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Executive Summary
Purpose
The term neurogenic lower urinary tract dysfunction (NLUTD) refers to abnormal
function of either the bladder, bladder neck, and/or its sphincters related to a
neurologic disorder. Prior terminology commonly used “neurogenic bladder” to
describe this condition. With the understanding that this is not just an issue
confined to the bladder, NLUTD is now the preferred way to describe the various
voiding issues seen in patient with a neurologic disorder. The clinician treating
patients with NLUTD needs to balance a variety of factors when making treatment
decisions. In addition to the patient’s urologic symptoms and urodynamic findings
(if applicable), other issues that may influence management options of the lower
urinary tract include cognition (which can be impacted by the neurologic disorder),
hand function, type of neurologic disease (progressive versus stable), mobility,
bowel function/management, and social and caregiver support (if needed). This
Guideline allows the clinician to understand the options available to treat patients,
understand the findings that can be seen in NLUTD, and appreciate which options
are best for each individual patient. This allows for decisions to be made with the
patient, in a shared decision-making manner, such that the patient’s quality of life
can be optimized in regards to their bladder management.
Methodology
A comprehensive search for studies assessing patients undergoing evaluation,
surveillance, management, or follow-up for NLUTD was conducted from January
2001 through October 2017 and was rerun in February 2021 to capture newer
literature. The primary search returned 20,496 unique citations. Following a title
and abstract screen, full texts were obtained for 3,036 studies. During full-text
review, studies were primarily excluded for not meeting the PICO criteria. One
hundred eight-four primary literature studies met the inclusion criteria and were
included in the evidence base.

Guideline Statements
Initial Evaluation of the Patient with NLUTD
1. At initial evaluation, clinicians should identify patients as either:
a. low-risk, or
b. unknown-risk, who will require further evaluation to allow for complete
risk stratification.
(Clinical Principle)
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2. At initial evaluation, all patients with NLUTD should undergo a detailed history, physical exam, and urinalysis.
(Clinical Principle)
3. At initial evaluation, patients with NLUTD who spontaneously void should undergo post-void residual
measurement. (Clinical Principle)
4. At initial evaluation, optional studies in patients with NLUTD include a voiding/catheterization diary, pad test, and
non-invasive uroflow. (Expert Opinion)
5. At initial evaluation, in patients with low-risk NLUTD, the clinician should not routinely obtain upper tract imaging,
renal function assessment, or multichannel urodynamics. (Moderate Recommendation; Evidence Level: Grade C)
6. At initial evaluation, in patients with unknown-risk NLUTD, the clinician should obtain upper tract imaging, renal
function assessment, and multichannel urodynamics. (Moderate Recommendation; Evidence Level: Grade C)
7. In the patient with an acute neurological event resulting in NLUTD, the clinician should perform risk stratification
once the neurological condition has stabilized. (Clinical Principle)
8. Clinicians should not perform routine cystoscopy in the initial evaluation of the NLUTD patient. (Clinical Principle)
Autonomic Dysreflexia
9. During urodynamic testing and/or cystoscopic procedures, clinicians must hemodynamically monitor NLUTD
patients at risk for autonomic dysreflexia. (Clinical Principle)
10. For the NLUTD patient who develops autonomic dysreflexia during urodynamic testing and/or cystoscopic
procedures, clinicians must terminate the study, immediately drain the bladder, and continue hemodynamic
monitoring. (Clinical Principle)

11. For the NLUTD patient with ongoing autonomic dysreflexia following bladder drainage, clinicians should initiate
pharmacologic management and/or escalate care. (Clinical Principle)
Surveillance of the patient with NLUTD
12. The clinician must educate patients with NLUTD on the signs and symptoms that would warrant additional
assessment. (Clinical Principle)
13. In patients with low-risk NLUTD and stable urinary signs and symptoms, the clinician should not obtain
surveillance upper tract imaging, renal function assessment, or multichannel urodynamics.
(Moderate
Recommendation; Evidence Level: Grade C)
14. In patients with moderate-risk NLUTD and stable urinary signs and symptoms, the clinician should assess the
patient with:
a. annual focused history, physical exam, and symptom assessment.
b. annual renal function assessment.
c. upper tract imaging every 1-2 years.
(Moderate Recommendation; Evidence Level: Grade C)
15. In patients with high-risk NLUTD and stable urinary signs and symptoms, the clinician should assess the patient
with:
a. annual focused history, physical exam, and symptom assessment.
b. annual renal function assessment.
c. annual upper tract imaging.
d. multichannel urodynamic studies, with or without fluoroscopy, which may be repeated when clinically
indicated.
(Moderate Recommendation; Evidence Level: Grade C)
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16. In patients with low-risk NLUTD who present with new onset signs and symptoms, new complications (e.g.,
autonomic dysreflexia, urinary tract infections, stones), and/or upper tract or renal function deterioration, the
clinician should re-evaluate and repeat risk stratification. (Clinical Principle)
17. In patients with moderate- or high-risk NLUTD who experience a change in signs and symptoms, new
complications (e.g., autonomic dysreflexia, urinary tract infections, stones), or upper tract or renal function
deterioration, the clinician may perform multichannel urodynamics. (Clinical Principle)
18. In the NLUTD patient with concomitant hematuria, recurrent urinary tract infections, or suspected anatomic
anomaly (e.g., strictures, false passage), clinicians should perform cystoscopy. (Moderate Recommendation;
Evidence Level: Grade B)

19. In NLUTD patients, clinicians should not perform screening/surveillance cystoscopy. (Strong Recommendation;
Evidence Level: Grade B)
20. In NLUTD patients with a chronic indwelling catheter, clinicians should not perform screening/surveillance
cystoscopy. (Strong Recommendation; Evidence Level: Grade B)
21. In NLUTD patients with indwelling catheters, clinicians should perform interval physical examination of the
catheter and the catheter site (suprapubic or urethral). (Moderate Recommendation; Evidence Level: Grade C)
22. In NLUTD patients with indwelling catheters who are at risk for upper and lower urinary tract calculi (e.g.,
patients with spinal cord injury, recurrent urinary tract infection, immobilization, hypercalcuria) clinicians should
perform urinary tract imaging every 1-2 years. (Moderate Recommendation; Evidence Level: Grade C)
Urinary Tract Infection
23. In asymptomatic NLUTD patients, clinicians should not perform surveillance/screening urine testing, including
urine culture. (Moderate Recommendation; Evidence Level: Grade C)
24. Clinicians should not treat asymptomatic bacteriuria in patients with NLUTD. (Moderate Recommendation;
Evidence Level: Grade C)
25. In NLUTD patients with signs and symptoms suggestive of a urinary tract infection, clinicians should obtain a
urinalysis and urine culture. (Moderate Recommendation; Evidence Level: Grade C)
26. In NLUTD patients with a febrile urinary tract infection, clinicians should order upper tract imaging if:
a. the patient does not respond appropriately to antibiotic therapy.
b. the patient is moderate- or high-risk and is not up to date with routine upper tract imaging, regardless of
their response to therapy.
(Clinical Principle)

27. In NLUTD patients with a suspected urinary tract infection and an indwelling catheter, clinicians should obtain the
urine culture specimen after changing the catheter and after allowing for urine accumulation while plugging the
catheter. Urine should not be obtained from the extension tubing or collection bag. (Clinical Principle)
28. In NLUTD patients with recurrent urinary tract infections, clinicians should evaluate the upper and lower urinary
tracts with imaging and cystoscopy. (Clinical Principle)
29. In NLUTD patients with recurrent urinary tract infections and an unremarkable evaluation of the upper and lower
urinary tract, clinicians may perform urodynamic evaluation. (Conditional Recommendation; Evidence Level: Grade
C)
30. In NLUTD patients who manage their bladder with an indwelling catheter, clinicians should not use daily
antibiotic prophylaxis to prevent urinary tract infection. (Strong Recommendation; Evidence Level: Grade B)
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31. In NLUTD patients who manage their bladders with clean intermittent catheterization and do not have recurrent
urinary tract infections, clinicians should not use daily antibiotic prophylaxis. (Moderate Recommendation; Evidence
Level: Grade B)
Non-Surgical Treatment
32. Clinicians may recommend pelvic floor muscle training for appropriately selected patients with NLUTD,
particularly those with multiple sclerosis or cerebrovascular accident, to improve urinary symptoms and quality of life
measures. (Conditional Recommendation; Evidence Level: Grade C)
33. Clinicians may recommend antimuscarinics or beta-3 adrenergic receptor agonists, or a combination of both, to
improve bladder storage parameters in NLUTD patients. (Conditional Recommendation; Evidence Level: Grade C)

34. Clinicians may recommend alpha-blockers to improve voiding parameters in NLUTD patients who spontaneously
void. (Conditional Recommendation; Evidence Level: Grade C)
35. Clinicians should recommend intermittent catheterization rather than indwelling catheters to facilitate bladder
emptying in patients with NLUTD. (Strong Recommendation; Evidence Level: Grade C)
36. For appropriately selected NLUTD patients who require a chronic indwelling catheter, clinicians should
recommend suprapubic catheterization over an indwelling urethral catheter. (Strong Recommendation; Evidence
Level: Grade C)
37. In NLUTD patients who perform clean intermittent catheterization with recurrent urinary tract infection, clinicians
may offer oral antimicrobial prophylaxis to reduce the rate of urinary tract infections following shared decisionmaking and discussion regarding increased risk of antibiotic resistance. (Conditional Recommendation; Evidence
Level: Grade C)

38. In NLUTD patients who perform clean intermittent catheterization with recurrent urinary tract infection, clinicians
may offer bladder instillations to reduce the rate of urinary tract infections. (Expert Opinion)
39. Clinicians may counsel NLUTD patients with recurrent urinary tract infection who use various forms of catheter
management that cranberry extract has not been demonstrated to reduce the rate of urinary tract infections.
(Conditional Recommendation; Evidence Level: Grade B)
40. In NLUTD patients with spinal cord injury or multiple sclerosis refractory to oral medications, clinicians should
recommend onabotulinumtoxinA to improve bladder storage parameters, decrease episodes of incontinence, and
improve quality of life measures. (Strong Recommendation; Evidence Level: Grade A)
41. In NLUTD patients, other than those with spinal cord injury and multiple sclerosis, who are refractory to oral
medications, clinicians may offer onabotulinumtoxinA to improve bladder storage parameters, decrease episodes of
incontinence, and improve quality of life measures. (Conditional Recommendation; Evidence Level: Grade C)

42. In NLUTD patients who spontaneously void, clinicians must discuss the specific risks of urinary retention and the
potential need for intermittent catheterization prior to selecting botulinum toxin therapy. (Clinical Principle)
Surgical Treatment
43. Clinicians may offer sphincterotomy to facilitate emptying in appropriately selected male patients with NLUT but
must counsel them of the high-risk of failure or potential need for additional treatment or surgery. (Conditional
Recommendation; Evidence Level: Grade C)
44. Clinicians may offer urethral bulking agents to NLUTD patients with stress urinary incontinence but must counsel
them that efficacy is modest and cure is rare. (Conditional Recommendation; Evidence Level: Grade C)
45. Clinicians should offer slings to select NLUTD patients with stress urinary incontinence and acceptable bladder
storage parameters. (Moderate Recommendation; Evidence Level: Grade C)
46. Clinicians may offer artificial urinary sphincter to select NLUTD patients with stress urinary incontinence and
acceptable bladder storage parameters. (Conditional Recommendation; Evidence Level: Grade C)
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47. After a thorough discussion of risks, benefits, and alternatives, clinicians may offer bladder neck closure and
concomitant bladder drainage methods to select patients with NLUTD and refractory stress urinary incontinence.
(Expert Opinion)
48. Clinicians may offer posterior tibial nerve stimulation to select spontaneous voiding NLUTD patients with urgency,
frequency, and/or urgency incontinence. (Conditional Recommendation; Evidence Level: Grade C)
49. Clinicians may offer sacral neuromodulation to select NLUTD patients with urgency, frequency, and/or urgency
incontinence. (Conditional Recommendation; Evidence Level: Grade C)
50. Clinicians should not offer sacral neuromodulation to NLUTD patients with spinal cord injury or spina bifida.
(Moderate Recommendation; Evidence Level: Grade C)

51. Clinicians may offer augmentation cystoplasty to select NLUTD patients who are refractory to, or intolerant of,
less invasive therapies for detrusor overactivity and/or poor bladder compliance. (Conditional Recommendation;
Evidence Level: Grade C)
52. Clinicians may offer continent cathererizable channels, with or without augmentation, to select NLUTD patients to
facilitate catheterization. (Conditional Recommendation; Evidence Level: Grade C)
53. Clinicians may offer ileovesicostomy to select patients with NLUTD and must counsel them on the risks, benefits,
alternatives, and the high-risk of needing additional treatment or surgery. (Conditional Recommendation; Evidence
Level: Grade C)
54. Clinicians should offer urinary diversion to NLUTD patients in whom other options have failed, or are
inappropriate, to improve long-term quality of life. (Moderate Recommendation; Evidence Level: Grade C)
55. Other potential treatments for NLUTD should be considered investigational and patients should be counseled
accordingly. (Expert Opinion)
Follow-up and post treatment
56. In NLUTD patients with impaired storage parameters and/or voiding that place their upper tracts at risk,
clinicians should repeat urodynamic studies at an appropriate interval following treatment. (Expert Opinion)
57. In NLUTD patients with impaired storage parameters that place their upper tracts at risk and are refractory to
therapy, clinicians should offer additional treatment. (Expert Opinion)
58. In NLUTD patients who have undergone lower urinary tract reconstruction incorporating a bowel segment(s), the
clinician should assess the patient annually with:
a. focused history, physical exam, and symptom assessment.
b. basic metabolic panel.
c. urinary tract imaging.
(Expert Opinion)
59. Clinicians may perform urodynamics following sphincterotomy to assess outcome. (Conditional Recommendation;
Evidence Level: Grade C)
60. In NLUTD patients who have undergone lower urinary tract reconstruction utilizing bowel, and who also develop
gross hematuria or symptomatic recurrent urinary tract infection, clinicians should perform cystoscopy. (Moderate
Recommendation; Evidence Level: Grade C)
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Introduction
The term neurogenic lower urinary tract dysfunction
(NLUTD) refers to abnormal function of either the bladder, bladder neck, and/or its sphincters related to a
neurologic disorder. Prior terminology commonly used
“neurogenic bladder” to describe this condition. With
the understanding that this is not just an issue confined
to the bladder, NLUTD is now the preferred way to describe the various voiding issues seen in patient with a
neurologic disorder. NLUTD is a broad term in several
respects. A wide array of potential neurologic etiologies
can lead to lower urinary dysfunction. As demonstrated
by the Functional Classification System, NLUTD can impact a.) the bladder’s ability to store or empty urine at
a socially acceptable time and location; and b.) the
sphincter’s ability to relax at the time of voiding as well
as maintain continence during bladder filling. For example, some patients can have urinary incontinence
(UI) while others may have urinary retention requiring
intermittent catherization (CIC). In addition, NLUTD is
not necessarily confined to only one of these categories
and is often a mixture of several issues; for example,
patients could have both UI and urinary retention.
NLUTD can also occur concomitantly with urinary symptoms and lower urinary tract symptoms (LUTS) that are
not neurogenic in origin. Examples of this would include
a man with NLUTD, secondary to Parkinson’s disease
(PD) also having obstructive voiding symptoms from an
enlarged prostate, or a women with NLUTD secondary
to a cerebrovascular accident (CVA) also with symptoms of stress urinary incontinence (SUI).
Lastly,
NLUTD symptoms can evolve over time. For example,
patients with NLUTD secondary to diabetes may initially
be asymptomatic, then progress to overactive bladder
(OAB)-type symptoms and ultimately evolve to a bladder with incomplete emptying and possible overflow
incontinence.1
NLUTD is often categorized by the neuroanatomic location (suprapontine, suprasacral spinal cord, or sacral) of
the neurologic deficit contributing to the abnormal lower urinary tract function. Depending on the location of
the neurological lesion, common pathophysiological
patterns of NLUTD manifest. Diagnoses of the brain
and brainstem leading to NLUTD include brain tumors,
PD, normal pressure hydrocephalus, CVA, and traumatic brain injury. The most common of these diseases is
CVA. In the United States, approximately 795,000 people experience a CVA every year2 with 28-79% having
symptoms of UI post-CVA.3-7
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The two most common causes of NLUTD from spinal
cord lesions are multiple sclerosis (MS) and spinal cord
injury (SCI). The estimated prevalence of MS in 2010
in the United States, culminated over ten years, ranged
from 288 to 309 per 100,000, which corresponds to a
total of 523,437 to 727,344 cases of MS.8 Studies have
suggested that up to 50-90% of patients with MS have
LUTS9 with up to 65% of respondents to a 2005 North
American Research Committee On Multiple Sclerosis
survey noting moderate to severe urinary symptoms.10
It should be appreciated that LUTS in the MS population
could be secondary to emptying symptoms, storage
symptoms, or a combination of both. According to the
National Spinal Cord Injury Statistical Center, there are
approximately 17,700 new cases of SCI each year and
247,000 to 358,000 persons in the United States are
living with SCI as of 2018.11 The majority of patients
with a SCI have some degree of NLUTD with over 80%
requiring use of a catheter (e.g., condom, intermittent,
indwelling) post-injury.12
Common causes of NLUTD at the peripheral nerve level
include diabetes and iatrogenic injuries from surgeries
such as abdominoperineal resection and radical hysterectomy. It is estimated that 34.2 million Americans, or
10.5% of the total population, had diabetes in 2018,13
with up to 80% of diabetics experiencing some type of
lower urinary tract complication during their lifetime.14
NLUTD can have a significant impact on patients’ quality of life (QoL). The degree to which this impacts patients is demonstrated by the fact that, given the
choice, SCI patients did not have a preference if choosing between an improvement in the bladder/bowel
function versus obtaining the ability to walk.15 Prior to
World War II, the primary cause of death for patients
with a SCI was renal failure secondary to suboptimal
management of their bladder.16 Presently, with better
understanding of the importance of bladder storage
pressures, renal failure and renal complications are less
common causes of death. This speaks to one of the
main goals for the clinician caring for patients with
NLUTD: understanding risk of upper urinary tract damage and managing the patient in such a way that risk is
minimized. However, there are often a variety of other
issues that the clinician caring for the patient with
NLUTD may need to address. In addition to LUTS, such
as UI and retention, patients with NLUTD may experience recurrent urinary tract infection (UTI) and autonomic dysreflexia (AD), which this Guideline will address. Non-urinary conditions such as sexual dysfunction, male infertility, and bowel dysfunction are also

Copyright © 2021 American Urological Association Education and Research, Inc.®

7

American Urological Association (AUA)/Society of Urodynamics,
Female Pelvic Medicine & Urogenital Reconstruction (SUFU)

common in patients with NLUTD but are not within the
scope of this Guideline. It should also be noted that
this is a Guideline for adult patients with NLUTD
and pediatric NLUTD will not be discussed.
The initial urologic evaluation and subsequent surveillance of the NLUTD patient differs depending on the
etiology and severity of the neurologic injury or disease. In addition to the standard history, physical examination, and urinalysis (UA), there are a variety of
tools that are used in the evaluation of NLUTD patients.
These may include evaluations and tests such as voiding diaries, questionnaires (e.g., NBSS, Qualiveen),
measurement of post-void residual (PVR), uroflow, urodynamics (UDS), renal ultrasound (US), and cystoscopy. All NLUTD patients do not need all of these studies. This Guideline will help clinicians caring for patients
with NLUTD understand what the appropriate initial
evaluation should entail. Once that is done, the patient
is then placed into one of the three levels of risk: low;
medium; high (Figure 1). The level of risk then determines what would be the appropriate surveillance over
time.
The clinician treating patients with NLUTD needs to balance a variety dof factors when making treatment decisions. In addition to the patient’s urologic symptoms
and urodynamic findings (if applicable), other issues
that may influence management options of the lower
urinary tract include cognition (which can be impacted
by the neurologic disorder), hand function, type of neurologic disease (progressive versus stable), mobility,
bowel function/management, and social and caregiver
support (if needed). This Guideline allows the clinician
to understand the options available to treat patients
with various types of LUTS, understand the findings
that can be seen in NLUTD, and appreciate which options are best for each individual patient. This would
allow for decisions to be made with the patient, in a
shared decision-making manner, such that the patient’s
quality of life can be optimized in regard to their bladder management.

Panel Formation
The Panel was created in 2016 by the American Urological Association Education and Research, Inc. (AUAER).
This guideline was developed in collaboration with the
Society of Urodynamics, Female Pelvic Medicine & Urogenital Reconstruction (SUFU). The Practice Guidelines
Committee (PGC) of the AUA selected the Panel Chairs
who in turn appointed the additional panel members
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with specific expertise in this area in conjunction with
SUFU. Additionally, the Panel included patient representation. Funding of the Panel was provided by the AUA;
panel members received no remuneration for their
work.

Methods and Methodology
Literature Search Strategy
A comprehensive search for relevant systematic reviews assessing patients undergoing evaluation, surveillance, management, or follow-up for NLUTD was
conducted using MEDLINE, Embase, and the Cochrane
Library for systematic reviews databases in October
2017. The search was rerun in February 2021 to identify systematic reviews published from October 2017
through 2021. Where no existing systematic reviews
were identified, or when identified reviews were incomplete in some fashion, PubMed (MEDLINE) and Embase
databases were systematically searched using standardized vocabulary and keywords derived using the a
priori developed PICO (population, interventions, comparisons, and outcomes) elements. Control articles,
which were deemed important and relevant by the Panel, were compared with the literature search strategy
output and the strategy was updated as necessary to
capture all control articles. Databases were searched
for studies published from January 2001 through October 2017 and the search was rerun in February 2021 to
capture the newer literature.
Study Selection Criteria and Process
All hits from the literature search were input into reference management software (EndNote X7), where duplicate citations were removed. Abstracts were reviewed
by the methodologist to determine if the study addressed the Key Questions and if the study met study
design inclusion criteria. For all research questions,
randomized controlled trials, observational studies, and
case-control studies were considered for inclusion in the
evidence base. Although studies of any sample size
were included, where data was available, only studies
that enrolled at least 30 patients were used to inform
recommendation statements. Case series, letters, editorials, in vitro studies, studies conducted in animal
models, and studies not published in English were excluded from the evidence base a priori.
Full-text review was conducted on studies that passed
the abstract screening phase. Studies that met the PICO criteria were chosen for inclusion in the evidence
base. Figure 1 summarizes the study selection process.
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Figure 1. Primary Literature Search Flow Diagram
Potentially relevant citations identified by
search of MEDLINE and EMBASE databases (deduplicated): n = 20,496
Citations excluded after title and abstract review:
n = 17,460
Studies included in full-text review:
n = 3,036
Studies excluded after full-text review:
n = 2,852

1,443

-

Irrelevant

79

-

Only abstract available

938

-

Narrative review

62

-

No outcomes of interest reported

28

-

302

-

Reference included in identified
systematic review
Sample size smaller than 30 patients

Studies included in Qualitative Synthesis
n = 184
Data Extraction

Certainty of Evidence by GRADE

Data were extracted from all studies that passed fulltext review by the methodologist.

The Grading of Recommendations Assessment, Development, and Evaluation (GRADE)20 system was used to
determine the aggregate evidence quality for each outcome, or group of related outcomes, informing each
guideline statement. GRADE defines a body of evidence in relation to how confident guideline developers
can be that the estimate of effects as reported by that
body of evidence is correct. Evidence is categorized as
high, moderate, low and very low, and assessment is
based on the aggregate risk of bias for the evidence
base, plus limitations introduced as a consequence of
inconsistency, indirectness, imprecision and publication
bias across the studies.21 Upgrading of evidence is possible if the body of evidence indicates a large effect or if
confounding would suggest either spurious effects or
would reduce the demonstrated effect.

Quality Assessment
Individual Study Quality and Potential for Bias
Quality assessment for all retained studies was conducted. Using this method, studies deemed to be of
low quality would not be excluded from the systematic
review, but would be retained, and their methodological
strengths and weaknesses discussed where relevant.
To define an overall study quality rating for each included study, risk of bias as determined by validated studytype specific tools, was paired with additional important
quality features. To evaluate the risk of bias within the
identified studies, the Assessment of Multiple Systematic Reviews (AMSTAR)17 tool was used for systematic
reviews, the Cochrane Risk of Bias Tool 18 was used for
randomized studies, and a Risk of Bias in NonRandomized Studies – of Intervention (ROBINS-I)19 was
used for observational studies. Additional important
quality features, such as study design, comparison
type, power of statistical analysis, and sources of funding were extracted for each study.

The AUA employs a 3-tiered strength of evidence system to underpin evidence-based guideline statements.
Table 1 summarizes the GRADE categories, definitions
and how these categories translate to the AUA strength
of evidence categories. In short, high certainty by
GRADE translates to AUA A-category strength of evidence, moderate to B, and both low and very low to C.
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AUA Nomenclature: Linking Statement Type to
Evidence Strength
The AUA nomenclature system explicitly links statement
type to body of evidence strength, level of certainty,
magnitude of benefit or risk/burdens, and the Panel’s
judgment regarding the balance between benefits and
risks/burdens (Table 2). Strong Recommendations are
directive statements that an action should (benefits
outweigh risks/burdens) or should not (risks/burdens
outweigh benefits) be undertaken because net benefit
or net harm is substantial. Moderate Recommendations
are directive statements that an action should (benefits
outweigh risks/burdens) or should not (risks/burdens
outweigh benefits) be undertaken because net benefit
or net harm is moderate. Conditional Recommendations
are non-directive statements used when the evidence
indicates that there is no apparent net benefit or harm,
when benefits and harms are finely balanced, or when
the balance between benefits and risks/burden is unclear. All three statement types may be supported by
any body of evidence strength grade. Body of evidence
strength Grade A in support of a Strong or Moderate
Recommendation indicates that the statement can be
applied to most patients in most circumstances and
that future research is unlikely to change confidence.
Body of evidence strength Grade B in support of a
Strong or Moderate Recommendation indicates that the
statement can be applied to most patients in most circumstances, but that better evidence could change confidence. Body of evidence strength Grade C in support
of a Strong or Moderate Recommendation indicates that
the statement can be applied to most patients in most
circumstances, but that better evidence is likely to
change confidence. Conditional Recommendations also
can be supported by any evidence strength. When body
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of evidence strength is Grade A, the statement indicates that benefits and risks/burdens appear balanced,
the best action depends on patient circumstances, and
future research is unlikely to change confidence. When
body of evidence strength Grade B is used, benefits and
risks/burdens appear balanced, the best action also
depends on individual patient circumstances and better
evidence could change confidence. When body of evidence strength Grade C is used, there is uncertainty
regarding the balance between benefits and risks/
burdens; therefore, alternative strategies may be
equally reasonable, and better evidence is likely to
change confidence.
Where gaps in the evidence existed, the Panel provides
guidance in the form of Clinical Principles or Expert
Opinions with consensus achieved using a modified Delphi technique if differences of opinion emerged. A Clinical Principle is a statement about a component of clinical care that is widely agreed upon by urologists or other clinicians for which there may or may not be evidence in the medical literature. Expert Opinion refers to
a statement, achieved by consensus of the Panel, that
is based on members' clinical training, experience,
knowledge, and judgment for which there may or may
not be evidence.
Results
Search for Existing Systematic Reviews
The search for existing systematic reviews identified 45
possible reviews on evaluation, surveillance, management, or follow-up of patients with NLUTD. Twenty-five
were chosen for inclusion in the evidence base. When
multiple systematic reviews reported on the same outcome and included the same primary literature, only
the most complete systematic review was retained. All

Table 1: Strength of Evidence Definitions
AUA Strength of
Evidence Category
A

GRADE Certainty
Rating
High

B

Moderate

We are very confident that the true effect lies close to that of the estimate of the effect
We are moderately confident in the effect estimate.

Low

The true effect is likely to be close to the estimate of the effect, but
there is a possibility that it is substantially different.
Our confidence in the effect estimate is limited.

Very Low

The true effect may be substantially different from the estimate of the
effect.
We have very little confidence in the effect estimate.

C

Definition

The true effect is likely to be substantially different from the estimate
of effect.
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Table 2: AUA Nomenclature Linking Statement Type to Level of Certainty, Magnitude of Benefit or Risk/Burden, and
Body of Evidence Strength
Evidence Grade

Strong Recommendation
(Net
benefit
or
harm substantial)

Evidence Strength A

Evidence Strength B

Evidence Strength C

(High Certainty)

(Moderate Certainty)

(Low Certainty)

-Benefits > Risks/Burdens
(or vice versa)

-Benefits > Risks/Burdens
(or vice versa)

-Benefits > Risks/Burdens
(or vice versa)

-Net benefit (or net harm) is
substantial

-Net benefit (or net harm) is
substantial

-Net benefit (or net harm)
appears substantial

-Applies to most patients in
most circumstances and future research is unlikely to
change confidence

-Applies to most patients in
most circumstances but better evidence could change
confidence

-Applies to most patients in
most circumstances but better evidence is likely to
change confidence (rarely
used to support a Strong
Recommendation)

Moderate Recommendation
(Net
benefit
or
harm moderate)

Conditional
Recommendation

(Net
benefit
or
harm comparable
to other options)

-Benefits > Risks/Burdens
(or vice versa)

-Benefits > Risks/Burdens
(or vice versa)

-Benefits > Risks/Burdens
(or vice versa)

-Net benefit (or net harm) is
moderate

-Net benefit (or net harm) is
moderate

-Net benefit (or net harm)
appears moderate

-Applies to most patients in
most circumstances and future research is unlikely to
change confidence

-Applies to most patients in
most circumstances but better evidence could change
confidence

-Applies to most patients in
most circumstances but better evidence is likely to
change confidence

-Benefits=Risks/Burdens

-Benefits = Risks/Burdens

-Balance between Benefits
and Risks/Burdens unclear

-Best action depends on individual patient circumstances

-Best action appears to depend on individual patient
circumstances

-Net benefit (or net harm)
comparable to other options

-Better evidence could
change confidence

-Alternative strategies may
be equally reasonable

-Future Research is unlikely
to change confidence

-Better evidence likely to
change confidence
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20 excluded systematic reviews were excluded based
on overlapping primary literature when compared to
the systematic reviews chosen for inclusion in the evidence base.
Search for Primary Literature
The primary literature systematic review was used to
address all outcomes not covered by the included systematic reviews. It was anticipated that primary literature would report on outcomes in addition to what was
pooled in the 24 included systematic reviews. As such,
the literature search for primary literature was not altered following selection of the systematic review into
the evidence base. Instead, where overlap was recognized between studies included in the identified systematic reviews and identified primary studies, primary
studies were either removed from the evidence base, or
when primary literature reported on additional outcomes, overlapping outcomes were not extracted in the
primary literature. This methodology ensured that data
were not included twice in the evidence base, as this
may result in an overestimate of effect.
Literature Search Results
The primary search returned 20,496 unique citations.
Following a title and abstract screen, full texts were
obtained for 3,036 studies. During full-text review,
studies were primarily excluded for not meeting the
PICO criteria (irrelevant, n=1,443). One hundred eight
-four primary literature studies met the inclusion criteria and were included in the evidence base (Figure 1).
Peer Review and Document Approval
An integral part of the guideline development process
at the AUA is external peer review. The AUA conducted
a thorough peer review process to ensure that the document was reviewed by experts in the diagnosis and
management of NLUTD. In addition to reviewers from
the AUA PGC, Science and Quality Council, and Board of
Directors, the document was reviewed by representatives from SUFU as well as external content experts.
Additionally, a call for reviewers was placed on the AUA
website from May 26 – June 7, 2021 to allow any additional interested parties to request a copy of the document for review. The guideline was also sent to the
Urology Care Foundation to open the document further
to the patient perspective. The draft guideline document was distributed to 34 peer reviewers. All peer review comments were blinded and sent to the Panel for
review. In total, 23 reviewers provided comments, including 3 external reviewers. At the end of the peer
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review process, a total of 825 comments were received.
Following comment discussion, the Panel revised the
draft as needed. Once finalized, the guideline was submitted for approval to the AUA PGC, Science and Quality Council, and Board of Directors, as well as the governing bodies of SUFU for final approval.

Guideline Statements
Initial Evaluation of the Patient with NLUTD
STATEMENT ONE: At initial evaluation, clinicians
should identify patients as either:
a. low-risk, or
b. unknown risk, who will require further
evaluation to allow for complete risk
stratification.
(Clinical Principle)
The stratification of risk is of utmost importance when
following patients with NLUTD. In addition to treating
bothersome symptoms associated with NLUTD, the clinician needs to be aware of the various parameters that
place patients at future risk for damage to the upper
urinary tract. This can be a challenge when managing
NLUTD patients as there are a variety of neurologic diseases and insults that can result in NLUTD and, even
within specific neurologic diagnoses, there is a spectrum of disease severity. The Panel strongly feels that
clinicians who treat patients with NLUTD are able to
assess their potential for risk and damage to the upper
urinary tract and follow these patients accordingly
based on this risk stratification (Figure 2).
To a certain degree stratification can be done based on
location of the neurologic disease or insult. For example, patients with suprapontine lesions (e.g., CVA, brain
tumor, traumatic brain injury) tend to have detrusor
overactivity (DO) with synergistic voiding and low
PVRs; thus, they would be placed in the low-risk category. However, elevated PVRs could be seen in certain
patients after CVA or in patients with cerebral palsy and
pseudodyssynergia; placing them in the moderate-risk
category. In addition, lesions distal to the spinal cord
tend to have low bladder storage pressures; however,
poor contractility could result in elevated PVRs and over
time loss of bladder compliance can be seen in this patient population as well, another example of how lesion
location can cross over into several risk stratification
categories.
Patients with suprasacral spinal cord lesions (SCI, MS,
transverse myelitis) are at greater risk for both DO and
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detrusor-external sphincter dyssynergia (DESD). These
patients would be placed in the unknown-risk category
until further evaluation (UDS, upper tract imaging, assessment of renal function) is performed allowing for
more specific stratification. These studies allow for
evaluation for kidney abnormalities such as hydronephrosis or renal scarring, assessment of renal function and the presence of potentially concerning urodynamics findings such as poor bladder compliance, DO
and DESD. Once patients are appropriately stratified
based on their evaluation (Table 3), the Panel has provided recommendations within the Guideline as to how
these patients should undergo regular urologic surveillance.
STATEMENT TWO: At initial evaluation, all patients with NLUTD should undergo a detailed history, physical exam, and urinalysis. (Clinical Principle)
NLUTD represents a broad spectrum of medical conditions and illnesses which result in variable effects to the
lower urinary tract. Although, to some degree, the individual clinical findings can be predicted by the neurological condition or illness, there are several factors
which may preclude accuracy in the initial assessment.
Potential limitations of cognition, as well as motor and
sensory deficits in some individuals with NLUTD, can
make information gathering and physical examination
challenging and time consuming. Such limitations also
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may reduce the diagnostic and prognostic accuracy of
the initial evaluation prompting additional studies. A
thorough initial assessment including a comprehensive
history, directed physical examination, and UA is critical
in directing subsequent evaluation and management.
Such an initial assessment will guide the clinician in
forgoing, or pursuing, further studies such as imaging
and multichannel UDS. Critical elements of the history
and physical examination in the individual with NLUTD
are outlined below. Many of these elements are common to all patients with NLUTD, while others may be
unique to only certain types of NLUTD (e.g., evaluating
for AD in a patient with a SCI at T6 or above). Important and notable factors to elicit in this population,
which may impact management, include: cognitive ability; upper and lower extremity function; spasticity and
dexterity, which impacts the ability to do CIC; mobility;
supportive environment; and prognosis from the neurological condition (i.e., progressive, acute, stable, resolving). Validated questionnaires including symptom
assessment instruments (e.g. OAB-q, NBSS) may be
administered to capture baseline data as well as assess
for changes over time and response to interventions.

Critical elements of the history and physical examination in the individual with NLUTD:
History:


Characterization of the neurological condition resulting in NLUTD: time of onset, severity, progres-

Table 3: NLUTD Risk Stratification
Low-Risk

Moderate-Risk

High-Risk

Renal Function

Normal/stable

Normal/stable

Abnormal/unstable

PVR (voiding

Low

Elevated

N/A

Urinary Tract

Normal/stable (if

Normal findings

Hydronephrosis, new renal scaring, loss

Imaging

assessed)

patients):
of renal parenchyma, or staghorn/ large
stone burden
Urodynamics

Synergetic voiding
(if assessed)

Neurogenic retention

Poor compliance

DO with incomplete

VUR (if UDS done with fluoroscopy)

emptying

High storage pressures with DO and DSD

Patients are categorized into the highest risk strata they meet (e.g., a patient meeting the high-risk criteria in any
one category is high-risk).
DO: detrusor overactivity; DSD: detrusor sphincter dyssynergia; PVR: post-void residual; UDS: urodynamic studies; VUR: vesicoureteral reflux
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sion, prognosis, potential for recovery, disability,
presence of ventriculoperitoneal shunt
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Physical Exam:


General mental status, cognition



Lower urinary tract management: voluntary voiding, CIC, indwelling catheter



Assessment of mobility and upper extremity function



LUTS: frequency, urgency, hesitancy, straining,
nocturia, nocturnal enuresis, pad use/diapers, pain



Abdominal and flank exam



Catheterization use: type, frequency, size, pain



Pelvic and vaginal examination in females



Incontinence: stress, urge, insensate



Genital examination and digital rectal exam



Sexual function and desire



Rectal: tone, masses, reflexes, prostate assessment
(in males)



Fertility
function
and
reproductive history)



Skin integrity of pelvis, perineum, buttocks, lower
back, and lower extremities



Bowel function and regimen (if appropriate)





Skin integrity: decubitus ulcers

Directed neurological assessment: sensory, motor,
spasticity, etc.



AD: presence, triggers, and typical symptoms



Renal function tests and imaging



Current and prior assessments and management
related to urinary, sexual, infertility, and bowel issues:

desire

(gynecologic/



Behavioral, medical, and surgical



Efficacy: success, failure, limitations



Adverse events (AE) and complications



Complications: stones, UTIs, catheter issues (e.g.,
encrustations, catheter clogging), skin breakdown



Functional limitations: lifestyle, mobility, hand function



Socio-economic situation and/or support (home)
environment



Assessment of goals of evaluation and therapy in
the context of the neurological condition (e.g., SCI
versus dementia)



Co-existent genitourinary (GU) conditions, prior GU
surgery (e.g., benign prostatic hyperplasia (BPH),
urethral stricture, fistula, SUI)



Past medical history



Past surgical history



Medications



Allergies (including latex allergy)



Lifestyle factors: smoking, alcohol, or addictive
drug use ‘



Evaluation of bulbocavernosus, anal, and
cremasteric reflexes



Tone of anal sphincter and voluntary contraction of the anal sphincter and pelvic
floor muscles

UA (dipstick and/or microscopic) is performed to assess
for hematuria, pyuria, glucosuria, proteinuria, and other
findings which may prompt further evaluation. Abnormalities should be interpreted in the context of the patients underlying condition, symptoms, and the presence or absence of a urinary catheter. An initial abnormal dipstick UA may prompt a formal microscopic
examination of the urine. Additional evaluations in individuals with NLUTD demonstrating an abnormal UA are
discussed in relevant sections later in this Guideline.
Ultimately, the initial evaluation is part of the risk stratification process which may or may not lead to further
investigations, such as urinary tract imaging or multichannel UDS, in some individuals.
STATEMENT THREE: At initial evaluation, patients
with NLUTD who spontaneously void should undergo post-void residual measurement. (Clinical
Principle)
PVR is defined as the volume of urine left in the bladder
at the end of micturition.22 PVR provides valuable information regarding bladder emptying. An elevated
PVR suggests an abnormality of bladder emptying due
to detrusor underactivity (DU), bladder outlet obstruction (BOO), or both. A chronically elevated PVR can
result in LUTS, as well as complications such as UTIs,
bladder stones, and upper urinary tract deterioration.
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Notably, a low PVR does not absolutely exclude significant NLUTD and risk. Although uncommon, a poorly
compliant, low-capacity bladder, with or without
vesicoureteral reflux (VUR), may be associated with a
low PVR but still carry a substantial risk to the upper
urinary tract in the setting of a competent or fixed, non
-relaxing bladder outlet.
There is no universally agreed upon definition of an elevated PVR,23, 24 either as an absolute value or as a percentage of bladder emptying (“voiding efficiency”), although a volume of greater than 300 cc has been suggested as a definition for non-neurogenic chronic urinary retention.25 In the NLUTD population, there is no
definite upper limit of bladder volume below which constitutes a normal PVR, nor is there a lower limit of volume above which defines an abnormal or elevated PVR.
An elevated PVR which could potentially be associated
with a clinically relevant abnormality or condition (e.g.,
LUTS, UTI, upper tract deterioration) is generally considered abnormal and should prompt further evaluation
with multichannel UDS23 and treatment as indicated.
PVR can be measured using several techniques including transabdominal bladder scanner, real-time US, or
urethral catheterization. Although non-invasive, the
accuracy of transabdominal US imaging for PVR may be
compromised by several factors including body habitus
(obesity), prior lower abdominal or pelvic surgery, presence of ascites or pelvic cysts, and vaginal prolapse
involving the bladder. Urethral catheterization is the
most accurate method and provides an uncontaminated
urine specimen for further study, but is also the most
invasive.
A single elevated PVR may not be indicative of bladder
emptying ability. An artifactually elevated PVR may result from rapid diuresis or psychogenic inhibition (e.g.,
patient difficulty with emptying due to environmental
factors), among other factors. Thus, a suspected abnormally elevated PVR should be confirmed with a second
measurement at another visit.23, 24 A PVR should be
performed at the time of diagnosis and may be checked
periodically thereafter to monitor for changes in bladder
emptying ability, regardless of the symptoms, or at the
discretion of the physician following changes in management in the setting of NLUTD.23 An additional challenge in patients with NLUTD may be an inability to
empty their bladder on command; thus, it may not be
possible to check a true PVR at certain visits if voluntary voiding cannot be initiated.

Neurogenic Lower Urinary
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STATEMENT FOUR: At initial evaluation, optional
studies in patients with NLUTD include a voiding/
catheterization diary, pad test, and non-invasive
uroflow. (Expert Opinion)
Multiple adjunctive studies such as a voiding diary, pad
test, and non-invasive uroflowmetry may be useful in
the initial assessment of some individuals with NLUTD.
Due to the wide variety of neurological conditions, signs
and symptoms, and severity at presentation, such studies are selectively utilized where they may provide additional diagnostic or prognostic information or direct
clinical management.
A voiding diary is a simple, noninvasive, and inexpensive method of collecting somewhat objective information regarding LUTS and/or catheterization habits. A
voiding and intake (or “bladder”) diary captures the
timing and volumes of micturition, the number of incontinence episodes, and potentially other information such
as type and volume of fluid intake; the degree of urgency (in those with intact sensation); and the severity
of incontinence episodes.22 The same data can be captured with a catheterization diary in those who use CIC
exclusively, or in those who use CIC in combination
with volitional voiding. Similar to the guidance in the
AUA/SUFU Guideline on Non-Neurogenic Overactive
Bladder (OAB) in Adults,26 the diary is considered optional in the NLUTD patient where it may assist in diagnosis or inform clinical decision making. It is notable
that there exists very little normative data for diary parameters in the neurogenic population. Furthermore,
although it is widely used and advocated as a diagnostic, management, and outcomes assessment tool, there
is only sparse literature supporting its use in patients
with NLUTD.
The baseline diary can corroborate, or sometimes conflict, with the symptomatic data obtained during history
taking and provides a unique data point to be integrated into the overall assessment and management of the
patient.27 Patients who do not appear able to provide
accurate intake and voiding information from recall
should be directed to complete a diary.26 Compared to
patient report, the voiding diary is generally considered
a more accurate assessment of at least some micturition variables in the non-neurogenic patient population.27, 28 These data can have utility for patient counseling and directing initial and subsequent treatment in
some NLUTD patients. Other than capturing voiding/
catheterization intervals and volumes, incontinence and
other symptom data, other potentially useful infor-
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mation to be gleaned from bladder diaries include the
diagnosis of polydipsia/polyuria and identification of
fluid types, which may be detrimental to lower urinary
tract function (e.g., alcohol, caffeine). The diary also
provides an assessment of functional bladder volume,
which can be helpful in behavioral modification strategies as well as in interpreting and performing multichannel UDS studies. Additionally, bladder volumes
recorded on the diary may assist with subsequent management protocols, especially in patients with impaired
bladder compliance and elevated filling pressures, as
bladder volumes can be behaviorally adjusted to avoid
upper urinary tract deterioration in these patients. Finally, subsequent diaries can also be used in follow-up
to assess response to various types of treatments.
The optimal duration for collecting such diary data in
the non-neurogenic population has been suggested to
be from 1-7 days; however, very little information is
available on the optimal diary duration. In one study in
the NLUTD population, a 3-day diary was considered to
be reliable for most of the parameters of interest. 29 It
has been shown that in the non-neurogenic population,
test-retest reliability increases as the number of days
recorded in the voiding diary increases but patient
compliance decreases.30 Shorter duration of collection
periods (1-3 days) are generally associated with better
compliance and completeness and should be balanced
against the amount of information captured from a
longer period of collection (4-7 days), which is associated with greater inconvenience to the patient. The International Consultation on Incontinence suggests a
minimum of 3 days in the NLUTD population.31
The pad test is a noninvasive, inexpensive tool used to
acquire objective data in confirming the diagnosis of
incontinence, assessing its severity, and aiding in the
treatment in some individuals with NLUTD. Quantitative pad testing is suggested for individuals with NLUTD
by some authors.32 Pad testing measures the increase
in weight of the perineal pads used (weighed pre- and
post-testing) and is a volumetric assessment of the
amount of urine lost over the duration of testing and
may be used as a diagnostic and outcomes tool. Methods range from a short provocative test to a 24-hour
pad test. Quantitative pad tests are used to measure
the amount of urine leakage after executing either a
standardized set of activities or a normal daily routine
over a fixed time period (e.g., 24 hours). These tests
can range from short time pad tests, which are done in
the office, to home-based pad tests, which are typically
longer in duration. Qualitative pad tests typically are
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utilized to detect the presence of UI when the diagnosis
is in doubt or requires objective confirmation.
Such
tests utilize a colored dye, either administered directly
into the bladder, given orally, or given parentally, which
stains the urine a predetermined color allowing the examination of the pad to assess for the presence of urine
leakage. Overall, there is little data on the optimal
type, duration, or utility of pad tests specifically in the
NLUTD population.
A non-invasive uroflow (uroflowmetry) integrates bladder function and bladder outlet function over time during a voiding event. Normative values and specific patterns have been established in the non-neurogenic population, which are suggestive of various underlying urological conditions such as BOO, DU, Valsalva voiding,
and intrinsic sphincteric deficiency.
Abnormalities in
this test are indicative of a significant dysfunction in the
voiding phase of micturition.23, 24 However, there is
very limited data on the utility of uroflowmetry in the
NLUTD population and it only has value in individuals
who spontaneously void. There are no normative values
established in the NLUTD population; importantly, this
test cannot distinguish between an abnormally low flow
-rate due to outlet obstruction or DU. In NLUTD, where
the uroflow is expected to be unaffected by the relevant
neurologic condition (i.e., CVA), an abnormal uroflow
suggests that the clinical picture is complicated and
additional diagnostic studies may be warranted. Notably, a normal uroflowmetry study does not exclude a co
-existing significant underlying abnormality.
STATEMENT FIVE: At initial evaluation, in patients with low-risk NLUTD, the clinician should
not routinely obtain upper tract imaging, renal
function assessment, or multichannel urodynamics. (Moderate Recommendation; Evidence Level:
Grade C)
The statement is supported by four observational studies (Pizzi 2014, Kim 2010, Han 2010, Kim 2015) with a
very serious risk of bias when reporting on urodynamic
findings, but evidence was not further downgraded for
any domain.
As noted previously in this Guideline, there are patients
with NLUTD who can be characterized as low-risk for
complications at the initial evaluation depending on a
number of clinical factors, including a neurological diagnosis resulting in NLUTD (Figure 2). Characteristics of
these patients include a neurological condition with a
low potential for serious genitourinary complications
(e.g., suprapontine lesions such as PD, CVA, dementia,
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and normal pressure hydrocephalus), an absence of a
history of elevated PVR, UTIs, and stable LUTS.
Suprapontine lesions may result in a variety of urodynamic abnormalities, most commonly DO during filling/
storage, with or without DU, during voiding.33-36 Such
UDS findings are often correlated with LUTS in affected
patients, but are not associated with a significant risk of
complications such as hydronephrosis, stones, or UTIs.
When performed, UDS generally reveal normal compliance, DO, “balanced” or synergic voiding, and satisfactory emptying in the absence of other unexpected lower
urinary tract abnormalities (e.g., BOO, urethral stricture). Typically, these patients do not harbor “occult”
elevated storage pressures, and as such, multichannel
UDS are unlikely to add additional clinically valuable or
actionable information.
In the absence of chronically
elevated storage pressures, there is limited or no risk
to the patient with respect to renal function. Upper urinary tract imaging and renal function studies in the low
-risk NLUTD patient are very likely to be normal and
not indicated at the initial evaluation in the absence of
other mitigating factors (Figure 2).
Not all patients with suprapontine lesions are considered low-risk. Some have elevated PVR, recurrent UTIs,
or unstable signs and symptoms on initial evaluation.
These patients are at unknown-risk and these findings
should prompt further investigation as indicated.
In low-risk patients, bladder function may or may not
be impaired, and symptoms may or may not be present, but the underlying neurogenic vesicourethral dysfunction is not commonly associated with abnormally
high-pressure storage of urine, such as that seen with
impaired compliance. Multichannel UDS, the diagnostic
tool used to assess intravesical storage parameters, is
invasive, expensive, uncomfortable, and a potentially
morbid diagnostic study. In the initial evaluation of low
-risk NLUTD, multichannel UDS are unlikely to add significant value as intravesical storage pressures are generally not elevated. This study should be reserved for
patients in whom the results would affect prognosis,
change the diagnosis, or direct treatment,23 or in those
in whom additional urological pathology, such as suspected obstruction, would alter management.37 Furthermore, in low-risk NLUTD patients, the urological
prognosis is generally independent of the UDS findings,
the diagnosis is empiric, and management can be safely
initiated in the absence of urodynamic confirmation of
DO or DU.
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STATEMENT SIX: At initial evaluation, in patients
with unknown-risk NLUTD, the clinician should
obtain upper tract imaging, renal function assessment, and multichannel urodynamics. (Moderate
Recommendation; Evidence Level: Grade C)
This statement was supported by two observational
studies (Elmelund 2017, Ozkan 2005) with an aggregate very serious risk of bias, but evidence was not further downgraded for any domain.

In some individuals with NLUTD, the risk of complications remains unknown after the initial evaluation with
a history, physical examination, PVR, and UA (Figure
2). This may be due to several factors such as the type
of underlying neurological condition (i.e., suprasacral
spinal conditions), the presence of a concurrent or preexisting history of stones, an elevated PVR, recurrent
UTIs, and/or fluctuating or new signs and symptoms.
Accurate risk stratification in these individuals is not
possible without additional evaluations, which would
include multichannel UDS and upper tract assessment,
including functional tests and imaging.
An initial assessment with multichannel UDS will provide additional information to allow for accurate risk
stratification in the NLUTD patients who are at unknown
-risk at presentation. History and neurological exam
may not predict UDS findings in some types of NLUTD
including those with infrapontine neurological lesions.38,
39
Elevated lower urinary tract pressures during storage, as well as unfavorable detrusor leak point pressures (DLPP) alone, or in combination with other factors, are correlated with upper urinary tract deterioration in many individuals with NLUTD.40-43 Multichannel
UDS are an essential tool in assessing lower urinary
tract storage pressures and DLPP (where clinically relevant) for an accurate diagnosis, to assess prognosis,
and to direct treatment in many cases.
NLUTD patients who are not stratified by initial history,
physical examination, PVR, and UA as low-risk should
also undergo upper tract assessment with imaging and
functional studies. Prediction of upper tract deterioration in all but the low-risk NLUTD population is currently
imprecise and somewhat vague. Neurological conditions such as SCI, spina bifida (SB), transverse myelitis, and MS (in males) may present with widely variable
signs, symptoms, and UDS findings.
Furthermore,
even after assessment with multichannel UDS, the exact DLPP and intravesical storage pressure at which the
upper urinary tract is at risk is unclear. Furthermore,
there is no universally agreed upon value of abnormal
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bladder compliance although calculated values of less
than 12.5 ml/cmH2O (compliance = D volume/D pressure) have been suggested as abnormal.44 Sustained
intravesical pressures in excess of 40 ml/cmH2O are
associated with an increased risk of upper urinary tract
deterioration.40 Factors including VUR, infection, and
functional bladder capacity, among other elements, can
impact the risk of finding occult hydronephrosis and
diminished renal function at presentation. Thus, even
though multichannel UDS are essential in the evaluation of these unknown risk NLUTD patients, this should
be accompanied by an upper tract assessment as well
at the time of initial evaluation.
STATEMENT SEVEN: In the patient with an acute
neurological event resulting in NLUTD, the clinician should perform risk stratification once the
neurological condition has stabilized. (Clinical
Principle)
Timely risk stratification in the NLUTD patient enables
the clinician to counsel the patient with respect to their
condition and proceed with an appropriate, cost effective, and efficient evaluation resulting in an accurate
diagnosis, an assessment of prognosis, and that often
directs treatment. In doing so, the clinician will avoid
unnecessary and potentially morbid testing, such as
multichannel UDS in those who would not benefit, while
proceeding with an evaluation in those for whom it
would have utility. However, there are some individuals in whom an initial risk stratification should be delayed, particularly those with spinal shock and acute
brain injury.
Following an acute neurological event to the brain (e.g.,
stroke) or spinal cord (e.g., trauma), there are initial
short-term clinical findings that change over time and
are not limited to urodynamic changes.45 Such changes
may evolve over the course of days, weeks, months,
and up to 1-2 years following the initial event. The exact timing of the evaluation should be explored in a
shared decision-making context between the patient
and clinician.
Spinal shock following acute SCI is generally characterized by a period of loss of neurologic activity below the
level of injury, including absent somatic reflex activity
and flaccid muscle paralysis. This usually results in the
urodynamic findings of detrusor areflexia and preserved
sphincter tone. It may occur in partial or complete SCI
and may last several days or months, and usually resolves in approximately 3-6 months, but the duration
can be as long as 1-2 years. Recovery from spinal
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shock is manifest by the return of reflex bladder activity
and lower extremity deep tendon reflexes. The exact
pathophysiology of spinal shock, as well as its resolution, is not well understood. Nevertheless, profound
clinical and urodynamic changes occur during the spinal
shock period.46 These changes are not predictive of future function of the lower urinary tract or UDS findings;
thus, UDS are not invariably performed at this time and
may be delayed until the period of spinal shock has resolved.

Similarly, a transient period of clinical evolution commonly results following acute brain injury such as ischemic or hemorrhagic stroke or blunt or penetrating
head trauma usually attributed to a temporary period of
cerebral edema. Urodynamic investigations during this
period may reveal detrusor areflexia. Following treatment and recovery from the acute event, reinvestigation with UDS weeks or months later may reveal considerable changes in the pattern of lower urinary tract
dysfunction.34
Thus, following acute spinal or brain injury, the clinical
condition as well as the short-term changes are not
prognostically valuable, nor are they reflective of the
ultimate long-term neuro-urological diagnosis. Risk
stratification should not be performed during this period
in these patients and should be postponed until the
neurological condition and consequences have stabilized. Furthermore, neurological recovery during this
period is variable and depends on the type, extent, and
mechanism of injury; initial treatment; and many other
factors. Thus, risk stratification prior to stabilization will
not be clinically meaningful and moreover, may be misleading.
STATEMENT EIGHT: Clinicians should not perform
routine cystoscopy in the initial evaluation of the
NLUTD patient. (Clinical Principle)
Similar to the general population, cystoscopy should be
reserved for situations where there is a defined clinical
indication or strong suspicion of an anatomic abnormality. Cystoscopy is an invasive, potentially morbid, expensive, and oftentimes uncomfortable diagnostic procedure.
A diagnosis of NLUTD is not an absolute or
relative indication for cystoscopy.
In the NLUTD patient, cystoscopy may be indicated at
the initial evaluation in the setting of unexplained hematuria or pyuria; suspected urethral pathology such
as stricture or false passage; bladder stones; or known
or suspected bladder cancer. However, in the absence
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of mitigating factors from history, physical examination,
or UA, as noted above, lower urinary tract investigation
with cystoscopy is unlikely to yield a significant finding
in the NLUTD patient and is therefore not recommended. Cystoscopy may reveal abnormalities, such as trabeculation in some individuals with NLUTD, but these
findings do not independently alter diagnosis, prognosis, or affect treatment and do not warrant investigation. Indications for cystoscopy in the follow-up/
surveillance of NLUTD is covered in Guideline Statement 18.

Autonomic Dysreflexia
STATEMENT NINE: During urodynamic testing
and/or cystoscopic procedures, clinicians must
hemodynamically monitor NLUTD patients at risk
for autonomic dysreflexia. (Clinical Principle)
Clinicians who are managing NLUTD patients should be
able to recognize those at greatest risk for AD. The patients at risk for AD who are undergoing cystoscopy
and/or multichannel UDS should be hemodynamically
monitored continuously during testing.47 In addition,
the procedure should be performed by experienced and
trained staff who have a thorough understanding of AD
and its associated signs and symptoms. Furthermore,
pharmacotherapy to manage AD should be accessible
and readily available in the facility before every urologic
procedure.48, 49
AD is caused by an aberrant spinal reflex related to the
SCI at or above T6. In general, patients with cervical
level or upper thoracic level SCI are at greatest risk for
AD. When a noxious stimulus such as bladder distention
during cystoscopy and/or UDS enters the spinal cord
below the level of injury, this afferent stimulus generates sympathetic overactivity leading to vasoconstriction below the neurologic lesion along with involvement of splanchnic circulation causing vasoconstriction
and hypertension. The excessive compensatory parasympathetic activity leads to vasodilation above the
level of the lesion and is thought to be responsible for
headache, visual disturbances flushing, sweating, and
nasal congestion. The reflex bradycardia is secondary
to baroreceptor mediated vagal stimulation.50
Bladder distension is the most common trigger factor
for AD. The distension that can result from urinary retention, catheter blockage, or lower urinary tract procedures accounts for up to 85% of cases of AD.47
It is important to note that the second most common
trigger factor for AD is bowel distension due to fecal
impaction. This can be noticed during placement of
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the rectal catheter at the time of multichannel UDS.
Other potential factors include hemorrhoids, anal fissures, and/or pressure ulcers. Education of patients,
clinicians, caregivers, and family members regarding
AD is vital to prevent its occurrence, facilitate its recognition, and proceed with treatment in a timely fashion.51
STATEMENT TEN: For the NLUTD patient who develops autonomic dysreflexia during urodynamic
testing and/or cystoscopic procedures, clinicians
must terminate the study, immediately drain the
bladder, and continue hemodynamic monitoring.
(Clinical Principle)
AD is a medical emergency specific to patients with SCI
at the neurologic level T6 or above. A few patients with
T7 or even T8 SCI level may also be at risk.52 For
NLUTD patients who develop AD during urodynamic
testing/and or cystoscopy examinations, the clinician
should stop the inciting procedure immediately and
drain the urinary bladder. These maneuvers should be
considered first-line treatment and are often the most
expeditious and effective in treating the condition. Clinical improvement, as measured hemodynamically and
clinically, is usually immediate once the noxious stimulus has been removed.48
Initial management also involves placing the patient in
an upright position in a wheelchair to take advantage of
any orthostatic reduction in blood pressure and loosening tight clothing and/or constrictive devices. Blood
pressure should be monitored at least every five
minutes until the patient is stable with baseline vital
signs. If hemodynamic improvement does not occur
after first-line treatment, then pharmacotherapy should
be considered (see Statement 11).
STATEMENT ELEVEN: For the NLUTD patient with
ongoing autonomic dysreflexia following bladder
drainage, clinicians should initiate pharmacologic
management and/or escalate care. (Clinical Principle)
Although bladder drainage, placing the patient in an
upright position (in a wheelchair), and monitoring vital signs are the first steps in managing AD in the SCI/
NLUTD patient, clinicians should immediately initiate
pharmacologic management and escalate care in those
with ongoing and persistent AD following bladder decompression. Patients with a systolic blood pressure greater than 150 mm Hg and/or 20 mm Hg above
baseline who exhibit persistent classic symptoms such
as flushing, sweating, headache, blurry vision, and a
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sense of impending doom are not adequately managed.
In general, nitrates are the most commonly used medication to manage refractory AD associated blood pressure elevation because they have a direct relaxant effect on vascular smooth muscles, leading to dilation of
coronary vessels and peripheral veins. The topical application of 1 to 2 inches of 2% nitroglycerine paste on
the skin, above the level of the spinal cord lesion, is
effective and can be easily removed in order to minimize the subsequent risk of hypotension once the hypertensive crisis subsides. Nitropaste is the most popular and versatile pharmacologic treatment for AD and
should be readily available in urology units treating SCI/NLUTD patients.53
Alternatively, nifedipine, a dihydropyridine, voltagesensitive calcium channel blocker, can be used. When it
is administered in immediate-release sublingual form
(10 mg capsules), it exerts coronary and peripheral
vasodilator properties.54 Although nifedipine significantly decreases resting mean arterial blood pressure in
patients with SCI/ NLUTD, and prevents dangerous
blood pressure elevations during UDS and/or cystoscopy, there is a lack of well-controlled clinical trials on
nifedipine use for the management of AD. Also, nifedipine can rapidly and precipitously lower blood pressure
well below baseline values and its effects may not be
rapidly reversed in the clinic setting, as can be done
with wiping topical nitroglycerine off, so it should be
used judiciously.
If such antihypertensive compounds do not alleviate
symptoms, then escalating care to an intensively monitored setting may be appropriate. Initiating intravenous
administration of sodium nitroprusside may be indicated for rapid titration of blood pressure.49 Other agents
have also been utilized in the setting of AD. Alphaadrenergic receptor blocking agents (e.g., terazosin, a
specific alpha-1 adrenergic antagonist) appear to prevent serious harm from AD. Another alpha 1-adrenergic
antagonist, prazosin (3 mg twice a day, given for
2 weeks), has been reported to reduce both the severity and duration of AD episodes in cervical and high thoracic SCI individuals.49
Surveillance of the patient with NLUTD
STATEMENT TWELVE: The clinician must educate
patients with NLUTD on the signs and symptoms
that would warrant additional assessment.
(Clinical Principle)

Patients with NLUTD can suffer from urological compli-
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cations in the interval period between annual visits and,
because of their neurological condition, may not have
the expected signs and symptoms.
Patients should be educated to contact their clinician if
they develop new or worsening AD or UI. Both could
be early warnings of worsening bladder function such
as DO or worsening bladder compliance.55 New or more
frequent UTIs and/or infections associated with fever or
flank pain should also be reported to their clinician
since these could be associated with worsening bladder
function,55 or new upper tract findings such as stones
or hydronephrosis/VUR. Hematuria, even with catheterization, should be reported to their clinician since
this can be an early sign of bladder cancer56 or urinary
lithiasis. This should prompt consideration of a hematuria workup57 since gross hematuria is the most common presenting symptom of bladder cancer in patients
with NLUTD, occurring in 32% of cases of bladder cancer in NLUTD.58 Lastly, new difficulties in catheterizing
can be the first sign of developing urethral stricture.
Urological providers should work closely with the patient’s physical medicine and rehabilitation provider
since these symptoms could also be reported to them
or be related to their neurological condition.
These reported signs and symptoms, assessed within
the patient’s clinical context, as well as their level of
risk, may prompt lab work, imaging, an office evaluation, or office procedure such as UDS or cystoscopy,
depending on the clinical scenario (see Statements 16,
17, and 18). The clinician may already have sufficient
information from routine urologic care to assess the
potential severity of the new signs and symptoms, and
the decision to provide reassurance, investigations, or
an office evaluation will be situation specific.
Although signs and symptoms can be atypical in this
population, the importance of investigating them cannot be underestimated. Symptomatic NLUTD patients
are far more likely to have pathologic findings than
those without symptoms. Among a population of 21 SCI
patients who reported new urologic symptoms (fever/
rigors, hematuria, kidney/bladder pain, purulent urine,
recurrent bladder infections), 20 had significant findings
on renal/bladder US (including hydronephrosis and
stones) and required some type of intervention. This
was compared to 87 asymptomatic SCI patients who
had the same renal/bladder US performed as part of
routine surveillance; 63 US were normal and 24 had
insignificant anomalies such as renal cysts or nonobstructing stones that did not require intervention.59
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STATEMENT THIRTEEN: In patients with low-risk
NLUTD and stable urinary signs and symptoms,
the clinician should not obtain surveillance upper
tract imaging, renal function assessment, or multichannel urodynamics. (Moderate Recommendation; Evidence Level: Grade C)
The evidence base for this statement is comprised of
one systematic review (Averbeck 2015) and two observational studies (Pizzi 2014, Kim 2018). The two observational studies reported on urodynamic parameters
and were limited by a very serious risk of bias but evidence was not further downgraded.
Low-risk NLUTD patients are by definition those with a
neurological diagnosis that is low-risk to the upper urinary tract (i.e., stroke, PD, dementia) who void with a
low PVR and have not suffered any urological complications or recurrent UTIs (Table 3). Because of their lowrisk neurological conditions, these patients do not require upper tract imaging, renal function assessment,
or UDS at initial presentation or in subsequent follow up
(Figure 2; Statement 4). It is highly unlikely that over
time these patients will develop urological complications
secondary to their NLUTD; hence, there is little utility in
performing more advanced screening tests.
Also,
should they develop a complication such as a renal
stone, urinary retention, or a UTI, these conditions
would present symptomatically and further evaluation
could be done as indicated (Figure 2). These patients
can suffer from non-neurological causes of LUTS, such
as sling obstruction or BPH causing BOO, which can be
treated based on clinical presentation, but often require
greater counselling of the patient before treatment and
potentially more workup, such as UDS, before proceeding with surgical intervention.
In a study on UDS performed on 106 post-stroke incontinent (n=84) and continent patients (n=22) patients,
all had either a normal study, DO, DU, or DOIC34. None
of these patients had dangerous findings such as poor
bladder compliance, high storage pressures, or detrusor
sphincter dyssynergia (DSD), none of which would be
expected with a suprapontine neurological disease. The
most frequent urodynamic finding in patients with PD is
DO with balanced voiding; other findings include low
PVR volumes, normal bladder compliance, and normal
capacity without evidence of high-risk features.60 Lowrisk NLUTD patients are not at significantly higher risk
for upper tract stones or hydronephrosis than the general population, which is why screening this group with
upper tract imaging or renal function studies is not time
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- or cost-effective. If low-risk patients develop new
signs, symptoms, or complications during their followup period, risk re-stratification and appropriate evaluation can be done as indicated (see Statement 16).
These patients, when appropriate, can be managed expectantly with follow-up by their primary care provider
and with education on signs and symptoms that would
require re-evaluation (see Statement 12).
STATEMENT FOURTEEN: In patients with moderate-risk NLUTD and stable urinary signs and
symptoms, the clinician should assess the patient
with:
a. annual focused history, physical exam,
and symptom assessment.
b. annual renal function assessment.
c. upper tract imaging every 1-2 years.
(Moderate Recommendation; Evidence Level:
Grade C)
This statement is informed by two systematic reviews
(Averbeck 2015, Cameron 2012) and seven observational studies (Cameron 2015, Edokpolo 2013,
Guzelkucuk 2015, Gao 2017, Katsumi 2010, Chen
2002, Bartel 2014) reporting on detection of new or
worsening symptoms. The studies carried a very serious aggregate risk of bias but evidence was not further
downgraded for any domain.
Moderate-risk NLUTD patients have already been risk
stratified (Statements 1 and 2) and are, by definition,
those who require catheter drainage of their bladder
(CIC or indwelling) or have an elevated PVR after voiding (see Table 3). These patients do not have dangerous UDS findings, but still remain at risk of complications, albeit lower than those in the high-risk NLUTD
category. An annual focused history, physical exam,
and symptom assessment, with or without applicable
questionnaires, provides the opportunity to screen for
complications and worsening or new symptoms that
may require investigation or a change in medical management (Figure 1). Patients who catheterize can be
assessed for adherence to their recommended schedule
or for difficulties in passage of their catheter. This is an
ideal time to adjust catheter type, to adjust frequency
of catheterization, and to assess the efficacy of medical/injection therapy for NLUTD.
Renal function with serum creatinine, although a weak
predictor of renal deterioration for many patients in this
population with low muscle mass,61 is a simple test and
often is performed with other routine lab work obtained
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by other providers. Serum creatinine levels in SCI patients have been shown to be significantly lower than
age and gender matched ambulatory individuals; levels
below the normal range are expected. A significant rise
in serum creatinine from baseline, even within the normal range, should prompt careful assessment. Alternatively, a creatinine clearance measure by 24-hour urine
collections is more sensitive, but time consuming. 61
Cystatin C levels can also be used to estimate renal
function; as it is less influenced by muscle mass it is
thought to be superior to serum creatinine in patients
with SCI.62 However, the widespread us of Cystatin C
appears to be limited due to cost concerns.63 Moderaterisk patients have had prior normal upper tract imaging
and safe urodynamic parameters on prior screening
studies; provided they have no new complications or
symptoms reported in their clinical visit, a renal US
every 1-2 years is sufficient to assess for asymptomatic
renal calculi or other upper tract findings (Figure 2).59
These patients typically have low mobility, which increases urinary calcium and subsequently results in an
increased risk of stones, particularly in the first three
months after injury.64 Recurrent renal stones have
been reported in 34-64% of persons with SCI in longterm studies,65, 66 and bladder stone recurrence has
been reported as high as 23%67; hence, surveillance for
these stones needs to be lifelong.
Due to changes in sensation from their neurological
disorder, renal calculi are often asymptomatic in moderate-risk NLUTD patients and symptoms of ureteral
obstruction may present differently. In addition, because these patients are at a higher risk of UTI, staghorn calculi and infectious stones are prevalent and can
lead to serious complications if discovered late or when
of substantial size.
Renal US is a low morbidity imaging modality that assesses both the kidneys and bladder with better sensitivity for calculi than a kidney, ureter, and bladder Xray (KUB)61 and without the risk of ionizing radiation
from CT scans. If a patient has undergone cross sectional or other equivalent upper tract imaging for other
purposes during the interval between visits, it would be
adequate to reference this imaging.
Nuclear medicine renal scans are a more sensitive assessment of renal obstruction than serum creatinine,
intravenous pyelogram, or voiding cystourethrogram61
and provide information on renal function; however, in
studies on serial renal nuclear scans on individuals with
SCI, there was no advantage over renal US, particularly
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if the renal US was normal. A renal scan, which is more
time-intensive than a renal US, is best reserved for investigating renal function deterioration based on serum
creatinine, evaluating obstruction, or as a secondary
imaging study if abnormalities are seen on renal US.
Also, renal scans are poor at identifying renal stones
and cannot be used as an alternative imaging to renal
US.
Several systematic reviews support this surveillance
schedule, particularly the use of routine renal US,61 although actual clinical practice may differ. An analysis of
a 5% sample of Medicare beneficiaries over a 2-year
period showed that only 25% of SCI individuals underwent upper tract imaging, renal function assessment,
and a urological clinic visit.68
There is little data on the optimal frequency of renal US
in NLUTD patients. Various systematic reviews and
guidelines suggest different schedules. While some advocate imaging as often as every six months,69 most
recommend US annually61 or every 1-2 years.70 The
frequency is dependent on the patient’s risk of upper
tract deterioration.

Edokpolo and Foster 55 assessed the impact of routine
surveillance with annual renal US. They followed 48
SCI patients who performed CIC and had safe UDS parameters on initial testing for a mean of 6.8 years with
annual US. They did not perform routine UDS on this
group of patients and found mild/moderate hydronephrosis in 6%, with no severe cases, and renal calculi
in 13%, with no new renal scarring or thinning. This
follow up strategy was deemed safe and effective.
Another study on renal US followed 1005 SCI patients
with tetraplegia (n=313) or paraplegia (n=692) who
had a renal bladder US at varying times after injury
(mean 32.5 +/- 49.2 months). Renal calculi were detected in 6%, hydronephrosis in 5.5%, and renal atrophy in 1.2%. A trabeculated bladder was seen in
35.1%, which was found to be a risk factor in this study
for stones and renal atrophy. Longer time since injury,
bladder management with indwelling catheter, and
higher level of injury were other risk factors for these
complications, further emphasizing the need for long
term surveillance since risk of complications appears to
increase over time.71
Flexibility in the schedule of US imaging is at the discretion of the provider who may space out imaging to
every two years in those patients who have been stable
for longer periods of time and who are reliable at seek-
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ing care when they have complications or symptoms.
Given the burden of travel in this vulnerable population,
providers should aim to have these tests and imaging
studies either performed close to the patient’s home or
during the same visit as the clinical encounter to hopefully improve compliance.
STATEMENT FIFTEEN: In patients with high-risk
NLUTD and stable urinary signs and symptoms,
the clinician should assess the patient with:
a. annual focused history, physical exam,
and symptom assessment.
b. annual renal function assessment.
c. annual upper tract imaging.
d. multichannel urodynamic studies, with
or without fluoroscopy, which may be
repeated when clinically indicated.
(Moderate Recommendation; Evidence Level:
Grade C)
The evidence base for this statement is comprised of
three systematic reviews (Cameron 2012, Averbeck
2015, Kavanagh 2019) and two observational studies
(Elmelund 2016, Fletcher 2013). Across the studies
evaluating the surveillance modalities and reporting on
the outcomes of interest, the aggregate risk of bias was
very serious. Evidence was not further downgraded in
any domain for any reported outcome.
High-risk NLUTD patients (Table 3) are those who have
high-risk features on UDS such as poor bladder compliance, VUR, high storage pressures, or have existing
upper tract significant disease (e.g., hydronephrosis,
parenchymal thinning, large stone burden, unstable
renal function). This group of patients is at substantial
risk of renal deterioration, worsening bladder parameters, and urinary infections. An annual clinical assessment with their urological provider is the minimum clinical follow-up recommendation for this high-risk group,
and they will likely require more care than this surveillance schedule for management of complications or
medical treatment. In contrast to moderate-risk patients, high-risk patients require upper tract imaging
annually given their risk of new stones, increasing
stone burden, or renal parenchymal loss in a potentially
already compromised upper tract (Figure 1).
Close surveillance is particularly important in these patients who manage their bladder with such high-risk
bladder methods.72 In a study of 116 SCI patients,
most of whom emptied their bladder with reflex triggering or bladder expression, 58% had moderate renal

Neurogenic Lower Urinary
Tract Dysfunction

dysfunction rate and 29% had a severe renal dysfunction rate after 45 years of follow up. Upper tract dilatation and renal/ureter stones requiring intervention were
the most significant risk factors for renal dysfunction.
UDS may need to be repeated in high-risk patients,
even in those with stable symptoms. Worsening of
bladder compliance and/or detrusor storage pressures,
or the development of VUR, can be silent but are serious conditions requiring constant monitoring and action
as needed. The timing of repeat UDS is left to the discretion of the urological provider since not all patients
in this group will benefit from routine UDS. Some patients who are high-risk because of upper tract findings
but have prior favorable UDS parameters and have
their incontinence well managed with medical or surgical treatment of the bladder, are unlikely to have unexpected findings on UDS study. On the other hand, a
patient with prior dangerous bladder storage parameters and continued symptoms can easily have deterioration prompting more aggressive therapy. The number
of iterations of possible scenarios is vast; hence, appropriate knowledge and understanding of the patient’s
neurological disease and prior testing results, as well as
the findings from the clinical assessment and upper
tract imaging, will guide the clinician as to whether or
not to repeat UDS evaluation. Existing guidelines and
systematic reviews are varied in their recommendations. The European Association of Urology guideline
on neuro-urology recommends UDS at “a regular interval” for the high-risk patient.69 The National Institute
for Health and Care Excellence guideline advocates to
consider UDS as part of the surveillance regimen,73 but
there is no clear schedule recommended. Most guidelines advocate for UDS in the event of new symptoms
or a more regular basis in high-risk patients with prior
poor bladder compliance.23, 61, 70

A systematic review of 28 studies including 1368 patients found that evidence supporting the timing of UDS
was lacking. UDS was found to modify treatment and
often had findings even in the absence of symptoms or
changes on upper tract imaging;74 however, UDS is
costly and not without risk to the patient. Patients can
suffer urethral complications, UTI, or AD during the
procedure. The Panel recommends that clinician take
these morbidities into account as well as the time and
travel burden to this vulnerable population.
A patient can change from high- to moderate-risk after
receiving appropriate treatment and undergoing subsequent evaluation, post-treatment, repeat UDS, upper
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tract imaging, or renal function studies. If this occurs,
then follow-up should be based on their new risk category.
STATEMENT SIXTEEN: In patients with low-risk
NLUTD who present with new onset signs and
symptoms, new complications (e.g., autonomic
dysreflexia, urinary tract infections, stones), and/
or upper tract or renal function deterioration, the
clinician should re-evaluate and repeat risk stratification. (Clinical Principle)
There are essentially two pathways for patients to initially enter the low-risk stratification. This can occur at
initial presentation with a neurological condition that is
at low-risk for upper tract deterioration, with the identification of good bladder emptying, with stable urological
symptoms, and with no recurrent UTIs or complications. This can also occur in patients who were initially
classified as unknown-risk who subsequently underwent
risk stratification with upper tract imaging, UDS, and
renal function and showed normal renal function and
upper tracts and synergistic voiding on UDS. This
would subsequently classify these patients as low-risk
(Table 3).
Low-risk NLUTD patients do not require routine upper
tract imaging, renal function assessment, or UDS
(Figure 1). If they do not require further urological
management for LUTS, these patients may be under
the care of their primary care physician and do not require routine urological care. Despite their initial risk
categorization as low-risk, they are not at zero risk of
urological manifestations of NLUTD.
These patients
may develop new incontinence or difficulty emptying,
recurrent UTIs, stones, or upper tract/renal function
deterioration. These signs, symptoms, and complications may be the result of NLUTD or a manifestation of
unrelated urological disease such as BPH or SUI. If
their urinary tract condition has changed over time, and
a clinical assessment changes their risk stratification,
they should be followed up according to their new category.
STATEMENT SEVENTEEN: In patients with the
moderate- or high-risk NLUTD who experience a
change in signs and symptoms, new complications (e.g., autonomic dysreflexia, urinary tract
infections, stones), or upper tract or renal function deterioration, the clinician may perform multichannel urodynamics. (Clinical Principle)
The data is mixed on the utility of routine UDS in pa-
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tients with NLUTD who have stable urinary symptoms
and no urological complications; however, the data is
very consistent that UDS performed for specific symptoms or cause often yield important urodynamic findings that may result in treatment changes. In multiple
studies following NLUTD patients with sign or symptom
changes such as increased incontinence, recurrent
UTIs, changes in renal function or new hydronephrosis,
UDS revealed changes in bladder function such as loss
of bladder compliance, high storage pressure, VUR, or
worsening DO that required a change in bladder management method or medical or surgical therapy.74 UDS
findings may result in a change in risk stratification to
high-risk if concerning features are found (see Table 3).
STATEMENT EIGHTEEN: In the NLUTD patient with
concomitant hematuria, recurrent urinary tract
infections, or suspected anatomic anomaly (e.g.,
strictures, false passage), clinicians should perform cystoscopy. (Moderate Recommendation;
Evidence Level: Grade B)
This statement is supported by a systematic review
(Ismail 2018) with a serious risk of bias.

Any patient with painless gross hematuria requires upper tract imaging (i.e., CT urogram or renal US) and a
cystoscopy. SCI patients have a slightly elevated risk
of bladder cancer which is especially pronounced after
20 years of disease. In a systematic review of 15 studies encompassing 103,397 SCI patients, the only patient factor correlating with bladder cancer was the
presence of gross hematuria.58 Indwelling catheter
management in the SCI population does have an increased risk of squamous cell carcinoma compared to
those managed with CIC.
Patients with indwelling catheters or those who perform
CIC are at risk of urinary tract irritation or catheter
trauma as the source of bleeding, but this cannot be
determined without cystoscopic investigation. Benign
bladder lesions, urethral strictures, or calculi can also
be the cause of bleeding and will be effectively diagnosed with a cystoscopy and receive the correct treatment.
Recurrent UTIs are not rare in NLUTD patients, but in
this population they can be the result of anatomic defects in the bladder such as foreign bodies or bladder
diverticula that can be diagnosed with cystoscopy.75
NLUTD patients with difficult urethral catheter passage
or hematuria with catheterization can have urethral
strictures or a false passage from catheter trauma, par-
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ticularly in those patients with external sphincter spasm
during catheter passage. Cystoscopy can effectively
diagnose these conditions and may prompt treatment
of a stricture or a change in catheterization technique
after careful observation of the patient performing CIC.
Other changes aimed at minimizing urethral trauma can
include changing catheter type such as switching to a
coudé catheter, changing catheter size or to those that
are pre-lubricated. Alternatively, in the case that a
urethral stricture is highly suspected as the cause of
difficult catheter passage, a retrograde urethrogram
can make the diagnosis of urethral strictures in male
patients.76
STATEMENT NINETEEN: In NLUTD patients, clinicians should not perform screening/surveillance
cystoscopy. (Strong Recommendation; Evidence
Level: Grade B)
STATEMENT TWENTY: In NLUTD patients with a
chronic indwelling catheter, clinicians should not
perform
screening/surveillance
cystoscopy.
(Strong Recommendation; Evidence Level: Grade
B)

The evidence base supporting statements nineteen and
twenty are shared based on identified studies enrolling
NLUTD patients using different bladder management
strategies with subgroup analyses for those using indwelling catheters in several studies. The evidence
base is comprised of two systematic reviews (Ismail
2018, Cameron 2012) and four observational studies
(El-Masri 2014, Hamid 2003, Sammer 2015, Hamid
2009), which were limited only by a serious risk of bias.
Patients with SCI are at higher risk than the general
population for developing bladder cancer; however, this
overall risk is only 0.3%, even when including those
patients managed with indwelling catheters.58 One concern that often prompts the recommendation for routine cystoscopic surveillance is that NLUTD bladder cancer patients often present with advanced disease at a
younger age and with unfavorable pathology such as
squamous cell carcinoma which is responsible for 2581% of bladder cancers in the SCI population.77 In a
systematic review of bladder cancer in NLUTD patients,
the average age of presentation was younger (mean:
56.1 years) and occurred after a long period of neurological disease (mean: 24.5 years). Half of the patients
utilized indwelling catheters as a bladder management
method making it a significant risk factor, along with
smoking and recurrent UTIs.58
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It has been suggested that surveillance cystoscopy in
this population might be beneficial in the early detection of bladder cancer, given their higher risk, and
might reduce overall morbidity and mortality. However, although conceptually attractive, this notion has not
yet been proven. A systematic review of nine studies
has shown that cystoscopy and cytology are poor
screening tests for bladder cancer in NLUTD patient.61
Multiple other studies have assessed the utility of
screening cystoscopy in NLUTD patients without hematuria.78-81 Six hundred and fourteen patients, most with
long term indwelling catheters, were screened over
many years.
Only one malignancy was found on
screening, but many patients had benign inflammatory
or metaplastic lesions that led to surgical biopsy and
other investigations. None of these studies deemed
routine cystoscopy as useful in the detection of bladder
cancer. The difficulty in this population, who have more
UTIs and catheter burden, is that the bladder is subject
to irritation and subsequent inflammatory lesion (e.g.,
erythema, bullous edema, catheter induced cystitis)
formation. Routine cystoscopy leads to over detection
of these benign lesions, which in turn leads to surgical
biopsy and its inherent risk. In studies that looked
closely at annual surveillance, patients were found to
develop advanced symptomatic cancer between surveillance cystoscopy episodes making it a poor screening
study.81 Overall, there remains an absence of high-level
evidence that supports initial or annual cystoscopic surveillance for bladder cancer in reducing morbidity and
mortality in this population.77 In a systematic review
of 15 studies covering 332 patients with bladder cancer, gross hematuria was the leading presenting symptom of bladder cancer in 31.6% of patients;58 hence, a
urologic history alone is likely a better screening tool
than cystoscopy. This argument also applies to patients
who underwent prior augmentation cystoplasty. Routine cystoscopy was performed on 92 patients who
were at least ten years status-post prior bladder augmentation. Screening cystoscopy did not identify any
tumors and the only malignancy was diagnosed after
cystoscopy was done for gross hematuria after a previously normal screening cystoscopy.56
The exception to this recommendation is patients with
an existing history of non-muscle invasive bladder cancer that should be followed with screening cystoscopy
based on their pathological risk strata according to recommendations from the Diagnosis and Treatment of
Non-Muscle Invasive Bladder Cancer: AUA/SUO Guideline,82 regardless of their NLUTD diagnosis.

Copyright © 2021 American Urological Association Education and Research, Inc.®

26

American Urological Association (AUA)/Society of Urodynamics,
Female Pelvic Medicine & Urogenital Reconstruction (SUFU)

Neurogenic Lower Urinary
Tract Dysfunction

STATEMENT TWENTY-ONE: In NLUTD patients
with indwelling catheters, clinicians should perform interval physical examination of the catheter
and the catheter site (suprapubic or urethral).
(Moderate Recommendation; Evidence Level:
Grade C)

sion.89 Suprapubic catheters prevent this complication.83 In patients who choose urethral catheterization,
the urethra should be examined regularly so that any
urethral damage can be detected early and conversion
to a suprapubic tube can be considered to halt further
injury.

This statement is informed by three observational studies (Katsumi 2010, Gao 2017, Lavelle 2016) with a very
serious risk of bias, plus evidence was downgraded for
indirectness.

Suprapubic catheters avoid urethral complications but
can also erode through the abdominal wall if improperly
secured. Granulation tissue can often occur around the
suprapubic catheter site and can bleed and make tube
changes more difficult. This can be easily identified and
treated in the office with topical silver nitrate application.86

Indwelling catheters are chronic foreign bodies present
in the urinary tract and their site of entry is inherently
at risk for complications. The urethra is at risk for catheter hypospadias (i.e., penile spatulation) in men and
dilation of the bladder outlet and urethral loss in women. The catheter itself can cause pressure necrosis of
the tissue of the urethra or even the pubic bone over
prolonged periods of time. Risk factors for this complication include individuals with decreased sensation in
the perineal area, impaired cognition, larger catheter
size, and patients who are seated for prolonged periods
of time. Patients with NLUTD have many of these risk
factors and are at particular risk of this problem; up to
23% of men with NLUTD and a urethral catheter suffer
from urethral erosion.83, 84
Securing the catheter
properly is one method to reduce this risk, but does not
eliminate it.85
In women, the relatively short urethra and bladder neck
gradually dilate over time, which can lead to urine leakage around the catheter. A temporary solution is often
to increase the catheter size, which only increases the
pressure on the urethra, further exacerbating the problem. The urethra can become so dilated that the catheter balloon is expelled and a larger (20-30 mL) balloon
is often employed. As with catheter upsizing, balloon
upsizing also exacerbates the problem long-term. A
larger balloon causes more bladder stimulation and
spasms, often resulting in the larger balloon to be expelled as well. Hence, neither increasing the size of the
catheter nor balloon are recommended and rather an
investigation of the cause of leakage is indicated.86
These urethral injuries can be repaired with urethroplasty if the tissue is amenable.87 In women with milder
urethral dilation with little loss of urethral tissue an autologous sling may suffice provided the catheter is
changed to a suprapubic tube preventing future injury.88 However, if the urethra is lost, particularly in
women, the only solutions are bladder neck closure
with suprapubic catheter placement or urinary diver-

STATEMENT TWENTY-TWO: In NLUTD patients
with indwelling catheters who are at risk for upper and lower urinary tract calculi (e.g., patients
with spinal cord injury, recurrent urinary tract
infection, immobilization, hypercalcuria), clinicians should perform urinary tract imaging every
1-2 years. (Moderate Recommendation; Evidence
Level: Grade C)
The evidence base for this statement is comprised of
four observational studies (Guzelkucuk 2015, Katsumi
2010, Lavelle 2016, Gao 2017). The studies were limited by an aggregate very serious risk of bias, plus evidence was downgraded for indirectness.
NLUTD patients with indwelling catheters are at unique
risk for stones because of the chronic presence of a foreign body in their urinary tract. The catheter increases
the risk of UTIs90 and is a source of chronic bacteriuria,
both of which are risk factors for bladder and upper
tract calculi. The catheter itself can serve as a nidus for
biofilm and crystal formation. When the balloon is deflated for catheter changes, these shells of calculi are
often left in the bladder to serve as a seed for bladder
calculi formation. In addition, UTIs and bacteriuria from
urease splitting organism can result in high urine pH,
which precipitates urinary crystals.
Bladder stones prevalence ranges from 8% to 41%71, 83,
90-92
in patients with indwelling catheters and can go
undetected without imaging until they are very large,
particularly in patients who do not void and have altered sensation. The advantage of detecting these
stones when small is that very small stones can be irrigated in clinic, while those that are slightly larger can
be managed with a simple cystolithalopaxy.
Upper tract stones are also common in this patient population occurring in 6-32% of patients.71, 90, 92 For this
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reason, renal and bladder ultrasound are required. Cystoscopy only allows for assessment of the bladder and
KUB is less sensitive for bladder stones compared to
US. Any patient with an indwelling catheter falls under
the moderate- or high-risk NLUTD category for longterm surveillance and requires surveillance based on
their particular risk level (Statement 14 and Statement
15).
Urinary Tract Infection

STATEMENT TWENTY-THREE: In asymptomatic
NLUTD patients, clinicians should not perform
surveillance/screening urine testing, including
urine culture. (Moderate Recommendation; Evidence Level: Grade C)
This statement is supported by three observational
studies (Skelton 2018, Tornic 2020, Weglinski 2016) all
reporting on the prevalence of asymptomatic bacteriuria and symptomatic UTI. The studies carried an aggregate very serious risk of bias but evidence was not further downgraded.
The rationale to screen asymptomatic NLUTD patients is
to treat those with positive urine cultures with antibiotics, to reduce bacteriuria, and to prevent the development of a future symptomatic UTI. However, the risk
of developing a UTI in this patient population appears
to be low enough to not justify treatment, thus eliminating the need for screening in the asymptomatic
NLUTD population. Tornic et al. evaluated 317 NLUTD
patients who had urine cultures obtained immediately
prior to UDS and who were asymptomatic for UTI. Patients were followed for one year, and although 61%
developed bacterial growth in cultures, only 18% developed symptomatic UTI; the overall incidence of symptomatic UTI was less than one per year.93 This data
suggests that while most patients had urinary bacterial
colonization, only a small proportion went on to develop
a UTI. Additionally, given the pressing concerns of antibiotic resistance and need for antibiotic stewardship,
avoiding surveillance/screening urine cultures will decrease the likelihood of patients receiving unnecessary
courses of antibiotics and developing resistant bacteria.
The Infectious Disease Society of America (IDSA) 2019
Clinical Practice Guidelines94 strongly recommends
against screening asymptomatic persons with SCI or in
patients with long-term indwelling catheters, which includes many NLUTD patients.
STATEMENT TWENTY-FOUR: Clinicians should not
treat asymptomatic bacteriuria in patients with
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NLUTD. (Moderate
Level: Grade C)

Recommendation;

Evidence

The statement is supported by four observational studies (Tornic 2020, Weglinki 2016, Skelton 2018, Waites
2006) with a very serious risk of bias but no further
limitations.
Antibiotic resistance is a significant problem in patients
with NLUTD, given the high frequency of antibiotic use.
The unnecessary use of antibiotics, such as for treating
asymptomatic bacteriuria, should be avoided at all
costs. Treatment of asymptomatic bacteriuria in catheter-free patients with SCI is followed by early recurrence of the bacteriuria with more resistant strains.95
In addition, this treatment has no effect on the rate of
subsequent asymptomatic bacteriuria or UTI in SCI patients performing intermittent catheterization.96
The exception to treating asymptomatic bacteriuria in
NLUTD patients is in patients who are pregnant and
prior to urologic procedures, in which urothelial disruption or upper tract manipulation is anticipated.74 In patients with bacteriuria who are to undergo procedures
in a heavily contaminated surgical field, pre-operative
treatment of the bacteriuria is aimed at avoiding postoperative sepsis/UTI. Perioperative antimicrobial treatment or prophylaxis for contaminated or cleancontaminated procedures is a best practice.97 The IDSA
2019 Clinical Practice Guideline for the Management of
Asymptomatic Bacteriuria suggests prior to endoscopic
urologic procedures, a urine culture be obtained prior to
the procedure and a targeted, short course antimicrobial treatment regimen given, rather than empiric therapy.94 The SUFU Best Practice Policy Statement on Urodynamic Antibiotic Prophylaxis in the Non-Index Patient
recommends a single oral dose of trimethoprimsulfamethoxazole for patients with NLUTD.9

STATEMENT TWENTY-FIVE: In NLUTD patients
with signs and symptoms suggestive of a urinary
tract infection, clinicians should obtain a urinalysis and urine culture. (Moderate Recommendation; Evidence Level: Grade C)
The evidence base is comprised of five observational
studies (Linsenmeyer 2003, Massa 2009, Ronco 2011,
Togan 2014, Clark 2018) reporting on outcomes informing this statement. Across the outcomes, studies
carried a very serious risk of bias plus for evidence was
downgraded in the inconsistency domain for studies
reporting on accuracy of predicting a UTI based on
symptoms.
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The diagnosis of a UTI in a patient with NLUTD can be
challenging, especially in those patients with altered
sensation. The classic symptoms of UTI seen in ablebodied patients such as dysuria, urgency, and frequency may be seen in NLUTD patients with intact lower
urinary sensation; however, these symptoms are often
not applicable to many patients with NLUTD due to
changes in lower urinary tract sensation and altered
modes of bladder management. In addition, the signs
and symptoms suggestive of UTI can be impacted by
the specific neurologic disorder causing NLUTD, the severity of the neurologic disorder, the degree of alteration of bladder sensation and type of bladder management (volitional void versus IC versus indwelling catheter).
For example, potential signs and symptoms of UTI, as
defined by the International SCI UTI basic data set,
include fever, urinary incontinence, leaking around an
indwelling catheter, increased spasticity, malaise, lethargy, cloudy and/or malodorous urine, back and/or
bladder pain, dysuria, and autonomic dysreflexia.99 Alternatively, patients with MS may have signs of a relapse of their MS,100 in addition to some of the signs
and symptoms mentioned above, depending on their
degree of bladder sensation and type of bladder management.
Due to these many variables, there are no signs and
symptoms alone that are adequately specific and sensitive enough to predict the presence of a UTI in all patients with NLUTD. Due to these challenges, the Panel
recommends that patients with signs and symptoms
suggestive of a UTI should have a UA and urine culture,
allowing for optimal diagnosis and the ability to use culture-specific antibiotics when treating a UTI in NLUTD
patients.

Linsenmayer and Oakley101 evaluated the accuracy of
predicting UTI based on symptoms in a prospective
case series of 147 consecutive SCI patients (101 male;
106 at T6 or higher). Patients presented to the urology
clinic with complaints of a UTI over a nine-month period. UTI was defined as a new onset of clinical signs
and symptoms (e.g., malodorous urine, cloudy urine,
sediment in urine, increased frequency of urination,
decreased urine output, fever, chills, nausea, malaise,
lower extremity spasms, lower abdominal discomfort,
bladder spasms, burning sensation, urinary leakage or
incontinence, hematuria, discharge at suprapubic catheter site or at the urethral meatus, or signs and symptoms of AD in those with injuries at or above T6), a sig-
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nificant bacteria colony count (defined as >104 CFU/
mL), and pyuria (defined as >10 WBC/hpf). Using these
definitions, 61% (n=90) of patients were able to predict
the presence of UTI based on symptoms, and 39%
(n=57) of patients were unable to predict the presence
of UTI based on symptoms. In addition, the authors
found that the type of bladder management had no impact on whether patients with SCI were able to predict
the presence of a UTI based on symptoms alone.
Massa et al.102 evaluated the accuracy and predictive
values of signs and symptoms to identify UTI in 51 SCI
patients (34 male, 26 at T6 or higher). This study was
part of a larger trial evaluating the effectiveness of hydrophilic catheters in patients with chronic SCI (injured
for at least six months) and recurrent UTI. During the
three-month period, participants completed a monthly
UTI signs and symptoms questionnaire (i.e., leukocytes
in the urine, discomfort or pain over kidney or bladder,
incontinence, increased frequency of catheterization,
fever, increased spasticity, AD, cloudy urine, foul smell
in the urine, feeling sick, feeling tired, sense of unease)
and provided urine samples. Participants were also
given five options to answer the question: “how certain
are you that you have a UTI?” The three possible responses that were grouped as a positive response were
“definitely do have a UTI,” “do have a UTI,” and “not
sure.” The two possible responses that were grouped
as a negative response were “definitely do not have a
UTI” and “do not have a UTI.”
The authors found that patients were much better at
predicting when they did not have a UTI versus when
they did have a UTI. The negative predictive value for
“definitely do not have a UTI” and “do not have a UTI”
was 82.8%, whereas the positive predictive value of
“definitely do have a UTI,” “do have a UTI,” and “not
sure” was 32.6%. The authors also evaluated individual
signs and symptoms to identify their predictive values
alone. The presence of urinary leukocytes had the highest sensitivity (82.8%) and negative predictive value
(93.8%). Cloudy urine had the second highest positive
predictive value (61.3%) and sensitivity (65.5%). Interestingly, fever and symptoms of AD had the highest
specificity at 99% but very low sensitivity (fever: 6.9%;
AD: 0%) due to high false negative rates.102 Alavinia
et al.103 found malodorous urine to have the highest
sensitivity and new onset incontinence to have the
highest specificity for UTI diagnosis in SCI patients.
Cloudy urine had the highest positive predictive value
(71%), which increased to 78% when combined with
malodorous urine. However, it is not clear how these
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results, which were found in 55 in subacute inpatient
SCI patients, translates to all patients with NLUTD.
Ronco et al.104 reviewed signs and symptoms of UTI in
male patients with SCI in a prospective case series.
Patients were divided into two groups: symptomatic
UTI (381 episodes; 209 patients) and asymptomatic
UTI (277 episodes; 205 patients). Symptomatic UTI
was defined as a bacterial count of >102 CFU/mL and at
least one of the following signs or symptoms: fever,
cloudy and/or malodorous urine, onset of UI or modification of bladder behavior, fatigue or sense of unease,
increased spasticity, autonomic hyperreflexia. Asymptomatic UTI had the same culture criteria without any
of the above signs and symptoms. There was no clinical
sign or symptom that was diagnostic of UTI. The most
common clinical signs associated with UTI were cloudy
and/or malodorous urine (51.4%), new onset UI
(51.2%), fatigue (41.7%), and fever (30.7%). The
authors found no association between cloudy and/or
malodorous urine, new onset urinary incontinence, fever with higher CFU, or urinary WBC levels when comparing symptomatic versus asymptomatic UTI. Their
conclusion was that these signs and symptoms, in isolation, were not optimal for a diagnosis of UTI. They
also found that fever was not associated with more concerning urinary findings and speculated this could be
related to various other causes of infection leading to
fever.
This data illustrates the challenges of diagnosing UTI
with symptoms alone in the NLUTD population, especially in those patients with altered and decreased sensation. Without standard normal UTI symptoms, clinicians often rely on non-specific symptoms such as increased spasticity, abdominal discomfort, malaise, and
increased symptoms of AD. All these symptoms can be
secondary to UTI; however, these symptoms can also
be caused by a variety of other conditions not related to
UTI. For example, an increase in AD symptoms is a
common sign that a patient with a SCI at T6 or higher
may have a UTI. However, AD symptoms could also be
secondary to bladder distention, bladder or kidney
stones, constipation, hemorrhoids, and pressure ulcers.
Thus, it is very important to obtain a UA and urine culture to optimally obtain a diagnosis of UTI in this patient population.
However, it can also be unclear as to how to interpret
culture results in patients with NLUTD who manage
their bladder by a variety of methods. Recommendations put forth by the National Institute on Disability
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and Rehabilitation Research Consensus Statement in
1994 defined a UTI as >102 CFU/mL for those who
manage their bladder with CIC, and >104 CFU/mL if
using a condom catheter.105 IDSA released clinical
guidelines for the diagnosis of catheter-associated UTIs
(CAUTI) in 2010.106 While this was not focused on patients with NLUTD, the recommendations can be applied to this patient population. The IDSA identified
three criteria to make a diagnosis of a CAUTI: signs and
symptoms compatible with UTI, no other identifiable
source of infection, and a bacterial count >103 CFU/mL.
In addition, the IDSA did not advocate using pyuria to
determine whether antibiotics should be administered;
however, they did state that if pyuria was absent another cause of symptoms, other than UTI, should be
sought.
Finally, another argument for obtaining a urine culture
is the ability to treat a UTI with culture-specific antibiotics and the importance of antibiotic stewardship. This
is especially applicable to patients with NLUTD who may
be at greater risk of harboring resistant organisms. A
review of urine specimens from 93 SCI patients at a
rehabilitation center found multidrug resistance in 48%
of bacterial strains in patients with asymptomatic bacteriuria, and in 66.6% of strains from patients with
symptomatic UTI.107 Another study of 52 patients with
NLUTD secondary to SCI underwent weekly urine cultures at a rehabilitation unit. There was an average
60% and 36% incidence of change in the results for
patients managing their bladder with an indwelling
catheter and CIC, respectively. Changes included positive to negative culture, negative to positive culture,
and a change in organism in a positive culture.108
Clark and Welk109 reviewed urine culture results over a
two-year period of 146 patients with NLUTD at a tertiary care urology clinic. Of the 81 individuals with at
least two positive cultures, there was 55.8% concordance (i.e., similar organisms between cultures), which
decreased significantly for each 30-day period between
urine cultures (p=0.02). Interestingly, antibiotic sensitivity concordance was higher than what was seen for
the specific bacterial organism (ciprofloxacin: 77.3%;
nitrofurantoin: 78.5%, trimethoprim-sulfamethoxazole:
75%) and was not impacted by increasing time between cultures.
This illustrates the importance of
checking prior culture results if empiric antibiotics are
to be started once a UA and culture have been obtained, but not yet resulted, in NLUTD patients with
signs and symptoms of a UTI.
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STATEMENT TWENTY-SIX: In NLUTD patients with
a febrile urinary tract infection, clinicians should
order upper tract imaging if:
a. the patient does not respond appropriately to antibiotic therapy.
b. the patient is moderate- or high-risk
and is not up to date with routine upper tract imaging, regardless of their
response to therapy.
(Clinical Principle)
Clinicians need to maintain a high degree of concern
when NLUTD patients have a febrile UTI. NLUTD patients may have a structural or functional abnormality
of their lower urinary tract, resulting in a “complicated”
UTI at baseline. In addition, the potential alteration of
normal sensation may impact signs and symptoms,
such as flank or abdominal pain, that would normally
inform the caregiver of a potentially more dangerous
condition. While not specific, fever remains a warning
sign that should not be ignored and if it does not respond to appropriate therapy may be a sign of issues
such as hydronephrosis, pyonephrosis or renal abscess,
and/or urinary tract stones.59, 110
NLUTD patients should have a UA and culture (see
Statement 26) and culture specific antibiotics should be
appropriately administered. If there is a high degree of
suspicion for a UTI then empiric antibiotics should be
initiated with the antibiotic changed, if needed, based
on the culture result. The clinician may choose an antibiotic based on a recent, prior culture, if available.109
NLUTD patients with a febrile UTI that does not respond
to appropriate antibiotic therapy should undergo evaluation of the upper tract (e.g., US, CT) to evaluate for
diagnoses such as stones and hydronephrosis.
Patients with moderate-risk NLUTD are to have upper
tract imaging every one to two years and patients with
high-risk NLUTD are to have upper tract imaging annually (see Figure 1; Statements 10 and 11). The need
for appropriate radiographic assessment in these patients is still required, even if they have an appropriate
response to antibiotics. Therefore, it is imperative that
patients continue to be risk stratified (see Table 3) and
evaluated appropriately based on their level of risk.
STATEMENT TWENTY-SEVEN: In NLUTD patients
with a suspected urinary tract infection and an
indwelling catheter, clinicians should obtain the
urine culture specimen after changing the catheter and after allowing for urine accumulation
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while plugging the catheter. Urine should not be
obtained from the extension tubing or collection
bag. (Clinical Principle)
In 2009, IDSA published guidelines for the diagnosis,
prevention, and treatment of CAUTI in adults.106 While
it was not focused on the NLUTD patient, many of the
recommendation can be applied. IDSA recommends
obtaining urine specimens aseptically through the catheter port in patients with short-term indwelling catheterization and suspected UTI. Short-term is not defined
in the IDSA document, but would not apply to NLUTD
patients who manage their bladder with an indwelling
urethral or suprapubic catheter. Due to concerns related to biofilm possibly impacting the adequate assessment of the urine, the recommendation from the IDSA
is to obtain urine for culture from a freshly placed catheter. In addition, it is specifically stated that urine
should not be obtained from the drainage bag.
The studies that support this statement are older and
primarily evaluated elderly patients who managed their
bladder with chronic indwelling catheters for a variety
of reasons; these were not studies that specifically
evaluated the topic in NLUTD patients. Bergqvist et al.
evaluated a total of 50 paired urine specimens (one
from the catheter end and one via suprapubic aspiration) that were obtained from 43 men who were either
waiting for prostate surgery or unfit/unwilling to have
prostate surgery for urinary retention.111 The length of
time with the catheter was: 13 men (26%): catheter
for ten days or less; 13 men (26%): catheter for 11-30
days; 24 men (48%): catheter > 30 days. Fourteen of
the specimens were negative, which correlated between
both techniques. However, when bacteriuria was identified, there was a lack of agreement in 12 of 36 specimens. The concern was that specimens obtained via a
chronically placed catheter were not optimal and the
authors recommended suprapubic bladder aspiration
when obtaining urine in patients with a chronic indwelling catheter. While suprapubic aspiration is not the recommendation of the Panel, this does speak to the potential benefit of obtaining urine for culture from a newly placed catheter over one that has not been changed.
Two other studies focused on the concept of placement
of a new catheter to obtain urine in patients with chronic indwelling catheters which reflects present day practice. Grahn et al.112 evaluated 20 elderly nursing home
residents (n=2 male, n=18 female) who were managed
with a long-term catheter for >6 months. A catheter
specimen was obtained via needle aspiration from the
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distal end of the catheter that had not been changed
for at least 30 days; the bladder specimen was obtained from the end of a freshly placed catheter that
was clamped for 30 minutes. There was a difference in
22 of 41 isolated bacterial strains in 17 of 20 patients.
Urine from the bladder was more likely to result in
urine specimens with a CFU/ml of <105.
CFU/mL
counts of <105 were noted in 7 of 45 catheter strains
compared to 16 of 45 strains from the bladder
(p<0.05). There were 17 instances where the CFU
count from the catheter exceeded the quantity of the
same strain in the bladder by at least tenfold. Using a
CFU/mL of >105 to identify significant bacteriuria, the
authors noted that while the catheter specimens had a
sensitivity of 90%, the specificity was only 43%.
Tenney et al. evaluated urine specimens in 62 women
(>60 years) with long-term indwelling catheters (12
who managed their bladder with a catheter for 1-3
months; 26 for 4-12 months; 24 >one year).113 Paired
specimens were obtained similarly as to the prior
study: one via needle aspiration from the distal end of
the catheter that had not been changed, and one from
the end of a freshly placed catheter. The authors found
significantly more bacterial species from urine obtained
from the older catheter (246 versus 157; p<0.001) as
well as a tenfold higher mean concentration of bacteria
from the older catheter (p<0.001). The duration of
bladder management with an indwelling catheter did
not affect the results; however, patients with the individual catheter in place for a longer period of time (>3
weeks) were more likely to have bacterial counts >10 5
(p<0.05).
STATEMENT TWENTY-EIGHT: In NLUTD patients
with recurrent urinary tract infections, clinicians
should evaluate the upper and lower urinary
tracts with imaging and cystoscopy. (Clinical Principle)
Similar to the evaluation of hematuria, it is considered
good clinical practice to evaluate both the upper and
lower urinary tracts for sources of recurrent UTI. Imaging is needed for examining the upper urinary tracts.
The risks of direct visualization via ureteroscopy far
outweighs the benefit in this situation and is not recommended. Contrast studies are not required in the initial
evaluation. Since the risks of lower urinary tract evaluation via cystoscopy are low, it is a necessary part of
the evaluation of recurrent UTIs. The AUA Guideline for
Recurrent Uncomplicated UTIs in Women75 defines recurrent UTI as two episodes of acute bacterial cystitis
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within six months or three episodes within one year.
However, there is no clear-cut definition of recurrent
UTI in the NLUTD patient population. The Panel has
elected not to define recurrent UTI in patients with
NLUTD and leaves it to the discretion of the clinician.
STATEMENT TWENTY-NINE: In NLUTD patients
with recurrent urinary tract infections and an unremarkable evaluation of the upper and lower urinary tract, clinicians may perform urodynamic
evaluation. (Conditional Recommendation; Evidence Level: Grade C)
This statement is informed by studies reporting on rate
of UTI (Skelton 2018, Tornic 2020, Weglinksi 2016,
Manack 2011, Game 2008, Wefer 2010) and abnormal
findings by urodynamic studies (Abello 2020, Bywater
2018, Chou 2006, Nosseir 2007, Wang 2016, Dromerick 2003). For each outcome, studies carried a very
serious risk of bias and evidence was further downgraded for indirectness.
Patients with NLUTD have an increased risk of recurrent
UTI with an estimated rate of 2.5 episodes of infection
per patient per year.114 Manack et al. reviewed data of
48,327 patients with >1 neurogenic bladder-specific
diagnosis and found that over a one-year period,
38.6% had a UTI (36.4% lower; 2.2% upper).115 There
are a variety of theories as to why NLUTD patients are
at greater risk of UTI, including method of bladder
management/catheterization, alteration of protective
flora, defective glycosaminoglycan layer, impaired immune response, defective apoptosis, bladder ischemia,
elevated PVR, VUR, and disturbed hydrokinetics.116, 117
Several of these potential causes are related to abnormalities in lower urinary tract function that can be seen
in patients with NLUTD and diagnosed by UDS. Therefore, it is appropriate to consider UDS evaluation in
NLUTD patients with recurrent UTIs that have an unremarkable evaluation of the upper and lower urinary
tract.
Lapides hypothesized in 1979 that reduced blood flow
to the bladder is a risk factor for UTI.118 Bladder underperfusion in NLUTD could be secondary to poor compliance, DO, and/or high voiding pressures. Indirect evidence to support this theory, and the potential benefit
of obtaining UDS in NLUTD patients with recurrent
UTIs, comes from two studies that demonstrated UTI
reduction after successful injection of onabotulinumtoxinA. In addition to improvements in bladder capacity
and incontinence, Game ́ et al.119 demonstrated a decrease in symptomatic UTIs from 1.75 to 0.2 during a 6
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-month period after injection of onabotulinumtoxinA in
30 patients with NLUTD and Wefer et al.120 showed a
decrease in UTI prevalence from 68% to 28% in 213
patients with NLUTD after injection of onabotulinumtoxinA. Similar improvements in UTI incidence were noted
after sacral deafferentation and bladder augmentation
in NLUTD patients that also showed improved bladder
capacity and pressures. UDS is also helpful in the identification and evaluation of elevated PVR and VUR which
can commonly be seen with patients with NLUTD; there
is evidence that both increased PVR and VUR can increase the risk of UTI incidence in patients with
NLUTD.121-125 Alterations in hydrokinetics refers to what
would be seen with patients with DSD. This would theoretically result in turbulent flow and urinary stasis, potentially resulting in a higher bacterial colony count primarily and secondarily increasing the UTI risk due to
elevated PVR and VUR.117 Finally, clinicians may consider UDS evaluation in patients with NLUTD and LUTS
that are attributed to recurrent UTI, even if evaluation
is not consistent with a true infection. LUTS in patients
such as this may be a sign of underlying NLUTD that
would benefit from further evaluation with UDS.

STATEMENT THIRTY: In NLUTD patients who manage their bladder with an indwelling catheter, clinicians should not use daily antibiotic prophylaxis
to prevent urinary tract infection. (Strong Recommendation; Evidence Level: Grade B)
The statement is informed by a systematic review
(Morton 2002) of fifteen studies using multiple bladder
management and was limited by a serious risk of bias.
Although antibiotics reduce or delay the onset of bacteriuria and UTI in chronically catheterized patients, many
experts and guideline panels discourage prophylactic
antibiotic use, primarily because of the development of
antibiotic resistance. A systematic review by Morton et
al. evaluated the use of antimicrobial prophylaxis in
patients with spinal cord dysfunction. A total of 15
studies (eight in acute SCI patients defined as <90
days post-injury and seven in non-acute SCI , defined
as >90 days post-injury, or other chronic conditions
resulting in spinal cord dysfunction) were included in
the review. While the majority of studies reviewed did
focus on patients managing their bladder with CIC,
studies that evaluated outcomes in patients managing
their bladder with an indwelling catheter were included.
The conclusion from the systematic review was that
antimicrobial prophylaxis did not significantly decrease
symptomatic infections in patients with spinal cord dys-
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function.
In addition, approximately a two-fold increase in antimicrobial-resistant bacteria was seen.126
STATEMENT THIRTY-ONE: In NLUTD patients who
manage their bladders with clean intermittent
catheterization and do not have recurrent urinary
tract infections, clinicians should not use daily
antibiotic prophylaxis. (Moderate Recommendation; Evidence Level: Grade B)
The evidence base is comprised of two systematic reviews (Morton 2002, Niel-Weise 2012), one RCT (Fisher
2018), and two observational studies (Edokpolo 2012,
Fakas 2010). Included studies carried an aggregate
serious risk of bias but evidence was not downgraded
for any other domain.
This recommendation was largely based on the strength
of two systematic reviews that did not find evidence to
support the use of prophylactic antibiotics for patients
with NLUTD who manage their bladder with CIC and do
not have issues with recurrent UTI. Morton et al. reviewed outcomes of antibiotic prophylaxis in SCI patients (both acute and chronic) from 15 studies published between 1980 and 1995. Their review noted a
statistically significant decrease in bacteriuria in acute
(<90 days) SCI patients (p<0.5) and a difference that
approached statistical significance (p=0.06) in nonacute SCI patients. However, antibiotic prophylaxis did
not significantly decrease the rate of symptomatic UTIs
and resulted in an approximate 2-fold increase in bacterial resistance. The type of bladder management used
by the patients in these various studies included both
CIC and indwelling catheter; the majority were using
CIC.126
A subsequent systematic review, published in 2012,
evaluated a variety of outcomes related to the use of
antibiotic prophylaxis.127 Specific to this question, the
authors addressed the question of whether antibiotic
prophylaxis was better than giving antibiotics when
clinically indicated. This analysis included three crossover trials and one parallel group trial. There were
some
differences
regarding
patient
population
(including pediatric patients) and UTI definition. One
study reported fewer UTIs in the control group and one
study noted fewer UTIs in the group of patients on antibiotic prophylaxis. An additional study evaluated differences between febrile and afebrile UTI (the only study
to report outcomes in this manner) and reported antibiotic prophylaxis resulted in less afebrile UTIs, but did
not have an impact on febrile UTIs. The final conclusion of the systematic review was that there was not
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adequate evidence to make recommendations to this
practice. Based on this data, the Panel does not recommend prophylactic antibiotics in NLUTD patients who
manage their bladder with CIC and do not have recurrent UTI; this recommendation is similar to other
Guidelines as well.128-131
What is unclear is if antibiotic prophylaxis would be
beneficial in patients who manage their bladder with
CIC and have recurrent UTIs. Fisher et al. evaluated the
efficacy of prophylactic antibiotics in 404 patients (all of
whom did not have NLUTD) who managed their bladder
with CIC. Half of the cohort received once-daily antibiotic over a 12-month period. Patients on antibiotic
prophylaxis were less likely to have a symptomatic,
antibiotic-treated UTI; 1.3 cases/person-year were noted in the prophylaxis group compared to 2.6 cases/
person-year in the control group (p<0.0001). However, there was a statistically significant higher rate of
antibiotic resistance in the prophylaxis group: nitrofurantoin resistance was seen in 24% of the prophylaxis
group compared to 9% in the control group (p=.038);
trimethoprim resistance was seen in 67% of the
prophylaxis compared to 33% in the control group
(p=0.0003); and co-trimoxazole resistance was seen in
53% of the prophylaxis group compared to 24% in the
control group (p=.002).132 The difficulty balancing fewer infections with the concern about higher rates of
bacterial resistance speaks to the challenges when deciding upon the use of prophylactic antibiotics for patients on CIC that do have recurrent UTI (see Statement #37).
Non-Surgical Treatment
STATEMENT THIRTY-TWO: Clinicians may recommend pelvic floor muscle training for appropriately selected patients with NLUTD, particularly
those with multiple sclerosis or cerebrovascular
accident, to improve urinary symptoms and quality of life measures. (Conditional Recommendation; Evidence Level: Grade C)
The evidence base informing this statement is comprised of two systematic reviews (Thomas 2008, Block
2015), one RCT (Thomas 2014), and one observational
study (Xia 2014) reporting one urinary symptoms and
quality of life. Across the outcomes of interest, the aggregate risk of bias was serious, and evidence was
downgraded for inconsistency of results across the
studies reporting on quality of life domains.
Various types of behavioral and physiotherapeutic ap-
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proaches have been employed for managing symptoms
associated with NLUTD. Although current literature
does encompass several RCTs, sample sizes are small
(≤20 participants per group), interventions not standardized, and patient groups diverse.133, 134 The majority
of studies addressed use of pelvic floor exercises as the
primary therapeutic intervention. Although limited with
regards to statistical power, data suggests non-invasive
interventions, which are associated with minimal side
effects, may be offered and are of particular benefit to
select patients. In general, pelvic floor exercise reliably
enhances strength and endurance of pelvic floor muscles across diverse patient groups. Improvements in
the pelvic floor musculature were associated with reduction of LUTS and may be correlated with improvements on various QoL questionnaires. Of note, the preponderance of evidence has been obtained from patients with MS or CVA, with less data available for other
NLUTD etiologies.
An observational analysis of MS patients evaluated effects of pelvic floor muscle training with EMG biofeedback on lower urinary tract function (n = 37).135 Following a 9-week intervention, multiple parameters
demonstrated significant improvement including urinary
frequency, incontinence episodes, 24-hour pad test,
various QoL questionnaires, and pelvic floor muscle endurance. All intervention effects were maintained at 24
weeks follow-up.
Four RCTS evaluated patients post-CVA with LUTS.
Female CVA patients were randomized to engage in gait
training and stretching as well as urinary and pelvic
floor education (control n=17) versus general rehabilitation plus pelvic floor muscle training (n=18) for 6
weeks.136
Women performing pelvic floor exercises
demonstrated significantly increased vaginal squeeze
pressures, as well as improved LUTS and QoL compared
to controls.
Male patients with LUTS following CVA were randomized
to 12 weeks of standard rehabilitation without lower
urinary tract elements (n=15) versus standard rehabilitation plus pelvic floor muscle training and bladder education (n=16).137 Men in the instruction arm demonstrated significantly improved pelvic floor muscle function and strength as well as QoL scores compared to
controls. Similar improvements in frequency and episodes of urgency incontinence were seen across both
groups. All pelvic floor enhancements were maintained
during an additional six months of follow up.

A similar study of female CVA patients randomized
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women to 12 weeks of standard rehabilitation without
lower urinary tract elements (n=14) versus standard
rehabilitation plus pelvic floor muscle training and bladder education (n=12).138, 139
Women who engaged in
pelvic floor muscle training demonstrated significantly
improved daytime frequency, 24-hour pad test, and
pelvic floor strength and endurance compared to controls.
However, both groups had comparable QoL
scores on the Short Form 36 (SF-36) and the Incontinence Impact Questionnaire (IIQ).

Post-CVA patients undergoing a systematic voiding program, which included comprehensive voiding, continence assessment, and bladder training (n=124), were
compared to a control arm, which included support of
facilitators to optimize involvement and goal achievement (n=125).140 For the primary outcomes of incontinence at six- and 12-weeks post-stroke, no differences
were noted among groups.
SB patients were included in a randomized design
which compared three months of usual care by their
family physician (n=27) to intensive education about
continence and skin care, bladder re-education, behavior management, pelvic floor exercises, timed/double
voiding, and catheter care (n=27).141 The active treatment group exhibited significant improvements on the
American Urological Association Symptom Index
(AUASI), the Urogenital Distress Inventory (UDI6), the
IIQ7, and the Wexner-Fecal Incontinence Score (WFIS)
compared to the control group. Some subscales on
various QoL measures also improved significantly.
Two of the available published systematic reviews concluded there was no definitive evidence for any particular pelvic floor intervention;142, 143 the third review concluded that in patients with MS, behavioral therapy interventions improve QoL and reduce incontinence episodes but this review inappropriately pooled dissimilar
trials in the meta-analysis.144 Overall, due to the minimal associated risks, the Panel recommends engaging
appropriate patients with pelvic floor physiotherapy as
select patients may demonstrate benefit for their LUTS.
STATEMENT THIRTY-THREE: Clinicians may recommend antimuscarinics, or beta-3 adrenergic
receptor agonists, or a combination of both, to
improve bladder storage parameters in NLUTD
patients. (Conditional Recommendation; Evidence
Level: Grade C)
STATEMENT THIRTY-FOUR: Clinicians may recommend alpha-blockers to improve voiding parame-
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ters in NLUTD patients who spontaneously void.
(Conditional Recommendation; Evidence Level:
Grade C)
tatement 33 is supported by four systematic reviews
(Madersbacher 2013, Madhuvrata 2012, Stothers 2016,
El Helou 2020), five RCTs (Abrams 2003, Amarenco
2017, Glykas 2012, Cho 2021, Yonguc 2010), and eight
observational studies (Krebs 2013, van Rey 2011,
Watanabe 2010, Hadiji 2014, Vasudeva 2021, Han
2019, Krebs 2020, Peynonnet 2018). The aggregate
risk of bias across the studies reporting on outcomes
informing this statement was serious plus evidence was
downgraded for inconsistency of results and imprecision
in the reported outcomes.
Statement 34 is informed by two RCTs (Abrams 2003,
Sung 2020) and one observational study (Gomes 2014)
reporting on voiding parameters. The risk of bias for
studies reporting on the parameters was serious and
evidence was further downgraded for imprecision.
Multiple classes of pharmacologic interventions are
mainstays of medical therapy for patients with NLUTD.
Antimuscarinics reliably increase maximum cystometric
capacity (MCC) and voided/catheterized volumes, decrease detrusor pressure, and may improve urgency
and incontinence across diverse NLUTD pathologies.
There is no evidence for the superiority of any particular medication. Although AEs at recommended doses
are generally minor with the most frequently reported
being dry mouth, recent data has highlighted more critical potential concerns with anticholinergic therapy.
The Panel acknowledges and appreciates recent attention to the potential risks of long-term treatment with
anticholinergic agents with regards to cognitive impairment and dementia. There exists conflicting literature
regarding the actual association and risk profile, with
overall low-certainty evidence.145, 146 The Panel advocates a shared decision-making process with the patient
to discuss the benefits of therapy balanced with the
data reflecting anticholinergic use and potential cognitive decline or development of dementia. In selected
NLUTD patients, use of alternative agents less likely to
cross the blood-brain barrier without demonstrated
cognitive risk may be appropriate.
Additional evidence suggests that the use of alphablockers combined with antimuscarinics can ameliorate
symptoms across several etiologies of NLUTD in the
setting of relatively minor AEs. Emerging, and therefore less robust, evidence exists for use of the more
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recently approved beta-3 agonist, in the NLUTD population.
Six of the 21 included studies were RCTs, crossovers,
or randomized designs that compared active treatments. Half of these trials included sample sizes likely
to provide adequate statistical power; however, most
trials demonstrated a high or unclear risk of bias. In
addition, the RCTs administered a range of medications
(e.g., alpha-blockers, antimuscarinics) for relatively
short periods. Consequently, there is insufficient highquality evidence for particular medications in specific
patient categories over clinically relevant periods of
time. The remaining observational studies generally
reported findings consistent with the RCTs but follow up
durations were limited, and patient groups were diverse.
Published systematic reviews addressing use of oral
medications in NLUTD patients highlight similar methodological issues, including a relative absence of longterm follow-up data, lack of sufficient evidence for particular patient groups or medications, and relative absence of consistent reporting of outcomes using validated and standardized measures.
Madersbacher et al.147 evaluated 30 studies and concluded that a dose relationship exists for antimuscarinics with regards to urodynamic parameters. For several common agents, placebo-controlled studies
demonstrated a 30-40% decrease in maximum detrusor pressure (MDP) with an associated 30-40% increase
in MCC. Flexible dose studies, which resulted in higher
doses, appeared to improve efficacy without decreasing
tolerability.
Continence/incontinence was not addressed in detail in most studies. The most frequently
reported AE was dry mouth with higher rates reported
for oxybutynin IR compared to trospium, tolterodine,
and propiverine. Higher medication doses were not
necessarily associated with higher rates of AEs, but
studies that administered combinations of medications
generally reported higher AE rates. Overall, this systematic review indicated that the available literature
was limited in quality by relatively short follow-up durations, small sample sizes in many studies with inadequate statistical power, lack of consideration for clinically important outcomes (i.e., continence, QoL), and
diverse patient categories.
A meta-analysis of randomized trials of antimuscarinic
medications
noted
significantly
improved
MCC
(weighted mean difference [WMD] = 49.49 ml; 95%
CI: 15.38-84.2; p<0.05), reflex volumes (RV) (WMD =
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49.92 ml; 95% CI: 20.0-79.8 ml; p<0.05), patientreported improvement/cure rates (RR=2.8; 95% CI:
1.64 – 4.8, p<0.05), and decreased MDP (WMD = 38.30; 95% CI -53.17 to -23.43; p<0.05) when compared to placebo.148 There was no evidence for the superiority of one medication over another. Dry mouth
rates were significantly higher with antimuscarinics
(Relative Risk (RR) = 4.23; 95% CI: 1.85-9.67,
p<0.05) compared to placebo. Other AE rates were
statistically similar between active treatment and placebo groups.
Stothers et al.149 conducted an integrative review of
prospective and randomized trials of antimuscarinic
medications to assess use of standardized clinical evaluation tools. The authors concluded that standardized
tools were infrequently used and obtaining data relevant to specific types of NLUTD patients, particularly
SCI patients, requires the use of standardized urodynamics methodology, standardized urinary tract terminology, bladder diaries, the American Spinal Injury Association impairment scale, and symptom scores validated in SCI patients.
Although the Panel concurs that class-specific administration may be employed by clinicians across NLUTD
pathologies, several explicit conditions may display
benefit more than others with regards to individual
medical therapy. These disease-specific concerns are
detailed below.
SCI patients
Administration of alpha-blockers can decrease PVRs and
maximum urethral pressure (MUP) and increase MCC
and voided volume; most AEs were minor.
Administration of antimuscarinics can increase MCC,
RV, voided volume, and compliance and decrease MDP,
incontinence episodes, and 24-hour frequency. Use of
antimuscarinics in SCI patients may increase PVR however AEs were generally minor.
Administration of the beta-3 agonist mirabegron may
increase MCC and compliance, and decrease detrusor
pressure, 24-hour frequency, and incontinence episodes
with minimal associated AEs.
Alpha-blockers
Tamsulosin. A RCT evaluated effects of tamsulosin in
SCI patients with an open label extension.150 Patients
were randomized to placebo (n = 92), tamsulosin 0.4
mg (n = 88), or tamsulosin 0.8 mg (n = 83) for one
month. Of the original 263 patients, 134 completed the
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one-year open label extension. The primary outcome
was maximum urethral pressure. During the randomized phase, the active treatment groups had greater
MUP decreases (-12.2 and – 9.6 cm H20 in the 0.4 and
0.8 mg groups, respectively) compared to placebo (-6.5
cm H2O) although the differences were not statistically
significant. Patients had a mean change of -18.0 cm
H20 in MUP (significantly different from baseline). Voided volume increased significantly for the 0.8 mg group
during the randomized phase (by 28.2 ml). In addition,
during the randomized phase, incontinence episode frequency and pad utilization improved for the 0.4 mg
group compared to baseline. During the open label
phase, QoL scores on patient reported questionnaires
improved significantly compared to baseline. Subjective ratings indicated 71% of patients were noted to be
either slightly (44%) or much improved (27%). AEs
were generally transient; the most frequently reported
were dizziness, abnormal ejaculation, and fatigue. During the randomized phase, more patients discontinued
for AEs in the placebo group (4.4%) compared to the
two active drug groups (2.3 and 2.5%, respectively).
During the open label extension, 9.6% of patients discontinued for AEs. Although the AEs precipitating discontinuation were not specified, the authors conclude
that long-term tamsulosin is well-tolerated and improves bladder storage and emptying in SCI patients.

(n = 32) for three weeks.153 In the trospium group,
significant improvements included: MCC increased by
138.1 mL; MDP decreased by 37.8 cm H2O; compliance
increased by 12.2 mL/cm H2O. AEs were minor (i.e.,
nausea, dry mouth, constipation) and more frequently
reported in the placebo group although the reporting
system for AEs is unclear.

Terazosin. Perkash151 administered up to 5 mg daily in
28 male SCI patients for approximately 10 days. Fifty
percent of patients reported improved voiding but UDS
documented improvement in only 42% (decreased
voiding pressure). Three patients discontinued the
medication for AEs of syncope, lethargy, and rash.

Drug combinations

An observational study employing one month of 5 mg
terazosin administration in 22 SCI patients demonstrated improved bladder compliance with a significant
mean pressure decrease of 36 cm H2O.152 MCC increased significantly by 125 mL. Of the four patients
with AD, three experienced cessation of symptoms
while using terazosin. Most patients reported reduced
incontinence episodes with complete resolution of incontinence reported by four patients. Ten patients continued to utilize terazosin after study conclusion with
continued efficacy at a mean of 7.75 months. Five patients withdrew from the study for AEs including syncope and peripheral edema.
Antimuscarinics
Trospium. For SCI patients with DO, one RCT compared 20 mg trospium twice daily (n = 29) to placebo

Solifenacin. One observational study administered 10
mg solifenacin to 35 SCI patients with neurogenic detrusor overactivity (NDO) for 13 months.154 Solifenacin
significantly improved bladder capacity (30 mL increase), MDP (7.0 cm H2O decrease), RV (62.5 mL increase), and compliance (25.0 mL cm H2O). Eight patients discontinued for lack of efficacy; two patients
discontinued for intolerable AEs.
Oxybutynin. O’Leary et al.155 administered 10 mg to 30
mg controlled-release oxybutynin daily to ten patients
with NDO with 3-month follow-up. All patients were
allowed to titrate the dose, and all chose a final effective dosage of greater than 10 mg, with four patients
taking the maximum of 30 mg per day. MCC increased
significantly from 274 to 380 mL.
Frequency (24
hours) decreased from 12 to 8 voids and incontinence
episodes per week decreased significantly from 13 to 6
episodes. PVR increased significantly from 26 to 51 mL
but no patient reported a serious AE during the study.

A three-arm medication combination trial compared
patients (21 SCI, 3 SB, 2 MS, 1 viral encephalomyelitis)
who were administered oxybutynin + trospium (n=8),
oxybutynin + tolterodine (n=8), and tolterodine + trospium (n=11) over six months.156 All patients previously failed maximum recommended doses of single
medications and the double dose paradigm described
previously by Horstmann et al..157 All three groups improved comparably and significantly with large reductions in incontinence episodes and increases in bladder
capacity, RV, and compliance. Two patients in different
treatment groups withdrew from the study for intolerable AEs (i.e., dry mouth and blurred vision). Similar
AEs reported by five additional patients were graded
mild to moderate.
Comparison of oxybutynin to trospium or a combination
of both medications for one month was performed in
incontinent (n = 156) and continent (n = 75) SCI patients.158 Although MCC increased significantly and involuntary detrusor contractions (IDC) decreased significantly, most patients did not achieve full continence
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and NDO was not well controlled in approximately onethird of the continent patients. AEs were not systematically evaluated but 30 of the 97 patients on two medications reported experiencing dry mouth.
The Panel appreciates that many practitioners will employ combination therapy with anticholinergic and beta3 adrenergic receptor agonists based upon data from
non-neurogenic OAB patients.159 Although the literature review for this guideline did not reveal contemporary studies providing significant safety and efficacy
data for this combination, the Panel acknowledges after
shared decision-making with the patient regarding risks
and benefits, concomitant therapy with beta-3 adrenergic receptor agonists and antimuscarinics presents a
reasonable treatment option.
Beta 3 adrenergic receptor agonist
Mirabegron. One observational study reported on effects of mirabegron (initiated at 25 mg daily and increased to 50 mg after two weeks) in 15 SCI patients
with NDO followed for 7 weeks.160 Twenty-four hour
frequency was significantly reduced (from 8.1 to 6.4),
incontinence episodes significantly decreased (from 2.9
to 1.3), MCC improved (from 365 to 419 mL), compliance improved (from 28 to 54 mL/cm H2O), and detrusor pressure during storage additionally improved (from
45.8 to 30 cm H2O). AEs were minimal and included
worsening incontinence and constipation. Systematic
reviews have confirmed clinical improvements with beta
-3 adrenergic receptor agonists for NLUTD.161
MS patients
The administration of antimuscarinics can increase MCC
and voided volume and reduce frequency, nocturia, incontinence events, urgency episodes, and urgency severity with generally minor AEs.

Antimuscarinics
Oxybutynin compared to propantheline. Gajewski et
al.162 randomized MS patients to oxybutynin (15 mg
daily; n = 19) or propantheline (45 mg daily; n = 15)
for seven weeks. MCC improved significantly more in
the oxybutynin group (144 mL) than the propantheline
group (35 mL). Oxybutynin resulted in significant improvements in frequency, nocturia, urgency, and urgency incontinence with 67% reporting subjective improvement compared to 36% with propantheline. Although AEs were mild to moderate and experienced by
most patients, approximately one-quarter of patients in
each group withdrew from the study for severe AEs.
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Solifenacin. Thirty MS patients were administered solifenacin (5 – 10 mg daily) and followed for two
months.163
Frequency and number of pads used per
day decreased significantly as did urgency severity
while voided volume increased. Of the 30 patients, 20
chose to continue the medication after study completion. Two patients withdrew from the study for AEs
with the majority reporting none or “acceptable” AEs.
Parkinson’s Disease patients

The administration of the antimuscarinic solifenacin decreased 24-hour frequency, nocturia, and incontinence
episodes in the setting of minor AEs.
The administration of the alpha-blocker doxazosin improved maximum flow rate and self-reported urinary
symptoms with mild AEs.
Antimuscarinics
Solifenacin. With a RCT, PD patients were assigned to
placebo (n=13) or solifenacin (5-10 mg daily; n=10)
for three months. The randomized phase was followed
by an eight-week open label extension in which all patients received active drug. Twenty-four-hour frequency improved significantly in the randomized phase with
solifenacin but not placebo. During the open label extension, significant decreases occurred in incontinence
and nocturia episodes. AEs occurred in a minority of
patients and were classified as mild.164
Alpha blockers
Doxazosin. Gomes et al.165 followed 33 patients who
were administered doxazosin ER (4 mg daily) for three
months.
Maximum flow rate improved significantly
(from 9.3 to 11.2 mL/sec) as did QoL scores. Transient
and mild dizziness was the most commonly reported AE
with one patient discontinuing for these symptoms.
Patients with a Unified Parkinson’s Disease Rating Scale
score <70 were more likely to exhibit clinically significant improvements.
Patients with various causes of NLUTD
Antimuscarinics can increase MCC, RV, and catheterized
volume, and decrease MDP, leak point pressure, number of incontinence episodes, frequency, and nocturia.
Reduction in number of urgency episodes and improved
QoL also was reported with minor AEs.
Alpha blockers may increase maximum flow rate, reduce PVR, and improve IPSS scores. AEs were generally minor although phenoxybenzamine was associated
with high rates (25%) of discontinuation.
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Antimuscarinics
Oxybutynin versus solifenacin. The SONIC trial was a
randomized study which compared placebo (n = 44) to
oxybutynin immediate-release (IR) 15 mg daily (n =
47), solifenacin 5 mg daily (n =50) or solifenacin 10 mg
daily (n = 53).166 Patients with SCI or MS were followed
for one month. MCC was the primary outcome and increased significantly in all three active treatment conditions compared to placebo with the largest increases
seen with oxybutynin IR (165.4 mL) and solifenacin 10
mg (134.2 mL). Compared to placebo, significant improvements were seen in all treatment groups in the
following parameters: increased RV; decreased MDP;
decreased DLPP; decreased incontinence episodes.
Multiple QoL questionnaires favored solifenacin compared to placebo. AEs were mild with dry mouth and
UTI the most commonly reported with three patients
discontinuing for side effects.
Tolterodine. A crossover trial compared placebo to
tolterodine (4 mg daily) in 14 patients followed for two
weeks.167 Tolterodine treatment resulted in significantly larger catheterized volumes and reduced incontinence compared to placebo. When patients were allowed to choose their dose of tolterodine (4-12 mg) or
oxybutynin (10-15 mg) in an open label comparison
phase, the drugs exhibited similar efficacy in terms of
catheterization volumes, incontinence, and MCC. Dry
mouth severity was similar between tolterodine (4 mg)
and placebo but was worse for oxybutynin compared to
tolterodine when patients selected generally higher
doses.
One observational study administered tolterodine extended-release (4 mg daily) to 39 patients for three
months.168 Bladder capacity at first sensation, compliance, and MCC increased significantly as did RV. Twenty-four hour frequency, number of urgency episodes,
number and volume of incontinence episodes, and voided volumes all improved significantly with treatment.
AEs were mild (i.e., dry mouth, constipation) and occurred in 9% of patients.
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dia). Six patients developed incontinence and all male
patients had ejaculatory failure.
Intravesical administration of oxybutynin
Although identified studies included in the analysis were
composed of small sample sizes, treatment protocols
were congruent and length of follow-up adequate to
assess efficacy and AEs associated with intravesical oxybutynin. Available information suggests intravesical
oxybutynin reliably increased maximum bladder capacity, decreased MDP, and increased bladder compliance
when chronically administered in NLUTD patients. Additionally, functional improvements in UDS parameters
were associated with decreased incontinence episodes.
Importantly, available data indicates that AEs may occur less frequently with intravesical oxybutynin administration compared to oral formulations.
For SCI patients deemed refractory to oral treatment,
Pannek et al.170 administered intravesical (15 mg three
times daily) oxybutynin in combination with oral oxybutynin (5 mg four times daily with reductions as necessary) to 25 patients. At six-months follow-up, the
addition of intravesical oxybutynin resulted in significantly increased bladder capacity, from 349 mL to 420
mL, with decrease in MDP from 54 to 26.5 cm H20. In
addition, the number of patients with an MDP <40 cm
H20 increased from a baseline of four to 21. Of five
patients with AD, three reported symptom resolution.
Of the 15 patients experiencing incontinence before
treatment, 11 reported symptom alleviation. The most
commonly reported AEs were UTI and dry mouth. No
patients discontinued treatment because of AEs.

Alpha blockers

Also exclusively in SCI patients, George et al.171 aimed
to ameliorate NDO with various bladder instillations of
oxybutynin, propantheline, and capsaicin (n=18). Medications were instilled sequentially without a washout
period between agents. No significant changes in any
measured objective or subjective parameters were noted after oxybutynin. The most commonly reported AEs
were dry mouth and thirst. Because this study only
administered the medication for one day, its utility is
minimal but included for comprehensiveness.

Phenoxybenzamine. One observational study administered phenoxybenzamine (15 to 30 mg daily) to 43 patients.169 At six months, fewer than half the patients
continued with the medication. In the 21 patients who
persisted on active treatment, PVRs were generally reduced. One-quarter of patients discontinued for AEs
(e.g., severe orthostatic hypotension, severe tachycar-

With regards to diverse etiologies of NLUTD, three studies were evaluated for intravesical oxybutynin efficacy
and safety.
A randomized design compared 17 patients on oral oxybutynin (5 mg three times daily) to 18
patients receiving intravesical oxybutynin (0.1% solution three times daily) for a one-month interval. Patients had a variety of causes of NLUTD.172 The MCC
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increased significantly by 116.6 mL in the intravesical
group compared to 18.1 mL in the oral group. Both
groups demonstrated similar improvements in MDP, RV,
compliance, incontinence episodes, catheterization frequency, DLPP, and volume at time of incontinence episode. AEs were more common among patients who
received oral dosing (82.4%) compared to the intravesical administration (55.6%). With intravesical instillation, significantly lower rates of visual, gastrointestinal,
nervous system, and skin AEs were reported compared
to oral administration. Patients had the option to continue therapy once the trial was complete; 15 of 18 patients continued intravesical treatment and maintained
efficacy for one year.
Prasad and Vaidyanathan173 administered intravesical
oxybutynin (5 mg three times daily) in 14 patients with
varied causes of NLUTD. After nine months of treatment, MCC increased significantly (from 132 to 284
mL) and compliance increased significantly (from 2.0 to
5.5). During the course of therapy, the number of
catheterizations performed per day decreased significantly from an average of 16 at baseline down to eight.
For patients experiencing incontinence, episodes resolved in 80%. No AEs were reported.
No published systematic reviews were identified which
addressed the intravesical use of oxybutynin in patients
with NLUTD.
Literature regarding application of intravesical agents other than oxybutynin was not included and more contemporary agents with extendedrelease mechanisms may not be appropriate in this application. Overall, the Panel advocates use of intravesical oxybutynin in select patients with NLUTD who are
currently performing CIC due to the potential to improve UDS storage parameters and decrease incontinence episodes combined with acceptable tolerability
with regards to systemic side effects.
STATEMENT THIRTY-FIVE: Clinicians should recommend intermittent catheterization rather than
indwelling catheters to facilitate bladder emptying in patients with NLUTD. (Strong Recommendation; Evidence Level: Grade C)
he evidence base for this statement is comprised of
four systematic reviews (Fumincelli 2017, Moore 2007,
Rognoni 2017, Kinnear 2020) covering separate outcomes, three RCTs (Cardenas 2011, Vapnek 2003, Costa 2013), and 33 observational studies (Adriaansen
2017, Afsar 2013, Bothig 2012, Bjerklung 2007, Dahlberg 2004, Edokpolo 2012, El Masri 2014, Hagen 2014,
James 2014, Katsumi 2010, Krassioukov 2015, Krebs
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2016, Krebs 2013, Krebs 2015, Ku 2006 (BJU Int), Ku
2006 (Spinal Cord), Lavelle 2016, Lopes 2014, Liu
2010, Liu 2015, Luo 2012, Oh 2006, Ord 2003, Ozbas
2012, Ploypetch 2013, Mukai 2016, Nwadiaro 2007,
Sugimura 2008, Singh 2011, Turi 2006, Svihra 2018,
Yilmaz 2014, Yasami 2017). The aggregate risk of bias
across studies reporting on outcomes informing this
statement was serious plus evidence was further downgraded for inconsistency. Confounding within the identified studies was also noted and thoroughly discussed
in text.
Despite limitations in the retrieved body of evidence
including inadequate sample sizes, suboptimal controls,
variable definition of clinical outcomes, large gaps in
follow-up, and a preponderance of data for SCI patients
over other NLUTD conditions, the Panel determined the
risk profile and complications of an indwelling catheter
favored recommendation for intermittent catheterization. The Panel additionally acknowledges intermittent
catheterization may not be feasible in certain situations
but should be preferred when the capability exists.
Overall, hydrophilic catheters may be associated with
lower rates of UTI and urethral trauma than other catheter types, specifically among SCI patients. The highest rates of UTI and recurrent UTI occur in patients
managed with transurethral indwelling catheters, in
patients who undergo botulinum toxin injections, and in
patients on various forms of antibiotic prophylaxis.
Rates of bladder stone occurrence generally increase as
follow-up duration increases; suprapubic catheters are
associated with higher rates of bladder stones than intermittent catheterization or urethral catheters.
QoL
studies suggest that the poorest QoL is associated with
indwelling catheters and the need to have intermittent
catheterization performed by a caregiver and the best
QoL is associated with the ability to self-catheterize.
Hydrophilic and non-hydrophilic catheters. There is a
mixture of results in the body of literature evaluating
the ability of hydrophilic catheters to decrease the risk
of UTI for patients that manage their bladder with CIC.
There are three systematic reviews that have evaluated
this topic. The first was published in 2007 and included
four parallel group trials that evaluated outcomes related to symptomatic UTI.174 Due to heterogeneity of the
various studies, pooling of data could not be done.
Reasons for heterogeneity included types of hydrophilic
catheters, catheterization technique (sterile versus
clean), catheter usage (single versus multiple use), and
definition of UTI. The systematic review did not provide
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details regarding the number of patients with recurrent
UTI prior to entering the various trials. The trials had
wide confidence intervals that did not demonstrate a
difference and crossed the no-difference line. Due to
this, and study heterogeneity, a summary estimate was
not produced from this document on this topic.
Rognoni and Taricone published the second systematic
review in 2017.175 Nine studies were identified and six
were used in the meta-analysis evaluating UTI risk.
The studies reviewed were all RCTs and were published
between 1990-2016. Hydrophilic catheters were compared to single use catheters and to multiple use noncoated catheters. This review did allow for pooling of
data and a meta-analysis. When hydrophilic catheters
were compared to single use catheters, pooling of four
studies demonstrated a significant reduction in UTI with
the hydrophilic catheter (RR=0.84; 95% CI: 0.75-0.94;
p=0.003). Similarly, when hydrophilic catheters were
compared to single or multiple-use catheters, pooling of
six studies demonstrated a significant reduction in UTI
with the hydrophilic catheter (RR=0.84; 95% CI: 0.750.94; p=0.003). Limitations of this systematic review
included heterogeneity related to definition of UTI between the studies and a large number of dropouts during the trials that could have contributed to attrition
bias. Similar to the other systematic review, details regarding the number of patients with recurrent UTI prior
to entering the various trials was not provided.
Several RCTs directly addressed outcomes with hydrophilic versus non-hydrophilic catheters in SCI patients.
After less than three months following injury, traumatic
SCI patients were randomized to the use of a hydrophilic catheter (n=108) or an uncoated model (n=116)
and followed for six months.176 The incidence of UTI
and time to first symptomatic infection requiring antibiotic therapy was significantly delayed in the hydrophilic
group compared to the uncoated group. High dropout
rates were encountered (58% and 40%, respectively)
due to alterations in bladder management strategy.
Vapnek et al.177 randomized patients to hydrophilic
(n=31) or uncoated catheter groups (n=31) for 12
months. Patients utilizing hydrophilic catheters demonstrated less hematuria and UTI compared to uncoated
catheter group. However, there were dissimilar baseline characteristics and types of catheter management.
A retrospective cohort study that was published in 2013
and evaluated compliance with CIC in newly injured SCI
patients was not included in the Rognoni systematic
review due to the retrospective study design.178 The
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study involved a mailed questionnaire to SCI patients
four years following discharge from in-patient rehabilitation. At discharge, 104 patients were using CIC which
decreased to 60 at follow-up. Of the 60 patients who
continued to manage their bladder with CIC, 28 used
hydrophilic and 32 used non-coated catheters. The
study reported that the frequency of UTI at follow-up in
patients using non-coated catheters was not significantly different than in those using hydrophilic (p=0.499);
however, raw rates of UTI were not reported for either
group and urine culture could not be obtained for most
of the patients in the study.
Clean versus sterile technique.
Moore et al.179 randomized recent tetraplegic patients
requiring intermittent catheterization to follow clean (n
= 16) or sterile (n = 20) techniques for six weeks.
Symptomatic UTIs developed in 37% of the clean group
compared to 45% in the sterile group. The authors
concluded that use of clean technique, which has cost
and time saving benefits, does not place patients at risk
for higher rates of UTIs.
Time-dependent versus volume dependent intermittent
catheterization
Polliack et al.180 randomized patients to two techniques
for catheterization frequency (n = 11 to timedependent; n = 13 to volume-dependent as measured
by portable ultrasound) for approximately three weeks.
The volume-dependent group demonstrated significantly lower numbers of catheterizations per day and no
UTIs compared to three patients in the time-dependent
group.
Catheter length
Overall, preference for catheter length was dependent
on patient gender with similar clinical outcomes.181, 182
Compact catheters were rated as superior in terms of
disposal, discretion, inserting, storing, carrying, and
control.183
Pre-lubricated vs. patient-applied lubrication
A comparison of 18 patients utilizing pre-lubricated non
-hydrophilic versus patient-lubricated catheters was
conducted for a duration of seven weeks.184 Rates of
UTI were higher with the patient-lubricated catheters
(22.2%) compared to the pre-lubricated model (7.4%)
as were rates of asymptomatic bacteriuria (33.3% versus 14.8%) with elevated mean urethral cell counts
indicative of trauma (15.1 versus 6.3). Patients rated
the pre-lubricated model as easier to insert and extract,
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more comfortable, and easier to handle than the patient-lubricated catheter.
Intermittent versus indwelling catheter
Turi et al.185 randomized patients to CIC (n = 40) or an
indwelling urethral catheter (n = 40) for an unknown
duration of follow-up. Fewer patients in the CIC group
experienced pyelonephritis (5%), epididymo-orchitis
(2.5%), or urosepsis (0%) compared to the indwelling
catheter group which had rates of 25%, 7%, and 5% of
these AEs, respectively.
Adverse events across catheter types
A variety of observational studies were extracted on
multiple etiologies of NLUTD and AEs from catheterrelated interventions. Most AEs exhibit a large range
and variable follow-up confounding determination if
specific catheter types are associated with higher or
lower rates of AEs. Despite these limitations, the Panel
concluded that the overall data favored intermittent
catheterization in comparison to indwelling catheters of
any type. Although the majority of study arms addressed intermittent catheterization, indwelling catheters, or suprapubic catheters, others included comparison groups such as spontaneous voiding and surgical
interventions.78, 83, 90, 186-207
Urinary tract infection
One critical metric for preference of catheter modality
involves risk with regards to UTI. Morbidity of infections is a primary driving factor for many therapeutic
decisions for NLUTD patients and is often intimately
associated with catheter management.
For the three methods of catheter utilization
(intermittent catheterization, indwelling urethral catheter, and suprapubic catheter) pooled data regarding the
percent of patients who experienced UTI during the follow-up periods favors CIC. Limitations include inconsistent UTI definitions across studies. Higher rates of
UTI do not predictably occur as follow-up durations increase; within the first 18 months of catheter use, a
large range of UTI rates is displayed. Most importantly,
at the longer time duration, UTI incidence appears to
favor CIC as compared to either indwelling catheter
modalities.
Bladder management methods were interrogated in a
large patient database (n = 1104) with a mean symptom duration of 20.3 years.202
The authors determined that bladder management, botulinum toxin injections, and prophylactic treatment of UTIs all were sig-
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nificant predicators of UTIs. The highest rate of annual
symptomatic UTIs occurred among patients using transurethral indwelling catheters (83.3%); this management method increased the odds of experiencing a UTI
by 10-fold and the risk of recurrent UTI (50.0%) by 4fold compared to patients who voided spontaneously
(rates of 29.6% and 9.9%, respectively). Patients with
suprapubic catheters (UTIs: 58.3%; recurrent UTIs:
17.5%), intermittent catheterization (UTIs: 70.5%;
recurrent UTIs: 31.2%), and reflex voiding (UTIs:
61.5%; recurrent UTIs: 24.8%) also had increased risk
for UTIs compared to patients who volitionally void.
Patients who had botulinum toxin injections experienced UTIs at a rate of 76.8% and recurrent UTIs at a
rate of 36.2%; values for patients who did not undergo
injections were 59.0% and 23.0%, respectively. Use of
prophylaxis (i.e., antibiotics or other substances) resulted in UTI rates of 72.2.% and recurrent UTI rates of
32.2%; patients who did not use prophylaxis had rates
of 55.3% and 20.5%, respectively.
Bladder calculi
An important component of bladder management strategy that provokes morbidity and further interventions is
the development of bladder stones. Combined data on
lower urinary tract stones reveals a distinct relationship with follow-up duration and stone formation.
Stone rates increase with increasing follow-up with data
going out to 10-12 years; there are too few studies
with longer durations from which to draw conclusions
after that. Stone rates for patients that manage their
bladder with suprapubic catheter studies are generally
higher than for those that manage their bladder with
intermittent catheterization or indwelling urethral catheters. For upper tract calculi, the relationship to length
of follow up was less clear.

QoL
Utilizing a broad array of patient-reported standardized
questionnaires and subjective assessments across multiple NLUTD states, several general themes emerged.
For most studies, patients with spontaneous voiding
displayed the highest QoL scores. Additionally, intermittent catheterization was generally preferred over
any indwelling catheter methods. However, a large prospective analysis revealed utilizing a standardized QoL
outcome measure that patients may prefer indwelling
catheters or surgery over certain iterations of intermittent catheterization.208 Another important consistency
across studies was patient dissatisfaction with intermit-
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tent catheterization when dependent on a caregiver to
perform.209-219
STATEMENT THIRTY-SIX: For appropriately selected NLUTD patients who require a chronic indwelling catheter, clinicians should recommend
suprapubic catheterization over an indwelling
urethral catheter. (Strong Recommendation; Evidence Level: Grade C)
Statement 36 was supported by four observational
studies (Ahluwalia 2006, Colli 2011, Cronin 2011, Edokpolo 2011) with very serious risk of bias. Additionally,
evidence was further downgraded for both inconsistency and indirectness.
Although existing literature was composed of observational studies limited by small sample sizes, variable
reporting of follow-up duration, and contradictory rates
of AEs, the Panel interpreted these data with shared
experience of catheter management to favor suprapubic
catheterization (SPC). No published systematic reviews
specifically addressed suprapubic catheter surgery.
Ahluwaliae et al.220 followed 219 patients (mean age:
75 years) for a mean of 50 months after suprapubic
catheter insertion. The majority of patients reported
satisfaction with the SPC (72%) and a preference for
the SPC compared to their prior urethral catheter
(89%). The intraoperative complication rate was reported at 10% (anesthesia 1.8%, bowel injury 2.3%,
catheter malposition 2.7%). The 30-day complication
rate was 19% with the most common reported as UTI
with sepsis (4.6%), surgical site infection (3.65%),
bleeding (1.82%), and SPC malfunction (2.28%). During follow-up, 43.5% of patients experienced an AE that
required clinical intervention.
These included UTI
(21.1%) and SPC site infection (15.4%).

Procedural outcomes were assessed in 585 patients
undergoing initial SPC placement and 439 patients with
SPC exchange performed by Interventional Radiologists
utilizing ultrasound, fluoroscopic, or CT guidance. 221
Technical success rates, defined as appropriate placement into the bladder, were 99.6% in the initial SPC
placement group and 92.3% in the exchange group.
The clinical success rate, defined as placement that resolved symptoms of urinary retention was 98.1% in the
initial SPC group. Minimal AEs were reported, including
catheter malposition (0.34% in initial SPC group; 0 in
exchange group), minor hemorrhage (3.3% and 1.8%,
respectively), peri-catheter urine leak (1.9% and 1.1%,
respectively), and SPC associated pain (0.86% and
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0.68%, respectively). One major AE of bowel injury
requiring surgery was reported in the initial placement
arm (0.17% and 0, respectively).
Additional observational studies with small sample sizes
reported minor immediate postoperative rates of complications222 while follow-up of 29 patients for 38.2
months after surgery revealed a 90-day complication
rate of 52%.223 Additional AEs were surgical site infection (21%), urethral incontinence (17%), urethral fistula (21%), UTI with sepsis (37%), and SPC malfunction
(24%). All studies with clinically relevant follow up reported higher rates of future interventions necessary
following SPC placement ranging from 5.9% to 34%.223,
224

The preference of the Panel for recommending SPC
placement was exemplified by a small report of six female patients with complete urethral destruction from
long-term indwelling catheters who underwent SPC
placement with transvaginal closure of the bladder
neck.225
At 21 months follow-up, all patients were
continent with no upper tract deterioration. Although
the Panel recognizes that progression to urinary diversion other than suprapubic catheter may be ideal, often
such procedures may be unfeasible due to high morbidity from prior abdominal interventions.
STATEMENT THIRTY-SEVEN: In NLUTD patients
who perform clean intermittent catheterization
with recurrent urinary tract infection, clinicians
may offer oral antimicrobial prophylaxis to reduce
the rate of urinary tract infections following
shared decision-making and discussion regarding
increased
risk
of
antibiotic
resistance.
(Conditional Recommendation; Evidence Level:
Grade C)
This statement was informed by one systematic review
(Morton 2002), two RCTs (Darouiche 2014, Fisher
2018), and three observational studies (Poirier 2016,
Salomon 2006, Krebs 2016) reporting on rate of UTI.
The risk of bias across the studies was serious plus evidence was downgraded for inconsistency.
In the literature, there is lack of uniformity regarding
the definition of recurrent UTI in the NLUTD patient.
The various definitions varied in urinary symptoms,
urine culture colony forming unit/mL threshold, differentiation of bacterial persistence versus reinfection by
bacterial species, and number of UTIs per year. Given
these limitations, various types of prophylaxis protocols
have been employed for managing recurrent UTI in pa-
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tients with NLUTD. Although older prophylaxis literature126 concludes that there is no evidence to support
the use of antimicrobials to reduce the rate of UTI’s;
recent literature has noted contradictory results.132
Overall there is limited evidence regarding the benefits
of oral antimicrobial prophylaxis to reduce the rate of
recurrent UTI in NLUTD patients who perform CIC. The
majority of studies on this topic are observational studies of limited quality, small sample size, and heterogeneous in terms of protocols and measures. Additionally, the evidence from a large database study202 notes
that the use of antimicrobial prophylaxis is associated
with higher rates of recurrent UTIs.
For evidence-based treatment of recurrent UTI in
NLUTD patients that perform CIC, there is limited evidence that exists in support of antibiotic prophylaxis.
The evidence report for this guideline identified one
systematic review, a meta-analysis of 15 trials,126 one
RCT132 and two observational trials226, 227 that evaluated
antibiotics for prevention of recurrent UTI in NLUTD
patients on CIC.
A meta-analysis of 15 studies (7 acute and 8 non-acute
phases) concluded that there was no evidence to support the regular use of antimicrobial prophylaxis to reduce the rate of UTI for NLUTD patients on CIC.126 For
acute patients (within 90 days of injury), antibiotic
prophylaxis (mainly supported by trials that tested nitrofurantoin and methenamine) was significantly associated with a reduction in bacteriuria with a trend for the
same effect in non-acute patients. However, the analysis noted a twofold increase in the proportion of antimicrobial-resistant bacteria cultured from patients on antibiotics; this was not noted with methenamine. The
authors conclude that the use of prophylaxis potentially
results in serious harm in the absence of a reduction in
UTIs.
While Morton’s systematic review is relevant to the issue of UTI prevention, it must be noted that all of the
trials included in the report pre-dated the literature cut
off for our systematic review. While the quality of the
systematic review is high, the Panel felt the data may
be less applicable and should be interpreted in light of
the given lapse of time and interval recent evidence.
One RCT132 and two observational trials226, 227 demonstrated that antibiotics reduce the rate of UTI in NLUTD
patients that perform CIC. The two small sample sized
observational studies (n=38 and n=50) used weekly
oral cycling antibiotic (WOCA) protocols and had followup at 2 years.226, 227 The WOCA regimen consisted of
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the alternate administration of two different antibiotics
once a week based upon prior cultures obtained. The
various antibiotics utilized included amoxicillin (3000
mg), cefixime (400 mg), fosfomycin-trometamol (6000
mg), nitrofurantoin (300 mg), and trimethoprim/
sulfamethoxazole (320–1600 mg). Patients received a
single antibiotic (treatment A) during week A and a different one (treatment B) the following week (week B).
Under the WOCA protocols, both trials observed a significant reduction in symptomatic UTI/patient-year from
baseline 9.4 ± 5.34 to 1.84 ± 2.814 per patient-year
(p< 0.01)227 and 9.45 ± 6.40 to 1.57 ± 2.12 per patient-year (p<0.001).226 Additionally, both studies
demonstrated a significant reduction in febrile UTI/
patient-year from baseline 0.75 to 0.31 per patientyear (p= 0.04)227 and 5.25 ± 7.29 to 0.18 ± 0.66 per
patient-year (p<0.001).226 The WOCA regimen significantly reduced the number and length of hospitalizations and the level of antibiotic consumption days without emergence of multidrug resistant bacteria.
A multicenter, open label, randomized-controlled superiority trial (n=404) performed in the United Kingdom
demonstrated continuous antibiotic prophylaxis is effective in reducing UTI frequency in CIC users with recurrent UTIs over a 12-month period.132 39% of the study
population (n=80 in prophylaxis group, n=79 in no
prophylaxis group) had NLUTD. The conclusion of the
primary analysis was unchanged by inclusion of the
various stratification factors including neurologic bladder dysfunction. The antibiotics given in the study were
50 mg nitrofurantoin, 100 mg trimethoprim, or 250 mg
cephalexin on a daily regimen. During the 12-month
study, the incidence of symptomatic, antibiotic-treated
UTIs in the prophylaxis group was 1.3 cases per person
-year (95% CI 1.1–1.6) and 2.6 cases per person-year
(2.3–2.9) for no prophylaxis control group. The analysis revealed a 48% reduction in the incidence of UTIs
associated with prophylaxis treatment (IRR=0.52; 95%
CI 0.44–0.61; p<0.0001) in favor of prophylaxis. The
median number of symptomatic, antibiotic-treated UTIs
observed over 12 months was 1 (range 0-2) in the
prophylaxis group and 2 (range 1–4) in the no prophylaxis control group. The microbiologically-confirmed
incidence of UTIs was 0.74 cases per person-year (95%
CI 0.58–0.94) in the prophylaxis group and 1.5 cases
per person-year (1.3–1.8) in the no prophylaxis group,
a 51% reduction in the microbiological incidence of UTI
(IRR=0.49 (0.39–0.60) in favor of prophylaxis.
A major concern regarding the use of antimicrobial
prophylaxis is the development of antimicrobial re-
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sistance in addition to the potential side effects of the
medication. Similar to prior systematic review data,126
this study demonstrated increased antibiotic resistance
for each antibiotic used in the prophylaxis group which
may limit the appeal of a daily antimicrobial prophylaxis
strategy. Shared decision-making and full discussion
regarding the potential harms related to acquiring an
antibiotic resistant infection should be factored into the
decision for antibiotic prophylaxis for UTI prevention.
STATEMENT THIRTY-EIGHT: In NLUTD patients
who perform clean intermittent catheterization
with recurrent urinary tract infection, clinicians
may offer bladder instillations to reduce the rate
of urinary tract infections. (Expert Opinion)
The body of evidence regarding bladder instillations to
reduce the rate of UTI is limited due to the quantity,
quality, and design of the studies in addition to the heterogeneity of the population, type of bladder management and instillation solution utilized. There were insufficient studies and inadequate evidence for any single strategy to reduce the rate of UTI in NLUTD patients
that perform CIC.

One RCT95 investigating acetic acid, neomycin/
polymyxin, and saline bladder irrigation and one observational study228 involving gentamicin bladder instillation were identified. The aggregate risk of bias for
these two studies is very serious.
Self-Intermittent Catheterization
In an observational retrospective study (n=22) of
NLUTD patients with recurrent UTI’s exclusively managed on self-intermittent catheterization, Cox et al.228
monitored patients before and after gentamicin instillation and demonstrated fewer symptomatic UTIs
(median 4 versus 1 episodes; p<0.004), fewer courses
of UTI treatment (median 3.5 versus 1; p<0.01), and
had less overall oral antibiotic usage. The gentamicin
protocol used was a 30–60 mL (14.4–28.8 mg) dose of
gentamicin solution instilled into the bladder after the
last catheterization and left indwelling until the next
catheterization. In this short-term study, the rate of
gentamicin resistance did not increase and AEs were
self-limited and rare. As there are no data on longterm follow-up of patients treated with intravesical aminoglycosides, caution is still warranted regarding antibiotic resistance development, adverse events, and optimal duration of treatment.
Additionally, clinicians must understand the procedure
is time-consuming and requires personal commitment
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and motivation on the part of the individual performing
the task. Consequently, shared decision-making regarding the individual risk-benefit assessment of gentamicin bladder irrigation is encouraged.
Indwelling Urethral or Suprapubic Catheter
Waites et al.95 randomized chronically catheterized
NLUTD patients with asymptomatic bacteriuria to 3
methods of bladder irrigation performed twice daily for
8 weeks in a community setting. Bladder irrigants used
were normal saline (n = 30), 0.25% acetic acid (n =
30), and neomycin-polymyxin GU irrigant containing 40
mg/mL neomycin sulfate and 200,000 units/mL polymyxin B (n = 29). 30 mL of irrigant remained in the
bladder for 20 minutes. There were no statistically significant differences among groups in bacterial load, pyuria, or inflammation.
STATEMENT THIRTY-NINE: Clinicians may counsel
NLUTD patients with recurrent urinary tract infection who use various forms of catheter management that cranberry extract has not been demonstrated to reduce the rate of urinary tract infections. (Conditional Recommendation; Evidence
Level: Grade B)
The evidence base assessing the use of cranberry extract to reduce the rate of UTI is comprised of two
RCTs (Gallien 2014, Lee 2007) and one observational
study (Hess 2008). Studies were limited by a serious
risk of bias but evidence was not further downgraded in
any other domain. Studies had reasonable sample sizes, clinically relevant follow-up durations of six months
or more and low to unclear risk of bias. Although outcome measures varied in the studies, the results were
consistent across most studies indicating that there is
no consistent evidence to support the use of cranberry
extract to reduce the rate of UTIs in NLUTD patients on
various forms of catheter management.
The systematic review identified five randomized controlled trials: two evaluated cranberry versus placebo/
no cranberry;229, 230 two crossover studies from cranberry to placebo;231, 232 one cranberry versus cranberry
+ methenamine versus placebo.233 Four RCTs studied
cranberry in a tablets/capsules and one studied cranberry extract powder for oral solution, each at various
dosages.230 Risk of bias was low in two RCTs230, 233 and
unclear in three RCTs.229, 231, 232 One RCT230 evaluated
only MS patients and four RCTs enrolled SCI patients on
various bladder management methods.229, 231-233 Most
trials had reasonable sample sizes (range n=37–305)
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and clinically relevant follow-up durations (6 - 12
months). Despite the heterogeneous patient population, bladder management method, cranberry dose,
and outcome measures studied, the results were consistent across all but one trial demonstrating that cranberry does not reduce the rate of UTIs in NLUTD patients.
MS Population
Gallien et al.230 randomized MS patients to 36 mg of
proanthocyanidins per day of cranberry extract (n =
82) or placebo (n = 89) twice daily and all patients
were followed for one year. 33.9% of the study group
managed their bladder with clean intermittent catheterization. There were no group differences in time to first
symptomatic UTI across one year (Hazard Ratio =
0.99; 95% CI 0.5 to 1.60; p>0.05). The percentage of
patients who had at least one UTI for one year was
40.0% in the placebo group and 41.2% in the cranberry group. The mean number of UTIs for patients who
had at least one UTI for one year was 2.2 in the placebo group and 2.3 in the cranberry group.
SCI Population
Waites et al.229 randomized 48 SCI patients using CIC
or an external collection device to 2 g of concentrated
cranberry extract tablets (n = 26) or placebo (n = 22),
each for six months. There were no significant differences between groups in the percent of patients who
had a symptomatic UTI during follow-up (38.5% in the
cranberry group; 36.4% in the placebo group). Lee et
al.233 randomized SCI patients using varied bladder
management methods to receive oral cranberry + placebo tablets (n = 78), oral methenamine + cranberry
tablets (n = 75), oral methenamine + placebo tablets
(n = 75), or oral placebo + placebo tablets (n = 77).
The dose of cranberry was 1600 mg and the methenamine dose was 2 g. There were no statistically significant differences across groups in six-month UTI-free
survival rates (range from 53.5% to 56%). Linsenmeyer et al.232 randomized 37 SCI patients using indwelling
catheters to 1200 mg cranberry or placebo tablets,
each for one month. There were no statistically significant differences between groups for bacterial count,
WBC counts or WBC and bacterial counts in combination. Hess et al.231 randomized 57 SCI patients using
varied methods of bladder management to 1000 mg
cranberry extract or placebo tablets, each for six
months. The number of UTIs, percent of patients experiencing at least one UTI, and the incidence of UTI prorated to one year were all reduced in the cranberry
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group (7, 13%, and 0.3, respectively) compared to the
placebo group (21, 34%, and 0.9, respectively). The
authors noted that patients with a glomerular filtration
rate >75 ml/min benefitted the most. Limitations to
this study’s positive findings are the crossover study
design without a washout period and the heterogeneous methods of bladder management used by the patients.
STATEMENT FORTY: In NLUTD patients with spinal
cord injury or multiple sclerosis refractory to oral
medications,
clinicians
should
recommend
onabotulinumtoxinA to improve bladder storage
parameters, decrease episodes of incontinence,
and improve quality of life measures. (Strong
Recommendation; Evidence Level: Grade A)
Statement 40 is supported by three systematic reviews
(Yuan 2017, Li 2018, Mangera 2014), ten RCTs (Ehren
2017, Chancellor 2013, Kennelly 2013, Grise 2010,
Chartier-Kastler 2016, Rovner 2013, Ferreira 2018,
Tullman 2018, Cruz 2011, Herschorn 2011, Ginsberg
2012), and three observational studies (Kennelly 2017,
Dominique 2020, Sussman 2013) with a non-serious
risk of bias and no downgrading for any domain.
Based upon the high-quality, well-conducted systematic
reviews and RCTs with placebo-control groups, and adequate sample sizes to achieve sufficient statistical
power, the body of evidence supports the use of
onabotulinumtoxinA to manage NDO in patients with
SCI or MS.234-239 240-243 Most of the trials had a low-risk
of bias. There was Grade A evidence to support the
conclusions regarding both initial injections as well as
repeated injections of onabotulinumtoxinA.
In patients with SCI or MS, a single set of intradetrusor
injections of onabotulinumtoxinA reduces UI episodes,
increases MCC, and decreases MDP compared to placebo groups. Other clinical and UDS parameters as well
as QoL outcomes also generally demonstrate improvement.
There are no differences in efficacy between the 200 U
and 300 U dose.
The most frequently reported AEs are UTI, urinary retention, and the need for patients not using CIC pretrial to begin using CIC to manage retention.
In patients with SCI or MS, repeated series of intradetrusor injections of onabotulinumtoxinA restore the
improvements experienced with the first set of injections and efficacy does not appear to diminish with re-
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peat treatment in most patients.
Efficacy of Initial Injection
Two of the most recent high-quality systematic reviews
with meta-analysis evaluated pooled data from RCTs,
with placebo-control groups, that evaluated the use of
onabotulinumtoxinA in SCI patients only and SCI and
MS patients.241, 243 All trials in these systematic reviews
evaluated injections into the detrusor of 200 U and 300
U onabotulinumtoxinA and one study evaluated only
300 U onabotulinumtoxinA injections. All studies spared
the trigone with their intradetrusor injections template.
The analysis of pooled data demonstrated that onabotulinumtoxinA significantly reduced the daily frequency
of UI and MDP during first IDC, and improved MCC in
SCI and MS patients with UI due to NDO.241, 243
Yuan et al.’s meta-analysis indicated that onabotulinumtoxinA significantly reduced UI episodes by -1.41
episodes (95% CI -1.70 to -1.12, p<0.05). The mean
difference in UI episodes per day from baseline for the
200 U and 300 U doses were -1.38 (95% CI: -1.83 to 0.94) and -1.42 (95% CI: -1.81 to -1.04), respectively.
Using a meta-regression method, no obvious dose-dependent differences were found between the 200 U and
300 U dose groups (p=0.974). In the pooled data,
there was a decreased MDP during the first IDC of 32.98 (95% CI: -37.33 to -28.62) compared to the placebo group. A subgroup dose analysis demonstrated a
decrease in MDP during the first IDC of -32.71 cm H2O
(95% CI: -39.32 to -26.10) for 200 U and -31.85 cm
H2O (95% CI: -38.08 to -25.62) for 300 U. MCC increased by 135.5 mL (95% CI: 118.2 to 152.8 mL;
p<0.05) compared to placebo groups (200U: 140.38;
95% CI: 114.43–166.34; 300 U: 136.56; 95% CI:
110.91–162.21).243
Li et al.’s meta-analysis included 17 studies of patients
with NDO secondary to SCI. When compared with placebo, treatment with onabotulinumtoxinA demonstrated
significant improvement in UI episodes (Mean Difference (MD): -12.45; 95% CI: -19.90 to -5.00;
p=0.001), volume at IDC (MD: 163.42 mL; 95% CI:
96.41–230.43 ml; p<0.00001), and MCC (MD: 134.75
mL; 95% CI: 105.06–164.44 ml; p<0.00001). No significant difference was found between 200 U and 300 U
of onabotulinumtoxinA in UI episodes (MD: -1.27; 95%
CI: -6.82 to 4.27; p=0.65), MCC (MD: -2.32 ml; 95%
CI: -36.19 to 31.56 ml; p<0.89), the number of patients with no IDC (MD: 0.77; 95% CI: 0.53–1.12;
p=0.18), PVR (MD: -79.85 ml; 95% CI: -120.41 to 39.29 ml; p=0.0001), and bladder compliance (MD:
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3.10 mL/cmH20; 95% CI: -7.47 to 13.67 ml/cmH20;
p<0.57). Overall, there was not a significant clinical or
urodynamic difference between effects at the 200 U
versus the 300 U dose.241, 243
One RCT investigated the 100 U dose and randomized
non-catheterized MS patients to either onobotulinumtoxinA or placebo. After six weeks of treatment,
onobotulinumtoxinA reduced UI at week 6 (−3.3 episodes/day versus −1.1 episodes/day; p<0.001) and a
significantly greater proportions of onabotulinumtoxinAtreated patients achieved 100% UI reduction (53.0%
versus 10.3%; p < 0.001). When compared to placebo, treatment with onobotulinumtoxinA demonstrated
significant improvement in urinary urgency (-4.3 versus
-1.6 episodes/day; p< 0.001), micturition (-2.5 versus
-0.8 episodes/day; p < 0.001), and voided volume (27.8 versus 5.1 mL; p < 0.001). Significantly improved
urodynamic bladder storage parameters were noted in
the onobotulinumtoxinA 100U group. MCC increased by
127.2 mL (95% CI: 91.8 to 162.5 mL; p<0.001) and
there was a decreased MDP during the first IDC of –
19.6 cm H2O (95% CI: -35.1 to -4.0 cm H20).242
The UDS data in the onbotulinumtoxinA placebocontrolled RCT studies support the patient-reported
clinical effects of increased voided volume and decreased UI episodes.241, 243 Abolishment of IDCs, increased bladder capacity, and improved bladder compliance are all important goals of management in NLUTD
patients to minimize the untoward negative effects on
the upper urinary tracts.
Efficacy of Initial Injection:
Measures

Quality of Life

It is well known that UI has a negative impact on a person’s health-related QoL (HRQoL). Unfortunately, objective outcome measures utilized in clinical studies
often do not capture the patient’s goals, expectations,
or treatment satisfaction.
Consequently, patientreported outcome measures are a standardized approach to measure information that is important to patients and are highly encouraged in investigating QoL
conditions such as urinary incontinence. In the RCTs
evaluating botulinum toxin A, the HRQoL questionnaires
utilized were the Incontinence Quality of Life (I-QOL),
modified Overactive Bladder Patient Satisfaction with
Treatment Questionnaire (OAB-PSTQ), and the Patient
Global Assessment (PGA).
Although heterogeneous in their HRQoL measures, all
of the RCTs that evaluated patient reported outcomes
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demonstrated significantly improved HRQoL parameters
in the onabotulinumtoxinA active treatment group compared to placebo.244 241, 243In the DIGNITY trials, at
weeks 6 and 12, patients who received onabotulinumtoxinA (200 U or 300 U) demonstrated important
improvements versus placebo in I-QOL Questionnaire
total score, modified OAB-PSTQ, and PGA.244, 245 Similar to the clinical and urodynamic effect, there is no
clinically relevant difference in patient reported outcomes between the onabotulinumtoxinA 200 U and 300
U doses.244, 245
Regarding patient’s goals, Chartier-Kastler et al.246 reported signiﬁcantly greater proportions of patients in
the onabotulinumtoxinA groups (200 U and 300 U)
making signiﬁcant progress toward, or complete
achievement of, their goals in comparison to placebo. A
sub-analysis of disease etiology and treatment goals
and goal attainment was performed noting similar goals
between MS and SCI patients. Although there were
noted minor differences in baseline goals, disease etiology had no impact on overall goal attainment with either dose of onabotulinumtoxinA (200 U or 300 U).246
Of interest was the awareness that for those patients
who needed to self-catheterize after onabotulinumtoxinA 200 U or 300 U, CIC did not impact patient satisfaction with onabotulinumtoxinA treatment.
Improved quality of life was also reported in an RCT
randomizing non-catheterizing MS patients to 100 U
onabotulinumtoxinA or placebo. Tullman et al.242 reported greater improvement in I-QOL total summary
score that was >3 times the minimally important difference at week 6 and was maintained through week 12
(p < 0.001, both time points). These various HRQoL
results support the clinical efﬁcacy of onabotulinumtoxinA 200 U and 300 U, as measured with changes in daily UI episodes and improved bladder storage parameters.
Efficacy of Initial Injection: Adverse Events
The beneficial effects of botulinum toxin A must be
weighed against the most frequently reported AEs
which include UTI, urinary retention, and the need for
patients not using CIC pre-treatment to require the use
of CIC post-injection. The meta-analysis by Yuan et
al.,243 which reviewed six RCTs, indicated that botulinum toxin A is significantly associated with the likelihood of having a UTI (OR = 1.68; 95% CI 1.20 to 2.35;
p<0.05) and urinary retention (OR = 6.80; 95% CI
3.46 to 13.35; p<0.05). Similar conclusions were noted by Li et al.241 with increased rates of symptomatic
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UTI, urinary retention, hematuria, and AD significantly
increased with onabotulinumtoxinA compared to placebo.
The occurrence of UTIs in the NLUTD population is common, particularly in patients who are using CIC and
have elevated storage pressure and postvoid residual.
Although there was heterogeneity in the definition of
UTI (symptomatic or asymptomatic bacteriuria) and
bladder management method, all of the RCTs noted UTI
as the most prevalent adverse event with ranges from
21 – 70%.243 In non-catheterizing MS patients, Tullman
et al.242 reported a 25.8% UTI rate for the onabotulinumtoxinA-treated patients and 6.4% of placebotreated patients. The UTIs were symptomatic in 13.6%
and 1.3% in the onabotulinumtoxinA- and placebotreated groups, respectively.
Urinary retention rates are primarily related to MS patients who were not on CIC at study entry. In a study
where non-catheterized MS patients were randomized
to receive 100 U onabotulinumtoxinA or placebo, Tullman et al.242 reported a 15.2% CIC rate due to urinary
retention in the onabotulinumtoxinA group and 2.6% in
the placebo group for a median duration of 64.0 and
2.0 days, respectively. In the DIGNITY pooled analysis,
MS patients demonstrated a dose-dependent increase
in the need to initiate CIC for urinary retention (31.4%
and 47.1% in the onabotulinumtoxinA 200 and 300 U
groups, respectively) compared with the placebo group
(4.5%). Nearly half of these patients used CIC for ≤ 36
weeks while the other half used CIC for ≥ 36 weeks.
For those who initiated de novo CIC, treatment satisfaction remained high in the onobotulinumtoxinA 200 U
dose group compared to those who did not initiate CIC,
but not in the onabotulinumtoxinA 300 U dose group.
Due to the high-risk of long-term CIC, patient - is important when discussing onabotulinumtoxinA treatment
with MS patients who do not require CIC at baseline.
Distant spread of botulinum toxin has been noted to
cause muscular weakness. In RCTs, the range of muscular weakness post-onabotulinumtoxinA (range 0 –
13.4%) was similar to placebo (range 0 – 14.29%) and
the few reports noted the adverse event were transient
and resolved without further treatment.247-249 The DIGNITY studies noted similar annualized MS exacerbation
rates for onabotulinumtoxinA and placebo groups. Cruz
et al.247 reported an annualized MS exacerbation of
0.19, 0.36, and 0.20 and Ginsberg et al.249 reported an
annualized MS exacerbation rate of 0.22, 0.14 and 0.37
in the placebo, and 200 and 300 U groups, respectively.
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These data indicate; however, that patients may experience neurological AEs in addition to the more commonly reported events of UTIs and urinary retention.
Efficacy of Repeated Injections
The systematic review identified one moderately highquality meta-analysis of 18 observational studies that
assessed repeated onabotulinumtoxinA injections, primarily in SCI and MS NLUTD patients.250 OnabotulinumtoxinA (dose ranges 200 U – 300 U) was used in 13
studies, abobotulinumtoxinA (dose range 500 U – 1000
U) was used in four studies and both were used in one
study. The number of repeat injections and mean injection interval ranged from 3 - 9 months and 8.3 14.9 months, respectively. The analysis of pooled data
demonstrated that botulinum toxin A significantly increased MCC, RV, bladder compliance, and reduced
MDP compared to baseline in NLUTD patients. There
were no statistically significant differences (Standard
Mean Difference < 0.2) in MCC (149.8 mL to 155.3
mL), MDP (-23.5 and -26.8 cm H2O), RV (104.3 mL and
129.3 mL), and bladder compliance (18.2 and 18.4 mL/
cm H2O) between the outcomes after the first and last
injections, suggesting stable efficacy over repeat injections. The most frequently reported AEs were UTI, urinary retention, and hematuria. Various limitations of
this meta-analysis include heterogeneous study designs, variety of toxin used and doses of toxin, in addition to selection bias and limited quality and quantity of
studies.
The long-term effects of onabotulinumtoxinA were
demonstrated in three RCTs with follow up ranging from
12 months to 4 years.238, 251, 252 Each trial demonstrated significant clinical improvements in UI, UDS parameters, and QoL. The largest (n=396) open label 4-year
extension phase of the DIGNITY trials247, 249 with pooled
patients across the original trials reported on six treatment cycles (although some patients had up to thirteen).247, 249, 252 Despite a nearly 40% drop out, discontinuations for lack of efficacy were few (n=8; 2.0%) as
were discontinuations for AEs (n=12; 3.0%). Consistent reductions in the number of daily UI episodes
(range -3.2 - -4.1) and increased voided volumes
(133.2 – 156.1 mL) were observed along with sustained I-QoL improvements following long-term repeated treatment.
Treatment duration varied across patients with <6 months in 22% of patients, ≥ 6-12
months in 52% of patients, and >12 months in 26% of
patients. No new safety signals emerged as UTIs and
urinary retention, as well as the need for de novo CIC,
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remained the most frequently reported AEs.
Injection Location
A meta-analysis of 2 RCTs compared 55 SCI patients to
onabotulinumtoxinA 300 U injections into the detrusor
or submucosa.241 Acknowledging their small sample
size, short duration, and unclear risk of bias both
groups improved regarding the number of catheterizations per 24 hours, the number of UI episodes over 24
hours, catheterized volume, MCC, RV, MDP during filling, and bladder compliance at 3 months. There were
no significant differences between groups in clinical and
UDS parameters (UI episodes (MD: -1.21; 95% CI: 5.30 to 2.88; p=0.56), mean functional bladder capacity (MD: -54.26; 95% CI: -81.91 to -26.61; p=0.0001),
VFIDC (MD: -37.69; 95% CI: -83.60 to 8.22;
p<0.00001), and Pdet (MD: -7.99; 95% CI: -21.98 to
6.00; p=0.26).241
AbobotulinumtoxinA
The body of evidence regarding abobotulinumtoxinA to
improve bladder storage parameters, decrease episodes
of incontinence, and improve QoL measures is limited
due to the quantity, quality, design, and limited followup of the studies. Although the preliminary findings of
abobotulinumtoxinA appear similar to those of onabotulinumtoxinA, multicenter larger RCTs compared to placebo with defined NLUTD patient populations, dosing,
injection method, and standardized outcome assessments along with longer term follow-up will be needed.
The systematic review identified two RCTs234, 235 compared to placebo investigating abobotulinumtoxinA in
NLUTD patients with UI refractory to oral medications.
The risk of bias is low in these two trials.
Ehren et al.235 randomized patients with varied causes
of UI to placebo (n=14) or abobotulinumtoxinA 500 U
(n=17) with 6-month follow-up. The active treatment
group experienced significant improvements in UI episodes, MCC, MDP, and QoL as noted in the Qualiveen
questionnaire, and there were no AEs related to the
treatment. Denys et al.234 randomized 47 patients to
received either 15 or 30 intradetrusor injections of placebo or abobotulinumtoxinA 750 U and followed them
for 3 months. Both abobotulinumtoxinA groups experienced significant improvements in daily UI episodes,
MCC, MDP, and RV compared to the placebo groups,
and there were no differences in treatment efficacy
based on number of injections. The most commonly
reported AE was UTI that appeared to increase with the
number of injections and abobotulinumtoxinA dose in-

Copyright © 2021 American Urological Association Education and Research, Inc.®

49

American Urological Association (AUA)/Society of Urodynamics,
Female Pelvic Medicine & Urogenital Reconstruction (SUFU)

Neurogenic Lower Urinary
Tract Dysfunction

dependently. The UTI rate was 14.3% in the placebo
15 injections group, 57.1% in the placebo 30 injections
group, 37.5% in the abobotulinumtoxinA 15 injections
group, and 41.2% in the abobotulinumtoxinA 30 injections group. Muscle weakness was noted in three SCI
patients in the 15 injection abobotulinimtoxinA group
but resolved without intervention.

Outside of SCI and MS, the body of evidence for
onabotulinumtoxinA to treat NLUTD patients with UI
refractory to oral medications is Grade C for efficacy
and adverse events. Due to a lack of high quality, adequately powered trials, the data can only be extracted
from observational trials with small sample size and
variable methodologies.

The systematic review identified one RCT comparing 2
doses of abobotulinumtoxinA (500 U and 750 U) in a
mixed neurogenic population who were followed for one
year.253 Clinical and urodynamic variables improved
similarly between groups with complete continence observed in 56.4% of the 500 U group and in 73.7% of
the 750 U group (p=0.056). 10.3% of patients experienced AEs including hematuria/fever, pyelonephritis,
fatigue with vertigo, muscle weakness, constipation,
difficulty with CIC, and fever.

The systematic review identified one RCT235 with placebo control groups that evaluated the effects of 500 U of
abotulinumtoxinA in a mixed neurogenic population;
however, the non-MS/non-SCI group only accounted for
16% (n=5/31) of patients.235 During follow-up, the
active treatment group experienced significant improvements in UI episodes, MCC, MDP, and QoL and no
AEs were reported during the 6-month follow-up. The
risk of bias was low but due to the few non-MS/non-SCI
patients in the study there is limited evidence for the
larger NLUTD population.

In NLUTD patients with SCI and MS refractory to oral
medications, the body of evidence is Grade A for use of
onabotulinumtoxinA to improve bladder storage parameters, decrease episodes of incontinence, and improve
QoL measures.235, 239 241, 243 In NLUTD patients with SCI
or MS, intradetrusor injections of onabotulinumtoxinA
reduces UI episodes, increases MCC, and decreases
MDP compared to placebo groups. Other clinical and
UDS parameters as well as QoL outcomes also generally demonstrated improvement. There are no differences in efficacy between the 200 U and 300 U dose;
however, there is an increasing dose-dependent relationship regarding risk of retention and need for CIC.
In patients with SCI or MS, repeated series of intradetrusor injections of onabotulinumtoxinA restore improvements experienced with the first set of injections
and efficacy does not appear to diminish.

The systematic review also identified one RCT253 comparing two doses of abobotulinumtoxinA (500 U and
750 U) in a mixed neurogenic population followed for 1
year; however, the non-MS/non-SCI group only accounted for 12.9% (n=10/77). Clinical and UDS variables improved similarly between groups with complete
continence observed in 56.4% of the 500 U group and
in 73.7% of the 750 U group (p=0.056). The review
did not find any RCTs with a non-MS/non-SCI mixed
neurogenic population for onabotulinumtoxinA.
Numerous observational studies have reported on the
effects of a single set of botulinum toxin A in a non-MS/
non-SCI NLUTD population.
Parkinson’s Disease

STATEMENT FORTY-ONE: In NLUTD patients, other than those with spinal cord injury and multiple
sclerosis, who are refractory to oral medications,
clinicians may offer onabotulinumtoxinA to improve bladder storage parameters, decrease episodes of incontinence, and improve quality of life
measures. (Conditional Recommendation; Evidence Level: Grade C)

Data on the use of botulinum toxin A in patients with
PD is limited due to small sample size, lack of controls,
short follow-up, and single center observational trials.
Overall, there is a suggestion of improvement in symptoms with similar side effects noted with MS and SCI
botulinum toxin trials. Due to PD’s older male predominance, the coexistence of BOO along with detrusor dysfunction raises the concerns for the development of urinary retention post-injection.

This statement is informed by two RCTs (Ehren 2007,
Grise 2010) and seven observational studies (Kennelly
2017, Giannantoni 2009, Jiang 2014, Peyronnet 2018,
Peyronnet 2017, Stoehrer 2009, Ko 2019). The risk of
bias for outcomes of interest reported by these studies
was very serious. Additionally, evidence was downgraded for indirectness and imprecision.

Knupfer et al.254 evaluated the effects of 200 U onobotulinumtoxinA in 10 PD patients (n=4 female, n=6 male;
median age: 67.9 years) with refractory LUTS with 4month follow-up. The injection location was intradetrusor and included the trigone. At four months, patients
experienced significant clinical improvements in urinary
frequency, pad use, and QoL based upon ICIQ scores.
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UDS parameters improved significantly including increased MCC (196.2 ± 88.29 mL preoperatively, 332.6
± 135.45 mL postoperatively) and decreased MDP
(mean: 57.9 ± 33.1 cm H2O preoperatively, 18 ± 16.55
cm H2O postoperatively). A non-significant increase in
PVR occurred (from 61.28 ± 75.91 mL to 77.0 ±
119.78 mL postoperatively) without the need for CIC.
The duration of effect was a mean of 9.75 ± 4.85
months for the four patients who received re-injection.
Anderson et al.255 followed 20 PD patients (n=12 male,
n=8 female; median age: 71.5 years) with refractory
UI after onabotulinumtoxinA 100 U office injections for
six months. Moderate to marked symptom relief at
three months was noted on QoL questionnaires (PGA)
and a 50% incontinence decrease over six months relative to pretreatment was reported in 59% of patients
(p<0.02). Of note, 25% of patients failed to complete
the 6-month endpoint. Significantly increased PVR,
classified as partial retention, occurred in three men at
the 1-month follow-up (mean: 310 mL). No patient required intermittent catheterization but two men were
given alpha-blocking agents.
Giannantoni et al.256 evaluated the effects of 100 U
onabotulinumtoxinA in 8 PD patients (n=1 male, n=7
female; mean age: 66 years) with refractory UI with six
month follow up. OnabotulinumtoxinA demonstrated
clinical improvements in UI, daytime urinary frequency,
and nocturia along with improved QoL and VAS scores.
On urodynamic assessments, significant improvements
in MCC were noted at all time points, and 37.5% of patients had abolishment of IDCs. PVR volume increased
1 month after treatment but decreased markedly at
three and six months. Two female patients (25%) had
elevated PVR (300 mL) necessitating CIC twice daily.
One patient needed CIC for one month and the other
required a caregiver to perform CIC for three months.
Kulaksizoglu et al.257 followed 16 PD patients (n=10
female, n=6 male; mean age: 67.2 years) with refractory UI who were treated with abobotulinumtoxinA (500
U) injections for 12 months. Symptom relief was noted
at three and six months with decreased urinary frequency and improvement in UI. Mean functional bladder capacity increased significantly compared to baseline at all time points but reached the peak by 6 - 9
months. Both the patient’s QoL as well as caregiver’s
burden was significantly improved up to nine months.
There were no AEs reported.
Giannantoni et al.258 evaluated the effects of 200 U
onabotulinumtoxinA in four PD patients and two multi-
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system atrophy (MSA) patients.
OnobotulinumtoxinA
demonstrated significant improvements in daytime and
nighttime frequency with resolution of UI and improvements in I-QOL at one and three months. UDS showed
significant improvements in MCC, volume at first IDC,
and IDC maximum pressure. No systemic AE or UTI’s
developed but the two MSA patients needed daily CIC.
The MSA patients had documented elevated PVR’s and
detrusor dysfunction prior to the onabotulinumtoxinA
treatment which provides a signal that the MSA patient
may be a higher at-risk population for urinary retention.
Central Nervous System Lesions
In a retrospective observational trial, Jiang et al.259
compared the effects of 100 U onabotulinumtoxinA in
40 patients with mild CNS lesions including chronic CVA
(n=23), PD (n= 9), and dementia (n=8) to 160 OAB
patients without CNS lesion. Similar significant clinical
and UDS improvements were noted at three months in
UI, urgency, urgency severity score, and MCC in both
groups, with and without CNS lesions. There was no
difference in PVR between the two groups. The
PdetQmax and Qmax did not change in patients with
CNS lesions, and there was no significant difference
between the groups. The CVA group had a higher incidence of straining to void, but all other AEs were similar. The urinary retention rates reported for CNS lesions were CVA (17.4%), PD (11.1%), dementia (0%),
and OAB patients without CNS lesion (10%). Patient
selection in this vulnerable patient population is important. Patients with advanced CNS lesions and poor
sensory awareness are not ideal candidates for botulinum toxin as they may be at higher risk for impaired
bladder sensation after botulinum therapy and risk the
development of urinary retention and UTI. Patients
with CNS disorders should be informed of the possible
risk of urine retention and bladder management strategies need to be discussed prior to botulinum toxin therapy. Patients with CNS disorders may not be able to
cognitively or physically perform CIC and may need a
caregiver or temporary catheter for management of
incomplete bladder emptying/urine retention.
Spinal Dyraphism in Adults
Spinal Dyraphism (SD) is the most common congenital
cause of neurogenic bladder with 90% of patients presenting with NLUTD. Unlike SCI or MS neurological lesions, SD lesions are typically incomplete with variable
presentations. There are sparse reports regarding botulinum toxin for adult patients with SD.
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Peyronnet et al.260 reported on a multicenter retrospective chart review of 125 adult SD patients who underwent a total of 561 intradetrusor botulinum toxin A injections over a 14-year period. OnabotulinumtoxinA
200 U, 300 U, and abobotulinumtoxinA 750 U were
used in 34.7%, 49.2%, and 16.1%, respectively. After
the first injection, urgency and UI resolved in 62.3%
with resolution of UI in 73.5% of patients.
UDS parameters showed significant improvement in MCC, MDP,
and bladder compliance by 6 - 8 weeks compared to
baseline. On multivariate analysis, female gender and
older age were predictors of successful first botulinum
toxin injections, while poor bladder compliance was associated with a lower global success rate. AEs occurred
in 3.6% of cases which included UTI (2.3%), muscular
weakness (0.5%), pain (0.5%) and gross hematuria
(0.2%), which were all mild and transient.
Other NLUTD Conditions
Besides MS, SCI, PD, CVA or SD, the systematic review
did not find any other NLUTD conditions uniquely studied using botulinum toxin for the treatment of UI. However, many observational studies investigating botulinum toxin had included NLUTD conditions other than
MS and SCI. Of the more than 20 observational botulinum toxin studies including mixed NLUTD conditions in
their analysis, only two studies had a reasonably large
cohort of non-MS or non-SCI NLUTD patients (> 20% of
the overall study group).
In a retrospective case-control study over 7 years, Peyronnet et al.261 reported on 211 NDO patients treated
with onabotulinumtoxinA (200 U and 300 U) and
abobotulinumtoxinA (750 U). Of the 211 patients, the
number of patients with other NLUTD (non-MS and non
-SCI) were 15 patients (28.3%), 11 patients (12.7%)
and 18 (23.1%) patients in the onabotulinumtoxinA
200 U, onobotulinumtoxinA 300 U, and abobotulinumtoxinA 750 U arm, respectively.
Overall clinical
improvements in UI were noted in all doses with higher
rates of UI resolution in patients treated with onabotulinumtoxin 300 U compared to abobotulinumtoxin 750 U,
based on match-paired analysis (94.9% versus 76.9%;
p=0.02). No subgroup analysis of the “other” NLUTD
cohort was performed likely due to the varied conditions and overall low numbers of unique NLUTD conditions.
Stoehrer et al.262 reported on their seven year experience
with
botulinum
toxin
injections
(onabotulinumtoxinA 300 U and abobotulinumtoxinA
750U) in 277 NLUTD patients. The “other” condition
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cohort of patients accounted for 24.1% (n=67) of the
study population. Significant UDS parameters were
improved (MCC, MDP, RV, and compliance) in those
studied along with sustained clinical improvements in
UI. Adverse events were rare (2%) and two cases of
temporary self-limiting generalized weakness with
speech and swallowing difficulty was reported.
Patients with an Augmentation Enterocystoplasty
Persistent NDO may persist after NLUTD patients undergo an augmentation enterocystoplasty procedure.
Botulinum toxin A has been investigated as a treatment
regimen for these patients, but the evidence is very
sparce. Martinez et al. performed a multi-institutional
retrospective study (n=21) in which 86% of patients
endorsed subjective improvement in terms of decreased urgency, frequency, increased catheterized volumes, and decreased leakage between catheterizations.263 The patient population included 24% of patients with idiopathic origin of bladder dysfunction, and
heterogenous origin of bladder dysfunction in the rest
of the population. This study did not exclude based on
dose or frequency of botulinum toxin A, but found subjective improvement for those injected with 200 U compared to 300 U was 85% and 87%, respectively. The
ENTEROTOX study represented a French multicenter
retrospective study (n=33) to evaluate clinical efficacy,
UDS effect, and safety of botulinum toxin A injections in
patients with NDO after augmentation cystoplasty
(AC).264 Injection was effective (defined by a request
for reinjection) in 58% of patients with mean MCC increased by 23% (333 +/- 145 mL versus 426 +/- 131
mL; p=.007) on post-injection UDS. This study also
contained a heterogenous patient population in terms
of etiology of bladder dysfunction, dose, type of botulinum toxin A, and injection sites. Both studies showed a
low rate of AEs amongst study participants. The validity
of this evidence is limited by sample size, does not isolate NLUTD, and does not standardize methods given
the retrospective nature of the studies. Prospective
studies are needed to further evaluate the efficacy of
botulinum toxin A for NLUTD in the context of AC,
though safety profile shows little risk amongst the small
population examined above.
The evidence level regarding onabotulinumtoxinA in
NLUTD patients refractory to oral medications is Grade
A for SCI and MS patients with randomized, wellconducted, large scale studies with low-risk of bias.
Unfortunately, there are insufficient high-quality, adequately powered, and low-risk of bias trials available to
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make the same recommendation for patients with other
(non-SCI and non-MS) conditions of NLUTD such as PD,
CVA, SB, and others. Based upon the small sample
sizes of the other conditions (non-MS and non-SCI)
noted in the onobotulinumtoxinA RCTs, and the limitations of the observational studies reviewed (small sample size, bias, and lack of long-term follow-up), the
body of evidence strength for onabotulinumtoxinA in
NLUTD with non-SCI or non-MS conditions is Grade C.
The balance between clinical benefits of onabotulinumtoxinA and risk of treatment in this population is
unclear; clinicians may offer onabotulinumtoxinA to
NLUTD patients refractory to oral medications, to improve bladder storage parameters, decrease episodes
of incontinence, and improve QoL measures.
STATEMENT FORTY-TWO: In NLUTD patients who
spontaneously void, clinicians must discuss the
specific risks of urinary retention and the potential need for intermittent catheterization prior to
selecting botulinum toxin therapy. (Clinical Principle)
OnabotulinumtoxinA has demonstrated improvement in
NLUTD patient’s QoL with more patients experiencing
decreased UI episodes and improved bladder storage
parameters (capacity, compliance, and resolution of
IDCs) in SCI and MS patients with UI due to NDO. One
of the most common AEs after onabotulinumtoxinA injections is incomplete bladder emptying or urinary retention, which may require a period of bladder catheterization. Reports from single injection RCTs involving
NLUTD patients revealed a urinary retention rate range
of 2.6 – 54% for the onabotulinumtoxinA treatment
groups, and 1.9 – 5.0% for the placebo treatment
groups. A meta-analysis by Yuan et al.243 reviewed six
placebo-controlled RCTs and indicated that onabotulinumtoxinA is significantly associated with the likelihood
of having urinary retention (OR = 6.80; 95% CI: 3.46
to 13.35; p<0.05).243 The meta-analysis by Li et al.
reviewed 17 studies and noted a urinary retention rate
of 20.49% (n=150) for onobotulinumtoxinA and 3.67%
(n=15; p<0.00000) for placebo.241
In the DIGNITY trials,239, 247, 249, 265 classifying urinary
retention and the need for the initiation of CIC posttreatment as AEs was based on the investigator’s clinical judgement. In MS patients who were not catheterizing at baseline, there was a dose-dependent increase
in urinary retention rate (31.4% and 47.1% in the
onabotulinumtoxinA 200 U and 300 U groups, respectively) compared with the placebo group (4.5%).
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Nearly half of these patients used CIC for ≤ 36 weeks
while the other half used CIC for ≥ 36 weeks. With
repeated treatments, de novo CIC rates dropped markedly in subsequent treatment cycles (29.5%, 3.4%, and
6.0% in treatment cycles 1-3, respectively) and were
higher in patients receiving 300 U (43.0, 15.0, and
4.8% in treatment cycles 1–3, respectively).239 The
urinary retention rates are primarily related to MS patients who were not on CIC at study entry and the risk
of retention appears to be dose related. In the noncatheterized MS patients randomized to receive 100 U
onabotulinumtoxinA or placebo, Tullman et al.242 reported a 15.2% CIC rate due to urinary retention in the
onabotulinumtoxinA group and 2.6% in the placebo
group, for a median duration of 64.0 and 2.0 days, respectively.
The Panel realizes that there are several limitations and
unclear bias in reviewing the urinary retention data,
including the heterogeneous patient population, toxin
type, toxin dose, and injection location, not to mention
the variable definitions of incomplete bladder emptying/
urine retention and what criteria constitutes a requirement for CIC used in the trials.
Nonetheless, the Panel feels that all spontaneously
voiding NLUTD patients considering botulinum toxin
treatment must be counseled regarding the risk of requiring CIC (or possibly an indwelling catheter, if not
able to perform CIC) for up to several weeks to months
after the procedure.
Clinicians should be cognizant that CIC may be challenging for some NLUTD patients due to physical or
cognitive limitations. In that case, there should be an
appropriately trained caregiver to perform catheterization.266 Adequate logistics including education, training,
and supplies in addition to social, emotional, and time
availability must be considered in this population. For
this reason, the Panel advocates for shared decisionmaking when discussing botulinum toxin therapy with
NLUTD patients who void spontaneously.
Given the known risk of incomplete bladder emptying
and/or urinary retention, the Panel consensus it that all
clinicians must discuss the specific risks of urinary retention and the potential need for intermittent catheterization prior to selecting botulinum toxin therapy. This
recommendation is also consistent with Statement 18
in the Diagnosis and Treatment of Non-Neurogenic
Overactive Bladder (OAB) in Adults: an AUA/SUFU
Guideline: “Clinicians may offer intradetrusor onabotulinumtoxinA (100U) as third-line treatment in the care-
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fully-selected and thoroughly-counseled patient who
has been refractory to first- and second-line OAB treatments. The patient must be able and willing to return
for frequent post-void residual evaluation and able and
willing to perform self-catheterization if necessary.
Standard (Evidence Strength Grade B)”26
Surgical Treatment
STATEMENT FORTY-THREE: Clinicians may offer
sphincterotomy to facilitate emptying in appropriately selected male patients with NLUTD, but
must counsel them of the high-risk of failure or
potential need for additional treatment or surgery. (Conditional Recommendation; Evidence
Level: Grade C)
The evidence base for this statement is comprised of
one systematic review (Reynard 2003) and three observational studies (Vainrib 2014, Pan 2009, Pannek
2009). The risk of bias across the studies reporting on
outcomes informing this statement was very serious
but evidence was not further downgraded for any domain.
Although detrusor relaxation with oral anticholinergic
treatment in combination with intermittent catheterization is the primary way to treat NLUTD patients with
DSD due to SCI,267 external urethral sphincterotomy
may be performed in patients who are unwilling or unable to perform CIC. While sphincterotomy is irreversible, patients who experience reflex voiding, can maintain urinary drainage and containment with a condom
catheter, and have poor hand function or an unwillingness to perform CIC are appropriate candidates for the
procedure. Sphincterotomy can increase the effectiveness of bladder emptying, decrease UTIs, and preserve
urinary tract function.267 However, patients must be
counseled that this procedure requires regular follow-up
and repeat procedures may be required.268
Sphincterotomy is performed endoscopically at the 12
o’clock position with electrocautery resection or laser
incision. In a study by Pan et al.,269 84 men with documented spinal injury underwent primary sphincterotomy for DSD (n=73), recurrent UTI (n=39), and upper
tract dilation (n=11) and were followed for 6.35 years
(mean). Failure of the procedure was identified in 57
patients (68%, median time to failure 36 months) and
30 patients underwent a second procedure for the following indications: DSD (n=18); recurrent UTI (n=10);
upper tract dilatation (n=2). Thirteen patients did not
require further intervention, and 17 who eventually
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failed had a mean duration of success of 80.2 months.
Overall, definitive control of DSD with a single sphincterotomy was achieved in 32% of SCI patients, emphasizing the need for continued evaluation and high likelihood of the need for further intervention.
A review of studies of patients who underwent a sphincterotomy reported that while MCC generally did not
change, patients showed improvements in PVR, MDP,
end filling detrusor pressure, and DLPP.267-269

There are a few studies reporting the use of botulinum
toxin for chemical sphincterotomy. Gallien et al. performed a multicenter, placebo-controlled, randomized,
double blind trial exploring the effects of a single transperineal injection of onabotulinumtoxinA 100 U into the
striated sphincter in patients with DSD. Eighty-six patients with MS were divided into placebo and treatment
groups. One month post-injection there was no statistical difference in decrease in PVRs between the two
groups. A larger voided volume with reduced maximal
voiding pressure was identifed in the treatment
group.270 A small double-blind study by de Seze et
al.271 compared a single transperineal injection of
onabotulinumtoxinA 100 U versus lidocaine injection
into the external sphincter in 13 patients with SCI. Post
-injection, the onabotulinumtoxinA group showed a reduction in PVR by more than 50% and a reduction in
AD. Given the limited efficacy over time with chemical
sphincterotomy, it is not recommended for routine
management of DSD in NLUTD.
Initial sphincterotomy may fail and patients must be
followed for recurrent UTIs, AD, dysreflexia, elevated
DLPP, and residual urine volume.272 DLPP above 40 cm
H20 has been associated with a risk of upper tract
damage42 and pressure-based management to keep
storage pressures low has been shown to reduce lower
and upper tract complications. Long-term issues associated with sphincterotomy include skin breakdown from
the condom catheter, an inability to keep the condom in
place resulting in urinary incontinence, the need for
repeat procedures, and postoperative bleeding, which
may result in post-operative blood transfusion.268, 269
While sphincterotomy may be an attractive option for
patients that have reflex bladder contractions and prefer to manage their bladder with a condom catheter,
patients must be made aware of the high-risk of failure
and potential need for further intervention. Patient selection is important and appropriate counseling allows
for decisions to be made with the patient in a shareddecision making manner.
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STATEMENT FORTY-FOUR: Clinicians may offer
urethral bulking agents to NLUTD patients with
stress urinary incontinence but must counsel
them that efficacy is modest and cure is rare.
(Conditional Recommendation; Evidence Level:
Grade C)
This statement is informed by two observational studies
(Hamid 2003, Tabibian 2003) with very serious risk of
bias and further downgraded for imprecision.

Before considering treatment with a bulking agent for
SUI in patients with NLUTD, patients must be counseled
that while bulking agents are a minimally invasive
treatment option with low-risk for AEs, there is a paucity of literature that has evaluated this treatment in this
particular patient population, success rates are not
high, and long-term outcomes are poor.
In a retrospective study, Tabibian and Ginsberg273 reviewed the charts of 11 male patients (mean age 35
years) who underwent transurethral collagen injections
for SUI. All had NLUTD secondary to SCI except for one
with SB. Outcomes were reviewed in nine patients; six
patients underwent one injection, one had two injections, and two had three injections. Success was defined as patient satisfaction and pad use. Two patients
(22.2%) had near complete symptom resolution, two
(22.2%) reported at least 50% improvement, two
(22.2%) noted moderate improvement but continued to
require pads and three patients (33.3%) did not have
any improvement in symptoms. The number of injections did not appear to affect the outcome, no AEs were
reported, and no long-term complications were attributable to the injections. However, the study was limited
by observational design, the lack of long-term followup, and small sample size.
Another retrospective study by Hamid et al.274 looked at
the efficacy of polydimethylsiloxane (PDS) submucosal
injections in 14 men (mean age 41 years; mean duration of injury 9.6 years) with SUI secondary to SCI. After a mean follow-up of 37.5 months, 37.5% were completely dry both symptomatically and urodynamically.
Of the remaining patients, 21.4% were at least 50%
improved (based on pad use) while 42.8% had no improvement, even after repeat treatment.
Historically, studies on bulking agents used PDS and
bovine collagen. Though collagen is no longer available,
PDS along with several other bulking agents are currently being used. It is not known if the type of bulking
agent has an impact on outcomes in the NLUTD patient
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with SUI. In addition, compared to non-NLUTD patients,
it is unclear how the need for regular CIC in many patients with NLUTD would impact outcomes with bulking
agents.
STATEMENT FORTY-FIVE: Clinicians should offer
slings to select NLUTD patients with stress urinary incontinence and acceptable bladder storage
parameters. (Moderate Recommendation; Evidence Level: Grade C)

Statement 45 is supported by one systematic review
(Farag 2016) and one observational study (Shin 2020).
Evidence level was based on a very serious risk of bias
in these studies but no further downgrading.
The Panel recommends that slings should be considered
for NLUTD patients with SUI who are able to void on
their own. Assessment of bladder storage parameters
with UDS should be performed prior to any SUI procedure in patients with relevant NLUTD where bladder
compliance could be worsened by an outlet procedure,
resulting in elevated storage pressures and risk to the
upper urinary tracts. For patients with significant
sphincteric dysfunction, this may require bladder neck/
urethral occlusion (often done either with a catheter
balloon or manual compression) to allow for adequate
bladder filling. This would be particularly applicable to
patients with moderate- or high-risk NLUTD. The risk of
subsequent voiding dysfunction and the possibility of
neurogenic disease, which may cause future voiding
problems should be discussed with the patient. For example, if there is concern for the future need for CIC,
then the Panel recommends avoiding synthetic slings.
In the situation where an occlusive sling is being considered, the Panel recommends not using synthetic material. Instead, consideration should be given to autologous fascia or other biologic grafts.

Slings demonstrated significant improvement in incontinence compared to pre-sling measures in patients with
SUI and NLUTD. A meta-analysis by Farag et al.275
identified 30 studies of SUI surgical treatments, 15 of
which utilized slings (n=286 cases). This included autologous fascial slings (n=177), sling wraps (n=63), female synthetic slings (n=20), and male synthetic slings
(n=26). In those studies that examined the effectiveness of slings, the success and failure rates were 58%
and 22% respectively; however, the definition of success was not reported for each study. Post-hoc analysis reported no statistical differences in success rates
between AUS and sling, but both interventions fared
better than bulking agents. Conclusions regarding the
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efficacy of slings compared to other interventions are
limited given the age of the studies (published between
1990 – 2013), the lack of studies with Grade A evidence (i.e., no RCTs), and poorly described outcome
definitions. More recently, Shin et al. reported on
midurethral sling outcomes in women with and without
relevant neurologic disease with regards to SUI and
OAB outcomes.276 The SUI success rates in women
with neurologic disease versus without neurologic disease were the same (93.7% compared to 95%, respectfully; p=0.440)
However, de novo OAB symptoms were found to be higher in women with neurologic
disease (21.05% versus 5.26%; p<0.001)
The patient with SUI who also has NLUTD should not be
considered in the same context as the patient who has
SUI without neurogenic disease. In addition, all patients
with SUI and a neurologic diagnosis are not the same.
For example, the debilitated patient with severe SUI
due to urethral loss secondary to a chronic indwelling
urethral catheter is very different than the healthy
woman with SUI and minimally advanced MS. Every
patient needs to be individually evaluated with special
attention focused on issues such as the severity of SUI,
the degree of neurologic impairment, the possibility of
progression of the neurologic disease, and the impact
the NLUTD could have on voiding parameter post-sling
placement.
STATEMENT FORTY-SIX: Clinicians may offer artificial urinary sphincter to select NLUTD patients
with stress urinary incontinence and acceptable
bladder storage parameters. (Conditional Recommendation; Evidence Level: Grade C)
This statement is informed by five observational studies
(Kaiho 2018, Bersch 2009, Chartier Kastler 2011, Singh
2011, Costa 2013) with an aggregate very serious risk
of bias for the outcomes of interest. Additionally, evidence was downgraded for inconsistency of results.
Artificial urinary sphincter (AUS) demonstrates significant improvements in SUI in select male and female
patients with NLUTD. While AUS has been demonstrated to be successful in managing SUI, the risk of voiding
dysfunction needs to be considered in all relevant neurogenic populations and the possibility of needing subsequent CIC should be discussed. Assessment of bladder storage parameters with UDS should be performed
prior to any AUS placement in patients with relevant
NLUTD where bladder compliance could be worsened by
an outlet procedure, resulting in elevated storage pressures and risk to the upper urinary tracts. For patients
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with significant sphincteric dysfunction, this may require bladder neck/urethral occlusion (often done either
with a catheter balloon or manual compression) to allow for adequate bladder filling. This would be particularly applicable to patients with moderate- or high-risk
NLUTD. In addition, adequate upper extremity function
to allow for AUS manipulation needs to be confirmed
prior to proceeding with implantation.
Placement of AUS in men with NLUTD should not be
considered the same as placement in men with postprostatectomy incontinence. Bladder storage parameters are a concern in the NLUTD patient and placement
of an AUS could potentially exacerbate impaired compliance. This can create risk to the upper tract and urodynamic confirmation of acceptable bladder storage
pressures is required prior to placement.
The literature search for this guideline returned eight
studies that evaluated AUS outcomes in patients with
SUI due to NLUTD 277-284 This included four studies in
SCI patients, one in patients with SB, and one in patients with mixed neurologic disease. While significant
improvements in continence were seen across the study
populations, standardized rates of improvement are
difficult to characterize due to the wide variability in
definitions of success, cure, improvement, and outcome
variables. Conclusions from the literature are also limited by heterogeneous populations, study design (i.e.,
observational studies with relatively small sample sizes), and confounding variables such as concomitant
surgeries (e.g., AC).
In a retrospective study of 51 adult male incontinence
patients who had either SB (n=16) or SCI (n=35) and
underwent AUS insertion, Chartier et al.285 reported
60% of patients were completely continent and 22%
were moderately continent after seven years follow-up.
In another study of male (n=75) and female (n=15)
young adults (mean age 26 years) with NLUTD and AUS
implantation, Singh et al.193 reported that after a mean
follow-up of four years, 92% were fully continent. Wide
ranges of improvements with variable definitions of
success were reported; up to 77.7% cured, 9.8% using
one or more pads per day.
The use of the AUS in women is less common but has
shown good success. Costa et al. conducted a large retrospective review of all women at their center who underwent AUS at the bladder neck via an open surgical
approach.286 Of 344 patients, 54 were defined as having NLUTD due to acquired or congenital disease. In
women with versus without NLUTD, complete conti-
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nence was achieved in 90.74% versus 84.78%, respectively, (p=0.25). Non-mechanical complications in all
women included infection (4.8%), vaginal erosion
(3.2%), urethral erosion (1.9%), labia-major erosion
(1.9%), and bladder erosion (1.1%). Mechanical complications of the device decreased to 8.8% after a modification of surgical technique involving bilateral incision
of the endopelvic fascia. While the differences in rates
of each type of complication between neurogenic and
non-neurogenic were not reported, NLUTD was a risk
factor for shorter device survival.
The possibility of needing CIC should be addressed and
the patient should be counseled that while CIC in the
context of an AUS is possible, patients undergoing AUS
placement must be willing to accept higher risks of both
AUS erosion and/or infection than what is seen in the
non-NLUTD patient population. Therefore, patients
should be counseled that they may need additional surgeries, revision, explants, and the possibility of surgery
after AUS placement. Singh et al.193 reported a reoperation rate of 28% in conjunction with infections,
erosions, device failure, bladder perforation, and rectal
perforation; 78% needed to perform intermittent catheterization. Patki et al.287 reported 43% of successful
implants required one revision.
Location of the AUS cuff can be variable depending on
the patient population. While bladder neck (BN) cuff
placement may reduce risk of erosion, especially in the
context of CIC, the surgery is considered more extensive and should only be performed by clinicians with the
necessary experience and expertise. Chartier et al.285
reported a 5.9% (3 of 51 patients) cuff erosion rate
using a BN cuff. The expansion of robotic assistance
with AUS placement may minimize this limitation in the
future.

Use of the AUS in the patient with NLUTD requires extensive consideration that is not well reflected by the
literature. AUS use in adult women should be considered rare and under limited circumstances. The Panel
consensus is that placement of a transvaginal cuff is
considered a poor option. The increased use of a robotic approach may result in AUS placement in women becoming a more attractive option as more surgeons become comfortable with this technique.288 Lastly, one
potential limitation of AUS placement is adequate upper
extremity function. Just as would be recommended for
non-NLUTD patients, any surgeon placing an AUS in a
patient with NLUTD must make sure that there is adequate hand dexterity to properly manipulate the device.
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STATEMENT FORTY-SEVEN: After a thorough discussion of risks, benefits, and alternatives, clinicians may offer bladder neck closure and concomitant bladder drainage methods to select patients
with NLUTD and refractory stress urinary incontinence. (Expert Opinion)
Bladder neck closure (BNC) for bladder outlet incontinence is an irreversible procedure and is an option for
patients who are refractory to any other form of urethral reconstruction due to prior interventions that may
have injured the BN or external sphincter, or who have
severe urethral pathologies, such as strictures or urethrocutaneous fistula.289 Although BNC is associated
with continence rates of 75 – 100%, fistulization with
recurrent incontinence after the initial closure can occur
in up to 25% of cases.89, 290
Careful attention and planning to assure safe bladder
storage pressure following BNC is important to protect
upper urinary tract function. This is particularly relevant
for those patients undergoing BNC and concomitant
construction of a continent catheterizable stoma. Assessment of bladder storage parameters with UDS
should be performed in patients with relevant NLUTD
where bladder compliance could be worsened by an
outlet procedure such as BNC, resulting in elevated
storage pressures and risk to the upper urinary tracts.
This would not be an issue if the surgical plan is to perform BNC and place a suprapubic catheter which would
allow for continuous bladder drainage. For patients with
significant sphincteric dysfunction, this may require
bladder neck/urethral occlusion (often done either with
a catheter balloon or manual compression) to allow for
adequate bladder filling. This would be particularly applicable to patients with moderate- or high-risk NLUTD.
In females with NLUTD, the most common cause of severe urethral damage is the use of a chronic urethral
catheter. Transvaginal or transabdominal BNC can be
combined with a chronic indwelling suprapubic catheter,224 continent catheterizable stoma, or ileovesicostomy289 to provide urinary drainage.
Two retrospective reviews provide the largest series on
BNC in patients with NLUTD. Shpall and Ginsberg289
reported on 21 males and 18 females with a variety of
neurologic diagnoses: 23 SCI, 5 cerebral palsy, 4 MS, 4
myelomeningocele, 2 spinal tumor. Indications for BNC
included urethrocutaneous fistulae, incompetent urethra, urethral stricture, and pressure ulcer. A fistula of
the BNC occurred in 6 (15%) patients. Four required a
second surgery to close the fistula (3 transabdominal, 1
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transvaginal), one patient’s fistula closed spontaneously
with prolonged drainage, and one patient did not undergo further repair.
In a study by Colli and Lloyd,224 the outcome of BNC
with suprapubic catheter placement was reported in 35
patients with NLUTD (SCI 71%; MS 23%; CVA 9%).
The overall complication rate was 17%, with one
vesicovaginal fistula. The authors showed BNC with suprapubic catheter diversion is a viable option for patients with urethral damage beyond repair.
While BNC is done via a retropubic approach for male
patients, it can be performed retropubically or transvaginally for women. Most of the literature evaluating
these outcomes has come from case series looking at
women with eroded urethras due to long-term urethral
catheters; not all women in these series had NLUTD.
Rovner et al.291 reviewed outcomes on 11 patients with
a devastated outlet due to long-term urethral catheter
drainage with 10 of 11 undergoing successful initial
BNC with a transvaginal posterior urethral flap. Willis
et al.292 reviewed outcomes in 64 women (35 transvaginal; 29 retropubic) and did not note differences in outcomes based on the method/approach of BNC (85.7%
versus 81.5% success rate; p=0.74) but did note shorter operative time and hospital stay with the transvaginal approach. In contrast, Ginger et al.223 found a higher fistula rate in patients with NLUTD (24 female; 5
male) undergoing BNC via a transvaginal approach
(p=0.01)
Loss of male fertility and the need for assisted reproduction should be discussed before BNC. An alternative
to surgical BNC is a tight fascial sling. Use of a fascial
sling at the BN would allow a urethral catheter to be
placed emergently and provide easier navigation with a
ureteroscope to manage an upper tract stone. However, sling placement is not an option for many of these
patients who have severe urethral loss and are without
an adequate amount of tissue to allow for a successful
sling procedure; thus, other options such as a BNC
must be considered.
STATEMENT FORTY-EIGHT: Clinicians may offer
posterior tibial nerve stimulation to select spontaneous voiding NLUTD patients with urgency, frequency,
and/or
urgency
incontinence.
(Conditional Recommendation; Evidence Level:
Grade C)
The evidence base was comprised of two systematic
reviews (Zecca 2016, Schneider 2015) and two obser-
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vational studies (Tudor 2020, Kabay 2021). The risk of
bias for benefits of care was serious, and evidence was
further downgraded for inconsistency. Additionally, MS
patients were represented in both systematic reviews
leading to a potential overestimate of effect in this patient population.
Posterior tibial nerve stimulation (PTNS) is approved for
patients with non-neurogenic OAB; however, it has
been shown to offer benefit to select patients with
NLUTD where bladder problems are mainly isolated to
storage symptoms. This benefit has primarily been
demonstrated in patients with neurologic diagnoses
such as MS, PD, and CVA who have OAB symptoms and
continue to be able to volitionally void on their own.
A systematic review of seven observational studies
looked at the effectiveness of PTNS on patients who
had NLUTD secondary to MS.293 Across all studies, patients demonstrated improvement in daily urgency episodes, weekly incontinence episodes, volume at first
sensation, bladder capacity, voided volumes, PVR, urinary frequency, and nocturia. The stimulation schedule
varied: two studies employed single bilateral sessions;
four studies employed unilateral weekly 30 minutes
sessions for twelve weeks; one study utilized daily 20minute sessions for 12 weeks. In patients who underwent daily therapy (n=70), 83.3% of patients reported
an improvement in warning time (p<0.001), urgency
(p=0.023), and voids per day (p<0.01) at study end.
Similar results were found in studies where patients
underwent weekly sessions for 30 minutes.
Of note, a study that evaluated long-term efficacy of
PTNS in patients with MS294 was included in the PTNS
systematic review (Zecca 2016).293 A total of 83 patients underwent twelve weekly PTNS sessions with 74
moving on to maintenance therapy after an initial improvement with their LUTS. The frequency of stimulation needed to maintain efficacy was PTNS treatments
every 4 weeks in 9/74 (12%) patients, every 3 weeks
in 18/74 (24%) patients, every 2 weeks in 44/74
(60%) patients and weekly in 3/74 (4%) patients. Outside of a study, it is unclear if patients will be willing to
undergo such treatments at such a frequency nor is it
clear if this would be reimbursed at a frequency shorter
than the standard duration of every four weeks.
A study by Kabay et al.295 also looked at the effectiveness of initial PTNS therapy followed by a maintenance
protocol. Thirty-four MS patients underwent unilateral,
weekly PTNS treatments for 12 weeks. At the end of
the initial treatment phase, 29 were “positive respond-
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ers” (i.e., voiding parameters improvement over 50%)
and subsequently underwent a tapering protocol of 6, 9
and 12 months of therapy (i.e., every 2 weeks for 3
months; every 3 weeks for 3 months; and once a
month for 3 months). Of the 29 patients that entered
the protocol, 21 completed treatment for one year.
Compared to baseline, these 21 patients showed a statistically significant improvement (p<0.001) in daytime
frequency, nocturia, UI, urgency episodes, and incontinence episodes, at 6, 9, and 12 months.

Although limited studies have been performed in patients with NLUTD due to PD, PTNS has demonstrated
improvements in urgency episodes, bladder capacity,
MDP, maximum flow rate, and bladder compliance.
Studies are generally limited by short follow-up, small
sample size, and high dropout rates. In a RCT by Perissinotto et al.,296 13 PD patients were randomized to
transcutaneous tibial nerve stimulation (TTNS) or to a
sham procedure. Patients who were allocated to treatment (n=8) were given 30-minutes of TTNS twice a
week for five weeks. At the end of ten weeks, those
who underwent the intervention showed a statistically
significant reduction in urgency episodes as compared
to baseline (p=0.004). In terms of nocturia, although
there were no differences in the number of episodes
between the treatment and placebo group at baseline,
those who underwent an active intervention showed a
reduction in the number of episodes (p<0.01) after five
weeks, while those who were randomized to sham saw
no difference before and after treatment. Significant
UDS differences were also found in regard to strong
desire to void and urgency. However, while improvements were seen between other pre- and posttreatment variables (e.g., volume at first desire to void,
volume at strong desire, volume at urgency, MCC, bladder compliance, DO, maximum flow rate, MDP, PVR)
they were not statistically significant.
One RCT trial looked at the effects of PTNS in male
NLUTD patients who had history of a CVA. PTNS was
compared to stretching of the lower extremity and
demonstrated improvements in urgency and frequency;
however, no statistical improvement was seen in urge
incontinence. The applicability of this study is limited by
the study design which included a non-standardized
stimulation schedule consisting of two sessions per
week for six weeks. In two separate trials studying
CVA patients, those randomized to TTNS demonstrated
improvement in urinary frequency, nocturia, urgency,
and urge incontinence as compared to a control group.
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However, these studies were limited by short follow-up
and inability to blind subjects. 297
One study met search criteria looking at the use of
PTNS in patients with NLUTD due to SCI. While improvements were seen in CIC volumes and incontinence, study limitations limit extrapolation to clinical
use. The study was randomized, however the comparative arm received medication and there was no comparison to sham or placebo. Furthermore, this study used
adhesive skin surface electrodes and not the true percutaneous approach used by PTNS.298
In a retrospective study that looked at outcomes after
PTNS in patients with neurogenic versus idiopathic
overactive bladder, Tudor et al. showed that improvements did not differ between neurogenic versus idiopathic patients.299
While promising, the use of PTNS in NLUTD could be
further elucidated. As summarized by Schneider et al.
in a meta-analysis of studies employing PTNS in various
NLUTD patients including MS, PD, stroke, SCI and others, data in support of PTNS in patients with select
NLUTD suggests it is effective and safe; however, the
quality of evidence is limited and more reliable evidence
from well-designed RCTs are needed.300 Also of note,
studies evaluating MS patients included within the
Schneider meta-analysis were also included within the
aforementioned Zecca systematic review,293 potentially
leading to an overestimate of effect in this patient population.
STATEMENT FORTY-NINE: Clinicians may offer sacral neuromodulation to select NLUTD patients
with urgency, frequency, and/or urgency incontinence. (Conditional Recommendation; Evidence
Level: Grade C)

The evidence base was comprised of one systematic
review (Kessler 2010) and two observational studies
(Chaabane 2011, Zhang 2019). The risk of bias for
benefits of care was serious, and evidence was further
downgraded for inconsistency.
While sacral nerve modulation therapy (SNM) was originally approved for OAB, urge urinary incontinence, nonobstructive urinary retention, and fecal incontinence, its
mechanism of action lends to possible extension of use
to outside the original indications.
SNM has been
shown to be effective in select patients with NLUTD including those with NLUTD due to MS, stroke, and PD.
Observational studies with small numbers of patients
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have shown that SNM has moderate success in patients
with MS including improvements in urinary frequency,
incontinence episodes and voiding (for patients with
retention), including PVR and/or voided volumes. AEs
were considered minimal (e.g., lead migration, need for
battery change or device malfunction).301-305 306
One limitation in the use of SNM in the MS patient has
been the device’s MRI incompatibility. However, newer
devices are MRI conditional and have longer battery life
expectancies, which has expanded their applicability
and will likely broaden opportunities for research and
use in patients with MS. In addition, placing a neuromodulation device in a patient with a progressive disease such as MS can be an issue; as the disease process worsens the patient’s lower urinary tract function
may progress and worsen as well. This possible outcome is reflected in a report by Chaabane et al.307 who
noted loss of efficacy in three of seven implanted patients with MS; all three of those patients had loss of
efficacy after a MS relapse.
While the data is limited on the use of implantable SNM
in CVA or PD patients, several studies have reported on
the success of SNM in pools of mixed neurologic diseases, including MS, CVA, PD, cerebral palsy, acquired
brain injuries, viral and vascular myelitis, encephalitis,
central nervous system tumors, Friedreich ataxia,
dysautonomia, incomplete SCI, multiple system atrophy, and spinocerebellar atrophy. Although limited by
small sample size and study design, these observational
studies demonstrated improvements in urinary incontinence, urgency episodes, MCC, voided volumes and
urinary frequency. AEs included mainly infections and
device malfunction, some of which required explanation.307-311
A more recent study by Zhang et al.306 reported on the
use of SNM in a larger sample of pooled patients with
NLUTD including those due to spinal cord injury
(traumatic and post-operative), congenital malformation of the spine, pelvic surgery, diabetes and PD.
Types of bladder dysfunction included; neurogenic OAB,
neurogenic retention, and voiding difficulties. Overall,
107/182 (58.8%) NLUTD patients went on to receive a
second stage or placement of the SNM generator. Stable statistically significant improvements were seen at
follow-up (endpoint) compared to baseline data in: urinary frequency, urgency, nocturia, daily urine volume,
daily urinary leakage, and residual urine. There were
14 adverse events (13.1%) in the neurogenic group
who received full implant including six with recurrence
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of symptoms, five implant site infections, two system
disconnections and one subjective noncooperation. Unfortunately, outcomes and AE’s were reported as a
pooled group thus limiting ability to delineate SNM outcomes in each disease process.
STATEMENT FIFTY: Clinicians should not offer sacral neuromodulation to NLUTD patients with spinal cord injury or spina bifida. (Moderate Recommendation; Evidence Level: Grade C)

This statement is informed by two observational studies
(Lombardi 2014, Lombardi 2011) with very serious risk
of bias but outcome evidence was not further downgraded for any domain.
SNM should not be used in patients with NLTUD due to
SCI or SB due to the high variability in the bladder dysfunction and the disease processes themselves. Studies have shown SNM may improve various outcomes in
patient with SCI and SB including incontinence, chronic
urinary infections, and upper tract protection; however,
these were heterogenous clinical situations and subsequent revisions and other procedures were also required.
Three observational studies312-314reviewed SNM in patients with incomplete SCI without posterior rhizotomy.
In those with retention, improvements were seen in
voided volumes. For those with OAB symptoms, patients demonstrated increased bladder capacity, decreased urge incontinence episodes, and decreased end
filling pressures. AEs included surgical site infections,
pain at the generator site, detectable or bothersome
lower extremity sensations, and loss of efficacy.
STATEMENT FIFTY-ONE: Clinicians may offer augmentation cystoplasty to select NLUTD patients
who are refractory to, or intolerant of, less invasive therapies for detrusor overactivity and/or
poor bladder compliance. (Conditional Recommendation; Evidence Level: Grade C)
The evidence base was comprised of one systematic
review (Hoen 2017) and one observational study (Reid
2020) with an aggregate serious risk of bias and further
downgrading for inconsistency.
Although AC is the most common reconstructive procedure for managing NLUTD when bladder capacity, bladder compliance, or DO that is refractory to medications
or botulinum toxin, the quality and number of studies
reviewing this surgery for NLUTD patient is sparse.
Despite these shortcomings, all studies reviewed show
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AC to be associated with high rates of continence and
upper tract protection with the trade-off of the frequent
need for subsequent procedures to manage complications and long-term follow-up. Prior to proceeding with
AC, patients with NLUTD must be made aware of the
potential long-term risks (e.g., stones, perforation,
bowel dysfunction, mucus production) and the need for
life-long follow-up after lower urinary reconstruction.
In addition, the hand and cognitive function necessary
to perform regular CIC must be assessed and be present by either the patient or a family member/caregiver
that would conceivably be able to perform this on a
regular basis.
There is only one systematic review evaluating the
safety and efficacy of AC in adults with NLUTD.315 A
meta-analysis of the eligible studies for inclusion in the
review was not possible due to the paucity and quality
of the data, so a narrative synthesis was performed on
20 publications covering AC in adults with NLUTD. The
primary outcome measures were QoL, renal function,
and changes in anatomy. Secondary measures were
UDS findings, continence outcomes, and long-term
complications, as well as the need for additional interventions including repair of bladder perforation. Four
studies included 140 patients with most reporting satisfaction with the results of AC; however, QoL measures
were not standardized. Renal function stabilized in 247
patients post-operatively with no deterioration and 11
studies showed continence improvement and resolution
of VUR in 108 of 150 renal units. Serious AEs were rare, but the risk of stones, bowel dysfunction, and mucus-related complication exceeded 10%, further emphasizing the need for life-long follow-up after AC.
Notable findings from two of the larger studies include
no need for concomitant ureteral reimplantation at the
time of AC316 and efficacy equivalence with earlier postoperative recovery using an extraperitoneal approach to
AC.317 One of the theoretical potential long-term concerns post-AC is an increased risk of bladder cancer.
Recent literature shows the risk of bladder cancer in
patients with AC is very low, ranging from 0.6% to
4.5%.77 Routine surveillance cystoscopy is not recommended in the absence of indications such as hematuria
or recurrent UTI.
Reid and colleagues compared AC in two 10-year series
at the same institution comprising 126 patients with
congenital or acquired SCI or disease.318 Dry rates
were 83% and 85% in both series demonstrating the
long-term efficacy of AC to manage low capacity and
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poor compliance. Early (< 3 months) and late (> 3
months) post-operative complications were 15% and
17%, respectively, with no mortality.
STATEMENT FIFTY-TWO: Clinicians may offer continent catheterizable channels, with or without
augmentation, to select NLUTD patients to facilitate catheterization. (Conditional Recommendation; Evidence Level: Grade C)
The evidence base for this statement is comprised of
one systematic review (Phe 2017) with a serious risk of
bias.
Continent catheterizable channels (CCC) may be offered to NLUTD patients who are able to perform selfcatheterization but have a devastated urethra that
cannot be catheterized (e.g., urethral stricture, perineal
pressure ulcer eroding into the urethra) or require BNC
closure (i.e., complete loss of the urethra due to a
chronic indwelling urethral catheter). An additional indication would be patients with normal hand dexterity
and urethral function that prefer a CCC due to ease of
catheterization; this is most often seen in female patients that may have difficulty performing CIC per the
urethra. Pre-operative counseling is required before any
CCC surgery to advise the patient on potential complications, expectations, and outcomes. Pre-operative
counseling and decision making may be optimized with
a multidisciplinary team that, in addition to urology,
may include rehabilitation physicians, occupational
therapists, neurologists, stomal therapists/nurses and
physiotherapists. This is especially important for patients with cognitive and/or upper extremity limitations
and these issues must be taken into consideration as
surgical planning and decisions are made.
A systematic review of 11 retrospective studies looked
at the effectiveness of CCC in NLUTD patients319 in
whom urethral catheterization could not be performed.
No meta-analysis was possible due to the low quality
and number of studies meeting the inclusion criteria.
The publications reviewed involved 213 patients with
mixed NLUTD for a median follow-up of 36 months. The
primary outcomes were the ability to catheterize the
CCC (84%) and stomal continence rate (>75%). There
were no consistent QoL results and re-operations were
required in 40% of patients. CCC stenosis occurred in
4-32% (median 14%) of patients requiring re-operation
in addition to the need for further surgery for neovesicocutaneous fistulae, bladder stones, and bladder
perforation. Mitrofanoff, Monti or Casale tubes were
utilized
in
55%,
invaginated
valves
(Kock,
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Benchekroun, Mainz 1) in 23%, and non-invaginated
efferent tubes (Indiana, Miami) in 21% of patients.
Concomitant AC or a pouch was performed in 78% and
23% required simultaneous outlet surgery (e.g., fascial
sling, suburethral sling, BNC, AUS).
Cheng and colleagues with the Neurogenic Bladder Research Group combined their outcomes with continent
cutaneous ileocecocystoplasty in 114 patients over a 10
-year period.320 Concomitant procedures managing the
outlet were required in 45% of the study population
with a pubovaginal or omental flap being the more
common adjunct procedure. Major complications occurred in 16% of the patients requiring readmission in
21%.
Furthermore, at a median follow-up of 40
months, 42% of the patients underwent 80 additional
procedures with 20% of those requiring at least one
channel procedure. The need for revision of a continent
channel revision is common and should be discussed
pre-operatively with all patients.
There is limited evidence that evaluates CCC outcomes
for patients that undergo the procedure to facilitate
catheterization. Walsh et al.321 reviewed outcomes in
six women with SCI at C7 or higher. With construction
of the CCC, the mean time required to perform CIC decreased from an average of 27 (10-40) to 7.8 minutes
(1-15) and all patients were able to catheterize while in
their wheelchair. In addition, Zommick322 evaluated
outcomes in 21 patients with cervical spinal cord injury
who underwent CCC construction. Twenty of 21 continued to be catheterized per the CCC (12 by the patient,
8 by family member or caregiver). These results speak
to the option of self-catheterization that may only be
attainable for certain NLUTD patients after CCC construction and the importance of the multidisciplinary
evaluation and discussion prior to the proceeding with
this type of reconstruction, especially in NLUTD patients
that may rely on others to perform catheterization.
STATEMENT FIFTY-THREE: Clinicians may offer
ileovesicostomy to select patients with NLUTD
and must counsel them on the risks, benefits, alternatives, and the high-risk of needing additional
treatment or surgery. (Conditional Recommendation; Evidence Level: Grade C)
This statement is informed by two observational studies
(Tan 2008, Husmann 2020) with a very serious risk of
bias when reporting on the outcomes of interest. Evidence was not further downgraded for any domain.
Ileovesicostomy as an option for patients unable to per-
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form self-catheterization secondary to poor hand function, immobility, challenging body habitus, or condom
catheter induced skin breakdown. The goal of ileovesicostomy is to allow for low pressure storage via a
urostomy while avoiding the need for a ureterovesical
anastomoses. In addition, this is theoretically a reversable procedure. However, there is a concern that
with longer follow-up, patients have increased risk for
requiring revision or alternate surgery to facilitate urinary drainage.

The literature search for this guideline provided three
retrospective single institution studies323-325 with small
sample sizes that evaluated the effectiveness, risks,
and benefits of ileovesicostomy in different patient populations. Across all studies, the need for subsequent
procedures was high, ranging from 33 to 75%, with
stomal revision as the most common reason for reoperation followed by bladder and kidney stone removal.323
The largest study by Tan et al.325 retrospectively reviewed the operative logs of 50 patients (21 male; 29
female) who underwent incontinent ileovesicostomy
urinary diversion from 1999 to 2003. Mean follow-up
was 26.3 months with a range of 1 – 79 months. The
two most common etiologies of NLUTD were SCI (42%)
and MS (38%). Prior to surgery, 88% were incontinent
despite previous bladder management interventions
and 37 were managed with an indwelling urethral and/
or suprapubic catheter. Other pre-operative management
interventions
included:
pubovaginal
sling
(65.5%), BNC (20%), suprapubic closure (20%), enterocystoplasty (12%), and urinary fistula repair (6%).
Post-procedure analysis showed a urethral continence
rate of 72% (n=36) at a mean follow-up of 26 months
(range 1-79 months). Of note, continence appears to
improve with time. The authors reported a 42% continence rate at six months, 44.8% at one year, and continence in 22 of 32 patients with follow-up greater than
one year.
Seventy-seven reoperations were required in 27 patients, including: ileovesicostomy revision – 6; stoma
revision – 8, BNC – 7; urinary fistula closure – 33;
pubovaginal or perineal sling – 9; bladder onabotulinumtoxinA injection - 11; collagen injection - 3; wound
(incision) repair - 7. The risk of reoperation was significantly related to the number of total complications
(p<0.001) and stomal complications (p=0.0417). Of
the 16 patients with four or more complications, 100%
required reoperation, whereas 73.7% of the 19 patients
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with stomal complications required reoperation for stomal or other complications. It did not appear that concurrent sling or BNC increased the likelihood of complications or reoperation. Overall, of the 27 patients requiring reoperation, 25 patients were still incontinent at
some time point post-procedure, 13 of whom regained
continence at last follow-up.
The authors recommended BNC over a sling procedure
and careful attention to body habitus where the ostomy
appliance is concerned to improve outcomes. The
downside of BNC is the inability to access the lower urinary tract per the native urethra; thus, the risk and
benefits should be carefully discussed with the patient
prior to performing this procedure. In addition, ileovesicostomy may not be an optimal management option in obese patients due to concerns regarding ostomy placement and the need for a longer ileal segment
which may drain poorly. Long-term and regular followup is required post-ileovesicostomy to ensure adequate
emptying and to screen for issues such as stones.
Finally, all options should be evaluated when considering ileovesicostomy construction. Husmann and Viers326 evaluated outcomes in patients undergoing BNC
and SPC drainage (n=21), BNC and ileovesicostomy
(n=17), or cystectomy with ileal conduit (n=10) for
severe urethral destruction.
The highest rates of
urosepsis (ileovesicostomy: 82%; ileal conduit: 60%;
SPC: 29%) and need for subsequent surgical intervention (ileovesicostomy: 88%; ileal conduit: 50%; suprapubic tube: 52%) were noted with the patients that
underwent BNC and ileovesicostomy.
STATEMENT FIFTY-FOUR: Clinicians should offer
urinary diversion to NLUTD patients in whom other options have failed, or are inappropriate, in order to improve long-term quality of life.
(Moderate Recommendation; Evidence Level:
Grade C)
Statement 54 is informed by six observational studies
(Chartier Kastler 2002, Deboudt 2016, Guillotreau
2012, Gobeaux 2012, Adiaansen 2017, Singh 2011)
reporting on quality of life using various tools. The
studies suffered from a very serious risk of bias, plus
evidence was further downgraded for inconsistency in
the reported outcomes.
Incontinent or continent urinary diversion for end-stage
bladder or urethral dysfunction, intractable fistula, or
non-healing decubitus ulceration is the last resort when
all other options fail to provide safe and adequate stor-
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age of urine. Careful counseling is required for both
types of urinary diversion and consideration of upper
extremity and hand function, along with assessment of
the patient’s social and home environment for support,
is imperative.
The literature review identified several articles that
evaluated outcomes of ileal conduit in the NLUTD patient population. Chartier-Kastler327 reviewed outcomes
in 33 patients (19 women, 14 men) with several different neurologic conditions (21 SCI; 4 MS; 3 myelitis; 5
central neurological disease). Indications for conduit
included a variety of complications related to management of their lower urinary tract; at a mean follow-up
of 48 months all catheter and incontinence-related
problems had resolved. Legrand et al. reviewed outcomes in 53 MS patients with a median follow-up of 75
months that underwent cystectomy and conduit construction. The overall post-operative complication rate
was 50%; however, the majority (n=23 cases) of reported complications were minor (Clavien grades I-II)
with an additional 6 major complications (Clavien IIIIV) also reported. Due to improved urinary issues and
health-related QoL (based on the Qualiveen questionnaire) the authors stated that this was an acceptable
option in the MS patient with NLUTD refractory to other
treatment options.
Several reports examined the surgical method of ileal
conduit surgery. Deboudt et al.328 compared the morbidity and mortality in 65 patients with NLUTD following
open (n=11), laparoscopic (n=14) and robotic (n=40)
cystectomy and ileal conduit urinary diversion. This is
the largest series to date comparing these techniques
over a mean follow-up of 29 months. They found robotic-assisted cystectomy and ileal conduit diversion to be
feasible and safe with superior overall outcomes. Guillotreau et al.329 reviewed outcomes in 44 patients with
MS and found a laparoscopic approach to cystectomy
and ileal conduit construction to be safe with a low
complication rate.
The literature review provided less than 100 cases
where continent urinary diversion was used to manage
NLUTD. Supratrigonal cystectomy with Hartmann pouch
was performed in 61 patients with NLUTD and a mean
follow-up of 5.8 years.330 They reported a 90% improved continence rate with an overall complication
rate of 37%, 83% of which were Clavien grade <2.
Similar reports of improved QoL and improved continence were reported by Pazooki et al.186, 331 with the
Kock reservoir in 10 SCI patients and Zommick et al.322
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with either the Kock reservoir or Indiana pouch. None
of these studies used a NLUTD-specific quality of life
instrument such as Qualiveen or the NBSS.332 Adriaasen et al. reviewed Qualiveen scores of 282 patients
with chronic (>10 years) SCI who managed their bladder with a variety of methods and found those who underwent urinary diversion reported the least impact of
NLUTD on their QoL.217
Given the delayed complication rate of 21-50% for patients undergoing supravesical diversion, cystectomy
should be considered at the time of reconstruction.
Significant long-term complications in three studies
with a median follow-up of > 4 years raise important
findings when considering urinary diversion with an ileal
conduit. Kato et al. performed ileal conduits in 16 patients with NLUTD secondary to tetraplegia and reported the need for subsequent cystectomy in 50% who
suffered from empyema of the bladder.333 Singh et
al.193 reviewed outcomes in 93 (71 with NLUTD) patients after supravesical diversion; 48 patients (52%)
had issues with recurrent bladder infection and pyocystis with five ultimately requiring cystectomy. Of the 19
patients that did not undergo cystectomy at the time of
ileal conduit construction in the series from ChartierKastler et al., four had issues with pyocystis and three
patients ultimately required cystectomy.327
Gender
may play a role when discussing the option of concomitant cystectomy with patients prior to supravesical diversion. For women with pyocystis a “Spence procedure,” which is essentially creation of a vesicovaginal
fistula, can allow for adequate drainage of the defunctionalized bladder if pyocystis occurs, possibly obviating
the need for cystectomy in women undergoing supravesical diversion.334 Concurrent supratrigonal cystectomy or cystoprostatectomy should be strongly considered at the time of urinary diversion in male NLUTD
patients.
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plications that continued to occur over a 20-year period
of follow-up. NLUTD patients tend to be younger than
the bladder cancer patient population, and have a longer life expectancy, so the need for continued follow-up
post-conduit formation is clearly required. With a median follow-up of 75 months, 11 of 53 patients with MS
who underwent ileal conduit construction required surgery for a late complication and Singh et al.193 reported
upper tract changes post-conduit in 34% of patients.
STATEMENT FIFTY-FIVE: Other potential treatments for NLUTD should be considered investigational and patients should be counseled accordingly. (Expert Opinion)
Use of non-standardized options for the treatment of
NLUTD should be limited due to their infancy in development or lack of adequate outcomes data supporting
their use and should only be performed in the context
of a well-designed clinical trial.
Our literature review found one acceptable study reporting on the use of an adjustable continence mechanism for the treatment of SUI in patients with NLUTD.
Ammirati et al.337 reported successful outcomes in all
16 patients (13 male; 3 female) with NLUTD (mostly
lower-level SCI, cauda equina, and myelomeningocele).
While outcomes were reported at 48 months, weaknesses with this study (i.e., small sample size, retrospective design, no pre-defined outcome measures)
limit its applicability for wide-spread use. While no peri
-operative complications were reported, the authors
reported five out of the 13 devices required explantation due to malfunction, erosion, or infection.

Robot-assisted cystectomy, comparing extracorporeal
versus intracorporeal ileal conduit diversion for NLUTD,
was reported by Mazouin et al. across six centers in 97
patients.335 The major indications were urinary retention with loss of hand function and UI. There were no
significant differences in perioperative outcomes comparing the approaches to ileal conduit diversion.

An earlier study by Mehnert also reported continence
improvements though adverse events including erosion,
migration, infection, bladder stone formation, and difficulty performing CIC were reported. This study’s applicability is also limited due to small sample size and
its retrospective design. While positive outcomes might
support its use, SUI in NLUTD should not be treated the
same as non-NLUTD. The adjustable continence mechanism should undergo more rigid clinical research to
better understand its efficacy and risks in the NLUTD
population, especially in those patients that manage
their bladder with CIC.

Patients with NLUTD must continue to have regular follow-up after ileal conduit construction (see Statement
58). Shimko et al.336 reviewed long-term complications
of conduit urinary diversion after radical cystectomy for
bladder cancer. The authors reported a variety of com-

The use of SNM is not recommended for the treatment
of NLUTD in patients with SCI and SB as mentioned
earlier (Statement 50). However, SNM implantation in
the early phases of NLUTD due to SCI is thought to
have an impact on the evolution of bladder dysfunction
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by altering neural reflexes or impacting neuroplasticity
of relevant neuropathways. Sievert et al. reported that
early SNM in ten acutely injured SCI patients prevented
detrusor overactivity and incontinence, ensured normal
bladder capacity while also improving bowel and erectile function.338 While promising, the use of neuromodulation as a mean to modify the progression of early
NLUTD remains investigational.339
The Xiao procedure is based on the rerouting of nerves
to establish a somatic to autonomic reflex arc with the
aim of restoring volitional bladder and bowel control in
patients with NLUTD due to SCI or SB. In the initial
study, Xiao reported 67% achieved satisfactory emptying and low PVR, reduction in UTIs, and resolution of
overflow UI. However, the procedure has not achieved
widespread acceptance and follow-up to the Xiao study
has been limited and inconsistent.340
Peters et al. performed a pilot study in the US; however, the results were not as successful, all patients developed at least transient leg weakness and most were
still incontinent.341 Tuite et al. performed a randomized,
prospective, double-blind controlled trial in patients
with SB who were undergoing untethering surgery. Ten
patients were randomized to untethering alone and ten
underwent untethering and the Xiao procedure. No
difference in ability to control urination, achieve continence, or demonstrate urodynamic bladder contraction
in response to cutaneous stimulation was seen. The
lack of reproducibility, in conjunction with the possible
risks and morbidities reported with this surgery, warrants that the Xiao procedure only be considered in investigational settings with appropriate patient counseling.342
The use of tissue engineering offers an innovative approach for bladder reconstruction or replacement.
Techniques including seeding, scaffolding, use of different cell types, and regenerative factors are continuously expanding. While attractive as a modality, the use of
tissue engineering in patients with NLUTD remains in its
infancy and should be limited to investigational activities.
The Brindley sacral anterior root stimulator (SARS)
neurostimulator was first described in 1982 with outcomes reported in 1984 and FDA approval obtained,
through a Humanitarian Device Exemption, in 1998.
The procedure involves implanting the neurostimulator
device which consists of electrodes placed on the bilateral S2-S4 nerves which are connected to an internal
receiver stimulator placed subcutaneously in the abdo-
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men. The surgery is typically done in conjunction with a
posterior sacral rhizotomy from S2 to S5.343 Cardozo
et al. reported early results in 13 patients who received
the surgery, and all demonstrated ability to void volitionally, low PVRs, and acceptable bladder capacities.
Results from 21 patients at one year included 85.7%
able to void more than 200 mL, 71.4% with low PVR (<
50 ml), reductions in UTIs and CIC frequency, less AD,
decreased need for medical therapy, and improved
bowel management.344

More recently, Castano-Botero et al. reported on outcomes of SARS using their modified Barcelona extradural surgical technique.345 All 104 patients (n=95 men)
had SCI characterized as: 32.7% cervical, 65.4% thoracic, 1.9% lumbar. After SARS implant, improvements
from baseline were seen in number of patients with incontinence (100% to 14%; p<0.001), incidence of UTI
(91% to 15%; p<0.001) and number of patients with
dysreflexia (66.3% to 5.8%; p<0.001). After SARS
implant, 94% obtained a bladder capacity of greater
than 400 mL and 91% achieved effective voluntary
voiding with a PVR less than 50 mL. AEs included implant infection in 1.9%, extrusion of electrode in 1.9%
and extrusion of receiver block in 1.9%.
While SARS offers promising outcomes, the surgery
requires an irreversible sacral rhizotomy which is often
associated with increased morbidity and can lead to
loss of certain functions in patients with incomplete injuries. Furthermore, the surgery is difficult to apply in
clinical practice given its inherent complexities and it is
not commonly performed. The implantation of sacral
anterior root neurostimulators such as those employing
the Brindley or the modified Barcelona techniques
should be limited to investigational settings or specialty
centers familiar with the surgery and use of the device.

Follow-up and post treatment
STATEMENT FIFTY-SIX: In NLUTD patients with
impaired storage parameters and/or voiding that
place their upper tracts at risk, clinicians should
repeat urodynamic studies at an appropriate interval following treatment. (Expert Opinion)
Subgroups of patients with neurological disorders affecting bladder function are clearly at risk for upper
tract damage, particularly if elevated bladder storage
pressures remain untreated. Any patient with impaired
compliance is likely at risk. From the perspective of etiology, patients with cervical and high thoracic SCI and
SB may be at greatest risk for elevated storage pres-
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sures though other conditions such as transverse myelitis, Guillain Barre, and cerebral palsy have been noted
to have serious deleterious effects as well in some instances.61, 68, 70, 72 Efforts aimed at reducing intravesical
pressures should be assessed for their effectiveness,
which is most readily done by repeat multichannel
UDS.74 Treatments may include increasing the frequency of catheterization in those on CIC, oral therapy,
onabotulinumtoxinA injections, or AC. In select populations, each of these interventions has been found to be
clinically successful.156, 166, 246, 346, 347 Successful interventions (including onabotulinumtoxinA injections and
AC) have been shown to effectively improve bladder
compliance and reduce the severity of DO. Upper tract
imaging has documented improvement in upper tract
drainage in those appropriately treated,55, 348 though it
is clear that risk of renal damage, particularly following
SCI, is lifelong and ongoing surveillance is required.72
While the interval for urodynamic assessment remains
an area of controversy and is poorly studied, an interval
of two years or less in those at risk is reasonable once
pressures have been normalized; however, decreased
frequency of testing is possible if the patient remains
clinically stable. Specific recommendations depend on
the particular neurological condition and degree of risk
based on the patient’s baseline (and subsequent) findings.70, 128, 349 350 Providers following NLUTD patients
with impaired storage pressures must be aware of concerning urodynamic findings and other high-risk parameters (i.e., neurologic etiology, hydronephrosis, loss of
renal function) and urodynamically re-evaluate the patient at appropriate intervals. To optimally appreciate
what volumes the bladder should be filled to during
UDS, it is helpful to have patients complete a voiding/
catheterization diary prior to the study.
STATEMENT FIFTY-SEVEN: In NLUTD patients
with impaired storage parameters that place their
upper tracts at risk and are refractory to therapy,
clinicians should offer additional treatment.
(Expert Opinion)
The goal of therapy directed at elevated storage pressures is to improve upper tract drainage which should
serve several goals, the most important of which are to
preserve renal function and reduce the risk of recurrent
symptomatic UTIs. When that is not accomplished by
initial efforts, additional interventions should be offered.
Stepwise therapy based on invasiveness is reasonable,
as long as repeated UDS are conducted to assess effectiveness at appropriate intervals. For example, if a pa-
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tient with elevated intravesical pressures (i.e., poor
compliance or severe DO) is instructed to perform CIC
at 4 hours, but continues to have incontinence or repeated infections, then additional treatments should not
be delayed as upper tract abnormalities in untreated
patients at elevated risk are not uncommon.71 Similarly, if patients remain symptomatic or UDS documents
persistently elevated storage pressures, despite anticholinergic or beta agonist therapy, then consideration
should be given for more advanced therapies such as
onabotulinumtoxinA injections or AC since sustained
long-term improvements in incontinence, QoL, and upper tract drainage have been noted with both of these
therapies.239, 315, 346, 351 For patients refractory to all
therapies, constant urinary drainage (SPC or supravesical urinary diversion) should be strongly considered.90,
224, 325, 327

STATEMENT FIFTY-EIGHT: In NLUTD patients who
have undergone lower urinary tract reconstruction incorporating a bowel segment(s), the clinician should assess the patient annually with:
a. focused history, physical exam, and
symptom assessment.
b. basic metabolic panel.
c. urinary tract imaging.
(Expert Opinion)
As with any patient undergoing lower urinary tract reconstruction, those with NLUTD require lifelong surveillance as complications are not uncommon.352 Many of
these patients may have some degree of pre-existing
renal dysfunction or have a prior history of recurrent
UTIs. Patients who previously underwent bladder augmentation using bowel, or those with history of either
continent or incontinent diversion, may be at risk for
metabolic disturbances depending on the degree of preexisting renal dysfunction, the presence of comorbidities, the length and type of bowel segment utilized, and the type of diversion created (those with continent diversions at higher risk).346, 353 As such, at a
minimum, the Panel recommends lifelong surveillance
with history/physical examination and an assessment of
any symptoms potentially related to the urinary tract
reconstruction (i.e., incontinence, infections, hematuria). A basic metabolic panel to assess for electrolyte
or acid-base abnormalities is similarly recommended to
diagnose and help direct treatment for asymptomatic
metabolic disturbances. If terminal ileum is used as
part of the reconstruction, B12 levels should be monitored over time and supplemented if appropriate. Last-
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ly, repeated upper urinary tract assessment is recommended to assess for any signs of upper urinary tract
obstruction, which could be related to the reconstruction.354 Early diagnosis of these abnormalities can lead
to prompt, directed intervention and avoidance of additional morbidity. It should be noted that patients that
only underwent construction of a continent urinary stoma, without AC, would not be at risk for electrolyte or
acid-base abnormalities that can be seen after augmentation. Thus, yearly evaluation without a basic metabolic panel would be sufficient.
STATEMENT FIFTY-NINE: Clinicians may perform
urodynamics following sphincterotomy to assess
outcome. (Conditional Recommendation; Evidence
Level: Grade C)
The evidence base is comprised of two observational
studies (Takahashi 2018, Pan 2009) reporting on longterm urodynamic findings following sphincterotomy.
The aggregate risk of bias was very serious, but evidence was not further downgraded.
Sphincterotomy has been found to be an effective
treatment for patients with DSD and elevated storage
pressures, particularly in the setting of SCI.269 In particular, sphincterotomy has been shown to lower the risk
of renal damage355 and recurrent bladder infections,
presumably by decreasing DLPP. To assess the efficacy
of sphincterotomy and document the reduction in intravesical storage pressures, multichannel UDS is recommended in the postoperative period.356 Since the
long-term data for sphincterotomy indicates that impaired bladder emptying and elevated intravesical pressures can recur following treatment, sometimes insidiously, ongoing monitoring of both upper and lower urinary tract emptying and bladder storage pressures is
appropriate.

STATEMENT SIXTY: In NLUTD patients who have
undergone lower urinary tract reconstruction utilizing bowel, and who also develop gross hematuria or symptomatic recurrent urinary tract infection, clinicians should perform cystoscopy.
(Moderate Recommendation; Evidence Level:
Grade C)
The statement is informed by two observational studies
(Hamid 2009, Higuchi 2010) carrying a very serious
risk of bias. Evidence was not further downgraded for
any domain.
The role of routine surveillance cystoscopy in the
asymptomatic, stable NLUTD patient is not supported
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by current literature (see Statement 19).79, 129 However, the role of endoscopic evaluation in NLUTD patients
who have undergone lower urinary tract reconstruction
utilizing a bowel segment, such as AC, remains very
controversial. Hamid et al. performed a prospective
analysis of 92 consecutive NLUTD patients who had undergone routine scheduled cystoscopy 10 years after
AC. After a median follow up of 15 years (10-33 years),
bladder cancer was not identified in a single asymptomatic patient.56 It is now being recognized that lower
urinary tract malignancy in NLUTD patients with lower
urinary tract reconstruction utilizing bowel almost always present with signs and symptoms such as gross
hematuria, unexplained recurrent UTI or suprapubic
pain. In NLUTD patients who present with these signs
and/or symptoms, a full evaluation including cystoscopy, urine cytology, and computerized tomography
scan of the abdomen and pelvis is warranted. The clinician should not assume that recurrent unexplained UTI
or gross hematuria is related to traumatic CIC, cystitis,
or pouchitis, until proven otherwise.
The actual risk of lower urinary tract malignancy in
NLUTD patients who have undergone AC is not well defined. Several studies have suggested that the risk of
lower urinary tract malignancy in the NLUTD patient
who have undergone lower urinary tract reconstruction
using bowel segment is higher than the general population although the level of evidence for this conclusion
was noted to be poor in a recent review357 and the results should be interpreted with caution by the clinician.
The follow-up probability to develop a malignant tumor
(s) after AC ranged from 0-5.5% and estimated incidence ranged from 0 to 272.3 per 100,000 patients/
year.
Adenocarcinoma
was
the
most
common histological type (51.6%). Malignant lesions predominantly occurred at the entero-urinary anastomosis
(50%). The mean latency period was 19 years and
most malignant lesions were diagnosed more than 10
years after surgery (90%).357
Non-invasive techniques such as urine cytology and
urinary tumor markers have been proposed: however,
these studies need further evaluation as it is not clear
how they apply to NLUTD patients after lower urinary
tract reconstruction.358 It is important to note that malignant tumors were often diagnosed at an advanced
stage within surveillance protocols time intervals.358 Studies regarding carcinogenesis and surveillance strategies should be considered to develop a
more efficient follow-up protocol and allow early diagnosis.68
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Future Directions
Assessment of Bladder Dysfunction:
Specific Questionnaires

Condition-

Numerous lower urinary tract questionnaires exist for
men and women with a variety of conditions. While
there certainly is overlap in the urinary symptoms experienced by patients with and without underlying neurological conditions, it is clear that the severity of urinary symptoms may differ considerably.359 For this reason, and because it is also clear that sensation may
differ considerably in patients with neurological conditions from those patients that are neurologically intact,
it is desirable to assess symptoms in a consistent manner in patients with NLUTD. When possible, the panel
advocates use of condition-specific lower urinary tract
questionnaires and recommends development and refinement of additional questionnaires to better assess
urinary tract dysfunction in patients with NLUTD.360
Improving Current Strategies/Implementing current strategies for new indications
The use of botulinum toxin in patients with neurogenic
detrusor overactivity represents a tremendous advancement in the care of many patients with NLUTD.
Quality of life has been substantially improved in many
patients who otherwise might have been subjected to
invasive, morbid and irreversible procedures. While
these invasive procedures remain effective and are at
times still necessary, they are often associated with
both operative risk and postoperative complications.
However, the need for repeat injections, the discomfort
experienced by some, and the expense pose obstacles
for some patients and providers to obtain treatment
with intravesical injection of botulinum toxin on a regular basis. The Panel supports the ongoing investigation
of alternate injection strategies, as well as the development of different delivery techniques for botulinum toxin so that this agent can be offered more widely.361
Neuromodulation strategies have similarly been extremely effective at ameliorating LUTS/OAB in patients
ineffectively treated by other interventions. The use of
either peripheral or central neuromodulation in patients
with NLUTD has not been widely studied, though small,
typically single center cohort observational trials have
offered some hope for efficacy in certain NLUTD populations. Further study may allow for a better understanding of which type of stimulation may be more beneficial
for specific patient types with NLUTD. With the expected influx of several implantable tibial nerve stimu-
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lation devices, it would be reasonable to expect this
technology to be evaluated in patients with NLUTD. In
addition, it remains possible that various forms of neuromodulation, both invasive and non-invasive, may
show promise after SCI.362 This includes therapy as an
option to treat symptoms363, 364 or, with early intervention338, 365 as a disease modifying strategy to possibly
minimize the progression and severity of NLUTD symptoms over time that can be seen after SCI. The Panel
recommends further studies of these techniques, particularly as the latest technology for sacral neuromodulation is MRI-conditional and allows for full body imaging using conventionally available magnets. Other
routes of stimulation, such as SARSand the Xiao procedure, remain options as well.342, 366 However, they each
have potential issues impacting widespread acceptance.
As discussed in Statement 52, there are technical challenges with SARS as well as the risk of loss of certain
functions (with concomitant sacral rhizotomy) and the
outcomes with Xiao procedure have not been found to
be consistently positive. With further study and technology, the Panel is hopeful that these procedures could
be more viable treatment options for patients with
NLUTD.
Finally, the concept of implanted urethral catheters with
valves to promote “natural voiding” (and eliminate or
minimize the need for CIC) continues to be studied.
There is presently a device that has an FDA indication
to treat detrusor underactivity in women using an intraurethral valve pump.367 This device does not have a
specific indication for NLUTD. There is also a device being evaluated in male patients with chronic urinary retention.368 The Panel is hopeful that with further research and advancement of technology, devices that
would allow for improved bladder emptying for both
men and women with NLUTD (and which also minimizes
possible issues such as device migration, infection, encrustation, discomfort and pump clogging) will be a
treatment option in the future.
Novel Strategies for Urinary Diversion and Augmentation
Various forms of intestinal urinary diversion are not
uncommonly required for patients with NLUTD (as well
as for patients requiring bladder removal for malignant
neoplasms). While bowel is nearly always readily available and quite versatile, its use can be associated with
significant metabolic and enteric complications. Prior
attempts at bladder replacement have focused on synthetic or bioengineered material; however, to this date
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none have been particularly successful. A variety of
naturally derived, synthetic and bioengineered scaffolds
have been developed over the years with the goal being
the construction and promotion of an optimal environment for natural cellular ingrowth. While initial clinical
reports for utilizing scaffolds were favorable, more recent clinical updates indicate that utilizing autologous
smooth muscle cells and urothelial cells seeded onto a
biodegradable composite scaffold at the time of bladder
augmentation did not lead to improvement in bladder
storage pressures and was associated with significant
postoperative morbidity.369 Clearly, further investigation
of this potential alternative to bowel for patients requiring lower urinary tract reconstruction is desired.
Recent reports have noted the feasibility of bladder allograft transplantation with vascular anastomoses, at
least in cadaveric models.370 This represents an exciting possibility and we await further assessment of such
a concept to determine if this technically challenging
procedure can result in a functional and safe lower urinary tract and, if so, whether it represents a viable option for patients with NLUTD.
Overall, the Panel encourages exploration of novel approaches to surgical urinary diversion and reconstruction including the exploration of non-intestinal concepts, and further development and refinement of tissue-engineered scaffolds to promote endogenous bladder restoration.371
Treatment of the Neurologic Condition
Treatment of the neurologic condition leading to NLUTD
is an attractive option – not only could this improve or
minimize the bothersome symptoms related to NLUTD
but it theoretically could also impact the other, nonurinary symptoms seen in these patients as well. One
potential option would be the use of stem cells which
has largely been evaluated in patients with acute SCI.
Preclinical data has been promising and a review of
clinical trials identified ten studies (5 completed, 5 ongoing) that evaluated outcomes in human subjects.
Initial data appear to show increased MCC, improved
bladder compliance and decreased detrusor pressures;
however, urinary incontinence was not improved nor
was the need for CIC eliminated.372
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ated the use of stem cells to treat SUI; however, there
are still questions to be answered (efficacy, optimal
stem cell type, stem cell dose, location of implantation,
etc.) before this is a viable therapy.373 In addition, if
this does become a viable therapy it is not clear if this
therapy would be applicable to NLUTD patients that require CIC. High quality trials evaluating the use of stem
cells for underactive bladder have yet to be completed
and this has not been specifically evaluated in the
NLUTD patient population; however, this is another potential therapy that could improve bladder emptying in
those with underactive bladder that require CIC or an
indwelling catheter.374
An example of one therapy presently used is deep brain
stimulation which is used to treat motor symptoms in
patients with PD and other neurological disorders. A
systematic review of the effects of DBS on lower urinary tract function found that stimulation of the subthalamic nucleus led to a significant increase in maximum
bladder capacity. Other urodynamic parameter changes
were not clinically relevant and the authors concluded
that deep brain stimulation may have a beneficial effects on lower urinary tract function.375 An additional
therapy to potentially treat PD is stem cells. While this
is a potentially promising concept, it is unclear if this
would be a realistic therapy and trials would clearly be
required to evaluate this option.376
The Panel is hopeful that improving therapies to treat
the various neurologic conditions that often result in
NLUTD will also lead to either an improvement or resolution in the various urinary symptoms associated with
that condition.

Further, high-quality studies are needed to understand
if this will be a viable option for future patients with
NLUTD secondary to SCI. Additional consideration in
regard to stem cell therapy include the treatment of
underactive bladder and SUI. Human trials have evalu-
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Abbreviations
AC

Augmentation cystoplasty

AD

Autonomic dysreflexia

AE

Adverse events

AUAER

American Urological Association

BN

Bladder neck

BNC

Bladder neck closure

BOO

Bladder outlet obstruction

BPH

Benign prostatic hyperplasia

CAUTI

Catheter-associated urinary tract infection

CCC

Continent catheterizable channels

CIC

Clean intermittent catherization

CVA

Cerebrovascular accident

DLPP

Detrusor leak point pressures

DO

Detrusor overactivity

DU

Detrusor underactivity

EMG

Electromyographic

GU

Genitourinary

HTLV-1

Human T-Lymphotropic Virus 1

IDSA

The Infectious Disease Society of America

IIQ

Incontinence impact questionnaire

KUB

Kidney, ureter, and bladder X-ray

LUTS

Lower urinary tract symptoms

MCC

Maximum cystometric capacity

MDP

Maximum detrusor pressure

MS

Multiple sclerosis

MUP

Maximum urethral pressure

NDO

Neurogenic detrusor overactivity

NLUTD

Neurogenic lower urinary tract dysfunction

OAB

Overactive bladder

PD

Parkinson’s disease

PGC

Practice Guidelines Committee

PICO
PTNS

Populations, Interventions, Comparisons,
Outcomes
Posterior tibial nerve stimulation

PVR

Post void residual
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Abbreviations
QoL

Quality of life

SB

Spina bifida

SCI

Spinal cord injury

SNM

Sacral nerve modulation therapy

SPC

Suprapubic catheterization

SUFU

SUI

Society of Urodynamics, Female Pelvic Medicine & Urogenital Reconstruction
Stress urinary incontinence

SVP

Systematic voiding program

UA

Urinalysis

UDS

Urodynamics

US

Ultrasound

UI

Urinary incontinence

UUI

Urgency incontinence

UTI

Urinary tract infection

VUR

Vesicoureteral reflux
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