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Background: Catheter-associated urinary tract infection (CAUTI) is associated with increased morbidity and mortality and 
influences the quality of life of patients with spinal cord injury (SCI). Objectives: This clinical review aims to highlight the unique 
surveillance, prevention, diagnosis, and management challenges of CAUTI in the SCI population. Methods: Narrative review 
of the current literature on catheter use in persons with SCI was conducted to determine gaps in knowledge and opportunities 
for improvement. Results: Surveillance of CAUTI is challenging in the SCI population as the ability to detect symptoms used 
to diagnose CAUTI (ie, suprapubic pain, dysuria) is impaired. In terms of prevention of CAUTI, current strategies refocus on 
appropriate catheter insertion and care and early removal of catheters, which is not always feasible for persons with SCI. 
Prophylactic antibiotics, nutraceuticals, and coated catheters show limited efficacy in infection prevention. Diagnosing CAUTI after 
SCI is challenging, often resulting in an overdiagnosis of CAUTI when truly asymptomatic bacteriuria exists. In the management 
of CAUTI in patients with SCI, the use of multiple antibiotics over time in an individual increases the rate of multidrug-resistant 
organisms; therefore, the exploration of novel non-antibiotic treatments is of importance. The patient experience should be at the 
center of all these efforts. Conclusion: Better diagnostic tools or biomarkers are needed to define true CAUTI in people with 
SCI. SCI-specific evidence to inform catheter management and CAUTI treatment guidelines is needed, with the goal to minimize 
catheter-related harm, reduce antibiotic resistance, and improve satisfaction and overall quality of life for SCI patients. Key 
words: catheter-associated urinary tract infection (CAUTI), neurogenic bladder, spinal cord injury (SCI), urinary catheters 

Catheter-associated urinary tract infection 
(CAUTI) has been a salient topic in recent 
years due to the economic burden of the 

condition and the health burden to the patient.1-4 
Diseases of the genitourinary tract (of which a 
large proportion are CAUTI) are frequently cited 
as the most common reasons for health care 
use (emergency room and inpatient visits), and 
septicemia (of which urosepsis is included) is 
among the leading causes of death for persons with 
SCI.4,5 Even though the importance of recognizing 
and treating true CAUTI is clear, distinguishing 
this condition from asymptomatic bacteriuria 

(ASB; a positive urine culture without clinical 
signs or symptoms of infection) is particularly 
challenging in the setting of spinal cord injury 
(SCI). Often after SCI with subsequently associated 
neurogenic bladder, bladder instrumentation with 
either indwelling or intermittent catheterization is 
necessary to safely and effectively eliminate urine 
and maintain continence, leading to high rates of 
ASB that do not need to be treated.6 However, the 
development of even nonspecific symptoms in the 
setting of a positive urine culture will likely result 
in a diagnosis of CAUTI, raising the possibility 
of missing other clinically meaningful infections. 
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Thus, SCI creates unique challenges to surveilling, 
preventing, diagnosing, and managing CAUTI. 
This narrative review will explore these challenges 
and offer solutions. 

Methods

The objective of this narrative review is to 
examine the current body of literature guiding 
surveilling, preventing, diagnosing, and managing 
CAUTI in the SCI population. A PubMed query 
using the article medical subject headings (MESH) 
key words (spinal cord injury, catheter-associated 
urinary tract infection, neurogenic bladder, 
urinary catheters) was completed, and the articles 
were reviewed by two of the authors for their 
relevance. A synthesis of the results is provided 
below

Results

Surveillance of CAUTI

Challenge: Current quality measures only 
include indwelling transurethral (Foley) catheters 
in catheter surveillance and CAUTI metrics. 
People with SCI use multiple catheter types 
for bladder drainage, so there is an incomplete 
picture of the scope of the problem in this 
population. Previous interventions aimed at 
reducing the incidence of CAUTI in the acute 
care setting have focused on catheter surveillance 
and often the removal of indwelling catheters as 
soon as possible. Early catheter removal is not 
always the best solution in the SCI population, 
and there is some concern that the current metric 
incentivizes removing Foley catheters in patients 
with SCI without an adequate backup plan for 
bladder drainage. Inadequate bladder drainage in 
this population can lead to autonomic dysreflexia, 
kidney failure, and sepsis. Bladder management 
after SCI poses significant psychosocial challenges 
to the patient that must be factored into the 
decision-making process.  

Solution: Refine current CAUTI metrics to better 
address quality, safety, and psychosocial concerns 
for urinary care after neurogenic bladder (such 

as with SCI) and provide far-reaching neurogenic 
bladder education.

The National Healthcare Safety Network CAUTI 
outcome measure is the ratio of number of 
observed health care–associated CAUTIs among 
patients in inpatient care locations (acute care 
general hospitals, long-term acute care hospitals, 
rehabilitation hospitals, oncology hospitals, 
and behavior health hospitals) to the number 
of predicted health care–associated CAUTIs 
over the data period, based on the national 
CAUTI baseline.7 The definition of “indwelling 
catheter” narrowly includes only intraurethral 
Foley catheters; the measure explicitly excludes 
suprapubic catheters, condom catheters, in and 
out catheterizations (commonly referred to as 
an intermittent catheterization program, or ICP 
in the rehabilitation medicine literature), and 
nephrostomy tubes. The definition of CAUTI 
used in the metric includes suprapubic pain and 
dysuria as diagnostic criteria. Saint et al8 described 
surveillance bundles that were shown to reduce the 
rates of CAUTI in the acute care setting. A primary 
component of this bundle includes avoiding use of 
indwelling catheters and using alternative methods 
such as condom catheters. 

The measure as currently written accurately 
captures the scope of the problem in the general 
acute inpatient population; but given the diversity 
of catheter type and chronic nature of catheter 
use in persons with SCI, further refinement is 
necessary for the metric to truly promote quality 
care and patient safety in this population. Even 
though there is evidence that a focus on sterile 
catheter insertion is helpful in delaying the onset of 
bacteriuria (which may reduce CAUTI rates) with 
short-term catheter use,9 once a very basic level of 
hygiene is achieved (daily meatal care, cleansing 
with basic tap water before insertion), catheter 
insertion and maintenance strategies have failed 
to produce substantial reduction in CAUTI rates 
for long-duration catheter use.10,11 Jamison et al12 
performed a Cochrane review in 2013 to determine 
the efficacy of indwelling urethral catheters, 
suprapubic catheters, ICP, and condom catheters 
for long-term bladder management in persons with 
neurogenic bladder, and they found no evidence of 
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superiority of one bladder management type over 
the other. There have been several studies that show 
clean ICP is non-inferior to performing ICP under 
sterile procedure and is more cost-effective and 
convenient for the patient.13 ICP is not without its 
own risks, however, including the risk for urethral 
strictures, false passages, incontinence, bladder 
distention related to insufficient or ineffective 
catheterization, and an increased reliance on 
caregivers.14 Bladder management with condom 
catheters or other external collection systems 
may be an option in patients without neurogenic 
bladder, but it can lead to unsafe pressures that 
promote bladder distention (which leaves a 
patient more susceptible to infection) and renal 
impairment in patients with neurogenic bladder, 
such as after SCI. In additional to the medical 
and quality considerations, the Consortium for 
Spinal Cord Medicine clinical practice guidelines 
for bladder management after SCI also highlight 
important psychosocial considerations, including 
adequate planning for transitions of care from 
hospital to home, body image issues, and difficulty 
with ICP due to dexterity, spasticity, and/or reliable 
caregiver support.14 Therefore, in persons with 
SCI and other conditions resulting in neurogenic 
bladder, the decision on a long-term bladder 
management strategy is a multifactorial and 
dynamic process, with patient quality of life at the 
center (Figure 1).15,16 

Furthermore, the current definition of CAUTI 
used in surveillance is problematic in the SCI 
population. Due to impaired sensation below the 
neurologic level of injury, many people with SCI 
cannot appreciate suprapubic pain or dysuria. If 
their bladder is managed by an indwelling catheter, 
they will not appreciate frequency or urgency; in 
addition, the rates of asymptomatic bacteriuria 
are very high in these cases, making the diagnosis 
of true infection even more difficult.6 Given 
this, a greater focus on catheter-related harms, 
rather than just infection, is warranted. Multiple 
authors have described other noninfectious 
catheter harms, which include asymptomatic 
bacteria associated with inappropriate antibiotic 
use, trauma, patient suffering, and the cost to 
society.17-19 Although immobility is often included 

as a catheter-associated harm in the non-
SCI population, properly managed indwelling 
catheters can afford many persons with SCI greater 
freedom of mobility, further highlighting the 
nuances of choosing a bladder drainage strategy in 
this population. 

Interventions (including provider and patient 
education) aimed at minimizing unnecessary 
urine culture collection and highlighting the 
importance of adequate bladder drainage in the 
setting of neurogenic bladder and proper catheter 
management could simultaneously improve 
performance on the CAUTI metric and improve 
patient safety. Figure 1 describes current CAUTI 
bundle surveillance strategies and summarizes 
the SCI-specific suggestions to enhance these 
strategies.

Prevention of CAUTI

Challenge: Preventing CAUTI in a high-risk 
population such as in persons with SCI has been a 
popular area of research. Prophylactic antibiotics, 
nutraceuticals, and varying catheter materials have 
been examined for their potential in reducing 
infection after SCI.

Solution: Understand the strengths and 
limitations of the current evidence and provide 
recommendations for further studies.

Given that CAUTI has a high incidence and leads 
to significant morbidity amongst people with SCI 
and indwelling catheters, pharmacologic methods 
of prevention would be desirable. Prophylactic 
antibiotics have been explored, most recently in 
a retrospective study looking at long-term use of 
nitrofurantoin. This study showed a significantly 
decreased incidence of UTI and mean days between 
positive urine cultures in participants with long-
term nitrofurantoin use versus those without.20 
Ciprofloxacin was shown in a small, randomized 
controlled trial to prevent UTI/CAUTI after SCI, 
but this report from 1994 must be balanced with 
newer evidence about the significant harms of 
fluoroquinolone use.21,22 

In regard to nutraceuticals, cranberry 
supplements have been studied extensively, 
with conflicting randomized controlled trials 
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Current recommendations

Daily assessment of presence and need 
of indwelling catheter

Avoid use of indwelling urinary catheter 
by considering alternative strategies

Emphasize importance of aseptic 
technique during catheter insertion, and 

proper maintenance

Provide feedback to units regarding 
urinary catheter use/CAUTI rates

Identify and address patient and 
provider gaps in knowledge

SCI-specific
proposed recommendations

Admission assessment of bladder
function and current bladder

management strategy

Discuss with SCI physician optimal
strategy based on holistic review of 

patient

Same as current recommendations for 
indwelling catheters; focus on clean 

method for ICP

Same as current recommendations, but 
include additional catheter types (i.e. 

ICP, external, and suprapubic)

Promote appreciation of asymptomatic 
bacteriuria vs CAUTI

Acute care hospitalization

Figure 1. Catheter-associated urinary tract infection (CAUTI) bundle tailored to spinal cord injury (SCI) 
population. ICP = intermittent catheterization program.

showing reduction in UTI versus no benefit in 
SCI.23 A Cochrane review examining the topic 
could not endorse cranberry use as an effective 
prophylactic measure.24 Phé et al25 performed an 
open-label feasibility study of using D-mannose 
as a preventative CAUTI measure in 22 neurogenic 
bladder patients with multiple sclerosis who had 

reported recurrent CAUTIs; a significant reduction 
in the monthly rate of UTIs was seen.  

Bonfill et al26 assessed the efficacy of silver alloy–
coated urinary catheters as a preventative measure 
for CAUTI after SCI in a small randomized 
controlled trial; the results did not support their 
routine use. Cardenas et al27 explored whether 
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intermittent catheterization with a low friction 
hydrophilic-coated catheter delays the onset of the 
first symptomatic UTI and reduces the number 
of symptomatic UTIs in patients with acute 
SCI compared with intermittent catheterization 
(IC) with standard, uncoated catheters. The 
investigation found a significant delay of onset to 
the first symptomatic CAUTI among participants 
who utilized the hydrophilic-coated catheters 
and a decrease in the incidence of antibiotic-
treated symptomatic UTIs. However, this study 
was not blinded, and UTI was diagnosed by a 
patient-reported inventory of symptoms utilizing 
a nonstandard definition (which included foul 
smelling and/or cloudy urine among the diagnostic 
criteria).

In summary, trials examining prophylactic 
antibiotics, nutraceuticals, and varying catheter 
materials for the prevention of UTI/CAUTI have 
been limited by small sample sizes, bias due to 
study design, and varying definitions of UTI/
CAUTI, therefore providing a weak base of support 
to any of these methods for CAUTI prevention in 
SCI. In regard to prophylactic antibiotic use, more 
convincing evidence for their use would be needed 
to counterbalance their adverse effects and potential 
for promoting of antibiotic resistance. Further 
research should focus on prospective, randomized 
controlled trials of potential pharmaceutical and 
nutraceutical agents using a broadly accepted 
definition of CAUTI (such as one provided by the 
Infectious Diseases Society of America).28 

Diagnosis and management of CAUTI

Challenge: Diagnosis of CAUTI is especially 
challenging after SCI due to the atypical signs and 
symptoms of infection. This leads to overdiagnosis 
of CAUTI when ASB truly exists and subsequent 
overtreatment with antibiotics. Rates of multidrug-
resistant organisms in persons with SCI are high. 
As diagnostically challenging a condition CAUTI 
is to providers, it poses a significant burden to 
persons with SCI. 

Solution: Develop a more robust evidence 
base to guide efficient and accurate diagnosis of 
CAUTI after SCI. A better understanding of the 
pathogenesis of the transition from asymptomatic 

bacteriuria to symptomatic, tissue-invasive urinary 
tract infection in SCI will be essential to finding 
biomarkers to support the diagnosis of CAUTI. 
Explore and expand the role of non-antibiotic 
treatments for CAUTI, such as bacteriophages. 
Explore the perspective of the SCI patient around 
goals of treatment, issues with medication 
adherence, and bladder management burden.

Achieving an accurate diagnosis of CAUTI based 
on clinical practice guidelines has been shown to 
be a cognitively taxing activity for providers who 
are assessing non-SCI patients; the challenge is 
even greater in diagnosing CAUTI in persons with 
SCI.29 Persons with SCI often do not present with 
typical signs and symptoms (dysuria, suprapubic 
pain, frequency) due to lack of sensation and 
bladder management strategy, which makes the 
diagnosis is this patient population more difficult. 
The Infectious Diseases Society of America 
guidelines for CAUTI recognize this and include 
SCI-specific symptoms such as increased spasticity 
and autonomic dysreflexia in their decision 
algorithms,28 but limited evidence on sensitivity/
specificity of these symptoms exists. Cloudy or foul 
smelling urine are often considered to be symptoms 
of CAUTI, but no studies have delineated the 
clinical significance of these findings, even if they 
are of recent onset.28

The rate of ASB in persons with SCI is very high, 
given how common bladder instrumentation is in 
this patient population, and ASB does not require 
antibiotic treatment (except in pregnancy and 
prior to urologic procedures).30 However, a wide 
gap remains between guidelines and actual practice 
for urine testing and subsequent bacteriuria 
management. For many clinicians, translating 
ASB and CAUTI guidelines to the bedside proves 
difficult when faced with a “positive” urinalysis 
or urine culture result.31,32 In a small pilot study, 
Skelton et al demonstrated that a positive urine 
culture drove antibiotic use (including a 35% 
rate of unnecessary treatment for ASB) in the SCI 
population.3

Given how subjective the current definition 
of CAUTI currently is, studies into objective 
measures such as infection biomarkers have 
been pursued to aid in diagnosis. Nanda et al33 
conducted a systematic review of the available 
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literature in 2009 and found that procalcitonin 
showed promise in aiding efficient diagnosis and 
initiation of treatment of UTI and pyelonephritis 
in the pediatric population, but there was limited 
evidence in adults. Interleukin-6 showed some 
promise in aiding to distinguish UTI from 
pyelonephritis in adults but needed further 
validation. The authors commented on the paucity 
of evidence on the efficacy of any biomarker in 
special populations such as SCI. 

There have been successful interventions aimed 
at improving the accuracy of diagnosis of CAUTI 
in non-SCI populations.8,31 Trautner et al34-36 have 
designed and validated an intervention to decrease 
guideline-discordant management of catheter-
associated ASB in veterans in hospitals and 
nursing homes. This intervention, entitled Kicking 
CAUTI: The No Knee-Jerk Antibiotics Campaign, 
encourages clinicians to stop and think before 
ordering urine cultures and prescribing antibiotics 
for CAUTI. In a trial involving two Veterans Health 
Administration medical centers, one intervention, 
and one control site, the intervention significantly 
decreased inappropriate screening for and 
treatment of ASB by 71% and 75%, respectively. 
Of note, the intervention had greater positive 
impact in long-term care than in acute care; long-
term care is a difficult setting for diagnosis of 
CAUTI because many residents are not able to 
communicate the presence or absence of urinary 
symptoms. Therefore, this successful intervention 
provides a starting point for improving diagnostic 
efficacy of CAUTI in people with SCI, but the 
intervention will need tailoring to fit the needs to 
SCI patients and providers. 

Persons with SCI are exposed to many courses 
of antibiotics over the course of their lifetime — 
some necessarily, some unnecessarily. This can 
lead to the emergence of multidrug-resistant 
organisms, which have been shown to be very 
prevalent in the SCI population. Escherichia coli, 
Klebsiella pneumoniae, and Proteus mirabilis are 
among the most commonly isolated species.37,38 
Thus, antibiotic-sparing treatment options should 
be considered for both prevention and treatment 
of CAUTI in SCI. One of these novel treatments 
include bacteriophages. Bacteriophage (often 
called phage) are viruses that infect only bacteria, 

and each strain of phage typically kills only a 
single species of bacteria. Phage hold considerable 
promise for treating the multidrug-resistant, 
biofilm-associated pathogens that cause CAUTI 
and occasionally urosepsis in persons with SCI. 
Phage can kill multidrug-resistant bacteria by 
mechanisms different from those of antibiotics, 
thus antibiotic resistance does not create phage 
resistance among bacteria.39-41 When antibiotic-
resistant bacteria become resistant to phage, in 
some cases the bacterial sensitivity to antibiotics 
is restored.42-46 Some bacteriophages produce 
depolymerase enzymes that enable them to 
disrupt the extracellular polysaccharide matrix 
of biofilms.47 Our work demonstrates that phage 
are effective against pathogenic Pseudomonas 
aeruginosa biofilms on urinary catheters.48 The high 
level of specificity of phage may allow targeting of 
the pathogen causing CAUTI while avoiding harm 
to other species in the host microbiome.49,50 Thus 
phage specificity confers a marked advantage over 
broad-spectrum antibiotics, particularly in terms 
of subsequent risk of Clostridiodes difficile colitis; 
antibiotic use is a known risk factor for recurrent 
C. difficile infections in veterans with SCI.51 We are 
currently studying bacteriophage as a means to 
treat CAUTI in SCI both in vitro52 and in an animal 
model (manuscript under preparation), but phage 
therapy under compassionate use protocols has 
had recent successes in several non-SCI cases. 
For example, Aslam et al53 described a successful 
outcome for a multidrug-resistant Staphylococcus 
aureus left ventricular device infection using 
a combination of three phages intravenously 
(AB-SA01, 3 × 10 9 plaque-forming units) every 
12 hours for 28 days in addition to antibiotics 
(cefazolin 2 g IV every 8 hours and minocycline 
100 mg orally twice daily). Schooley et al54 
described successful treatment of an Acinetobacter 
baumannii pancreatic pseudocyst using several 
phage cocktails administered intraabdominally and 
intravenously over the course of 18 weeks. Dedrick 
et al55 described eradication of a disseminated 
Mycobacterium abscessus infection in a pediatric 
patient with cystic fibrosis with an intravenous 
three-phages cocktail (109 plaque forming units 
per dose of each phage) every 12 hours for at least 
32 weeks. 
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Patient-centered care is one of the Institute 
of Medicine’s six quality aims.56 Thus, it is 
important to include patients in every step of 
intervention development. We theorize that an 
intervention to promote antibiotic stewardship 
in the SCI population cannot be successful 
without patient engagement. Patient engagement 
includes (a) understanding patient attitudes about 
antibiotics and the importance of adhering to 
medications as prescribed and (b) understanding 
how this population prefers to receive health care 
education. We are currently conducting a mixed-
methods study utilizing qualitative semistructured 
interviews and a medication adherence survey of 
SCI patients to further explore this topic. 

Conclusion

Future studies should focus on SCI patient 
and provider attitudes about diagnosing ASB 
and CAUTI, knowledge of clinical practice 
guidelines concerning management of ASB and 
UTI, and barriers to enacting the guidelines in 

clinical practice. Understanding these gaps and 
designing an intervention to address them have the 
potential to make the approach to diagnosis and 
management of ASB/UTI in the SCI population 
more systematic, evidence-based, and patient-
centered, while also decreasing antibiotic overuse. 
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