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Abstract: To review the available data on non-surgical management for neurogenic lower urinary
tract dysfunction (NLUTD) in patients with chronic spinal cord injury (SCI) and provide the most
updated knowledge for readers. We categorized the bladder management approaches into storage
and voiding dysfunction separately; both are minimally invasive, safe, and efficacious procedures.
The main goals for NLUTD management are to achieve urinary continence; improve quality of
life; prevent urinary tract infections and, last but not least, preserve upper urinary tract function.
Annual renal sonography workups and regular video urodynamics examinations are crucial for early
detection and further urological management. Despite the extensive data on NLUTD, there are still
relatively few novel publications and there is a lack of high-quality evidence. There is a paucity of
new minimally invasive and prolonged efficacy treatments for NLUTD, and a partnership between
urologists, nephrologists and physiatrists is required to promote and ensure the health of SCI patients
in the future.

Keywords: spinal cord injury; neurogenic bladder; neuromodulation; quality of life; treatment;
botulinum injection; catheterization

1. Introduction

Lower urinary tract (LUT) dysfunction is a common sequela to spinal cord injury (SCI)
patients. It might be presented with a wide range of LUT symptoms depending on the level
of SCI, and the symptoms vary as time goes by [1]. Its heterogenous presentation and the
individualized treatment needed for each SCI patient becomes extremely arduous as the
standard treatment modalities often have limitations. Moreover, pelvic organ dysfunction
encompasses LUT, sexual and bowel dysfunction and their complex interrelationship is
crucial for a comprehensive approach for management in SCI patients [2]. LUT dysfunction
in SCI patients can be life threatening or a sequela to upper urinary tract complications
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in the chronic phase. The negative effects of LUT dysfunction on patients’ health and
quality of life are extremely severe and have been of great interest for researchers and
clinicians for several decades [3]. Goals of management are none other than to achieve
urinary continence, improve quality of life (QoL), prevent urinary tract infections (UTI),
and preserve upper urinary tract function [4].

Lesions of the nervous systems, either peripheral or central and the level of lesion in
the spinal cords can result in different patterns of neurogenic LUT dysfunction (NLUTD).
The lesions of suprapontine or spinal pathways regulating LUT functions affect the stor-
age phase, causing reduced bladder capacity and detrusor overactivity (DO), leading to
involuntary contraction of the detrusor muscle during the storage phase [5]. Patients might
present with urinary urgency, frequency, nocturia, and urge urinary incontinence. Injury
to infrapontine-suprasacral spinal pathways can result in loss of coordination between
detrusor contraction and urethral sphincter relaxation during the voiding phase, which
is known as detrusor sphincter dyssynergia (DSD) [6]. Patients might also present with
voiding difficulty and incomplete bladder emptying, which can result from high intravesi-
cal pressure and DSD. DO in combination with DSD can cause high intravesical pressure
during the voiding phase, which then leads to morphological changes of the bladder
wall [7]. Long-term morphological changes of the bladder wall due to neuropathy and
outlet obstruction can reduce bladder compliance and bladder capacity, and consequently
increase the risk of upper urinary tract complications such as vesico-uretero-renal reflux,
hydronephrosis, upper urinary tract UTI, renal impairment and eventually end-stage renal
disease [8]. Lesions of the sacral cord or infrasacral pathways can result in voiding dys-
function, detrusor underactivity (DU) or acontractile detrusor associated with a loose or
non-relaxing sphincter [9].

NLUTD in SCI patients is mainly due to either storage dysfunction and/or voiding
dysfunction. In this review we aimed to underpin bladder management especially in the
aspects of conservative and medical treatment for chronic SCI patients. In order to construct
a review of the conservative management and medical treatment of chronic SCI patients, we
searched PUBMED articles published from January 2002 to August, 2022, with the search
terms “antimuscarinics”, “botulinum toxin”, “catheterization”, “desmopressin”, “neuro-
genic bladder”, “neurogenic lower urinary tract dysfunction”, “tibial nerve stimulation”,
“β3-Adrenoceptor agonists”, “Credé maneuver”, “Valsava maneuver”, “α-adrenoceptor
blockers”, and “urodynamics”. There were no language restrictions. We also added some
important references published before 2022, and the final reference list was generated based
on relevance to the topics.

2. Goal of Bladder Management

To achieve urinary continence, improved QoL, and preserve the upper urinary tract
function, the management of NLUTD should address both storage and voiding dysfunction.
Urinary incontinence is a prevalent problem in patients with chronic SCI, especially in
women, affecting about half of the patients and is associated with impaired mobility and
reduced quality of life [10]. Patients with storage dysfunction are presented with overactive
bladder symptoms such as urgency, frequency, nocturia, with or without urge urinary
incontinence. Moreover, some patients present with stress urinary incontinence due to
urethral sphincter or bladder neck incompetence. However, untreated voiding dysfunction
eventually has an impact on renal function [8].

3. Management of Storage Dysfunction
3.1. Physical Therapy

The first-line treatment for storage dysfunction is behavioral intervention, to cor-
rect unhelpful habits such as periodic massive drinking, frequent voiding and caffeine
consumption. Behavioral therapies require support from caregivers and healthcare profes-
sionals for guidance and consultation [11]. Timed voiding based on timed water intake of
a specific amount reduces involuntary bladder emptying. Weight reduction reduces the
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intra-abdominal pressure that causes incontinence in patients with urethral or bladder neck
incompetence [12].

Pelvic floor muscle training (PFMT) is a well-established conservative treatment for
urinary continence, with a five times higher symptomatic cure rate compared to the control
group [13]. PMFT increases urethral pressure, supports the bladder neck and improves
coordination between pelvic floor muscle and transversus abdominis, which results in
improved bladder function [14,15].

3.2. Antimuscarinic Drugs

The mainstay of pharmacotherapy for storage problems in NLUTD patients has, for
decades, been anticholinergic medications that facilitate storage of urine. Anticholinergics
have been recommended by the European Association of Urology [16] and a UK consensus
group [17] for this purpose. Antimuscarinic agents are subtype M2 and M3 muscarinic
receptor antagonists. They are used to stabilize the detrusor, reducing its overactivity, and
making it moderately refractory to parasympathetic stimulation. They improves bladder
compliance, and are associated with reduction of symptoms, prevention of upper urinary
tract damage and improvement of QoL in neurogenic DO [18]. Oxybutynin chloride,
tolterodine, darifenacin, trospium, and propiverine are established effective medical treat-
ments for neurogenic detrusor overactivity (NDO) [19]. Among anticholinergics, trospium
chloride, a mixed antimuscarinic agent and a smooth muscle relaxant, has been shown
to improve cystometric capacity and reduce incontinence episodes, with a lower risk of
cognitive impairment in the elderly [20]. However, bothersome side effects from these
medications could be a concern [21,22]. In one study, only 18% of patients received phar-
macotherapy without combining it with urinary catheterizations [23]; this may imply the
limited role of pharmacotherapy as a single and main therapy.

3.3. Desmopressin

Desmopressin is the synthetic analogue of the human hormone vasopressin, an antidi-
uretic hormone that acts on V2 receptors in the distal collecting tubules, which promote free
water passive reabsorption from nephrons back into the systemic circulation. It is mostly
frequently used for central diabetes insipidus, bleeding disorder and primary nocturnal
enuresis [24]. SCI patients often have a high urine output at night, particularly those
with higher spinal cord level lesions [25]. Nocturnal polyuria is multifactorial with fluid
retention during the day secondary to autonomic dysfunction, lack of ambulation and
arginine vasopressin production disorder [26]. Two small studies have assessed desmo-
pressin in patients with SCI with nocturnal polyuria; 11/15 patients eliminated the need
of clean intermittent catheterization (CIC) at night and the remaining 4 patients had CIC
only once at night. No patient suffered from significant side effects of hyponatremia or
fluid retention [26,27]. A systematic review suggested that desmopressin is useful for
treating nocturia in patients with multiple sclerosis, the rate of hyponatremia ranged from
0% to 23.5% [28]. All patients need a baseline serum creatinine and sodium level measure-
ment before starting therapy. Serum sodium measurement should be repeated within a
week as hyponatremia is the most feared side effect that usually presents with confusion,
hallucination, or seizure [29].

3.4. β3-Adrenoceptor Agonists

The human bladder contains 3 beta adrenergic receptors (β1, β2 and β3), 97% of the
beta receptors being β3. Mirabegron is a β3 receptor agonist that relaxes the detrusor
muscle, and it is an ideal target for the treatment of DO [30]. A systematic review suggested
mirabegron as a second line treatment after antimuscarinics due to lack of: efficacy or
adverse effects. There are reported improvements in bladder compliance and maximal
cystometric capacity, and in IPSS subscores particularly in storage symptoms [31]. A
meta-analysis reported no significant differences of drug-related adverse events between
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mirabegron and control groups in patients with NLUTD, such as arrythmia, hypertension,
or post-voiding residual volume (PVR) [32].

3.5. Neuromodulation

Tibial nerve stimulation (TNS) was introduced by Stoller in the late 1990s [33], and was
reported to be safe and effective for treating idiopathic overactive bladder in randomized
controlled trials (RCTs) [34–36]. The treatment course consists of stimulating the nerve
through a fine gauge stainless steel needle using a 34-gauge fixed frequency electrical
signal, once weekly for 30 min, over a 12-week period [37]. Schneider et al. performed a
systematic review of the literature which included 16 studies, 469 patients [38]. Five studies
report on acute TNS (stimulation during urodynamic investigation) whereas 11 report on
chronic TNS (weekly stimulation for 6–12 weeks before urodynamic investigation). In both
acute and chronic TNS, studies report increases in mean maximum cystometric capacity,
bladder volume at first DO and decreases in mean maximum detrusor pressure during the
storage phase. In chronic TNS, the mean decrease in number of voids per 24h, in number
of leakages per 24h, and in PVR ranged from 3 to 7, from 1 to 4, and from 15 to 55 mL,
respectively. No TNS-related adverse events have been reported. However, the risk of bias
and confounding was high in most studies.

A recently published study examined the use of percutaneous TNS (PTNS) in complete
SCI patients [39]. This study randomized 100 individuals to either PTNS or solifenacin. At
2 weeks, there was no significant improvement in maximum functional capacity, leakage
per day, and QoL between the groups. However, PTNS was noted to be more tolerable with
lesser side effects. Early transcutaneous tibial nerve stimulation in rat shows a decrease in
the number of non-voiding bladder contractions and maximum intravesical pressure during
storage and an increase in voiding efficiency. However, the effects were not sustained after
discontinuation of neurostimulation. Interestingly, neuromodulation has no safeguards
in the development of DSD [40]. Although TNS appears to be a promising and novel
treatment for neurogenic LUT dysfunction, there is a need for more reliable data to reach
definitive conclusions.

Sacral neuromodulation (SNM) has been tried to treat NLUTD in patients with any
kind of neurological lesions. Currently, most of the evidence is based on small sample sizes
and different patient groups, including SCI, multiple sclerosis, cerebrovascular accident,
and spina bifida [41]. The early overall results of SNM on NLUTD are promising in selected
cases. However, in SCI patients, SNM has been shown ineffective in complete SCI, but was
clinically beneficial in the spinal shock phase with early treatment by bilateral SNM [42].

3.6. Botulinum Toxin (Botox)
Detrusor Botox Injection Treatment

Botox, which was first isolated in 1897 by van Ermengem, is a potent neurotoxin
produced by Clostridium botulinum [43]. It has a role in the neuromuscular junction that
inhibits acetylcholine neurotransmitter release resulting in striated muscle relaxation [44].
However, increasing evidence shows that Botox might also inhibit the release of other
neurotransmitters such as acetylcholine, adenosine triphosphate, and substance P. It may
also down-regulate the expression of purinergic and capsaicin receptors on afferent neurons
within the bladder [45]. Therefore, Botox has an important role in treating DO by both
motor and sensory pathways. It has been developed as a second-line treatment option for
patients with non-neurogenic DO with urinary incontinence, refractory to antimuscarinics
or β3-adrenoceptor agonists [46]. Karsenty et al. performed a systematic review including
18 articles with a total of 698 patients, which evaluates the efficacy and safety of intrade-
trusor Botox injection in patients with wet NDO with or without CIC. Mostly with the
amount of 300U Botox injection, a reported 40–80% of patients became completely dry with
combined CIC; and mean maximum detrusor pressure was reduced to ≤40 cm H2O, QoL
and no major adverse events were reported [47].
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A 3-year extension study included multiple sclerosis and SCI patients with NDO who
completed 52 weeks and were refractory to ≥1 anticholinergic, received Botox 200U or
300U injection or multiple treatments during the extension study. The episodes of urinary
incontinence/day reduced by −3.2 to −4.1 across six treatments; the voided volume
consistently increased, nearly doubling after treatment and Incontinence Quality of Life
(I-QoL) consistently improved more than twice. The results were similar with the 200U and
300U injection. The mean duration of effects was 9 months for patients who received 200U
Botox only. Urinary tract infection (UTI) and urinary retention were the most common
adverse events. De novo CIC rates in patients with 300U Botox were higher than 200U [48].
Another randomized controlled trial including 72 SCI patients with NDO reported that a
200U or 300U Botox injection had led to a similar improvement in incontinence episodes
and QoL. Uninhibited DO improved more in the 300U Botox group at the end point
(p = 0.01) [49].

A meta-analysis study included six randomized controlled trials involving 437 NDO
and idiopathic DO patients, who underwent trigonal-involved or trigonal-sparing Botox
injection. The trigone involving group demonstrated a significant improvement in symptom
score, complete dryness, incontinence episodes, detrusor pressure at maximum flow rate
and volume at the first desire to void compared to the trigonal sparing group. The adverse
events in both groups were similar and the trigonal-involving injection did not cause
vesicoureteral reflux [50].

4. Management of Voiding Dysfunction
4.1. Catheterization

CIC remains the mainstay and minimally invasive treatment for neurogenic bladder.
CIC for SCI patients with hydronephrosis, recurrent UTI and large PVR remains the gold
standard rather than free micturition [51]. The frequency of CIC depends on the fluid
intake and patient’s safe bladder capacity. There is no definite number of CIC per day
in the current guidelines of NLUTD; however, CIC every 4–6 h is usually recommended
for patients with complete urinary retention. Amongst patients with SCI and NLUTD
requiring catheter-based drainage, the use of CIC is associated with lower rates of UTI than
indwelling urethral catheter (IUC). Comparisons of IUC versus suprapubic catheter (SPC)
and SPC vs. CIS gave mixed results [52]. Previous studies showed clean CIC as non-inferior
to sterile CIC as it is more cost-effective and convenient for the patient [53]. In selected
patients who demand a continent catheterizable cystostomy, constructing a continence
channel using appendix, terminal ileum, or a nipple valve is feasible and the patient usually
has a high satisfaction rate [54]; however, the long-term complications should be cautiously
monitored [55].

An indwelling catheter can also be considered when patients have troublesome motor
dexterity, spasticity, or lack of reliable caregiver for CIC support. Suprapubic catheters
are considered to prevent urethral trauma and permit sexual function, and have been
recommended when CIC is not feasible for patients with chronic SCI without available
hand function [56]. Krebs et al. performed a retrospective investigation on the associa-
tion between bladder management and occurrence of symptomatic UTI in 1104 chronic
neurogenic LUTD patients, with a mean duration of 20.3 ± 11.6 years [57]. The study
revealed that indwelling catheters caused the highest occurrence of UTI and recurrent UTI,
10- and 4-fold, respectively. The occurrence rate of symptomatic UTI in indwelling catheter
was 83.3%, CIC 39%, suprapubic catheter 11%, triggered reflex voiding 27%. Therefore,
suprapubic catheterization is more recommended for SCI patients rather than CIC and the
least recommended are chronic indwelling catheters.

4.2. Triggered Voiding

Triggered reflex voiding can be performed by stimulation of sacral and lumbar der-
matomes (such as thigh scratching and suprapubic tapping), resulting in provocation
of bladder contractions. Bladder expression by Valsalva or Credé maneuvers (strain-
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ing/external compression) is not recommended as it is associated with a rise of intravesical
pressures. Both management procedures are only recommended in patients with a urody-
namically safe bladder [58].

4.3. Alpha-Adrenoceptor Blockers

α-adrenoceptor blockers are a mainstay treatment for male benign prostate obstruc-
tion. α-blockers are believed to relax the internal urethral sphincter and smooth muscle
component of prostate, urethral and bladder neck in men, resulting in reduced bladder
outlet obstruction and facilitating voiding in a selected population that maintain the ability
to void [17]. In a small group study on 12 SCI patients with high intravesical pressure and
poor compliance, terazosin 5 mg daily was administered for 4 weeks. Urodynamic detrusor
pressure at maximum capacity decreased by a mean of 36 cm H2O (p < 0.001) for a 73%
improvement in compliance compared to baseline. This effect was reversible with cessation
of the medication [59]. α-blockers improve autonomic dysreflexia (AD) symptoms in SCI
patients. Terazosin reduces the frequency of AD episodes and the severity of AD symptoms
and has no impact on erective function in a prospective trial [60]. A randomized controlled
trial reported patients with injuries above T6 had 44% becoming AD symptom free after
taking Tamsulosin [61].

4.4. Botox Injection into Urethral Sphincter Muscle

Urethral sphincter Botox injection results in the relaxation of the urethral sphincter
muscle during the voiding phase. SCI patients with suprasacral lesions frequently pre-
sented with NDO and DSD. Shokhl et al. performed a systematic review to examine the
efficacy and outcome of urethral sphincter Botox injection. The review included 11 studies
and 353 patients. Botox was effective in 60–78% of patients in reducing PVR, mean de-
trusor pressure, detrusor leak point pressure, and mean urethral pressure 1 month after
injection, and most of the patients needed reinjection after an average 4 to 9 months [62].
Our previous study included 33 SCI patients with DSD treated with transurethral sphincter
injection of 100U of Botox. The overall satisfaction was 60.6%; however, the frequent
occurrence of incontinence became the major dissatisfaction among the patients. Patient
selection is crucial for a better outcome [63]. In another previous study, we investigated
118 SCI patients with dysuria [64]. Patients with cervical SCI, DO with DSD, partial hand
function and incomplete SCI had a better improvement rate. Only 35.6% of the urge urinary
incontinence patients received repeated urethral sphincter Botox injections while more than
60% of patients converted to augmentation enterocytoplasty, bladder outlet surgery, in-
tradetrusor Botox injection or medication, and eventually had moderate to marked voiding
improvement. Only certain SCI patients benefitted from urethral sphincter Botox injection,
and other bladder management might have had a better clinical outcome.

5. Active Surveillance of Urinary Tract Function and Active Treatment in Chronic
SCI Patients

Bladder and urethral dysfunction changes with time in patients with NLUTD. Nearly
half of the patients with untreated DSD can develop urological complications such as high
intravesical pressure, urolithiasis, UTI, vesicoureteral reflux, hydronephrosis, obstructive
uropathy and renal failure [65]. These patients should be regularly followed up for lower
urinary tract dysfunction and any urological complication should be adequately treated.
Although chronic SCI patients with LUTD may be properly diagnosed and treated, all
patients should receive life-long surveillance to prevent the development of urological
complications and undesired LUTS [66–68]. The recommended evaluation procedures vary
widely among different centers. In our institution, we recommend: (1) possible UTI testing
if turbid urine or hematuria occur, as checked by the patient by dipstick, (2) urinalysis
every second month (optional), (3) upper urinary tract, bladder morphology, and PVR
check every six months by ultrasound, (4) physical examination, blood chemistry and urine
laboratory tests every year, (5) detailed investigation by a specialist every 1–2 years and on
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demand when risk factors emerge. The investigation is specified according to the patient’s
actual risk profile, but should include a video urodynamics investigation for the high-
risk patients and be performed in a leading neuro-urological center (optional). (6) More
frequent investigations are needed in high-risk patients or if the neurological pathology or
the NLUTD status demand this. The need for evaluation items should be based on the risk
of patients with chronic SCI and their lower urinary tract conditions [69–73].

Patients with SCI are at an increased risk of bladder cancer and are more likely to be
diagnosed at a later stage. The incidence of bladder cancer in SCI patients is 6‰ and the
mean onset time after SCI is 18–34 years in earlier reports [74,75]. Indwelling catheters
for more than 10 years, and neurogenic bladder itself, are thought to be risk factors for
developing bladder cancer, and a highly aggressive tumor subtype, squamous cell bladder
cancer, was found in SCI patients. [71,76]. Under this consideration, we recommend regular
urology clinic follow-up for every SCI patient, and avoiding long time indwelling catheters
if possible.

Avoiding a chronic indwelling catheter can also reduce the incidence of developing
a low compliant bladder. Long-term antimuscarinic therapy can decrease urinary incon-
tinence and lower intravesical pressure [58]. Intravesical instillation of vanilloids and
BoNT-A injections are alternative treatments for refractory DO or low compliant bladder
and can replace the need for bladder augmentation [70]. When surgical intervention is
necessary, less invasive types of surgery and reversible procedures should be considered
first and any unnecessary surgery in the lower urinary tract should be avoided [52,58,70].
Keeping the bladder and urethra in good condition without interference with neuromus-
cular continuity provides patients with NLUTD a chance to try new technologies in the
future. Improving the quality of life in patients with NLUTD is the most important as-
pect of treatment. The flow chart of conservative bladder management for patients with
chronic SCI and different NLUTD, the goals of bladder management, and the items of
active surveillance for bladder and renal function are shown in Figure 1.

There is a need for partnership between urologists, nephrologists and physiatrists to
promote and ensure the health of SCI patients.

To achieve successful bladder management and prevention of upper urinary tract
deterioration in patients with chronic SCI, teamwork between urologists, rehabilitation
doctors, nephrologists, and physiatrists is mandatory. In clinical practice, most SCI patients
are handled by rehabilitation doctors and receive physical therapy by physiatrists. In
order to have stable bladder and normal upper urinary tract function, a low intravesical
pressure and adequate bladder emptying by constant urinary drainage are necessary [77,78].
Regular follow-up of bladder function to ensure the maintenance of a safe functional
bladder capacity, prescribing appropriate medications to treat urinary incontinence or
bladder outlet dysfunction by urologists, annual check-up of renal function and absence
of hydronephrosis by nephrologists, and suitable bladder management methods by CIC
without large PVR, performing the Crede maneuver or abdominal tapping, or nerve
stimulation therapy by rehabilitation doctors and physiatrists are all important aspects in
the long-term care of patients with chronic SCI. When conservative bladder management
fails to protect the upper urinary tract, surgical intervention should be performed by
urologists to protect the upper urinary tract function.



J. Clin. Med. 2023, 12, 2021 8 of 12J. Clin. Med. 2023, 12, x FOR PEER REVIEW 8 of 12 
 

 

 
Figure 1. The flow chart of conservative bladder management for patients with chronic SCI and 
different NLUTD, the goals of bladder management, and the items of active surveillance for bladder 
and renal function. 

There is a need for partnership between urologists, nephrologists and physiatrists to 
promote and ensure the health of SCI patients. 

To achieve successful bladder management and prevention of upper urinary tract 
deterioration in patients with chronic SCI, teamwork between urologists, rehabilitation 
doctors, nephrologists, and physiatrists is mandatory. In clinical practice, most SCI pa-
tients are handled by rehabilitation doctors and receive physical therapy by physiatrists. 
In order to have stable bladder and normal upper urinary tract function, a low intravesical 
pressure and adequate bladder emptying by constant urinary drainage are necessary 
[77,78]. Regular follow-up of bladder function to ensure the maintenance of a safe func-
tional bladder capacity, prescribing appropriate medications to treat urinary incontinence 
or bladder outlet dysfunction by urologists, annual check-up of renal function and ab-
sence of hydronephrosis by nephrologists, and suitable bladder management methods by 
CIC without large PVR, performing the Crede maneuver or abdominal tapping, or nerve 
stimulation therapy by rehabilitation doctors and physiatrists are all important aspects in 

Figure 1. The flow chart of conservative bladder management for patients with chronic SCI and
different NLUTD, the goals of bladder management, and the items of active surveillance for bladder
and renal function.

6. Conclusions

NLUTD is common among SCI patients and has a pronounced effect on their health
and QoL. The level of neurological lesion affects their pattern of LUT dysfunction. Patients
with NLUTD and inappropriate management can have urological complications including
UTI, hydronephrosis, and renal failure. Therefore, annual renal sonography workups
and regular video urodynamics examinations are crucial to preserve upper urinary tract
functions. Despite extensive data on neurogenic bladders, there are relatively few novel
publications and there is a lack of high-quality evidence. There is a paucity of new mini-
mally invasive and prolonged efficacy treatments for neurogenic bladder, and partnership
between urologists, nephrologists and physiatrists is needed to promote and ensure the
health of SCI patients in the future.

Author Contributions: Conceptualization, H.-C.K.; data acquisition: H.L.O., I.-N.C., L.-N.H., C.-W.C.,
I.-H.S., M.-Y.J., Y.-S.J. and C.-C.W.; writing—original draft preparation, H.L.O.; writing—review and
editing, H.-C.K. All authors have read and agreed to the published version of the manuscript.



J. Clin. Med. 2023, 12, 2021 9 of 12

Funding: This work was supported by Buddhist Tzu Chi Medical Foundation TCMF-SP 112-01 and
TCMF-MP-110-03-01.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was waived due to the retrospective nature of
the analysis.

Data Availability Statement: Data are available by contacting with the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Abrams, P.; Andersson, K.E.; Birder, L.; Brubaker, L.; Cardozo, L.; Chapple, C.; Cottenden, A.; Davila, W.; De Ridder, D.;

Dmochowski, R.; et al. Fourth International Consultation on Incontinence Recommendations of the International Scientific
Committee: Evaluation and treatment of urinary incontinence, pelvic organ prolapse, and fecal incontinence. Neurourol. Urodyn.
2010, 29, 213–240. [CrossRef] [PubMed]

2. Weld, K.J.; Graney, M.J.; Dmochowski, R.R. Difference in bladder compliance with time and associations of bladder management
with compliance in spinal cord injured patients. J. Urol. 2000, 163, 1228–1233. [CrossRef] [PubMed]

3. Consortium for Spinal Cord Medicine. Bladder management for adults with spinal cord injury: A clinical practice guideline for
health-care providers. J. Spinal Cord Med. 2006, 29, 527–573.

4. Groen, J.; Pannek, J.; Castro Diaz, D.; Del Popolo, G.; Gross, T.; Hamid, R.; Karsenty, G.; Kessler, T.M.; Schneider, M.; Blok, B.
Summary of European Association of Urology (EAU) guidelines on neuro-urology. Eur. Urol. 2016, 69, 324–333. [CrossRef]
[PubMed]

5. Ku, J.H. The management of neurogenic bladder and quality of life in spinal cord injury. BJU Int. 2006, 98, 739–745. [CrossRef]
6. Abrams, P.; Cardozo, L.; Fall, M.; Griffiths, D.; Rosier, P.; Ulmsten, U.; Van Kerrebroeck, P.; Victor, A.; Wein, A. The standardisation

of terminology of lower urinary tract function: Report from the Standardisation Sub-committee of the International Continence
Society. Neurourol. Urodyn. 2002, 21, 167–178. [CrossRef]

7. Ahmed, H.U.; Shergill, I.S.; Arya, M.; Shah, P.J. Management of detrusor-external sphincter dyssynergia. Nat. Clin. Pract. Urol.
2006, 3, 368–380. [CrossRef]

8. Gao, Y.; Danforth, T.; Ginsberg, D.A. Urologic Management and Complications in Spinal Cord Injury Patients: A 40- to 50-year
Follow-up Study. Urology 2017, 104, 52–58. [CrossRef]

9. Panicker, J.N.; de Sèze, M.; Fowler, C.J. Rehabilitation in practice: Neurogenic lower urinary tract dysfunction and its management.
Clin. Rehabil. 2010, 24, 579–589. [CrossRef]

10. Elmelund, M.; Klarskov, N.; Biering-Sørensen, F. Prevalence of urinary incontinence in women with spinal cord injury. Spinal
Cord 2018, 56, 1124–1133. [CrossRef]

11. Milligan, J.; Goetz, L.L.; Kennelly, M.J. A Primary Care Provider’s Guide to Management of Neurogenic Lower Urinary Tract
Dysfunction and Urinary Tract Infection After Spinal Cord Injury. Top. Spinal Cord Inj. Rehabil. 2020, 26, 108–115. [CrossRef]
[PubMed]

12. Shojaei, M.H.; Alavinia, S.M.; Craven, B.C. Management of obesity after spinal cord injury: A systematic review. J. Spinal Cord
Med. 2017, 40, 783–794. [CrossRef] [PubMed]

13. Ruffion, A.; Castro-Diaz, D.; Patel, H.; Khalaf, K.; Onyenwenyi, A.; Globe, D.; LeReun, C.; Teneishvili, M.; Edwards, M. Systematic
review of the epidemiology of urinary incontinence and detrusor overactivity among patients with neurogenic overactive bladder.
Neuroepidemiology 2013, 41, 146–155. [CrossRef]

14. Dumoulin, C.; Hay-Smith, E.J.C.; Mac Habée-Séguin, G. Pelvic floor muscle training versus no treatment, or inactive control
treatments, for urinary incontinence in women. Cochrane Database Syst. Rev. 2014, 56, 300–308. [CrossRef] [PubMed]

15. Faiena, I.; Patel, N.; Parihar, J.S.; Calabrese, M.; Tunuguntla, H. Conservative managementof urinary incontinence in women.
Prim Care 2001, 8, 153–162.

16. Stöhrer, M.; Blok, B.; Castro-Diaz, D.; Chartier-Kastler, E.; Del Popolo, G.; Kramer, G.; Pannek, J.; Radziszewski, P.; Wyndaele, J.-J.
EAU Guidelines on Neurogenic Lower Urinary Tract Dysfunction. Eur. Urol. 2009, 56, 81–88. [CrossRef]

17. Fowler, C.J.; Panicker, J.N.; Drake, M.; Harris, C.; Harrison, S.C.W.; Kirby, M.; Lucas, M.; Macleod, N.; Mangnall, J.; North, A.; et al.
A UK consensus on the management of the bladder in multiple sclerosis. J. Neurol. Neurosurg. Psychiatry 2009, 85, 552–559.
[CrossRef]

18. Bø, K. Pelvic floor muscle training is effective in treatment of female stress urinary incontinence, but how does it work? Int.
Urogynecology J. 2004, 15, 76–84. [CrossRef]

19. Abrams, P.; Andersson, K.-E. Muscarinic receptor antagonists for overactive bladder. BJU Int. 2007, 100, 987–1006. [CrossRef]
20. Araklitis, G.; Robinson, D.; Cardozo, L. Cognitive Effects of Anticholinergic Load in Women with Overactive Bladder. Clin. Interv.

Aging 2020, 15, 1493–1503. [CrossRef]
21. Chancellor, M.B.; Anderson, R.U.; Boone, T.B. Pharmacotherapy for Neurogenic Detrusor Overactivity. Am. J. Phys. Med. Rehabil.

2006, 85, 536–545. [CrossRef] [PubMed]
22. Ouslander, J.G. Management of overactive bladder. N. Engl. J. Med. 2004, 350, 786–799. [CrossRef] [PubMed]

http://doi.org/10.1002/nau.20870
http://www.ncbi.nlm.nih.gov/pubmed/20025020
http://doi.org/10.1016/S0022-5347(05)67730-0
http://www.ncbi.nlm.nih.gov/pubmed/10737503
http://doi.org/10.1016/j.eururo.2015.07.071
http://www.ncbi.nlm.nih.gov/pubmed/26304502
http://doi.org/10.1111/j.1464-410X.2006.06395.x
http://doi.org/10.1002/nau.10052
http://doi.org/10.1038/ncpuro0521
http://doi.org/10.1016/j.urology.2017.03.006
http://doi.org/10.1177/0269215509353252
http://doi.org/10.1038/s41393-018-0157-0
http://doi.org/10.46292/sci2602-108
http://www.ncbi.nlm.nih.gov/pubmed/32760189
http://doi.org/10.1080/10790268.2017.1370207
http://www.ncbi.nlm.nih.gov/pubmed/28929907
http://doi.org/10.1159/000353274
http://doi.org/10.1002/14651858.CD005654.pub3
http://www.ncbi.nlm.nih.gov/pubmed/24823491
http://doi.org/10.1016/j.eururo.2009.04.028
http://doi.org/10.1136/jnnp.2008.159178
http://doi.org/10.1007/s00192-004-1125-0
http://doi.org/10.1111/j.1464-410X.2007.07205.x
http://doi.org/10.2147/CIA.S252852
http://doi.org/10.1097/01.phm.0000219229.92056.c2
http://www.ncbi.nlm.nih.gov/pubmed/16715024
http://doi.org/10.1056/NEJMra032662
http://www.ncbi.nlm.nih.gov/pubmed/14973214


J. Clin. Med. 2023, 12, 2021 10 of 12

23. Lai, E.C.-C.; Yang, Y.-H.K.; Kuo, H.-C. Complication rate of neurogenic lower urinary tract dysfunction after spinal cord injury in
Taiwan. Int. Urol. Nephrol. 2013, 46, 1063–1071. [CrossRef] [PubMed]

24. Stohrer, M.; Bauer, P.; Giannetti, B.; Richter, R.; Burgdörfer, H.; Mürtz, G. Effect of Trospium Chloride on Urodynamic Parameters
in Patients with Detrusor Hyperreflexia due to Spinal Cord Injuries. Urol. Int. 1991, 47, 138–143. [CrossRef]

25. Shoskes, D.; McMahon, A. Renal Physiology and Pathophysiology. In CampbellWalsh Urology, 10th ed.; Wein, A., Kavoussi, L.,
Novick, A., Paritn, A., Eds.; Saunders Elsevier: Philadelphia, PA, USA, 2011.

26. Szollar, S.; North, J.; Chung, J. Antidiuretic hormone levels and polyuria in spinal cord injury. A preliminary report. Spinal Cord
1995, 33, 94–97. [CrossRef]

27. Zahariou, A.; Karagiannis, G.; Papaioannou, P.; Stathi, K.; Michail, X. The use of desmopressin in the management of nocturnal
enuresis in patients with spinal cord injury. Eur. Med. 2006, 43, 333–338.

28. Chancellor, M.B.; Rivas, D.A.; Staas, W.E., Jr. DDAVP in the urological management of the difficult neurogenic bladder in spinal
cord injury: Preliminary report. J. Am. Paraplegia Soc. 1994, 17, 165–167. [CrossRef]

29. Phé, V.; Schneider, M.P.; Peyronnet, B.; Youssef, N.A.; Mordasini, L.; Chartier-Kastler, E.; Bachmann, L.M.; Kessler, T.M.
Desmopressin for treating nocturia in patients with multiple sclerosis: A systematic review: A report from the Neuro-Urology
Promotion Committee of the International Continence Society (ICS). Neurourol. Urodyn. 2019, 38, 563–571. [CrossRef]

30. Yamaguchi, O.; Chapple, C.R. Beta3-adrenoceptors in urinary bladder. Neurourol. Urodyn. 2007, 26, 752–756. [CrossRef]
31. Biers, S.M.; Reynard, J.M.; Brading, A.F. The effects of a new selective beta3-adrenoceptor agonist (GW427353) on spontaneous

activity and detrusor relaxation in human bladder. BJU Int. 2006, 98, 1310–1314. [CrossRef]
32. El Helou, E.; Labaki, C.; Chebel, R.; El Helou, J.; Tayeh, G.A.; Jalkh, G.; Nemr, E. The use of mirabegron in neurogenic bladder: A

systematic review. World J. Urol. 2019, 38, 2435–2442. [CrossRef] [PubMed]
33. Zhang, D.; Sun, F.; Yao, H.; Bao, X.; Wang, D.; Cui, Y.; Wu, J. The Efficacy and Safety of Mirabegron for the Treatment of

Neurogenic Lower Urinary Tract Dysfunction: A Systematic Review and Meta-analysis. Front. Pharmacol. 2021, 12, 756582.
[CrossRef] [PubMed]

34. Stoller, M.L. Afferent nerve stimulation for pelvic floor dysfunction. Eur. Urol. 1999, 35, 132.
35. Deeks, J.J.; Dinnes, J.; D’Amico, R.; Sowden, A.J.; Sakarovitch, C.; Song, F.; Petticrew, M.; Altman, D.G. Evaluating non-randomised

intervention studies. Health Technol. Assess. 2003, 7, 1–173. [CrossRef] [PubMed]
36. Peters, K.M.; Carrico, D.J.; Perez-Marrero, R.A.; Khan, A.U.; Wooldridge, L.S.; Davis, G.L.; MacDiarmid, S.A. Randomized trial of

percutaneous tibial nerve stimulation versus sham efficacy in the treatment of overactive bladder syndrome: Results from the
SUmiT trial. J. Urol. 2010, 183, 1438–1443. [CrossRef]

37. Finazzi-Agro, E.; Petta, F.; Sciobica, F.; Pasqualetti, P.; Musco, S.; Bove, P. Percutaneous tibial nerve stimulation effects on detrusor
overactivity incontinence are not due to a placebo effect: A randomized, double-blind, placebo controlled trial. J. Urol. 2010, 184,
2001–2006. [CrossRef]

38. Schneider, M.P.; Gross, T.; Bachmann, L.M.; Blok, B.F.; Castro-Diaz, D.; Del Popolo, G.; Groen, J.; Hamid, R.; Karsenty, G.; Pannek,
J.; et al. Tibial Nerve Stimulation for Treating Neurogenic Lower Urinary Tract Dysfunction: A Systematic Review. Eur. Urol.
2015, 68, 859–867. [CrossRef]

39. Chen, G.; Liao, L.; Li, Y. The possible role of percutaneous tibial nerve stimulation using adhesive skin surface electrodes in
patients with neurogenic detrusor overactivity secondary to spinal cord injury. Int. Urol. Nephrol. 2015, 47, 451–455. [CrossRef]

40. Sartori, A.M.; Salemi, S.; Hofer, A.S.; Baumgartner, V.; Eberli, D.; Liechti, M.D.; Schwab, M.E.; Kessler, T.M. Early Transcutaneous
Tibial Nerve Stimulation Acutely Improves Lower Urinary Tract Function in Spinal Cord Injured Rats. Neurotrauma Rep. 2022, 3,
15–26. [CrossRef]

41. Averbeck, M.A.; Moreno-Palacios, J.; Aparicio, A. Is there a role for sacral neuromodulation in patients with neurogenic lower
urinary tract dysfunction? Int. Braz. J. Urol. 2020, 46, 891–901. [CrossRef]

42. van Ophoven, A.; Engelberg, S.; Lilley, H.; Sievert, K.D. Systematic literature review and meta-analysis of sacral neuromodulation
(SNM) in patients with neurogenic lower urinary tract dysfunction (nLUTD): Over 20 years’ experience and future directions.
Adv. Ther. 2021, 38, 1987–2006. [CrossRef] [PubMed]

43. van Ermengem, E. Ueber einen neuen anaeroben Bacillus und seine Beziehungen zum Botulismus. Zeitsch. Hyg. Infekt. 1897, 26,
1–56. [CrossRef]

44. Montecucco, C.; Schiavo, G. Structure and function of tetanus and botulinum neurotoxins. Q. Rev. Biophys. 1995, 28, 423–472.
[CrossRef] [PubMed]

45. Chapple, C.; Patel, A. Botulinum toxin—New mechanisms, new therapeutic directions? Eur. Urol. 2006, 49, 606–608. [CrossRef]
46. Mangera, A.; Apostolidis, A.; Andersson, K.E.; Dasgupta, P.; Giannantoni, A.; Roehrborn, C.; Novara, G.; Chapple, C. An updated

systematic review and statistical comparison of standardised mean outcomes for the use of botulinum toxin in the management
of lower urinary tract disorders. Eur. Urol. 2014, 65, 981–990. [CrossRef]

47. Karsenty, G.; Denys, P.; Amarenco, G.; De Seze, M.; Gamé, X.; Haab, F.; Kerdraon, J.; Perrouin-Verbe, B.; Ruffion, A.; Saussine,
C.; et al. Botulinum toxin A (Botox) intradetrusor injections in adults with neurogenic detrusor overactivity/neurogenic overactive
bladder: A systematic literature review. Eur. Urol. 2008, 53, 275–287. [CrossRef]

48. Kennelly, M.; Dmochowski, R.; Schulte-Baukloh, H.; Ethans, K.; Del Popolo, G.; Moore, C.; Jenkins, B.; Guard, S.; Zheng, Y.;
Karsenty, G. 191622-094 Investigators. Efficacy and safety of onabotulinumtoxinA therapy are sustained over 4 years of treatment

http://doi.org/10.1007/s11255-013-0625-6
http://www.ncbi.nlm.nih.gov/pubmed/24346963
http://doi.org/10.1159/000282207
http://doi.org/10.1038/sc.1995.22
http://doi.org/10.1080/01952307.1994.11735930
http://doi.org/10.1002/nau.23921
http://doi.org/10.1002/nau.20420
http://doi.org/10.1111/j.1464-410X.2006.06564.x
http://doi.org/10.1007/s00345-019-03040-x
http://www.ncbi.nlm.nih.gov/pubmed/31802206
http://doi.org/10.3389/fphar.2021.756582
http://www.ncbi.nlm.nih.gov/pubmed/34867373
http://doi.org/10.3310/hta7270
http://www.ncbi.nlm.nih.gov/pubmed/14499048
http://doi.org/10.1016/j.juro.2009.12.036
http://doi.org/10.1016/j.juro.2010.06.113
http://doi.org/10.1016/j.eururo.2015.07.001
http://doi.org/10.1007/s11255-015-0911-6
http://doi.org/10.1089/neur.2021.0058
http://doi.org/10.1590/s1677-5538.ibju.2020.99.10
http://doi.org/10.1007/s12325-021-01650-9
http://www.ncbi.nlm.nih.gov/pubmed/33713279
http://doi.org/10.1007/BF02220526
http://doi.org/10.1017/S0033583500003292
http://www.ncbi.nlm.nih.gov/pubmed/8771234
http://doi.org/10.1016/j.eururo.2006.01.005
http://doi.org/10.1016/j.eururo.2013.10.033
http://doi.org/10.1016/j.eururo.2007.10.013


J. Clin. Med. 2023, 12, 2021 11 of 12

in patients with neurogenic detrusor overactivity: Final results of a long-term extension study. Neurourol. Urodyn. 2017, 36,
368–375. [CrossRef]

49. Chen, Y.C.; Kuo, H.C. The therapeutic effects of repeated detrusor injections between 200 or 300 units of onabotulinumtoxinA in
chronic spinal cord injured patients. Neurourol. Urodyn. 2014, 33, 129–134. [CrossRef]

50. Cui, Y.; Cai, T.; Dong, T.; Zhang, X.; Zhou, Z.; Lu, Y.; Zhang, Y.; Wu, J.; Gao, Z.; Wang, Y.; et al. Trigonal-Sparing vs. Trigonal-
Involved OnabotulinumtoxinA Injection for the Treatment of Overactive Bladder: A Systematic Review and Meta-Analysis. Front.
Neurol. 2021, 12, 651635. [CrossRef]

51. Stoffel, J.T. Detrusor sphincter dyssynergia: A review of physiology, diagnosis, and treatment strategies. Transl. Androl. Urol.
2016, 5, 127–135.

52. Kinnear, N.; Barnett, D.; O’Callaghan, M.; Horsell, K.; Gani, J.; Hennessey, D. The impact of catheter-based bladder drainage
method on urinary tract infection risk in spinal cord injury and neurogenic bladder: A systematic review. Neurourol. Urodyn.
2020, 39, 854–862. [CrossRef] [PubMed]

53. Duffy, L.M.; Cleary, J.; Ahern, S.; Kuskowski, M.A.; West, M.; Wheeler, L.; Mortimer, J.A. Clean Intermittent Catheterization: Safe,
Cost-Effective Bladder Management for Male Residents of VA Nursing Homes. J. Am. Geriatr. Soc. 1995, 43, 865–870. [CrossRef]
[PubMed]

54. Chen, S.F.; Lee, Y.K.; Kuo, H.C. Satisfaction with urinary incontinence treatments in patients with chronic spinal cord injury. J.
Clin. Med. 2022, 11, 5864. [CrossRef]

55. Thomas, J.C.; Dietrich, M.S.; Trusler, L.; DeMarco, R.T.; Pope, J.C.T.; Brock, J.W., III; Adams, M.C. Continent catheterizable
channels and the timing of their complications. J. Urol. 2006, 176, 1816–1820. [CrossRef] [PubMed]

56. Ginsberg, D.A.; Boone, T.B.; Cameron, A.P.; Gousse, A.; Kaufman, M.R.; Keays, E.; Kennelly, M.J.; Lemack, G.E.; Rovner, E.S.;
Souter, L.H.; et al. The AUA/SUFU Guideline on Adult Neurogenic Lower Urinary Tract Dysfunction: Treatment and Follow-up.
J. Urol. 2021, 206, 1106–1113. [CrossRef]

57. Krebs, J.; Wöllner, J.; Pannek, J. Risk factors for symptomatic urinary tract infections in individuals with chronic neurogenic lower
urinary tract dysfunction. Spinal Cord 2016, 54, 682–686. [CrossRef] [PubMed]

58. Panicker, J.N.; Fowler, C.J.; Kessler, T.M. Lower urinary tract dysfunction in the neurological patient: Clinical assessment and
management. Lancet Neurol. 2015, 14, 720–732. [CrossRef] [PubMed]

59. Swierzewski, S.J., III; Gormley, E.A.; Belville, W.D.; Sweetser, P.M.; Wan, J.; Mcguire, E.J. The effect of terazosin on bladder
function in the spinal cord injured patient. J. Urol. 1994, 151, 951–954. [CrossRef]

60. Chancellor, M.B.; Erhard, M.J.; Hirsch, I.H.; Stass, W.E. Prospective evaluation of terazosin for the treatment of autonomic
dysreflexia. J. Urol. 1994, 151, 111–113. [CrossRef]

61. O’Riordan, J.I.; Doherty, C.; Javed, M.; Brophy, D.; Hutchinson, M.; Quinlan, D. Do alpha-blockers have a role in lower urinary
tract dysfunction in multiple sclerosis? J. Urol. 1995, 153, 1114–1116. [CrossRef]

62. Goel, S.; Pierce, H.; Pain, K.; Christos, P.; Dmochowski, R.; Chughtai, B. Use of Botulinum Toxin A (BoNT-A) in Detrusor External
Sphincter Dyssynergia (DESD): A Systematic Review and Meta-analysis. Urology 2020, 140, 7–13. [CrossRef]

63. Kuo, H.C. Satisfaction with urethral injection of botulinum toxin A for detrusor sphincter dyssynergia in patients with spinal
cord lesion. Neurourol. Urodyn. 2008, 27, 793–796. [CrossRef] [PubMed]

64. Lee, C.L.; Jhang, J.F.; Jiang, Y.H.; Kuo, H.C. Real-World Data Regarding Satisfaction to Botulinum Toxin A Injection into the
Urethral Sphincter and Further Bladder Management for Voiding Dysfunction among Patients with Spinal Cord Injury and
Voiding Dysfunction. Toxins 2022, 14, 30. [CrossRef]

65. Mahfouz, W.; Corcos, J. Management of detrusor external sphincter dyssynergia in neurogenic bladder. Eur. J. Phys. Rehabil. Med.
2011, 47, 639–650. [PubMed]

66. Stöhrer, M.; Kramer, G.; Löchner-Ernst, D.; Goepel, M.; Noll, F.; Rübben, H. Diagnosis and treatment of bladder dysfunction in
spinal cord injury patients. Eur. Urol. Update Ser. 1994, 3, 170–175.

67. Nijman, R.J. Neurogenic and non-neurogenic bladder dysfunction. Curr. Opin. Urol. 2001, 11, 577–583. [CrossRef] [PubMed]
68. Kachourbos, M.J.; Creasey, G.H. Health promotion in motion: Improving quality of life for persons with neurogenic bladder and

bowel using assistive technology. SCI Nurs. 2000, 17, 125–129.
69. Przydacz, M.; Chlosta, P.; Corcos, J. Recommendations for urological follow-up of patients with neurogenic bladder secondary to

spinal cord injury. Int. Urol. Nephrol. 2018, 50, 1005–1016. [CrossRef]
70. Kuo, H.C.; Chen, S.L.; Chou, C.L.; Chuang, Y.C.; Huang, Y.H.; Juan, Y.S.; Lee, W.C.; Liao, C.H.; Tsai, Y.C.; Tsai, Y.A.; et al.

Taiwanese Continence Society clinical guidelines for diagnosis and management of neurogenic lower urinary tract dysfunction.
Urol. Sci. 2014, 25, 35–41. [CrossRef]

71. Cameron, A.P.; Rodriguez, G.M.; Schomer, K.G. Systematic review of urological follow up after spinal cord injury. J. Urol. 2012,
187, 391–397. [CrossRef]

72. Elmelund, M.; Oturai, P.S.; Toson, B.; Biering-Sørensen, F. Forty-five-year follow-up on the renal function after spinal cord injury.
Spinal Cord 2016, 54, 445–451. [CrossRef] [PubMed]

73. Kavanagh, A.; Akhavizadegan, H.; Walter, M.; Stothers, L.; Welk, B.; Boone, T.B. Surveillance urodynamics for neurogenic lower
urinary tract dysfunction: A systematic review. Can. Urol. Assoc. J. 2019, 13, 133–141. [CrossRef] [PubMed]

74. El-Masri, W.S.; Fellows, G. Bladder cancer after spinal cord injury. Paraplegia 1981, 19, 265–270. [CrossRef] [PubMed]

http://doi.org/10.1002/nau.22934
http://doi.org/10.1002/nau.22395
http://doi.org/10.3389/fneur.2021.651635
http://doi.org/10.1002/nau.24253
http://www.ncbi.nlm.nih.gov/pubmed/31845396
http://doi.org/10.1111/j.1532-5415.1995.tb05528.x
http://www.ncbi.nlm.nih.gov/pubmed/7636093
http://doi.org/10.3390/jcm11195864
http://doi.org/10.1016/S0022-5347(06)00610-0
http://www.ncbi.nlm.nih.gov/pubmed/16945657
http://doi.org/10.1097/JU.0000000000002239
http://doi.org/10.1038/sc.2015.214
http://www.ncbi.nlm.nih.gov/pubmed/26620878
http://doi.org/10.1016/S1474-4422(15)00070-8
http://www.ncbi.nlm.nih.gov/pubmed/26067125
http://doi.org/10.1016/S0022-5347(17)35132-7
http://doi.org/10.1016/S0022-5347(17)34884-X
http://doi.org/10.1016/S0022-5347(01)67524-4
http://doi.org/10.1016/j.urology.2020.03.007
http://doi.org/10.1002/nau.20606
http://www.ncbi.nlm.nih.gov/pubmed/18508331
http://doi.org/10.3390/toxins14010030
http://www.ncbi.nlm.nih.gov/pubmed/22081065
http://doi.org/10.1097/00042307-200111000-00004
http://www.ncbi.nlm.nih.gov/pubmed/11734693
http://doi.org/10.1007/s11255-018-1852-7
http://doi.org/10.1016/j.urols.2014.03.003
http://doi.org/10.1016/j.juro.2011.10.020
http://doi.org/10.1038/sc.2015.242
http://www.ncbi.nlm.nih.gov/pubmed/26754475
http://doi.org/10.5489/cuaj.5563
http://www.ncbi.nlm.nih.gov/pubmed/30526805
http://doi.org/10.1038/sc.1981.52
http://www.ncbi.nlm.nih.gov/pubmed/7279428


J. Clin. Med. 2023, 12, 2021 12 of 12

75. Broecker, B.H.; Klein, F.A.; Hackler, R.H. Cancer of the bladder in spinal cord injury patients. J. Urol. 1981, 125, 196–197. [CrossRef]
[PubMed]

76. Kalisvaart, J.F.; Katsumi, H.K.; Ronningen, L.D.; Hovey, R.M. Bladder cancer in spinal cord injury patients. Spinal Cord 2010, 48,
257–261. [CrossRef] [PubMed]

77. Feifer, A.; Corcos, J. Contemporary role of suprapubic cystostomy in treatment of neuropathic bladder dysfunction in spinal cord
injured patients. Neurourol. Urodyn. 2008, 27, 475–479. [CrossRef]

78. Shin, J.C.; Park, C.I.; Kim, H.J.; Lee, I.Y. Significance of low compliance bladder in cauda equina injury. Spinal Cord 2002, 40,
650–655. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/S0022-5347(17)54963-0
http://www.ncbi.nlm.nih.gov/pubmed/7206053
http://doi.org/10.1038/sc.2009.118
http://www.ncbi.nlm.nih.gov/pubmed/19752870
http://doi.org/10.1002/nau.20569
http://doi.org/10.1038/sj.sc.3101380

	Introduction 
	Goal of Bladder Management 
	Management of Storage Dysfunction 
	Physical Therapy 
	Antimuscarinic Drugs 
	Desmopressin 
	3-Adrenoceptor Agonists 
	Neuromodulation 
	Botulinum Toxin (Botox) 

	Management of Voiding Dysfunction 
	Catheterization 
	Triggered Voiding 
	Alpha-Adrenoceptor Blockers 
	Botox Injection into Urethral Sphincter Muscle 

	Active Surveillance of Urinary Tract Function and Active Treatment in Chronic SCI Patients 
	Conclusions 
	References

