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Abstract: Urinary tract infection (UTI) is a source of morbidity and healthcare costs in adults with spina 
bifida (ASB). UTI prevention strategies are often recommended, but the evidence of various approaches 
remains unclear. We performed a systematic review to inform a best practice policy statement for UTI 
prevention in ASB. On behalf of the Neurogenic Bladder Research Group (NBRG.org), we developed 
an a priori protocol and searched the published English literature for 30 outcomes questions addressing 
UTI prevention in ASB. The questions spanned the categories of antibiotics, oral supplements, bladder 
management factors and social support. Where there was little literature in ASB, we included literature 
from similar populations with neurogenic bladder (NB). Data was abstracted and then reviewed with 
recommendations made by consensus of all authors. Level of Evidence (LoE) and Grade of Recommendation 
(GoR) were according to the Oxford grading system. Of 6,433 articles identified by our search, we included 
99 publications. There was sufficient evidence to support use of the following: saline bladder irrigation (LoE 
1, GoR B), gentamicin bladder instillation (LoE 3, GoR C), single-use intermittent catheterization (IC) (LoE 
2, GoR B), hydrophilic catheters for IC (LoE 2, GoR C), intradetrusor onabotulinumtoxinA injection (LoE 
3, GoR C), hyaluronic acid (HA) instillation (LoE 1, GoR B), and care coordination (LoE 3, GoR C). There 
was sufficient evidence to recommend against use of the following: sterile IC (LoE 1, GoR B), oral antibiotic 
prophylaxis (LoE 2, GoR B), treatment of asymptomatic bacteriuria (LoE 2, GoR B), cranberry (LoE 2, 
GoR B), methenamine salts (LoE 1, GoR B), and ascorbic acid (LoE1, GoR B). There was insufficient 
evidence to make a recommendation for other outcomes. Overall, there are few studies in UTI prevention in 
the specific population of ASB. Research in populations similar to ASB helps to guide recommendations for 
UTI prevention in the challenging patient group of ASB. Future studies in UTI prevention specific to ASB 
are needed and should focus on areas shown to be of benefit in similar populations. 
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Introduction

With improved management, more patients with spina 
bifida are living to adulthood. Urinary tract infection (UTI) 
remains a source of morbidity in adults with spina bifida 
(ASB). Compared to matched controls without spina bifida 
visiting the emergency room, ASB are 9 times more likely 
to present with UTI (1). Best practices for UTI diagnosis 
and prevention are difficult to discern for several reasons: 
90% of ASB manage their bladder with intermittent 
catheterization (IC) and many have undergone surgical 
reconstruction of their bladder with bowel segments (2). 
Together, these factors make bacterial urinary colonization 
ubiquitous. Determining the difference between bacteriuria 
and UTI is challenging, especially in patients with sensory 
impairment. Such patients may not sense classic UTI 
symptoms such as urgency or dysuria. Instead, patients 
and clinicians are left to interpret vague symptoms such as 
malaise and lower extremity spasticity in the presence of 
chronically cloudy, foul-smelling urine. These factors make 
UTI prevention and antibiotic stewardship challenging. 
To address this growing need, we performed a systematic 
review to inform best practice policy statements for UTI 
prevention in ASB. 

Methods

On behalf of the Neurogenic Bladder Research Group 

(NBRG.org), we developed an a priori protocol and 
searched the English literature for 30 outcomes questions 
addressing UTI prevention and management in ASB 
(PROSPERO registration number: CRD42017074931). 
Pilot searches showed a paucity of literature specific to UTI 
prevention in ASB. Consequently, our search protocol was 
expanded to include literature from similar populations 
with neurogenic bladder (NB) and recurrent UTI; when 
the literature was still sparse we also searched for relevant 
evidence in population with recurrent UTI but without 
NB. These data were captured through three separate 
database-specific controlled vocabulary and Medical Subject 
Headings (MeSH) searches within OVID Medline, Embase, 
and Cochrane databases: the first search captured original 
research articles on UTI prevention and management in 
ASB or any NB population; the second search included 
reviews or guidelines (but not original articles) addressing 
UTI prevention and management in any patient population. 
This hierarchical search strategy is illustrated in a Venn 
diagram (Figure 1). 

Abstracts were screened and collated according to the 
30 questions grouped into five categories: antibiotics, oral 
supplements, bladder management factors (e.g., bladder 
irrigation or detrusor pressure management), IC techniques, 
and social support. Data abstraction was done independently 
and in duplicate with a third investigator arbitrating 
differences. UTI was defined according to the consensus 

Challenge: insufficient data in ASB
Expanded UTI prevention & treatment in: 

•  Pediatric spina bifida (SB) patients
•  Neurogenic bladder (NB) patients
•  Non-NB patients with recurrent UTI

Solution:
We reviewed literature which tackled our 
outcomes questions in other patient populations 
and tried to extrapolate learnings when possible.

Figure 1 Hierarchical organization of relevant populations reviewed, as they relate to the population of interest: adult spina bifida (ASB). 
UTI, urinary tract infection.
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definition of the National Institute on Disability and 
Rehabilitation Research (NIDRR), as >105 colony forming 
units/mL of a single coliform organism with at least one 
of the following symptoms: fever, chills, abdominal pain, 
worsening bladder spasms, new or worsening incontinence, 
gross hematuria, fatigue, and muscle spasms (3). Bacteriuria 
was defined as bacteria present in the urine, but not meeting 
the definition of UTI. In questions with low literature 
yield, studies assessing asymptomatic bacteriuria rates as 
the primary outcome were included, these studies are noted 
herein and were considered less relevant. 

The findings of our systematic review were presented to 
members of the NBRG at its semi-annual research meeting. 
Individual studies were critiqued, levels of evidence and 
grades of recommendation were made by consensus of 
the members. Due to the paucity of data specific to UTI 
management in ASB and the necessity to include other 
relevant populations, meta-analysis was not feasible. As 
such, we constructed a series of practice policy statements 
based upon data from a systematic review. The degree of 
relevance of similar populations to ASB was considered in 
making our final recommendations. Recommendations were 
made by consensus of all and justification scored according 
to the Oxford Level of Evidence (LoE) and Grade of 
Recommendation (GoR) systems (Table 1).

Results

Of the 6,433 articles identified during initial searches, 
2,109 were original articles, 4,310 were reviews, and 14 
were guidelines. Of the 2,109 articles, 1,440 were from 
the Embase database while 669 were from Medline. These 
articles were reviewed for relevance and duplicates with 
2,014 excluded. Ultimately, 95 articles were included in our 
review (Figure 2).

Recommendations concerning the use of antibiotics for UTI 
prophylaxis and treatment 

Clinicians should not routinely prescribe long-term 
prophylactic antibiotics for the prevention of UTI in 
ASB (LoE 2, GoR B)
Bottom line
Multiple randomized controlled trials (RCT) have assessed 
the use of long-term antibiotic prophylaxis in populations 
with NB. These trials showed heterogeneous results. 
Positive trials were tempered by increased antimicrobial 
resistance and adverse events. Secondary literature 

consistently recommended against the routine use of 
prophylactic antibiotics though it can be utilized for an 
individual treatment plan. 
Summary of evidence
Seven RCTs, with mixed results, assess the use of 
antibiotics for prevention of UTI in patients with NB. 
Four studies found a significant UTI reduction. The 
largest was double-blind, placebo-controlled RCT 
assessing 126 patients in an inpatient setting with recent 
spinal cord injury (SCI) initiating CIC. This study found 
fewer UTIs over 16 weeks but had significant adverse 
events with antibiotic therapy and warned against the risk 
of resistant organisms (4). Three additional cross-over 
RCTs supported the use of prophylactic antibiotics in 
children (5,6) and adults (7) with NB. 

Two RCTs that reported on the effect of discontinuing 
prophylactic antibiotics found no difference in UTI risk 
with antibiotic prophylaxis in patients with NB (8,9). A 
2005 RCT of 53 children with NB doing CIC on antibiotic 
prophylaxis found the rate of UTI was increased in the 
group who continued to use antibiotics compared to those 
who stopped (10). 

Another regimen is weekly oral cyclic antibiotics 
(WOCA). Two different high dose antibiotics are rotated 
on a weekly basis. By alternating antibiotics, the risk of 
resistance may be lessened. Three cohort trials from the 
same group were identified. Two studies including 38 and 
50 patients with NB showed significant reductions in UTI, 
antibiotics use, and hospitalization with WOCA (11,12). A 
third limited study assessing WOCA in six pregnant women 
with NB and recurrent UTI reported a UTI reduction (13). 

Clinicians should not perform routine urine culture 
surveillance (LoE 2, GoR B) and should not treat 
asymptomatic bacteriuria for the prevention of UTI in 
ASB (LoE 2, GoR B)
Bottom line
Observational data show mixed results regarding the 
treatment of asymptomatic bacteriuria. Epidemiological 
studies show that asymptomatic bacteriuria is common in 
catheter-dependent patients with NB (14-16), and bacterial 
recurrence after antibiotic treatment is expected in these 
patients (17-19). 
Summary of evidence
A cohort study of 46 patients with NB secondary to SCI 
found that treatment of asymptomatic bacteriuria failed to 
reduce the rate of infection when compared to treatment 
of complicated infections only (9). Two additional small 
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Table 1 Consensus recommendations for UTI prevention in ASB

Recommendation LoE* GoR*

1 Recommendations concerning the use of antibiotics for UTI prophylaxis and treatment 

1.1 Clinicians should not routinely prescribe long-term prophylactic antibiotics for the prevention of UTI in adults 
with spina bifida

2 B

1.2 Clinicians should not perform routine urine culture surveillance for the prevention of UTI in adults with spina 
bifida

2 B

1.3 Clinicians should not treat asymptomatic bacteriuria for the prevention of UTI in adults with spina bifida 2 B

1.4 Clinicians may use intravesical gentamicin instillation for the prevention of UTI in adults with spina bifida 3 C

1.5 Early self-start antibiotics for the treatment of UTI in adults with spina bifida Insufficient evidence

1.6 Physician-initiated antibiotics for the treatment of UTI in adults with spina bifida Insufficient evidence

1.7 The use of immunotherapy for the prevention of UTI in adults with spina bifida Insufficient evidence

2 Recommendations concerning the use of supplements 

2.1 Clinicians should not routinely use cranberry for the prevention of UTIs in adults with spina bifida 2 B

2.2 Clinicians should not use methenamine salts (Hiprex) for the prevention of UTIs in adults with spina bifida 1 B

2.3 Clinicians should not use ascorbic acid for the prevention of UTIs in adults with spina bifida 1 B

2.4 L-methionine for the prevention of UTI in adults with spina bifida Insufficient evidence

2.5 Probiotics for the prevention of UTI in adults with spina bifida Insufficient evidence

3 Recommendations concerning clean intermittent catheterization (CIC) and indwelling catheter use

3.1 Clinicians may use single-use catheters for the prevention of UTIs in adults with spina bifida 2 B

3.2 Clinicians may use hydrophilic catheters for the prevention of UTIs in adults with spina bifida 2 C

3.3 “No-touch” CIC technique for the prevention of UTIs in adults with spina bifida Insufficient evidence

3.4 Clinicians should not recommend sterile catheterization for the prevention of UTIs in adults with spina bifida 1 B

3.5 Clinicians should not use silver or antimicrobial coated indwelling catheters for the prevention of UTIs in adults 
with spina bifida

1 B

4 Recommendations concerning bladder factors

4.1 Increasing oral fluid intake for the prevention of UTI in adults with spina bifida Insufficient evidence

4.2 Clinicians may use saline bladder irrigation for the prevention of UTI in adults with spina bifida doing CIC 1 B

4.3 Saline bladder irrigation for the prevention of UTIs in adults with spina bifida using indwelling catheters Insufficient evidence

4.4 Anticholinergics for the prevention if UTI in adults with spina bifida Insufficient evidence

4.5 Clinicians may use onabotulinumtoxinA intradetrusor therapy for the prevention of UTIs in adults with spina 
bifida and NB

3 C

4.6 Nocturnal emptying for the emptying of UTI in adults with spina bifida Insufficient evidence

4.7 Supra-pubic catheter for the prevention of UTI in adults with spina bifida Insufficient evidence

4.8 Clinicians may use intravesical hyaluronic acid therapy for the prevention of UTIs in adults with spina bifida 1 B

4.9 Bacterial interference is a promising, but not commercially available, therapy for the prevention of UTIs in 
adults with spina bifida

1 B

5 Recommendations concerning provider and social support 

5.1 The use of structured social support for prevention of UTI in adults with spina bifida Insufficient evidence

5.2 Clinicians may use care coordination for the prevention of UTIs in adults with spina bifida 3 C

5.3 Clinicians should not use caregiver CIC for the prevention of UTIs in adults with spina bifida 3 C

5.4 The use of patient education for prevention of UTI in adults with spina bifida Insufficient evidence

*, scored according to Oxford Level of Evidence (LoE) and Grade of Recommendation (GoR). UTI, urinary tract infection; ASB, adults with 
spina bifida; NB, neurogenic bladder.
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observational studies assessed possible sequelae of not 
treating asymptomatic bacteriuria in patients with NB and 
found no increased incidence of upper tract damage or 
urosepsis (20,21). 

Clinicians may use intravesical gentamicin instillation 
for the prevention of UTI in adults with spina bifida 
(LoE 3, GoR C)
Bottom line
Based upon limited observational studies, gentamicin 
instillation may be an effective option to prevent UTI in 
ASB. 
Summary of evidence
Antibiotic instillation refers to antibiotic solution being 
gently infused into the bladder with no mechanical washing. 
Dilute gentamicin is a common antibiotic utilized, given 
known effectiveness against uropathogens. No RCT 
was identified that addressed the use of gentamicin to 
prevent UTI in NB patients. A single retrospective quasi-
experimental study assessing 22 patients with NB before 
and after the use of intravesical gentamicin found patients 
used less oral antibiotics after gentamicin instillations were 
initiated, had fewer symptomatic UTI’s and fewer courses 
of UTI treatment (22). Another retrospective study of 80 
children (54 with NB) assessed intravesical gentamicin for 
UTI refractory to two courses of oral antibiotics or had 
asymptomatic Pseudomonas or Proteus bacteriuria. There 
were 21 cases of breakthrough UTI during treatment with 
5 cases resistant to gentamicin on urine culture (23). A third 
study including 10 children with bacteriuria doing CIC 

found that none had a positive urine culture after 7 days of 
gentamicin instillation (24). 

Early self-start antibiotics for the treatment of UTI in 
adults with spina bifida: insufficient evidence 
Summary of evidence
Self-start antibiotics is a recognized treatment option 
for young women with recurrent UTI who can reliably 
identify their symptoms. This practice proves difficult 
to adapt to patients with NB owing to a lack of usual 
symptoms leading to poor UTI diagnostic accuracy. In a 
prospective study of 147 patients with SCI who presented 
to the emergency room with symptoms they attributed to a 
UTI, Linsenmeyer et al. showed that only 61% accurately 
predicted a UTI based on the NIDRR consensus 
definition (25). No studies examining the effectiveness of 
self-start antibiotics in patients with NB were identified. 

Physician-initiated antibiotics for the treatment of 
UTI in adults with spina bifida: insufficient evidence, 
additional research is needed
Bottom line
Culture-directed antibiotics should be used to treat UTI; 
however, there is no data specific to empiric antibiotic 
selection and limited information regarding optimal 
antibiotic dosages and duration of use in ASB or patients 
with NB. Empiric antibiotics for ASB is challenging due to 
resistance patterns. 
Summary of evidence
Multicenter European surveys have highlighted that 

Figure 2 Flow diagram of study identification, eligibility, and inclusion.

Systematic literature search
Database-specific controlled vocabulary and Medical Subject Headings (MeSH). 

OVID Medline, Embase and Cochrane Review

14 guidelines 2,109 articles
-Medline: 669
-Embase: 1,440

4,310 reviews
-Medline: 1,479
-Embase: 2,831

2,014 excluded due to lack of relevance to 
study population or duplicate study

95 Articles Included
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while centers have protocols for management of UTI in 
NB, they are not standardized and many do not follow 
guidelines (26,27). A single RCT showed that three days 
of ciprofloxacin was inferior to 14 days of therapy to clear 
UTI in patients with SCI (28). A retrospective study 
assessing antibiotic duration in intervals of <10, 10–15, >15 
days found no difference between groups of SCI patients 
irrespective of antibiotic choice (29). 

The use of immunotherapy for the prevention of UTI 
in adults with spina bifida: insufficient but promising 
evidence, further research is recommended 
Bottom line
UTI immunotherapy is defined as the prevention or 
treatment of UTI with substances that stimulate an 
immune response; these include vaccines or antigen 
immunost imulat ion.  There i s  some evidence for 
immunotherapy in NB populations and in women with 
recurrent UTI. These data suggest that immunotherapy 
may be a promising treatment option for ASB.
Summary of evidence
A single cross-over RCT found a decrease in bacteriuria and 
a trend towards UTI reduction in 70 SCI patients treated 
with oral immunostimulatory fractions extracted from 
lyophilized E. coli in capsule form (30). A placebo controlled 
RCT found a significant decrease in UTI rates among 
women with normal bladder function and recurrent UTI 
who were treated with vaginal mucosal immunization (31). 

Recommendations concerning the use of supplements 

Clinicians should not routinely recommend cranberry 
for the prevention of UTIs in adults with spina bifida 
(LOE 2, GoR B)
Bottom line
Cranberry is a common folk remedy for UTI prevention. 
Large well-designed RCTs found no UTI benefit in NB 
populations, while smaller RCTs showed mixed results. 
Summary of evidence
Two double-blind RCTs found no benefit in UTI 
prevention with the use of cranberry extract in patients with 
NB secondary to SCI or MS (32,33). Smaller cross-over 
RCTs showed mixed results: two studies looking at adults 
with NB secondary to SCI and children with NB on CIC 
found no reduction in UTI (34,35). Two other cross-over 
RCTs looking at children with NB secondary to spina bifida 
and patients with SCI and recurrent UTIs found there was 
a significant UTI reduction (36,37).

Clinicians should not use methenamine salts (Hiprex) 
for the prevention of UTIs in adults with spina bifida 
(LoE 1, GoR B)
Bottom line
Methenamine salts are used in UTI prevention. It is 
postulated that the salts break down in acidic pH within 
the urine to form bactericidal formaldehyde and ammonia. 
A large and well-designed RCT found no UTI benefit in 
patients with SCI.
Summary of evidence
A single double-blind RCT assessing methenamine 
salt use for the prevention of UTI in 305 patients with 
NB secondary to SCI found patients randomized to 
methenamine salts had no difference in UTI-free period 
compared to placebo (32).

Clinicians should not use ascorbic acid for the 
prevention of UTIs in adults with spina bifida (LoE 1, 
GoR B)
Bottom line
Ascorbic acid is a urine acidifier. No studies were identified 
that demonstrated a benefit to its use in UTI or bacteriuria 
prevention.
Summary of evidence
No studies were identified that addressed the use of 
ascorbic acid for UTI prevention. A single RCT assessing 
the use of ascorbic acid for the prevention of bacteriuria 
was identified. In 161 hospitalized patients with SCI and a 
history of UTI who were randomized to no prophylactic 
agent (control), ascorbic acid, or antibiotics, there was no 
reduction in bacteriuria with ascorbic acid use (38). 

L-methionine for the prevention of UTI in adults with 
spina bifida: insufficient evidence
Bottom line
L-methionine is another urine acidifier. No studies assessing 
the use of L-methionine for the prevention of UTI were 
identified. 
Summary of evidence
Not applicable. 

Probiotics for the prevention of UTI in adults with 
spina bifida: insufficient evidence 
Bottom line
Probiotics are proposed to improve the microbiome of 
patients to prevent UTIs. There are no published studies 
evaluation their use in UTI prevention in people with NB 
and the evidence is mixed in other populations.
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Summary of evidence
The only study of probiotics for UTI prevention in NB is 
currently ongoing; only the protocol has been published (39).  
Three RCTs assessing the use of probiotics to prevent 
UTI in women with normal bladder function found mixed 
results, with one trial having positive results and two that 
did not show a difference between probiotic and control 
groups (40-42).

Recommendations concerning IC and indwelling catheter 
use

Clinicians may use single-use catheters for the 
prevention of UTIs in adults with spina bifida (LoE 2, 
GoR B)
Bottom line
The role of single-use catheters vs. reusable catheters in 
CIC is debated. This debate has largely played out through 
a recent meta-analysis that reviewed a 2014 Cochrane 
review’s data (43,44). The original 2014 review found no 
difference in UTI rates between the two methods and 
recommended reusable catheters. The 2017 review found 
many issues with the data handling and on reanalysis of 
the same data found a trend towards benefit to single-use 
catheters. This study has led to the redaction of the 2014 
review. In alignment with this recent thorough analysis, 
single-use catheters may be recommended for UTI 
prevention in adults with spina bifida. 
Summary of the evidence
A 16-week crossover RCT of single-use versus reusable 
non-coated catheters in 23 patients doing twice daily 
CIC showed no difference in the rate of UTI, bacteriuria, 
or cystitis symptoms (45). Another trial of ten children 
using CIC to manage NB found there was no significant 
difference in the rate of bacteriuria between single-use and 
reusable catheters (46). The 2017 review mentioned above 
performed an analysis demonstrating that there was a trend, 
albeit small, towards the benefit of single-use catheters for 
the prevention of UTIs (43).

Clinicians may use hydrophilic catheters for the 
prevention of UTIs in adults with spina bifida (LoE 2, 
GoR C)
Bottom line
The use of hydrophilic catheters is controversial. Four of 
seven RCTs support their use for UTI prevention. The 

two largest RCTs were both positive trials. Of note, these 
studies were industry-funded and had <80% follow-up. 
Large observational studies have found no UTI benefit. 
Hydrophilic catheters may be recommended for UTI 
prevention in adults with spina bifida. 
Summary of evidence
Seven RCTs were identified that assessed UTI frequency 
in NB patients using hydrophilic CIC. The two largest 
studies had poor study completion rates and included 114 
and 57 patients who were followed over 6 and 12 months, 
respectively. Both studies found significant reductions 
in UTI (47,48). Of the smaller 5 RCTs: 2 found a UTI 
reduction (49,50), 2 found no UTI benefit with hydrophilic 
catheter use, and 1 found increased UTI associated 
with hydrophilic catheters (51-53). Two survey-based 
observational studies, including one national Canadian 
survey with 912 responders, reported no benefit with 
hydrophilic catheter use (54,55).

The use of a “no-touch” IC technique for the 
prevention of UTIs in adults with spina bifida: 
insufficient evidence 
Bottom line
No-touch IC is a technique specifically designed for 
catheter insertion without the user touching the catheter. 
Catheterization is achieved via an insertion tip, protective 
sleeve/grip, or a closed system. No studies were identified 
to assess the utility of no-touch IC to prevent UTI in NB. 
Summary of evidence
Not applicable.

Clinicians should not recommend sterile 
catheterization for the prevention of UTIs in adults 
with spina bifida (LoE 1, GoR B)
Bottom line
Since Dr. Lapides’ 1972 report (56), CIC has consistently 
been shown to be a cost-effective and preferred alternative 
to sterile IC. Primary data shows no difference in UTI risk 
between CIC and sterile catheterization. 
Summary of evidence
Three prospective studies, including two RCTs, were 
identified assessing CIC vs.  sterile catheterization 
techniques in patients with NB. These studies involved 
29–46 patients and followed them for 1–3 months. None of 
the three studies found any difference in UTI rates between 
groups (57-59). 
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Clinicians should not use silver or antimicrobial coated 
indwelling catheters for the prevention of UTIs in 
adults with spina bifida (LoE 1, GoR B) 
Bottom line
IC is generally the preferred bladder management 
technique for patients with NB. In patients who cannot 
do IC, indwelling catheters is an alternative. No primary 
studies specific to NB populations were identified. Large 
studies of all-comer hospitalized patients showed mixed 
results with respect to CA-UTI rates when randomized to 
the use of silver or antimicrobial coated catheters. 
Summary of evidence
Three large studies (2 RCT, 1 cohort) assessed coated 
indwelling catheters used in all-comer hospitalized patients 
and showed conflicting evidence: The largest study, involving 
27,000 patients found a significant UTI reduction (60).  
The other two smaller but very large studies found no 
difference in UTI rates with silver (cohort study covering 
>56,000 patient days) or anti-bacterial (7,102 patients) 
coated catheters (61,62).

Recommendations concerning bladder factors

Increasing fluid intake for the prevention of UTI in 
adults with spina bifida: insufficient evidence 
Bottom line
Some practitioners suggest that increased fluid intake 
may decrease bacterial colony counts through dilution or 
increased bladder cycled secondary to increased fluids. 
However, no studies assessing fluid intake relevant to NB 
patients were identified. 
Summary of data
Not applicable. 

Clinicians may use saline bladder irrigation for the 
prevention of UTI in adults with spina bifida doing 
CIC (LoE 1, GoR B) 
Bottom line
An RCT involving only ASB patients doing CIC with 10-
year follow-up demonstrated a significant reduction in UTI 
with daily saline bladder irrigation. 
Summary of evidence
Seventy-five total patients with ASB were randomized to 
daily saline irrigation with volumes of 60, 120 or 240 mL of 
saline daily and followed for 10 years. The primary outcome 
was bladder calculi recurrence with a secondary outcome 
of total UTI. Results showed the group doing high volume 
(240 mL) irrigations has significantly fewer total UTI than 

the mid (120 mL) and small volume (60 mL) irrigation 
groups (63).

The use of saline bladder irrigation for the prevention 
of UTI in adults with spina bifida using indwelling 
catheters: insufficient evidence 
Bottom line
Indwelling catheters are associated with higher rates of 
bacteriuria and UTI than IC. Bladder irrigation is aimed to 
flush out these bacteria.
Summary of evidence
A single 2006 RCT assessed bacteriuria rates in patients 
with NB managed by indwelling catheter who were 
randomized to irrigate their bladders twice daily for 8 weeks 
with 30 mL of sterile saline, acetic acid, or neomycin-
polymyxin solution. The study found none of the three 
irrigates had a difference on the degree of bacteriuria or 
pyuria (64).

The use of anticholinergics for the prevention if UTI 
in adults with spina bifida: insufficient evidence
Bottom line
There is strong laboratory evidence that increased bladder 
pressures are associated with bacterial translocation across 
the urothelium (65). Furthermore, there is evidence in people 
with NB that increased bladder pressures are associated 
with more frequent and more severe UTIs (66). Therefore, 
the lack of literature assessing the relationship between oral 
anticholinergics and UTI is surprising, we hypothesize that 
the pervasiveness of anticholinergics in NB patients has 
prevented rigorous analysis of any association that may exist. 
Despite the lack of evidence specific to oral anticholinergics, 
there is a broad and growing body of evidence that 
intravesical pressure optimization may prevent UTI. 
Summary of evidence
No studies specifically examined the incidence of UTIs with 
vs. without oral anticholinergics. 

Clinicians may use onabotulinumtoxinA intradetrusor 
therapy for the prevention of UTIs in adults with spina 
bifida and NB (LoE 3, GoR C) 
Bottom line
There is data from well-designed observational studies 
suggesting improved detrusor pressure can decrease UTI. 
OnabotulinumtoxinA injections may be a valid therapeutic 
option to reduce UTI in adults with spina bifida. 
Summary of evidence
Two quasi-experimental studies (41 and 30 patients) and one 
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retrospective cohort (214 patients) assessing long-term UTI 
rates in NB patients before and after onabotulinumtoxinA 
injection both found a significant UTI reduction in the 
interval after onabotulinumtoxinA injections (67-69). A 
small case series of seven children with NDO saw a UTI 
reduction but not a pyelonephritis reduction in two children 
who were prone to upper tract infections (70). 

The use of nocturnal emptying for UTI prevention in 
adults with spina bifida: insufficient evidence 
Bottom line
Nocturnal emptying involves allowing the bladder to 
continuous drain via catheter overnight then resuming IC 
during the day. It is thought to reduce UTI risk by keeping 
the bladder empty and decompressed while the patient is 
presumably sleeping and would not be performing IC. The 
limited available evidence is promising. 
Summary of evidence
Two observational studies in NB patients and one pediatric 
study, all without controls, report UTI reduction with 
nocturnal emptying. Two additional studies were small case 
series in children; both reported fewer UTIs after initiation 
of nocturnal emptying but were limited by small study sizes 
(71,72). A study of children with polyuria demonstrated 
decrease in mean hospitalizations for febrile UTI from 1.7 
to 0.4 with nocturnal bladder emptying (73).

The use of a suprapubic tube (SPT) for the prevention 
of UTI in adults with spina bifida: insufficient evidence
Bottom line
SPT is commonly believed by patients and physicians to 
have a lower risk of UTI compared to indwelling urethral 
catheter. There is insufficient data to support or refute this 
notion. 
Summary of evidence
There is insufficient evidence to compare UTI risk 
associated with SPT vs. indwelling urethral catheter or 
CIC. However, SPT is preferable to indwelling urethral 
catheter for other reasons; namely, because of the urethral 
complications that can occur with long-term indwelling 
urethral catheter (74). A single observational study of 
61 quadriplegics followed an average of 9 years found 
no significant difference in UTI incidence between CIC 
and SPT (75). Two retrospective cohort studies found 
conflicting results when comparing UTI rates between 
SPT and indwelling urethral catheter. The first, a study 
following 125 Nigerian patients with NB found a significant 
significantly lower incidence of septicemia with SPT than 

with indwelling urethral catheter (76). The second, a U.S. 
study of 44 NB patients found no difference in UTI rates 
between indwelling urethral catheter and SPT (77).

Clinicians may use intravesical hyaluronic acid (HA) 
therapy for the prevention of UTIs in adults with spina 
bifida (LoE 1, GoR B)
Bottom line
HA is a constituent of the bladder surface glycosaminoglycan 
layer which is a barrier to the urothelium and may help 
to prevent UTIs. All studies identified support the use of 
intravesical HA for UTI prevention. Intravesical HA may 
be a valid therapeutic option to reduce UTI in ASB. 
Summary of evidence
A 2-year case series of eight children with NB or 
vesicoureteral reflux receiving weekly HA treatment for 
1 month, with concurrent TMP-SMX therapy, showed 
complete (no UTI) and partial response rates (>50% UTI 
reduction) in 62.5% and 25% of patients, respectively (78). 
Another case series of 10 patients with NB and recurrent 
UTI who received 40 mg HA weekly for the first month, 
then monthly for 3 months found a significant reduction in 
recurrent UTI after the 4-month treatment period (79).

A double-blind, RCT of 57 neurologically intact women 
showed a reduction in UTI and a significant increase in time 
to UTI recurrence with intravesical HA (80). These results 
are supported by another RCT (81), quasi-experimental 
studies (79,82) and a retrospective cohort study (83) that all 
showed positive results. 

Bacterial interference is a promising, but not 
commercially available, therapy for the prevention of 
UTIs in adults with spina bifida. Further research is 
needed (LoE 1, GoR B) 
Bottom line
Bacterial interference is the limitation of growth of 
pathogenic bacteria via the deliberate colonization with 
benign microorganisms. Small RCTs consistently have 
shown a significant reduction in UTI rates in patients 
with NB after inoculation with non-pathogenic E. coli 
strains. The clinical utility of bacterial interference is 
currently limited because of low inoculation rates and no 
commercially available therapies. 
Summary of evidence
Three prospective blinded RCTs were identified assessing 
the effects of bacterial interference on UTI rates in patients 
with NB. These three studies followed a total of 74 patients 
(study size was limited because colonization rates were low) 
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inoculated with non-pathogenic E. coli over >12 months. 
All three studies found a significant reduction in UTI rates 
compared to saline injection controls (84-86). Three quasi-
experimental studies including 65 patients with NB also 
demonstrate a reduction in UTI frequency post-inoculation 
(87-89).

Recommendations concerning provider and social support 

The use of structured social support for prevention of 
UTI in adults with spina bifida: insufficient evidence
Summary of evidence
Structured social support was defined as any established 
system to check-in or  provide support  outs ide a 
traditional clinic setting. Two studies assessed the effects 
of telemedicine on UTI in NB with conflicting results: 
a 3-month study following 26 patients showed no UTI 
reduction after a telemedicine intervention (90). A study 
assessing 49 patients with NB found a significant reduction 
in UTI with telemedicine (91). 

Clinicians may use care coordination for the prevention 
of UTIs in adults with spina bifida (LoE 3, GoR C)
Bottom line
Care coordination is the act of organizing delivery of health 
care services with the goal to improve outcomes. This can 
be in the form of a dedicated nurse who interacts with 
patients frequently and helps coordinate their care delivery 
across several providers. No literature identified assessed 
the impact of care coordination on UTI rates in any NB 
population. An expanded search of care coordination on 
other health outcomes in ASB was conducted. Further 
research is needed on the effect of care coordination and 
UTI rates in ASB.
Summary of evidence
Dicianno et al. reported on 65 adults with SB or SCI. The 
two-year intervention was a quarterly at home visit by a 
registered nurse. Visits targeted prevention in the following 
domains: decubitus ulcer, depression, bladder, bowel, 
nutrition and physical activity. Goal-setting and education 
were integral. At the end of the intervention, patients 
showed an improvement in all categories, and there was a 
small net financial savings from the nurse coordinator (92). 
Similarly, a case series of 15 adolescents with spina bifida 
who received a nurse-led virtual clinic via Skype reported 
increased confidence after the intervention (93). 

Three additional publications report on the methods and 
qualitative success, without any objective measures, of care 

coordination interventions. Common components of the 
interventions are: early health-care needs assessment, inter-
provider communication, addressing family concerns, and 
follow-up (94-96). 

Clinicians should not use caregiver CIC for the 
prevention of UTIs in adults with spina bifida (LoE 3, 
GoR C) 
Bottom line
A limited body of data across the primary and secondary 
literature has consistently found or concluded there is no 
benefit in UTI risk with caregivers performing the CIC, 
rather than the patient. 
Summary of evidence
A single study assessing self CIC vs. catheter team CIC 
in 73 patients hospitalized acutely after SCI found no 
significant difference regarding the rate of urinary infection 
or the incidence of urethral trauma (97). 

The use of patient education for prevention of UTI in 
adults with spina bifida: insufficient evidence 
Summary of evidence
Although patient education is an important component of 
proper bladder management in NB, we could not identify 
any studies that linked patient education to UTI rates. A 
single RCT of 56 patients with NB and recurrent UTI 
were randomized to a UTI reduction education program 
that included: written material on UTIs, a self-administered 
test, a review by nurse and physician, and a follow-up 
telephone call vs. no intervention over a 6-month period. 
The study results trended toward a UTI reduction but was 
not statistically significant (98). 

Conclusions

There are few studies assessing UTI prevention specifically 
for ASB. These recommendations, which are largely 
based on data from populations similar to ASB, may help 
to guide clinicians. The following interventions have not 
been shown to be beneficial in UTI prevention and should 
not be used routinely: cranberry, methenamine salts, 
prophylactic antibiotics, surveillance cultures, treating 
asymptomatic bacteriuria, and sterile or caregiver IC. 
Beneficial interventions based on the available evidence 
were saline bladder irrigation, provider care coordination, 
and a new catheter with each catheterization. Furthermore, 
many emerging therapies demonstrated positive results 
including: intradetrusor onabotulinumtoxinA, hydrophilic 
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IC, intravesical gentamicin and HA. Areas of insufficient 
evidence where future research could be particularly 
impactful are physician-initiated empiric antibiotic 
regimens and definitive antibiotic duration of use, oral 
anticholinergics, bacterial interference, and social support/
patient education measures. 

The scope of the 30 outcomes questions covered 
is intended to be relevant to any provider making 
decisions regarding bladder management in ASB. To our 
knowledge, a comprehensive review within this patient 
population has not been previously reported. Because we 
found little primary literature on UTI prevention and 
management in ASB, we expanded the scope of our search 
to include UTI prevention and management strategies in 
other relevant populations; it was challenging to ensure 
that the expanded search was conducted systematically 
without yielding an over-abundance of references. 
Generally, any literature identified from a NB population 
was included; when there were fewer than five articles 
identified for a specific outcome question, the review 
was expanded to include the highest quality evidence in 
neurologically intact patients. 

The only RCT identified in the entire review specific to 
UTI prevention in ASB was the high-quality 2016 study 
by Husmann reporting a significant UTI reduction over  
2 years of high-volume saline irrigation compared to lower 
volume irrigations. The use of new or single-use catheters is 
a highly debated topic. Our positive recommendation aligns 
with the recent analysis by Christison et al. (43). 

Spina bifida is no longer an exclusively pediatric disease, 
and urologic congenitalism is growing field in need for 
further research (99). Adults with spina bifida, like many 
other high-risk populations, often struggle with the 
morbidity of UTIs. There is a stark paucity of evidence 
specific to the ASB population. This review and practice 
policy recommendations are intended to be a guide for 
UTI prevention in this population and to serve to highlight 
opportunities for much needed future research efforts. 
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