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Abstract
Purpose of Review This review explores the current literature surrounding non-surgical and surgical management strategies for
urinary tract infections (UTIs) in adult patients with neurogenic lower urinary tract dysfunction. UTIs in patients with neurogenic
bladders (NB) are recurrent and lifelong contributors to morbidity and mortality. Diagnosis and treatment of UTIs in this patient
population are significantly more challenging and require thoughtful clinical decision-making. Topics such as risk factors,
diagnosis, nonoperative treatment strategies, and surgical management will be discussed.
Recent Findings Current recommendations indicate that only symptomatic UTIs require treatment. Nonoperative treatments such
as antibiotic therapies, bladder instillations, and coated catheters are typically exercised before proceeding with more invasive
surgical management. There are no clear guidelines to recommend when patients should or are required to have surgical
intervention.
Summary Non-surgical management strategies continue to evolve through recent clinical trials. Major surgical intervention is
typically considered only after non-surgical options have been exhausted or based on patient and caregiver preference.
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Introduction

The lower urinary tract functions as a reservoir for urine and a
mechanism for micturition. The urinary bladder and sphincter
complex in conjunction with the central and peripheral ner-
vous systems allow for achievement of voiding. Damage to
these systems can result in discordance of urinary storage and
emptying [1]. Neurogenic bladder is defined as bladder dys-
function secondary to impairment of the nervous system.
Neurogenic bladder (NB) is most commonly caused by mul-
tiple sclerosis (MS) and spinal cord injury (SCI) (sacral
nerve). Other frequently associated diagnoses include spina
bifida (SB), cerebral palsy (CP), and Parkinson’s disease.
Within these populations, certain patients carry a higher risk
for long-term complications. The American Urological
Association (AUA) Guidelines statement on urodynamics

indicates that those with SB, SCI, high burden spinal cord
disease, transverse myelitis, and men with MS have a greater
predisposition for future complications. These complications
include upper urinary tract deterioration such as end stage
renal disease, pyelonephritis, and renal scarring as well as
nephrolithiasis, refractory urinary incontinence, and malig-
nancy, including a higher risk of squamous cell carcinoma
of the bladder [2]. One of the most commonly implicated risk
factors and the topic of this review are UTIs in the neuropathic
bladder.

UTIs remain the most common infection in this patient
population. A US database revealed that 29–36% of NB pa-
tients suffer from recurrent UTIs. Recurrent UTIs are defined
as more than two infections occurring within a 6-month period
or three infections in 12 months with complete resolution for
at least 2 weeks [3]. Untreated infections increase the risk for
urosepsis, renal deterioration, and poor psychological health.
Multiple studies show that detrusor overactivity, poor bladder
compliance, and vesicoureteral reflux put NB patients at in-
creased risk for UTI. Typically, recommendations for treat-
ment are limited to symptomatic UTIs in the effort to preserve
antibiotic stewardship. Symptomatology in the NB population
differs from the symptoms commonly experienced by those
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patients with functionally intact nervous systems due to the
insensate nature of their urinary tract secondary to their under-
lying neurological disorder. Common symptoms in the NB
population include fever, urinary incontinence, spasticity,
malaise, cloudy urine, foul urine odor, back and bladder pain,
dysuria, and autonomic dysreflexia [4]. In these patients, the
choice of antibiotic and length of treatment are primarily
based on culture sensitivities, local antibiograms, and provider
experience. Prophylactic management options such as bacte-
rial probiotics, bladder irrigation, intravesical botulinum toxin,
and antibiotic prophylaxis are currently being explored [1].
The decision to seek surgical management is also an option
for patients who are refractory to treatment.

Risk Factors and Current Hypotheses

The detrusor muscle, urinary sphincter complex, and nervous
system must work synergistically for micturition to occur.
When the neurologic connection to the pontine micturition
center (PMC) is damaged, the patient may experience an in-
ability to relax urinary sphincters known as detrusor sphincter
dyssynergia (DSD) leading to incomplete bladder emptying
and urinary retention. PMC damage may also cause overac-
tive bladder symptoms (OAB) due to loss of urinary reflex [5].
Damage to the pelvic nerves may also lead to desensitization
and detrusor areflexia which typically manifests as urinary
retention and overflow incontinence. Essentially, the neuro-
genic bladder lacks the ability to respond appropriately to
urinary stimuli, thus, eliminating the most important inherent
defense against infection: voiding. One current hypothesis
implies that increased intravesical pressure due to bladder
overdistension leads to bladder ischemia which predisposes
NB patients to infection. The elevated bladder pressure causes
tissue hypoperfusion and impedes the delivery of inflamma-
tory cells and antibiotics. These findings are supported by
studies that reveal fewer UTIs with improved urodynamic
parameters in NB patients [4].

Bladder Drainage

Catheterization is the mainstay of management for NB. Data
demonstrates that these medical devices represent a nidus for
recurrent UTIs due to urethral trauma and irritation. Among
these, indwelling catheters carry the highest risk.

Urolithiasis

UTIs are independent risk factors for the development of uro-
lithiasis in NB patients due to urinary stagnation and persistent
bacteriuria [2]. Stone disease, both obstructing and non-
obstructing, can increase the risk for recurrent infections.
One retrospective study showed that in a cohort of

asymptomatic patients with non-obstructive renal stones and
recurrent UTIs, approximately 50% of patients were infection
free following surgical removal [6]. The use of bladder drain-
age devices in the NB population also increases the risk for
stone disease. It is important to consider the possibility of
urolithiasis if the infection persists following appropriate an-
tibiotic therapy, if the culture is positive for urease-producing
organisms, or if urinary catheters exhibit crusting or obstruc-
tion. In such cases, a workup including cystoscopy and upper
tract imaging are encouraged.

Immune Dysfunction

Current hypotheses suggest that immune dysfunction in SCI
patients with NB may predispose to UTIs. Decreased proin-
flammatory responses to uropathogenic Escherichia coli
(UPEC) and subsequent inappropriate suppression of inflam-
matory factors were analyzed in a rat model study leading to
continuous bacterial replication. Patients on immunosuppres-
sive therapies, such as MS patients, may also experience in-
creased infection rates as a result of immune dysfunction [1].
Figure 1 illustrates the factors affecting UTI predisposition in
NG patients.

Common Infectious Organisms

In the NB population, the most commonly isolated organisms
are E. coli and Klebsiella species. The Pseudomonas,
Acinetobacter, and Enterococcus species are also often seen
in the NB population due to frequent hospitalizations. NB
patients with recent antibiotic use and/or indwelling catheters
(IC) are also more susceptible to fungal infections. A large
prospective study of SCI patients demonstrated the rate of
candida UTI to be 10× higher in those patients with indwell-
ing catheters and suprapubic catheters (SPC) compared to
those who used clean intermittent catheterization (CIC).
Figure 2 illustrates the distribution of commonly implicated
organisms associated with NB-UTIs [4].

Diagnosis

Whenworking up a NB patient, the objective is to characterize
the severity of dysfunction of the urinary tract secondary to the
underlying neurologic concern. These patients are typically
assessed with multiple and frequent diagnostic tests including
urinalysis, urine culture and cytology, PVR, ultrasonography,
urodynamic studies, uroflowmetry, and pelvic floor neuro-
physiology [2].
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UTI Diagnosis and Surveillance

In patients with neuropathic bladders, between 50 and 75% of
urine cultures will be positive regardless of symptomatic or
asymptomatic status [7]. Over the years, this has led to overdi-
agnosis and poor antibiotic stewardship within this population.

As a result, antibiotic-resistant organisms are being cultured
more frequently. Several organizations have attempted to pro-
vide definitions for UTIs in neuropathic bladders in order to
clarify treatment parameters. Notably, no consensus has been
established. The Infectious Disease Society of America [8] pub-
lished their definition of a catheter-associated UTI as having

Fig. 1 Management schema for UTIs in neurogenic bladder patients

Fig. 2 Infectious pathogens in complicated and uncomplicated UTIs
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signs and symptoms of an infection and ≥103 colony forming
units (CFU) of at least one bacterial species in a single catheter-
ized urine sample [7]. The National Institute on Disability and
Rehabilitation Research offers their guidelines for UTI diagno-
sis in NB-SCI patients as pyuria andUTI symptoms plus greater
than 102 CFU/mL from an intermittent catheterized specimen,
or greater than 104 CFU/mL from a condom catheter, or any
value from indwelling and suprapubic catheters [1].

In the NB population, it may be difficult to differentiate the
acute UTI symptomatology from chronic bladder pain.
However, one study showed that NB-SCI patients are able to
predict the presence of an UTI with a positive predictive value
of 32.6% and predict the absence of UTIs with a negative pre-
dictive value of 82.8%. The study demonstrated that malodor-
ous urine was a poor predictor for UTIs with a low sensitivity of
48.3%. The same study revealed that the presence of pyuria had
the highest sensitivity in predicting UTIs and its absence strong-
ly disproves UTIs as the cause of the symptomatology [1].

Asymptomatic bacteriuria in NB patients is another impor-
tant consideration. The majority of the organisms that grow at
baseline in NB patients are those most commonly identified
on standard urine culture. This explains the elevated incidence
of ABU in these patients. The IDSA guidelines regarding
ABU in patients with SCI, patients with short-term indwelling
catheters (<30 days), and those with SPTs and long-term in-
dwelling catheters strongly recommend against screening or
treating ABU. There are no current recommendations from the
IDSA for or against screening or treating ABU at the time of
catheter removal [8].

Nonoperative Treatment

Antibiotic Therapies

Culture-specific, narrow-spectrum antibiotics are recom-
mended for the treatment of UTIs in NB patients. For cases
of uncomplicated cystitis, nitrofurantoin is suggested due to
lower resistance rates and effect on enteric flora.
Fluroquinolones are recommended for more severe infections.
Duration of therapy is another important consideration.
Because neuropathic bladder UTIs are considered complicat-
ed, single-shot or short-term antibiotic treatments are not rec-
ommended. Further investigation demonstrates efficacy in 7–
10-day antibiotic treatment for afebrile UTIs and 14-day ther-
apy for febrile UTIs. Recommendations insist on extending
the duration of therapy if organ involvement is present [9•]. In
the case of SCI-NB patients with UTIs, current recommenda-
tions are 5 days of antibiotic therapy such as nitrofurantoin or
trimethoprim for chronic afebrile UTIs and 7 days of
fluroquinolones or cefuroxime for acute, afebrile exacerba-
tions. Febrile UTIs should be treated for 14 days with broad
spectrum intravenous coverage [1]. In NB patients with CA-

UTIs secondary to indwelling Foley catheters, the IDSA rec-
ommends early catheter exchange and 7–14 days of culture-
specific antibiotics [1]. Recent studies support longer treat-
ment durations as necessary in NB patients to prevent infec-
tious relapses.

Antibiotic Prophylaxis

Routine antibiotic prophylaxis is not recommended in the NB
population for UTI prevention due to increases in bacterial
resistance and lack of evidence to support long-term benefits.
Moreover, the current literature does not support antibiotic pro-
phylaxis for UTI prevention in patients using CIC. Presently,
antibiotic-altering proteins are being researched to augment an-
timicrobial treatments. The supplementary enzymes bromelain
and trypsin are hypothesized to enhance antibiotic efficacy.
However, only limited evidence is available to support this
research at this time [10]. Weekly oral cycling antibiotics
(WOCA) has recently been a topic of interest. WOCA is a
regimen consisting of two antibiotics administered once a week
for a 2-year period at minimum. Evidence shows a significant
reduction in the number of UTIs annually and no adverse
events [9•]. A 2019 study reveals the effectiveness of WOCA
prophylaxis in NB-SCI patients with recurrent UTIs. In the
cohort, the regimen was well tolerated, and no antibiotic resis-
tance was observed on enteric and nasal cultures [11••].

Coated Catheters

The current standard of care in patient with neuropathic blad-
ders is CIC. Indwelling catheters are more commonly associat-
ed with infection, stone disease, and urinary tract deterioration.

New catheter modifications are designed to prevent biofilm
formation, a common source for UTI development in neuro-
pathic bladders. Researchers have been studying the incorpo-
ration of antifouling and biocidal materials into biocompati-
ble, antimicrobial catheter coatings.

Antifouling materials utilize steric and electrostatic repul-
sion to prevent bacterial attachment to surfaces and biofilm
formation but do not directly kill bacteria. The two main types
of antifouling materials are hydrophilic materials and
polyzwitterions. Several studies demonstrate the efficacy of
these materials. On the other hand, biocidal materials directly
kill microbes, and this type of coating is especially useful in
preventing catheter encrustation. Clinically tested biocidal
materials include antibiotics and silver ions. Silver alloy is
an FDA-approved antimicrobial agent for urinary catheter
coatings. They have been studied extensively in the past and
exhibited drawbacks such as restricted efficacy as an antimi-
crobial agent in urinary catheters, cytotoxicity, and high costs
[12]. A 2017 clinical study evaluated the efficacy of urinary
catheters impregnated with a synergistic composite of
amikacin, nitrofurantoin, and silver nanoparticles (SNP) in
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preventing biofilm formation. After 2 years, the cohort of
patients who received catheters impregnated with both antibi-
otics and SNPs demonstrated 90% inhibition of microbial ad-
hesion compared to 25% inhibition in the cohort who used
only antibiotic impregnated urinary catheters [13••]. This
combination appears to be a superior way to limit biofilm
formation and decrease multi-drug-resistant uropathogens.
Many biocidal and antifouling agents still remain under re-
search such as chlorhexidine, triclosan, antimicrobial pep-
tides, bacteriophages, enzymes, nitric oxide, and liposomes.

Bladder Instillations

Prophylactic antibiotic bladder instillations have provided an op-
timistic future in the management of NB. Daily intravesical in-
stillations have proven to be superior to oral antibiotic therapies
for the prevention of recurrent UTIs in the NG population due to
unchanged rates of drug resistance in urinary microbes following
bladder instillations. In fact, studies show that urinary microor-
ganisms have become less multidrug-resistant after instillations
[14]. Neomycin-polymyxin and gentamicin are commonly used
antibiotics for intravesical instillation. A prospective study be-
tween 2014 and 2017 of 63 adults with recurrent multi-drug-
resistant pathogenic UTIs treated with daily intravesical genta-
micin demonstrated a reduction in the average number of UTIs
from 4.8 to 1. The resistance rate of urinary pathogens decreased
from 78 to 23% indicating that intravesical antibiotic instillations
reduce the number of recurrent UTIs and the antibiotic resistance
[15••]. A 2019 randomized controlled trial examined the effects
of platelet rich plasma bladder instillations in a cohort of women
with recurrent bacterial cystitis. The study showed a significant
decrease in infectious recurrences up to 12 months after the
instillation without adverse events [16]. Similarly, a 2020 case
series compared 12 patients who were treated with gentamycin
or tobramycin bladder instillations and found that the average
rate of UTIs decreased from a median of 2.5 to 1.5 and both
the number of pathogen types and antibiotic resistance also dem-
onstrated significant decrease [17•]. However, the current data in
adults remains largely heterogenous and requires further investi-
gation specifically focused on NB patients.

Probiotics and Oral Preventative Strategies

Bacterial probiotic supplements are currently theorized to pre-
vent UTIs in neurogenic bladders. However, the data in this
field is minimal. A Cochrane review compared 3 studies data
up to 2017 and failed to identify any supporting evidence that
supported oral probiotics an effective prophylactic strategy in
NB patients. These studies also examined the intravesical in-
stillation of 2 strains of nonvirulent E. coli and concluded that
while there was little harm associated with the treatment, there
was also limited evidence to prove beneficial [18]. A 2019
randomized controlled trial failed to prevent UTIs in patients

with SCI-NB when compared to a placebo [19]. Supplements
such as D-mannose, ascorbic acid, and methenamine
hippurate have shown poor long-term prevention of UTIs in
clinical studies [20].

Botulinum Neurotoxin

Since its approval for use in OAB, botulinum toxin A has
gained popularity among researchers and clinicians.
Intravesical injection of the toxin allows for the reduction of
detrusor pressures and thus decreases the risk for future infec-
tions. A study analyzing SCI-NB patients revealed that admin-
istration of the toxin resulted in a reduction of total UTIs in the
cohort [1]. Future studies with larger patient cohorts are re-
quired to validate this data further but the potential for UTI
prophylaxis in neuropathic bladders remains promising.

Sacral Neuromodulation Devices

The sacral neuromodulation (SNM) device commercially
available is called InterStim (Medtronic, Minneapolis, MN,
USA). The implant functions by stimulating the sacral nerve
root to suppress detrusor overactivity. Although it is clear that
these SNM devices require continued research, their ability to
control urinary symptoms may theoretically decrease recur-
rent UTIs in this patient population.

Surgical Management

There are no clear guidelines to recommend when patients
should or need to have surgical intervention related to recurrent
UTIs in the neurogenic bladder. Major surgical intervention
such as cystectomy/enteric conduit is usually considered only
after non-surgical options have been exhausted or based on
patient and caregiver preference. Surgical intervention can range
from relatively simple operations such as bladder neck closure
and suprapubic tube placement, to more complex reconstructive
procedures such as enterocystoplasty, ileovesicostomy, and en-
teric conduit with or without cystectomy. We will focus on
cystectomy and ileal conduit in this review.

If a patient should desire to undergo a urinary diversion with
ileal conduit as management for recurrent UTIs, they must be
counseled on the risks associated with this surgery.
Pyelonephritis and pyocystitis are not infrequent complications,
and in a recent study published in 2020, a cohort of neurogenic
bladder patientswhowere followed for amedian time of 8 years,
and a significant percentage (60%) were hospitalized with
urosepsis after their surgery during that time span [21•].
Pyocystitis of the native bladder can occur when ileal conduit
is performed without concurrent cystectomy. Past studies have
quoted rates of pyocystitis as high as 52% in those who did not
undergo cystectomy at time of urinary diversion [22]. A recent
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study published in 2016 out of Vanderbilt noted that concurrent
cystectomy at time of ileal conduit rates for benign conditions
such as neurogenic bladder has increased over the 13 years from
about 20 to 35% across the nation [23]. Performing cystectomy
at time of ileal conduit does add morbidity to the surgery. A
2015 study that analyzed patients undergoing cystectomy for
refractory lower urinary tract symptoms noted a 30-day compli-
cation rate of almost 66% [24]. Another study published in 2018
out of Paris, France, evaluated 102 patients who underwent non-
continent urinary diversion for neurogenic bladder related to
spinal cord injury [25••]. These patients had failed conservative
management or had elected for diversion. The rate of early (<30
days post op) pyelonephritis was 12.7%. The rate of late (>30
days) infectious complications in this group (pyocystitis or py-
elonephritis) were about 10%. All 3 patients who developed
pyocystitis underwent delayed cystectomy. These are not insig-
nificant numbers, especially for patients who may be choosing
to undergo a procedure with significant morbidity in attempt to
avoid recurrent infections. These factors must be considered
when counseling patients who desire urinary diversion.

Conclusion

By definition, UTIs in the neurogenic bladder are considered
complicated infections. Current recommendations indicate
that only symptomatic UTIs require treatment. Nonoperative
treatments such as antibiotic therapies, bladder instillations,
and coated catheters are typically exercised before proceeding
with more invasive surgical management. Surgical interven-
tion such as cystectomy/enteric conduit should only be con-
sidered after non-surgical options have been exhausted or
based on patient and caregiver preference.
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