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Purpose: The aim of the study was to evaluate the predictive significance of several systemic inflammatory biomarkers, namely neutrophil- 
to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), platelet-to-lymphocyte ratio (PLR) and systemic immune inflammatory 
index (SII) in relation to the occurrence of systemic inflammatory response syndrome (SIRS) after percutaneous nephrolithotomy (PCNL).
Methods: A cohort of 317 patients who underwent PCNL were retrospectively recruited and evaluated. Based on the subsequent 
occurrence of SIRS after PCNL, patients were divided into two different groups: SIRS (n = 51) and non-SIRS (n = 266). We examined 
the effect of neutrophil-to-lymphocyte ratio(NLR), lymphocyte-to-monocyte ratio(LMR), platelet-to-lymphocyte ratio(PLR), and 
systemic immunoinflammatory index (SII), as well as other demographic characteristics and surgical factors to predict the develop-
ment of SIRS. Univariate analysis and multivariate logistic regression were used to identify independent predictors of SIRS after 
PCNL. In addition, receiver operating characteristic (ROC) curves were constructed and area under the curve (AUC) values were 
calculated to evaluate and compare the discriminatory ability of the studied systemic inflammatory biomarkers.
Results: The NLR, PLR, and SII values in the SIRS group were significantly increased compared to those in the non-SIRS group. 
Multivariate analysis revealed NLR (OR = 1.292, 95% CI: 1.047–1.594, P = 0.017), PLR (OR = 1.008, 95% CI: 1.001–1.016, P = 0.032) 
and SII (OR = 1.001, 95%CI: 1.000–1.003, P = 0.016) as independent predictors of SIRS development after PCNL. Furthermore, ROC 
curve analysis highlighted the discriminative ability of NLR, PLR and SII with AUC values of 0.638, 0.644 and 0.680, respectively.
Conclusion: These results highlight the importance of preoperative NLR, PLR and SII as reliable indicators for risk prediction of 
SIRS after PCNL. In response to these findings, it is critical to perform careful and comprehensive preoperative evaluations of these 
patients while developing tailored treatment strategies.
Keywords: systemic inflammatory biomarkers, percutaneous nephrolithotomy, systemic inflammatory response syndrome

Introduction
Urolithiasis is a common disease in urology and represents one of the numerous factors that significantly contribute to 
a deterioration in quality of life. The prevalence in the entire population is between 5 and 10% over the course of their 
life.1 Since this disease has a 50% lifetime chance of recurrence, it is generally recognized as a recurrent disease.2 Due to 
its beneficial properties, including exceptional stone-free outcomes and accelerated recovery, percutaneous nephrolithot-
omy (PCNL) has emerged as the preferred therapeutic modality for the treatment of staghorn stones, complicated stone 
configurations, and the vast majority of upper urinary tract stones larger than 20 mm in diameter.3 Despite its advantages, 
it has a significantly increased incidence of postoperative complications, especially infections, compared to other 
minimally invasive urinary stone therapies.4 Complications arising from infection after PCNL include transient fever 
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and manifestation of systemic inflammatory response syndrome (SIRS). Of note, SIRS, as the initial phase of the sepsis 
cascade, plays a critical role in the eventual progression to full sepsis.5

In numerous studies, sepsis has been repeatedly identified as the most serious complication of PCNL. It is the leading 
cause of postoperative mortality and has a mortality rate between 17.9% and 27.8%.6,7 Therefore, early detection and timely 
intervention in SIRS are crucial to reduce the incidence of sepsis and patient mortality after PCNL. Female gender, diabetes 
mellitus, positive preoperative urine culture, stone size, and the presence of staghorn calculi have been associated with an 
increased risk of post-PCNL infection. Unfortunately, these factors have repeatedly failed to be identified in all studies and 
have only limited predictive value.8,9 Therefore, there is an urgent need for a preoperative predictor that accurately 
identifies patients at increased risk and allows them to be monitored more intensively. Numerous studies have highlighted 
the intricate relationships between inflammatory biomarkers and a wide range of diseases and highlighted the promising 
potential of preoperative inflammatory biomarkers in predicting patient risk.10–12 Hayıroğlu Mİ, et al found that SII may be 
an independent predictive marker for both long-term mortality and appropriate intracardiac defibrillator therapy in patients 
with heart failure with reduced ejection fraction.13 However, to date there has been a lack of reports specifically addressing 
systemic inflammatory biomarkers in patients with urinary stones. Our aim in this study was to investigate and identify the 
preoperative risk factors that predispose patients to the development of SIRS after PCNL and to evaluate the predictive role 
of NLR, LMR, PLR and SII. By utilizing these systemic inflammatory markers, prevention strategies aimed at reducing the 
risk of SIRS after PCNL can be developed. In addition, they are routinely measured and inexpensive to test, so they may 
provide easily accessible, objective information to help physicians assess patient prognosis.

Materials and Methods
Clinical Data
This study was approved by the Dongcheng Branch of the First Affiliated Hospital of Anhui Medical University. All 
methods used in this study strictly adhered to relevant guidelines and regulations. Our hospital’s institutional review 
board granted a waiver from the requirement for written informed consent because this retrospective study used only 
anonymized patient data and thus poses no risk to individual patients. The data came from our hospital’s electronic 
medical record system. Patients with immunosuppressive diseases, horseshoe kidneys, tumors, malignant hematopathy, 
end-stage renal disease, and incomplete laboratory data were carefully excluded from the study to ensure the accuracy 
and integrity of our analysis. To avoid data bias, all operations were performed by two experienced surgeons skilled in 
PCNL in this study, and the PCNL procedures were conducted through a single tract. A total of 317 patients who 
underwent PCNL at our center between January 2018 and June 2024 were identified, and their clinical data were 
subjected to thorough review and analysis. We then divided the patients into two different groups: the SIRS group and the 
non-SIRS group based on whether they developed SIRS postoperatively. A comprehensive medical history was carefully 
obtained from each patient, followed by a thorough physical examination, urinalysis, midstream urine culture, complete 
blood count, and a battery of biochemical blood tests, all performed prior to surgery. Demographic data collected 
included age, body mass index (BMI), and a comprehensive assessment of comorbidities, particularly hypertension and 
diabetes mellitus. NLR, LMR, PLR and SII were also calculated at this time. The stone load was calculated using the 
following formula: length (mm) × width (mm) × π × 0.25. Stones in the upper urinary tract that affect the renal pelvis and 
extend into at least two calyces are classified as staghorn stones. The main focus of the study was to assess whether 
patients developed SIRS after PCNL. SIRS was defined as the development of two or more of the following conditions: 
(1) core temperature >38°C or <36°C, (2) heart rate >90 beats/minute, (3) respiratory rate >20 breaths/minimum or 
partial pressure of carbon dioxide (PaCO2) <32 mmHg, (4) white blood cell count >12,000 cells/ml or <4000 cells/ml.14 

Preoperative examinations routinely included renal-ureter-bladder radiography (KUB), ultrasonography, and either 
computed tomography (CT) or intravenous urography (IVU) to assess patient status. Patients with preoperative urinary 
tract infections or positive preoperative urine cultures were administered appropriate antibiotics for full treatment courses 
(3–7 days) based on the results of culture and antibiogram tests. Patients with sterile urine received broad-spectrum 
prophylactic antibiotics 30 minutes before surgery. Subsequently, the perioperative clinical data of these patients were 
carefully recorded and analyzed retrospectively.
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Surgical Procedure
After the anesthesia took effect, the patient was positioned in the lithotomy position, and then a 5 Fr ureteral catheter was 
inserted. Following this, the patient was repositioned in the prone position. Guided by ultrasonography, an appropriate 
renal calyx was punctured to establish the optimal percutaneous access path. Subsequently, an 18 Fr sheath was placed. 
The stones were fragmented with a Holmium laser using an 8/9.8F semi-rigid ureteroscope. The extraction process 
involved careful removal of the larger stone fragments using stone forceps, while the smaller fragments were efficiently 
removed using a pulsed perfusion pump. At the conclusion of each procedure, a double-J catheter and nephrostomy tube 
were carefully positioned.

Statistical Analysis
Statistical analysis was performed using version 23.0 of SPSS software (IBM Corp, Armonk, NY, USA). The 
Kolmogorov-Smirnov (K-S) test was used to determine whether the data variables had a normal or non-normal 
distribution pattern. Categorical variables were analyzed using either the chi-square test or Fisher’s exact test, depending 
on the characteristics of the data. Independent samples t-test was used to analyze normally distributed numerical 
variables, while Mann-Whitney U test was used for skewed data. Categorical data is presented as numbers and 
percentages. A combination of univariate and multivariate logistic regression analyzes was used to identify the 
independent factors significantly associated with the development of SIRS after PCNL. The Hosmer-Lemeshow test 
indicated good calibration when the test was not significant. Receiver operating characteristic (ROC) curves were then 
recorded and area under the curve (AUC) values were calculated to evaluate and compare the discriminative power of the 
systemic inflammation biomarkers. The Youden index (J = [sensitivity + specificity] - 1) was used to determine the 
optimal predictive cutoffs for calculating AUC values. A two-sided p value <0.05 was considered statistically significant.

Results
A total of 317 patients (201 men, 116 women) who had previously undergone PCNL were included in the study. The 
median (IQR) age of patients was 55.0 (47.0–66.0) years. A total of 51 patients (16.1% of the total) developed SIRS 
postoperatively. When conducting the Mann-Whitney U test or Chi-square test on the selected 27 factors, we found that 
10 of these factors have a significant correlation with SIRS. Notably, the differences in NLR, PLR, LMR, and SII values 
between the two groups reached statistical significance with a P value of less than 0.05. In addition, the two groups also 
differed significantly in female sex, blood leukocytes, blood neutrophils, positive urine leukocytes, urine nitrite and urine 
culture (P < 0.05). All data are listed in Table 1.

Univariate analysis revealed a significant correlation between the development of post-PCNL SIRS and a specific set of 
variables, including female gender, operation time, blood leukocyte count, blood neutrophil level, blood monocyte concentration, 
urine leukocyte count, urine nitrite, urine culture results, as well as NLR, PLR, LMR and SII indices on the variables examined. 
Furthermore, multivariate analysis showed that NLR (OR=1.292, 95% CI: 1.047–1.594, P = 0.017), PLR (OR=1.008, 95% CI: 

Table 1 Demographic and Clinical Data of All Patients

Variables SIRS (n=51) Non-SIRS (n=266) P value

Age, median (IQR); (years) 55.00(48.00–66.00) 54.50(46.00–66.00) 0.447
Sex (male/female); n (%)

Male 21(41.2%) 180(67.7%) <0.001

Female 30(58.8%) 86(32.3%)
BMI, median (IQR); (kg/m2) 24.03(21.23–27.47) 24.34(21.97–26.54) 0.561

Blood total Cholesterol, median (IQR); (mmol/L) 4.620(3.980–5.020) 4.575(4.078–5.353) 0.326
Hypertension; n (%)

Yes 16(31.4%) 70(26.3%) 0.457

No 35(68.6%) 196(73.7%)

(Continued)
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1.001–1.016, P = 0.032), SII (OR=1.001, 95% CI: 1.000–1.003, P = 0.016), female gender (OR = 0.337, 95% CI: 0.168–0.677,  
P = 0.002), operation time (OR = 1.015, 95% CI: 1.002–1.028, P = 0.021) and urine culture (OR = 3.992, 95% CI: 1.349–11.818,  
P = 0.012) were all independent predictors of SIRS after PCNL. All data are listed in Table 2.

The calibration curve shows that the model fits well, which is supported by the nonsignificant result (P = 0.251) of the 
Hosmer-Lemeshow test. The ROC curve was constructed using SPSS software and was based on both the predicted probability 
and actual cases of postoperative SIRS occurrence. AUC values were then used to evaluate and compare the predictive abilities 
of the biomarkers for systemic inflammation. The cutoff value for preoperative NLR for predicting postoperative SIRS was 2.09, 
with a sensitivity of 72.5% and specificity of 55.6%, resulting in an AUC of 0.638 (P = 0.002). The cutoff value for PLR for 
predicting postoperative SIRS was 107.72, with a sensitivity of 68.6% and specificity of 56.8%, resulting in an AUC of 0.644 
(P = 0.001). The cutoff value for SII to predict postoperative SIRS was 594.09, with a sensitivity of 47.1% and specificity of 
82.3%, resulting in an AUC of 0.680 (P < 0.001). All of these data are listed in Table 3. The ROC curve plots for NLR, PLR and 
SII are shown in Figure 1.

Table 1 (Continued). 

Variables SIRS (n=51) Non-SIRS (n=266) P value

Diabetes; n (%)

Yes 7(13.7%) 26(9.8%) 0.397
No 44(86.3%) 240(90.2%)

Staghorn calculi; n (%)

Yes 10(19.6%) 31(11.7%) 0.121
No 41(80.4%) 235(88.3%)

Stone burden, median (IQR); (mm2) 259.17 (157.08–373.05) 220.30(157.08–314.15) 0.368

Stone laterality
Left (%) 25(49.0%) 149(56.0%) 0.358

Right (%) 26(51.0%) 117(44.0%)

Hydronephrosis, n (%)
Yes 46(90.2%) 228(85.7%) 0.392

No 5(9.8%) 38(14.3%)

Operative time, median (IQR); (min) 98.00(75.00–120.00) 90.00(70.00–107.50) 0.183
Urine leukocyte

Positive 43(84.3%) 164(61.7%) 0.002

Negative 8(15.7%) 102(38.3%)
Urine nitrite

Positive 12(23.5%) 13(4.9%) <0.001
Negative 39(76.5%) 253(95.1%)

Urine culture; n (%)

Positive 15(29.4%) 17(6.4%) <0.001
Negative 36(70.6%) 249(93.6%)

Blood urea nitrogen, median (IQR); (mmol/L) 5.670(4.580–7.630) 5.685(4.665–6.795) 0.814

Blood creatinine, median (IQR); (umol/L) 68.700(58.200–103.500) 75.800(63.750–92.350) 0.536
Blood eGFR, median (IQR); (mL/min) 99.000(68.000–112.000) 99.000(79.750–111.000) 0.790

Blood leukocyte, median (IQR); (109/L) 6.620(5.620–8.350) 5.940(5.075–7.295) 0.011

Blood neutrophil, median (IQR); (109/L) 4.200(3.200–5.600) 3.450(2.700–4.500) 0.002
Blood lymphocyte, median (IQR); (109/L) 1.660(1.160–1.990) 1.745(1.320–2.130) 0.114

Blood monocyte, median (IQR); (109/L) 0.490(0.410–0.690) 0.480(0.400–0.600) 0.220

Blood platelet, median (IQR); (109/L) 189.00(161.00–234.00) 184.00(148.50–219.00) 0.122
Blood hemoglobin, median (IQR); (g/L) 131.00(119.00–143.00) 134.00(126.00–144.25) 0.139

NLR, median (IQR) 2.63(1.92–3.93) 1.94(1.48–2.81) 0.002

PLR, median (IQR) 123.88(102.50–163.80) 104.12(83.48–132.07) 0.001
LMR, median (IQR) 2.81(2.22–4.14) 3.68(2.69–4.74) 0.015

SII, median (IQR) 516.49(344.91–743.19) 376.54(259.85–523.69) <0.001
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Discussion
Advances in instrumentation and techniques have significantly improved the efficacy and safety profile of PCNL, yet 
postoperative systemic inflammatory response syndrome (SIRS) remains a common complication in patients undergoing 
this procedure.15,16 Previous studies have reported an incidence rate of systemic inflammatory response syndrome (SIRS) 
ranging from approximately 7.7% to 31.1% after percutaneous nephrolithotomy procedures.17,18 The incidence of SIRS 
after PCNL in our study is 16.1% (51/317), which is comparable to previous reports. Therefore, there is an imperative 
need to carefully evaluate the risk factors that correlate with postoperative infectious complications due to PCNL 
procedures, prevention and early detection of SIRS are crucial.19,20 Signs of SIRS may be the result of the body’s 
inflammatory response to the surgical procedure. Several studies have highlighted the crucial role of inflammation in both 

Table 2 Univariate and Multivariate Analyses for Predicting SIRS After PCNL

Variables Univariate Analysis Multivariate Analysis

OR 95% CI P value OR 95% CI P value

Age 1.011 0.989–1.034 0.325

Sex (male/female) 0.334 0.181–0.618 <0.001 0.337 0.168–0.677 0.002*
BMI 0.982 0.905–1.066 0.670

Total Cholesterol 0.789 0.561–1.110 0.173

Hypertension 1.280 0.667–2.455 0.458
Diabetes 1.469 0.600–3.592 0.400

Staghorn calculi 1.849 0.842–4.058 0.125

Stone burden 1.001 0.999–1.002 0.119
Stone laterality 1.324 0.727–2.413 0.359

Hydronephrosis 1.533 0.573–4.105 0.395

Operative time 1.013 1.001–1.024 0.027 1.015 1.002–1.028 0.021*
Urine leukocyte 3.343 1.511–7.396 0.003 2.081 0.868–4.987 0.100

Urine nitrite 5.988 2.549–14.066 <0.001 1.555 0.472–5.119 0.468

Urine culture 6.103 2.805–13.278 <0.001 3.992 1.349–11.818 0.012*
Blood urea nitrogen 1.062 0.942–1.198 0.327

Blood creatinine 1.004 0.996–1.012 0.384

Blood eGFR 0.997 0.986–1.008 0.606
Blood leukocyte 1.260 1.053–1.507 0.012 0.797 0.471–1.348 0.397

Blood neutrophil 1.383 1.131–1.692 0.002 1.669 0.956–2.912 0.071

Blood lymphocyte 0.605 0.346–1.056 0.077
Blood monocyte 5.360 1.180–24.344 0.030 5.902 0.666–52.309 0.111

Blood platelet 1.005 0.999–1.010 0.087

Blood hemoglobin 0.984 0.967–1.002 0.075
NLR 1.371 1.138–1.652 0.001 1.292 1.047–1.594 0.017*

PLR 1.009 1.003–1.016 0.006 1.008 1.001–1.016 0.032*
LMR 0.761 0.610–0.949 0.015 0.818 0.617–1.086 0.165

SII 1.002 1.001–1.003 <0.001 1.001 1.000–1.003 0.016*

Note: *Values are statistically significant.

Table 3 Comparison of AUC and Cut-off Values Between the Systemic 
Inflammation Biomarkers

AUC 95%CI P value Cut-off Value Sensitivity Specificity

NLR 0.638 0.549–0.728 0.002 2.09 72.5% 55.6%
PLR 0.644 0.566–0.723 0.001 107.72 68.6% 56.8%

SII 0.680 0.600–0.759 <0.001 594.09 47.1% 82.3%
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the formation and progression of kidney stones and highlighted the need for further exploration of potential biomarkers 
and diagnostic approaches that can more accurately assess this inflammatory aspect.21,22

In this study, we found that patients with SIRS have higher NLR, PLR, and SII levels than non-SIRS patients. 
Additionally, in multivariate analysis, preoperative NLR, PLR, and SII each showed a significant association with SIRS 
occurring after PCNL. In recent studies, The NLR is a marker of systemic inflammation that has been shown to predict 
adverse cardiovascular events in various diseases. Higher NLR levels have been found to be associated with stent 
restenosis in patients with bare-metal stents who have stable/unstable angina pectoris and ST-segment elevation 
myocardial infarction(STEMI).23 A higher PLR was an independent risk factor for the development of contrast- 
induced nephropathy(CIN) in patients with STEMI undergoing percutaneous coronary intervention.Considering its 
clinical significance, the PLR may help identify high-risk candidates of CIN in these patients.24 Regarding the predictive 
value of specific biomarkers in stone disease, the presence of stones triggers the release of various inflammatory 
mediators, including IL-6, IL-7, IL-8, TNF-α and GCSF, which subsequently leads to an increase in neutrophil numbers. 
The accumulation of cytokines in the tissue microenvironment promotes an environment favorable to the further 
development of stone formation.25 Bacterial infection can cause patients to release chemokines, leading to the accumula-
tion of inflammatory cytokines in the tissue microenvironment. This process in turn triggers chemotaxis and vigorously 
promotes the formation and subsequent release of a significant amount of neutrophils from the bone marrow, ultimately 
leading to increased neutrophil levels both locally and systemically.26 Neutrophils are known to be a component of the 
inflammatory response and can suppress the immune response by inhibiting the cytolytic activity of various immune 
cells, including lymphocytes, activated natural killer cells and T cells.25 Platelets are rich in pro-inflammatory agents, 
which allow them to secrete powerful pro-inflammatory metabolites. Monocytes also play a central role as regulators 
within the complex systemic inflammatory response.27,28 Hawkins et al have also revealed that both T and B lymphocytes 
experience a significant decline in the presence of gram-positive and gram-negative bacteremia.29 Hu et al were the first 
to introduce the systemic immune inflammatory index (SII), a groundbreaking inflammatory metric defined as the platelet 
count multiplied by the neutrophil to lymphocyte ratio and also includes the absolute blood count.30 The research found 
that the systemic immune inflammatory index (SII) serves as a strong predictor of adverse outcomes in patients 
diagnosed with hepatocellular carcinoma. Furthermore, SII has emerged as a promising prognostic tool in the context 
of colorectal cancer, and there is ample evidence supporting its utility.31 NLR and PLR consist of combinations of two 
different inflammatory cell types. In comparison, SII is a biomarker of inflammatory complexes that combines three 
different inflammatory cell types and is less influenced by physiological conditions. Given the complicated pathogenesis 
of infectious diseases and diverse clinical manifestations, a multifaceted approach using a combination of multiple 
biomarkers appears to be the most pragmatic and effective strategy for diagnosis.32 NLR, PLR, and SII have proven to be 
valuable tools for identifying systemic inflammation. These markers have been widely used to predict prognosis for 

Figure 1 ROC curves for neutrophil-to-lymphocyte ratio (NLR) (A), platelet-to-lymphocyte ratio (PLR) (B) and Systemic immune-inflammatory index (SII) (C) to predict 
SIRS. ROC = receiver operating characteristic.
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a range of diseases, including malignancies, inflammatory diseases, and cardiovascular diseases.10,33 The current study 
used a combinatorial index that allows a comprehensive assessment of all observations across different cell types. 
Consequently, an increase in NLR, PLR or SII serves as a potential indicator of an active inflammatory response. These 
markers, derived from a complete blood count, are now part of routine examinations and are inexpensive. The role of 
these biomarkers in stone crystallization has contributed to the establishment of the theory of stone formation, which 
includes immune response, oxidative stress and inflammatory cell response.34

In multivariate analysis, female gender, preoperative urine cultures, and operation duration were important risk 
factors for the development of post-PCNL SIRS. A likely reason for this was women’s increased susceptibility to 
infection is their shorter urethra, which is in close proximity to the vagina and anus. This anatomical feature likely 
contributes to a higher risk of infection. In addition, as women approach menopause, estrogen levels decline, leading to 
atrophy of the urinary tract mucosa. This reduction in glycogen levels in the epithelial cells can, in turn, potentially 
increase the risk of infection, subsequently leading to a corresponding decrease in glycogen-dependent vaginal flora and 
a corresponding increase in Escherichia coli, ultimately leading to urinary tract infections.35 A positive urine culture 
conclusively indicates the presence of a preoperative urinary tract infection and highlights the need for prompt attention 
and treatment. PCNL can cause excessive renal pelvic pressure, leading to pyelotubular, pyelolymphatic, and pyelove-
nous backflow, which can subsequently lead to bacteria entering the circulation. The risk of SIRS increases with 
increasing operative time.35,36 Despite negative urine cultures, some patients still develop SIRS. The occurrence of 
postoperative sepsis in the absence of bacteremia or bacteriuria could potentially be due to the persistent presence of 
bacterial endotoxins in infected stones.21,37 Higher SII, NLR or PLR can be used as indicators to predict SIRS, especially 
in negative urine cultures. Prompt and aggressive anti-infective treatment during the perioperative period is of paramount 
importance to prevent the occurrence of SIRS and mitigate its progression toward urosepsis.

Conclusions
The complicated pathogenesis of postoperative infections involves several factors that make it a complex phenomenon. 
Among the countless potential indicators, NLR, PLR and SII emerge as valuable, stand-alone, readily available and 
economically feasible predictors of the occurrence of SIRS after PCNL. The results of our study may serve as a valuable 
tool for the preoperative identification of patients at increased risk. The combined use of systemic inflammatory 
biomarkers provides clinicians with a robust tool for early detection and intervention. Therefore, high-risk patients 
with an elevated preoperative NLR, PLR, and SII ratio should receive greater attention and consider prolonged antibiotic 
prophylaxis before surgery, especially those with a negative preoperative urine culture. The use of active anti-infective 
therapies during the perioperative period, minimization of intraoperative perfusion, and, when deemed necessary, opting 
for staged surgical procedures can effectively reduce the risk of postoperative systemic inflammation and infection. To 
further solidify their clinical significance, further prospective studies are needed to examine the predictive accuracy of 
these biomarkers compared to other established risk factors.

Abbreviations
SIRS, Systemic inflammatory response syndrome; PCNL, Percutaneous nephrolithotomy; NLR, Neutrophil to lympho-
cyte ratio; LMR, lymphocyte to monocyte ratio; PLR, Platelet to lymphocyte ratio; SII, Systemic immune inflammation, 
platelet count × neutrophil count / lymphocyte count; IQR, Interquartile Range.
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