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Objective: This study aimed to assess the association between preoperative neutrophil-lymphocyte ratio (NLR) and febrile urinary
tract infection (fUTI) in patients who underwent percutaneous nephrolithotomy (PCNL).

Patients and Methods: The clinical data of patients who underwent PCNL at our hospital between March 2020 and May 2023 were
retrospectively analyzed. According to whether fUTI occurs after operation, collected data were divided to the patients into fUTI and
non-fUTI. Univariate analysis, relative operating characteristic (ROC) curves and multivariate logistic regression analysis were
performed on the data.

Results: A total of 405 patients were enrolled in the study. The procedure was successfully performed in all patients, and the incidence
of fUTI was 8.4% (34/405). Eight patients eventually developed sepsis, and the incidence of sepsis in fUTI patients was 23.5%. The
result shows a significant correlation between NLR and fUTI (95% confidence interval [CI],1.21-1.83, Odds ratio [OR]=1.49,
p<0.001). The predictive ability of NLR on the occurrence of fUTI was assessed by plotting relative operating characteristic (ROC)
curves. The area under the curve (AUC) in the ROC curve for NLR was 0.718 according to the Youden index, and the best cut-off
value of NLR was 2.71. Furthermore, logistic multiple regression model adjustment was carried out to further confirm the robustness
of the relationship between NLR and fUTI. The results indicated robustness regardless of whether NLR was a continuous variable or
a categorical variable.

Conclusion: NLR can be used as a simple and effective preoperative indicator for the prediction of fUTI in patients undergoing
PCNL.
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Introduction
Percutaneous nephrolithotomy (PCNL) is recommended as the primary option for kidney stones larger than 2 cm and
infected stones. In cases of failed extracorporeal shock wave lithotripsy (ESWL) and endourology for stones between 1
and 2 cm, PCNL is still an effective treatment method.' Severe infection may occur after PCNL, and some patients may
even develop sepsis. According to relevant literature reports, the incidence rate of sepsis is between 2.4% and 5.1%.>*
Therefore, preoperatively identifying the patients at a high risk of postoperative infection holds great significance.
Clinicians can take corresponding measures to reduce postoperative infection complications.

Systemic inflammatory response syndrome (SIRS) is regarded as the initial condition for sepsis.” It is determined by
monitoring respiratory rate, heart rate, body temperature, and blood test. There was also a study that reported

a correlation between preoperative neutrophil-lymphocyte ratio (NLR) and postoperative SIRS.® In practical situations,
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respiratory rate and heart rate may be affected by some objective or subjective factors, such as postoperative pain,
patient’s nervousness, and some heart diseases, which may affect the doctor’s diagnosis of SIRS. However, fever is the
main early symptom of sepsis and is also one of the diagnostic criteria for SIRS, which is hardly affected by other
factors. Postoperative febrile urinary tract infection (fUTI) is defined as postoperative fever body temperature >38°C,
which is the most common complication after PCNL. By the time patients developing fUTI after PCNL exhibit
symptoms, SIRS or sepsis has likely occurred. The condition eventually leads to prolonged hospitalization and increased
financial burden. Although NLR is a well-known marker of systemic inflammation and infection, the association between
NLR and fUTI remains unclear in patients undergoing PCNL.

A retrospective observational study was conducted to solve this problem. This study aimed to evaluate the association
between NLR and fUTI in patients who underwent PCNL.

Materials and Methods

Materials

The clinical data from a tertiary hospital (302 Hospital of China Guizhou Aviation Industry Group) between March 2020 and
May 2023 were retrospectively analyzed. These patients were subjected to PCNL in the prone position. All patients
underwent computed tomography to accurately measure the stones and relevant blood biochemical tests were performed
within two days before surgery. None of the patients had a fever for three days before surgery. Inclusion Criteria: 1. All
patients with definite preoperative diagnosis and no surgical contraindications to undergo PCNL; 2. Postoperative fUTI
diagnosis was clear, without any other infection site; 3. Preoperative nitrite was negative. Patients with blood system
diseases, tumors or abnormal immune function, positive urine culture, other infections, or two-stage surgery were excluded
from the study. Patients with preoperative infection were treated with antibiotics. The patients were administered antibiotics
30 min before the surgery as standard antibiotic prophylaxis. Opioids were given for postoperative pain relief, and non-
steroidal anti-inflammatory drugs were not given. Blood and urine cultures were performed in patients with fUTL

Procedure of Operation

The patient was placed in the lithotomy position of the bladder after under general anesthesia. An F5 ureteral catheter
was inserted into the affected renal pelvis through an F8/9.8 rigid ureteroscope through the urethra to create an “artificial
hydronephrosis” for convenient positioning. The area between the posterior axillary line and the shoulder line of the
affected side was examined under ultrasound, and the zebra guide wire was inserted after the puncture. The fascia dilator
was used to establish the surgical channel in sequence. After using the holmium laser, the ureteral catheter was pulled
out, and the F6.0 double J tube was indwelling along the zebra guide wire anterograde; the endoscope was removed and
the fixed nephrostomy tube was placed. The intraoperative renal pelvic lavage pressure was maintained at a constant
level and the operation process and surgical instruments were the same.

Data Collection

Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated host response to infection.” The vital
signs of patients were routinely monitored up to 72 hours after surgery. Patient information was collected from the
hospital information system. The preoperative and operative conditions of the patient were collected, including general
clinical data, preoperative blood test results, stone characteristics, and surgical data. In addition, the occurrence of fUTI
in each patient after surgery and the outcome of each patient was recorded.

Statistical Analysis

For continuous variables, data are shown as meant standard deviation (SD) or median with interquartile range
(IQR) and for categorical variables as frequency or percentage. Univariate analysis was conducted to verify the
relationship between fUTI and each variable. Significant variables in the univariate analysis and important clinical
factors such as age were included as covariates. Subsequently, multivariable logistic regression analysis was
performed to evaluate the independent association between NLR and fUTI. An extended logistic analysis was
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y
Final analysis(N=405)

Figure | Flowchart of patient selection steps.

applied to analyze different covariates-adjusted models. We plotted the receiver operating characteristic (ROC)
curve to evaluate the diagnostic value of NLR for fUTI.
All the analyses were performed with the statistical software packages R 3.3.2 (http://www.R-project.org, The

R Foundation) and Free Statistics software version 1.8. For data analysis results, p value <0.05 was considered
statistically significant.

Results
The clinical data of 489 patients were collected, following the strict inclusion and exclusion criteria, 405 patients (135
females and 270 males) were finally enrolled in the study (Figure 1).

The baseline characteristics between groups with and without fUTT are presented in Table 1. The incidence of fUTI was
8.4% (34/405) and 8 of the patients developed sepsis; the incidence of sepsis in fUTI patients was 23.5%. Three were
transferred to the intensive care unit after surgery due to their critical condition and were finally discharged after recovery.
None of the patients died in this study. The general clinical characteristics of the two groups were compared, revealing
significant differences in gender, neutrophil count, lymphocyte count, hemoglobin, albumin, globulin, stone size, and

Table | The Baseline Characteristics of the Subjects Between fUTI Group and Non- fUTI Group

Variables Total (N = 405) Non-fUTI (N = 371) | fUTI (N = 34) p
Gender 0.011
Female 135 (33.3) 117 (31.5) 18 (52.9)
Male 270 (66.7) 254 (68.5) 16 (47.1)
Age(years) 486 + 14.5 483 + 144 523 % 148 0.124
BMl(kg/m?) 23.3 (21.0, 25.7) 23.3 (21.0,25.7) 22.8 (20.7, 25.6) 0.986
Diabetes 0.179
No 372 (91.9) 343 (92.5) 29 (85.3)
Yes 33 (8.1) 28 (7.5) 5(14.7)
Hypertension (%) 0.929
No 324 (80.0) 297 (80.1) 27 (794)
Yes 81 (20.0) 74 (19.9) 7 (20.6)
Heart disease (%) 0.495
No 375 (92.6) 342 (92.2) 33 (97.1)
Yes 30 (74) 29 (7.8) 1(29)
(Continued)
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operative time (p<0.05). In contrast, no statistically significant differences were observed in age, body mass index (BMI),
underlying diseases (diabetes, hypertension, and heart disease), stone characteristics (stone number and staghorn stone), and
surgical puncture channel (p>0.05). Furthermore, univariate analysis with logistic regression was performed to explore the
confounding factors of fUTI after PCNL, as displayed in Table 2. The results indicated a significant correlation between NLR
and fUTI (95% confidence interval [CI],1.21-1.83, Odds ratio [OR]=1.49, p<0.001). In addition, gender (p=0.013),

Table | (Continued).

Variables Total (N = 405) Non-fUTI (N = 371) | fUTI (N = 34) )
Hb(g/L) 144.0 (130.0, 156.0) | 145.0 (132.0, 156.0) 125.0 (105.5, 140.0) | < 0.001
Neutrophil count(x10%) | 4.1 (3.3, 5.0) 4.0 (3.2, 49) 4.5 (38,52 0.035
Lymphocyte count(x10%) | 1.6 (1.2, 1.9) 1.6 (1.3, 1.9) 1.2 (1.0, 1.7) 0.004
Albumin(g/L) 42.8 (39.7, 45.0) 42.9 (40.0, 45.2) 41.6 (37.2, 44.0) 0.016
Globin(g/L) 30.3 (274, 33.6) 30.1 (27.3, 33.2) 32.1 (295, 35.2) 0.006
NLR 25 (2.0, 3.3) 2.4 (2.0, 3.3) 3.3 (28 4.5) < 0.001
Stone size(cm) 2.0 (1.8, 2.5) 2.0 (1.8, 2.5) 2.3 (2.0, 2.5) 0.007
Stone number 0.2

Single 57 (14.1) 55 (14.8) 2 (5.9

Multiple 348 (85.9) 316 (85.2) 32 (94.1)
Staghorn stone |

No 377 (93.1) 345 (93) 32 (94.1)

Yes 28 (6.9) 26 (7) 2 (5.9
Puncture channel 0.558

Small channel 365 (90.1) 333 (89.8) 32 (94.1)

Standard channel 40 (9.9) 38 (10.2) 2 (5.9)
OT (minutes) 68.0 (58.0, 85.0) 68.0 (57.0, 84.5) 87.0 (65.0, 104.5) 0.005

Notes: For continuous variables, data are showed as meant standard deviation or median with interquartile range and for

categorical variables as frequency or percentage.

Abbreviations: fUTI, febrile urinary tract infection; BMI, body mass index; Hb, hemoglobin; NLR, neutrophil-lymphocyte ratio;

OT, operation time.

Table 2 Univariate Analyses for Predicting

fUTI After PCNL

Variable OR 95% CI P
Gender 0.41 (0.20~0.83) 0.013
Age 1.02 (0.99~1.05) 0.125
BMI 1.01 (0.9~1.12) 0.908
Diabetes 2.11 (0.76~5.88) 0.153
Hypertension 1.04 (0.44~2.48) 0.929
Heart disease 0.36 (0.05~2.71) 0.319
Hb 0.96 (0.94~0.98) | <0.001
Neutrophil count | 1.30 (1.02~1.65) 0.031
Lymphocyte count | 0.37 (0.17~0.81) 0.013
Albumin 0.9 (0.83~0.98) 0.011
Globin 1.09 (1.03~1.17) 0.006
NLR 1.49 (1.21~1.83) | <0.001
Stone size 1.77 (1.08~2.9) 0.023
Stone number 2.78 (0.65~11.96) 0.168
Staghorn stone 0.83 (0.19~3.65) 0.805
Puncture channel 0.55 (0.13~2.38) 0.421
oT 1.02 (1.01~1.04) 0.004

Abbreviations: fUTI, febrile urinary tract infection; PCNL,
percutaneous nephrolithotomy; BMI, body mass index; Hb,
hemoglobin; NLR, neutrophil-lymphocyte ratio; OT, opera-

tion time. OR: odds ratio.
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Figure 2 ROC curve analysis results of NLR in predicting postoperative fUTI.
Abbreviations: ROC, relative operating characteristic; AUC, area under the curve; fUTI, febrile urinary tract infection; NLR, neutrophil-lymphocyte ratio.

neutrophil count (p=0.031), lymphocyte count (p=0.013), albumin (p=0.011), globulin (p=0.006), hemoglobin (p<0.001),
stone size (p=0.023), and operation time (p=0.004) were correlated with the occurrence of fUTL

To further assess the predictive ability of NLR on the occurrence of fUTI, ROC curves were plotted (Figure 2).
The area under the curve (AUC) in the ROC curve was 0.718 according to the Youden index, and the best cut-off
value of NLR was 2.71. Patients from the high and low NLR groups were compared in Table 3, and patients in the

Table 3 Baseline Characteristics of Patients with Low and High NLR

Variables Lower NLR Higher NLR p
(NLR <2.71) (NLR >2.71)
No. of patients 226 179
fUTI(%) 7@3.1) 27 (15.1) < 0.001
Gender(%) 0.887
Female 76 (33.6) 59 (33)
Male 150 (66.4) 120 (67)
(Continued)
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high NLR groups were older (p<0.001) and had higher neutrophil counts (p<0.001) and lower lymphocyte counts
(p<0.001). To further evaluate the robustness of the association between NLR and fUTI, logistic multiple-

regression model adjustment was conducted, as shown in Table 4. The results revealed its robustness regardless

Table 3 (Continued).

Variables Lower NLR Higher NLR )
(NLR <2.71) (NLR 22.71)
Age(years) 46.0 £ 14.1 519 £ 143 < 0.001
BMI(kg/m?) 234 (21.0, 25.7) 22.8 (20.9, 25.7) 0.441
Diabetes 0.562
No 206 (91.2) 166 (92.7)
Yes 20 (8.8) 13 (7.3)
Hypertension (%) 0.121
No 187 (82.7) 137 (76.5)
Yes 39 (17.3) 442 (23.5)
Heart disease (%) 0.921
No 209 (92.5) 166 (92.7)
Yes 17 (7.5) 13 (7.3)
Hb(g/L) 145.0 (132.0, 156.0) 141.0 (126.0, 155.0) 0.084
Neutrophil count(x10%) 3.6 (3.0, 4.3) 4.8 (3.9, 5.8) < 0.001
Lymphocyte count(x 10%) 1.8 (1.5, 2.1) 1.3 (1.0, 1.6) < 0.001
Albumin(g/L) 42.9 (40.0, 45.2) 42.4 (39.4, 44.5) 0.338
Globin(g/L) 30.3 (27.2, 33.2) 30.5 (27.6, 34.0) 0.356
Stone size(cm) 2.0 (1.8, 2.5) 2.1 (2.0, 2.5) 0.054
Stone number 0.731
Single 33 (14.6) 24 (13.4)
Multiple 193 (85.4) 1155 (86.6)
Staghorn stone 0.084
No 206 (91.2) 171 (95.5)
Yes 220 (8.8) 8 (4.5)
Puncture channel 0.057
Small channel 198 (87.6) 1167 (93.3)
Standard channel 28 (12.4) 112 (6.7)
OT (minutes) 70.0 (56.2, 85.0) 66.5 (58.0, 85.0) 0.771

Abbreviations: fUT], febrile urinary tract infection; BMI, body mass index; Hb, hemoglobin; NLR, neutro-

phil-lymphocyte ratio; OT, operation time.

of whether NLR was a continuous variable or a categorical variable.

Table 4 The Association Between NLR and fUTI by Multivariate Logistic Regression

Analysis
Nonadjusted Adjust | Adjust Il Adjust 11l
NLR 1.49 (1.21~1.83) 1.49 (1.2~1.86) 1.07 (0.5~2.29) I.1 (0.5~2.39)
NLR<2.71 | | | I I
NLR22.71 | 5.56 (2.36~13.09) | 5.63 (2.34~13.53) | 5.02 (1.42~17.8) | 5.23 (1.44~18.99)

Notes: data presented are ORs and 95% Cls. Adjust | model adjusts for age and gender; adjust [l model adjusts
for adjust | + hemoglobin, albumin, globin, neutrophil count, lymphocyte count and stone size; adjust |l model
adjusts for adjust Il + operation time.

Abbreviations: fUTI, febrile urinary tract infection; NLR, neutrophil-lymphocyte ratio; OR, odds ratio; Cl,

confidence interval.
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Discussion

The occurrence of fUTI after PCNL is relatively common. There were few studies exploring the relationship in patients
treated by PCNL between preoperative NLR and fUTI, so we conducted a retrospective study to assess whether there was
an association. NLR was found to be an independent risk factor for fUTI after PCNL and showed good predictive power.
Moreover, gender, neutrophil count, lymphocyte count, albumin, globulin, hemoglobin, stone size, and operation time
were risk factors for fUTI. This minimally invasive procedure was also associated with a higher risk of infection and
bleeding complications.®® Despite the advent of flexible ureteroscopic lithotripsy to treat upper urinary stones,'® PCNL
remains irreplaceable in some cases due to stone load and location.'

Preoperative NLR is related to the prognosis of tumors and is closely related to the occurrence of postoperative
infection.!""'? It is a readily available inflammatory biomarker. A meta-analysis of 12 studies confirmed preoperative
NLR as a predictor of postoperative infectious complications.'® In a large database analysis, procalcitonin and NLR
exhibited important predictive value for bloodstream infection, while lactate concentration and white blood cell count
had little value.'* Inflammatory mediators are released due to the presence of stones, which in turn increases neutrophil
counts, while the immune response is suppressed by the inflammatory response with decreasing the cytolytic activity of
lymphocytes, T cells, and natural killer cells.® The increase in neutrophil counts and decline in lymphocyte counts are
features of physiological immune response of circulating leucocytes to all kinds of stressful events.'> Percutaneous
nephrolithotomy is often accompanied by impaired vascular integrity and an increase in renal pelvic pressure; hence,
a large number of inflammatory mediators are released into the blood, eventually leading to persistent hyperinflammation
and immunosuppression.'® Postoperative fever is relatively common following PCNL,'” and complications related to
infection after PCNL include transient fever, SIRS, and sepsis, which depend on the severity.” A body temperature >38°C
after PCNL is one of the main clinical manifestations of infection. Attention should be paid to fUTI after surgery, and
corresponding measures should be undertaken as soon as possible to avoid further progression.

Many related studies have investigated infection after PCNL.>'®° Sen performed a study of 487 patients who underwent
PCNL and concluded that there was a significant relationship between the preoperative NLR and the occurrence of
postoperative sepsis. The ROC curve analysis revealed an NLR cut-off of 2.50 for predicting the occurrence of SIRS/
sepsis.* Kriplani also conducted a retrospective study, reporting that preoperative NLR as early identification of PCNL was
an effective predictor of postoperative SIRS or sepsis.® These studies also indicated that the preoperative NLR is associated
with infection after percutaneous nephrolithotripsy, which is consistent with the report of our study.

Infection is one of the major complications after PCNL, while SIRS is an early disease manifestation stage of
sepsis.?! In particular, many studies have explored the correlation between preoperative clinical indicators and post-
operative SIRS.'>***%23 It needs to measure the patient’s heart rate and respiratory rate after surgery, which is affected by
the patient’s underlying disease or non-infectious factors. This study only measured the patient’s body temperature after
surgery, which is a relatively simple process. In addition, our patients had strict inclusion and exclusion criteria. Unlike
previous research, the current study confirmed the reliability of the results by performing adjustments of multiple
regression models, which added to the robustness of the results.

Nevertheless, the limitations of the study should be acknowledged. First, this is a retrospective and single-center
analysis, which may include some bias in the data selection. Secondly, this study defined fUTI as postoperative body
temperature >38°C, and the entire research was based on this premise. Third, on account of the limited sample scale,
subgroup analyses were not carried out to avoid drawing unreliable conclusions. Finally, in this study, we only used NLR
as an infection marker for analysis, without adding other infection marker such as procalcitonin and C-reactive protein. In
the future, large multicenter prospective studies across different regions and simultaneous analysis of multiple markers of
infection are required to confirm these results.

Conclusion

This study evaluated the association between preoperative NLR and fUTI, and the results showed that a higher
preoperative NLR was significantly associated with the occurrence of fUTI. Therefore, NLR helps to identify patients
at high risk for postoperative fUTI. However, the manifestations of infection are diverse, and other markers of infection
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have not been studied, so we need a comprehensive evaluation of many aspects in order to make the best decision to
reduce the occurrence of infection.
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