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Previous studies have demonstrated that intermittent catheterization (IC) is an effective management
strategy for neurogenic bladder (NB), but the knowledge of medical staff in this field remains under-
researched. This cross-sectional study aimed to explore the profile of medical staff’s knowledge
regarding IC in NB management and its associated factors. In August 2023, we conducted a
convenience sampling survey involving 207 eligible medical staff from high-prevalence departments
of NB at a tertiary general hospital in Nanchong, Southwest China. Data analysis was performed

using latent class analysis (LCA) and logistic regression analysis. The results showed that respondents’
knowledge of IC in NB management scored 10.27 +2.89 (maximum possible score of 16). The LCA
identified two distinct profiles: a high knowledge group (57.97%) and a low knowledge group
(42.03%). Logistic regression revealed that individuals with a college degree or above (OR=2.15,

95% Cl 1.14-4.07), those focusing on NB management (OR=4.07, 95% Cl 2.21-7.49), and those who
received relevant training (OR=2.81, 95% Cl 1.57-5.02) were more likely to be in the high level group.
Additionally, variations in knowledge profiles were observed across different departments. These
findings indicate a need to enhance medical staff’s understanding of IC in NB management in high-
prevalence departments of NB, with targeted training programs as a potential solution. Notably, the
use of convenience sampling and a single-center design in this study may constrain the generalizability
of these findings, necessitating multicenter validation studies in the future.

Keywords Neurogenic bladder, Intermittent catheterization, Latent classes analysis, Knowledge, Medical
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Neurogenic bladder (NB) is a lower urinary tract dysfunction secondary to neurological compromise of central
nervous system coordination, characterized by manifests as urinary retention, incontinence, and voiding
difficulty’. It is a prevalent complication among patients with spinal cord injury, stroke, and multiple sclerosis®™*.
In 2017, it was reported that 1009 individuals per million worldwide suffered from NB due to spinal cord
injury alone’. The clinical course of NB is not limited to immediate urinary dysfunction but also predisposes
patients to increasingly severe urological complications, such as recurrent urinary tract infections, vesicoureteral
reflux, and hydronephrosis®. In severe cases, it even can lead to renal failure®. This pathophysiological cascade
not only negatively impacts the quality of life of patients but also increases their risk of hospitalization and
mortality®’. From a health economics perspective, NB imposes a heavy socioeconomic burden, with a study
on the global burden of NB showing annual per-patient costs ranging from €269 to €706%. Additionally, the
total annual hospitalization costs for NB patients in China is still increasing at a rate of 36.66%°. Therefore, it
is important to explore effective management strategies for NB. Intermittent catheterization (IC) is recognized
as the preferred method for managing bladder dysfunction in NB patients!®!!. It can effectively diminish post-
void residual volume through regular bladder evacuation, thereby mitigating the risk of urinary tract infections
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and urolithiasis, as well as improving bladder function, sexual health, fertility, and overall quality of life for
patients>!2-14,

Despite well-documented efficacy of IC, substantial evidence-practice gaps remain in healthcare workers’
understanding and implementation of this technique. Empirical evidence from a U.S.-based study (n=210
nurses) revealed that approximately two-thirds (66%) of the nurses failed to adhere to the IC guidelines',
frequently culminating in regression to suboptimal bladder management modalities (e.g., chronic indwelling
catheters)!®. Globally, 17.6% to 25.6% of clinical workers erroneously associated IC with increased urinary tract
infection risks and diminished quality of life in NB patients'>!”. Similarly, most medical workers in China doubt
the effectiveness of IC in NB management and lack knowledge in this area!®!°. IC is typically performed by
patients or their caregivers following training and rigorous competency verification from healthcare providers.
Empirical evidence confirmed that healthcare providers’ comprehensive mastery of knowledge related to NB and
IC is a key determinant for effectively imparting knowledge to trainees and sustaining procedural fidelity.2*2!.
Therefore, it is necessary to explore how to improve healthcare providers’ knowledge regarding NB and IC.

Currently, research on IC in NB management mainly focuses on patients, with few studies addressing the
perspectives of healthcare providers!®!*?2, Existing literature investigated the knowledge levels of medical
staff through homogenized conceptual frameworks that inadvertently lump diverse medical personnel into
undifferentiated cohorts. This oversimplification can obscure important differences within medical workforce
and overlook the unique educational needs of specialized subgroups, potentially undermining the effectiveness
of educational interventions. Latent class analysis (LCA) provides a framework for classifying based on
individual characteristics, which can effectively identify subgroups with similar characteristics and inform the
development of more targeted interventions®. Therefore, this study used the LCA to examine the knowledge
profiles of medical staff regarding IC in NB management and analyzed its associated factors, with the aim of
establishing an evidence base for the development and implementation of targeted training programs.

Methods

Study design, setting and participants

This study was conducted as a single-center cross-sectional survey. We used a convenience sampling method
to recruit medical staff from departments with a high prevalence of NB, including Rehabilitation, Neurology,
Urology, Orthopedics, Gynecology, Pediatrics, and Endocrinology, in a tertiary general hospital. Eligibility
criteria for participation included: (1) being at least 18 years of age; (2) possessing a valid medical or nursing
license; (3) having a minimum of one year of work experience; and (4) providing informed consent for voluntarily
participation. Medical staff who were absent due to sick leave, personal leave, or study abroad, or who were from
other hospitals and enrolled in further educational programs within the departments, were excluded from the
study. According to information obtained from the department heads, the total number of eligible medical staff
was 278.

Measurements

Sociodemographic information form

The sociodemographic information form was developed to collect key demographic variables of participants,
including gender, age, occupation, education level, professional title, years of work experience, and departmental
affiliation. Additionally, dichotomous variables assessed clinical focus on NB management and the completion
of related training.

Neurogenic bladder intermittent catheterization knowledge questionnaire

This questionnaire was developed by Du Yanhui!® informed by the guidelines on Neurogenic Bladder
Dysfunction issued by the European Urology Association?*, as well as the Neurogenic Bladder Nursing Guidelines
formulated by the Rehabilitation Nursing Committee of the Chinese Association of Rehabilitation Medicine?.
It addressed the etiology, clinical manifestations, examinations, treatment goals, follow-up, and medications
related to NB, as well as prerequisites, hydration plans, fluid intake control, scheduling, operational precautions,
contraindications, and the benefits of IC. The instrument consisted of 13 single-choice and 3 multiple-choice
questions, totaling 16 items. Correct single-choice answers earned 1 point (incorrect/unknown responses scored
as 0), while multiple-choice questions required all correct options to be selected for 1 point (any other response
scored 0). The maximum score is 16, with a Cronbach’s a of 0.733.

Data collection

In August 2023, following departmental approval, we delivered an online questionnaire to charge nurses across
departments, who subsequently circulated the questionnaire and accompanying instructions among the medical
staff within their respective departments. The questionnaire’s homepage incorporated a series of questions
designed to apply inclusion and exclusion criteria, thereby ensuring the eligibility of respondents. To prevent
duplicate submissions and ensure data integrity, we implemented IP/WeChat ID restriction protocols permitting
a single submission per unique identifier, coupled with forced-response validation requiring complete item
responses for survey submission.

Ethical considerations

The study was approved by the Medical Ethics Committee of the Affiliated Hospital of North Sichuan Medical
College (N0.2022ER219-1). All procedures performed in the study were in accordance with the ethical standards
of the institutional and/or national research committee, as well as the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. All participants received a plain language statement prior to the
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survey, and the completion of a fully filled questionnaire implied their informed consent to participate in the
study. Finally, informed consent was obtained from all subjects who were included in the analysis.

Statistical analysis

Data analyses were conducted in Mplus7.4 and Zstats1.0 (www.zstats.net). First, descriptive analyses were
used to delineate the sociodemographic characteristics of the participants, with continuous variables presented
as meanztstandard deviation and categorical variables expressed through frequency distributions with
proportional representations. LCA was subsequently implemented in Mplus7.4 with items responses from the
neurogenic bladder intermittent catheterization knowledge questionnaire as manifest indicators. Iterative model
estimation evaluated through multiple fit indices: log-likelihood (LL), Akaike Information Criterion (AIC),
Bayesian Information Criterion (BIC), adjusted BIC (aBIC), entropy, Vuong-Lo-Mendell-Rubin (VLMR), and
Bootstrapped Likelihood Ratio Test (BLRT). Lower values of AIC, BIC, and aBIC indicated superior model fit.
Additionally, higher entropy values reflected greater classification precision. Significant likelihood ratio tests
(P<0.05) supported the selection of the K-class model over the (K-1)-class solution?. Following subgroup
identification through LCA, chi-square tests examined demographic differences across latent classes. Significant
sociodemographic predictors were subsequently incorporated into multivariate logistic regression models with
class membership as the outcome variable. The logistic regression analysis was conducted using Zstats1.0, which
generated a logistic regression forest plot. A two-tailed P-value of 0.05 was applied for statistical significance
throughout the analytical process.

Results

Partcipants’ sociodemographic characteristics

A total of 207 medical staff participated in the survey, yielding a response rate of 74.5%. Demographics revealed
a predominantly female cohort (79.7%), with clinical nurses comprising 75.8% of respondents. The majority
were aged <40 years (81.6%) and held college degrees or lower qualifications (63.3%). Over half reported
having < 10 years of clinical experience (53.6%) and held a junior professional title (51.7%). While 66.2% of the
participants expressed concerns regarding the management of NB, only 45.4% had received related training
(Table 1). The average score for knowledge of IC in NB management among participants was 10.27 +2.89
(individual range: 2-16; theoretical maximum: 16).

LCA results of knowledge for IC in NB management

This study evaluated latent class models ranging from one to four categories, as summarized in Table 2. Models
1 through 3 demonstrated progressive improvements in model fit indices, evidenced by consistent decreases in
the absolute LL values along with reductions in both AIC and aBIC. However, the BIC exhibited an inflection
point at Model 4, showing an increased value compared to Model 3, thereby supporting the exclusion of the
four-class solution. The likelihood ratio tests (BLRT and VLMR) for Model 3 revealed non-significant p-values
(P>0.05), statistically confirming that the three-class model did not provide superior fit relative to the two-class
solution. Consequently, the two-class model was selected as the optimal model, with latent class probabilities of
57.97% for one category and 42.03% for the other. As shown in Fig. 1, the conditional probability distribution
reflected the differences in response accuracy rates between the two latent classes across various knowledge
items. One category exhibited a higher conditional probability of scoring on all items compared to the other,
with a conditional probability of scoring on 11 items being > 0.8, thus it was designated as the "high level group.”
In contrast, the other category demonstrated conditional probabilities of less than 0.6 for 13 items, resulting in
its designation as the "low level group."

Comparison of latent classes among participants with different sociodemographic
characteristics

Statistically significant differences were observed among LCA-identified subgroups with respect to education
level, departmental distribution, focus on NB management, and prior receipt of related training (Table 1).

Results of logistic regression analysis for latent classes

Figure 2 presents the logistic regression analysis results with the classification derived from LCA as the dependent
variable. Individuals holding a degree above the college level were found to be 2.15 times more likely to be in the
high level group compared to those with a college degree or lower (95% CI 1.14-4.07, P=0.018). Furthermore,
individuals who focused on NB management and received relevant training were 4.07 times (95% CI 2.21-7.49,
P<0.001) and 2.81 times (95% CI 1.57-5.02, P<0.001) more likely to be in the high level group than those who
did not concentrated on NB management and those who lacked relevant training, respectively. Compared with
rehabilitation department, the likelihood of being classified in the high level group was significantly lower in
orthopedics, gynecology, urology, pediatrics, and neurology, with odds ratios of 0.01, 0.02, 0.03, 0.04, and 0.06,
respectively. In contrast, the likelihood in endocrinology was reduced to 0.27, although this finding was not
statistical significant (P=0.271).

Discussion

This study provides unique insights into medical staff knowledge heterogeneity regarding IC in NB management
through LCA. The results indicated that the participants’ average knowledge score was 10.27 +2.89 (individual
range: 2-16; theoretical maximum: 16), marginally exceeding values reported by Niu (9.78)!2 and Du (9.35)8.
However, this aggregate score translates to merely 64.2% of the total possible points, revealing that the overall
knowledge of healthcare workers in this domain remains insufficient. Unlike previous research, this study
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Knowledge level

Variables n (%) Low, n (%) | High, n (%) | X? P
Gender 1.635 | 0.201
Male 42(203) |14(16.1) | 28(23.3)

Female 165(79.7) | 73(83.9) 92(76.7)

Age (years) 1.151 0.563
<30 89(43.0) |41(47.1) | 48(40.0)

31~40 80(38.6) | 32(36.8) 48(40.0)

>40 38(18.4) | 14(16.1) 24(20.0)

Occupation 2.721 0.099
Doctor 50(24.2) 16(18.4) 34(28.3)

Nurse 157(75.8) | 71(81.6) 86(71.7)

Educational level 6.823 | 0.009
College degree or below 131(63.3) | 64(73.6) 67(55.8)

College degree above 76(36.7) | 23(26.4) 53(44.2)

Professional title 0.227 | 0.893
Junior 107(51.7) | 44(50.6) | 63(52.5)

Intermediate 82(39.6) | 36(41.4) 46 (38.3)

Senior 18(8.7) 7(8.0) 11(9.2)
Working experience (years) 0.669 0.716
<5 80(38.6) | 34(39.1) 46(38.3)

6~10 31(15.0) | 11(12.6) 20(16.7)

>10 96(46.4) | 54(48.3) | 96(45.0)

Department 45.844 | <0.001
Rehabilitation department 27(13.0) | 1(1.1) 26(21.7)

Neurology 55(26.6) | 21(24.1) 34(28.3)

Urology 16(7.7) 9(10.3) 7(5.8)

Orthopedics 32(15.5) | 24(27.6) 8(6.7)

Pediatrics 26(12.6) | 12(13.8) 14(11.7)

Gynaecology 27(13.0) | 17(19.5) 10(8.3)

Endocrinology 24(11.6) | 3(3.4) 21(17.5)
Focus on the management of NB 21.504 | <0.001
No 70(33.8) |45(51.7) | 25(20.8)

Yes 137(66.2) | 42(48.3) 95(79.2)
Received relevant knowledge training 12,512 | <0.001
No 113(54.6) | 60(69.0) | 53(44.2)

Yes 94(454) |27(31.0) | 67(55.8)

Table 1. Participants’ sociodemographic characteristics and the comparison of latent classes across varied
sociodemographic groups (N =207). NB neurogenic bladder, X2 chi-square.

BLRT | VLMR
Model | LL AIC BIC aBIC Entropy | P P Conditional probability
1 -1771.89 | 3575.76 | 3629.08 | 3578.39 | - - - -
2 -1656.50 | 3378.99 | 3488.98 | 3384.42 | 0.77 0.011 |0.011 120(57.97)/87(42.03)
3 -1595.23 | 3290.46 | 3457.09 | 3298.67 | 0.83 0.166 | 0.163 71(34.30)/82(39.61)/54(26.09)
4 -1554.83 | 3243.66 | 3466.95 | 3254.67 | 0.97 0.095 |0.093 12(5.80)/83(40.10)/24(11.59)/88(42.51)

Table 2. Latent classes analysis results of knowledge for ntermittent catheterization in neurogenic bladder
management (N =207). LL log-likelihood, AIC Akaike information criterion, BIC Bayesian information
criterion, aBIC adjusted BIC, VLMR Vuong-Lo-Mendell-Rubin, BLRT bootstrapped likelihood ratio test.

identified two distinct knowledge categories through LCA: the high-level group and the low-level group,
comprising 57.97% and 42.03% of participants, respectively. These findings support Niu Mingming’s earlier
research'?, which highlighted significant differences in healthcare workers’ perceptions of NB management.
In the low level group, the accuracy rate for most questions was below 60%, except for those pertaining to
NB follow-up, IC hydration plans, and operational precautions, aligning with studies showing medical staff’s
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Fig. 1. The conditional probability distribution of two latent classes (N'=207). Note: Q1-Q8: Question 1
to 8-the etiology, clinical manifestations, examinations, treatment goals, follow-up, and medications of
neurogenic bladder; Q9-Q16: Question 9 to 16-the prerequisites, hydration plans, fluid intake control,
scheduling, operational precautions, contraindications, and the benefits of IC.
Variables p SEE OR (95%CI) P
Educational level l
College degree or below 1.00 (Reference)
College degree above 0.77 032 2.15(1.14~4.07) 0.018 HlH
Ddepartment
Rehabilitation department 1.00 (Reference) [ |
Neurology -2.78 1.06 0.06(0.01 ~049) 0.009 ——
Urology -3.51 1.14 0.03(0.00 ~0.28) 0.002 —a—
Orthopedics -436 1.10 0.01(0.00~0.11) <.001 [ —
Pediatrics -3.10 1.09 0.04(0.01 ~0.38) 0.004 ——
Gynaecology -3.79 1.09 0.02(0.00~0.19) <.001 ——
Endocrinology -1.31 1.19 0.27(0.03 ~2.78) 0.271 b
Focus on the management of NB
No 1.00 (Reference) [ |
Yes 1.40 0.31 4.07(2.21 ~749) <.001 HilH
Received relevant knowledge training
No 1.00 (Reference)
Yes 1.03 030 2.81(1.57~5.02) <.001 TI—I—I
| [ |
0.1 | 74
OR (95%CI)

Fig. 2. Forest plot of logistic regression analysis for latent classes (N =207).
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limited understanding of IC and NB management?’. Notably, even in the high level group, the accuracy rate for
questions pertaining to the etiology and treatment goals of NB, as well as prerequisites and contraindications
of IC, remains below 50%. This finding highlights knowledge deficiencies even among those considered well-
informed. Therefore, it is necessary to strengthen the training of medical staff on NB management in the future.
Moreover, this study reveals that when developing training programs, the disparities in knowledge levels among
different groups in specific aspects of NB management or IC procedures should be considered to improve the
relevance and effectiveness of the training.

This study used logistic regression to identify determinants of latent class membership (derived via latent
class analysis) in healthcare providers' knowledge profiles regarding IC in NB management. The analysis
revealed three significant predictors of classification into the high-knowledge group: attainment of a degree
above the college level (OR=2.15, 95% CI 1.14-4.07), focus on NB management (OR=4.07, 95% CI 2.21-
7.49), and completion of relevant training (OR=2.81, 95% CI 1.57-5.02). These findings are consistent with
the studies by Niu'2 and Du'8, which similarly identified that medical staff with higher knowledge scores were
linked to these specific factors. This correlation may be attributed to the fact that medical staff with higher
education levels usually receive more systematic medical education. Additionally, those who actively focus on
NB management are more willing to engage in proactive learning and participate in relevant training, which has
been shown to effectively enhance their knowledge?”-?8. In this study, while 66.2% of the participants expressed
concern regarding NB management, only 45.4% had received relevant training. This gap underscores the need
for enhanced NB management awareness and regular professional training, especially for those with lower
education levels. Last but not least, compared to rehabilitation departments, medical staff in neurology, urology,
pediatrics, orthopedics, and gynecology were more likely to be classified in the low level group, which may
be attributed to the divergent clinical priorities of each department!'>!3. Patients admitted to the rehabilitation
department are in a relatively stable condition, thus the primary focus is on patients’ functional recovery and
self-care capacity, whereas other departments are preoccupied with the stabilization of patients’ acute medical
conditions. This divergence in departmental focus may result in inadequate attention to NB management
among medical staff in these departments. However, the NB prevalence remains substantial across these latter
departments, and poor management of NB causes negative impacts on patients’ health outcomes®~. To address
these challenges, the implementation of specialty-tailored NB training modules and the establishment of cross-
departmental knowledge-sharing protocols may be useful strategies. Such interventions could harmonize NB
management standards while preserving specialty-specific workflows. Importantly, rehabilitation departments
might serve as natural hubs for these knowledge-translation initiatives, given their demonstrated expertise.
Future implementation research should evaluate the efficacy of these approaches in optimizing the management
outcomes of NB while maintaining clinical efficiency.

This study has several limitations. Firstly, the convenience sampling method entails inherent selection bias
risks, even though the proportional representation of staff in various departments approximated actual medical
staff distributions in these departments in our study. Secondly, the single-center design and limited sample
size constrain the generalizability of the findings across diverse healthcare systems and institutional contexts.
Subsequent research should employ probability sampling frameworks and implement multicenter investigations
spanning diverse geographic regions to elucidate systemic commonalities and context-specific variations,
thereby providing a more comprehensive perspective for global health policy making. Despite these limitations,
we used LCA to explore the latent classes of medical staff’s knowledge levels of IC in NB management, providing
a fresh perspective on understanding their knowledge levels. We also analyzed the potential factors affecting the
latent class grouping, laying a foundation for developing more targeted training programs. The optimization
of training programs may enhance medical staff’s knowledge of NB management and collaboration within the
healthcare system, thereby improving the quality of care for patients with NB at a system level and patients’
health outcomes. However, these potential effects need to be further verified in future research.

Conclusions

The overall knowledge score of medical staff regarding IC in the management of NB remains suboptimal,
with two distinct profiles identified: a high level group and a low level group. Despite participants in the high
level group generally perform well, there are still particular aspects of NB management or IC procedures that
were less well-understood. Multivariate analysis identified attainment of a degree above the college level, focus
on NB management, and completion of relevant training as significant predictors of classification into the
high-knowledge group. Conversely, affiliation with high-NB prevalence departments, including orthopedics,
gynecology, urology, neurology, and pediatrics, emerged as independent risk factors for low-knowledge
categorization. These findings underscore the necessity for enhanced knowledge of IC in NB management
among medical staff in high-prevalence departments of NB. Emphasizing the importance of focusing on NB
management and implementing targeted training programs that address the varying knowledge levels across
different groups in specific aspects of NB management and IC procedures could be effective. However, the
potential impact of these interventions requires further validation in future research.

Data availability
The datasets used and analyzed in the study are available from the corresponding author upon reasonable re-
quest.
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