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Introduction: Urinary tract infections (UTIs) are one of the most common morbidities in 

persons with neurogenic lower urinary tract dysfunction (NLUTD). They are associated with a 

significant morbidity and mortality, and they affect the quality of life of the affected patients. 

Diagnosis and treatment of UTI in this group of patients are challenging. In this review, the 

current strategies regarding diagnosis, treatment, and prevention are summarized.

Diagnostics: it is important to correctly diagnose a UTI, as treatment of bacteriuria should 

strictly be avoided. A UTI is defined as a combination of laboratory findings (leukocyturia and 

bacteriuria) and symptoms. Laboratory findings without symptoms are classified as asymptomatic 

bacteriuria. Routine urine screening is not advised. 

Treatment: Only UTI should be treated; treatment of asymptomatic bacteriuria is not indi-

cated. Prior to treatment, urine for a urine culture should be obtained. Antibiotic treatment for 

~7 days is advised.

Prevention: In recurrent UTI, bladder management should be optimized and morphologic 

causes for UTI should be excluded. If UTIs persist, medical prophylaxis should be considered. 

Currently, no prophylactic measure with evidence-based efficacy exists. Long-term antibiotic 

prophylaxis should be used merely as an ultimate measure. Among the various mentioned inno-

vative approaches for UTI prevention, bacteriophages, intravesical instillations, complementary 

and alternative medicine techniques, and probiotics seem to be most promising. 

Conclusion: Recently, several promising innovative options for UTI prophylaxis have been 

developed which may help overcome the current therapeutic dilemma. However, further well 

designed studies are necessary to evaluate the safety and efficacy of these approaches. 

Keywords: neurogenic lower urinary tract dysfunction, spinal cord injury, prophylaxis, resis-

tance, lactobacilli, cranberries

Introduction
Urinary tract infections (UTIs) are one of the most common morbidities in individu-

als with neurogenic lower urinary tract dysfunction (NLUTD).1 Approximately one in 

five individuals with NLTUD suffers from recurrent UTI, which are associated with a 

considerable morbidity and mortality and affect the quality of life (QoL) substantially.2 

UTIs are the leading cause for septicemia in patients with spinal cord lesions, and are 

associated with a significantly increased mortality.3 Furthermore, symptomatic UTIs 

are often bothersome for patients and are therefore related to a decreased health-related 

QoL. As UTIs are often recurrent and the bacterial strains are increasingly resistant 

to antibiotic treatment,4 UTIs present a relevant clinical challenge for both patients 

and caregivers. 
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The increased risk of UTIs in individuals with NLUTD is 

due to many different factors. In particular, impaired storage 

and voiding functions are risk factors for UTI,5 either because 

of the dysfunction itself, for example, detrusor overactivity,6 

or because of the applied method for bladder management, 

especially indwelling catheters, and also intermittent cath-

eterization.7 Furthermore, morphologic causes, like bladder 

stones or foreign bodies,5 and elevated residual urine8 are 

known sources for UTI.

Thus, the key to controlling UTIs in individuals with 

NLUTD is to optimize their bladder management and to elim-

inate sources of infection, such as bladder stones or foreign 

bodies. Unfortunately, recurrent UTIs persist despite these 

measures in a high percentage of affected patients. Therefore, 

several preventive or protective measures have been proposed, 

but until today, no prophylaxis with evidence-based efficacy 

exists.9 As a consequence, a plethora of different methods is 

currently used for UTI prophylaxis. In this review, we aim 

at summarizing the current strategies for UTI treatment and 

prophylaxis, their limitations, and possible new options. 

Definition of UTI
The definition of a UTI is of utmost importance, as there is 

broad consensus that only symptomatic UTI should be treated 

and bacteriuria should not be regarded as an indication for 

treatment.9 Basically, the definition of UTIs in persons with 

NLUTD does not differ significantly from the definitions 

used in persons without NLUTD. In accordance with the most 

recent guidelines,9,10 UTIs are defined as the combination of 

bacteriuria, leukocyturia, and clinical symptoms. Unfortu-

nately, due to the underlying neurologic disorder, symptoms 

are often not easy to assess, as sensory functions of the lower 

urinary tract are frequently impaired. Therefore, a data set has 

been developed by the International Spinal Cord Injury (SCI) 

Society for defining UTI,10 which facilitates the evaluation 

and documentation of signs and symptoms in this group of 

patients. For urinalysis, dipstick testing alone has been dem-

onstrated not to be sufficiently sensitive and specific.11 Thus, 

urine culture is mandatory, and leukocyte esterase activity or 

urine microscopy should be used for the evaluation of leuko-

cyturia. For quantification, no evidence-based cutoff values 

exist. The most frequently used consensus used >102 colony 

forming units (cfu)/mL as a cutoff for significant bacteriuria 

if the urine was collected by catheterization, >104 cfu/mL for 

clean void, and any detectable concentration for suprapubic 

aspirates.9 For leukocyturia, often 100 leukocytes/mL is 

regarded as a cutoff value. As only UTIs should be treated, 

urine screening for asymptomatic bacteriuria is not advised.

UTI treatment
Numerous guidelines point out that asymptomatic bacteriuria 

should not be treated. UTI symptoms may be vastly different 

from those in patients without NLUTD. Often the typical 

symptoms, for example, dysuria, pain, and frequency are 

not present. Typical symptoms are increased incontinence, 

increased spasticity, decreased bladder capacity, malaise, 

fever, or autonomic dysregulation. If a UTI is diagnosed, there 

is broad consensus that UTI should be treated with narrow 

spectrum antibiotics, if possible, for the shortest duration that 

is clinically safe.12 As, by definition, UTIs in persons with 

NLUTD are considered as complicated UTI, single-shot or 

short-term treatments (1–3 days) are not advised. Based on 

the results of a meta-analysis, a 7–10 day treatment for UTI 

without fever, and 14 days in patients with fever is recom-

mended.12 In addition, if the infection involves parenchymal 

organs (eg, pyelonephritis, prostatitis), the treatment duration 

should be extended.13 In patients with long-term indwelling 

catheters, the catheter should be changed under treatment. As 

the bacterial strains causing UTI and the resistance patterns 

of these bacteria often differ distinctly from those in patients 

with uncomplicated UTI, treatment should only be started 

after a urine specimen has been obtained for microbiologic 

testing. This is necessary to choose the appropriate antibiotic 

and to avoid bacterial resistance.9,14

In patients with uncomplicated cystitis and mild clinical 

symptoms, nitrofurantoin is a preferred option if sensitive, 

because of the low resistance rate and marginal alteration of 

the bowel flora.5 In case of severe infection, where an immedi-

ate therapy is necessary fluorchinolones are recommended.14 

Usually, even in patients with febrile UTI, a monotherapy is 

sufficient. There is no difference in the cure rate comparing 

treatment with a single substance versus dual therapy.15 In hospi-

talized patients with severe infection suspicious for methicillin- 

resistant Staphylococcus aureus (MRSA), vancomycin is 

an option. In patients with MRSA in an outpatient setting, 

trimethoprim–sulfamethoxazole enables suitable management.5 

If UTIs persist despite appropriate treatment, factors 

that potentially sustain UTI, for example, bladder or kidney 

stones, elevated post-void residual urine, or abscess forma-

tion, have to be identified and treated.16 

An analysis of the UTI treatment strategies in SCI 

rehabilitation centers demonstrated that even in specialized 

units, asymptomatic bacteriuria was treated in >50% of the 

institutions if the amount of bacteria and leukocytes was 

regarded as significant. Thus, overtreatment seems to exist 

even in expert centers, with the subsequent risk of selecting 

multiresistant bacteria.17
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UTI prevention
Compared to UTI treatment, UTI prevention strategies are 

less clear-cut, and currently, no evidence-based recom-

mendation exists.9 The current lack of successful preven-

tive measures for UTI is owing to the multitude of factors 

contributing to its pathogenesis. Besides impaired bladder 

function and morphologic causes, for example, stones, the 

bladder evacuation method is the main predictor for symp-

tomatic UTIs in individuals with NLUTD, whereas patient 

and injury characteristics have no significant effect.7,18 An 

analysis of the data of 1,104 patients with chronic (>1 year) 

SCI demonstrated that the bladder evacuation method was 

a significant (p≤0.049) predictor for the occurrence of UTIs 

and recurrent UTIs. The odds of experiencing recurrent 

UTIs were increased >5-fold in patients with transurethral 

indwelling catheters, and were increased >10-fold compared 

to patients voiding spontaneously. However, also in patients 

using intermittent catheterization, suprapubic catheterization, 

or triggered reflex voiding, the odds of a UTI were increased 

significantly, but less dramatically.7 In addition, SCI induces 

an immune deficiency syndrome that is sufficient to propagate 

clinical relevant infections in these patients.19 

Currently, only a minority of the underlying causes can 

be treated effectively. Therefore, if bladder management has 

been optimized and morphologic reasons for UTI have been 

removed, prophylaxis resorts to medical interventions. 

Antibiotic prophylaxis
Chronic bacteriuria and recurrent UTI are common in patients 

with NLUTD.4 Depending on the underlying disease and 

bladder management, chronic bacteriuria can be unavoidable. 

It is therefore essential to inform patients and physicians 

that treatment of asymptomatic bacteriuria is not prudent 

in these patients, and this information is an important first 

step in the concept of UTI prophylaxis. Routine antibiotic 

prophylaxis is not recommended due to the lack of efficacy 

and the increase in bacterial resistance.12 Current literature 

does not support the routine use of antibiotic prophylaxis in 

patients with NLUTD due to SCI.20 There is no evidence for 

antibiotic prophylaxis in patients using intermittent catheter-

ization to prevent symptomatic UTI.21 A recent meta-analysis 

demonstrated that antibiotic prophylaxis did not prevent UTI, 

but doubled the rate of antimicrobial resistance.12 Therefore, 

routine antibiotic prophylaxis is not recommended.

Recently, the concept of weekly oral cycling antibiotics 

(WOCA) showed promising results. This regimen consisted 

of the alternate administration of two antibiotics once per 

week over a period of at least 2 years. There was a significant 

decrease in the incidence of UTI from 9.4 UTIs per patient-

year before intervention to 1.8 UTIs per patient-year. No 

severe adverse events and no new cases of colonization with 

multidrug-resistant bacteria were reported.22 If these results 

can be confirmed by other groups, WOCA may be a feasible 

option for prophylaxis.

Periinterventional prophylaxis for invasive urological 
procedures
Patients with NLUTD required regular urodynamic inves-

tigations to control lower urinary tract function (eg, video-

urodynamics). In addition, there is a frequent need for 

endoscopic interventions (eg, injection of onabotulinum 

toxin, bladder stone lithotripsy, cystoscopy). Patients with 

chronic asymptomatic bacteriuria are at risk to develop 

bacteremia with subsequent septicemia. Unfortunately, 

data on which recommendations can be based are scarce. 

In a pilot study, no difference was found between a single 

pre-procedural dose of antibiotics compared to a 3–5 day 

course of pre-procedural antibiotics. The authors conclude 

that a single dose of pre-procedural antibiotics is safe and 

effective in these patients.23 Concerning urodynamic inves-

tigations, which are less invasive than surgical interventions, 

there is an ongoing debate. In the most recent studies, no 

routine prophylaxis is recommended,24 but periinterven-

tional prophylaxis may be required in certain subgroups 

with additional risk factors, for example, vesico-renal 

reflux, previous symptomatic UTI after urodynamics, or 

immunosuppression.

Nonantibiotic prophylaxis
Phytotherapy
Cranberry products are extensively used for UTI prophylaxis. 

In a randomized, double-blind, placebo-controlled study, 

neither cranberry tablets nor methenamine hippurate was 

successful in preventing UTI in patients with SCI.25 However, 

the study observation period was only 6 months, which is 

rather short, and patients with UTI irrespective of the caus-

ing bacteria were included. Given the fact that cranberry 

proanthocyanidins have bacterial anti-adhesion activity on 

uropathogenic P-fimbriated Escherichia coli,26 the efficacy 

of cranberry products may differ between different bacteria, 

but currently, no study evaluating this hypothesis is available.

Other drugs used in phytotherapy, for example, a com-

bination of nasturtium and horseradish, or bearberry leave 

extracts, showed promising results in patients with uncom-

plicated UTI, but were not systematically assessed in patients 

with NLUTD.
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Urine acidification
Concerning urine acidification, evidence for its effectiveness 

is insufficient. Merely one study with several methodologic 

problems exists,27 and l-methionine, the drug most fre-

quently used for urine acidification, may increase serum 

homocysteine levels,28 which is regarded as a risk factor for 

cardiovascular diseases.29

d-Mannose
d-Mannose is a sugar that is excreted into the urine and binds 

to bacterial fimbriae.30 In a recent study, it was demonstrated 

that its use is safe also in 22 patients with multiple sclerosis 

and NLUTD, and initial results regarding its efficacy were 

promising.31 However, further studies are required to deter-

mine the usefulness of this promising option.

Probiotics
Probiotics, especially Lactobacillus reuteri RC-14+ 

 Lactobacillus rhamnosus GR-1, have been demonstrated to 

be beneficial in preventing uncomplicated UTI in postmeno-

pausal women. Today, it is not known if these substances are 

effective in preventing UTI in people with SCI, but a large 

multicenter prospective trial has been designed and is cur-

rently ongoing to answer this question.32

Immunostimulation
Oral immunostimulation with OM-89S, a lyophilized lysate 

of 18 E. coli strains, has been proven effective in uncompli-

cated UTI. In patients with NLUTD, merely one study exists, 

showing a statistically significant decrease in the degree of 

bacteriuria, but a nonsignificant decrease in UTI.33 

A very recent study evaluated the safety of a new tetrava-

lent E. coli bioconjugate vaccine, administered by intramus-

cular injection. Initial data confirm the safety of the treatment 

and show an initial trend for less uncomplicated E. coli UTI; 

further studies are currently being conducted.34 

Bacterial interference 
The inoculation of nonpathogenic bacteria, mostly E. coli, 

into the bladder has been tested in several studies with small 

numbers of participants. Initial results were promising, with 

sufficient colonization rates of the inoculated pathogenic 

bacteria and significant reductions in UTI frequency. Cur-

rently, however, long-term data and sufficiently powered trials 

are lacking.35,36 In the most recent study, colonization with 

E. coli HU2117 did not prevent UTI in patients with chronic 

indwelling catheters.37 

Bladder irrigation
The usefulness of bladder irrigation has mainly been stud-

ied in patients with indwelling catheters. In a prospective 

randomized study, neither sterile saline, acetic acid, nor a 

neomycin–polymyxin solution had an effect on the degree 

of bacteriuria or pyuria in SCI patients with indwelling 

catheters.38 A Cochrane review came to the conclusion that 

bladder irrigation has not been proven to be effective for 

UTI prevention.39 

Intravesical instillation
Intravesical instillation of hyaluronic acid and chondroitin 

sulfate aims at repairing the glycosaminoglycan layer of 

the bladder, which is a protective means against UTI and is 

thought to be disrupted by UTI.40 Initial data in patients with 

uncomplicated UTI showed promising results,41 but no study 

in patients with NLUTD exists.

Complementary and alternative medicine (CAM)
Due to the absence of evidence-based concepts for UTI pre-

vention, patients frequently use CAM therapies. Three out 

of four chronic SCI patients have used CAM for treatment 

of their medical problems, mainly pain and UTI. The most 

frequently used techniques were homeopathy and acupunc-

ture. Patient satisfaction with both techniques regarding UTI 

prevention was high.42 

Acupuncture
Acupuncture is frequently used in SCI patients, but until 

today, studies evaluating its use in patients with SCI focused 

on pain or spasticity. We could not find any data concerning 

UTI prevention in this group. In uncomplicated UTIs, two 

studies demonstrated that acupuncture resulted in a signifi-

cant reduction of UTI,43,44 but this does not necessarily mean 

that the procedure is effective in patients with complicated 

UTI, namely patients with NLUTD, as well.

Homeopathy
Recently, the usefulness of classical homeopathy as an 

adjunctive measure for UTI prophylaxis in patients with 

NLUTD due to SCI has been demonstrated in a case series.45 

However, prospective studies for evidence-based evalua-

tion of homeopathic treatment are currently not available. 

Although the exact mode of action needs to be further elu-

cidated, homeopathy is based on stimulating autoregulatory 

and self-healing processes.46 As the high incidence of UTI 

in patients with SCI seems to be caused not merely by the 
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presence of aggressive bacteria, but also by an impaired host 

defense, the stimulation of these processes may be a possible 

mode of action of homeopathic prophylaxis. 

Patient satisfaction with both forms of CAM treatment 

mentioned above was high.42 Therefore, CAM techniques 

could be considered in SCI patients with recurrent UTI. 

At least for homeopathy, evidence is emerging that it is not 

only well tolerated, but also effective even in patients with 

complicated UTI. 

Bowel management
Although the exact mechanism of action is not fully under-

stood, optimizing bowel management leads to a significant 

reduction of UTI in patients with SCI.47 It is calculated that 

by improving bowel management, for example, by transanal 

irrigation, a lifetime 29% reduction of UTI can be achieved.48 

Therefore, bowel management should be evaluated in each 

patient with recurrent UTI. 

Bacteriophages
During the last years, virulent bacteriophages (or phages), 

which have been used in eastern European countries already 

in the 1980s, have reemerged for therapeutic purposes.49 

Phages are viruses that replicate inside the bacterial host. 

They cause cell lysis and thus subsequently release new 

phages, which are able to infect neighboring cells. Phages 

are potential specific antibacterial agents, as they have a 

self-replicating nature in the presence of host cells, but they 

are eliminated from the human body in their absence.50 Fur-

thermore, they are active against antibiotic-resistant bacteria, 

and phage preparations containing several phages (phage 

cocktails) can increase their activity spectrum.51

In vitro studies have demonstrated that phages can 

develop high specific lytic activities for bacteria isolated from 

patients with UTI due to SCI. In addition, resistance optimi-

zation by direct adaption of bacteriophages was possible,52 

and phages can degrade even uropathogenic E. coli biofilms.53 

Recently, initial case reports of phage use in humans for UTI 

treatment have been reported.54 Therefore, phages may be the 

most promising future option for treatment and prevention of 

UTI. Currently, their use is limited due to safety issues, but 

trials in humans have already been initiated.55

Summary
Treatment of UTI in patients with NLUTD remains a chal-

lenge. First of all, it is important to correctly diagnose a UTI, 

as treatment of bacteriuria should strictly be avoided. Antibi-

otic treatment is the method of choice today. Prior to treatment, 

urine should be collected for urine culture. In recurrent UTI, 

bladder management should be optimized and morphologic 

causes for UTI should be excluded. Thus, diagnostic evalua-

tion includes urodynamic testing, sonography, imaging of the 

urinary tract, and endoscopy. It is important not to forget other 

possible sources of infection. Both bowel management and 

catheterization technique should be assessed and optimized 

if necessary. If UTIs persist, long-term antibiotic prophylaxis 

should be used merely as an ultimate measure in the least 

number of patients possible. Currently, no prophylactic mea-

sure with evidence-based efficacy exists; therefore, prophy-

laxis remains a trial and error approach. Among the various 

mentioned innovative approaches for UTI prevention, bac-

teriophages, intravesical instillations, CAM techniques, and 

probiotics seem to be the most promising options. However, 

further well-designed studies are necessary to find adequate 

solutions for one of the most frequent and most troublesome 

medical problems in patients with NLUTD. 
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