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Is It Really the Foley? A Systematic Review of 
Bladder Management and Infection Risk
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Background: The belief that intermittent catheterization results in fewer infections than indwelling catheters is commonly 
expressed in the spinal cord injury literature. Some practice guidelines strongly recommend intermittent over indwelling 
catheterization due to concerns about infections and other complications. However, studies on this topic are of low quality. 
Guidelines from the Consortium for Spinal Cord Medicine suggest the data regarding infection risk are mixed, and they do 
not recommend one bladder management method over the other. Objectives: To compare risk of bias in studies reporting 
higher rates of urinary tract infection (UTI) with indwelling catheters to studies that found equal rates of UTI between indwelling 
and intermittent catheterization, and to describe implications in clinical decision-making. Methods: A systematic search 
of PubMed, CINAHL, Embase, and SCOPUS databases from January 1, 1980, to September 15, 2020, was conducted. 
Eligible studies compared symptomatic UTI rates between indwelling and intermittent catheterization. We used a risk of bias 
assessment tool to evaluate each study. Results: Twenty-four studies were identified. Only three of these reported significantly 
higher UTI risk with indwelling catheters, and all three demonstrated a critical risk of bias. More than half of the studies 
reported differences in UTI risk of less than 20% between the two methods. Studies with larger (nonsignificant) differences 
favoring intermittent catheterization were more susceptible to bias from confounding. Conclusion: The hypothesis that 
indwelling catheters cause more UTIs than intermittent catheterization is not supported by the scientific literature. Most 
studies failed to demonstrate a significant difference in UTI risk, and studies with nonsignificant trends favoring intermittent 
catheterization were more susceptible to bias from confounding. Perceived risk of infection should not influence a patient’s 
choice of catheter type. Key words: bladder management, infection prevention, urinary tract infection

Introduction 

Several different clinical practice guidelines 
address spinal cord injury (SCI) neurogenic 
bladder and the considerations that affect clinical 
decision-making when choosing between bladder 
management methods (BMM). Relative risk of 
infection may be an important factor in BMM 
selection. However, studies addressing this topic 
have produced mixed results. Guidelines from the 
Consortium for Spinal Cord Medicine acknowledge 
this discrepancy, reporting, “Conflicting data exist 
related to the risk of symptomatic infection in 
individuals using indwelling catheters versus other 
methods of bladder management.”1 

Other guidelines present a less ambiguous 
perspective on infection risk among the various 
BMM. Some include strong recommendations for 
intermittent catheterization (IC) over indwelling 
(IND), citing reduced infection risk as one of 

the benefits.2-5 Guidelines from the European 
Association of Urology and the Infectious Diseases 
Society of America (IDSA) describe IC as the 
“gold standard” or “standard of care,” a sentiment 
repeated by other authors.6-8 Guidelines from 
the Centers for Disease Control and Prevention, 
IDSA, and the Association for Professionals in 
Infection Control and Epidemiology (APIC) 5,9,10 
suggest IC as an alternative to IND as a means of 
urinary tract infection (UTI) prevention in the 
SCI population.9,11,12  However, the studies cited 
to support these recommendations are very low 
quality, and other studies with conflicting results 
are not mentioned. 

Potential sources for the conflicting results 
include heterogeneity between studies in patient 
populations, definitions of UTI, and methods of 
controlling for potential confounders. In addition 
to BMM, other proposed risk factors for UTI in 
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SCI have included disruption of the intravesical 
glycosaminoglycan layer, bladder ischemia, 
impaired secretory immunoglobulin A response, 
and other immunological deficiencies.13 

The issue of confounding related to immune 
status may be particularly important. Research 
into dysfunction of the immune system in SCI 
demonstrates a continuously evolving state 
of immune dysfunction that begins almost 
immediately after onset of SCI and continues into 
the chronic phase—the Spinal Cord Injury Immune 
Deficiency Syndrome (SCI-IDS).  This syndrome 
appears to result from denervation of lymphoid 
organs and dysregulation of the sympathetic 
nervous system.14 It produces profound changes in 
both innate and adaptive immune responses that 
appear to be clinically significant in animal models 
and in retrospective human studies.15-17 Most 
important to this topic, SCI-IDS appears to be most 
pronounced in the first 30 to 90 days postinjury, 
more pronounced in patients with cervical and 
upper thoracic lesions, and more pronounced in 
those with more complete SCI.16,18-21 Guidelines 
from the Consortium for Spinal Cord Medicine 
report this demographic is also more likely to utilize 
IND. 

If sufficient overlap exists between those who are 
most likely to be severely immunosuppressed and 
those who are most likely to utilize IND, then SCI-
IDS may represent an important confounder that 
could bias study results in favor of IC. None of the 
studies included in this review directly measured 
the immunological status of their subjects. However, 
neurological level of injury, injury severity, and 
acuity of SCI are all factors related to severity of SCI-
IDS, and controlling for all three of these covariates 
might serve as a reasonable alternative. Many of 
the studies collected data on patients’ level and 
severity of injury, and some of them accounted for 
time since initial SCI. Others enrolled only patients 
with chronic SCI, who were outside the timeframe 
of most profound immunosuppression. Studies that 
control for these factors should be less susceptible 
to confounding from SCI-IDS. 

Another possible source of heterogeneity of 
results could relate to differences in definitions 
of UTI and in methods of outcome assessment. 

In 1992, the National Institute on Disability and 
Rehabilitation Research produced a consensus 
statement in which UTI in the SCI population 
was defined as bacteriuria with pyuria and new-
onset signs or symptoms.22  However, bacteriuria 
and pyuria are very common in asymptomatic 
patients, and some of the nonspecific symptoms 
included in various definitions have demonstrated 
poor predictive value in diagnosing UTI.22-25 In 
this context, an unblinded clinician, who may be 
more inclined to attribute nonspecific symptoms to 
UTI in patients with one BMM over another, could 
introduce further bias. Studies with better designs 
required fever—which is more objective and 
relatively specific to infection— for the diagnosis 
of UTI. 

We hypothesized that studies demonstrating 
higher UTI rates for those using IND would be 
more susceptible to bias related to inadequate 
controlling for level, completeness, and time 
since injury—factors that are also correlated with 
depressed immune function. We also hypothesized 
that this group of studies would be more susceptible 
to bias related to nonspecific definitions of UTI.  
The ROBBINS-I tool was developed by Cochrane as 
an organized framework to explore these potential 
sources of bias and to grade their severity.26 The 
purpose of this review was to compare risk of 
bias among studies that reported higher rates of 
UTI with IND to those that reported similar rates 
between IND and IC and to make inferences that 
might assist in clinical decision-making.  

Methods

Eligibility criteria    

We chose to focus on studies involving adults 
with SCI published between January 1, 1980, 
and September 15, 2020. Only studies published 
in English were included. Studies needed to 
provide a comparison between incidence of UTI 
in patients using IND versus IC (groupings such 
as “catheterized vs. non-catheterized” were not 
acceptable). Diagnosis of UTI could not be based 
solely on urine culture results; the studies had to 
draw a clear distinction between bacteriuria and 
symptomatic UTI.  
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acute phase of SCI and in those with more severe 
neurological impairment. Results of each analysis 
were compared among the authors for consensus, 
and the severity of bias for each of the two domains 
was assigned according to guidance provided by the 
ROBINS-I tool guide. 

The rationale for assigning various categories 
of risk is summarized in Table 1. Given the low 
positive predictive value of urine culture, pyuria, 
and many of the subjective, nonspecific symptoms 
often attributed to UTI, we required the presence of 
fever in order to assign the most favorable grade in 
bias in measurement of outcomes. Studies relying 
on patient self-report of UTIs that did not require 
confirmatory urinalysis or urine culture received 
the least favorable grade. For the bias due to 
confounding domain, studies had to either exclude 
acutely injured patients, who would presumably 
be inside the expected window of most profound 
immunosuppression, or control for neurological 
level, completeness, and acuity of injury in order to 
qualify for the most favorable grade. 

Results

The search yielded 24,378 articles. Of these, 
24 articles met our eligibility criteria6,7,11,27-47 
(Figure 1). Among these, the term “indwelling” 
referred exclusively to suprapubic catheters (SPC) 
in two studies.32,39 Four studies divided the IND 
group into separate categories of urethral and 
suprapubic catheters for comparison between the 
groups.11,28,29,34 For the remaining 18 studies, the 
“indwelling” group was composed almost entirely 
of urethral catheters. No important differences were 
found between infection rates with urethral versus 
suprapubic indwelling catheters. Among IC groups, 
five studies differentiated between self-IC and IC-
A.6,28,29,31,43 For these studies, we compared results 
between IND and IC-A. 

Only four studies reported statistically significant 
differences in UTI risk in direct comparisons 
between IC and IND. Three studies reported 
significantly higher UTI rates associated with 
IND,11,38,44 and one study reported a significantly 
higher UTI rate associated with IC-A.28 Given the 
paucity of statistically significant results, we chose 
to divide the studies into two groups: those that 
contained at least one finding that reported a greater 

Search strategy

We conducted a search of the PubMed, CINAHL, 
Embase, and SCOPUS databases. The search was 
limited to the dates listed above. In the PubMed 
database, we used the following terms: Urinary 
tract OR urinary tract infections OR bacteriuria 
OR neurogenic bladder OR neuropathic bladder 
(USING BOTH keywords / MeSH terms) AND 
Paraplegia OR quadriplegia OR spinal cord injur*. 
This search strategy was adapted to the other 
databases as appropriate. Articles cited in references 
of candidate articles were also evaluated. We did not 
register the protocol for this systematic review. 

Study selection 

Two reviewers (M.D. and E.R.) evaluated the 
titles and abstracts of the articles retrieved. Full-
text articles were retrieved for studies with abstracts 
compatible with the selection criteria. Final 
inclusion in the review required consensus among 
the authors.

Risk of bias assessment

The ROBINS-I tool presents a systematic 
method of evaluating nonrandomized studies, with 
specific criteria for grading risk of bias in seven 
different domains: bias due to confounding, bias 
in measurement of outcomes, bias in selection of 
participants into the study, bias in classification of 
interventions, bias due to deviations from intended 
intervention, bias due to missing data, and bias in 
selection of the reported result. All of the studies 
had limitations in several of the seven domains, 
but most of these limitations would not predictably 
favor one BMM over another. Therefore, the choice 
was made to focus efforts on the two domains 
mentioned previously: bias due to confounding and 
bias in measurement of outcomes. The Cochrane 
Collaboration provides a ROBINS-I Tool Template, 
a series of questions as a guide to using the tool. 
The authors divided the studies among themselves 
and completed the ROBINS-I Tool Template for 
each study. For studies that differentiated between 
self-IC and IC-by-attendant (IC-A), the authors 
reasoned that the most appropriate comparison 
would be between IND and IC-A, because both 
methods tend to be used more often in the early 
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Table 1. Rationale for grading

  Grade Rationale for grading

Bias due to 
confounding 

Moderate Did not directly measure or control for SCI-IDS but did control 
for acuity and severity of SCI (both level and AIS grade); or 
studied only patients with chronic SCI, who were expected to be 
less likely to be affected by immune system dysfunction

Serious At least one known important, potentially confounding domain 
(acuity, severity of SCI) was not appropriately measured, or not 
controlled for.

Studies with this designation are inherently unable to 
differentiate between relationships of association and 
causation. 

CRITICAL Confounding inherently not controllable. 
Bias in 
measurement of 
outcomes

Low Rigorous definition of UTI requiring pyuria, bacteriuria, and 
fever. Blinded assessor of outcomes.

Serious Definition of UTI requires confirmed pyuria and bacteriuria 
but also relied on vague or nonspecific symptoms. Unblinded 
assessor.

Serious + Relied on patient self-reporting of UTI, without confirmation of 
pyuria or bacteriuria. 

Note: AIS = American Spinal Injury Association Impairment Scale; SCI = spinal cord injury; SCI-IDS = 
Spinal Cord Injury Immune Deficiency Syndrome; UTI = urinary tract infection.

than 20% increased rate of UTI in those utilizing 
IND and those that did not (Table 2). 

Fewer than half of the studies (11 out of 24) 
reported a greater than 20% increased rate of UTI 
in those utilizing IND.6,7,11,34,38,40,42-45,47 Among the 
remaining 13 studies, seven reported higher UTI 
rates in those using IC or IC-A,28,29,31,32,36,37,39 and six 
reported little or no difference in UTI rates between 
the two methods.27,30,33,35,41,46

Bias due to confounding

The findings from the risk of bias due to 
confounding analyses are summarized in Table 2. 
All three studies with significant findings in favor 
of IC demonstrated critical risk of bias due to 
confounding (confounding that was inherently not 
controllable):

1. � The study by Esclarin et al.11 has been cited by 
several clinical practice guidelines to support 

the use of IC over IND.5,9,10 In this study, the 
incidence of UTI was measured in UTIs per 
100 person days. Acutely injured patients 
were admitted with urethral catheters, which 
remained in place until close monitoring 
of urinary output was no longer indicated. 
Then, all patients were transitioned to IC, 
with a median length of stay of 207 days. This 
practice pattern ensured that nearly all “Foley 
days” occurred during the early acute phase 
of SCI that corresponds to the period of most 
profound immune suppression from SCI-IDS, 
and a substantial portion of IC days occurred 
after this time.

2. � In the study by Singh et al.,44 practice patterns 
in the initial hospitalization were similar 
to those in Esclarin et al.: acutely injured 
patients were admitted with IND, which 
they kept for an average of 25 days, and were 
then strongly encouraged to adopt IC. Many 



98         Topics in Spinal Cord Injury Rehabilitation/2023;29(1)

patients changed BMM. The patients were 
followed for 1 year and were assigned to the 
BMM group according to the method that 
they had used for the majority of time since 
injury, with no apparent effort to match UTIs 
with the BMM used at the time of infection.

3. � In the study by McGuire and Savastano,38 the 
proportion of persons with tetraplegia in the 
IND group was more than twice that in the 
IC group. Completeness of injury was not 

recorded, and those with IND underwent 
cystoscopy every 3 months, a procedure that 
carries a risk of UTI as a complication. 

Among the eight studies demonstrating a 
nonsignificant, >20% difference in unadjusted 
UTI rates, risk of bias was found to be critical in 
three,40,43,44 serious in three,6,42,45 and moderate in 
two.7,34 Krebs et al.34 deserves attention, as it has been 
cited by clinical practice guidelines2,4 to support 

Figure 1. PRISMA flow diagram showing the results of the searches.
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Table 2. Risk of bias due to confounding

Author, year Patient groups ROBINS-I grade, and rationale Findings
Studies reporting similar UTI rates between BMM, or with results 
favoring IND
Anderson et al., 
201927

Total N = 369
IND = 192 
IC-A = 41

Moderate: NLOI, injury severity, 
and acuity were subjected to 
multivariate analysis. 

Incidence rate ratio for 
UTI:
IND: 5.97
IC-A: 6.05 

Cardenas & Mayo, 
1987,28 
acute arm of study

Total N = 705
IUC = 114 
SPC = 36 
IC-A = 103

Serious: Did not control for AIS or 
acuity. 

% patients who 
experienced UTI while 
admitted: 
IUC: 42%
SPC: 47% 
IC-A: 58%

Cardenas & Mayo, 
1987, 28* chronic 
arm of study

Total N = 371
IUC = 57 
SPC = 16 
IC-A = 24

Moderate: Excluded acute SCI, 
adjustment for NLOI and AIS less 
important.
 

% outpatients who 
experienced UTI in 
outpatient setting: 
IND: 44%
SPC: 56%
IC-A: 83%

Chen et al., 201429

 
Total N = 894
IUC = 102 
SPC = 103 
IC = 163

Moderate: Excluded acute SCI, 
adjustment for NLOI and AIS less 
important.

% of patients who 
experienced UTI:
IUC: 33%
SPC: 37%
IC: 41% 

Drake et al., 200530 Total N = 196
IUC = 40 
SPC = 7 
IC = 20

Moderate: Excluded acute SCI, 
adjustment for NLOI and AIS 
grade less important.

“no significant difference 
in risk of UTI for [IND] 
(P=0.17), IC (P=0.45)”

Goodes et al., 
202031

Total N = 70 a Serious: Did not account for acuity 
of SCI. 

Incidence of UTI per 100 
person-days:
IUC: 1.3
IC-A: 2.0

Grundy et al., 
198332b

Total N = 28
SPC = 14 
IC = 14

Serious: Did not control for NLOI 
or AIS. 

Febrile UTI per 100 
catheter-days:   
SPC: 0.6
IC: 0.7

Hennessey et al., 
201933

     

Total N = 143 b Serious: Did not control for AIS or 
acuity.

Incidence of UTI per 1000 
person-days:
IND: 8.33
IC: 6.84 

(continues)



100         Topics in Spinal Cord Injury Rehabilitation/2023;29(1)

Author, year Patient groups ROBINS-I grade, and rationale Findings
Ku et al., 200535 Total N = 175

IUC = 29 
SPC = 42 
IC = 48

Moderate: Excluded acute SCI, 
adjustment for NLOI and AIS less 
important.

% patients with febrile 
UTI: 
IUC: 41% 
SPC: 31%
IC: 42% 

Liguori et al., 
199736

Total N = 81
IND = 11 
IC = 32

Moderate: Excluded acute SCI, 
adjustment for NLOI and AIS less 
important.

No. of UTIs within the 
past 1 and 3 years: 
IND: 1 and 4 
IC: 2 and 6

Lloyd et al., 198637 Total N = 204
IUC = 129 
SPC = 21
IC = 21

Serious: did not control for NLOI 
and AIS. 

% of patients who 
experienced febrile UTI:
IUC: 8.6% 
SPC: 19%
IC: 19%

Mitsui et al., 
200039

Total N = 61
SPC = 37 
IC = 27

Moderate: Excluded acute SCI, 
adjustment for NLOI and AIS less 
important.

% of patients who 
experienced UTI: 
SPC: 12% 
IC-A: 26%

Ploypetch et al., 
201341

Total N = 100
IUC = 54 
IC = 26

Serious: Did not control for acuity 
of SCI.

% of patients who 
experienced UTI:
IUC: 52% 
IC:42%

Timoney & Shaw, 
199046

Total N = 52
IUC = 14 
SPC = 4 
IC = 28

Moderate: Excluded acute SCI, 
adjustment for NLOI and AIS less 
important.

% of patients who 
experienced recurrent 
febrile UTI:
IUC: 38% 
SPC: not reported
IC: 36%

Studies with at least one finding showing a 20% or greater 
increased incidence of UTI with IND compared to IC
Afsar et al., 20136 Total N = 164

IND = 16 
IC = 104

Serious: Did not control for NLOI, 
AIS, or acuity. 

Number of UTIs per year: 
IND: 3
IC: 2

Esclarin et al., 
200011* 

Total N = 128
IUC = 128 
SPC = 10 
IC = 124

CRITICAL: All IND catheter-days 
occurred during early acute period. 
Substantial portion of IC-days 
occurred later. 

Incidence of UTI per 100 
catheter days:  
IUC: 2.72 
SPC: 0.34
IC: 0.41

Table 2. Risk of bias due to confounding (cont.)

(continues)
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Author, year Patient groups ROBINS-I grade, and rationale Findings
Krebs et al., 201634 Total N = 1104

IUC = 18 
SPC = 120 
IC = 427

Moderate: Excluded acute SCI, 
adjustment for NLOI and AIS less 
important.

% of patients with at least 
1 and 3 or more UTI per 
year: 
IUC: 83% and 50%
SPC: 58% and 18%
IC: 71% and 31% 

McGuire & 
Savastano, 1986* 

Total N = 35
IND = 13 
IC = 22

CRITICAL: Proportion of persons 
with tetraplegia in IND group 
was more than twice that in the 
IC group. IND group underwent 
cystoscopy every 3 months.

% of patients who 
experienced febrile UTI: 
IND: 92%
IC: 32% 

Nunn et al., 201540

    
Total N = 143a CRITICAL: Most IND catheter-

days occurred during early acute 
period. Substantial portion of IC-
days occurred later. 

No. of UTIs per patient: 
IND: 1.36 
IC: 0.79

Roth et al., 201942 Total N = 1282
IUC = 190 
SPC = 81 
IC = 753

Serious: Did not control AIS or 
acuity. 

Adjusted odds ratio 
for UTI rate and UTI 
hospitalization: 
IND: 4.16 and 2.90
IC: 3.42 and 2.06

Sekulić et al., 
201543

Total N = 540
IND = 31
IC-A = 69
Self-IC = 278

CRITICAL: Patients with IND had 
longer lengths of stay. Incidence 
of UTI-per-catheter-day was not 
calculated. Did not control for 
acuity.

Odds of experiencing 
UTI during inpatient 
admission: 
IND: 1.18 
IC-A: 0.87

Singh et al., 201144 Total N = 545
IUC = 224 
SPC = 24 
IC = 180

CRITICAL: Disproportionate use 
of IND in the early acute phase. 
Did not match UTIs with BMM at 
time of UTI. Did not control for 
NLOI, AIS, or acuity. 

Incidence of UTI per 100 
person-days: 
IUC: 2.68 
IC: 0.34

Stillman et al., 
201845 

Total N = 169
IND = 74 
IC = 35

Serious/Moderate: Before 
multivariate analysis, those with 
IND suffered more UTIs than 
those on IC. After multivariate 
analysis, no difference between 
IND and IC was found.  

Multiple data points 
regarding unadjusted 
incidence of UTI. 
After adjustment for level 
and severity of SCI, “UTI 
did not differ between 
[IND] and IC.” 

Togan et al., 201447

 
Total N = 93
IND = 57 
IC = 24

Serious. Did not control for AIS or 
acuity. 

% of patients experiencing 
UTI: 
IND: 33%
IC: 17% 

Table 2. Risk of bias due to confounding (cont.)

(continues)
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Author, year Patient groups ROBINS-I grade, and rationale Findings
Yildiz et al., 20147 Total N = 337

IUC = 12 
IC = 243

Moderate: Excluded acute SCI, 
adjustment for NLOI and AIS less 
important.

% of patients experiencing 
UTI:
IUC: 41%
IC: 17% 

Note: Total N reflects all bladder management methods, not exclusively IC or IND. AIS = American 
Spinal Injury Association Impairment Scale; BMM = bladder management method; IC = intermittent 
catheterization, without differentiating between self-IC and IC-A; IC-A = intermittent catheterization by 
attendant; IND = indwelling, undifferentiated; IUC = indwelling urethral catheter; NLOI = neurological 
level of injury; SPC = suprapubic catheter.
aRandomized controlled trial. 
bNumber of patients in each group varied over time, calculated UTIs per catheter-day.  
*Statistically significant. 

Table 2. Risk of bias due to confounding (cont.)

the clinical use of IC over IND. The authors of this 
study performed binary logistic regression analysis 
to control for neurologic level and completeness 
of injury. The study relied on self-reported UTIs 
in 1104 patients, including 427 using IC, 120 
using SPC, and only 18 using IUC. Results for the 
IUC group showed dramatically wide confidence 
intervals. They found significantly higher odds of 
experiencing UTI in those using either IUC or IC 
over the reference group (spontaneous voiding). 
There was no significant difference between IC and 
IUC. Interestingly, the odds of experiencing UTI 
were not significantly higher in the SPC group than 
in the spontaneously voiding group. 

In contrast, more than half of the studies included 
in the review reported little or no difference (<20%) 
in UTI risk between IC and IND. Studies in this 
group tended to demonstrate less susceptibility 
to bias from confounding and from outcome 
measurement. Among these studies, risk of bias was 
found to be serious in six28,31,32,33,37,41 and moderate 
in the remaining eight.27-30,35,36,39,46 Five of them used 
multivariate analysis to account for acuity, level, 
and/or completeness of injury,27,30,31,35,36 and one was 
a randomized controlled trial.30  

Bias in measurement of outcomes 

Findings from the risk of bias due to measurement 
of outcomes analyses are summarized in Table 3. 
Similar to the findings for bias due to confounding, 

studies seeming to favor IC tended to be more 
susceptible to bias related to outcome measurement. 
Among the studies that seemed to favor IC, only 
one study11 (which showed critical risk of bias due 
to confounding) utilized a definition of UTI that 
required fever, rather than nonspecific, subjective 
symptoms such as increased spasticity, cloudy 
urine, autonomic dysreflexia (AD), etc. Four of 
them relied on patient self-report.7,34,42,45 In contrast, 
two of the catheter-neutral studies required a more 
objective definition of UTI,28,46 and only one relied 
on patient-reported UTIs.36

Discussion

Our findings are in stark contrast with sentiments 
commonly expressed in clinical practice guidelines 
and in many of the articles reviewed for this article. 
For example, Ku et al. claimed, “It is well known that 
clean intermittent catheterization involves a lower 
incidence of urinary tract infections than indwelling 
catheterization.” Some articles described patients 
who chose IND over IC as noncompliant.6,33,48.49 

Others suggested that healthcare providers who did 
not quickly transition patients to IC are failing to 
implement best practices.50.51 Some suggested that 
infection risk should be a primary driving factor in 
choosing of IC over IND.2,42,52

We found that the available body of literature 
over the past four decades does not support these 
assertions. The majority of studies that met our 
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Author, year Non-specific 
definition?

Self-reported 
UTIs?

ROBINS-I 
grade

Studies with no significant findings or nonsignificant trends in favor of IC
Anderson et al., 201927 X Serious 
Cardenas & Mayo, 1987,28 acute phase Low
Cardenas & Mayo, 1987,28 chronic phase X Serious
Chen et al., 201429 X Serious
Drake et al., 200530 X Serious
Goodes et al., 202031 X Serious
Grundy et al., 198332 Low
Hennessey et al., 201933 X Serious
Ku et al., 200535 X Serious
Liguori et al., 199736 X X Serious+
Lloyd et al., 198637 X Serious
Mitsui et al., 200039 X Serious
Ploypetch et al., 201341 X Serious
Timoney & Shaw,199046 Low 
Studies with at least one finding showing a 20% or greater increased incidence of UTI with IND 
compared to IC
Afsar et al., 20136 X Serious
Esclarin et al., 200011 Low
Krebs et al., 201634 X X Serious+
McGuire, & Savastano 1986 Low
Nunn et al., 201540 X Serious
Roth et al., 201942 X X Serious+
Sekulić et al., 201543 X Serious
Singh et al., 201144 X Serious
Stillman et al., 201845 X X Serious+
Togan et al., 201447 X Serious
Yildiz et al., 20147 X X Serious+

Note: + = diagnosis of UTI was based on patient self-report, with no objective confirmation involving 
urinalysis or culture.

Table 3. Risk of bias in measurement of outcomes

inclusion criteria (87%) failed to demonstrate a 
significant difference in UTI rates between the 
two methods. Furthermore, more than half of the 
studies reported IND infection rates that were 
lower28,29,31,32,36,37,39 or no worse than27,30,33,35,41,46 
those reported for IC or IC-A. All but one of the 

studies that reported marginally higher rates of 
UTI with IND failed to control for key covariates, 
and the three studies with statistically significant 
results demonstrated a critical risk of bias. The 
quality of the studies reporting equal rates of UTI 
between the BMM was also low, but the majority 
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of them were judged to be less susceptible to 
confounding. 

Despite this lack of support from the literature, 
several articles referred to IC as the “standard 
procedure,”6,29 “method of choice,”37 or “gold 
standard.”7,39 Some hospitals transitioned all patients 
from IND to IC.11,6,31,33 This pronounced preference 
for IC was not limited to studies reporting higher 
rates of UTI in the IND group. For example, Goodes 
et al.31 noted that “our findings suggest that early 
removal of IDCs may be beneficial,” despite finding 
that the number of UTIs per 100 person days was 
more than 50% higher in the IC-A group than 
the IND group. Ku et al., quoted earlier, reported 
UTI rates that were identical between IC and IUC 
and lower for SPC. These types of discrepancies 
underscore challenges with the peer-review process. 

Authors cited a variety of sources in their support 
of IC over IND. These references had important 
limitations: 

•  �Several of the articles cited were not 
included in this review because they failed 
to directly compare infection risk between 
IC and IND2,53-55 or because they failed to 
differentiate between symptomatic infection 
and asymptomatic bacteriuria.56 

•  �Two studies were found to have critical risk of 
bias due to confounding in this review.11,38

•  �One study reported a significant difference 
in UTI risk between IUC and spontaneous 
voiding but not between IUC and IC.34

•  �Several references were not clinical 
trials but rather were review articles and 
practice guidelines, which based their 
recommendations on the studies noted above. 

Although most articles that met our inclusion 
criteria failed to find significant associations 
between BMM and UTI, several of them identified 
other covariates that were significantly associated. 
Three studies reported greater UTI rates in persons 
with more rostral injuries,11,30,45 two reported fewer 
UTIs in patients with AIS D injuries,27,30 four studies 
reported more UTIs in those with motor complete 
SCI,31,35,45 and two studies reported higher rates of 
UTI in the early acute phase.27,41 These findings 
support our concern that the SCI-IDS may be a 
relevant confounder that deserves consideration in 
future infection-related studies. 

The most dramatic associations occurred 
between UTI and bladder behavior during 
urodynamic testing. Esclarin et al.11 reported the 
presence of vesicoureteral reflux increased the odds 
of UTI 23-fold, and Ploypetch et al.41 reported a 21-
fold increase. Sekulić et al.43 reported that a “hyper-
reflexive bladder” increased the odds of UTI 59-fold.  

Factors like bladder behavior, severity, and 
acuity of injury often influence choice of BMM.  
Commonly cited reasons patients give for reverting 
from IC to IND include incontinence between 
catheterizations, dependence on caregivers, and 
lack of hand function.1 IND use has been correlated 
with more rostral level of injury and with acuity of 
SCI6,11,31; these factors also correlate with enhanced 
susceptibility to infection.16,18-21 This combination of 
risk factors support the findings in a recent meta-
analysis that reported an increased association 
between UTI and IND.52 Our review suggests that 
any assumptions about a causal link between the 
various BMM and UTI are erroneous.

Limitations 

This review was limited to a relatively small 
number of studies. The only randomized trial in 
this review involved 28 patients.32 Heterogeneity 
of study design and patient populations precluded 
pooling of results to allow for meta-analysis. When 
possible, we chose to compare UTI rates related to 
IND with IC-A (rather than self-IC), because we felt 
the neurological status of patients of the IC-A group 
would more closely resemble that of the IND group. 
This may not be an accurate or relevant assumption. 

Conclusion 

The scientific literature does not support the 
common belief that IND confers a greater risk 
of UTI than IC.  The majority of studies failed to 
demonstrate a significant difference between the two 
BMM. Studies with nonsignificant trends appearing 
to favor IC were fewer in number than those without 
such trends, and they were more susceptible to 
bias from confounding. Perceptions about risk of 
infection should not drive clinical decision-making 
when choosing between IND and IC. 

Conflicts of Interest

The authors declare no conflicts of interest.



Bladder Management and Infection Risk         105

1.	 Consortium for Spinal Cord Medicine. Bladder 
management for adults with spinal cord injury: a 
clinical practice guideline for health care providers. J 
Spinal Cord Med. 2006; 29(5):537-573. 

2.	 Ginsberg DA, Boone TB, Cameron AP, et al. The AUA/
SUFU Guideline on Adult Neurogenic Lower Urinary 
Tract Dysfunction: Diagnosis and evaluation. J Urol. 
2021;206(5):1097-1105.

3.	 Stöhrer M, Blok B, Castro-Diaz D, et al. EAU guidelines 
on neurogenic lower urinary tract dysfunction. 
Eur Urol. 2009;56(1):81-8. doi: 10.1016/j.
eururo.2009.04.028. 

4.	 Kavanagh A, Baverstock R, Campeau L, et al. 
Canadian Urological Association guideline: Diagnosis, 
management, and surveillance of neurogenic lower 
urinary tract dysfunction - Full text. Can Urol Assoc J. 
2019;13(6):E157-E176.

5.	 Hooton TM, Bradley SF, Cardenas DD, et al.; Infectious 
Diseases Society of America. Diagnosis, prevention, 
and treatment of catheter-associated urinary tract 
infection in adults: 2009 International Clinical Practice 
Guidelines from the Infectious Diseases Society of 
America. Clin Infect Dis. 2010;50(5):625-63.

6.	 Afsar SI, Yemisci OU, Cosar SN, Cetin N. Compliance 
with clean intermittent catheterization in spinal cord 
injury patients: A long-term follow-up study. Spinal 
Cord. 2013;51(8):645-649.

7.	 Yıldız N, Akkoç Y, Erhan B, et al. Neurogenic bladder 
in patients with traumatic spinal cord injury: Treatment 
and follow-up. Spinal Cord. 2014;52(6):462-467.

8.	 Kinnear N, Barnett D, O’Callaghan M, Horsell K, Gani 
J, Hennessey D. The impact of catheter-based bladder 
drainage method on urinary tract infection risk in spinal 
cord injury and neurogenic bladder: A systematic 
review. Neurourol Urodyn. 2020;39(2):854-862.

9.	 Gould CV, Umscheid CA, Agarwal RK. Guideline for 
prevention of catheter-associated urinary tract infections 
2009. Centers of Disease Control and Prevention. 
https://www.cdc.gov/infectioncontrol/guidelines/cauti/

10.	 Association for Professionals in Infection Control and 
Epidemiology. Guide to preventing catheter-associated 
urinary tract infections. 2014. www.apic.org 

11.	 Esclarín De Ruz A, García Leoni E, Herruzo Cabrera 
R. Epidemiology and risk factors for urinary tract 
infection in patients with spinal cord injury. J Urol. 
2000;164(4):1285-1289.

12.	 Larsen LD, Chamberlin DA, Khonsari F, Ahlering TE. 
Retrospective analysis of urologic complications in 
male patients with spinal cord injury managed with 
and without indwelling urinary catheters. Urology. 
1997;50(3):418-422.

13.	� Vasudeva P, Madersbacher H. Factors implicated in 
pathogenesis of urinary tract infections in neurogenic 
bladders: Some revered, few forgotten, others ignored. 
Neurourol Urodyn. 2014;33(1):95-100. 

14.	 Oropallo MA, Goenka R, Cancro MP. Spinal cord 
injury impacts B cell production, homeostasis, and 
activation. Semin Immunol. 2014 Oct;26(5):421-427. 
doi: 10.1016/j.smim.2014.09.014. 

15.	 Balsara ZR, Ross SS, Dolber PC, Wiener JS, Tang 
Y, Seed PC. Enhanced susceptibility to urinary tract 
infection in the spinal cord-injured host with neurogenic 
bladder. Infect Immun. 2013;81(8):3018-3026. 

16.	 Brommer B, Engel O, Kopp MA, et al. Spinal cord 
injury-induced immune deficiency syndrome enhances 
infection susceptibility dependent on lesion level. Brain. 
2016;139(3): 692-707. 

17.	 Pavlicek D, Krebs J, Capossela S, et al. 
Immunosenescence in persons with spinal cord injury 
in relation to urinary tract infections – a cross-sectional 
study. Immun Ageing. 2017;14:22.

18.	 Riegger T, Conrad S, Schluesener HJ, et al. Immune 
depression syndrome following human spinal cord injury 
(SCI): A pilot study. Neuroscience. 2009;158(3):1194-
1199. doi: 10.1016/j.neuroscience.2008.08.021. 

19.	 Oropallo MA, Held KS, Goenka R, et al. Chronic 
spinal cord injury impairs primary antibody responses 
but spares existing humoral immunity in mice. J 
Immunol. 2012;188(11):5257-5266. doi: 10.4049/
jimmunol.1101934. 

20.	 Lucin KM, Sanders VM, Jones TB, Malarkey WB, Popovich 
PG. Impaired antibody synthesis after spinal cord injury 
is level dependent and is due to sympathetic nervous 
system dysregulation. Exp Neurol. 2007;207(1):75-84. 
doi: 10.1016/j.expneurol.2007.05.019. 

21.	 Prüss H, Tedeschi A, Thiriot A, et al. Spinal cord 
injury-induced immunodeficiency is mediated by 
a sympathetic-neuroendocrine adrenal reflex. Nat 
Neurosci. 2017;20(11):1549-1559. doi: 10.1038/
nn.4643. 

22.	 The prevention and management of urinary tract 
infections among people with spinal cord injuries. 
National Institute on Disability and Rehabilitation 
Research Consensus Statement. January 27-29, 1992. 
J Am Paraplegia Soc. 1992;15(3):194-204. 

23.	 Massa LM, Hoffman JM, Cardenas DD. Validity, 
accuracy, and predictive value of urinary tract infection 
signs and symptoms in individuals with spinal cord 
injury on intermittent catheterization. J Spinal Cord 
Med. 2009;32(5):568-573.

24.	 Alavinia SM, et al. Enhancing quality practice for 
prevention and diagnosis of urinary tract infection 
during inpatient spinal cord rehabilitation. J Spinal 
Cord Med. 2017;40(6):803-812.

25.	 Ronco E, et al. Diagnostic criteria of urinary tract 
infection in male patients with spinal cord injury. 
Neurorehabil Neural Rep. 2011;25(4):351-358.

26.	 Sterne JAC, Hernán MA, Reeves BC, et al. ROBINS-I: 
A tool for assessing risk of bias in non-randomized 
studies of interventions. Br Med J. 2016;355:i4919.

REFERENCES



106         Topics in Spinal Cord Injury Rehabilitation/2023;29(1)

27.	 Anderson CE, Chamberlain JD, Jordan X, et al; SwiSCI 
Study Group. Bladder emptying method is the primary 
determinant of urinary tract infections in patients 
with spinal cord injury: Results from a prospective 
rehabilitation cohort study. BJU Int. 2019;123(2):342-
352. 

28.	 Cardenas DD, Mayo ME. Bacteriuria with fever after 
spinal cord injury. Arch Phys Med Rehabil. 1987; 68(5 
Pt 1):291-293.  

29.	 Chen SF, Jiang YH, Jhang JF, Lee CL, Kuo HC. Bladder 
management and urological complications in patients 
with chronic spinal cord injuries in Taiwan. Tzu Chi Med 
J. 2014; 26(1):25-28. 

30.	 Drake MJ, Cortina-Borja M, Savic G, Charlifue SW, 
Gardner BP. Prospective evaluation of urological 
effects of aging in chronic spinal cord injury by 
method of bladder management. Neurourol Urodyn. 
2005;24(2):111-116.

31.	 Goodes L, King G, Rea A, et al. Early urinary tract 
infection after spinal cord injury: A retrospective 
inpatient cohort study. Spinal Cord. 2020;58(1):25-34. 

32.	 Grundy DJ, Fellows GJ, Gillett AP, Nuseibeh I, Silver 
JR. A comparison of fine-bore suprapubic and an 
intermittent urethral catheterisation regime after spinal 
cord injury. Paraplegia. 1983;21(4):227-232. 

33.	 Hennessey DB, Kinnear N, MacLellan L, et al. The 
effect of appropriate bladder management on urinary 
tract infection rate in patients with a new spinal cord 
injury: A prospective observational study. World J Urol. 
2019;37(10):2183-2188. 

34.	 Krebs J, Wöllner J, Pannek J. Risk factors for 
symptomatic urinary tract infections in individuals with 
chronic neurogenic lower urinary tract dysfunction. 
Spinal Cord. 2016; 54(9):682-686. 

35.	 Ku JH, Choi WJ, Lee KY, et al. Complications of the 
upper urinary tract in patients with spinal cord injury: A 
long-term follow-up study. Urol Res. 2005;33(6):435-
439. 

36.	 Liguori PA, Cardenas DD, Ullrich P. Social and 
functional variables associated with urinary tract 
infections in persons with spinal cord injury. Arch Phys 
Med Rehabil. 1997;78(2):156-160. 

37.	 Lloyd LK, Kuhlemeier KV, Fine PR, Stover SL. Initial 
bladder management in spinal cord injury: Does it 
make a difference? J Urol. 1986;135(3):523-527. 

38.	 McGuire EJ, Savastano J. Comparative urological 
outcome in women with spinal cord injury. J Urol. 
1986;135(4):730-731. 

39.	 Mitsui T, Minami K, Furuno T, Morita H, Koyanagi 
T. Is suprapubic cystostomy an optimal urinary 
management in high quadriplegics? A comparative 
study of suprapubic cystostomy and clean intermittent 
catheterization. Eur Urol. 2000; 38(4):434-438. 

40.	 Nunn A, Millard M, Alexander JA, MacLellan L, Byrne 
C. Complications Audit of Urological Issues in Spinal 
Cord Injury Evaluation Study (CAUSES). Melbourne, 

Australia: Institute for Safety, Compensation and 
Recovery Research; 2015.

41.	 Ploypetch T, Dajpratham P, Assanasen S, et al. 
Epidemiology of urinary tract infection among spinal 
cord injured patients in rehabilitation ward at Siriraj 
Hospital. J Med Assoc Thai. 2013;96(1):99-106. 

42.	 Roth JD, Pariser JJ, Stoffel JT, et al. Patient subjective 
assessment of urinary tract infection frequency and 
severity is associated with bladder management 
method in spinal cord injury. Spinal Cord. 2019; 
57(8):700-707. 

43.	 Sekulić A, Nikolić A, Bukumirić Z, et al. Analysis of 
the factors influencing development of urinary tract 
infections in patients with spinal cord injuries. Vojnosanit 
Pregl. 2015; 72(12):1074-1079.

44.	 Singh R, Rohilla RK, Sangwan K, Siwach R, Magu NK, 
Sangwan SS. Bladder management methods and 
urological complications in spinal cord injury patients. 
Indian J Orthop. 2011;45(2):141-147. 

45.	 Stillman MD, Hoffman JM, Barber JK, Williams 
SR, Burns SP. Urinary tract infections and bladder 
management over the first year after discharge 
from inpatient rehabilitation. Spinal Cord Ser Cases. 
2018;19;4:92. 

46.	 Timoney AG, Shaw PJ. Urological outcome in female 
patients with spinal cord injury: the effectiveness 
of intermittent catheterisation. Paraplegia. 
1990;28(9):556-563.

47.	 Togan T, Azap OK, Durukan E, Arslan H. The 
prevalence, etiologic agents and risk factors for urinary 
tract infection among spinal cord injury patients. 
Jundishapur J Microbiol. 2014;7(1):e8905. doi: 
10.5812/jjm.8905. 

48.	 Yavuzer G, Gök H, Tuncer S, Soygür T, Arikan N, Arasil 
T. Compliance with bladder management in spinal cord 
injury patients. Spinal Cord. 2000;38(12):762-765.

49.	 Turi MH, Hanif S, Fasih Q, Shaikh MA. Proportion of 
complications in patients practicing clean intermittent 
self-catheterization (CISC) vs indwelling catheter. J Pak 
Med Assoc. 2006;56(9):401-404.

50.	 Patel DP, Herrick JS, Stoffel JT, Elliott SP, Lenherr SM, 
Presson AP, Welk B, Jha A, Myers JB; Neurogenic 
Bladder Research Group (NBRG.org). Reasons for 
cessation of clean intermittent catheterization after 
spinal cord injury: Results from the Neurogenic Bladder 
Research Group Spinal Cord Injury Registry. Neurourol 
Urodyn. 2020;39(1):211-219.

51.	 Goodwin DM, Brock J, Dunlop S, et al. Optimal 
bladder management following spinal cord injury: 
Evidence, practice and a cooperative approach driving 
future directions in Australia. Arch Phys Med Rehabil. 
2018;99(10):2118-2121.

52.	 Kinnear N, Barnett D, O’Callaghan M, Horsell 
K, Gani J, Hennessey D. The impact of catheter-
based bladder drainage method on urinary tract 
infection risk in spinal cord injury and neurogenic 



Bladder Management and Infection Risk         107

bladder: A systematic review. Neurourol Urodyn. 
2020;39(2):854-862.

53.	 Bakke A, Digranes A, Høisaeter PA. Physical predictors 
of infection in patients treated with clean intermittent 
catheterization: A prospective 7-year study. Br J Urol. 
1997;79(1):85-90.

54.	 Sekar P, Wallace DD, Waites KB, et al. Comparison of 
long-term renal function after spinal cord injury using 
different urinary management methods. Arch Phys Med 
Rehabil. 1997;78(9):992-997.

55.	 Maynard FM, Diokno AC. Urinary infection and 
complications during clean intermittent catheterization 
following spinal cord injury. J Urol. 1984;132(5):943-
946. doi: 10.1016/s0022-5347(17)49959-9. PMID: 
6333518.

56.	 Ryu KH, Kim YB, Yang SO, Lee JK, Jung TY. Results of 
urine culture and antimicrobial sensitivity tests according 
to the voiding method over 10 years in patients with 
spinal cord injury. Korean J Urol. 2011;52(5):345-349. 
doi: 10.4111/kju.2011.52.5.345. 


