172 NS

o)

2,

(i

4
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L Chi square test; 2 Mann-Whitney U test; BAS, Bonferroni-adjusted significance; S, statistically significant after Bonferroni correction (adjusted a = 0.0028); NS, not significant after Bonferroni
correction. Continuous data are shown as median (Q1-Q3), and categorical data are shown as n (%).
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In the meta-analysis conducted by Perry ez al. [18], 12
studies were combined to assess the predictive value of the
NLR, with the predictive values ranging between 2.6 and
3.4 [5]. For the PLR, studies examining predictive values
encountered values between 119.3 and 142.6 [19-21]. The
predictive value was distinctly set at 86.2 only in the study
by Navani ef al. [22], which evaluated the relationship be-
tween the PLR and AF, which differs from that in other ex-
isting literature. The researchers reported that this unique
predictive value was chosen to question the independent re-
lationship between the PLR and AF, due to differences in
the statistical model used in the analysis of the study [22].
However, neither Saskin ef al. [20] nor Gungor et al. [21]
disclosed the statistical model that was employed to deter-
mine the predictive values presented in their studies; mean-
while, neither study provided the PLR distribution data for
their cohorts. When examining the literature for the predic-
tive value of the LMR, we encountered values consistent
with our study, ranging between 2 and 4.8 [6,23-26].

Notably, a significant relationship between a high
NLR and monthly mortality was found in three separate
studies conducted by Wang et al. (2707 patients) [27], Ha-
ran et al. (1694 patients) [28], and Silberman et al. (3207
patients) [29]. In contrast, to our knowledge, no study link-
ing preoperative PLR value with short-term mortality af-
ter cardiac surgery has been found in the literature. Only
in the study by Tzikos et al. [19], involving 189 patients,
were postoperative PLR values found to be related to three-
month mortality. In the study led by Zhou ef al. [6], which
included 1701 patients who were followed for four years,
low LMR values were noted to be related to in-hospital,
one-month, and three-month mortality. When comparing
the ability of the indices to predict short-term mortality, the
NLR was the best test for predicting both in-hospital and
one-month mortality.

When investigating the relationship between the NLR
and both short-term and long-term mortality after cardiac
surgery, a meta-analysis conducted by Perry et al. [18],
which included eight studies with a total of 9528 patients,
found that high NLR values were associated with increased
mortality. In a study conducted with 916 CABG patients,
Saskin et al. [20] found that high PLR values were asso-
ciated with mortality. Additionally, a study investigating
the relationship between the LMR and four-year mortality
indicated that a low LMR was associated with higher mor-
tality [6]. In our research, the NLR and PLR were found
to be associated with six-month and one-year mortality;
meanwhile, the LMR was significantly related to the ab-
sence of mortality over similar periods. Among 1205 pa-
tients who underwent isolated CABG, those with a NLR
>3.10 and a PLR >143.9 had significantly higher rates of
in-hospital, one-month, six-month, and one-year mortali-
ties compared to other patients. Conversely, although pa-
tients with a LMR >3.5 appeared to have lower rates of
in-hospital, one-month, six-month, and one-year mortali-

&% IMR Press

ties, these differences were not statistically significant after
Bonferroni correction. When comparing the indices inter-
nally, the NLR was found to be the most suitable test for
predicting both the six-month and one-year mortality.

In the study conducted by Gurbuz et al. [30], which
followed 751 CABG patients for eight years, it was reported
that the NLR could predict MACCESs independently of the
risk status of the patients. In a study led by Abanoz and En-
gin [31], involving 297 patients, it was noted that the NLR
could predict MACCE:s, but the PLR could not. No stud-
ies in the literature have been found that evaluate the rela-
tionship between the LMR and MACCEs following cardiac
surgery. In our study, a high NLR and PLR were found to be
associated with one-year MACCEs, while a high LMR was
related to the absence of MACCEs over one year. When
the isolated CABG was examined, results consistent with
the total population were observed. When comparing the
indices, the NLR was found to be the most suitable index
for predicting MACCEs.

When examining studies that investigate the relation-
ship between cardiac complications and systemic inflam-
matory indices, the most frequently noted association is be-
tween the NLR, PLR, and AF [21,22,28,32-35]. While
most studies associate a high NLR with AF, studies con-
ducted by Haran ef al. [28] and Durukan et al. [35] found
no significant relationship between the NLR and AF. Mean-
while, a disagreement exists in the literature regarding the
relationship between the PLR and AF. Some studies argue
that a significant relationship exists between a high PLR and
AF [21,33], while others report no significant relationship
[22,32]. In this study, higher incidences of AF were ob-
served in patients above the NLR and PLR predictive val-
ues. Thus, we believe it is necessary to evaluate the number
of patients included in the study, the type of surgery they un-
derwent, and their preoperative characteristics. When ex-
amining the comorbidities and medications of patients ac-
cording to the NLR and PLR predictive values, our study
found a statistically significant difference only in patients
with a diagnosis of renal failure and those using antihyper-
tensive medications for the PLR. In contrast, no statistically
significant difference was found for the presence of other
comorbidities and medication usage. Upon reviewing the
literature, researchers identified causality based on patho-
physiological foundations between the indices and the fre-
quency of AF; however, only statistical interpretations have
been observed.

Another remarkable point is that when the same com-
plications were examined for isolated CABG, the only dif-
ference observed was in the relationship between the PLR
and AF, which was not significant. This suggests that the
presence of valve surgery in the patient population could
alter the outcomes.

The literature does not contain any studies that have
investigated the relationship between the LMR and cardiac
complications after cardiac surgery. However, while the
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incidence of AF appeared to be lower in patients with an
LMR >3.5 in our study, this difference was not statistically
significant after Bonferroni correction.

When considering cardiac complications in general,
the LMR was found to be the most suitable index in terms
of predictive power. Meanwhile, the presence of complica-
tions is predicted by the NLR, although this index presents
a weaker predictive power than other markers.

In a study conducted by Aydnli ef al. [36] involving
1500 patients who underwent heart surgery, a high NLR
was found in the group of patients with cardiac complica-
tions; these same patients had a statistically significant like-
lihood of also accompanying pneumonia, pneumothorax,
pulmonary embolism, and pleural effusion. Thus, an indi-
rect relationship between a high NLR and pulmonary com-
plications was established. In a study by Giakoumidakis et
al. [37] with 145 cardiac surgery patients, a significant re-
lationship was found between high NLR levels and the like-
lihood of pneumonia and prolonged intubation. Similarly,
a meta-analysis reviewing five studies with a total of 3108
patients [7], a study by Wang et al. [27] with 2707 cardiac
surgery patients, and a study by Haran et al. [28] all demon-
strated a significant relationship between a high NLR and
prolonged intubation. Additionally, prolonged intubation
and pneumonia data were examined in a study conducted
by Lin et al. [38], with 536 patients with acute type A aortic
dissection; however, no statistically significant relationship
was found with the LMR.

Our study examined rates of pneumonia and pro-
longed intubation, both under the category of pulmonary
complications. Similar to findings in the literature, the NLR
predicted complications such as pneumonia and prolonged
intubation in patients. The PLR also predicted complica-
tions such as pneumonia and prolonged intubation. Consis-
tent with the literature, no significant difference was found
for the LMR in relation to pulmonary complications.

When we consider patients undergoing isolated
CABG, it is noted that when patients with valve, ascending
aorta, or combined surgery are excluded, the relationship
between the PLR and prolonged intubation ceases to be sig-
nificant. The reason for this is that the PLR index is not an
independent predictor of prolonged intubation. Meanwhile,
when considering pulmonary complications, the NLR has
been found to be the most suitable index for clinical use in
terms of predictive power.

In the study by Parlar and Saskin [39], high preop-
erative and first-day postoperative NLR and PLR values
were found to be more successful in predicting AKI, with
the PLR demonstrating better predictive power when com-
pared to other indices. In the study by Aydinli et al. [36], a
similar indirect relationship was established between NLR
values and renal complications, similar to the relationship
observed with pulmonary complications, while high NLR
values were found to be more successful in predicting AKI
and the need for RRT. Indeed, the preoperative and postop-

erative NLR values were investigated in a study by Weedle
et al. [34] involving 906 cardiac surgery patients. While
no significant relationship was found with the preoperative
NLR, high NLR values on the postoperative second day
were good predictors of AKI. Meanwhile, a study by Wang
et al. [27] with 2707 patients found a statistically signifi-
cant relationship between a high NLR and the RRT require-
ment. A study by Chen ef al. [23] involving 159 patients
with acute type A aortic dissection demonstrated that pa-
tients with a high LMR had a lower risk of AKI. A further
study by Lin ef al. [38] with 536 patients with acute type
A aortic dissection found a significant inverse correlation
between a high LMR and the likelihood of renal failure.

Our study investigated AKI and the RRT requirement
under the category of renal complications. The NLR and
PLR predicted postoperative AKI and the RRT requirement
in patients. The rates of AKI and the RRT requirement were
significantly lower after Bonferroni correction in patients
with a LMR >3.5.

When considering patients undergoing isolated
CABG, the RRT requirement ceased to be statistically
significant. Meanwhile, upon examining patients requiring
RRT, it was observed that the need for RRT in patients
undergoing isolated CABG was not significantly different
from that in patients who underwent valve or aortic surgery.
However, when examining the preoperative characteristics
of patients according to the NLR and PLR predictive
values, it was found that a high NLR and PLR were sig-
nificantly associated with preoperative renal insufficiency.
It was even noted that half of these patients already had
complaints of renal insufficiency. The average age of these
patients was calculated to be 73, which was significantly
higher than the average of the general population in the
study. Although results consistent with the literature were
obtained, we believe further commentary is necessary.
Moreover, patients should be evaluated separately based
on the diagnosis of renal insufficiency; parameters such
as preoperative and postoperative creatinine and blood
urea nitrogen should be analyzed statistically. ~When
considering renal complications in general, the NLR was
found to be the most suitable index for clinical use in terms
of predictive power, which aligns with our study.

In both studies conducted by Haran ef al. [28] and
Aydinli et al. [36], a statistically significant relationship
was established between a high NLR and the likelihood
of new neurological events. In another study by Saskin
et al. [40], which included 777 CABG patients, preoper-
ative PLR, postoperative PLR, and NLR were associated
with delirium; meanwhile, no significant statistical relation-
ship was found between preoperative NLR and delirium. In
contrast to the literature, a study by Zhao ez al. [24] with
75 individuals identified a direct correlation between a high
LMR change and the likelihood of postoperative cognitive
changes. The researchers explained this by stating that the
perioperative dynamic change in the LMR was calculated,
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and that patients with higher changes exhibited more com-
plications; therefore, patients with a high LMR, who are
more likely to show dynamic changes, need to be carefully
monitored [24]. In contrast, Lin ef al. [38] did not find a
statistically significant relationship between the LMR and
CVE. To our knowledge, no study exists in the literature
that has investigated the relationship between the PLR and
neurological complications after cardiac surgery.

Our study found that the NLR could predict both TTIA
and CVE in patients. However, no significant relationship
was found between the PLR and neurological complica-
tions. Considering that an increase in platelet count could
enhance the synthesis of adhesion molecules in the vascular
endothelium and independently increase the likelihood of
thrombotic events [41], the lack of an association between
the PLR and neurological complications initially appears
unexpected. Nonetheless, we believe that this result can
be explained by the fact that all patients underwent surgery
under CPB, which is known to cause significant changes
in platelet count and function. Additionally, postoperative
PLR values were not included in the study. Conversely, the
LMR showed a trend toward predicting the one year without
TIA and CVE, but this association did not reach statistical
significance after Bonferroni correction.When considering
neurological complications in general, the NLR was found
to be the most suitable index for clinical use in terms of
predictive power.

The strengths of our study include a relatively large
patient cohort compared to similar studies in the literature,
consistency in surgical technique and postoperative care
due to the same medical team conducting all procedures,
and the longitudinal assessment of complications over 12
months. However, several limitations must be acknowl-
edged. First, the patient cohort was predominantly com-
posed of CABG patients (78.9%), with limited inclusion
of valve and aortic surgery cases. This imbalance may
confound the generalizability of our findings, particularly
for procedures associated with different complication pro-
files. Second, although we aimed to evaluate a broad range
of postoperative complications, the primary endpoint com-
bined heterogeneous events (e.g., mortality, pneumonia, re-
nal failure), which may have masked marker-specific pre-
dictive capacities. Additionally, the interpretation of the
poor predictive performance of the LMR (ROC <0.5) as
indicative of “non-occurrence” should be viewed with cau-
tion, as this may not fully reflect the clinical utility of the
index without further biological or pathophysiological ex-
planation. Moreover, the retrospective and single-center
nature of the study may introduce inherent selection bi-
ases and limit external validity. Some statistically signifi-
cant associations observed in the uncorrected analyses also
became non-significant following Bonferroni correction,
which may reflect the conservative nature of the correc-
tion but also highlights the need for larger studies. Finally,
while the use of a single cut-off value for all complications
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was intended to enhance clinical applicability, future stud-
ies incorporating dynamic postoperative index changes and
complication-specific thresholds may yield more accurate
predictive insights.

Conclusion

Currently researched systemic inflammatory indices
have been evaluated in terms of adult cardiac surgery out-
comes and compared against each other. The NLR is su-
perior to other indices in predicting short-term and long-
term mortality, as well as MACCEs, pulmonary, renal, and
neurological complications. Alternatively, the LMR is su-
perior in predicting the absence of cardiac complications
along with survival.

In conclusion, the NLR can serve as an early warn-
ing for major complications for the surgical and intensive
care team, potentially providing an opportunity to prepare
for possible scenarios. The PLR and LMR can be used to
support this prediction.
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