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Background: Flexible ureteroscopy lithotripsy (FURL) is a prevalent intervention for the management of upper urinary tract stones (UUTS). Assessing the onset of systemic inflammatory response syndrome (SIRS) in patients during and postoperatively is a critical determinant in the decision-making process regarding the necessity of preoperative ureteral stenting prior to FURL.



Materials and methods: A total of 340 patients with UUTS who underwent one-stage FURL were analyzed retrospectively. Least absolute shrinkage and selection operator and multivariate logistic regression analysis were used to screen out independent risk factors, subsequently developing a nomogram. The predictive performance was internally assessed using the concordance index (C-index), receiver operating characteristic curve, and calibration curve. Additionally, we evaluated the risk of SIRS in the context of one-stage FURL, considering the impact of various available variables.



Results: Age, urinary white blood cells, urine bacterial culture, and systemic immune-inflammation index (SII) were integrated to establish a nomogram for prediction of the risk of SIRS in patients undergoing one-stage FURL. The SII exhibited the highest odds ratio (OR = 30.356) for SIRS. The nomogram demonstrated a favorable predictive performance with a C-index of 0.964 (95% CI = 0.932–0.996), an area under the curve of 0.935, and a calibration curve validating its accuracy. We further developed a scoring system and classified the risk of SIRS into four grades.



Conclusion: The developed nomogram and risk scoring system demonstrate favorable predictive ability and clinical serviceability for the personalized estimation of SIRS risk in UUTS patients undergoing one-stage FURL. It is advisable to place a ureteral stent prior to FURL in individuals with an SII exceeding 1,300 and meeting one of the following criteria: age > 60 years, urinary white blood cell levels of 1+/2+/3+, or positive urine bacterial culture. The insights provided may assist clinicians in selecting safer therapeutic approaches for UUTS patients.
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1 Introduction

Upper urinary tract stone (UUTS) is one of the most common diseases in urology, with an incidence rate of approximately 8.8% in the United States, and approximately 25% of patients with UUTS necessitate surgical intervention (1). Flexible ureteroscopy lithotripsy (FURL) is the preferred modality for managing UUTS measuring <2 cm in diameter, owing to its minimally invasive nature and expedited recovery compared with percutaneous nephrolithotomy (PCNL) and open surgical procedures (2). The standard treatment for FURL involves the initial placement of a ureteral stent, followed by lithotripsy in a subsequent stage. Preoperative insertion of a stent 2 weeks prior to FURL has been associated with reduced operative duration, improved stone-free rates, and lower complication rates compared with cases without ureteral stent placement (3). However, the two-stage FURL prolongs the hospitalization time and increases the economic burden on patients. Recently, one-stage FURL has demonstrated superior lithotripsy efficacy and has emerged as the preferred option among clinicians in practice (4, 5). Sepsis represents one of the most serious complications associated with FURL, with systemic inflammatory response syndrome (SIRS) identified as an early indicator of sepsis (3). Assessing SIRS development during and following FURL is a crucial factor in preoperative ureteral stent placement decision. Consequently, this study aimed to develop an effective prediction tool for assessing the risk of SIRS preoperatively in patients undergoing one-stage FURL based on the individual situation and routine laboratory results of UUTS patients.



2 Materials and methods


2.1 Study population

We conducted a retrospective analysis of patients diagnosed with UUTS who underwent one-stage FURL at the Department of Urology, Xuancheng People's Hospital, between July 2021 and May 2024. All patients presented with UUTS measuring <2.5 cm in diameter and were deemed appropriate candidates for one-stage FURL intervention. Each procedure was performed under general anesthesia. We set the following inclusion criteria in this study: (a) all patients who had confirmed unilateral UUTC via computed tomography and (b) those over 18 years old and who did not have a nephrostomy tube or ureteral stent. The cohort consisted of individuals with unilateral UUTS, mainly ureteral calculi, with no infection beyond the urinary tract. We excluded individuals with significant cardiopulmonary impairment, coagulation abnormalities, or a history of psychiatric disorders, hematologic diseases, immunological disorders, splenic anomalies, and malignant neoplasms. None of the patients had received immunosuppressive agents, hormonal treatments, or antiplatelet medications in the past month. In addition, we excluded patients with solitary kidneys, polycystic kidney disease, horseshoe kidneys, uremia, or preoperative SIRS response. The study population did not include pregnant women or individuals who had undergone blood transfusions or experienced severe hemorrhage within the past year. All surgical procedures were performed by the same surgical team. In addition to the aforementioned exclusion criteria, no other patients who underwent one-stage FURL were excluded from the study.



2.2 Data acquisition

We obtained the available information of UUTS patients including age, gender, height, weight, stone site, stone size, diabetes, hydronephrosis, neutrophils, lymphocytes, platelets, blood creatinine, urinary white blood cells (WBC), urine bacterial culture, ureteral access sheath, and surgery time. For patients with urine WBC levels of 2+/3+ or positive urine cultures, a course of second-generation cephalosporin or sensitive antibiotic was administered for anti-inflammatory treatment 2 days before surgery. All patients received second-generation cephalosporin or sensitive antibiotic 30 min before FURL to prevent the risk of infection. Mild hydronephrosis indicates a separation of the renal pelvis <2 cm, whereas moderate or severe hydronephrosis is associated with a renal pelvis dilation exceeding 2 cm. The body mass index (BMI) value is determined by an individual's height and weight measurements. The estimated glomerular filtration rate (EGFR) value is calculated based on the patient's gender, age, and is is is determined based on serum creatinine levels. The systemic immune-inflammation index (SII) is derived from the counts of blood neutrophils, lymphocytes, and platelets. A one-stage FURL signifies that patients underwent the procedure without prior placement of a ureteral stent. A two-stage FURL indicates that ureteral stenting was performed prior to the FURL. All patient examination information was preoperative results. SIRS positivity is defined as meeting at least two of the following criteria: body temperature exceeding 38.5°C or falling below 36°C; heart rate >90 beats per minute; respiratory rate exceeding 20 breaths per minute or PaCO2 below 32 mmHg; peripheral blood leukocyte count >12 × 109/L or <4 × 109/L; or the presence of immature granulocytes exceeding 10% (2). Postoperatively, all patients underwent hematological assessments, and respiratory and heart rates were monitored at least three times daily. If there was no SIRS response observed prior to discharge (typically 3 days postsurgery), the SIRS response was classified as negative.



2.3 Statistical analysis

The analysis encompassed various variables, including age, gender, BMI value, diabetes, stone site, stone size, hydronephrosis, urinary WBC, urine bacterial culture, EGFR value, SII value, ureteral access sheath, and surgery time. We used the least absolute shrinkage and selection operator (LASSO) regression to select predictive factors with non-zero coefficients. Subsequently, multivariate logistic regression analysis was conducted to isolate independent risk factors with a P-value of <0.05. Variance inflation factor (VIF) analysis was utilized to evaluate the collinearity information among the clinical variables and the final radiomics features. Combined with independent risk factors, we developed a nomogram to personalize the prediction of the risk of SIRS in one-stage FURL. The Hosmer–Lemeshow test was performed to evaluate the goodness-of-fit of the nomogram. The predictive ability of the nomogram was internally evaluated by the receiver operating characteristic (ROC) curve and calibration curve. The concordance index (C-index) was measured to quantify the discrimination performance of the nonadherence nomogram. We used bootstrapping validation, comprising 1,000 bootstrap resamples, which was implemented for the non-adherence nomogram. Additionally, decision curve analysis (DCA) was conducted to test the clinical applicability of the non-adherence nomogram. This analysis was achieved by quantifying the net benefits at various threshold probabilities. The net benefit was computed as the proportion of true-positive patients minus the proportion of false-positive patients, while also taking into account the relative harm of not implementing an intervention as compared with the negative outcomes resulting from an unnecessary intervention. Utilizing the outcomes from each variable subgroup within the nomogram, we developed an SIRS scoring system through mathematical calculation. Subsequently, we divided the SIRS risk into four grades based on the scoring and patient population and compared the SIRS risk across varying grades. All statistical analyses and graphics were performed using R software (version 4.4.1), and a two-tailed P-value of <0.05 was deemed statistically significant.




3 Results


3.1 Patient data

A total of 340 UUTS patients who underwent one-stage FURL were selected in this study, of whom 31 (9.12%) developed SIRS. We compared age, gender, BMI value, diabetes, stone site, stone size, hydronephrosis, urinary WBC, urine bacterial culture, EGFR value, SII value, ureteral access sheath, and surgery time between the non-SIRS group and SIRS group. The baseline characteristics of both groups are listed in Table 1.


TABLE 1 Baseline characteristics of the study cohort (n = 340).
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3.2 Independent risk factors

The feature selection of LASSO regression showed 13 features which were reduced to 6 potential predictors (Figure 1), including age, stone site, hydronephrosis, urinary WBC, urine bacterial culture, and SII value. These non-zero coefficient predictors were subjected to further investigation through multivariate logistic regression analysis, and variables with P-values of <0.05 were considered independent risk factors. VIFs of the six radiomics features were tolerable (VIF value for variables: age = 1.062, stone site = 1.041, hydronephrosis = 1.276, urinary white blood cell = 1.228, urine bacterial culture = 1.218, SII = 1.129). The independent risk factors including age, urinary WBC, urine bacterial culture and SII value, and SII exhibited the highest odds ratio (OR) (value = 30.356; 95% CI = 10.215–142.17) in relation to SIRS, followed by urine bacterial culture (Table 2).


[image: Figure 1]
FIGURE 1
LASSO regression to screen out optimal parameter factors (A) and the relationship between each clinical variable and log (λ) after parameter adjustment (B) in the LASSO model, 10-fold cross-validation was utilized to determine the optimal parameter λ for the selection of radiomic features. At the optimal tuning parameter λ = 0.012 and log (λ) = −1.907, the dotted vertical lines were placed at the optimal values determined by the minimum criteria. A coefficient profile plot was created with respect to the log (λ) sequence. The dotted vertical lines were drawn corresponding to the six non-zero coefficients, indicating the optimal value of λ in the least absolute shrinkage and selection operator.



TABLE 2 Multivariate logistic regression analysis of prediction factors for the study cohort.
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3.3 Establishment and validation nomogram

The independent risk factors, including age, urinary WBC, urine bacterial culture, and SII value, were integrated to develop a nomogram for individualized risk assessment of SIRS in patients undergoing one-stage FURL (Figure 2). Calibration was evaluated using the Hosmer–Lemeshow test with adaptive grouping (group = 5), resulting in a chi-square statistic of 2.507 (P = 0.474), which indicates no significant deviation between the predicted probabilities and observed outcomes, thereby suggesting robust calibration of the nomogram. The concordance index (C-index) was calculated at 0.964 (95% CI = 0.932–0.996), and the area under the curve (AUC) was determined to be 0.935, both nearing perfect performance. The calibration curves of the non-adherence nomogram indicated a favorable predictive capability for estimating the risk of SIRS in one-stage FURL (Figure 3). The DCA curve showed a net benefit within almost all threshold probability ranges of patients in this study, demonstrating the clinical effectiveness of our prediction model (Figure 4).


[image: Figure 2]
FIGURE 2
Nomograms for preoperative prediction of the risk of SIRS in patients undergoing one-stage FURL.
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FIGURE 3
Receiver operating characteristic curve (A) and calibration curve (B) to internally verify the predictive accuracy of nomogram prediction.
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FIGURE 4
Decision curve analysis to test the clinical serviceability of the nomogram.




3.4 Risk scoring system for SIRS

By integrating the subgroup scores presented in the nomogram, we developed a risk scoring system to quantify the risk of SIRS for one-stage FURL. This risk scoring system was structured with a maximum of 100 points, wherein the higher score indicated a greater risk of SIRS occurrence in one-stage FURL (Table 3). The potential for SIRS development was classified into four grades, based on the subgroup scores and the number of patients with UUTC. The incidence and risk multiples for SIRS at each grade were shown in Table 4, indicating that 82.76% of patients classified in Grade IV developed SIRS, presenting a risk multiplier of 9.077 compared with the general cohort of UUTS patients (Table 4).


TABLE 3 Scores of each subgroup in the risk scoring system.
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TABLE 4 The comparison of each grade in the risk scoring system.
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4 Discussion

Patients undergoing one-stage FULR exhibit an elevated incidence of SIRS compared with those receiving two-stage FULR (3). Indications for stent placement prior to FURL may include the presence of obstructive ureteral stones, calculus-induced pyelonephritis, patient-reported pain, or the need to facilitate the insertion of the flexible ureteroscope sheath (3). Our investigation encompassed 340 UUTS patients who received one-stage FURL, with 31 individuals (9.12%) developing SIRS. Previous research has indicated that the incidence of SIRS during and after FURL ranges from 6.7% to 20.7% (6). Sepsis represents the most severe complication associated with FURL, potentially resulting in septic shock and mortality (7). Levy et al. (8) compiled data on 25,375 sepsis patients, including 18,766 from the United States and 6,609 from Europe, reporting adjusted mortality rates of 32.3% and 31.3%, respectively. Therefore, urologists need to manage the risk of SIRS associated with FURL through general preoperative examinations and convenient tools.

In this study, we selected SIRS as an indicator to reflect urinary tract infections in UUTS patients. SIRS is a widely recognized biomarker of systemic inflammation and is recognized as an early manifestation of sepsis (9–11). Some scholars have used other methodologies for the early prediction of sepsis, such as quick sequential organ failure assessment (qSOFA), which predicts sepsis risk based on changes in respiratory rate, systolic blood pressure, and mental status. However, its predictive validity has been suboptimal (12, 13). A statistical analysis conducted by Norwegian researchers on a cohort of 1,535 infected patients revealed that 108 had sepsis, yet only 33 (30.1%) satisfied the qSOFA criteria. Furthermore, among the 26 patients who died within 7 days, merely 4 (15.4%) exhibited a qSOFA score ≥ 2 (12). Some other diseases may lead to false positives in the qSOFA assessment, such as cardiac embolism, respiratory distress syndrome, severe trauma, and anaphylactic shock. Due to the limited sensitivity of qSOFA to sepsis, international sepsis and septic shock management guidelines strongly advise against its use as a standalone screening instrument and emphasize that SIRS is more effective in assessing sepsis severity compared with qSOFA, blood lactate, and other biomarkers (13).

The variables in our study were derived from routine preoperative examinations of patients with UUTS, and the result showed that age, urinary WBC, urine bacterial culture, and SII value were identified as independent risk factors for the development of SIRS. In contrast to younger UUTS patients, older patients exhibited diminished immune functionality and a higher prevalence of potential diseases, thereby increasing their susceptibility to SIRS. In our analysis, a urine WBC 3+ was associated with a sensitivity of 0.53 and a specificity of 0.95 in predicting SIRS, while the sensitivity and specificity for SIRS prediction based on urine bacterial culture were found to be 0.63 and 0.94, respectively. Previous studies utilizing multiple logistic regression analysis had found that positivity for urine WBC, urine bacterial culture, and urine nitrite were independent risk factors for the onset of fever and SIRS in patients with UUTC (1, 14). Nitrite is usually not present in normal urine. Urinary bacteria, particularly gram-negative species, can convert nitrate into nitrite. In this study, only six patients exhibited nitrite positivity in their urine, which precluded its inclusion in the analysis. Our results showed that SII had the highest OR (30.356) for the development of SIRS in UUTS patients undergoing one-stage FURL. The sensitivity and specificity of predicting SIRS using urine SII > 1,300 were found to be 0.59 and 0.98, respectively. Among the participants, five patients eventually progressed to sepsis, none died, and all patients with sepsis had an SII exceeding 1,300, with an average SII of 6,750.32. The SII has been proven to be a promising prognostic biomarker for evaluating the development of various inflammatory diseases and the prognosis of different malignancies (15–18). Preoperative SII has also been demonstrated as a prognostic marker for evaluating infection risk in patients undergoing various surgeries, such as knee arthroplasty, cardiac stent implantation, and lung surgery (19–21). Wang et al. (22) found that among the various predictive indicators for early severe mycoplasma pneumoniae pneumonia, the predictive capability of SII was significantly superior to that of neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, and systemic immune response index, which demonstrates the superiority of SII as an innovative confirmatory predictor in reflecting systemic inflammation. In the field of urological lithotripsy, Peng et al. (23) investigated the role of preoperative SII in forecasting SIRS in PCNL and found that SII exhibited a superior predictive capacity than traditional inflammatory markers. Infectious UUTSs are more prone to SIRS response, where increased neutrophil counts and reduced lymphocyte levels may release pro-inflammatory mediators that could facilitate stone formation. Platelet activation can release vascular permeability factors by releasing 5-hydroxytryptamine from alpha particles and dense particles, which enhance vascular permeability, promote the chemotaxis of leukocytes, and participate in the inflammatory process (23). However, we have not found any studies focusing on preoperative SII as a predictor of infection in the context of FURL. Some other factors, such as pyuria and stone culture, have been verified to be related to the risk of SIRS in stone surgery (24, 25). Nevertheless, the results of these indicators can only be obtained after surgery. The objective of this study was to preliminarily assess the SIRS associated with one-stage FURL through preoperative examination; hence, these indicators were not analyzed.

Nomogram, a statistical tool that graphically represents multiple independent risk factors, is widely utilized to assess the risk of disease incidence and prognosis (26, 27). In contrast to previous nomograms designed to predict SIRS risk in patients undergoing FURL (28, 29), our nomogram model exhibits several distinctions. Firstly, the cohort in this study comprised exclusively patients undergoing one-stage FURL. The focus of this study was to evaluate the risk of SIRS in UUTS patients who did not have ureteral stents placed prior to FURL, thereby enhancing the selection of surgical approaches in clinical practice. Secondly, we are the first to evaluate SII in relation to the development of SIRS in patients undergoing one-stage FURL. Thirdly, we developed a novel risk scoring system for predicting SIRS in one-stage FURL, categorizing the risk into four grades. Within our risk scoring system, SII > 1,300 had the highest score of 47. Our risk scoring system showed Grade IV with points 55–100, and the risk multiple for developing SIRS in Grade IV was 9.077 compared with the general population. We strongly advise that UUTS patients with a preoperative score of Grade IV should undergo a two-stage FURL procedure. Furthermore, we highly recommend that a ureteral stent should be placed prior to FURL in patients with SII > 1,300 and one of the following criteria: age > 60 years, urinary white blood cell levels of 1+/2+/3+, or positive urine bacterial culture (notably, approximately 80% of patients in this study developed SIRS).

However, there are still some limitations in our study. Firstly, the restricted sample size may introduce a potential bias in our results. Secondly, some variables, such as gender, diabetes, stone size, ureteral access sheath, and surgery time, did not demonstrate statistical significance in this study, but they have been recognized as influencing the risk of SIRS in existing literature (6, 30, 31). Lastly, this study is a retrospective analysis conducted within a single medical institution and requires further prospective studies and external validation to corroborate our results.



5 Conclusions

This study established a convenient nomogram incorporating age, urine WBC, urine bacterial culture, and SII value to preoperatively predict the risk of SIRS in patients undergoing one-stage FURL. Internal validation demonstrated that the nomogram has favorable predictive capability and clinical applicability. We are the first to introduce a risk scoring system for SIRS in patients undergoing one-stage FURL, identifying SII as the most relevant risk factor. We strongly recommend the placement of a ureteral stent prior to FURL in patients with SII > 1,300 and meeting one of the following: age > 60 years, urinary white blood cell levels of 1+/2+/3+, or positive urine bacterial culture. These novel insights may assist clinicians in selecting safer therapeutic approaches for UUTS patients.
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