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Purpose: Neutrophil lymphocyte ratio (NLR), platelet lymphocyte ratio (PLR), and red blood cell distribution width (RDW) are
novel biomarkers to indicate the inflammatory/immune response, and demonstrated to be effective in diagnosis, severity evaluation,
and prognosis in a variety of chronic or acute conditions. This study aims to examine whether NLR, PLR and EDW are independently
associated with mortality in necrotizing fasciitis (NF).

Methods: This study retrospectively enrolled patients diagnosed with NF and based on vitality status during hospitalization or within
30 days after discharge, survival and non-survival groups were defined. For distinctly comparing NLR, PLR, RDW and others, we
enrolled the matched healthy controls of the same age and sex as the survivors of NF in a 1:1 ratio, which constituted the healthy
control group. Comparisons were made between three groups. Variables tested with a P value < 0.10 were further entered into the
multivariate logistic regression model to identify their independent association with mortality.

Results: A total of 281 subjects were included, including 127 healthy controls, 127 survivors, and 27 nonsurvivors with NF,
respectively, indicating a mortality rate of 17.5%. ROC analysis showed that the optimal cutoff value for NLR, PLR and RDW was
11.1, 196.0 and 15.5%, respectively, and was tested as significant only for the first two (P < 0.001, = 0.004). Multivariate logistic
analysis showed that NLR > 11.1 (OR, 2.51) and PLR > 196.0 (OR, 2.09) were independently associated with an increased risk of
mortality in NF patients, together with age ((OR, 1.28, for each 10-year increment), comorbid diabetes mellitus (OR, 2.69) and liver
disease (OR, 1.86), and elevated creatinine level (OR, 1.21 for each 10 umol/L elevation).

Conclusion: Elevated NLR and PLR are significant and independent predictors of mortality and can be considered for use when
evaluating patients at risk of mortality.
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Introduction

Necrotizing fasciitis (NF) is a rare and potentially fatal acute bacterial infection characterized by extensive necrosis of the
skin, subcutaneous tissue, and superficial fascia, and rapid progression. International epidemiological studies suggested
that its annual incidence ranges from 0.72 to 9.2 per 100,000 person-years.'> Despite improvements in medical and
surgical care, mortality of NF patients is still high, from 9.3% to 76%.*> Early diagnosis, rapid resuscitation, and
aggressive surgical intervention are well established as the regimen of choice; however, how to identify high-risk patients
in the early course of NF remains the biggest challenge due to a paucity of specific clinical findings.
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During recent years, there has been an increasing interest in exploring new and effective biomarkers or derived ones
that can be used to aid in diagnosis or improve the index of suspicion. The neutrophil-to-lymphocyte ratio (NLR) and
platelet-to-lymphocyte ratio (PLR) reflect inflammation and stress to chronic or acute events,’ which, in theory, can be
used to evaluate the severity of NF and/or predict prognosis. In previous studies, NLR and PLR have been shown to be

10-12

effective in multiple settings, such as cancer,7*9 chronic/acute inflammatory conditions, rheumatic diseases,13

%15 and even trauma.'®'” However, their role in prognosis in the setting of NF has been rarely

thromboembolic diseases
studied.'® Theoretically, NLR and PLR may provide clinical implications in the prognosis of NF (eg, mortality); in
Ravindhran et al’s study they demonstrated preoperative elevated NLR rather than PLR were independently associated
with “poor outcomes” in NF patients.'® Red blood cell distribution width (RDW) is a quantitative indicator that measures
the heterogeneity or variability in the size of red blood cells and is often included in a complete blood count (CBC).
RDW has proved to be a useful tool for assessing a variety of health conditions, including chronic heart failure, severe
sepsis, and infections caused by Gram-negative bacteria,'” >' but its prognostic role in NF is rarely investigated™> or
questioned.?***

The purpose of the present study is to investigate the association between NLR, PLR and RDW with mortality in

patients with NF at a single university-affiliated tertiary referral institution over a period of 7 years.

Methods

We performed this retrospective analysis of data on patients diagnosed with NF who were admitted to the Third Hospital
of Hebei Medical University through the emergency department or the traumatic emergency center from January 1, 2015,
to December 31, 2021. Our institution is a university affiliated hospital and a general tertiary referral hospital, in the city
of Shijiazhuang, the provincial capital of Hebei province, has a capacity of 1200 beds in the general ward.

Electronic research was carried out to identify adult hospitalized patients (18 years or older) who had a discharge
diagnosis of NF, underwent surgical interventions (debridement, amputation, or others), and had complete data on
variables of interest and outcome data during hospitalization or within 30 days after discharge. The diagnosis of NF was
based primarily on the operative findings that included the presence of grayish necrotic fascia, the lack of resistance of
normally adherent muscular fascia to blunt dissection, and the presence of foul-smelling “dishwater” fluid; microbiolo-
gical or histopathological results can only be available in a proportion of patients, therefore, not as necessary for the
diagnosis of NF.

Patients were excluded if they were under 18 years, had missing data of interest, or outcome data.

Based on vitality status, patients were classified into the “survival” group and “non-survival” group. To facilitate
a more intuitive comparison, an equal number of healthy individuals who were matched for age and sex in a 1:1 ratio
with the survival group were randomly selected from the health management center registry of our institution during the
same study period.

Measurements of Inflammatory Indexes

Upon admission, all subjects received 2 mL of venous blood after an 8-hour fast, using potassium-
ethylenediaminetetraacetic acid tubes (dipotassium EDTA tube). Within an hour of venipuncture, the Sysmex-XE
20001 automated blood cell analyzer (Sysmex, Kobe, Japan) was used to measure the count of white blood cells
(WBC), neutrophils, lymphocytes, eosinophils, red blood cells (RBC, x 10'%/L), hemoglobin (g/L), hematocrit (percen-
tage), red cell distribution width (RDW) (percentage) and platelet count (x 10'%/L). NLR was calculated by dividing the
absolute neutrophil count (x 10°/L) by the lymphocyte count (x 10°/L), while PLR was calculated by dividing the
absolute neutrophil count (x 10°/L) by the lymphocyte count (x 10°/L).

Covariates

Due to the fact that multiple conditions could affect the variation of these biomarkers, we included several covariates for
adjustment, including age, gender, body mass index (BMI — computed by dividing body weight in kilograms by the
square of height in meters), smoking habits, alcohol consumption, time from presentation to the first operation and the
presence of comorbidities (such as hypertension, diabetes, heart disease, liver disease, cerebrovascular disease, and renal
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disease). Data on diagnosis of comorbidities were extracted from the hospitalization medical record, which were
generally documented by the treating surgeon based on the patients’ self-reports. Liver disease was defined as liver
cirrhosis due to any cause, chronic viral hepatitis alcoholic or non-alcoholic fatty liver disease. Renal disease was defined
as pre-existing chronic kidney disease or end-stage renal disease requiring dialysis.

This study was approved by the ethics committee of The Third Hospital of Hebei Medical University (No H2017-
011-1), which waived the requirement of informed consent due to deidentified data used. This study was conducted in
accordance with the Declaration of Helsinki (Version, 2008) and was reported in accordance with the Strengthening the
Reporting of Surgical Cohort Studies (STROCSS) criteria.?’

Statistical Analysis

First, we used the Kolmogorov—Smirnov test to evaluate the distribution of continuous variables data (expressed as mean
(standard deviation [SD]), and depending on the normal or skewed distribution status, they were statistically analyzed by
analysis of variance (ANOVA) or Kruskal-Wallis test for comparison between three groups. For variables with
significant P < 0.05, post hoc test, Bonferroni corrected Mann—Whitney U-test was applied for pairwise comparisons.

NLR, PLR, and RDW were univariably evaluated as both continuous and dichotomous variables, with the latter based
on the optimal cutoff value for each, as determined by the receiver operating curve at the maximal Youden index (ie,
sensitivity-+specificity-1).

To determine the independent association of these variables with mortality, any variables tested with P <0.10, along
with other covariates, were entered into the multivariate logistic regression model, using the stepwise backward
elimination method to identify significant factors. We used the Hosmer—Lemeshow (H-L) test to examine the goodness-
of-fit of the multivariable model, with P >0.05 considered acceptable, and the adjusted Nagelkerke R square value to
quantify the result, with higher indicating a better fit. All analyses considered two-tailed P values less than 0.05 as
statistically significant.

All analyses were performed using SPSS 26.0 software (SPSS Inc., New York, USA).

Results

We finally enrolled 281 subjects, including 185 males and 96 females, and the average age was 60.6+6.2 years, and their
demographic data, comorbidities and laboratory results are summarized in Table 1. Most (78.6%, 121/154) cases were
diagnosed in our institution at initial onset and the remainder (21.4%, 33/154) were referred from other hospitals. The
infection most often affected the lower limbs (n = 102, 66.2%), followed by the trunk (n = 37, 24.0%), and the upper
extremities (n =15, 9.8%). All patients underwent surgical debridements (average, 2.5+1.6) and 47.4% (73/154) underwent
the first operation within 24 hours, and 11 (7.1%) patients underwent major limb amputation. There were 127, 127, and 27
in the healthy control group, the survivor, and the non-survival group, respectively, representing a mortality rate of 17.5%.
Sixteen (10.4%) patients died during hospitalization, and eleven (7.1%) died within 30 days after discharge.

All NF patient underwent bacterial culture, with a positivity for culture of 80.5% (124/154); among 124 culture
positive patients, there were 73 patients with monomicrobial infection, with Methicillin-susceptible Staphylococcus
aureus in 13 (17.8%), Vibrio species in 12 (16.4%), Methicillin-resistant Staphylococcus aureus in 10 (13.7%),
Streptococcus species in 10 (13.7%), Aeromonas species in 9 (12.3%), Klebsiella pneumoniae in 7 (9.6%),
Pseudomonas aeruginosa in 4 (5.5%), Escherichia coli in 2 (2.7%), and others (6, 8.2%); and the and 51 with
polymicrobial infection, with involving Enterococcus faecalis (27.4%, 14/51), Escherichia coli (23.5%, 12/51),
Methicillin-resistant Staphylococcus aureus (23.5%, 12/51) and Streptococcus species (21.6%, 11/51) accounting for
the most. Bacterial culture findings were available for 19 of 27 dead patients, with 13 dying in polymicrobial infection
and 6 in monomicrobial infection, significantly differing from survival group (P = 0.017).

NLR, PLR, and RDW in healthy controls was 2.1 £ 1.1, 120.8 + 44.3, and 14.0 &+ 2.5%, respectively; all of which
were lower than in NF patients, regardless of survival or non-survival. ROC analysis showed that the optimal cut-off
value for NLR, PLR, and RDW was 11.1, 196.0 and 15.5%, respectively; but the first two were tested as significant, with
AUC of 0.790 (P < 0.001) and 0.679 (P = 0.004), respectively. The details are presented in Table 2 and depicted in
Figure 1.
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Table 1 Comparisons Between 3 Groups in Terms of Clinical Characteristics and Laboratory Results

Healthy Control Survival Group (Stable) | Non-Survival Group | P*
(n=127) (n=127) (n=27)
Age (year), mean (SD) 60.0 (6.1)° 60.0 (6.3)° 66.2 (7.9)°° 0.004*
Sex (male), n (%) 84 (66.1) 84 (66.1) 17 (63.0) 0.947
BMI (kg/m?), mean (SD) 25.6 (3.8) 25.9 (3.4) 25.7 (4.8) 0.717
Current smoking 29 (22.8) 34 (19.8) 10 (37.0) 0.160
Alcohol consumption 38 (29.9) 35 (27.6) 11 (40.7) 0.397
Hypertension, n (%) 43 (33.9)° 42 (33.1)° 17 (63.0)° 0.010
Diabetes, n (%) 19 (15.2)° 31 24.4)° 13 (48.1)° 0.001
Heart disease, n (%) 14 (11.0) 17 (13.4) 7 (25.9) 0.121
Liver disease, n (%) 8 (6.3)° 17 (13.4) 6 (222)° 0.029
Cerebrovascular disease, n (%) 11 (8.7) 12 (9.4) 4 (14.8) 0.613
Renal disease, n (%) 6 (4.7) 6 (4.7) 4 (14.8) 0.099
Time from admission to first 68 (53.5) 10 (37.0) 0.119
operation (< 24h)
Laboratory findings
WBC (x 10°/L) 6.6 (2.1*° 11.6 (2.9)* 14.3 (6.4)°¢ <0.001*
Neutrophil (x 10°/L) 4.0 (1.7)*° 8.8 (2.8)*¢ 12.4 (5.9)>¢ <0.001%*
Lymphocyte (x 10°/L) 2.0 (0.7)>° 1.6 (1.3)*¢ 1.1 (1.0)°¢ <0.001*
NLR 2.1 (1.1)*° 6.4 (3.0 13.2 (8.6)>¢ <0.001%*
> 111 14 (11.0)*° 39 (30.7)>¢ 21 (77.8)°¢ <0.001
RBC (x 10'%/L) 4.6 (0.55*° 3.7 (0.5)° 3.4 (1.0)° 0.034
Haemoglobin, g/L 142.8 (16.4)*° 111.8 (16.8) 109.5 (22.7)° 0.022%
RDW, % 14.0 (2.4) 147 (1.7) 15.1 (2.4) 0.021
>15.5 10 (7.9) 14 (11.0) 6 (22.2) 0.089
Platelet count (x 10°/L) 225.8 (50.7)*° 232.6 (94.2) 229.6 (115.5) 0.619
PDW, fl 16.6 (1.0) 17.3 (1.1) 16.8 (1.6) 0.876
PLR 120.8 (44.3)*° 129.6 (46.9)< 134.6 (64.3)°¢ 0.035%
>196.0 Il (8.7)* 34 (26.8)*¢ 16 (59.3)>¢ <0.001
Sodium (mmol/L) 140.8 (4.7)*° 136.8 (3.7) 1344 (5.9)° 0.031
Potassium (mmol/L) 4.0 (1.0) 4.1 (0.9) 42 (1.2) 0.395
Albumin (g/L) 44.7 (3.3)*° 332 (5.9)*¢ 29.4 (8.3)°¢ <0.001%*
Glucose (g/L) 5.5 (1.3)*° 8.5 (1.5)* 10.9 (3.8)>¢ <0.001
Hematocrit (%) 42.5 (4.4)*° 33.6 (4.9)° 31.2 (8.6)° <0.001
Creatinine (umol/L) 64.1 (15.7)*° 103.8 (82.2)*¢ 147.9 (174.3)>¢ <0.001%*

Notes: “Where the P value is significant, values within a row with the same superscript letter are significantly different. *Kruskal-Wallis test; *Indicated the significant
difference between healthy controls and survival group. °Indicated the significant difference between healthy controls and non-survival group. “Indicated the significant
difference between survival group and non-survival group.

Abbreviations: SD, standard deviation; BMI, body mass index; WBC, white blood cell; NLR, neutrophil lymphocyte ratio; RBC, red blood cell; RDWV, red blood cell
distribution width; PDW, platelet distribution width; PLR, platelet lymphocyte ratio.

Table 2 The Analysis of the ROC Curve for the Three Variables of Interest

Cut-off value Sensitivity Specificity AUC and 95% CI P
NLR 1.1 0.778 0.690 0.790 (0.694 to 0.887) < 0.001
PLR 196.0 0.593 0.738 0.679 (0.572 to 0.785) 0.004
RDW (%) 15.5 0.222 0.889 0.585 (0.455 to 0.714) 0.169

Abbreviations: ROC, receiver operating characteristic; AUC, area under curve; NLR, neutrophil to lymphocyte ratio; PLR, platelet
to lymphocyte ratio; RDW, red blood cell distribution width.

Significant differences were found between healthy controls, patients in the survival and non-survival group, in terms

of age (P = 0.004), prevalence of hypertension, diabetes mellitus and liver disease, WBC count, neutrophil, lymphocyte
and RBC, concentration of serum hemoglobin, sodium, albumin, glucose and creatinine, NLR and PLR in both
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Figure | The ROC curve for the NLR (A), PLR (B) and RDW (C), with the respective AUC of 0.790 (95% Cl, 0.694 to 0.887), 0.679 (95% Cl, 0.572 to 0.785) and 0.585
(95% CI, 0.455 to 0.714).

continuous and categorical variables, RDW in continuous but not categorical variable and hematocrit. Pairwise compar-
isons showed that patients in the non-survival group significantly differed from the survival group in terms of age,
prevalence of hypertension and diabetes mellitus, count of WBC, neutrophil and lymphocyte, NLR and PLR in both
continuous and categorical variables, albumin, glucose and creatinine, which were subsequently entered into the logistic
regression model (Table 1).

Multivariate logistic analysis showed that age (OR, 1.28, for each 10 years increase), comorbid diabetes mellitus (OR,
2.69) and liver disease (OR, 1.86), NLR > 11.1 (OR, 2.51), PLR > 196.0 (OR, 2.09) and elevated creatinine level (OR,
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Table 3 Risk Factors for Mortality in Patients with NF by Logistic Regression Analysis

OR (95% CI) P
Age (each 10 years increase) 1.28 (1.03 to 1.61) 0.032
Diabetes mellitus 2.69 (1.28 to 7.03) 0.019
Liver disease 1.86 (1.14 to 7.84) 0.037
NLR 2.51 (1.64 to 5.10) < 0.001
PLR 2.09 (1.19 to 6.48) 0.027
Creatinine (each 10 umol/L elevation) 1.21 (1.02 to 1.57) 0.003

Abbreviations: NF, necrotizing fasciitis; OR, odd ratio; Cl, confidence interval; NLR, neutrophil lymphocyte
ratio; PLR, platelet lymphocyte ratio.

1.21 for each 10 umol/L elevation) were independently associated with the increased risk of mortality in NF patients
(Table 3). The H-L test showed an acceptable result (P=0.514) and the adjusted Nagelkerke R* value was 0.383.

Figure 2 depicts a typical case of NF in a 70-year man who had a ten-year diabetes history and an obvious inducement
(injury).

Discussion

In this study, we focused on examining the relationship between NLR, PLR, and RDW and mortality in patients with NF.
Our findings demonstrated that the mortality rate during hospitalization and within 30 days after discharge was 17.5%,
and elevated NLR (>11.1) and PLR (>196.0), but not RDW, were independently associated with an increased risk of
mortality, after adjustment for multiple confounders and covariables.

NLR/PLR in relation to adverse outcomes (morbidity and mortality) has been studied repeatedly in a variety of
settings, including cancer, chronic/acute medical conditions or trauma.”'%!"'%!'” However, specifying at NF, there were
only two studies evaluating the utility of NLR/PLR: Ravindhran et al'® suggested that a preoperative NLR of >7.5, but
not PLR, significantly increased the risk of morbidity/mortality, and Johnson et al* found a moderate correlation of NLR
with in-hospital mortality, which could be further improved by evaluating the ratio of NLR to platelet count. Our findings
showed that both NLR and PLR were independently associated with mortality in patients with NF, confirming this
relationship. The mechanism underlying the association of elevated NLR/PLR with mortality not entirely clear, but was
largely attributable to severe underlying inflammatory process caused by triggered release of arachidonic acid metabolites

Figure 2 A 70-year-old male with a diabetes history for 10 years, had his right ankle sprained 2 weeks ago, no fracture, with local plaster immobilization. Ten days
afterwards, he had redness, pain and swelling at the affected site, with no specific treatment. One day ago, spontaneous ulceration and pus flow presented (A) and he
presented at emergence department of our institution, mentally languid, with a fever. Emergent surgery was performed for fasciotomy and removal of the necrotic tissues
(B and C), and culture of wound specimens confirmed f-hemolytic Streptococcus. Systemic toxic symptoms disappeared several days after, and the patient wound bed became
better ((D and E), day 20; F, day 30).
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and platelet-activating factors, which resulted in neutrophilia and thrombocytosis, and cortisol-induced relative
lymphopenia.'®?” Due to that they are simple to calculate, readily available, and not involving additional costs, they
can be considered aiding in diagnosis of NF; but it should be noted that, due to the nonspecific nature, they should be
used in combination with diverse findings from physical examination, laboratory results, imaging, and the isolated
bacterial species.

Our finding that elevated RDW was not independently associated with an increased risk of mortality contradicted the
previous study.?® In that study of 98 patients with NF, the authors observed an OR of 9.14 for the risk of mortality in
patients with admission RDW >14.5% (normal upper limit for their hospital), and overall, 31.6% (31/98) of patients had
an elevated RDW. In contrast, we used the ROC curve to determine that the optimal cut-off value of RW is 15.5%, and
the unadjusted OR was 2.0, but not significant in the multivariate model. According to their applied cut-off value, 83.8%
of patients would be deemed to have elevated RDW, much higher than theirs (31.6%). We were unaware of what exactly
should explain this large discrepancy, but largely it was largely related to the age (substantially older than ours),
comorbidity (cancer, chronic anemia) and severity of NF (tissue hypoxia, decompensation). The role of RDW in

23.2428 and therefore future

predicting mortality in NF patients was not inclusive and questioned by some researchers,
studies should continue to address this topic.

LRINEC is a classic index derived from six laboratory biomarkers: WBC, hemoglobin, creatinine, glucose, serum
sodium, and CRP, with a total score of 0 to 13, to distinguish necrotizing fasciitis from other similar infections (eg,
cellulitis or abscess); a score >6 has a 92% positive predictive value and 96% negative predictive value.”” However, its
role in assessing prognosis has not been proven and even considered unreliable.>*>" In this study, we included 5 of the 6
components of LRINEC, except CRP, because CRP was performed only in patients who were highly suspected of having
an infection at the time of presentation. Four of the five biomarkers were tested as significant in the univariate analysis,
but only serum creatinine remained significant in the multivariate model (risk of mortality increased by 21% for every 10
umol/L increase). This finding is consistent with previous reports.**>> Therefore, serum creatinine should be closely
monitored upon a high suspicion of NF, and debridement procedure should be initiated as soon as possible only if an
increasing trend of creatinine was observed.

Time to the first surgical intervention is the most important modifiable factor in the prognosis of NF patients; however,
the literature showed the inconsistent findings. For example, Holena et al** and Wong et al’s®® study suggested the time to
operative debridement as an independent factor of mortality, but other studies, including our study, did not.>*>° We
speculated that the limited sample size would be primarily responsible for the non-significance, possibly conferring the type
II statistical error. For example, in Hadeed et al’s>® study of 87 patients, a remarkable clinical difference of mortality rate,
7.5% in the early (<6 hours from presentation) and 17.5% in the late (>6 h) intervention group (6 h), but not reaching
statistical significance. The trend was the same as ours where 37% of nonsurvivors and 63% of survivors underwent surgery
within 24 hours from presentation, a substantial clinical difference, rather than a statistical difference (P =0.119). Another
reason might be related to the definition of time to surgery, mainly from presentation, and it would have been better to
collect data from the onset of clinical symptoms better than from presentation. Due to the setting of a tertiary referral
hospital, a certain proportion of patients were referred from primary or secondary hospitals, and thus the time lapsed during
transfer between hospitals might also be a concern.

The utilization of NLR/PLR as a risk stratification tool has the potential to identify patients presenting with NF who
are at an increased risk of mortality at the time of presentation. When patients with NF initially visit primary care
settings, their physical symptoms or signs may be nonspecific, leading to a misdiagnosis of a less severe condition such
as cellulitis. However, by assessing the NLR/PLR, together with other typical risk factors, primary care physicians can
promptly identify the higher-risk population and refer them to tertiary care hospitals, thus allowing the surgical team to
be more proactive in management of higher-risk patients. This also allows to anticipate the potential death and provide
appropriate counseling to both the patient and their family members.

Some limitations of this study must be noted. First, data were retrospectively collected, and especially comorbidities
were self-reported by patients, which could have affected the accuracy of the data and reliability of the findings. This
study that examines the role of objectively measured parameters or those derived from them could partially compensate

for this bias. Second, this study was conducted in a university-affiliated tertiary referral hospital, therefore, it is likely that
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patients with a poorer systemic status or NF of greater severity would be referred. More experienced providers, access to
better equipment, and interdisciplinary cooperation allow the provision of better patient care, but it is less possible for
secondary or primary institutions. Third, the relatively smaller number of samples is also a limitation, and it is likely that
this study was underpowered, because only 154 patients were enrolled. This could have led to the type II error, missing
a significant association when one is present. The fourth limitation may be the unmeasured, unconsidered or unknown
variables that might have affected the outcome measure (mortality), the exposure variable (NLR/PLR), or their
association in NF, therefore the residual confounding remains. Future studies with prospective design, multi-center,
inclusion of more confounders for adjustment, and large-sample cohort studies are warranted to confirm the finding.

In conclusion, we identified NLR and PLR, not RDW, as independent predictors of mortality in patients with NF,
together with others. These results would be helpful in predicting early mortality and patients involving them should be
stratified into different risk groups and, accordingly, be administered with tailored medical or surgical interventions to
improve the outcome. Additional research with a larger sample size and a prospective design across various institutions is
necessary to confirm these findings. Future research could focus on exploring the mechanism underlying the elevated
NLR/PLR with increased mortality risk, the dynamic changes relative to the surgery and thus identifying the appropriate
surgical intervention timing, to improve the prognosis.
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