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Purpose: This study aims to examine the risk factors for catheter-associated urinary tract infection (CAUTI) following radical 
hysterectomy for cervical cancer (CC). Furthermore, the study seeks to develop a visual model that can effectively assist physicians in 
improving their proficiency in diagnosing, treating, and preventing CAUTIs.
Patients and Methods: 48 subjects who developed CAUTI postoperatively were assigned to the infection group. There were 443 
cases who did not develop CAUTI, and a 1:1 propensity score matching (PSM) method was employed to match 48 cases for the non- 
infection group. Univariate logistic and multivariate stepwise regression analyses were used to analyze the risk factors for CAUTI 
following radical hysterectomy for CC. Subsequently, a nomogram-based model was developed, and its effectiveness was compre
hensively assessed.
Results: The incidence rate of CAUTI in 491 patients who underwent radical hysterectomy for CC was 9.76% (48/491). Multivariate 
stepwise regression analysis revealed that the duration of urinary catheterization, urinary leukocyte esterase, and positive urine culture 
were the independent risk factors for CAUTI after radical hysterectomy for CC (all β > 0, P < 0.05). A nomogram model incorporating 
these independent risk factors was constructed, and receiver operating characteristic (ROC) and decision curve analysis (DCA) curves 
were generated. The ROC curve exhibited an area under the curve value of 0.9035, 95% CI of 0.8352–0.9718, specificity of 0.8214, 
sensitivity of 0.8571, accuracy of 0.8429, positive predictive value of 0.8780, and negative predictive value of 0.7931.
Conclusion: The duration of urinary catheterization, urinary leukocyte esterase, and positive urine culture are independent risk factors 
for CAUTI after radical hysterectomy for CC. This nomogram-based model exhibits numerous advantages, including simplicity, user- 
friendliness, high diagnostic accuracy, and significant clinical value, which can provide assistance in early clinical diagnosis decision- 
making.
Keywords: risk factors, hysterectomy, uterine cervical neoplasms, urinary tract infections, propensity score

Introduction
Cervical cancer (CC) is among the top three malignant tumors affecting women on a global scale. According to the 
Global Cancer Observatory (GLOBOCAN) statistics 2020,1 there were approximately 604,000 new cases of and 342,000 
deaths from CC worldwide. In China, CC is one of the most common gynecologic malignancies, with the second highest 
incidence among female malignancies in China, only after breast cancer.2 Approximately 110,000 new cases and 59,000 
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deaths were reported, corresponding to 18.2% and 17.3% of the global incidence and mortality rates, respectively.3 In 
addition, compelling evidence suggests a noticeable tendency towards diagnoses occurring at younger ages.4

Radical hysterectomy is the primary treatment modality for early-stage CC.5 Radical hysterectomy can notably 
facilitate patient survival rate; however, the procedure involves extensive surgical scope and requires concomitant lymph 
node dissection, resulting in significant surgical trauma. Surgical resection involves a broad extent, and extensive pelvic 
dissection can lead to the disruption of the autonomic innervation of the bladder, which is formed by the pelvic visceral 
nerves and inferior hypogastric plexus. This disruption can result in acute and chronic voiding dysfunction, thus 
increasing the risk of neurogenic bladder dysfunction and urinary retention.6 Postoperatively, patients may experience 
bladder paralysis and detrusor dysfunction, leading to involuntary voiding. Hence, urinary catheterization is the standard 
postoperative management for these patients.7–10 However, urethral mucosa damage is common in patients with long- 
term indwelling urinary catheterization, which compromises their natural defense barrier and substantially increases the 
risk of developing urinary tract infections (UTIs).7

Catheter-associated UTI (CAUTI) has been identified as the most common nosocomial infection following surgical 
procedures for gynecologic malignancies.11,12 International studies have reported rates ranging between 4.8% and 
19%,9,13,14 while domestic research in China has reported rates between 12.9% and 24.69%.15,16 In the present study, 
the incidence rate of CAUTI after radical hysterectomy for CC was 9.76% (48/491), indicating a high infection rate that 
warrants attention. CAUTI is predominantly caused by bacterial infections and manifests such symptoms or signs as 
fever, dysuria, and suprapubic tenderness. Although the clinical presentation in most patients is insignificant, the 
condition can worsen and lead to bacteremia, systemic infection, or even life-threatening complications if left untreated. 
These infections not only impact the patients’ postoperative healing process but also increase their mental and economic 
burden, resulting in prolonged hospital stays and increased healthcare costs.11,17,18 Therefore, it is necessary to conduct 
risk assessments, identify risk factors, develop effective models, and implement early detection and timely interventions 
for CAUTI following radical hysterectomy for CC.19

This study aimed to explore the risk factors for CAUTI after radical hysterectomy for CC and establish a nomogram- 
based model to improve their prevention and early diagnosis in clinical settings.

Materials and Methods
Patient Information
Data of 949 inpatients diagnosed with cervical cancer who were admitted to the First Affiliated Hospital of Nanjing 
Medical University (a Grade-A tertiary hospital with 4500 beds) between January 2017 and December 2020 were 
systematically and consecutively collected from the Xinglin Hospital Infection Real-time Monitoring System. This study 
has been approved by the Ethics Committee of the First Affiliated Hospital of Nanjing Medical University.

Inclusion and Exclusion Criteria
A total of 491 patients who did underwent radical hysterectomy were included and 458 patients who did not underwent 
radical hysterectomy were excluded. Finally, a total of 48 individuals who developed CAUTI postoperatively were 
assigned to the infection group. There were 443 individuals who did not develop CAUTI, and a 1:1 propensity score 
matching (PSM) method was used to match 48 cases to form the non-infection group (Figure 1).

Inclusion of Variables
The outcome variable (Y) was defined as the occurrence of CAUTI after radical hysterectomy for CC. Based on a review 
of relevant literature2,5,6 and clinical considerations, the following risk factor variables (X) were identified: (1) patient 
demographics, including age, diabetes, hypertension, and coronary heart disease (CHD); (2) preoperative factors, such as 
preoperative blood glucose, serum albumin, chemoradiotherapy, use of immunosuppressant drugs, and antimicrobial 
prophylaxis; (3) intraoperative factors, including surgical approach, intraoperative blood loss, and duration of surgery; (4) 
postoperative factors, such as postoperative serum albumin, onset of fever, duration of continuous fever, fever peak, total 
number of postoperative fever days, urinary tract irritation symptoms, urinary white blood cell (U-WBC) count, urinary 
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red blood cell count, urine nitrite, urinary leukocyte esterase, number of catheter insertions, duration of urinary 
catheterization, positive urine culture, and presence of Escherichia coli and Klebsiella pneumoniae in urine culture.

PSM
To reduce selection bias and achieve covariate balance between our study groups, we implemented Propensity Score 
Matching (PSM) using the MatchIt package in RStudio. We employed a 1:1 matching ratio with a caliper width of 0.01, 
taking into account key baseline variables such as age, diabetes status, hypertension, and coronary heart disease (CHD). 
The MatchIt package facilitated the creation of a well-balanced cohort, ensuring that our subsequent analyses would be 
more robust and reliable.

Diagnostic Criteria
The diagnostic criteria for UTI were based on the Hospital Infection Diagnostic Criteria (Trial) issued by the former Ministry 
of Health in 2001.20 CAUTI was defined as UTI diagnosed within 48 h after catheterization or removal of the catheter.3

Statistical Analysis
Categorical data were presented as proportions (%) and analyzed using the Chi-square test or Fisher’s exact probability 
test. Continuous data were presented as mean ± standard deviation or median (P25-P75). Intergroup comparisons for 
normally distributed continuous data were conducted using t-test, while those for skewed distributed continuous data 
were conducted using the Mann–Whitney U-test. Logistic regression analysis was utilized to examine the risk factors for 
CAUTI in patients undergoing radical hysterectomy for CC. Significant variables identified through univariate analysis 
were subsequently incorporated into a multivariate stepwise regression analysis to screen out independent risk 
factors. Using these factors, we attempted to construct a nomogram model, which serves as a reference for subsequent 
related research. Furthermore, receiver operating characteristic (ROC) curves were generated to evaluate the predictive 
performance and clinical decision value of the model, using metrics such as area under the curve (AUC), sensitivity, 
specificity, accuracy, and decision curve analysis (DCA) curves. An AUC closer to 1 indicates a better diagnostic 
performance. AUC values >0.9 indicate high accuracy, values between 0.7 and 0.9 suggest moderate accuracy, and values 
falling to 0.5–0.7 indicate low accuracy.21 The net benefit of the model was evaluated using DCA to assess its clinical 
application value. The data was organized, entered, and cleaned using WPS 2019 software. Statistical analysis was 
conducted using Statistical Product and Service Solutions (SPSS), version 25.0 (IBM Corp., Armonk, NY, USA), 

Figure 1 Flow diagram for patient screening. 
Abbreviations: PSM, propensity score matching.
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RStudio((http://www.R-project.org, R Foundation), and EmpowerStats (http://www.empowerstats.com, X&Y Solutions 
Inc., Boston, MA, USA). Odds ratios (OR) and 95% CI were calculated. A P-value<0.05 (two-sided) was considered to 
represent statistical significance.

Results
Distribution of Population Characteristics Before and After PSM in the Infection and 
Non-Infection Groups
The incidence of CAUTI was 9.76% (48/491) in 491 patients who underwent radical hysterectomy for CC. Before PSM, 
a significant difference was noted between the infection and non-infection groups in terms of diabetes (P = 0.007). After 
PSM, no significant differences were observed between both groups in terms of age, diabetes, hypertension, and CHD 
(all P > 0.05; Table 1).

Univariate Analysis of CAUTI Occurrence Following Radical Hysterectomy for CC 
After PSM
After balancing the demographic variables between the two groups through PSM, a univariate analysis was 
conducted on other variables in both groups. The univariate analysis identified U-WBC count (odds ratio [OR] 
= 1.00, 95% confidence interval [CI]: 1.00–1.01; P = 0.020), urine nitrite 2+ (OR = 6.30, 95% CI: 2.17–18.30; 
P = 0.001), urinary leukocyte esterase 1+ (OR = 6.30, 95% CI: 2.17–18.30; P = 0.001), urinary leukocyte esterase 
3+ (OR = 21.87, 95% CI: 5.44–87.90; P < 0.001), number of catheter insertions ≥2 (OR = 3.54, 95% CI: 
1.16–10.81; P = 0.026), duration of urinary catheterization (OR = 1.49, 95% CI: 1.26–1.77; P < 0.001), and 
positive urine culture (OR = 53.08, 95% CI: 6.40–440.34; P = 0.002) as the risk factors for CAUTI occurrence 
after radical hysterectomy for CC (Table 2).

Table 1 Distribution of Population Characteristics Before and After PSM Between the Infection and Non-Infection Groups

Variable Before PSM Statistical 

Value

P After PSM Statistical 

Value

P

All  

(n = 491)

Infection 

Group  

(n = 48)

Non-Infection 

Group  

(n = 443)

All (n = 96) Infection 

Group  

(n = 48)

Non-Infection 

Group  

(n = 48)

Age (year) 47.13 ± 9.08 46.00 ± 8.33 47.25 ± 9.16 0.906 0.365 46.01 ± 8.58 46.00 ± 8.33 46.02 ± 8.91 0.012 0.991

Diabetes 5.468 0.019 1.227 0.268

Yes 468 (95.32) 42 (87.50) 426 (96.16) 88 (91.67) 42 (87.50) 46 (95.83)

No 23 (4.68) 6(12.50) 17 (3.84) 8(8.33) 6(12.50) 2(4.17)

Hypertension 3.101 0.078 / >0.999

Yes 432 (87.98) 46 (95.83) 386 (87.13) 92 (95.83) 46 (95.83) 46 (95.83)

No 59 (12.02) 2(4.17) 57 (12.02) 4(4.17) 2(4.17) 2(4.17)

CHD 0.658 >0.999* / >0.999

Yes 485 (98.78) 48 (100.00) 437 (98.65) 96 (100.00) 48 (100.00) 48 (100.00)

No 6 (1.22) 0(0) 6 (1.35) 0 (0) 0 (0) 0 (0)

Note: * represents the use of Fisher’s exact probability method. 
Abbreviations: PSM, propensity score matching; CHD, coronary heart disease.
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Table 2 Univariate Analysis of CAUTI Occurrence After Radical Hysterectomy for CC After PSM

Variable All (n = 96) Infection Group (n = 48) Non-Infection Group (n = 48) OR 95% CI P

Preoperative factors

Preoperative blood glucose 4.810 (4.490, 5.340) 4.840 (4.490, 5.330) 4.790 (4.490, 5.340) 1.20 0.86, 1.69 0.288

Preoperative serum albumin 39.797 ± 3.726 39.554 ± 3.899 40.040 ± 3.570 0.97 0.87, 1.08 0.522

Chemoradiotherapy

Yes 92 (95.833) 45 (93.750) 47 (97.917) 1

No 4 (4.167) 3 (6.250) 1 (2.083) 3.13 0.31, 31.25 0.330

Immunosuppressant drug

Yes 95 (98.958) 48 (100.000) 47 (97.917) 1

No 1 (1.042) 0 (0.000) 1 (2.083) 0 0.00, – 0.992

Antimicrobial prophylaxis

Yes 33 (34.375) 15 (31.250) 18 (37.500) 1

No 63 (65.625) 33 (68.750) 30 (62.500) 1.32 0.57, 3.07 0.520

Intraoperative factors

Surgical approach

Laparoscopy 50 (52.083) 28 (58.333) 22 (45.833)

Laparotomy 46 (47.917) 20 (41.667) 26 (54.167) 0.6 0.27, 1.35 0.222

Intraoperative blood loss 390.104 ± 367.110 345.833 ± 270.310 434.375 ± 441.968 1.00 1.00, 1.00 0.245

Duration of surgery (h) 3.954 ± 1.020 4.141 ± 1.200 3.767 ± 0.769 1.46 0.96, 2.21 0.076

Postoperative factors

Postoperative serum albumin 31.351 ± 2.738 31.152 ± 2.652 31.559 ± 2.810 0.95 0.81, 1.10 0.482

Fever occurrence

Yes 47 (48.958) 20 (41.667) 27 (56.250) 1

No 49 (51.042) 28 (58.333) 21 (43.750) 1.80 0.80, 4.04 0.154

Duration of continuous fever 1.156 ± 1.578 1.458 ± 1.810 0.854 ± 1.255 1.31 0.98, 1.75 0.069

Total days of postoperative fever 1.354 ± 1.841 1.688 ± 2.002 1.021 ± 1.618 1.24 0.97, 1.57 0.083

Fever peak 38.538 ± 0.383 38.561 ± 0.389 38.505 ± 0.373 1.47 0.32, 6.71 0.621

Urinary tract irritation symptoms

Yes 93 (96.875) 45 (93.750) 48 (100.000) 1

No 3 (3.125) 3 (6.250) 0 (0.000) / / 0.990

(Continued)
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Table 2 (Continued). 

Variable All (n = 96) Infection Group (n = 48) Non-Infection Group (n = 48) OR 95% CI P

U-WBC 191.346 ± 379.419 318.914 ± 459.581 77.067 ± 236.792 1.00 1.00, 1.01 0.020

U-RBC 579.652 ± 4002.722 1059.926 ± 5773.498 149.406 ± 349.025 1.00 1.00, 1.00 0.653

Urine nitrite

Negative 62 (68.132) 20 (46.512) 42 (87.500) 1

1+ 5 (5.495) 5 (11.628) 0 (0) / / 0.992

2+ 24 (26.374) 18 (41.860) 6 (12.500) 6.30 2.17, 18.30 0.001

Urinary leukocyte esterase

Negative 31 (34.444) 6 (13.953) 25 (53.191) 1

± 12 (13.333) 6 (13.953) 6 (12.766) 4.17 0.99, 17.59 0.052

1+ 8 (8.889) 5 (11.628) 3 (6.383) 6.94 1.29, 37.49 0.024

2+ 14 (15.556) 5 (11.628) 9 (19.149) 2.31 0.56, 9.48 0.243

3+ 25 (27.778) 21 (48.837) 4 (8.511) 21.87 5.44, 87.99 <0.001

Number of catheter insertions

1 77 (80.208) 34 (70.833) 43 (89.583) 1

>1 19 (19.792) 14 (29.17) 5 (10.42) 3.54 1.16, 10.81 0.026

During of urinary catheterization (day) 12.708 ± 4.498 14.958 ± 4.851 10.458 ± 2.649 1.49 1.26, 1.77 <0.001

Urine culture results

Negative 16 (21.333) 1 (2.128) 15 (53.571) 1

Positive 59 (78.667) 46 (97.872) 13 (46.429) 53.08 6.40, 440.34 0.002

Urine culture for Escherichia coli

Yes 13 (22.034) 11 (23.913) 2 (15.385) 1

No 46 (77.966) 35 (76.087) 11 (84.615) 0.58 0.11, 3.02 0.516

Urine culture for Klebsiella pneumoniae

Yes 50 (84.746) 39 (84.783) 11 (84.615) 1

No 9 (15.254) 7 (15.217) 2 (15.385) 0.99 0.18, 5.45 0.988

Abbreviations: CAUTI, catheter-associated urinary tract infection; CC, cervical cancer; PSM, propensity score matching; OR, odds ratio; CI, confidence interval; U-WBC, urinary white blood cell; U-RBC, urinary red blood cell.
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Multivariable Stepwise Regression Analysis of CAUTI Occurrence Following Radical 
Hysterectomy for CC After PSM
A stepwise regression analysis was performed using variables demonstrating significant statistical differences in the univariate 
analysis (U-WBC count, urine nitrite, urinary leukocyte esterase, catheter insertion, duration of urinary catheterization, and 
urine culture results) as the independent variables and the occurrence of CAUTI after radical hysterectomy for CC as the 
dependent variable. The results revealed that the independent risk factors for CAUTI occurrence following radical hyster
ectomy for CC were the duration of catheterization, urinary leukocyte esterase, and positive urine culture (all β > 0, P < 0.05). 
Furthermore, the model demonstrated predictive effectiveness, as indicated by the F-test (F = 20.172, P < 0.01; Table 3).

Construction and Performance Evaluation of the Nomogram Model for CAUTI 
Diagnosis Following Radical Hysterectomy for CC
A nomogram model was created by incorporating the independent risk factors for CAUTI after radical hysterectomy for 
CC. The visual depiction of the model is shown in Figure 2. The ROC and DCA curves were generated to evaluate the 
predictive performance of the model. The ROC curve indicated an AUC of 0.9035, with a 95% CI of 0.8352–0.9718, 
specificity of 0.8214, sensitivity of 0.8571, accuracy of 0.8429, positive predictive value of 0.8780, and negative 
predictive value of 0.7931. The DCA curve demonstrated that the model had higher net benefits at all critical probability 
values, indicating its good predictive value. Specific details are shown in Figures 3 and 4.

Discussion
This study identified the duration of catheterization, urinary leukocyte esterase, and positive urine culture as independent 
risk factors for Catheter-Associated Urinary Tract Infections (CAUTI) following radical hysterectomy for Cervical 
Cancer (CC). A nomogram model was developed using multivariate analysis to predict the occurrence of CAUTI. The 
nomogram model created was simple, quantitative, and user-friendly, with an area under the ROC curve of 90.35%, 
indicating high diagnostic accuracy. The model’s clinical net benefit was also significant, reflecting its performance and 
value. The study used Propensity Score Matching (PSM) to balance covariates between infection and non-infection 
groups, enhancing the comparability of the population. It is noteworthy that a significant difference in diabetes 
prevalence between the two groups was observed prior to Propensity Score Matching (PSM). However, this difference 
disappeared after PSM was applied, indicating that the matching process successfully increased the comparability of the 
two groups and enhanced the scientific rigor of our analysis. By accounting for confounding variables through PSM, we 
were able to better isolate the independent effects of various factors on the studied outcome. The disappearance of the 
diabetes difference after PSM suggests that, when other factors are controlled for, diabetes may not independently 
contribute to the risk in our study population. This finding underscores the importance of controlling for confounding in 
observational studies and demonstrates how PSM can improve the validity of such research.22

Table 3 Multivariable Stepwise Regression Analysis of CAUTI Occurrence 
Following Radical Hysterectomy for CC After PSM

Variable Regression  
Coefficient

SE t P VIF

a constant (math.) −0.244 0.14 −1.74 0.086 /

Duration of catheterization 0.024 0.011 2.25 0.028 1.211

Urinary leukocyte esterase 0.103 0.038 2.683 0.009 1.186

Whether urine culture is positive 0.496 0.116 4.288 <0.001 1.246

F F (3, 66) = 20.172, P < 0.001

Abbreviations: Dependent variable: CAUTI; CAUTI, catheter-associated urinary tract infection; 
CC, cervical cancer; PSM, propensity score matching; SE, standard error; VIF, variance inflation factor.
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It is worth noting that a previous study identified age ≥60 years, number of urinary catheter insertions ≥2, duration of 
urinary catheterization ≥7 days, and comorbid diabetes as high-risk factors for CAUTI occurrence following radical 
hysterectomy for CC.23 Our study identified the duration of urinary catheterization, urinary leukocyte esterase, and 
positive urine culture as the independent risk factors for CAUTI after radical hysterectomy for CC. The former study 
included a relatively small sample size of only 84 cases (with 18 infections), whereas this study enrolled a sample of 96 
patients (with 48 infections). Furthermore, this study incorporated a comprehensive range of variables, including 
potential risk factors spanning preoperative, intraoperative, and postoperative stages. A greater number of confounding 
factors were also considered, resulting in a higher scientific integrity and validity of the research findings. Mercadel et al1 

have demonstrated that the duration of urinary catheterization exceeding 7 days is an independent risk factor, which is in 
line with our findings. This finding further emphasizes the importance of daily assessment of the necessity of indwelling 
urinary catheterization and highlights the need for early removal when clinically feasible to effectively reduce the 
incidence of CAUTI. A study24 has also demonstrated that implementing a structured preoperative and postoperative 
bladder training program for patients can effectively enhance pelvic floor muscle function, mitigate spasms in the 
external urethral sphincter, and contribute to the amelioration of postoperative bladder dysfunction. This approach, to 

Figure 2 Nomogram model for predicting CAUTI occurrence after radical hysterectomy for CC. 
Abbreviations: CAUTI, catheter-associated urinary tract infection; CC, cervical cancer.
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some extent, can decrease the time required for patients to regain control of their urinary elimination, thus diminishing 
the duration of indwelling catheterization and lowering the occurrence rate of CAUTI. To develop a model, we 
introduced urine routine and urine culture indicators innovatively. The inclusion of urinary leukocyte esterase testing, 
known for its high sensitivity and specificity, brings about a remarkable level of accuracy in UTI detection. This testing 
method plays a vital role in the early screening, diagnosis, and treatment of patients with UTIs, underscoring its 
considerable clinical significance.25 In this study, urinary leukocyte esterase and positive urine culture were identified 
as the independent risk factors for CAUTI occurrence following radical hysterectomy for CC. The results are consistent 
with the prevailing clinical diagnosis and treatment practices in the field.26

A nomogram model is developed based on multivariate analysis, which integrates multiple indicators to achieve 
individualized and precise probability prediction of a specific event. The existing body of studies on CAUTI following 
radical hysterectomy for CC is currently limited on both national and international levels, which mainly focus on 
pathogenic characteristics or analysis of risk factors.2,6,16 In addition, there is currently no investigation delving into the 
development of a model for accurately predicting the occurrence of CAUTI following radical hysterectomy for CC. In 
this study, the nomogram model we attempted to develop was simple, quantitative, and user-friendly. By incorporating 
key variables such as the duration of urinary catheterization, the presence of urinary leukocyte esterase, and urine culture 
results, the model aimed to present the probability of CAUTI occurrence. Moreover, the risk factor variables in this study 
were comprehensive and scientifically selected, covering risk factors throughout the entire hospitalization period. In 
addition, the AUC of the ROC reached 90.35%, indicating a high diagnostic accuracy. The DCA curve also displayed 
a noticeable clinical net benefit, effectively reflecting the performance and value of this model. The evaluation of 
patients’ conditions by healthcare professionals is susceptible to subjectivity due to the impact of professional compe
tence and clinical experience. To address this concern, a model was proposed to quantitatively establish the association 
between the risk factors for CAUTI following radical hysterectomy for CC. This model visually presents the relationship 
through a formula. It can enable healthcare professionals to focus on the potential risk of CAUTI in patients and identify 
high-risk patients for early detection of CAUTI. Consequently, this approach can facilitate the implementation of 
infection control measures, ultimately enhancing patient care. Furthermore, in the future, integrating this model into 
medical information systems could be considered, which would further streamline the identification and management of 
CAUTI risks, thereby improving patient outcomes and safety.19 This model provides a foundation for further applications 
and improvements in related models, offering valuable insights and references for future research and clinical practice.

Figure 3 ROC curve of the model for CAUTI diagnosis after radical hysterectomy for CC. 
Abbreviations: ROC, Receiver operating characteristic; CAUTI, catheter-associated urinary tract infection; CC, cervical cancer.
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The findings of this study have significant implications for clinical practice, particularly in the care of patients 
undergoing radical hysterectomy for Cervical Cancer (CC). The identification of duration of urinary catheterization, 
urinary leukocyte esterase, and positive urine culture as independent risk factors for Catheter-Associated Urinary Tract 
Infections (CAUTI) underscores the importance of vigilant monitoring and management of these factors. Clinicians 
should be aware that prolonged catheterization, indicated by a positive urine culture, and the presence of leukocyte 
esterase can substantially increase the risk of CAUTI. Consequently, healthcare providers should aim to reduce the 
duration of catheterization, regularly monitor urine culture results, and test for urinary leukocyte esterase to mitigate 
infection risks. The development of a nomogram model with high accuracy (an area under the ROC curve of 90.35%) 
offers a valuable tool for clinicians to present the probability of CAUTI occurrence.post-surgery. This model allows for 
more individualized patient care, enabling early interventions for those at higher risk. By integrating variables such as 
the duration of catheterization and urine test results into the nomogram, healthcare professionals can make more 

Figure 4 DCA curve of the model for CAUTI diagnosis after radical hysterectomy for CC. 
Abbreviations: DCA, Decision curve analysis; CAUTI, catheter-associated urinary tract infection; CC, cervical cancer.
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informed decisions regarding patient management, potentially reducing the incidence of CAUTI and improving patient 
outcomes.

However, there are some limitations to the study. Firstly, this study is a single-center study, which may limit the 
generalizability of its results. Secondly, other potential risk factors for CAUTI, such as the efficacy of interventions targeting 
the identified risks, remain unexplored. Thirdly, although the data in this study were utilized for PSM, which greatly assisted in 
identifying risk factors, it did impose limitations on the construction of the prediction model. Nonetheless, this study made an 
attempt to develop a model, with the intention of providing a useful reference for future related research endeavors.

Conclusions
In conclusion, the duration of catheterization, urinary leukocyte esterase, and urine culture results have been identified as 
independent risk factors for CAUTI following radical hysterectomy for CC. The constructed nomogram model exhibits 
characteristics of simplicity, user-friendliness, high accuracy, and significant clinical value. Hence, it can serve as 
a valuable reference for supporting early clinical diagnosis decisions of CAUTI following radical hysterectomy for 
CC. Future research could focus on validating the model’s universality, enhancing its precision, and investigating 
strategies to mitigate the risk of CAUTI following such gynecological surgeries.

Abbreviations
CAUTI, Catheter-associated Urinary Tract Infection; CC, Cervical Cancer; PSM, Propensity Score Matching; ROC, 
Receiver Operating Characteristic; DCA, Decision Curve Analysis.
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