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Abstract
Study design The Neurogenic Bladder Research Group (NBRG) registry is a multicenter prospective observational study.
This manuscript is retrospective based on a cross-sectional survey.
Objectives To assess patient subjective assessment of urinary tract infection (UTI) frequency and severity are associated
with the degree of use of catheters or incontinence products.
Setting Multiple hospitals across the United States.
Methods Eligibility included: age > 18 years and acquired SCI. Over 1.5 years, 1479 eligible participants were enrolled. We
excluded those with surgical reconstruction or diversion of the bladder. In total, 1282 participants were grouped by bladder
management: (1) indwelling catheter (IDC), (2) clean intermittent catheterization (CIC), (3) external devices (pads/condom),
and (4) volitional voiding (Void). UTI frequency was classified as 0, 1–3, 4–6, or > 6 over the prior year. UTI severity was
determined by hospitalization for UTI in the prior year. Multivariate regression compared these factors across groups.
Results UTIs were least frequent in Void followed by pads/condom, CIC, and IDC (all p ≤ 0.001). UTI severity followed a
similar pattern. Controlling for covariates, the adjusted odds of UTI frequency (Void= reference) were 2.28 (1.38–3.76) for
pads/condom, 3.42 (2.25–5.18) for CIC, and 4.3 (2.59–6.70) for IDC (all p ≤ 0.001).
Conclusions Patient subjective assessment of UTI frequency is highest with IDC, followed by CIC, pads/condom, and
lowest with spontaneous voiding. The odds of hospitalization for UTI were three times higher for IDC than spontaneous
voiding. UTI risk should be considered when counseling patients about bladder management options. These associations do
not imply causation but warrant further investigation in a prospective manner.
Sponsorship Patient-Centered Outcomes Research Institute (PCORI) Award (CER14092138).

Introduction

In the United States, ~ 282,000 people are living with spinal
cord injury (SCI), with an annual incidence of 17,000 cases
[1]. Although the etiology of SCI varies with age, the most

common cause is trauma [1, 2]. Although predominantly
affecting younger individuals, the average age at injury has
increased in recently to 42 years. The majority of those with
SCI are male and non-Hispanic white [1].

Historically, renal failure was the leading cause of death
in those with SCI [3]. With advances in bladder management
and renal replacement therapy, renal failure is now an
uncommon cause of death [3]. Urinary tract infection (UTI)
is a major source of morbidity with urosepsis as one of the
leading causes of death. Despite improved antiinfective
catheter materials, prophylactic antibiotics, and antiseptic
agents, sepsis from UTI remains a leading cause of death in
SCI patients [1, 4, 5]. Pneumonia/respiratory issues represent
the leading cause of mortality in this population [1, 4, 5].
Approximately 30% of those with SCI are hospitalized one
or more times annually [1]. UTIs and other genitourinary
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complaints are the leading cause of admissions and the most
common cause of health care utilization in this population
[6]. Furthermore, UTIs are a significant cause of distress for
people with SCI [7].

Owing to a neurogenic bladder from SCI, most indivi-
duals require a bladder emptying strategy, which can
include (1) indwelling catheter (IDC), (2) clean intermittent
catheterization (CIC), (3) external devices (pads, diapers,
condom catheter [pads/condom]), or (4) volitional voiding
(Void). The selection of the type of bladder management
depends on level of SCI and potential impairment in upper
extremity motor function, patient gender, patient age, and
patient preferences [8]. The main goal of this management
is to prevent complications of neurogenic lower urinary
tract dysfunction such as kidney failure, urinary tract
infections, urinary stones, or urethral injuries, and to avoid
urinary incontinence. Current evidence suggests that IDC is
associated with a higher risk of UTI than CIC but data are
scarce, relying on small sample sizes, and comparisons with
external devices or Void are lacking [9, 10].

Given the current national focus on reducing catheter-
associated UTIs in the non-SCI population, and in light of
the particularly high morbidity associated with UTI in the
SCI population, we sought to determine the frequency and
severity of UTI associated with the degree of use of
catheters or other incontinence products. This study was
funded by the Patient-Centered Outcomes Research Insti-
tute (PCORI), which promotes improvements in patient care
through an application of patient-centered outcomes
research. The goal of this study was to examine the fre-
quency and severity of UTIs from a patient perspective, as
opposed to culture proven UTIs so as to capture patient-
centered outcomes. Although these patient-centered out-
comes may not represent true UTIs, they do represent
morbidity of disease and often consume health care
resources, whereas impacting quality of life in our patients.
Our hypothesis is that frequency and severity of UTIs
correlate with the degree of catheter exposure; that is, UTI
frequency/severity are lowest the Void group, followed by
pads/condom, followed by CIC and finally the highest risk
in IDC.

Methods

The Neurogenic Bladder Research Group (NBRG) registry
is a multicenter prospective observational study of people
with SCI; the primary objective is to compare neurogenic
bladder related quality of life across different methods of
bladder management (clinicaltrials.gov NCT02616081). In
accordance with the goals of studies funded by the Patient
Centered Outcomes Research Institute, study design,
execution, interpretation of findings and dissemination of

conclusions were all conducted with significant input from
stakeholders with SCI.

Registry eligibility included: age > 18 years, ability to
effectively communicate in written and spoken English and
acquired SCI (including, e.g., traumatic, spinal cord stroke,
tumor without current malignancy, surgical injury, and
transverse myelitis). We excluded people with congenital
SCI (e.g., cerebral palsy, spina bifida, caudal regression, or
sacral agenesis) and people with progressive SCI (e.g.,
active malignancy or progressive neurologic diseases
affecting the spinal cord such as multiple sclerosis). Parti-
cipants were recruited from urology clinics and rehabilita-
tion clinics at the Universities of Michigan, Minnesota, and
Utah, inpatient rehabilitation centers, nursing homes and
through online advertisement on social media websites and
SCI advocacy websites. Institutional Review Board
approval was obtained at each university site.

Participants were enrolled over a 1.5-year period. Parti-
cipants completed an enrollment interview with a trained
study coordinator. The enrollment interview included stan-
dardized questions that documented demographic and
clinical data relevant to SCI and neurogenic bladder. Given
the community-based study design, no medical chart review
was performed.

Although, the principal aim was to compare patient-
reported outcomes through standardized, validated assess-
ments prospetively, we also collected adjunct data at
enrollment about conditions that would impact upon quality
of life, such as the self-reported frequency and severity of
UTIs. For the purposes of the current manuscript, we con-
ducted a retrospective review focused on responses to two
questions in the enrollment questionnaire delivered at
enrollment that assessed patient-perceived UTI frequency
and severity over the 12 months prior to enrollment: (1)
“How many urinary tract infections (including bladder or
kidney infections) have you had over the past 12 months?”
which was reported as a categorical variable (0, 1–3, 4–6,
>6 in the last year) and (2) “Have you been hospitalized for
a UTI or kidney infection in the last 12 months?” which was
reported as a binary variable (yes, no). This paper aims to
assess the frequency and severity of patient-perceived UTIs,
which may not represent what physicians consider to be a
culture proven “UTI,” but can cause significant distress in
patients with SCI [7].

For this study, we excluded registry participants with
surgical reconstruction or diversion of the urinary bladder
and grouped the remaining participants by their primary
bladder management as follows: (1) IDC, (2) CIC, (3)
external devices (pads, diapers, condom catheter [pads/
condom]), and (4) Void. Void was determined by asking
patients “Do you control your urination normally and uri-
nate into a toilet?” Baseline demographic and clinical data
were compared across bladder management groups using
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chi squared tests for categorical variables and analysis of
variance for continuous variables. UTI frequency and hos-
pitalization were compared across groups and analyzed
using chi-squared tests. Next, univariate logistic regression
was performed to examine risk factors for UTI frequency
and hospitalization. Multivariate ordinal regression was
then performed to determine risk factors for UTI frequency
and hospitalization while controlling for confounders. Pos-
sible confounders included age, gender, body mass index,
income level, in-home support, age-adjusted Charlson
comorbidity index (CCI), level of injury, and duration since
injury. Age-adjusted CCI is a measure of disease burden
arising from multiple comorbidities, with higher scores
representing sicker patients [11]. Income level and in-home
support were included as surrogates for the amount of
support available to patients. P < 0.05 was considered sta-
tistically significant.

Results

A total of 1479 people were enrolled in the study; 1282
participants had no prior bladder reconstruction and quali-
fied for the current investigation. Bladder management
groups included CIC (n= 753), IDC (n= 271), pads/con-
dom (n= 150), and Void (n= 109). In those who per-
formed CIC, the mean number of daily catheterizations was
5.94 (SD 1.81). Baseline characteristics are described in
Table 1. Most participants were men, and there was little
difference by bladder management group; however, within
the pads/condom group it should be noted that only men
used a condom catheter and that women represented a
majority of the pad/diaper group. Those who performed
CIC were younger (43.7 vs. > 45.9) and had a lower BMI
(26.1 vs. > 27.2) than those in the other groups. Level of
SCI (% tetraplegia) was lowest in CIC (30%) followed by
Void (43%), pads/condom (51%) and IDC (69%).

The overall incidence of UTI in the present study is
comparable to an incidence rate of 0.3–1 UTIs per 100
person-days. UTIs were least frequent in Void followed by
pads/condom, CIC and IDC (p < 0.001; Fig. 1). UTI
severity followed a similar pattern: Void (6% hospitaliza-
tion) followed by pads/condom (9%), CIC (11%), and IDC
(22%; p < 0.001) (Table 2). We also performed an analysis
of UTI frequency and severity between patients with an
indwelling urethra catheter (N= 190) compared with a
suprapubic tube (N= 81), and there was no significant
difference (p= 0.171 and p= 0.323, respectively).

Using multivariate ordinal regression analysis, models
were constructed to examine the impact of bladder man-
agement strategy on UTI rates and severity while control-
ling for demographic and clinical factors (Table 3). The
adjusted odds of increased UTI frequency (reference: Void)

were 2.28 (1.38–3.76, p= 0.001) for pads/condom, 3.42
(2.25–5.18, p < 0.001) for CIC and 4.12 (2.59–6.70, p <
0.001) for IDC. Other factors independently associated with
rate of UTIs were younger age (OR= 1.02 (1.01–1.04),
< 0.001) for each additional year, p < 0.001), female gender
(OR= 1.42 (1.13–1.79), p= 0.002), and in-home support
of “Hired Help” (OR= 1.76 (1.32–2.36), p= 0.001) and
“Other” (OR= 2.25 (1.51–3.35), p < 0.001). The odds of
UTI hospitalization (Void= reference) were significantly
elevated only for IDC (2.9 (1.07–7.85), p= 0.036). Age-
adjusted CCI of 2+ (OR= 2.45 (1.18–5.09), p= 0.017)
and more in-home support of “Hired Help” (OR= 2.20
(1.30–3.70), p= 0.003) was associated with higher odds of
increased UTI hospitalization. Higher household income
($40,000–75,000/year compared with < $40,000/year) was
associated with decreased UTI hospitalization (OR= 0.56
(0.32–0.99), p= 0.047).

When stratifying our analysis by gender, women were
noted to have more UTIs than men (OR 1.42, p= 0.002),
however, there was no difference in rates of hospitalization
(p= 0.136). For men, compared with spontaneous voiding,
IDC (OR 7.04, p < 0.001), CIC (OR 4.68, p < 0.001), and
condom catheter (OR 3.68, p= 0.001) were all associated
with higher rates of UTI. For women, compared with
spontaneous voiding, IDC (OR 2.18, p= 0.04) and CIC
(OR 2.38, p= 0.01) were associated with higher rates of
UTI, whereas pads were not (p= 0.75).

For our model, the determination coefficient, R2, is less
than or equal to 0.1, meaning that 10% of the dependent
variable is predictable by the independent variables. Fur-
ther, the model’s goodness of fit, as measured by the c-
statistic, is greater than or equal to 0.635, indicated the
model fit is acceptable.

Discussion

The present study is the largest to compare incidence of
patients’ subjective appreciation of UTIs across all of these
management strategies. We found the risk of UTI is highest
with IDC, followed by CIC, then pads/condom, and lowest
with spontaneous voiding. This association remained sig-
nificant even when controlling for multiple demographic
and clinical variables. A subset analysis of the IDC group
showed that there was no significant difference in UTI rate
or hospitalization between patients with indwelling urethral
catheter vs. suprapubic tube. Previous studies have shown
no difference in UTI incidence between CIC and condom
drainage [12], between CIC and voiding [13], or between
CIC, condom drainage and voiding [14]. In addition, cur-
rent studies have small sample sizes, which could make the
data unreliable [12, 13]. For example, in the Escarlin De
Ruz et al. paper, there are only 41 patients using a condom
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Table 1 Baseline patient characteristics based on primary bladder management

Primary bladder management group P value

Spontaneous Void to toilet Pads/condom CIC Indwelling catheter

Number 109 150 753 271

Age mean (SD) 47.7 (13.1) 48.7 (12.8) 43.7 (13.1) 45.9 (13.2) <0.001

Gender N (%) 0.223

Male 68 (62.4) 94 (62.7) 504 (66.9) 164 (60.5)

Female 41 (37.6) 56 (37.3) 248 (32.9) 107 (39.5)

BMI mean (SD) 27.9 (6.9) 27.4 (7.6) 26.1 (6.0) 27.2 (7.8) 0.005

Income level 0.007

<40 K 31 (28.4) 52 (34.7) 263 (34.9) 123 (45.4)

40–75 K 26 (23.9) 27 (18.0) 154 (20.5) 48 (17.7)

>75 K 19 (17.4) 25 (16.7) 163 (21.6) 38 (14.0)

Unknown 32 (29.4) 45 (30.0) 169 (22.4) 57 (21.0)

In-home support <0.001

None 57 (52.3) 61 (40.7) 380 (50.5) 40 (14.8)

Hired help 14 (12.8) 46 (30.7) 160 (21.3) 140 (51.7)

Live in family/friend 26 (23.9) 24 (16.0) 137 (18.2) 49 (18.1)

Other 10 (9.2) 13 (8.7) 66 (8.8) 16 (5.9)

Missing 2 (1.8) 6 (4.0) 10 (1.3) 26 (9.6)

Age-adjusted CCI <0.001

0 57 (52.3) 65 (43.3) 458 (60.8) 141 (52.0)

1 23 (21.1) 49 (32.7) 174 (23.1) 64 (23.6)

2+ 29 (26.6) 36 (24.0) 121 (16.1) 66 (24.4)

Level of injury <0.001

Tetraplegic 47 (43.1) 77 (51.3) 229 (30.4) 188 (69.4)

Paraplegic 58 (53.1) 66 (44) 514 (68.2) 80 (29.5)

Unknown 4 (3.7) 5 (3.3) 9 (1.2) 3 (1.1)

Duration since injury mean (SD) 9.5 (10.8) 16.0 (12.9) 12.5 (10.4) 15.6 (12.7) <0.001

Numbers may not add up to 100% owing to missing data

Pads/condom includes spontaneoulsy voiding to diapers, spontaneously voiding to pads, and condom catheter

Fig. 1 Frequency of UTIs in
prior year
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catheter and 25 patients with normal voiding. Furthermore,
this study was not a very accurate representation of UTI
rates because all patients underwent a surveillance urine
culture every 10 days regardless of symptoms [12].
Although patients were only considered to have a UTI if the
culture was positive and they had symptoms; there is sig-
nificant bias involved in checking urine cultures every
10 days.

Although those with pads/condoms have constant
exposure to products, this exposure is external, which may

decrease the risk of UTI as opposed to internal products like
CIC or IDC. In this study, all patients who used condom
catheters were men and pads users were disproportionately
women. Whereas women tended to have more UTIs, the
effect of product exposure on UTIs was greater in men.

UTI is a major source of morbidity in SCI patients [1, 2,
14–21]. Incomplete voiding, elevated intravesical pressures,
and catheter use all contribute to an increased risk of
symptomatic UTI [19]. Although patients with SCI are
often recommended to manage their bladder with CIC or

Table 3 Multivariate ordinal
regression for UTI rate and UTI
hospitalization

UTI rate UTI hospitalization

Adjusted OR 95% CI p Adjusted OR 95% CI p

Bladder management group (ref: Void)

Pads/condom 2.28 1.38–3.76 0.001 1.32 0.43–4.03 0.627

Clean intermittent catheter 3.42 2.25–5.18 <0.001 2.06 0.80–5.31 0.137

Indwelling catheter 4.16 2.59–6.70 <0.001 2.90 1.07–7.85 0.036

Age (per year increase) 1.02 1.01–1.04 <0.001 1.02 1.00–1.04 0.060

Female gender (ref: male) 1.42 1.13–1.79 0.002 0.73 0.48–1.10 0.136

BMI (per kg/m2 increase) 1.00 0.98–1.02 0.841 1.00 0.97–1.03 0.872

Age-adjusted CCI (ref: 0)

1 1.17 0.84–1.63 0.366 1.39 0.77–2.52 0.270

2+ 1.41 0.91–2.21 0.129 2.45 1.18–5.09 0.017

Household Income (ref < $40 K/yr)

$40–75 K 0.92 0.68–1.25 0.589 0.56 0.32–0.99 0.047

>$75 K 0.78 0.58–1.07 0.121 0.57 0.32–1.01 0.052

In-home support (ref: none)

Hired help 1.76 1.32–2.36 0.001 2.20 1.30–3.70 0.003

Live in family/friend 1.35 0.99–1.83 0.058 1.73 0.98–3.06 0.059

Other 2.25 1.51–3.35 <0.001 2.48 1.27–4.87 0.008

Level of injury (ref: tetraplegia)

Paraplegia 1.11 0.86–1.42 0.422 0.84 0.55–1.30 0.434

Unknown 0.97 0.38–2.46 0.943 0.54 0.07–4.36 0.562

Duration since Injury (per year) 1.00 0.99–1.01 0.555 1.01 1.00–1.03 0.137

Table 2 UTI rate and UTI
hospitalization based on bladder
management

Primary bladder management group

Spontaneous Void to toilet Pads/condom CIC Indwelling catheter

Number 109 150 753 271

UTI in the last year N (%)

0 58 (53.2) 53 (35.3) 172 (22.8) 49 (18.1)

1–3 37 (33.9) 62 (41.3) 372 (49.4) 126 (46.5)

4–6 8 (7.3) 18 (12.0) 117 (15.5) 44 (16.2)

>6 5 (4.6) 17 (11.3) 92 (12.2) 52 (19.2)

UTI hospitalization in the last year N (%)

Yes 6 (5.5) 13 (8.7) 82 (10.9) 59 (21.8)

No 103 (94.5) 137 (91.3) 671 (89.1) 212 (78.2)

Numbers may not add up to 100% owing to missing data
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IDC, there remains a relative lack of data on the rate of
UTIs across management strategies. The current study
represents the largest evaluation of patient subjective
assessment of UTI incidence and severity in the manage-
ment of neurogenic bladder owing to SCI.

Previous research has shown that long-term IDC is
associated with reduced bladder compliance (i.e., reduced
elasticity and increased bladder pressures) and reduced
compliance results in an increased likelihood of bacterial
invasion across the mucosa of the bladder [17, 22]. Simi-
larly, bladder ischemia, triggered by increased bladder
pressure from low bladder compliance, bladder outflow
obstruction or overdistension influences the presence of
UTIs [23]. In other words, reduced bladder compliance is
one factor in the progression from bacterial colonization to
bacterial infection.

In all, 188/541 (35%) of participants with tetraplegia
were managed with IDC, compared with only 80/718 (11%)
of participants with paraplegia. Cameron et al. [24] have
shown that the prevalence of IDC increases from 23% in the
first year after SCI to 45% 30 years after injury. Because
IDC is highly associated with increased frequency of UTIs
and hospitalization for UTIs, and because people with tet-
raplegia are most likely to be managed with IDC, we should
pursue strategies that enable people with tetraplegia to avoid
IDC. Adaptive technology such as tenodesis splints can
augment upper extremity function and facilitate CIC in
people with partial upper extremity function. Upper arm
surgeries, such as tendon and nerve transfers, are also an
option. Surgical creation of a continent catheterizable stoma
on the abdominal wall (e.g., Mitrofanoff) facilitates ease of
catheterization.

The overall patient subjective assessment of UTI inci-
dence in the present study is comparable to an incidence
rate of 0.3–1 UTIs per 100 person-days, which is in line
with the reported incidence rate of 0.64–0.68 UTIs per
hundred person-days in the literature [12, 14]. Although this
does not imply that self-reported measures of UTIs provide
valid estimates of incidence rates, the fact that our reported
rates are similar to those reported in the literature suggests
that our measure approximates the real incidence of UTIs in
this population. UTIs occurred most frequently in those
with IDC in the present study, which is similar to other
series [12–14]. IDCs are the strongest risk factor for UTI in
SCI patients [16]. The risk of UTI increases with increasing
duration of IDC [25]. This is owing to an adherent bacterial
biofilm, which ascends through the luminal and external
surfaces of an IDC within 8–24 h. This leads to bacterial
adherence on the bladder surface and symptomatic UTI
[17]. owing to chronic bacterial colonization within bio-
films, even targeted antibiotic treatment may fail to eradi-
cate the catheter-associated UTI, and routine IDC changes
may need to be scheduled every 1–2 weeks [16].

UTI severity followed a similar pattern to UTI incidence:
IDC (22% hospitalization), CIC (11%), pads/condom (9%),
and Void (6%). However, IDC remained the only bladder
management strategy with increased odds of hospitalization
compared to voiding when controlling for covariates.
Owing to the risk of sepsis and death, suspected UTIs
should be thoroughly evaluated and treated appropriately. In
addition, UTIs account for up to 40% of nosocomial
infections, many being catheter related [9, 16, 19, 25]. UTIs
accounted for 70% of fevers in SCI patients admitted to a
rehabilitation unit and was shown to significantly prolong
admission. In patients with fever, the use of an IDC was
significantly higher compared with CIC and spontaneous
voiding [26]. Early infection after SCI may affect long-term
neurologic recovery, making the prevention of febrile
infection a high priority [27]. A study analyzing predictors
of mortality in veterans with SCI revealed 40% of patients
were deceased at the end of a 12-year study period, with
UTI being the third leading cause of death (14%) behind
pneumonia (21%) and cancer (16%) [4]. Further, this study
revealed that those with hired in home help were more
likely to have UTIs, which is likely a marker for decreased
functional status. This corroborates previous reports of
decreased functional independence and those requiring
maximal assistance as risk factors for UTIs [20].

In some ways, this analysis supports the existing litera-
ture. We show that UTI frequency and severity are higher in
IDC than CIC; the higher risk of UTI is one of the many
reasons physicians often recommend CIC over IDC [28,
29]. However, in other ways, our findings challenge exist-
ing dogma. Guidelines recommend caution when managing
patients with Crede voiding and Valsalva voiding because
emptying can occur at high pressure, can be incomplete,
associated with urinary tract infections, and can cause
vesicoureteral reflux owing to increased bladder pressure
[28, 29]. We do not know the voiding characteristics of our
pads/condom group; specifically, we do not know how
many void by Valsalva vs. Crede vs. have frequent incon-
tinence owing to detrusor overactivity. Still, we demonstrate
that participants managed with pads/condom report fewer
UTIs than participants on CIC. These data should not be
interpreted to recommend against CIC; rather, these data
suggest that from a UTI perspective it may be safe to allow
some individuals with SCI to utilize pads/condom (where
conventionally, they would be recommended to perform
CIC or have an IDC). As this refutes existing treatment
recommendations, further research is warranted to identify
which patients would benefit from CIC and which would be
safe to utilize pads/condom.

Our study has several limitations. First, this study relied on
self-reported UTIs, rather than culture-confirmed UTIs. This
may overestimate the number of UTIs as self-reported UTI in
individuals with SCI has been shown to have a positive
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predictive value of only 33% [30, 31]. However, this study
measures the morbidity associated with UTIs, which correlates
with health care utilization and cost [32]. Further, although self-
reported rates of UTIs may not be accurate, the degree of
inaccuracy should not differ across bladder management
groups. The patients were not randomized, and their method of
bladder management was determined based on their clinical
situation. Further, each patient was categorized into a bladder
management group based on the method they used for the
majority of time; yet, multiple bladder management methods
could have been used in any given patient. It would have been
impractical to have more than four categories for the purpose of
analysis, this would make numbers too small to power, so
patients were grouped by the method they used for the majority
of the time. In addition, there were several items we did not
control for, such as menopausal status in women, comorbidities
such as diabetes, intradetrusor botulinum toxin usage, antic-
holinergic usage, or urodynamic data that could be investigated
with future studies. However, the analyzing the use of botuli-
num toxin and anticholinergics in this population without
knowing urodynamic parameters would risk misattribution
bias. The data were also collected retrospectively, and as such
this work should be viewed as exploratory. Further investiga-
tion with a prospective cohort study using a representative
sample in which a prespecified definition of UTI is used that
follows the NIDRR definition and includes both signs and
symptoms of a UTI as well as culture proven UTI should aim
to more rigorously prove a causal link between method of
bladder emptying and UTIs [33].

In conclusion, UTI frequency is highest with IDC, fol-
lowed by CIC, then pads/condom, and lowest with spon-
taneous voiding. The odds of hospitalization for UTI were
three times higher for IDC than for spontaneous voiding.
UTI risk should be considered when counseling patients
about bladder management options. These associations do
not imply causation but warrant further investigation in a
prospective manner.
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