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Background: Adherence plays a crucial role in the long-term management of chronic conditions, including neurogenic lower urinary
tract dysfunction (NLUTD) in individuals with spinal cord injury (SCI). Poor adherence can lead to complications, reduced quality of
life, and increased healthcare costs.

Purpose: This study aimed to evaluate the post-discharge bladder-emptying practices and adherence to follow-up in SCI individuals
with NLUTD, identifying key factors influencing adherence to improve long-term care strategies.

Methods: A cross-sectional survey was conducted in Southwest China from May 1 to September 30, 2023. Online questionnaires were
employed to collect data on sociodemographic characteristics, bladder emptying methods, active follow-up adherence and related barriers.
Results: Out of 412 fully completed questionnaires, as for bladder-emptying method, 70.15% of respondents opted for clean
intermittent catheterization (CIC) as their primary or preferred mode. CIC usage was more prevalent among participants with thoracic
and lumbar SCI, while those with cervical SCI demonstrated a higher reliance on indwelling catheterization (IDC) and cystostomy.
A significant 63.55% did not engage in regular hospital follow-ups participants with thoracic SCI had the lowest adherence rate
(49.79%), followed by lumbar (72.62%) and cervical (77.59%) groups. Preferences for medical consultation were highest for
rehabilitation physicians at 65.68%, with neurourologists following at 33.83%. Key barriers to follow-up adherence were identified
as the more severity of SCI, lack of disease knowledge, increasing age, and reliance on adult children for care. In contrast, positive
predictors of follow-up adherence were ample financial support and previous medical consultation experiences.

Conclusion: This study revealed insufficient follow-up adherence among SCI individuals with NLUTD, with CIC emerging as the
preferred method for bladder emptying strategy. Age and injury level significantly influenced adherence. To improve long-term
management of NLUTD, future initiatives should focus on enhancing health education accessibility, optimizing healthcare services,
and providing comprehensive financial support to high-risk groups.
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Introduction
Spinal cord injury (SCI) represents a category of profoundly incapacitating conditions, which are known to exert a significant
detrimental impact on sensory and motor functions, as well as autonomic nervous system regulation.' Globally, an estimated

20.6 million individuals were affected by SCI in 2019. In China, approximately 234,190 new SCI cases were reported during
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the same year.” Among these patients, over 80% experience neurogenic lower urinary tract dysfunction (NLUTD),* making
it one of the top health concern among SCI.® Unlike motor and sensory recovery, NLUTD often persists for a prolonged
period, even after other neurological functions improve,” * imposing a lasting burden on patients.

The economic impact of NLUTD is substantial. Previous study has estimated the annual supportive costs of NLUTD
to range from $2,039.69 to $12,219.07, with lifetime costs reaching $112,774 when complications are included.'® With
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the increasing survival of SCI patients, both in China and other countries worldwide, the long-term management of

NLUTD has become an even greater challenge. Lifelong urological follow-up is imperative for improving survival

14-16

rates, reducing the complications associated with NLUTD'*'7'® and enhancing the quality of life.'"° However,

despite its importance, only a minority of NLUTD participants actively engage in regular follow-ups to seek professional

guidance.?' This highlights the critical need for optimizing NLUTD management strategies following SCI.***

Low adherence to follow-up is an important patient-related barrier to effective chronic diseases management, >~
including SCI-related NLUTD. Clean intermittent catheterization (CIC) is one of the most highly recommended and
widely used methods of bladder management for NLUTD individuals,”’ with adoption rates ranging from 51% to 75%
among SCI individuals in the United States.'*'*® In Canada, it is noted that 60% of SCI individuals adhere to CIC as
a long-term management strategy.”’ In contrast, a report by Dr. Xu indicates that only 21.3% of SCI participants in China
utilize CIC for extended periods.*®

Previous studies in China have mainly focused on in-hospital management of NLUTD among SCI patients and
are limited to a few developed provinces and cities.>**' However, there is little available evidence concerning the
post-discharge bladder-emptying status and long-time surveillance of SCI participants with NLUTD in China.

Therefore, the primary objective of this study aimed at providing a comprehensive description of post-discharge
NLUTD practices in SCI individuals. Specifically, this study aims to: (1) describe bladder-emptying methods according
to SCI characteristics, (2) identify factors influencing follow-up adherence, and (3) explore patient-reported obstacles in
neuro-urological management. We anticipate that these findings will offer valuable insights for improving long-term
healthcare support for the SCI population.

Methods
Study Design and Patient Population

This was a multi-center, cross-sectional survey. All participants were SCI participants with NLUTD discharged from the
following SCI rehabilitation centers: West China Hospital of Sichuan University, the First Affiliated Hospital of
Chongqing Medical University, and the Sichuan Provincial Rehabilitation Hospital.

The inclusion criteria were as follows: 1) Individuals diagnosed as SCI in accordance with the American Spinal cord
Injury Association(ASIA)*? with no restrictions on age or gender; 2) Individuals diagnosed with NLUTD based on the
criteria set by International Continence Society;>> 3) Participants with clear consciousness or those whose caregiver was
well-acquainted with their health condition; 4) Participants who voluntarily consent to take part in the survey and 5)
Participants who have the ability to complete the survey online using a smartphone or computer.

There were no specific exclusion criteria. However, questionnaires with logically inconsistent responses or duplicate
submissions were excluded from the final analysis.

Data Collection and Analysis

Questionnaire Distribution

The questionnaire was distributed primarily through online surveys. It was shared in social media groups comprising SCI patients
from the three participating SCI rehabilitation centers. The data collection period lasted from May 2024 to August 2024.

Validity, Reliability, and Objectivity

The development and validation of the questionnaire were carried out as follows:
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Drafting: The initial version of the questionnaire was jointly created by the China Association of Persons with
Physical Disabilities and the Spinal Cord Injury Team at the Rehabilitation Medicine Center of West China Hospital,
Sichuan University.

Expert Review: Sixteen experts in the field of SCI rehabilitation and staff involved in disabled persons’ services
provided feedback, which helped refine the initial draft.

Pilot Testing: Thirty SCI participants were invited to complete the trial version of the questionnaire and provide
feedback. Their responses were used to revise and finalize the questionnaire content, ensuring its validity and reliability
for the subsequent study.

Questionnaire Contents
The questionnaire was organized into three main sections for clarity and ease of completion:

Section |: Demographic Information
This section gathered some demographic details including:
1. Age and gender
2. Marital status, categorized as married/remarried or single/divorced
3. Place of residence
4. Educational attainment, with options for middle school and below, high school, bachelor’s degree, and above
5. The presence of a family member with a medical education background

Section 2: Medical Profile, Bladder Management, and Follow-up Related Factors

1. The duration since the SCI occurred

2. The level of SCI classified as cervical, thoracic, lumbar, or below

3. The current method of bladder emptying, with options including indwelling catheters (IDC), CIC, cystostomy,
external urine collector, or pad use

4. History of prior medical consultations for NLUTD

5. Accessibility to hospitals with specialized departments such as rehabilitation, neurosurgery, neurology, urology,
and orthopedics

6. Assessment of the convenience of hospital visit procedures: yes or no

7. Self-evaluated knowledge on NLUTD, rated from not at all familiar to awfully familiar

8. Frequency of follow-up visits, with options for never, sometimes, and regularly

Section 3: Family and Social Support

The final section addressed concerns related to family or social support:

1. Self-reported economic burden, ranging from free to mild, moderate, or heavy

2. Identification of the primary caregiver, such as spouse, parent, adult children, or hired home care worker

3. Payment methods for healthcare, including self-paying, new rural cooperative medical scheme (NRCMS), urban
resident basic medical insurance (URBMI), or urban employee basic medical insurance (UEBMI)

4. Availability of a person to accompany the patient for outings: yes or no

5. Transportation methods for going out, including personal, public, assisted transportation, or shared mobility
vehicles

6. Modes of transportation used, such as road, rail, air, or waterway

Participants were invited to identify all potential factors, based on their personal experiences, that could influence their
attendance at follow-up visits. They were then asked to rank these barriers according to the degree of impact they believe
each factor has, ensuring a thorough and individualized reflection of the real-life factors affecting follow-up adherence.
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Statistical Analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences® (SPSS™) for Windows,
version 25.0 (IBM Corporation, Armonk, New York, United States) software. The Shapiro—Wilk test was used to
evaluate the normality of continuous variables. The data showed that they were not normally distributed and were
thus expressed as median values (inter-quartile range [IQR]) and were compared between the two groups (adhere
and non-adhere to follow-up) using the non-parametric test (Mann—Whitney U-test). For categorical variables,
frequency and percentages were used to describe participants demographics. Logistic regression was utilized to
analyze the relative factors affecting follow-up compliance, with p value < 0.05 considered statistically significant.

Ethics of Approval and Participation Consent Statement

This study was conducted in accordance with the tenets of the Declaration of Helsinki and its later amendments. This survey
was approved by the Clinical Research and Biomedical Ethics Committee of West China Hospital, Sichuan University
(Approval No. 2023N0O1105), and informed consent was obtained from the participants or their legal guardians.

Results

General Information

After excluding incomplete or duplicate responses, a total of 412 participants were enrolled in the present study. Detailed
characteristics are presented in Table 1. The participants’ ages ranged from 16 to 76 years, with a median age of 45 years
and an IQR of 34 to 51 years. The duration of the disease ranged from 0.17 to 25 years, with a median duration of 3 years
(IQR, 2-5 years). Males constituted 70.15% of the participants, yielding a male-to-female ratio of 2.35:1. Although all
the participants were sourced from three SCI rehabilitation centers located in the southwestern region, their places of
residence spanned various provinces and territories across China. The distribution of participants by region was as
follows: 60.82% resided in the southwestern region, 31.19% in the northwestern region, 10.19% in the central region, and
3.35% in the eastern region. In the survey, the distribution of SCI levels was as follows: cervical SCI accounted for
24.03%, thoracic SCI for 43.69%, and lumbar and below SCI for 32.28% of the participants. These percentages reflect
the prevalence of different SCI levels within the study’s population.

Table | Demographic Characteristics and Bladder Emptying Status

Variables Overall CSClI TSCI LSCI

Continuous variables (Median (Q1-Q3))

Age (vears old) | 45 (34,51) | 43 (32,48) | 46 (30,49) | 49 (38, 51)
Duration (year) | 3.6 (2, 5) 23 (1.6,45) | 6.1 (1.8,7.3) | 7 (2387)

Categorical variables (n(%))

Study population | N =412 99 (24.03%) | 180 (43.69%) | 133 (32.28%)
Bladder emptying methods

CIC 261 (63.35%) | 50 (19.16%) | 128 (49.04%) | 83 (31.80%)

IDC 87 (21.12%) | 24 (27.59%) | 29 (33.33%) | 34 (39.08%)

CcC 47 (11.41%) 17 (36.17%) | 18 (38.30%) 12 (25.53%)

Cystostomy 17 (4.12%) 8(47.06%) 5(29.41%) 4(23.53%)

Compliance of follow-up

Yes 171 (41.50%) | 45 (26.32%) | 59 (34.50%) | 67 (39.18%)
No 241 (58.50%) | 54 (22.41%) | 121 (50.21%) | 66 (27.38%)

Abbreviations: CSCI, cervical SCI; TSCI, thoracic SCI; LSCI, lumbar SCI; CIC, clean intermittent
catheterization; IDC, indwelling catheter; CC, condom catheter.
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Bladder Emptying Methods

The bladder emptying methods among respondents varied significantly, as detailed in Table 1. Participants were stratified
into three groups based on their limb mobility and the location of their injury: cervical SCI (quadriplegia), thoracic SCI,
and lumbar and below SCI groups. Overall, CIC emerged as the predominant method for bladder emptying, utilized by
63.35% of the participants.

However, there were significant differences across the injury levels. Participants with cervical SCI had the lowest
proportion of CIC use (19.16%), compared to 49.04% in the thoracic group and 31.80% in the lumbar group. In contrast,
IDC was more frequently used among cervical SCI participants (27.59%), while the lumbar group showed the highest
proportion of IDC use (39.08%).

External urine collection (CC) was utilized by 11.41% of the overall population, with cervical SCI patients showing
the highest proportion (36.17%), followed by thoracic (38.30%) and lumbar (25.53%). Finally, cystostomy was the least
used method (4.12%), with the highest proportion among cervical SCI patients (47.06%). These differences reflect the
influence of injury severity and physical limitations on bladder management choices.

Active Follow-up Adherence in Post-SCI NLUTD

In the study, it was found that over half of participants, specifically 58.50%, defaulted on their scheduled follow-up
appointments, indicating a generally low level of compliance across all injury levels (Table 1). Although there were no
statistically significant differences in follow-up adherence among participants with cervical, thoracic, and lumbar SCI,
lumbar SCI participants showed relatively higher follow-up adherence (39.18%) compared to thoracic (34.50%) and
cervical SCI (26.32%). However, when considering the rates of those who were absent for follow-ups, a clear trend
emerged: the prevalence was most pronounced in individuals with thoracic SCI, with 50.21% failing to attend, a figure that
exceeded the rates for those with lumbar (27.38%) and cervical (22.41%) SCI. These findings suggest that while the
differences are modest, certain injury-level-specific factors may influence adherence behavior, highlighting the importance
of customized follow-up strategies to improve long-term management outcomes.

Factors Associated with Follow-Up Adherence in Post-SCI NLUTD

The results of this study indicated that six factors exert distinct influences on the likelihood of follow-up visits (as
Table 2): Participates with a better understanding of disease-related knowledge are more likely to return for follow-ups (§
= 1.178, p = 0.031). Those with prior similar medical experiences tend to be more compliant with follow-up appoint-
ments (B = 3.186, p < 0.001). Additionally, participates with available companions for transportation (p = 1.863, p =
0.005) and those in better financial situations (B = 0.857, p < 0.001) are more inclined to complete their follow-up care.

Table 2 Logistic Regression Analysis of Factors Affecting Follow-up Adherence

Variables Categories Exp (B) 95% ClI P-value
Lack of disease knowledge Yes 1.178 0.658 | 2.109 0.031
No Ref.
Gender Male 0.986 0.599 | 1.622 0.955
Female Ref.
Age (years) 260y —1.024 1.005 | 1.043 0.011
18-5% Ref.
Caregiver Spouse 0.692 0.151 | 3.165 0.635
Parents 0.990 0.203 | 4.836 0.990
Healthcare assistant 0.943 0.196 | 4.528 0.941
Children Ref.
Economic burden of disease management No 0.857 0.694 | 1.057 <0.001
Yes Ref.
Previous consultant experience Yes 3.186 1.745 | 5817 <0.001
(Continued)
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Table 2 (Continued).

Variables Categories Exp (B) 95% CI P-value

No Ref.

Education level Elementary 0.965 0.763 | 1.221 0.766

Middle school 0.675 0214 | 2.873 0.613
High and above Ref.

SCI duration (year) - 1.038 0.997 | 1.080 0.069

Public transportation accessibility Yes 2936 0.542 | 15.886 0.608
No Ref.

Availability of personal transportation Yes 0.644 0.120 | 3.464 0.211
No Ref.

Family medical education background Yes 0.701 0.361 1.362 0.081
No Ref.

Convenience of medical institution process Yes 1.452 0.920 | 2.292 0.109
No Ref.

Accessibility of accompanying support Yes 1.863 1.206 | 2.878 0.005
No Ref.

SClI level Quadriplegia —4.661 - - 0.031
Paraplegia Ref.

On the other hand, Factors negatively associated with follow-up adherence included age and the SCI level. Elderly
participants (aged >60 years) demonstrated a significantly lower rate of follow-up adherence compared to their younger
counterparts (f = 1.024, p = 0.011). Additionally, individuals with quadriplegia had a reduced follow-up rate compared to
those with paraplegia (p = —4.661, p = 0.031).

Moreover, a majority of the participants (67.23%) reported seeking medical advice for NLUTD. Among these
individuals, there was a pronounced preference for neurorchabilitation specialists (58.84%) over urologists (29.96%)
and neurologists (10.83%).

In this study, factors including gender, primary caregiver, education level, SCI duration, transportation accessibility,
family medical background, and the convenience of medical institution processes did not demonstrate statistically
significant correlations with follow-up adherence (p > 0.05).

Patient-Reported Barriers to Follow-up Care

The study identified several key barriers to follow-up care reported by respondents post-discharge with SCI. As depicted in
Figure 1, the most frequently reported barriers were financial constraints, followed by the scarcity of local specialists and the
complexity of referral procedures. Additionally, a significant proportion of individuals cited a knowledge deficit regarding their
condition and the importance of follow-up care. Figure 2 presented the cumulative frequency of the reported barriers, illustrating
the proportion of participant affected by each barrier. The chart showed that 71.12% of participants were affected by financial
constraints, the scarcity of local specialists impacted 54.13%, and 32.04% found referral procedures too complex. Notably,
19.17% of them reported a lack of disease-related knowledge as a barrier.

Discussion

This study revealed three key insights. Firstly, the preferred method for bladder emptying after SCI differed by injury
level, with CIC being the most prevalent, especially among those with thoracic and lumbar SCI. Secondly, adherence to
follow-up adherence among Chinese SCI participants with NLUTD was notably insufficient. Thirdly, financial con-
straints were the primary factors impacting follow-up adherence, compounded by healthcare access barriers such as
a shortage of local specialists and cumbersome referral processes, and knowledge barriers stemming from an inadequate
understanding of the significance and procedures of follow-up care. Furthermore, these barriers were influenced by age,
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Figure 2 Cumulative frequency of Follow-up Care Barriers.

the level of SCI, and the availability of travel companions, underscoring the intricate relationship between demographic
and social factors in healthcare adherence.

Demographically, our study’s cohort of SCI participants with NLUTD was predominantly composed of middle-aged
and young males, notably over-representing those with thoracic SCI. This demographic pattern aligns with prior
research,>**> highlighting the consistent prominence of this group in the NLUTD post-SCI population. However, our

2,36

findings diverge from previous studies™ which more commonly identified cervical SCI. A higher prevalence of
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participants with thoracic SCI was noted, and several factors may account for this observation. Firstly, thoracic SCI often
results in more severe or even complete injuries, leading to more persistent and significant functional impairments,’’
which likely increases these participants’ motivation to participate in the study. Secondly, individuals with lumbar-sacral
SCI, benefiting from the protective lumbar enlargement, tend to have less severe injuries and improved functional
recovery. This may diminish their inclination to engage in studies concentrated on severe dysfunction. Finally, cervical
SCI participant who experience more profound functional impairments, particularly in upper limb and hand functions, are
also more susceptible to related complications, which make it more challenging for them to engage in such surveys.
Consequently, thoracic SCI respondents were over-represented, while cervical and lumbar-sacral SCI groups were
underrepresented.

The preferences for bladder emptying methods among the post-SCI community reveal two key characteristics.
Overall, CIC is the preferred choice for bladder emptying, with a significant proportion of 63.35%, followed by IDC
and CC. The selection of cystostomy accounts for 4.12%. These findings are likely related to the recent promotion of CIC
for individuals post-SCI. However, it is essential to interpret these results cautiously, as the survey participants were
individuals willing to engage in research on NLUTD management. There is a possibility that those who are less accepting
or involved in NLUTD management were not represented in this survey. Secondly, there are differences in the choice of
bladder emptying methods among participants with SCI at various levels. CSCI tend to opt for cystostomy and CC more
frequently, while nearly half of the TSCI choose CIC. This discrepancy may correlate with the severity of limb function
in these participants. Individuals with CSCI often require more caregiver assistance to perform bladder emptying,
whereas those with TSCI typically have sufficient hand function to independently perform CIC. These differs from
previous studies.*®°

The follow-up rate of our surveyed (41.50%) population is significantly lower than the 71-80% reported in previous
studies,*®**° falling short of the guidelines’ recommendations for risk-based follow-up schedules for upper urinary tract
damage.'*'>*'*? Moreover, in our survey, preferences for follow-up specialists among individuals with SCI accompanying
with NLUTD show distinct patterns: 58.84% tend to consult rehabilitation specialists, while 29.96% opt for urologists. This
preference diverges from traditional perceptions where urological professionals are typically engaged in the long-term
management of such conditions.*” A contributing factor may be that our study was initiated by professionals in the
rehabilitation field, and participants in this study often required rehabilitation for mobility restrictions beyond urinary tract
management. It is more conducive to the comprehensive and holistic rehabilitation of SCI individuals, including limb
mobility, activities of daily living, and lower urinary tract function. Moreover, establishing a long-term accessible multi-
disciplinary teams that includes urology, rehabilitation, and neurology specialists is a systemic safeguard for better
managing this population. However, achieving this ideal system remains a work in progress.*

Our results highlight that the multifaceted factors influencing NLUTD individuals’ follow-up adherence, which can
be distilled into three principal dimensions:

Cognitive and experiential factors: The level of knowledge about NLUTD coupled with the previous medical experience
significantly enhances their likelihood of returning for follow-up appointments. Previous studies have shown that early
education on disease management can improve patient follow-up compliance;*' however, feedback from respondents
indicates that our education efforts were inadequate. Several factors may contribute to this issue. Comparing to other chronic
conditions such as hypertension and diabetes, spinal cord injury is much less common and thus less familiar. Participants
often first consult orthopedic or neurosurgery specialists, and the limited inpatient treatment time coupled with the complex-
ity of early-stage conditions makes it challenging for participants to acquire comprehensive knowledge about managing this
long-term condition in a short period. Public awareness and educational efforts regarding NLUTD following SCI are
insufficient. Many primary and secondary healthcare institutions or rehabilitation centers have not yet established dedicated
teams, which hampers ongoing disease education, follow-up, and appointments. Especially as age increases, it becomes more
challenging to comprehend diseases that one has never experienced.

Socioeconomic and resource access: Social support, exemplified by companions providing transportation, and the
financial status of participants positively influence follow-up rates by making these resources more accessible. Despite
the fact that over 60% of respondents in this study had medical insurance, they still rated financial pressure as the most
significant barrier to follow-up visits. Several possibilities could account for this discrepancy: Firstly, there was insurance
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coverage gaps, many rchabilitation treatments have not yet been included in insurance coverage, which is a critical
component of long-term NLUTD management. Subsequently, few regions incorporate NLUTD following SCI into their
long-term chronic disease management insurance program. Unlike diabetes or hypertension, which, despite also requiring
lifelong management, are more frequently covered. Last and most important, SCI individuals often face challenges in
reemployment and maintaining economic stability after the onset of their condition, which can exacerbate the financial
burden of ongoing medical care. In conclusion, enhancing insurance coverage for rehabilitation services and integrating
NLUTD management into chronic disease insurance plans, along with improving reemployment prospects for SCI, could
significantly alleviate the financial barriers to follow-up care.

Demographic and SCI condition: Older age and quadriplegia are associated with reduced follow-up rates, represent-
ing negative predictors of adherence in this patient cohort. Our findings highlight that family members, particularly
spouses and parents, are the primary caregivers for SCI individuals. Older participants often grapple with more
complications, increasing the caregiving burden. Thus, an accessible and affordable social care system could enhance
follow-up adherence among elderly SCI participants. CSCI group face more severe functional impairments and poorer
abilities in daily living activities and self-care, making follow-up visits more challenging without effective companion-
ship. Therefore, enhancing their self-care capabilities and providing more accessible companionship or more convenient
medical follow-up processes could improve the completion rate of follow-up visits for elderly SCI participants.

Upon considering the limitations of this study, it is crucial to acknowledge that a significant constraint is its execution
primarily by neurorehabilitation practitioners, which might have introduced a bias in the surveyed sample. To address
this, future research endeavors will aim to engage a more extensive and varied cohort, incorporating interdisciplinary
approaches. Moreover, although allowing participants to select multiple answers reflects clinical practices in the real
world, it complicates statistical comparisons. Future studies will prioritize enhancing the research methodology to
overcome this limitation.

Conclusions

In conclusion, this study has focused on evaluating bladder management practices and compliance with follow-up among
SCI with NLUTD. The findings reveal that, despite advancements in NLUTD management, adherence to follow-up is
still inadequate, impacted by various factors. The study suggests that future improvements in health education, healthcare
systems, and financial support are likely to be instrumental in bolstering adherence to follow-up protocols and optimizing
the long-term management of NLUTD.
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