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Abstract
Background: Percutaneous nephrolithotomy (PCNL) is a primary treatment method for renal stones, but
infection is a very common postoperative complication. Systemic in�ammatory response syndrome
(SIRS) is a stage of the infection process and a very important early clinical manifestation of sepsis, so
identifying the risk factors associated with SIRS after PCNL is important for ensuring patient safety and
preventing sepsis.

Objective: To analyze the risk factors for SIRS after PCNL, identify the predictive factors, and perform risk
factor analysis.

Methodology: Between September 2016 and September 2017, 352 patients who were diagnosed with
renal stones and treated with PCNL were included in this study. The patients were divided into two groups
according to whether SIRS occurred. Univariate analysis was performed on the related risk factors,
including patient age; gender; body mass index; urine culture; number, types and quantity of rental stones;
diabetes; blood glucose; complications; hospital stay; residual stones; and Guy’s degree. Then, logistic
regression was used to perform multivariate analysis and establish a predictive model.

Results: A total of 352 patients with renal stones were treated with PCNL, and 106 patients (30.1%)
developed SIRS after surgery. Operative time, preoperative fever and diabetes were found to be risk
factors, and the logistic regression results indicated that diabetes (OR=2.049, 95%CI 1.008~4.166) and
operative time (OR=1.011, 95%CI 1.003~1.019) could be entered into the regression equation. Therefore,
the predictive regression model was P=1/[1+e-(-2.097+0.712 diabetes + 0.012 operative time)].

Conclusion: Diabetes and operative time are independent risk factors for SIRS after PCNL, so the
probability of SIRS after PCNL can be determined according to these two indicators.

Introduction
Renal stones are one of the most common urological conditions, and they have a high incidence around
the world. A cross-sectional survey of the prevalence of urinary calculi in China showed that the
prevalence rate was 6.50% (1). Percutaneous nephrolithotomy (PCNL) has been widely used for the
treatment of renal stones (2), and it has also become the standard of care for large (>2 cm) renal stones
(3). PCNL has become one of the main methods used to treat renal and upper ureteral calculi in recent
years. Compared to other approaches, it has the advantages of less trauma, fewer complications and
faster recovery, but postoperative infection and even sepsis are problems that cannot be ignored.

Systemic in�ammatory response syndrome (SIRS) refers to the systemic nonspeci�c in�ammatory
response that is caused by the stimulation of infectious and noninfectious factors, such as various
severe infections, trauma, hemorrhagic shock, burns, tissue ischemia and hypoxia and reperfusion injury,
which eventually leads to an uncontrolled response to in�ammation. Infection is a continuous clinical
process; SIRS is one of the stages, and it is also a very important early clinical manifestation of sepsis.
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The broken stones in percutaneous nephrolithotomy undergo reverse �ow into the blood under the action
of trauma and hyperbaric perfusion, which is likely to cause SIRS. After PCNL, 10% to 35% of patients
develop SIRS, with a small percentage progressing to sepsis (4). Therefore, controlling SIRS is very
important to prevent the occurrence of sepsis after PCNL and ensure the perioperative safety of patients.

At present, there are many papers discussing the risk factors for systemic in�ammatory response
syndrome after percutaneous nephrolithotomy, and factors such as stone size, operative time, number of
channels, positive results of urine culture, renal pelvic urine, and stone cultures, are risk factors for SIRS
after percutaneous nephrolithotomy (5,6). It is necessary to establish a nomogram-based predictive
model to predict the postoperative risk of severe infection. Prediction of the risk of SIRS after PCNL via
scienti�c methods will help clinical staff to assess the SIRS risk of patients early during the perioperative
period and implement early interventions, which can ensure patient safety and promote early
rehabilitation (5, 7, 8).

Patients And Methods
Study design and study setting

This retrospective study was approved by the hospital ethics committee (2018-237-2, No. 1 Hospital of
China Medical University), and the case data of quali�ed patients were surveyed in the medical record
room. Between September 2016 and September 2017, there were 352 cases in the Urology Department of
No. 1 Hospital of China Medical University. A total of 352 cases were included for statistical analysis. The
following inclusion criteria were used for patients:  The patients were diagnosed with renal stones based
on imaging and were treated with PCNL.  The patients were over 18 years old. The following exclusion
criteria were used for patients: Patients who underwent open surgery for renal calculi complicated with
sepsis and American Society of Anesthesiologists (ASA) scores of 3 and 4 were excluded. All surgical
patients were evaluated with routine blood examination, hemoglobin, routine urine analysis and urine
culture, blood glucose, kidney function tests, stone clearance rate, Guy’s degree, intravenous pyelogram
and contrast-enhanced computed tomography if necessary for diagnosis.

All operations were performed by doctors who had experience with PCNL surgeries with the above
characteristics as associate professors. Patients with positive urine culture before surgery were treated
with appropriate antibiotics until routine urine analysis was normal and urine culture was negative. The
operative method was to place the patient in the lithotomy position after induction of general anesthesia.
The 5F-7F ureteral catheter was inserted in a retrograde manner under direct cystoscopy, and an isotonic
solution was injected to form “arti�cial hydronephrosis” to indwell the catheter. With the patient in the
prone position, a pillow was placed under the abdomen to form a low arc in the back at the waist. Under
the guidance of B-ultrasound, puncture was performed from the posterior axillary line under rib 12 or
between ribs 11 and 12 to the dorsal calyces of the affected kidney, and the number of puncture points
and channels were determined according to the position, size and number of renal stones. After
successful puncture, the metal guide wire was placed. After withdrawing the needle sheath, the channel
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was expanded to 24F, and the expansion sheath was indwelled. The position of the stone was checked.
The stone was removed directly if possible, and larger stones were �rst crushed with a Swiss
LithoClastMaster (EMS, Nyon, Switzerland) and then sucked out or pinched out. Finally, the renal pelvis
was checked for residual stones, and the postoperative 14F-16F renal �stula and 5F-7F double J tube
were indwelled.

All patients were followed up postoperatively for SIRS, which was diagnosed in patients according to the
following criteria:  fever, >38°C or <36°C;  heart rate, >90 beats/min;  respiratory rate, >20 breaths/min;
or  leukocyte count, <4×109/L or >12×109/L, or immature granulocytes>10%. SIRS was diagnosed in
patients who met two or more criteria (9).

Statistical analysis

Statistical analyses were performed using the Statistical Package for SPSS 20.0 (ChineseIBM, China).
Statistical signi�cance was set at a p value < 0.05, and all p values were single tailed. Measurement data
were presented as±SD, and count data were expressed as the number of cases (percentage). Continuous
variables were compared with an independent-sample t test, count data were subjected to univariate
analysis with the chi-square test, and the rank sum test was used for rank data. To de�ne potential risk
factors for SIRS, we performed multivariate logistic regression analysis and established a predictive
model. The beta (ß) regression coe�cient and the odds ratios (ORs) and their 95% con�dence intervals
(CIs) were calculated. SPSS 20.0 and Empower Stats (http://www.empowerstats.com/cn/) were used for
further analysis. Missing data were managed with 5 replicates and a chained equation approach method
in SPSS (10). A nomogram was formulated to provide visualized probability prediction (11). We assessed
the predictive performance of the models by discrimination and calibration using the C-statistic and
Hosmer-Lemeshow chi-square statistic. Discrimination was conducted to calculate the area under the
AUC curve by ROC analysis. An AUC of 0.5 indicates no discrimination, whereas an AUC of 1.0 shows
perfect discrimination (12). An internal validation study was conducted using 1000 bootstrap resamples
to determine the �nal variables predictive of SIRS. Calibration was performed by a calibration plot, which
assessed whether the predicted and observed probabilities were in concordance (13).

Results
(1) General information for the patients (see Table 1 for details)

Table 1 General information of the patients and univariate analysis ursults for SIRS after PCNL

http://www.empowerstats.com/cn/
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Variable SIRS(+) SIRS(-) total P-value

Number of cases 106 30.11% 246 69.89% 352 100%  

Gender        

male 60 56.60% 150 61.00% 210 59.7% 0.443

female 46 43.40% 96 39.00% 142 40.3%  

Age        

Male  53.53±11.40 53.99±9.37 55.20±10.69 0.983

Female  54.63±11.91 55.48±10.10 54.4±10.27 0.659

average 54.01±11.58 54.57±9.67 53.86±9.97 0.661

Body Mass Index 24.95±4.16 25.35±4.98 25.22±4.73 0.477

Urine culture        

positive 1 0.90% 8 3.25% 9 2.6% 0.373

negative 105 99.10% 238 96.75% 343 97.4%  

Rental stones        

single 54 50.94% 129 52.44% 183 52.0% 0.797

multiple  52 49.06% 117 47.56% 169 48.0%  

Hemoglobin 128.61±20.34 19.40±18.36 129.16±18.97 0.722

Blood pressure        

Systolic pressure 140.22±19.41 140.45±19.34 140.38±19.36 0.155

Diastolic pressure 84.03±10.00 83.26±11.54 83.49±11.08 0.552

Diabetes        

Yes 11 10.38% 48 1.68% 59 16.8% 0.035*

no 95 89.62 198 98.32% 293 83.2%  
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Blood glucose 5.83±1.62 5.85±1.71 5.84±1.68 0.927

Hydronephrosis        

Yes 78 73.58% 172 69.92% 270 76.7% 0.363

no 28 26.42% 74 30.08% 82 23.3%  

Renal failure        

Yes 2 1.90% 3 1.2% 5 1.4% 1.000

no 104 98.11% 243 30.08% 347 98.6%  

Fever before operation      

Yes 9 8.49% 15 6.10% 24 6.8% 0.002*

no 97 91.51% 231 93.90% 328 93.2%  

Operative time 61.87±34.65 51.84±24.78 54.86±28.45 0.008*

Cast stone or staghorn stone      

Yes 11 10.38% 14 5.69% 25 7.1% 0.458

no 95 89.62% 232 94.31% 327 92.9%  

History of stone surgery      

Yes 45 42.45% 115 46.75% 160 45.5% 0.001**

no 61 57.55% 131 53.25% 192 54.5%  

Stone clearance rate      

Stone removal 105 99.06% 241 97.97% 346 98.30% 0.783

residual stone 1 0.94% 5 2.03% 6 1.70%  

hospital stays 14 13 18 14 12 16    

Guy’s degree        

1 4 3.77% 6 2.44% 10 2.84% 0.019*
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2 74 69.81% 206 83.74% 280 79.55%  

3 17 16.04% 20 8.13% 37 10.51%  

4 11 10.38% 14 5.69% 25 7.10%  

A total of 352 patients who underwent PCNL for renal stones were included in the present study. Among
them, 210 were males (59.7%), and 142 were females (40.3%). The average age was 53.86±9.97 years,
the average body mass index was 25.22±4.73, and the average operative time was 54.86±28.45. Nine
patients (2.6%) were positive for preoperative urine culture, 169 patients (48%) had multiple renal stones,
25 patients (7.1%) had cast stones or staghorn stones, and 59 patients (16.8%) had concurrent diabetes.
The average preoperative blood glucose level was 5.84±1.68 mml/L. There were 270 cases (76.7%) with
concurrent hydronephrosis, 5 cases (1.4%) with concurrent renal insu�ciency, 24 cases (6.8%) with
preoperative fever, 160 cases (45.5%) with a preoperative history, 106 cases (30.1%) with SIRS, and no
patients with sepsis. There was no difference between the SIRS and non-SIRS groups in terms of age,
gender, or BMI.

(2) Results of univariate analysis for SIRS after percutaneous nephrolithotomy: It was found in the
univariate analysis that the differences in operative time, preoperative fever, diabetes and previous stone
operative history were statistically signi�cant, with p<0.05, as shown in Table 2.

Table 2 Multivariate logistic regression analysis results for SIRS after PCNL

Variable OR 95% confidence interval P-value 

Diabetes 2.038 1.006 4.130 0.048

Operative time 1.012 1.004 1.020 0.004

(3) Results of multivariate logistic regression analysis for SIRS after PCNL: Variables with p<0.2 in the
univariate analysis, including gender, systolic pressure, diabetes, fever before operation, operative time,
and history of stone surgery, were selected for logistic regression. It was found in the multivariate
analysis that diabetes and operative time were risk factors, as shown in Table 2; as a result, the predictive
regression model P=1/[1+e-(-2.097+0.712 diabetes + 0.012 operative time)] was established. For example,
nondiabetic patients, 60 minutes of operation, p=0.21; nondiabetic patients, 120 minutes of operation,
p=0.34; diabetic patients, 60 minutes of operation, p=0.35; and diabetic patients, 120 minutes of
operation, p=0.51. The risk probability can be obtained according to the risk factors, so medical staff can
perform targeted observation for SIRS in postoperative patients.
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(4) A nomogram was established incorporating two predictive factors (diabetes and operative time) (Fig
1). Operative time made the largest contribution to SIRS risk, followed by diabetes. In the plot, each
clinicopathological factor corresponds to a speci�c point when a line is drawn straight upward to the
point axis. After the sum of the points is located on the total points axis, the sum represents the
probability of SIRS when survival is visualized by drawing a line straight down to the SIRS axis. For
example, PCNL lasted for sixty minutes (28 points) in diabetic (28 points) patients. The point total was
56, and the risk of SIRS was approximately 35%. This predictive value could be used to make decisions
for clinical treatment and patient counseling.

The C-index for the predictive model was 0.608 [95% con�dence interval (CI): 0.504-0.748], which showed
discrimination ability. The ROC curve is presented in Fig 2. The H-L chi-square statistic was 12.834, which
indicated good statistical performance upon internal validation between the nomogram prediction and
the actual observation for the probability of SIRS (P=0.196). The calibration plot is shown in Fig 3.

The red solid line is a smoothed curve that represents an estimate of the relation between the predicted
and observed probability of SIRS. Ideally, this line �ts the black solid line that represents perfect
calibration.

Discussion
In this study, there were slightly more males than females, but there was no signi�cant sex difference
between the SIRS and non-SIRS groups. A total of 30.1% of patients developed SIRS, and no patients
developed sepsis. Current studies have shown that the incidence of SIRS after PCNL is between 10% and
30% (6, 14). This value was similar to the results in the literature (15, 16) but higher than those in the
studies of Wang A]QL (12.5%) and Singh P (17.5%) (3, 9).

Patients with a preoperative stone operation history accounted for 45.5% of the patients, indicating that
the recurrence rate of renal stones was high and the treatment was complicated. There were 9 patients
with positive urine cultures and 24 patients with preoperative fever and concurrent infection. Although
preoperative fever was a risk factor in univariate analysis, it was not entered into the regression equation
after multivariate analysis. The following factors could explain this �nding: �rst, patients with
preoperative fever were required to undergo anti-infective treatment; second, patients who were found to
have bacterial infection in routine urine analysis and positive urine culture were also treated effectively;
third, the patients did not undergo surgery until their test results were normal. Thus, the preoperative fever
failed to become a risk factor, and no patients suffered sepsis.

The results of this study revealed two risk factors that were ultimately entered into the equation for
predicting SIRS after PCNL: diabetes and operative time. Diabetes has been reported to a risk factor for
SIRS after PCNL (17, 18). Zhu Zhenjie (18) reported that the incidence of SIRS after PCNL in patients with
blood glucose above 7.1 mmol/L was more than twice that of patients with normal preoperative blood
glucose, but the blood glucose value of patients with concurrent preoperative diabetes was controlled in
the normal range, indicating that diabetes itself carries a certain risk of SIRS after PCNL; thus, even if the
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preoperative blood glucose is controlled in the normal range, it should still be taken seriously as a
postoperative risk factor. The OR results were similar to those of Zhu Zhenjie (17).

Operative time was found to be a very important risk factor, consistent with other studies (8). The
prolongation of operative time, with an increase in the absorption of lavage �uid and toxins into the
blood, increases the chance of infection. Absorption of a large amount of lavage �uid can cause
hypothermia and coagulation dysfunction and even increase the circulatory load and disturb the balance
of water and electrolytes. SIRS is more likely to occur after surgery. Shortening the operative time is an
important strategy to prevent SIRS. With the continuous improvement of endoscopy technology,
clinicians are currently decreasing their operative time. However, in Chen L’s research, operative time was
not entered into the regression equation (6).

A total of 7.1% of the patients suffered cast stones or staghorn stones. These stones were di�cult to
handle and prone to cause complications, so extensive clinical experience was required for surgeons.
Although their operative time was relatively long, these stones were ultimately not entered into the
regression equation.

With the careful monitoring of patients for SIRS after percutaneous nephrolithotomy for renal stones, the
continuous enhancement of operative skills and the improvement of preoperative preparation, although
nearly one-third of patients developed SIRS after percutaneous nephrolithotomy, the number of patients
with sepsis was zero, indicating that PCNL surgery is becoming a more mature and safer procedure. Early
symptomatic treatment for SIRS can prevent the patient’s condition from deteriorating further, so it is
necessary to use predictive models to assess the patients, followed by early observation and early
treatment to ensure patient safety after PCNL.

There were several limitations of our study. First, this was a retrospective study from a single institute,
which might lead to selection bias. Second, the patient data were not perfect; for example, the calculus
load could not be calculated, and stone composition analysis could not be performed, which affects the
analysis of risk factors, so we were unable to provide a more comprehensive analysis. Finally, the sample
size was small and lacked representativeness. Large-scale prospective studies are needed.

Conclusion
Diabetes and operative time are independent risk factors for SIRS after PCNL, so the probability of SIRS
after PCNL in patients with stones can be de�ned according to these two indicators, which can help
clinical staff assess changes in the patient's condition and then provide early interventions to reliably
prevent postoperative sepsis.

Abbreviations
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Figure 1

Nomogram to predict SIRS after PCNL. (X1=Diabetes; X2=Operative time)
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Figure 2

ROC curves for validating the discrimination power of the nomogram
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Figure 3

Calibration plots of the nomogram for the probability of SIRS after PCNL.


