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ABSTRACT

EISTETE The primary aim of this study is to evaluate the effectiveness of ultrasound-guided urethral
balloon dilation (UBD) in improving voiding function in patients with spinal cord injury (SCl)-related
urinary retention, and the key secondary aims are to assess the impact of UBD on psychological status
and health-related quality of life.

A randomized controlled trial based on the Zelen design will be conducted. A total
of 74 patients with SCl-related urinary retention will be recruited and randomized into a conventional
rehabilitation group or a UBD treatment group. Primary outcomes include post-void residual (PVR) urine
volume, voiding diary data, and urodynamic parameters. Secondary outcomes include quality of life (SF-
Qualiveen), bladder symptom scores (neurogenic bladder symptom score [NBSS], core lower urinary
tract symptom score [CLSS]), psychological status (the hospital anxiety and depression scale [HADS]),
and ultrasonographic assessments of urethral structure and mobility (e.g. external urethral sphincter
thickness, urethral width, sphincter volume, and urethral mobility).

ST This is a protocol paper; results are not yet available and will be reported in the primary
publication.

[@TEIERT This protocol aims to evaluate whether ultrasound-guided UBD is a feasible and clinically
useful option for managing urinary retention after SCI. The findings will provide preliminary evidence to
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Introduction

pinal cord injury (SCI) frequently leads to
lower urinary tract dysfunction, with urinary
retention being one of the most common and
detrimental manifestations. After SCI, normal
voiding becomes impaired, and patients may
also present with elevated urethral outlet resistance [1,
2]. This condition leads to ineffective voiding, increased
post-void residual (PVR) volume, and elevated outlet re-
sistance, which in turn can cause increased intravesical
pressure, urinary tract infections, vesicoureteral reflux,
upper urinary tract damage, and impaired renal function
[3-5]—thereby adversely affecting patients’ overall well-
being and longer-term clinical outcomes. In addition to
physiological complications, urinary retention and related
voiding disorders often impose a substantial psychological
burden. Studies have shown that patients who are depen-
dent on catheterization or suffer recurrent urinary com-
plications are more prone to anxiety, depression, social
withdrawal, and diminished self-esteem, further reducing
treatment adherence and life satisfaction. The interplay of
physical and psychological stressors substantially com-
promises the overall health status of individuals with SCI
[6-8]. Previous studies have identified urinary retention as
a major contributor to late-stage mortality in this popula-
tion [2, 9-11]. Therefore, accurate assessment and effec-
tive intervention for urinary retention have become urgent
priorities in both clinical and rehabilitation settings.

Balloon dilatation is a well-established physical inter-
vention that has demonstrated favorable safety and ef-
ficacy profiles in various clinical conditions [12-18]. By
mechanically expanding narrowed or obstructed tissues,
it helps to restore the anatomical structure and functional
patency of affected pathways. When applied to muscular
tissue, balloon dilatation can effectively enhance local tis-
sue compliance and coordination, improving both relax-
ation and contractile capabilities [14, 19]. The technique
is characterized by its simplicity, low complication rate,
good patient tolerability, and cost-effectiveness, making
it a highly feasible option for broader clinical applica-
tion [10, 20]. Given the critical role of elevated external
urethral sphincter tone in the pathophysiology of urinary
retention following SCI, this study applies balloon dilata-
tion to reduce sphincteric tension and this approach may
offer a novel and promising treatment pathway for im-
proving voiding function in SCl-related urinary retention.
Therefore, a systematic exploration of its application in
this patient population holds significant clinical relevance
and practical value.
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Ultrasound, as a medical imaging technique based on
high-frequency sound waves, offers notable advantages,
such as non-invasiveness, absence of radiation, opera-
tional simplicity, real-time imaging, and repeatability
[21, 22]. It is commonly applied to assess both anatomi-
cal characteristics and functional performance of the uri-
nary tract. In clinical settings, ultrasound provides clear
imaging of the urethra and bladder, as well as adjacent
soft tissues, and allows dynamic evaluation of tissue
motion during physiological processes. These features
make it particularly suitable for research and interven-
tional guidance related to voiding function, and highly
acceptable and safe in the diagnosis and management of
neurogenic bladder [23]. In this study, ultrasound will be
employed to guide the urethral balloon dilatation (UBD)
procedure. Real-time imaging facilitates accurate local-
ization of the external urethral sphincter and assessment
of the dilatation range, thereby enhancing the precision
of the intervention and reducing the risk of tissue injury.
Furthermore, ultrasound also supports dynamic evalua-
tion of treatment efficacy. Through visualizing structural
and functional changes, such as external urethral sphinc-
ter thickness, urethral diameter at the sphincter level,
sphincter volume, and urethral mobility, ultrasound pro-
vides valuable imaging-based support for both therapeu-
tic assessment and mechanistic exploration.

Therefore, this study focuses on the therapeutic poten-
tial of ultrasound-guided UBD in patients with urinary
retention following SCI. By leveraging real-time imag-
ing, the procedure enables precise control of balloon
positioning and dilatation range, thereby enhancing the
safety and controllability of the intervention. The study
aims to systematically evaluate the clinical effective-
ness of this technique in improving voiding function,
alleviating functional obstruction, and protecting upper
urinary tract integrity, while exploring its broader appli-
cation value in the management of neurogenic bladder.
This minimally invasive approach is expected to offer
a new clinical pathway for individualized treatment of
urinary retention following SCI.

Materials and Methods
Study design

This study will be designed as a randomized controlled
clinical trial adopting the Zelen methodology to evaluate
the rehabilitative effects of urethral balloon dilation in
patients with urinary retention following SCI. The trial
will be carried out at Qilu Hospital of Shandong Univer-
sity and has obtained ethical approval from the Ethics
Committee of Qilu Hospital, Shandong University (Ap-
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proval No. KYLL-202503-011-1). In compliance with
current ethical standards for clinical trials, key aspects of
the study, including participant recruitment, allocation
procedures, informed consent, intervention protocols,
and data acquisition, are summarized in Figure 1.

Study participants

Participants are SCI patients with urinary retention
hospitalized in the Department of Rehabilitation Medi-
cine, Qilu Hospital of Shandong University. The entire
trial process is illustrated in Figure 1, which describes
the recruitment procedure for this study.

Eligibility criteria
Inclusion criteria

The inclusion criteria are as follows: 1) aged 16-80
years, 2) diagnosed with SCI (complete or incomplete)
through CT or MRI imaging, meeting the diagnostic
standards established in the 2019 International Standards
for Neurological Classification of Spinal Cord Injury
(ISNCSCI) by the American Spinal Injury Association
(ASIA) [24]. 3) past the spinal shock phase, with clear
consciousness and stable vital signs, 4) diagnosed with
urinary retention, meeting clinical diagnostic standards
(the patient had normal spontaneous urination before
SCI, but after injury, exhibited urinary retention, includ-
ing lower abdominal distension, bladder fullness, dull
percussion sound, and bladder residual urine volume
>300 mL as confirmed by bladder ultrasound, defined as
the mean of three consecutive PVR measurements ob-
tained within a 24-hour period. These patients also pres-
ent with difficulty urinating [25], 5) urodynamic studies
indicating a maximum urethral pressure >50 cm H-O,
6) no evidence of tumors, benign prostatic hyperplasia
(BPH), or other pathological conditions, 7) no indwell-
ing catheterization, and 8) voluntary participation in the
study with signed informed consent.

Exclusion criteria

Participants will be excluded if they meet any of the
following conditions:

1) severe dysfunction of major organs (heart, brain,
lungs) or mental and cognitive disorders, 2) electro-
lyte imbalance or acid-base disorders, 3) severe renal
disease, history of bladder fistula surgery, or urethral
sphincterotomy, and 4) presence of urinary tract infec-
tion at the time of medical evaluation.

Spring 2026. Vol 27. Num 1

Randomization and informed consent

This trial will adopt a Zelen design. First, after being
fully informed about the purpose of the study, study pro-
cedures, and the potential benefits and risks of the two
treatment strategies, all eligible patients will sign writ-
ten informed consent for study participation and sub-
sequent randomization. Thereafter, participants will be
assigned (1:1) to the balloon dilation or standard-treat-
ment group using block randomization, with allocation
concealed by sealed opaque envelopes or an electronic
randomization system. After randomization, patients al-
located to the intervention arm (balloon dilation group)
will receive additional, procedure-specific information
about urethral balloon dilation and will be asked to sign
a separate written consent for the procedure, including
an explanation of potential benefits (e.g. improved void-
ing function) and risks (eg, urethral injury). Patients who
agree will undergo urethral balloon dilation, whereas
those who decline will instead receive conventional re-
habilitation treatment. Patients allocated to the control
arm(conventional rehabilitation group), having already
provided trial-level informed consent, will receive stan-
dard conservative therapy according to the routine care
pathway of our center. Their anonymized clinical data
will be collected and analyzed for research purposes. In
accordance with the intention-to-treat (ITT) principle
for Zelen design trials, all participants will remain in
their originally randomized group for the primary analy-
sis, regardless of whether they accept or decline the in-
tervention. Participants assigned to the intervention arm
who decline procedure consent will receive convention-
al rehabilitation care but will remain included in the ITT
analysis set.

The study protocol will be reviewed and approved by
the Ethics Committee and will be conducted in accor-
dance with the Declaration of Helsinki (World Medical
Association, 2013 revision; with specific attention to
the sections on ethics committee review and informed
consent). Outcomes including urinary function, psycho-
logical status, and quality of life will be assessed in both
groups to determine the efficacy and safety of urethral
balloon dilation.

Blinding

Due to the distinctive procedural characteristics of
ultrasound-guided urethral balloon dilatation, blinding
patients and treating clinicians is not feasible. However,
to minimize measurement bias, strict blinding proce-
dures will be implemented for outcome assessors, data
collectors, and statisticians. These personnel will re-
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Figure 1. Flow chart
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Abbreviation: SCI: Spinal cord injury; CRT: Conventional rehabilitation treatment; UBD: Urethral balloon dilation.

main unaware of group allocation and treatment details
throughout the study to ensure objective and indepen-
dent evaluation of all study outcomes.

Study interventions

Patients are instructed to adhere to a standardized hy-
dration protocol with strict control over fluid intake.

Conventional rehabilitation treatment (control group)

Participants assigned to the control group will receive
conventional rehabilitation care, including intermittent
catheterization, acupuncture and pelvic floor muscle
training. Intermittent catheterization will be guided by
urodynamic examination results to develop a personal-
ized drinking plan and determine the appropriate cathe-
terization frequency based on the volume of PVR urine.
Acupuncture treatment will target acupoints in the lower
abdomen and lumbosacral region to improve urinary

function, administered once daily, 5 days per week, for
a total duration of 1 to 2 weeks. A pelvic floor therapist
will assess the participant’s pelvic floor muscle condi-
tion and provide guidance on performing effective con-
traction and relaxation exercises to enhance pelvic floor
muscle function. A fully standardized protocol for both
acupuncture and therapist-assisted pelvic floor muscle
training is provided in the Supplementary Appendix.

Urethral balloon dilation (intervention group)

Participants allocated to the intervention group will
receive urethral balloon dilation in addition to conven-
tional rehabilitation care. The procedures are as follows.

1) A 14-Fr urethral catheter will be filled with sterile
saline to confirm balloon integrity; once integrity is veri-
fied, the saline will be fully withdrawn. 2) Ultrasound
imaging will be used to precisely locate the external ure-
thral sphincter. 3) The catheter will be fully lubricated
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and gently inserted into the urethra. 4) With real-time
ultrasound guidance, 2-3.5 mL of sterile saline will be
slowly instilled into the balloon to dilate the external
urethral sphincter. 5) Patients will be instructed to at-
tempt urination during the procedure, and any changes
in voiding patterns will be monitored. 6) At the end of
the procedure, the balloon will be completely deflated
and the catheter will then be removed carefully.

This procedure will be performed 3 times per par-
ticipant within 1-2 weeks. The initial inflation volume
will be determined within this range according to ure-
thral outlet resistance on baseline urodynamic testing.
The inflation volume will increase by 0.5-1 mL at each
session, guided by a predefined protocol that combines
ultrasound assessment of balloon shape and sphincter
opening with the patient’s subjective tolerance (toler-
able distension without marked pain or discomfort and
no urethral bleeding or signs of autonomic dysreflexia).
Each session will last approximately 5 minutes and will
be performed under ultrasound guidance by experienced
physicians, with strict aseptic technique maintained
throughout.

Study outcomes

The assessment schedule is presented in Table 1.
Primary outcomes
PVR volume

PVR volume refers to the urine that remains in the
bladder following voluntary voiding and is commonly
used as a diagnostic tool. PVR measurement helps eval-
uate a range of conditions, such as neurogenic bladder,
cauda equina syndrome, urinary outlet obstruction, me-
chanical obstruction, medication-related urinary reten-
tion, postoperative urinary retention, and urinary tract
infection [26]. In this study, the HD5 bladder volume
measurement device (produced by Hander Technology
Co., Ltd., Liaoning, China) was used to assess PVR
urine volume through real-time ultrasound imaging. For
patients with spontaneous voiding ability, ultrasound
was performed immediately after voiding to measure re-
sidual bladder volume. For patients who rely entirely on
catheterization, bladder ultrasound was conducted prior
to scheduled catheterization to record pre-catheteriza-
tion bladder volume.
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Voiding diary

A voiding diary will be provided to each participant,
with instructions for consistent daily use. Before and
after treatment, patients will record voiding patterns, in-
cluding: daily spontaneous voided volume, catheterized
urine volume, leakage volume and voiding frequency.

Urodynamic testing

Urodynamics is a standardized and quantitative as-
sessment method that provides objective, physiological-
ly based functional data. In this study, the Nidoc 970A
urodynamic analyzer was used to perform standardized
urodynamic testing. Key parameters monitored included
maximum urinary flow rate (Qmax) and maximum ure-
thral pressure (Pura max). Additionally, changes in ure-
thral pressure distribution and detrusor—external urethral
sphincter coordination were evaluated.

Secondary outcomes
Short-form health survey-qualiveen

The short-form health survey-qualiveen (SF-qual-
iveen) scale is designed to evaluate quality of life among
patients with neurogenic bladder dysfunction. It evalu-
ates 4 dimensions: Bother, limitations, fears, and feel-
ings, with two questions per dimension. The scale was
translated and validated in Chinese by Tang Rong, form-
ing a neurogenic bladder-specific quality of life assess-
ment tool. The Cronbach o coefficient for the full scale
is 0.926, while the subscales range from 0.908 to 0.9,
indicating high reliability and validity in assessing the
quality of life in Chinese patients with neurogenic blad-
der [27, 28].

Neurogenic bladder symptom score (NBSS)

The NBSS comprises 24 items covering 3 key dimen-
sions: urinary incontinence (8 items, 0—29 points), blad-
der storage and voiding function (7 items, 0—22 points),
urinary tract complications (7 items, 0-23 points). Addi-
tionally, two non-scoring items assess bladder manage-
ment methods and overall quality of life. Each item is
rated on a 0-3 or 0—4 scale, with higher scores reflecting
greater symptom severity. The Chinese version of NBSS
has been validated for reliability and validity, making it
a useful tool for assessing symptom improvement be-
fore and after intervention [29-31].
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Table 1. Assessment schedule
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Category Content

Assessment

Voiding diary

PVR volume assessment

Voiding status

Before treatment; 3 consecutive days, 1 month, 2
months and 6 months after treatment

Post-void residual status

Bladder compliance and detrusor—exter-

Ulrs piiile Tessainty nal urethral sphincter coordination
NBSS Neurogenic bladder symptoms
GES Sl Before treatment; on the third day, 1 month, 2
h h
SF-Qualiveen Quality of lifa level months and 6 months after treatment
HADS Mental health status

Structural and functional status of the

Urethral imaging parameters

urethral outlet

Core lower urinary tract symptom score (CLSS)

The CLSS will be applied to assess lower urinary tract
symptoms before and after treatment. The total score
ranges from 0 to 30, where 0 indicates no symptoms, 1
indicates rare symptoms, 2 indicates occasional symp-
toms, and 3 indicates frequent symptoms. Lower CLSS
scores indicate greater symptom improvement follow-
ing treatment [32, 33].

Hospital anxiety and depression scale (HADS)

HADS was developed by Zigmond and Snaith in
1983. It is used to screen for anxiety and depression in
hospitalized patients [34]. It contains 14 items, compris-
ing two subscales: 7 items for depression and 7 items for
anxiety. The Chinese version of HADS has demonstrat-
ed strong reliability and validity, making it an effective
tool for assessing psychological well-being in clinical
settings [35].

Urethral imaging parameters

Urethral imaging parameters are utilized to quantita-
tively assess tissue changes before and after the inter-
vention, providing data support for personalized treat-
ment and enabling precise, visualized decision-making.
The parameters measured included external urethral
sphincter thickness, urethral diameter at the level of the
sphincter, sphincter volume, and urethral mobility.

Before examination, participants are instructed to
empty their bladder and bowels 30 minutes in advance,
ensuring bladder volume <50 mL. Patients are placed in
the lithotomy position in a supine posture. A LOGIQ e
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ultrasound machine with a 6-12 MHz high-frequency
linear probe was used. The probe is placed longitudi-
nally in the midline perineal area with the marker point-
ing upwards. Dynamic midsagittal images of the pelvic
floor during Valsalva maneuvers are obtained. Each pa-
tient performed the Valsalva maneuver three times, and
the best-quality image are selected for analysis.

Sphincter volume is calculated as the total volume of
the urethral sphincter and enclosed urethra minus the
urethral lumen volume. Volume is measured by outlin-
ing the contour of the target cross-section in successive
I mm slices, and computed using the built-in ultrasound
software formula (BK3dView software). Urethral seg-
mental mobility is evaluated with urethral motion track-
ing software. For female patients, 6 equidistant points
are marked from the bladder neck (Point 1) to the exter-
nal urethral meatus (Point 6), dividing the urethra into 5
segments. For male patients, 6 equidistant landmarks are
marked along the internal urethra from the bladder neck
to the membranous urethra (including the prostatic and
membranous parts). For each point, x and y coordinates
relative to the inferior-posterior border of the pubic sym-
physis were recorded. Segmental mobility was calculat-
ed using the Equation 1: Quantifying the displacement
vector for each segment [36, 37].

1 [Gx )4y,
Follow-up

In addition to the immediate post-intervention evalua-
tion, this study includes a structured follow-up schedule
to assess the durability of treatment effects. All outcome
measures, including PVR volume, voiding diary re-
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cords, urodynamic parameters, NBSS, CLSS, quality of
life (SF-qualiveen), and psychological status (HADS),
will be reassessed at one month, two months and six
months after completion of the three-session UBD inter-
vention. These follow-up assessments will allow us to
observe changes beyond the short-term treatment win-
dow and to determine whether improvements in blad-
der emptying, urinary symptoms, and quality of life are
sustained over time.

Meanwhile, for hospitalized patients, the research
team will conduct daily assessments to monitor the cur-
rent clinical status, with a particular focus on post-inter-
vention urethral injury and urinary function. All relevant
data will be promptly recorded and analyzed to ensure
real-time monitoring of the intervention’s effectiveness.

For discharged patients, a systematic follow-up mech-
anism has been established to maintain continuous com-
munication between the patients and the medical team.
A dedicated follow-up group chat will be created and
managed by specialist rehabilitation physicians, reha-
bilitation therapists, and postgraduate rehabilitation re-
searchers to provide timely, individualized assessments
and guidance. Patients can consult the group chat at
any time to ask questions related to their recovery. The
medical team will offer professional advice and support
based on the patient’s specific condition. Regular evalu-
ations of patients, recovery progress will be conducted,
and follow-up protocols will be adjusted accordingly
based on patient feedback.

Study quality control and data management

This trial protocol has been reviewed and endorsed by
experts in methodology and statistics. The study will
be implemented in strict compliance with the approved
protocol, and any protocol amendments will require ap-
proval from the Ethics Committee.

Training and standardization

Before the trial, all participating researchers will under-
go standardized training to ensure familiarity with Zelen
design methodology, urodynamic testing techniques,
ultrasound-guided intervention techniques, urethral bal-
loon dilation procedures, standardized follow-up pro-
tocols. Also, regular research meetings will be held to
address potential issues encountered during the trial. Ul-
trasound guidance and balloon dilation procedures will
be performed by experienced, specially trained profes-
sionals, following standardized protocols to minimize
inter-operator variability. Outcome assessors, particu-
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larly those responsible for ultrasound measurements and
urodynamic analyses, will receive dedicated calibration
training, and inter-rater reliability for key quantitative
measures will be evaluated in a subset of participants
using intraclass correlation coefficients.

Data collection and security

All raw data will be systematically recorded in case
report forms (CRFs), informed consent documents, and
clinical records. All data will be fully traceable. Inves-
tigators will manually input CRF data, including their
names and dates for accountability. Data collection will
be conducted at regular intervals, and any modifications
or missing data will be documented with detailed an-
notations.

Sample size calculation

The sample size for this trial was determined based on
preliminary trial data from our center and general statis-
tical considerations. In a pilot study conducted prior to
this trial, patients with SCI-related urinary retention who
met the present eligibility criteria were allocated to re-
ceive either UBD or conventional rehabilitation. In this
preliminary dataset, the mean PVR after treatment was
385 mL in the conventional rehabilitation group and 331
mL in the UBD group, with a pooled standard deviation
of approximately 67 mL. Assuming a two-sided a of
0.05, a power of 1-=0.90 (90%), and an equal alloca-
tion ratio (1:1), a sample size calculation tool indicated
that 33 patients per group would be required. Allowing
for an anticipated dropout rate of about 10%, the final
planned sample size was 74 patients, with 37 in the in-
tervention group and 37 in the control group.

Statistical analysis

Data will be independently entered into Excel by two
investigators, with subsequent cross-checking to ensure
consistency. Statistical analyses will be conducted using
SPSS software, version 26.0. Unless otherwise stated,
two-sided tests will be applied, and a P<0.05 will be
considered statistically significant.

Analysis populations

The primary efficacy analysis will be conducted un-
der the ITT principle and will include all randomized
participants, analyzed according to their originally as-
signed group (UBD group and conventional rehabili-
tation group), regardless of actual treatment received,
treatment adherence, or subsequent withdrawal.
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The Per-protocol PP set will include participants who
complete the allocated treatment and the primary end-
point assessment without major protocol deviations (e.g.
substantial non-compliance, receiving additional non-
protocol interventions that could affect voiding func-
tion). Key efficacy analyses will be repeated in the PP
set as sensitivity analyses.

Descriptive statistics

Baseline demographic and clinical characteristics will
be summarized separately for each group. Continuous
variables will be described using Mean+SD if approxi-
mately normally distributed, or median and interquartile
range (IQR) otherwise. Categorical variables will be
presented as counts and percentages.

Primary outcome analysis

The primary outcome of this study is PVR measured
at prespecified time points, with PVR at the end of the
treatment period serving as the primary assessment time
point. PVR will also be measured at 1, 2 and 6 months
after the intervention to characterize its longitudinal tra-
jectory . For continuous variables, distribution normality
will be evaluated using the Shapiro-Wilk test. For the
primary comparison, the mean difference in PVR at the
end of treatment between the two groups will be exam-
ined. If PVR values at this time point are approximately
normally distributed, an independent samples t-test will
be applied; otherwise, the Mann-Whitney U test will be
used. In addition, a change in PVR from baseline to the
end of treatment will be calculated, and the between-
group differences in mean change will be analyzed using
the same statistical approach. To fully use the repeated
measurements over time (end of treatment, 1 month, 2
months, and 6 months after), a repeated-measures ap-
proach, including repeated-measures analysis of vari-
ance (ANOVA) or a linear mixed-effects model (with
group, time, and group-by-time interaction as fixed ef-
fects and participant-level random intercepts), will be
performed as a supplementary analysis. Baseline PVR
and important prognostic factors (e.g. neurological in-
jury level and injury completeness) may be included as
covariates in adjusted models if they improve model fit.

Secondary outcome analysis

Continuous secondary outcomes (e.g. other urodynam-
ic parameters, voiding diary variables, NBSS, CLSS,
SF-qualiveen and HADS scores, ultrasound param-
eters) will be analyzed using methods similar to those
for the primary outcome. For single post-treatment time
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points, between-group comparisons will be performed
using independent samples t-tests or Mann-Whitney U
tests depending on the data distribution. For outcomes
assessed repeatedly over time, repeated-measures ANO-
VA or linear mixed-effects models will be used, with
group, time and group-by-time interaction specified as
fixed effects. Where necessary, data transformations or
appropriate generalized linear models will be used for
clearly non-normal distributions. Categorical outcomes,
including adverse events incidence and the proportion of
patients achieving predefined clinically meaningful im-
provement (e.g. a specified reduction in PVR), will be
compared between groups using the chi-squared tests or
Fisher exact tests as appropriate. When covariate adjust-
ment is required, logistic regression models will be ap-
plied, and effect estimates will be reported as odds ratios
with 95% confidence intervals.

Handling of missing data

The extent and pattern of missing data will be sum-
marized for each outcome by treatment group and as-
sessment time point. For the primary endpoint, if the
proportion of missing data is <5%, the main ITT analy-
sis will be based on complete cases, accompanied by a
sensitivity analysis using multiple imputation. If miss-
ing data exceed 5%, multiple imputation using chained
equations will be used for the primary ITT analysis. The
imputation model will include treatment group, baseline
values of the outcome, neurological injury level (cervi-
cal/thoracic/lumbar), injury completeness (complete/
incomplete) and other key prognostic variables. Results
from analyses using imputed datasets and complete cas-
es will be compared to evaluate the robustness of the
conclusions. The same approach to missing data will be
applied to secondary outcomes when appropriate.

Additional analyses (subgroup and sensitivity analy-
ses)

To explore the potential impact of patient heteroge-
neity, exploratory subgroup analyses of the primary
outcome will be performed according to neurological
injury level (cervical, thoracic, or lumbar) and injury
completeness (complete or incomplete) by including
corresponding interaction terms (group X subgroup) in
the relevant models. If there is clinical interest, sex and
time since injury (e.g. <6 months or >6 months) may
also be explored. Sensitivity analyses will include: re-
peating the primary analysis in the PP population; and
repeating the ITT analysis after excluding participants
randomized to the UBD group who ultimately refuse the
UBD procedure.
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Discussion

Based on the guidelines for the urological management
and clinical rehabilitation of SCI patients, the long-term
management goals for SCl-related neurogenic lower
urinary tract dysfunction are categorized into primary
and secondary objectives [38]. The primary objective
is to preserve upper urinary tract function, particularly
renal function, by keeping bladder pressure within a safe
range during both the storage and voiding phases. Sec-
ondary objective include partially or fully restoring low-
er urinary tract function, improving urinary continence,
reducing PVR urine, preventing urinary tract infections,
and thereby enhancing the patient’s quality of life [39].

At present, commonly used approaches for urinary
retention after SCI include indwelling catheterization,
clean intermittent catheterization, bladder training,
pharmacotherapy, and electrical stimulation therapy. Al-
though these approaches can alleviate urinary retention
to some extent, each has certain limitations. Indwelling
catheterization allows continuous drainage and relieves
acute symptoms, but prolonged use carries higher risks
of urinary tract infections, urethral injury, and catheter
dependence, which may hinder the reestablishment of
normal voiding reflexes. Intermittent catheterization is a
key strategy for managing neurogenic bladder in patients
with SCI, as it may lower the likelihood of urinary tract
infections and help preserve bladder function. However,
it requires strict aseptic technique and a high level of
adherence from patients or caregivers [10, 40, 41]. In-
adequate mastery of catheterization techniques, inap-
propriate catheter selection, or insufficient lubrication
may lead to urethral irritation or mucosal injury, thereby
increasing the risk of infection. In addition, the need for
multiple catheterizations each day and the associated
long-term cost of supplies can create inconvenience and
financial burden, which may negatively affect treatment
adherence [42]. Bladder training is applicable to some
patients with partial neural preservation but is often
slow in progress and varies greatly among individuals.
Pharmacotherapy may improve bladder function, but it
is often accompanied by adverse effects, including dry
mouth, constipation, and hypotension [43-45]. Electri-
cal stimulation treatments (eg, sacral neuromodulation,
transcutaneous electrical stimulation) may support func-
tional recovery but are costly, time-consuming, and not
suitable for all patients [46]. Therefore, urinary retention
following SCI remains an important clinical challenge.

This study proposes a structured and standardized pro-
tocol for ultrasound-guided UBD, offering a procedural
approach that may help reduce urethral outlet resistance,
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facilitate more effective bladder emptying, and decrease
long-term catheter dependence. This protocol therefore
proposes a clinically feasible and research-worthy in-
tervention option for the rehabilitation management of
urinary retention after SCI. As a non-surgical physical
approach, UBD has potential clinical value and practi-
cal advantages for addressing urinary retention in this
population. This technique is minimally invasive and
easy to perform, involving the mechanical expansion of
urethral strictures via the insertion of a balloon catheter,
without the need for surgical incisions or anesthesia,
making it well-tolerated by patients. The procedure is
gentle and helps minimize postoperative complications
and discomfort caused by the intervention. Under ultra-
sound guidance, UBD enables precise localization and
real-time monitoring of the urethral stricture, thereby
ensuring the accuracy of the dilation. These factors con-
tribute to greater patient acceptance and adherence [43,
44], enhancing the potential for broader clinical imple-
mentation of this intervention.

In this study, ultrasound imaging parameters will be
used to quantitatively evaluate structural changes in
the urethra before and after intervention, including
measurements of external urethral sphincter thickness,
urethral diameter at the sphincter region, and sphinc-
ter volume, to accurately reflect the anatomical impact
and effectiveness of balloon dilatation. Additionally,
for the first time, “urethral mobility” will be introduced
as an exploratory imaging parameter into the assess-
ment framework of neurogenic bladder, serving as an
imaging-based representation of the mobility of the ure-
thra and adjacent tissues [47]. In prior studies, urethral
mobility has been used mainly to evaluate urethral and
bladder neck support and dynamic stability in women
with stress urinary incontinence, where it has shown
potential clinical relevance in this population [37, 48].
We hypothesize that under the pathological conditions
of SCI—particularly in patients with elevated external
sphincter tone or increased urethral outlet resistance—
urethral mobility may closely correlate with the flexibil-
ity and relaxation capacity of sphincteric muscle tissues.
Assessing urethral mobility could reflect the tissue’s de-
formation capacity under stress and serve as an indirect
indicator of local mechanical compliance. By examin-
ing segmental urethral displacement patterns before and
after intervention, this study seeks to explore the poten-
tial utility of urethral mobility as a functional imaging
marker for evaluating changes in urethral dynamics, and
to provide preliminary data for future mechanistic stud-
ies and clinical assessment systems.
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This study adopted a randomized controlled design
based on Zelen approach. After informed consent was
obtained and randomization was completed, partici-
pants allocated to the experimental group were allowed
to make an autonomous decision regarding UBD as a
new treatment option once they had received sufficient
information, which more closely reflects real decision-
making processes in rehabilitation practice. The purpose
of this trial is not merely to assess the ideal efficacy of
UBD among patients randomized to the UBD group who
fully adhere to the intervention, but rather to capture the
overall real-world effect of offering UBD as a treatment
option on top of standard rehabilitation for eligible SCI
patients. Under the premise that all participants provide
informed consent and that their treatment preferences
are fully respected, we believe that this design may en-
hance the study’ s external validity and increase its ap-
plicability to clinical decision-making [49, 50]. It should
be noted that some participants randomized to the UBD
group may ultimately not receive UBD, which may lead
to a somewhat conservative estimate of the treatment ef-
fect in ITT analyses. To more comprehensively charac-
terize the intervention effect, the protocol prespecifies
per-protocol analyses and sensitivity analyses as impor-
tant complementary approaches.

This study will have several limitations. It is a single-
center trial conducted in a Grade A tertiary hospital in
China, and the characteristics of the enrolled patients
and local rehabilitation practice in this setting may not
fully represent those in other institutions, regions or
healthcare systems. Because patient blinding is not fea-
sible for this procedure-based intervention, expectancy
effects may influence patient-reported outcomes; how-
ever, our primary endpoints are largely objective mea-
sures (ultrasound-measured PVR and standardized uro-
dynamic parameters) and are therefore less susceptible
to such bias. In addition, the relatively modest sample
size may, to some extent, affect the precision of effect
estimates and the generalizability of the results. There-
fore, future multicenter studies with larger sample sizes
in more diverse settings are warranted to further confirm
the robustness of the findings and enhance their external
validity.

Conclusion

This study protocol describes a randomized controlled
trial designed to evaluate whether ultrasound-guided
UBD may help improve urinary retention and reduce
catheter dependence in patients with SCI. The evidence
generated from this study is expected to inform and op-
timize clinical rehabilitation strategies for neurogenic
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bladder management. In the future, based on the find-
ings of this study, we plan to conduct larger-scale, mul-
ticenter clinical trials with extended follow-up periods
to further validate the efficacy, safety, and long-term du-
rability of UBD. Such efforts will enhance the clinical
applicability and generalizability of the results.
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6. Post-Void Residual (PVR)

d?‘b uLuLo d),a.o 6‘)’ owéjtu‘;a.z.w 6‘4.@[.:]: G .39».:‘50
Baa b Sigw b leyo el s ol 5 ey eailendl
—5 oS dilaio g oS0 Sl amsl o adeie bl ol )3
2555 0 59y 3 b Y gl o les g jslaieas (>
Sy o plovl aaa Y B ) Goeds o
DAL 5 oK) S SDLs Gy I S Sileys
2 Sl el sl o5 ool 5055 3,
00 4| LS5 Camagy 3 ;5o s oS L 58 S Dl

(A1 05,5) 09l s 5153 (sl ome 93,5 SLES

GM».?L»J‘}J (_thbﬁ;\.f_'é‘).c ).305)1.9 FYCERVS 05; ulfd.ﬂfg\f)m
aules il o 5ty lb b ol glime (40,5 ol ¢ Jgane
sl 5 2y ds g ol plonl Jlie )8

7 il S gy 539 V¥ o sl 505 5.
Jotoee caods 3l 5l e 0085 0l gl ceadls b 09l oo
D oo gy JolS jeboas  Sas

Pl oo 5285 (paS (5l ()5 gigu (610 0 90 51T
Dy 0 oolaiul )‘)\)l (5‘).7.90 u’_?)l:}

e e ol elime 3y ool s 5 00 g, SLalS” ils ¥

J:;*]Gl*‘wauv‘gfélﬁduigé‘;wa‘Mdod.f
b ogd oo G255 0ol J3o 4 solyl as syl (Sod Jaloro
83,5 0leE ol gl pme 2 aSanl

150 g 5 53 oo 5l Sy o 05 sl e £l el S 9 Sl g



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

S VS el S5 (gl ls,S Glall 0 09
] yuxio <[ AL /9 00900 0 o yulilo ) (gly g 00
Sl ol el osllae olgy 5 2Ll e polie
VT ol S 98 o & Dln i (o (555 oS
IyA

59,98 dilke piMle il

4S5 el 4355 YF Lalis (NBSS) S, 5 ailice oDl Lo
el S A) ol g L] o s o gy 1) (ol aas Y
(YT L+ 5lal o5 V) e 456 g 0,053 5,Shas (YA b
53 ool prodle (VY1 + 5Lal s V) ()0l ol s 5
oS g alie Zu e slagts; (24 5 skl g sS
e azdly plazs S5 IS

a5 dgd o A, (T - LY ) ke ;o 4sS o
i At el oD iy DUl saimolid SYL Ol e
a5 aid)S 18 (miwlisl )50 25y 5 (2Ll B I NBSS
e 5l g 9 G @3e Dl (25 sl el 63
Irv-val codlonss Lo

(CLSS) " ilioes (551,31 slew> (Shuol ke il

oMe b3yl Glp Sbos o))l odlKiws Lol $Dle 5Ll
B gy 5 s plops 3l G Sl )l ol
(] uie Yo U e 5l ulie cpl S 0,00 28, sy
oaisylis (V) (@dhe S92 pac oaimsLis () aS (5 sbds
o ,Lid () g sfasls odle oaimoylid (V) ol oDle
s Sgge 0820y LiS CLSS 35yl Ol e sl 5800 @5)ke
10 g 1 R [ DR B Y P

(HADS) " tlias ylos (55° sl 9 il phacs] yuliio

S sl e ool b5 b VAT L s
Ire] ag,0 S5 & sy Ohlor 2 (Fopmdl 5 Syl
e s olphadl gl S Y g S0 udl gl 4SS Y
‘5)|)J‘ L ‘) U] 9 Cl 00l ul.m) ‘) ‘_,,_,Yb @‘5) 9 LS'L’L’ HADS
b slebaze o SSLAy) St b)) lr S5

Ivol coilos S Jas

I3l (sl 7m0 613 52 29005 Sla 20l

S byl Gle el e Gyl ppga sl il
O05Seel 8l gaig; oo )5 dalsloe 5l s g i (S8L Dl s

9. Neurogenic Bladder Symptom Score (NBSS)
10. Central Lower Urinary Tract Symptoms Score (CLSS)
11.Hospital Anxiety and Depression Scale (HADS)
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7. Short Form-Qualiveen Quality of Life Questionnaire (SF-Qualiveen)
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15. Intention-to-Treat (ITT)

16. Per-Protocol (PP)

17. Shapiro-Wilk test

18. Repeated measures anova
19. Linear mixed-effects model
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12.Pilot Study
13. Pooled standard deviation
14. Power
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20. Covariates
21, Multiple Imputation
22, Sequential Chained Equations-MICE
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