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Abstract
Background. Postoperative urinary tract infection (UTI) following pyeloplasty remains a significant com-
plication and continues to pose challenges in pediatric urological care.

Objectives. This study aimed to develop a simplified predictive model to identify risk factors for postopera-
tive UTI after unilateral pyeloplasty and to support clinicians in implementing preventive strategies targeting 
modifiable risk factors.

Materials and methods. Clinical data from children who underwent unilateral pyeloplasty at the Children’s 
Hospital of Capital Institute of Pediatrics (Beijing, China) between January 2012 and January 2022 were ret-
rospectively analyzed. Variables including sex, age, body mass index (BMI), surgical modality, drainage tube 
type, and parameters from blood and urine tests were evaluated. Statistical analyses, including least absolute 
shrinkage and selection operator (LASSO) regression, logistic regression, and random forest modeling, were 
performed to identify significant predictive factors. Variables with the greatest predictive importance were 
used to develop a nomogram, and its clinical utility was evaluated using decision curve analysis (DCA).

Results. Among 764 patients, 265 (35%) developed postoperative UTI. Key risk factors included surgical 
modality, laterality of ureteropelvic junction obstruction (UPJO), drainage tube type, blood urea nitrogen 
(BUN) level, and patient height. LASSO regression identified 14 predictive variables, while logistic regres-
sion determined independent risk and protective factors. Ultimately, 8 variables (e.g., sex, operative time, 
drainage tube type, history of infection, history of fistula, age, BUN level, and renal cortical thickness) were 
selected for development of the nomogram predicting postoperative UTI risk after unilateral pyeloplasty.

Conclusions. This study identified 8 factors associated with postoperative UTI following unilateral pyelo-
plasty in children. The developed predictive model may assist clinicians in identifying high-risk patients, 
thereby supporting improved perioperative planning and postoperative management.
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Background

Ureteropelvic junction obstruction (UPJO) is defined 
as an obstruction at the junction between the kidney and 
ureter, resulting in decreased urine flow from the renal 
pelvis to the ureter. Ureteropelvic junction obstruction 
is one of the main causes of infantile hydronephrosis. If left 
untreated, it may lead to hydronephrosis, chronic infection, 
or urolithiasis and may ultimately result in progressive 
renal insufficiency.1 Ureteropelvic junction obstruction 
may be either congenital or acquired, and endogenous and 
exogenous risk factors include urolithiasis, postoperative, 
inflammatory, or ischemic stenosis, fibroepithelial polyps, 
adhesions, and malignant tumors.

A variety of treatment options are available for UPJO; how-
ever, surgery remains the gold standard, particularly when 
urinary drainage does not improve after 18 months of age. 
Surgical management of UPJO has advanced considerably 
over recent decades, evolving from open pyeloplasty (OP) 
to laparoscopic pyeloplasty (LP) and robotic-assisted lapa-
roscopic pyeloplasty (RALP). Although minimally invasive 
approaches have gained increasing acceptance in the treat-
ment of UPJO, OP as originally described by Anderson and 
Hynes, remains the standard surgical treatment, with re-
ported long-term success rates exceeding 90%.2 Compared 
with traditional OP, LP offers advantages such as faster re-
covery, shorter hospitalization, and fewer complications, 
whereas OP is often associated with shorter operative time.3 
However, some studies have reported shorter operative times 
for LP compared with OP.4 Indications for surgical treat-
ment of UPJO include worsening hydronephrosis during 
surveillance, patient-reported symptoms such as flank pain, 
recurrent urinary tract infection (UTI), persistent or poorly 
controlled hypertension, and reduced or declining differ-
ential renal function, typically defined as ipsilateral renal 
function <40% on diuretic renography.5,6

However, despite its high success rate, surgical treatment 
of UPJO is not without complications. The main postop-
erative complications include UTI, urinary extravasation 
or leakage, pyelonephritis, bleeding, and recurrent UPJO.7 
Among these, postoperative UTI remains a frequent and 
clinically challenging complication for pediatric urologists.

Urinary tract infection, most commonly caused by Esch-
erichia coli, is one of the most common bacterial infections 
in children.8 Its incidence is higher in boys than in girls 
during the 1st year of life (3.7% vs 2.0%), whereas after in-
fancy it becomes more common in girls.9 Previous stud-
ies have identified several risk factors for pediatric UTI, 
including male sex, body weight, elevated blood urea ni-
trogen (BUN) levels, recurrent UTI within 3 months, pro-
longed catheter retention, double-J stent placement, and 
bilateral double-J stent retention.10,11 However, relatively 
few studies have specifically investigated risk factors for 
UTI following unilateral pyeloplasty, particularly in large 
pediatric cohorts.

Objectives

We aimed to develop a predictive model for UTI after 
unilateral pyeloplasty in children at a large Chinese center, 
which may help reduce the incidence of postoperative UTI 
and provide a reliable reference for the management of UTI 
in children after unilateral pyeloplasty.

Materials and methods

Patients

Clinical data of children who underwent unilateral py-
eloplasty at the Children’s Hospital of the Capital Institute 
of Pediatrics (Beijing, China) between January 2012 and Jan-
uary 2022 were retrospectively analyzed. Patient data were 
retrieved in May 2023. Inclusion criteria were as follows: 
1) children undergoing unilateral pyeloplasty for the first 
time; 2) patients meeting the diagnostic criteria for UPJO 
according to the European Association of Urology (EAU) 
guidelines; and 3) patients with complete follow-up data. 
Exclusion criteria were as follows: 1) patients with bilateral 
hydronephrosis; 2) patients who received a double-J stent 
(internal drainage) and temporary pyelostomy fistula (exter-
nal drainage) simultaneously; 3) patients with multiple con-
genital urinary tract strictures; 4) patients with duplicated 

Highlights
	• Postoperative urinary tract infection (UTI) occurred in 35% of children after unilateral pyeloplasty, highlighting 
a major complication in pediatric urology.

	• Eight key predictors were identified – gender, operative time, drainage tube type, infection history, fistula history, 
age, blood urea nitrogen (BUN) level, and renal cortex thickness.

	• A nomogram-based predictive model was developed, demonstrating strong clinical utility through decision curve 
analysis (DCA).

	• Early risk stratification enables targeted prevention, supporting optimized preoperative planning and postopera-
tive care for high-risk children.
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kidneys or double ureters; 5) patients whose parients or 
legal guardians refused participation in the study or de-
clined to sign the informed consent form; and 6) patients 
with incomplete follow-up data. The study protocol was 
approved by the Institutional Review Board of the Children’s 
Hospital of the Capital Institute of Pediatrics (approval No. 
SHIERILM2025005) before commencement of the study, 
and all patients’ guardians signed informed consent forms. 
Written informed consent for participation in the study and 
publication of potentially identifiable images or data was 
obtained from all parents.

Variables

Variables including sex, age, height, weight, body mass 
index (BMI), surgical modality, indwelling drainage tube 
type (double-J stent or pyelostomy fistula), serum cre-
atinine (Cr), BUN, estimated glomerular filtration rate 
(eGFR), neutrophil percentage (N%), lymphocyte percent-
age (L%), neutrophil-to-lymphocyte ratio (N/L), anterior-
posterior diameter of the renal pelvis (APD), caliectasis, 
and renal cortical thickness were analyzed in this study.

Postoperative UTI definition

Postoperative UTI was defined according to the 2015 
EAU guidelines on UTI12 and the 2016 evidence-based 
guidelines on UTI issued by the Urology Branch of the Chi-
nese Medical Association.13 Specifically, postoperative 
UTI included patients presenting with symptoms such 
as fever, turbid urine, abnormal urine color, hematuria, 
urinary retention, urinary incontinence, urinary fre-
quency, urinary urgency, dysuria, or interrupted urina-
tion. In addition, the definition required 2 consecutive 
routine urine test results showing a white blood cell (WBC) 
count >5/high-power field (HPF). Furthermore, at least 1 
of the following criteria had to be fulfilled: 1) urine cul-
ture showing >103 colony-forming units (CFU)/mL of uro-
pathogens in patients with urinary catheters; or 2) urine 
culture showing >105 CFU/mL of uropathogens regardless 
of catheter use. Asymptomatic bacteriuria was defined 
as  the  presence of  a  positive urine culture in  patients 
without symptoms, accompanied by a urine test showing 
a WBC count >5/HPF.

Preventative measures

All patients received cefuroxime sodium (30 mg/kg/day 
divided into 3–4 doses) and ceftriaxone sodium (20–80 mg/
kg/day) for 2 days before surgery. In addition, all patients 
received postoperative intravenous anti-inflammatory 
treatment. A Foley catheter was retained during surgery 
and removed 3–5 days postoperatively. A double-J stent 
was placed during surgery and removed 8 weeks postopera-
tively. In this study, postoperative UTI was defined as UTI 
occurring within 8 weeks after surgery.

Statistical analyses

The statistical analysis was carried out using R v. 4.2.1 
(R Foundation for Statistical Computing, Vienna, Austria) 
and IBM SPSS v. 23.0 (IBM Corp., Armonk, USA). Prior 
to model construction, comprehensive assumption checks 
were performed. Variance inflation factors (VIFs) were 
calculated for all variables, with generalized VIF values 
for categorical variables ranging from 1.12 to 3.47 (Sup-
plementary Table 1), confirming the absence of multicol-
linearity (VIF < 5). Box–Tidwell tests demonstrated linearity 
in the logit for continuous variables (p = 0.213–0.586), and 
Shapiro–Wilk tests confirmed normality for all continu-
ous variables (p > 0.05). Results of these tests are presented 
in Supplementary Table 1. Continuous variables with skewed 
distributions are presented as median [Q1–Q3], whereas 
normally distributed variables (e.g., albumin) are shown 
as mean ± standard deviation (SD).

Participants were randomly divided into training (70%) 
and validation (30%) datasets. The random seed was set 
to 20230815 (set.seed(20230815) in R) prior to data par-
titioning to  ensure reproducibility. The  least absolute 
shrinkage and selection operator (LASSO) regression was 
applied exclusively for variable selection. Ten-fold cross-
validation was used to optimize the penalty parameter 
(λ), with the optimal λ (λ_min = 0.032) selected accord-
ing to the minimum partial likelihood deviance. LASSO 
model settings included a maximum of 1,000 iterations 
and a convergence tolerance of 1 × 10–4. All 23 candidate 
variables (listed in Table 1) were included, and variables 
with non-zero coefficients were retained.

Variables selected with LASSO were entered into a mul-
tivariable logistic regression model. Univariable analysis 
was intentionally omitted to avoid biased variable selection 
and contradictory results. Model discrimination was as-
sessed using the area under the receiver operating charac-
teristic (ROC) curve (AUC). Calibration was evaluated us-
ing the Hosmer–Lemeshow test and calibration plots with 
1,000 bootstrap resamples. Clinical utility was quantified 
through decision curve analysis (DCA) across probability 
thresholds ranging from 0% to 100%. Post hoc power analy-
sis using G*Power 3.1 demonstrated 98.7% power to detect 
an odds ratio (OR) >2.0 at α = 0.05. Bootstrap validation 
using 1,000 resamples showed consistent OR estimates 
within ±5% of the original values.

Results

Patients’ demographic and clinical 
characteristics

A total of  764  patients were included, of  whom 265 
(34.7%) developed postoperative UTI. The UTI group con-
sisted predominantly of males (86.0% vs 79.4% in the non-
UTI group) and younger children (median age: 7.3 months 
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[3.9–24.0] vs 36.0 months [11.0–72.0]). Laparoscopic pyelo-
plasty was performed more frequently in patients with UTI 
(58.9% vs 37.9%), whereas OP was more common in the non-
UTI group (62.1% vs 41.1%). Double-J stent use was mark-
edly higher in the UTI group (79.2% vs 44.1%), and renal 

cortical thickness was lower (median: 1.9 mm [1.3–2.5] 
vs 2.4 mm [2.0–3.4]). Key biochemical differences were 
also observed. Patients with UTI showed lower me-
dian BUN levels (3.2 mmol/L [2.3–4.5] vs 4.3 mmol/L 
[3.2–5.4]) and eGFR values (10.29 mL/min/m2 [4.9–35.6] 

Table 1. Comparison of baseline characteristics between the urinary tract infection (UTI) and non-UTI groups by univariate analysis

Variable Overall (n = 764) Non-UTI (n = 499) UTI (n = 265)

Gender, n (%)
female 140 (18.3) 103 (20.6) 37 (14.0)

male 624 (81.7) 396 (79.4) 228 (86.0)

Surgery modality, n (%)
OP 419 (54.8) 310 (62.1) 109 (41.1)

LP 345 (45.2) 189 (37.9) 156 (58.9)

Operation time, median (Q1–Q3) [min] 90 (70–120) 90 (70–120) 94 (75–120)

Drainage tube type, n (%)
pyelostomy fistula 334 (43.7) 279 (55.9) 55 (20.8)

double J-stent 430 (56.3) 220 (44.1) 210 (79.2)

Number of operations, n (%)
1 26 (3.4) 15 (3.0) 11 (4.2)

2 738 (96.6) 484 (97.0) 254 (95.8)

History of UTI, n (%)
no 722 (94.5) 478 (95.8) 244 (92.1)

yes 42 (5.5) 21 (4.2) 21 (7.9)

History of pyelostomy fistula, n (%)
no 740 (96.9) 495 (99.2) 245 (92.5)

yes 24 (3.1) 4 (0.8) 20 (7.5)

Abdominal pain, n (%)
no 621 (81.3) 377 (75.6) 244 (92.1)

yes 143 (18.7) 122 (24.4) 21 (7.9)

Cause of obstruction, n (%)

congenital 742 (97.1) 484 (97.0) 258 (97.4)

vascular 9 (1.2) 7 (1.4) 2 (0.8)

polyp 9 (1.2) 7 (1.4) 2 (0.8)

valve 2 (0.3) 1 (0.2) 1 (0.4)

high-positioned ureter 1 (0.1) 0 (0.0) 1 (0.4)

ureteral rupture 1 (0.1) 0 (0.0) 1 (0.4)

Laterality, n (%)
left 555 (72.6) 374 (74.9) 181 (68.3)

right 209 (27.4) 125 (25.1) 84 (31.7)

Age, median (Q1–Q3) [months] 23 (6.4–60) 36 (11–72) 7.3 (3.9–24)

Weight, median (Q1–Q3) [kg] 12.5 (8.5–20) 16 (10–23) 9.2 (7.5–13.3)

Height, median (Q1–Q3) [cm] 85 (68–114) 100 (74–120) 71 (65–88)

BMI, median (Q1–Q3) [km/m2] 17.17 (15.5–19.1) 17.01 (15.3–18.9) 17.52 (16.0–19.3)

TP, median (Q1–Q3) [g/L] 65.9 (61.5–70.7) 67.8 (63.2–71.9) 62.3 (58.8–67.2)

Albumin, median (Q1–Q3) [g/L] 43.6 (41.7–45.6) 43.7 (41.9–45.5) 43.5 (41.4–45.9)

GLB, median (Q1–Q3) [g/L] 22.4 (17.8–27.3) 24.2 (20.0–28.1) 18.2 (16.0–22.7)

A/G ratio, median (Q1–Q3) 1.99 (1.61–2.45) 1.81 (1.56–2.21) 2.40 (1.92–2.74)

UA, median (Q1–Q3) [μmol/L] 268 (224–308) 271 (230–311) 260 (216–305)

Cr, median (Q1–Q3) [μmol/L] 29.0 (22.6–37.9) 31.4 (25.0–39.5) 23.6 (20.4–30.7)

BUN, median (Q1–Q3) [mmol/L] 4.10 (2.80–5.10) 4.30 (3.20–5.40) 3.20 (2.29–4.52)

eGFR, median (Q1–Q3) [mL/min/m2] 36.86 (8.77–61.30) 49.13 (24.88–67.63) 10.29 (4.90–35.57)

Neutrophil ratio (N%), median (Q1–Q3) 33.0% (22.1–45.3) 37.0% (25.6–46.7) 26.5% (19.0–41.5)

Lymphocyte ratio (L%), median (Q1–Q3) 57.0% (44.9–67.6) 53.0% (42.7–63.8) 62.8% (48.0–71.0)

N/L ratio, median (Q1–Q3) 0.59 (0.33–1.02) 0.71 (0.41–1.10) 0.43 (0.27–0.88)

APD, median (Q1–Q3) [cm] 3.30 (2.70–4.00) 3.30 (2.65–3.80) 3.40 (2.70–4.30)

Renal cortical thickness, median (Q1–Q3) [mm] 2.00 (1.60–3.00) 2.40 (2.00–3.40) 1.90 (1.30–2.50)

BMI – body mass index; TP – total protein; Cr – creatinine; UA – uric acid; BUN – blood urea nitrogen; eGFR – estimated glomerular filtration rate; 
A/G – albumin/globulin ratio; GLB – globulin; N – neutrophil percentage; L – lymphocyte percentage; N/L – neutrophil-to-lymphocyte ratio; 
APD – anterior–posterior diameter; RPT – renal parenchymal thickness; OP – open pyeloplasty; LP – laparoscopic pyeloplasty; UTI – urinary tract infection.
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vs 49.13 mL/min/m2 [24.9–67.6]). The N/L ratio was lower 
in UTI cases (0.43 [0.27–0.88] vs 0.71 [0.41–1.10]), whereas 
the L% was higher (62.8% [48.0–71.0] vs 53.0% [42.7–63.8]). 
No notable differences were observed in albumin levels 
(43.5 g/L [41.4–45.9] vs 43.7 g/L [41.9–45.5]) or renal pelvis 
APD (3.4 cm [2.7–4.3] vs 3.3 cm [2.7–3.8]). Full baseline 
characteristics are presented in Table 1.

Identification of predictive variables for 
UTI after unilateral UPJO through LASSO 
regression analysis

In the present study, the LASSO regression method was 
employed to identify significant predictive variables. By ap-
plying a penalty parameter (λ) and using 10-fold cross-vali-
dation, an optimal set of variables was selected. At the mini-
mum value of log(λ), denoted as log(λ)_min, a random seed 
was set to ensure reproducibility of the results. The final 
model included 14 predictive variables, with coefficients pre-
sented in Table 1. The intercept coefficient was −0.610070252. 
The coefficient for sex (gender1) was 0.115231168, suggesting 
that changes in this variable were associated with changes 
in the risk of postoperative UTI following unilateral UPJO, 
while other variables remained constant. The coefficient for 
operative time was 0.003582231, indicating a slight increase 
in postoperative UTI risk with longer operative duration. 
The coefficient for drainage type (drainage1, 1.077044923) 
was the highest among all variables, indicating a strong as-
sociation with postoperative UTI risk. The coefficients for 
infection history and fistula history were 0.351245843 and 
0.71021905, respectively, suggesting positive associations 
with postoperative UTI risk. LASSO coefficients are regular-
ized estimates for variable selection; their magnitude differs 
from logistic regression coefficients. Direction and signifi-
cance were confirmed in the final model.

The coefficients for age and height were −0.00270678 
and −0.004534245, respectively, indicating negative as-
sociations with postoperative UTI risk, with age showing 
a relatively small effect size. Other biochemical indica-
tors, including TP, albumin/globulin (A/G) ratio, Cr, BUN, 

and eGFR, also had negative coefficients, suggesting that 
higher values were associated with lower postoperative 
UTI risk. The coefficient for APD was 0.006521787, indi-
cating a positive association with postoperative UTI risk, 
whereas the coefficient for renal cortical thickness was 
−0.152582245, suggesting that thinner renal cortex was 
associated with increased postoperative UTI risk. Further 
results are presented in Table 2 and Fig. 1.

Variable selection and multivariable 
logistic regression analysis

Employing LASSO regression with 10-fold cross-valida-
tion, 8 predictive variables were selected from 23 candidate 
features (Fig. 1A,B). These variables were subsequently 
included in  a  multivariable logistic regression model. 
Double-J stent placement emerged as the strongest risk 
factor (OR = 6.41, 95% confidence interval (95% CI): 3.78–
10.89, p < 0.001), followed by male sex (OR = 2.15, 95% CI: 
1.28–3.63, p = 0.004) and history of fistula (OR = 4.26, 
95% CI: 1.85–9.81, p = 0.001). Protective factors included 
age (OR = 0.98 per month, 95% CI: 0.97–0.99, p < 0.001), 
BUN level (OR = 0.85 per mmol/L, 95% CI: 0.74–0.98, 
p = 0.030), and renal cortical thickness (OR = 0.77 per mm, 
95% CI: 0.61–0.96, p = 0.023). Variables such as A/G ratio 
and APD did not reach statistical significance (p > 0.05). 
Complete results are presented in Table 2.

Development, performance, and internal 
validation of the predictive nomogram

Utilizing the 8  identified predictive factors, a nomo-
gram was developed to assess the risk of UTI after uni-
lateral UPJO, as shown in Fig. 2. The nomogram assigned 
scores to each variable, and the total score was calculated 
as  the  sum of  the  individual scores for all 8 variables. 
At the bottom of Fig. 2, a predictive scale correlates total 
scores with the corresponding probabilities of postopera-
tive UTI after unilateral UPJO. An increase in the total 
score indicates a higher risk of postoperative UTI.

Table 2. Variables selected with LASSO regression and final multivariable logistic regression results

Variable LASSO coefficient Adjusted OR (95% CI) p-value

Intercept −0.6101 – –

Double-J stent (yes vs no) 1.0770 6.41 (3.78–10.89) <0.001

Male sex 0.1152 2.15 (1.28–3.63) 0.004

Operative time (per min) 0.0036 1.01 (1.00–1.02) 0.003

History of UTI 0.3512 3.93 (1.24–12.45) 0.020

History of pyelostomy fistula 0.7102 4.26 (1.85–9.81) 0.001

Age (per month) −0.0027 0.98 (0.97–0.99) <0.001

BUN (per mmol/L) −0.0106 0.85 (0.74–0.98) 0.030

Renal cortical thickness (per mm) −0.1526 0.77 (0.61–0.96) 0.023

LASSO – least absolute shrinkage and selection operator; OR – odds ratio; 95% CI – 95% confidence interval; BUN – blood urea nitrogen; UTI – urinary tract 
infection.
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The  nomogram demonstrated AUC values of  0.844 
(95% CI: 0.808–0.879) and 0.789 (95% CI: 0.723–0.855) 
in  the  training and validation datasets, respectively 
(Fig. 3A). Calibration plots for both cohorts closely aligned 

with the ideal curve after bias correction, indicating good 
agreement between predicted probabilities and observed 
outcomes (Fig. 3B,C). Furthermore, the Hosmer–Lem-
eshow test yielded a p-value of 0.666, supporting adequate 

Fig. 1. Least absolute shrinkage and selection operator (LASSO) regression process for variable selection. A. Optimal parameter (λ) determination using 
10-fold cross-validation, where the dotted vertical lines indicate the optimal points based on the minimum criteria and the one-standard-deviation rule; 
B. LASSO coefficient profiles for candidate variables

Fig. 2. Proposed nomogram for predicting 
urinary tract infection (UTI) after unilateral 
ureteropelvic junction obstruction (UPJO) 
surgery
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model calibration. The DCA demonstrated significant net 
clinical benefit across threshold probabilities ranging from 
9% to 89% (Fig. 3D). Collectively, these findings support 
the discriminative performance, calibration, clinical util-
ity, and potential generalizability of the nomogram.

Discussion

Ureteropelvic junction obstruction is defined as a block-
age at the junction between the renal pelvis and the ure-
ter, with an  estimated incidence of  1 per 1,000–1,500 
individuals.7 It is more common in boys than in girls and 
represents the most frequent cause of antenatally detected 
hydronephrosis, accounting for approx. 80% of cases.14 

At present, surgical treatment remains the gold standard 
for UPJO, with reported long-term success rates exceed-
ing 90%. Surgical management of UPJO has advanced 
considerably over recent decades, from the introduction 
of OPin 189215 to the development of LP in 1993,16 followed 
by RALP in 2002.17

Despite the high success rate of pyeloplasty, postopera-
tive complications remain clinically important. The 2 most 
common complications include UTI and prolonged urinary 
leakage. Among these, postoperative UTI remains a fre-
quent and challenging complication in pediatric urology. 
Therefore, identifying children at high risk of postopera-
tive UTI before pyeloplasty is important for implementing 
preventive strategies targeting modifiable risk factors and 
improving postoperative management.

Fig. 3. A. Receiver operating characteristic (ROC) curves for the proposed nomogram; B,C. Calibration curves of the nomogram for the training dataset (B) 
and internal validation dataset (C); D. Decision curve analysis (DCA) of the proposed nomogram
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The present study developed a  simplified predictive 
model to identify risk factors for postoperative UTI and 
assist clinicians in implementing preventive strategies. 
To our knowledge, this study includes one of the largest 
datasets evaluating pediatric UTI following unilateral py-
eloplasty. The predictive model identified open surgery, 
left-sided UPJO, double-J stent placement, low BUN lev-
els, and shorter height as major factors associated with 
postoperative UTI risk. Previous studies have reported 
double-J stent placement, elevated BUN levels, and shorter 
height as potential risk factors.18,19 However, laterality has 
not previously been reported as a risk factor. In the pres-
ent study, patients with left-sided UPJO were more likely 
to develop postoperative UTI. One possible explanation 
is that approx. 60% of UPJO cases are left-sided,20 which 
is consistent with the findings of this study (right-sided 
UPJO: 33%; left-sided UPJO: 67%). Furthermore, the left 
ureter is generally slightly longer than the right ureter, 
which may contribute to greater urinary stasis and in-
creased susceptibility to urinary reflux and infection.

In the present study, 265 (35%) children developed post-
operative UTI, which is markedly higher than the pre-
viously reported rates of 7.8–10%,21,22 but slightly lower 
than the 37.30% reported by Wang et al.,19 who attributed 
the high incidence to the exclusion of pediatric patients 
receiving intraoperative antibiotics. Consistent with 
the findings of the present study, previous reports have 
suggested that indwelling double-J stents may represent 
a major risk factor for bacteriuria (3–10%) and may increase 
the risk of infection by 10–25%.23

According to Kabbani et al., the presence of an indwelling 
internal tube was identified as a significant risk factor for 
postoperative UTI in children after cardiac surgery, with 
an infection density rate of 18 per 1,000 urinary catheter-
days.24 Similarly, Wang et al. found that infants with indwell-
ing double-J catheters were at higher risk of UTI.7 In addi-
tion, Kitano et al. demonstrated that indwelling drainage 
tubes, hydronephrosis, and kidney stones were associated 
with an increased risk of UTI.25 Furthermore, previous stud-
ies have suggested that prolonged indwelling drainage tube 
duration is associated with an elevated risk of UTI in pediat-
ric intensive care unit (PICU) patients.23,25 This association 
may result from bacterial adherence to the tube wall and sub-
sequent biofilm formation during catheterization. Strategies 
such as appropriate indications for tube insertion, effective 
management of catheter leakage, and prompt tube removal 
may help reduce the risk of catheter-associated UTIs.25

In the present study, low BUN levels (<3.34 mmol/L) 
were identified as a risk factor, which is inconsistent with 
the findings reported by Wang et al.19 Wang et al. suggested 
that BUN levels >4.3 mmol/L may also represent a risk fac-
tor, whereas the present study identified lower BUN levels 
(<3.4 mmol/L) as being associated with increased postop-
erative UTI risk. In addition, children undergoing OP were 
found to be at higher risk of postoperative UTI than those 
receiving LP. This finding is consistent with a meta-analysis 

of 14 studies,18 which reported that OP (6.06%) was as-
sociated with a higher complication rate than LP (4.76%), 
including urinary leakage and UTI. In that analysis, urinary 
leakage occurred in 15 LP cases and 12 OP cases, whereas 
UTI developed in 9 LP cases and 14 OP cases. Similarly, 
Wang et al. reported that OP was associated with a higher 
risk of postoperative UTI compared with LP.19

In this investigation, LASSO regression followed by mul-
tivariable logistic regression was used to identify predictive 
factors associated with the risk of UTI following unilateral 
UPJO surgery. The integration of these statistical methods 
provided a comprehensive approach to model development 
and variable selection, enhancing the robustness and reli-
ability of the findings. The results highlighted the impor-
tance of variables such as sex, operative time, drainage tube 
type, infection history, fistula history, age, BUN level, and 
renal cortical thickness.

Previous studies have suggested that preoperative drug 
susceptibility testing and prophylactic antibiotics should 
be considered in children at moderate or high risk of post-
operative UTI.19,26–28 However, in the present study, the in-
cidence of infection remained high despite the use of pro-
phylactic antibiotics. In addition, cranberry products have 
been reported as a potential prophylactic strategy against 
UTI in otherwise healthy children.29

Most importantly, a predictive nomogram was devel-
oped and demonstrated good discriminatory performance 
and calibration, as reflected by the AUC values, calibra-
tion plots, and DCA results. This nomogram may provide 
a useful tool for clinical risk assessment and perioperative 
decision-making in children undergoing unilateral UPJO 
surgery. Overall, the analysis of these predictive factors 
highlights their potential contribution to postoperative 
UTI risk and may support future optimization of patient 
management strategies.

Limitations of the study

This study has several limitations. First, this was a sin-
gle-center rather than a multicenter study, and its retro-
spective design may have introduced bias into the results. 
Second, external validation was lacking. Third, there 
is a lack of globally representative data. As the number 
of patients increases, additional risk factors may be identi-
fied and more effective predictive models may be devel-
oped. Therefore, further large-scale multicenter studies 
are needed to validate these findings.

Conclusions

Eight risk factors, including surgical modality, laterality, 
drainage tube type, BUN level, and height, were identified 
and used to develop a predictive model for postoperative 
UTI in children undergoing unilateral pyeloplasty. This 
simplified risk-scoring model may be useful in clinical 
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practice by helping surgeons identify relevant preoperative 
risk factors, monitor children at high risk of postoperative 
UTI, and improve postoperative management of affected 
patients.

Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zenodo.17018533. The package contains 
the following files:

Supplementary Table 1. Generalized variance inflation 
factors (GVIF) and adjusted GVIF for variables, along with 
Box–Tidwell and Shapiro–Wilk test results.

Availability of data and materials

The datasets supporting the findings of the current study 
are openly available in Zenodo repository at https://doi.
org/10.5281/zenodo.14862979.

Consent for publication

Not applicable.

Use of AI and AI-assisted technologies

Not applicable.

ORCID iDs
Hongyang Wang  https://orcid.org/0000-0003-2476-4788
Chunsheng Hao  https://orcid.org/0000-0002-8616-1192
Long Li  https://orcid.org/0000-0003-0358-3929
Qing Sun  https://orcid.org/0009-0000-4953-698X
Xiaomeng Cui  https://orcid.org/0009-0002-3506-7865
Dongsheng Bai  https://orcid.org/0000-0001-9619-5962
Jinqiu Song  https://orcid.org/0009-0004-0498-4171

References
1.	 Krajewski W, Wojciechowska J, Dembowski J, Zdrojowy R, Szydełko T. 

Hydronephrosis in the course of ureteropelvic junction obstruc-
tion: An underestimated problem? Current opinion on pathogene-
sis, diagnosis and treatment. Adv Clin Exp Med. 2017;26(5):857–864. 
doi:10.17219/acem/59509

2.	 Nerli RB, Reddy M, Prabha V, Koura A, Patne P, Ganesh MK. Com-
plications of laparoscopic pyeloplasty in children. Pediatr Surg Int. 
2009;25(4):343–347. doi:10.1007/s00383-009-2341-y

3.	 Szavay P, Zundel S. Surgery of uretero-pelvic junction obstruction 
(UPJO). Semin Pediatr Surg. 2021;30(4):151083. doi:10.1016/j.semped-
surg.2021.151083

4.	 Zhang X, Li HZ, Ma X, et al. Retrospective comparison of retroper-
itoneal laparoscopic versus open dismembered pyeloplasty for 
ureteropelvic junction obstruction. J Urol. 2006;176(3):1077–1080. 
doi:10.1016/j.juro.2006.04.073

5.	 Crigger C, Barnard J, McClelland DJ, Ost M. Pyeloplasty. In: Gargollo PC,  
ed. Minimally Invasive and Robotic-Assisted Surgery in Pediatric Urology.  
Cham, Switzerland: Springer International Publishing; 2020:91–99. 
doi:10.1007/978-3-030-57219-8_7

6.	 Rai A, Hsieh A, Smith A. Contemporary diagnosis and management 
of pelvi-ureteric junction obstruction. BJU Int. 2022;130(3):285–290. 
doi:10.1111/bju.15689

7.	 Al Aaraj MS, Badreldin AM. Ureteropelvic junction obstruction. In: 
StatPearls. Treasure Island, USA: StatPearls Publishing; 2025. http://
www.ncbi.nlm.nih.gov/books/NBK560740. Accessed July 29, 2025.

8.	 Foxman B. Urinary tract infection syndromes. Infect Dis Clin North Am.  
2014;28(1):1–13. doi:10.1016/j.idc.2013.09.003

9.	 Shaikh N, Morone NE, Bost JE, Farrell MH. Prevalence of urinary tract 
infection in childhood: A meta-analysis. Pediatr Infect Dis J. 2008;27(4): 
302–308. doi:10.1097/INF.0b013e31815e4122

10.	 Nakanishi K, Okutani T, Kotani S, Kamoi Y, Kim S, Yamane M. Risk fac-
tors for cefazolin-resistant febrile urinary tract infection in children. 
Pediatr Int. 2022;64(1):e15046. doi:10.1111/ped.15046

11.	 Wang J, Cao Y, Zhang L, Liu G, Li C. Pathogen distribution and risk factors 
for urinary tract infection in infants and young children with retained 
double-J catheters. J Int Med Res. 2021;49(5):03000605211012379. 
doi:10.1177/03000605211012379

12.	 ‘T Hoen LA, Bogaert G, Radmayr C, et al. Update of the EAU/ESPU 
guidelines on urinary tract infections in children. J Pediatr Urol. 2021; 
17(2):200–207. doi:10.1016/j.jpurol.2021.01.037

13.	 Gnech M, Bujons A, Radmayr C, et al. Update and summary of the EAU/
ESPU paediatric guidelines on urinary tract infection in children. 
J Pediatr Urol. 2026;22(2):105481. doi:10.1016/j.jpurol.2025.06.016

14.	 Grasso M, Caruso RP, Phillips CK. UPJ obstruction in the adult pop-
ulation: Are crossing vessels significant? Rev Urol. 2001;3(1):42–51. 
PMID:16985690. PMCID:PMC1476031.

15.	 Kletscher BA, Segura JW, LeRoy AJ, Patterson DE. Percutaneous ante-
grade endopyelotomy: Review of 50 consecutive cases. J Urol. 1995; 
153(3 Pt 1):701–703. PMID:7861513.

16.	 Adeyoju AB, Hrouda D, Gill IS. Laparoscopic pyeloplasty: The first decade. 
BJU Int. 2004;94(3):264–267. doi:10.1111/j.1464-410X.2003.04959.x

17.	 Kearns J, Gundeti M. Pediatric robotic urologic surgery-2014. J Indian  
Assoc Pediatr Surg. 2014;19(3):123. doi:10.4103/0971-9261.136456

18.	 Chen Y, Ge XH, Yu Q, et al. Prediction model for urinary tract infec-
tion in pediatric urological surgery patients. Front Public Health. 2022; 
10:888089. doi:10.3389/fpubh.2022.888089

19.	 Wang H, Hao C, Bai D. Risk factors of urinary tract infection in pediat-
ric patients with ureteropelvic junction obstruction after primary uni-
lateral pyeloplasty. Comput Math Methods Med. 2022;2022:3482450. 
doi:10.1155/2022/3482450

20.	 Huang Y, Wu Y, Shan W, Zeng L, Huang L. An updated meta-analysis  
of  laparoscopic versus open pyeloplasty for ureteropelvic junc-
tion obstruction in children. Int J Clin Exp Med. 2015;8(4):4922–4931. 
PMID:26131065. PMCID:PMC4483847.

21.	 He Y, Song H, Liu P, et al. Primary laparoscopic pyeloplasty in chil-
dren: A single-center experience of 279 patients and analysis of pos-
sible factors affecting complications. J Pediatr Urol. 2020;16(3):331.
e1–331.e11. doi:10.1016/j.jpurol.2020.03.028

22.	 Ceyhan E, Ileri F, Ceylan T, Aydin AM, Dogan HS, Tekgul S. Predictors 
of recurrence and complications in pediatric pyeloplasty. Urology. 
2019;126:187–191. doi:10.1016/j.urology.2019.01.014

23.	 Joshi M. Urinary tract infection in the intensive care unit: A com-
mon occurrence, but with minimal clarity. Infect Dis Clin Pract. 2007; 
15(6):355–356. doi:10.1097/ipc.0b013e31815c5e82

24.	 Kabbani MS, Ismail SR, Fatima A, et al. Urinary tract infection in children 
after cardiac surgery: Incidence, causes, risk factors and outcomes 
in a single-center study. J Infect Public Health. 2016;9(5):600–610.  
doi:10.1016/j.jiph.2015.12.017

25.	 Kitano H, Shigemoto N, Koba Y, et al. Indwelling catheterization, 
renal stones, and hydronephrosis are risk factors for symptomatic 
Staphylococcus aureus-related urinary tract infection. World J Urol. 
2021;39(2):511–516. doi:10.1007/s00345-020-03223-x

26.	 Rickard M, Dos Santos J, Keunen J, Lorenzo AJ. Prenatal hydrone-
phrosis: Bridging pre- and postnatal management. Prenat Diagn. 
2022;42(9):1081–1093. doi:10.1002/pd.6114

27.	 Renko M, Salo J, Ekstrand M, et al. Meta-analysis of the risk factors 
for urinary tract infection in children. Pediatr Infect Dis J. 2022;41(10): 
787–792. doi:10.1097/INF.0000000000003628

28.	 Dantham P, Nuvvula S, Ismail AF, Akkilagunta S, Mallineni SK. Asso-
ciation between passive smoking and dental caries status in chil-
dren: A cross-sectional analytical study. Dent Med Probl. 2024;61(2): 
209–216. doi:10.17219/dmp/156655

29.	 Durham SH, Stamm PL, Eiland LS. Cranberry products for the prophy-
laxis of urinary tract infections in pediatric patients. Ann Pharmacother.  
2015;49(12):1349–1356. doi:10.1177/1060028015606729

https://doi.org/10.5281/zenodo.17018533
https://doi.org/10.5281/zenodo.17018533
https://doi.org/10.5281/zenodo.14862979
https://doi.org/10.5281/zenodo.14862979
https://www.doi.org/10.17219/acem/59509
https://www.doi.org/10.1007/s00383-009-2341-y
https://www.doi.org/10.1016/j.sempedsurg.2021.151083
https://www.doi.org/10.1016/j.sempedsurg.2021.151083
https://www.doi.org/10.1016/j.juro.2006.04.073
https://www.doi.org/10.1007/978-3-030-57219-8_7
https://www.doi.org/10.1111/bju.15689
http://www.ncbi.nlm.nih.gov/books/NBK560740
http://www.ncbi.nlm.nih.gov/books/NBK560740
https://www.doi.org/10.1016/j.idc.2013.09.003
https://www.doi.org/10.1097/INF.0b013e31815e4122
https://www.doi.org/10.1111/ped.15046
https://www.doi.org/10.1177/03000605211012379
https://www.doi.org/10.1016/j.jpurol.2021.01.037
https://www.doi.org/10.1016/j.jpurol.2025.06.016
https://pubmed.ncbi.nlm.nih.gov/16985690
https://www.ncbi.nlm.nih.gov/pmc/articles/1476031
https://pubmed.ncbi.nlm.nih.gov/7861513
https://www.doi.org/10.1111/j.1464-410X.2003.04959.x
https://www.doi.org/10.4103/0971-9261.136456
https://www.doi.org/10.3389/fpubh.2022.888089
https://www.doi.org/10.1155/2022/3482450
https://pubmed.ncbi.nlm.nih.gov/26131065
https://www.ncbi.nlm.nih.gov/pmc/articles/4483847
https://www.doi.org/10.1016/j.jpurol.2020.03.028
https://www.doi.org/10.1016/j.urology.2019.01.014
https://www.doi.org/10.1097/ipc.0b013e31815c5e82
https://www.doi.org/10.1016/j.jiph.2015.12.017
https://www.doi.org/10.1007/s00345-020-03223-x
https://www.doi.org/10.1002/pd.6114
https://www.doi.org/10.1097/INF.0000000000003628
https://www.doi.org/10.17219/dmp/156655
https://www.doi.org/10.1177/1060028015606729

