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Abstract
Study Design Secondary analysis of data from a prospective clinical trial of telephone counseling.
Objectives To describe changes in bladder management and development of bladder-related complications in the first year
after discharge from inpatient spinal cord injury (SCI) rehabilitation. To determine whether urinary tract infection (UTI) is
associated with bladder management technique or severity of SCI during this time period.
Setting One SCI Model System center.
Methods Post hoc analysis of bladder-specific responses to a phone intervention meant to reduce secondary complications
of paralysis in adults (n= 169) over the first year after discharge from initial inpatient rehabilitation (IR).
Results Bladder management was associated with injury level during and immediately after inpatient rehabilitation, and with
American Spinal Injury Association (ASIA) Impairment Scale (AIS) score over the entire year. During one year of follow-
up, 19% of patients changed bladder management techniques. Among participants performing intermittent catheterization
(IC), 20% had urinary incontinence weekly or more frequently. The cumulative incidence of UTI was 71% by the end of the
study, and between 27 and 46% of subjects reported UTIs during each 3-month period. Subjects with spontaneous voiding
reported significantly fewer UTIs than those using IC or indwelling catheterization (IDC), but there was no significant
difference in UTIs between IC and IDC.
Conclusion During the first year following discharge, approximately one in five patients changed the bladder management
technique and urinary incontinence occurred in a substantial proportion of those performing IC. These findings suggest a
need for more frequent monitoring of bladder changes and complications over the first year after IR.

Introduction

The literature addressing management and complications of
neurogenic bladder in chronic spinal cord injury (SCI) is
extensive. It is known that people with SCI use mechanical,
catheter-based, surgical, and pharmacological strategies for
bladder emptying [1–3], that patients’ bladder management
methods may change over the course of an injury [4, 5], and
that urinary tract infections (UTIs) are a significant problem
in chronic SCI [6, 7], with as many as 56.5% of individuals
with injuries developing them on an annual basis [8]. Stu-
dies have demonstrated that bladder dysfunction is the most
common cause of hospitalization among people with
chronic SCI [9] and that urinary tract disease and urosepsis
cause considerable mortality [10, 11]. Multiple factors must
be considered in developing optimal plans for bladder
management, including potential risks and benefits of spe-
cific methods and patients’ anatomy, hand and cognitive
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function, detrusor pressures, fluid intake and requirements,
and care giver availability [3].

Fewer data are available about the management and
complications of neurogenic bladder soon after initial hos-
pital discharge. While some studies indicate that UTIs and
bladder dysfunction have no more than a mild impact on
injured individuals’ lifestyles and independence [12, 13],
others indicate that both bladder management and infection
are of significant concern [14, 15]. UTI during inpatient
rehabilitation (IR) [16] and use of indwelling catheters
(IDC) [17] have been correlated with early re-
hospitalization. Intermittent catheterization (IC) program
use drops within the first year after discharge from IR [5,
11]. The incidence of UTI during the first year of injury is
between 47 and 62% [14, 15], and genitourinary compli-
cations (including UTI) are the most common cause of
emergency room visits and re-hospitalizations in the
12 months following discharge from acute rehabilitation
[18]. While urinary infections account for approximately
50% of bacteremic episodes among people living in long-
term care facilities [19], they cause between 65% and 75%
of cases in individuals with SCI [20, 21].

In this paper we sought to determine the frequency of
self-reported UTI, incontinence, and use of bladder man-
agement techniques at multiple time points across the first
year following discharge from acute rehabilitation. We
further sought to assess potential associations between
injury severity, bladder emptying strategy, and risk of UTI
and incontinence. Our goal was to better illuminate bladder-
specific challenges faced by individuals who have recently
sustained SCI and to gather data that will help patients and
clinicians develop optimal bladder management plans.

Methods

Data were gathered from 169 adults with traumatic SCI who
completed a randomized controlled trial that compared tel-
ephone counseling interventions with usual care across the
first year following discharge from IR [22]. Full inclusion
criteria are those of the National Institute on Disability,
Independent Living, and Rehabilitation Research
(NIDILRR) funded Spinal Cord Injury Model System [23].
Briefly, all participants were 18 years of age or older and
had been admitted to and completed IR within one year of
injury. Exclusion criteria included lack of a telephone, being
a non-English speaker, and exhibiting active psychosis. The
randomized controlled trial showed no improvement in
primary outcomes of health-care utilization in the telephone
intervention versus the control group. Similarly, there were
no statistically significant differences between intervention
and control groups with respect to the primary outcomes
examined in this study (UTIs and bladder incontinence). For

those reasons, we combined data from the intervention and
control groups for all analyses in this study.

Bladder management technique during IR and at time of
discharge was determined by an inpatient attending phy-
siatrist in consultation with urologists, as needed, and fol-
lowing principles in clinical practice guidelines [3]. In
general, these physicians recommended IC when the patient
had sufficient hand function to use this method indepen-
dently or had a care giver who was available to learn the
technique during his/her inpatient stay. Use of spontaneous
voiding was limited to voluntary voiding, with no attempt to
use reflex voiding as a method of bladder management. This
was due to two factors: (a) IR lengths of stay have
decreased, and there can be significant change in bladder
function early in injury; and (b) patients cared for at our
center return to home across a five state region, and use of
IC or IDC can limit incontinence, prevent development of
high intravesicular pressures, and help limit infection from
incomplete emptying, all of which can occur with reflex
voiding. Following discharge, changes to the bladder
management technique were made by staff from the center’s
outpatient rehabilitation medical clinic, by the patient’s
primary care provider, or by specialist physicians unaffi-
liated with the center.

Eighty percent of eligible patients admitted between the
years 2007 and 2010 agreed to participate and were fol-
lowed prospectively via structured phone interviews at 3, 6,
9, and 12 months after discharge. Research staff success-
fully obtained phone interview data on between 79 and 88%
of subjects during each of the telephone calls at 3-month
intervals. Participants were asked whether they had devel-
oped any SCI-related complications since last having been
contacted, and the phone interviews contained questions
about self-reported UTIs, urinary incontinence, and bladder
management strategies utilized. UTIs were assessed by
asking participants whether they had experienced a UTI
during the prior 3 months, and if so, how many. While
formal criteria for infection identification were not assessed,
subject responses represented “real world” medical care.
Participants were asked how they were managing their
bladder at the time of each interview as well as how fre-
quently they experience bladder incontinence.

Incidence of UTI at each assessment refers to the pro-
portion of new cases, and was thus calculated as the pro-
portion of previously UTI-free subjects who developed an
infection during the previous 3 months. Cumulative inci-
dence was also calculated as a sample proportion, but since
these naive estimates are usually biased by missing data we
have also provided Kaplan–Meier estimates of cumulative
incidence (CI) calculated as the cumulative product of the
non-UTI incidences through time-of-assessment and sub-
tracting from one. Differences in UTI rates among various
management strategies at each assessment were tested
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statistically using Fisher’s exact test and post hoc pairwise
testing [24]. Additionally, multivariate logistic regression
was used to adjust these analyses for level of injury. All
study interventions were approved by the University of
Washington Institutional Review Board. We certify that all
applicable institutional and governmental regulations con-
cerning the ethical use of human volunteers were following
during the course of this research.

Results

Participants’ mean age was 41 years, 79% were males, and
83% identified as White. Thirty-four percent had American
Spinal Injury Association (ASIA) Impairment Scale (AIS)

grade A–C cervical injuries, 28% had AIS A–C injuries
below T1, and 38% had AIS D injuries. Eighty percent of
subjects had been initially discharged to private homes, and
the majority of the remainder (18%) were discharged to
nursing homes or skilled nursing facilities. Although the
regional SCI center serves a large geographic area, only
32% of participants lived more than 100 miles from the
center, and 43% lived within 30 miles. The majority (81%)
resided in metropolitan locations when initially discharged.

At time of discharge from IR, 44% of participants were
using IDC, 21% were using IC, and 33% were voiding
spontaneously. At 12 month follow-up, 29% were using
IDC, 27% were using IC, and 43% were voiding sponta-
neously (Table 1). None of these changes reached statistical
significance. Bladder management strategies during the first

Table 1 Sample descriptives
Baseline 3 months 6 months 9 months 12 months

Assessed for follow-up at time point

Yes 169 (100%) 136 (80%) 133 (79%) 138 (82%) 149 (88%)

No 0 (0%) 33 (20%) 36 (21%) 31 (18%) 20 (12%)

Bladder management

Foley/Suprapubic/Indwelling
catheter

74 (44%) 47 (35%) 43 (32%) 47 (34%) 42 (29%)

Intermittent catheterization 35 (21%) 31 (23%) 36 (27%) 38 (28%) 39 (27%)

Crede (manual expression of
urine)

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Spontaneous 55 (33%) 58 (43%) 52 (39%) 52 (38%) 63 (43%)

Other 4 (2%) 0 (0%) 2 (2%) 1 (1%) 3 (2%)

Unknown 1 0 0 0 2

Bladder incontinence frequency

No incontinence 36 (78%) 44 (62%) 47 (57%) 53 (58%) 63 (59%)

Only occasionally 5 (11%) 14 (20%) 13 (16%) 14 (15%) 13 (12%)

At least once per month 1 (2%) 3 (4%) 4 (5%) 7 (8%) 6 (6%)

Every other week 0 (0%) 0 (0%) 3 (4%) 3 (3%) 3 (3%)

Every week 1 (2%) 2 (3%) 7 (9%) 2 (2%) 13 (12%)

Every day 1 (2%) 3 (4%) 5 (6%) 7 (8%) 4 (4%)

Twice or more per day 2 (4%) 5 (7%) 3 (4%) 5 (5%) 4 (4%)

N/A—catheterized (option #1
above)

74 47 43 47 42

Unknown 49 18 8 0 1

Bladder incontinence by management technique (% incontinent ≥1 per month)

Intermittent catheterization 4/23 (17%) 9/25 (36%) 13/31 (42%) 16/38 (42%) 17/39 (44%)

Spontaneous 1/23 (4%) 4/46 (9%) 8/50 (16%) 8/52 (15%) 10/62 (16%)

Other 0/0 0/0 1/1 (100%) 0/1 (0%) 2/3 (67%)

N/A—Catheterized (option #1
above)

74 47 43 47 42

Unknown 49 18 8 0 3

Additional complications

Urologic complications other
than UTI and incontinencea

1 (1%) 11 (8%) 15 (11%) 19 (14%) 15 (10%)

aOther urologic complications included hematuria, urinary sediment, bladder and kidney stones, bladder
spasms, urinary retention, traumatic hypospadias
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year after discharge were associated with level and com-
pleteness of injury; over 90% of individuals with high
cervical motor complete injuries but fewer than 26% of

people with paraplegia and less than 8% of people with AIS
D injuries utilized IDC (Table 2). Nineteen percent of
subjects reported having changed their bladder management

Table 2 Associations of urinary tract infection and bladder management strategy with severity of injury

Baseline 3 months 6 months 9 months 12 months

Rates of urinary tract infection (UTI)

Prevalence 42% (71/169) 46% (62/135) 34% (45/132) 30% (41/138) 27% (40/147)

Incidence1 42% (71/169) 33% (27/81) 9% (5/54) 6% (3/51) 11% (6/53)

Cumulative incidence2 42% (71/169) 64% (98/152) 68% (103/152) 69% (106/154) 70% (112/159)

Cumulative incidence (Kaplan–Meier)3 42% 61% 65% 67% 71%

Rates of indwelling catheterization by injury level

AIS A–B/C1–C4 28/29 (97%) 23/24 (96%) 22/24 (92%) 24/25 (96%) 24/26 (92%)

AIS C/C1–C4 4/5 (80%) 2/3 (67%) 3/4 (75%) 1/4 (25%) 2/5 (40%)

AIS A–B/C5–C8 14/19 (74%) 11/17 (65%) 7/15 (47%) 9/17 (53%) 9/18 (50%)

AIS C/C5–C8 2/3 (67%) 0/3 (0%) 0/3 (0%) 0/3 (0%) 0/3 (0%)

AIS A–B/paraplegia 14/35 (40%) 6/24 (25%) 7/29 (24%) 8/31 (26%) 4/28 (14%)

AIS C/paraplegia 4/11 (36%) 2/10 (20%) 2/10 (20%) 2/10 (20%) 1/11 (9%)

AIS D 7/63 (11%) 2/53 (4%) 2/46 (4%) 3/46 (7%) 2/53 (4%)

Unknown 1/3 (33%) 1/2 (50%) 0/2 (0%) 0/2 (0%) 0/3 (0%)

Proportion of subjects with indwelling catheter in categories 5/6/7 reporting UTI 44% (11/25) 60% (6/10) 55% (6/11) 62% (8/13) 83% (5/6, 1 unk.)

Rates of UTI by AIS ievel

AIS A 28/54 (52%) 30/40 (75%) 24/42 (57%) 22/47 (47%) 19/45 (42%)

AIS B 16/29 (55%) 18/25 (72%) 10/25 (40%) 11/26 (42%) 7/27 (26%)

AIS C 9/20 (45%) 8/15 (53%) 6/17 (35%) 5/17 (29%) 11/20 (55%)

AIS D 18/63 (29%) 6/53 (11%) 5/46 (11%) 3/46 (7%) 3/52 (6%)

Unknown 0/3 (0%) 0/2 (0%) 0/2 (0%) 0/2 (0%) 0/3 (0%)

AIS A–B 44/83 (53%) 48/65 (74%) 34/67 (51%) 33/73 (45%) 26/72 (36%)

AIS C–D 27/83 (33%) 14/68 (21%) 11/63 (17%) 8/63 (13%) 14/72 (19%)

Significance 0.012 <0.001 <0.001 <0.001 0.040

Rates of UTI by injury level

Paraplegia 18/53 (34%) 14/44 (32%) 15/47 (32%) 14/49 (29%) 13/48 (27%)

Cervical 50/106 (47%) 48/86 (56%) 30/79 (38%) 27/83 (33%) 26/89 (29%)

Unknown 3/10 (30%) 0/5 (0%) 0/6 (0%) 0/6 (0%) 1/10 (10%)

Significance 0.128 0.015 0.566 0.700 0.845

Rates of UTI by injury severity

AIS A–B/C1–C4 21/29 (72%) 21/24 (88%) 13/24 (54%) 14/25 (56%) 10/25 (40%)

AIS C/C1–C4 2/5 (40%) 2/3 (67%) 3/4 (75%) 1/4 (25%) 3/5 (60%)

AIS A–B/C5–C8 11/19 (58%) 15/17 (88%) 9/15 (60%) 7/17 (41%) 7/18 (39%)

AIS C/C5–C8 1/3 (33%) 2/3 (67%) 1/3 (33%) 2/3 (67%) 2/3 (67%)

AIS A–B/paraplegia 12/35 (34%) 12/24 (50%) 12/28 (43%) 12/31 (39%) 9/29 (31%)

AIS C/paraplegia 6/12 (50%) 4/9 (44%) 2/10 (20%) 2/10 (20%) 6/12 (50%)

AIS D 18/63 (29%) 6/53 (11%) 5/46 (11%) 3/46 (7%) 3/52 (6%)

Unknown 0/3 (0%) 0/2 (0%) 0/2 (0%) 0/2 (0%) 0/3 (0%)

Prevalence of UTI by bladder management strategy

Foley/Suprapubic/Indwelling catheter 42/74 (57%)a 38/47 (81%)A 26/43 (60%)A 26/47 (55%)A 19/40 (48%)A

Intermittent catheterization 13/35 (37%) 19/31 (61%)B 16/35 (46%)B 13/38 (34%)B 12/39 (31%)

Crede (push on bladder) — — — — —

Spontaneous 12/55 (22%)a 5/57 (9%)AB 3/52 (6%)AB 2/52 (4%)AB 6/63 (10%)A

Other 3/4 (75%) — 0/2 (0%) 0/1 (0%) 1/3 (33%)

Significance4 <0.001 <0.001 <0.001 <0.001 <0.001

Significance5 0.005 <0.001 <0.001 <0.001 0.003

Unknown 1/1 (100%) — — — 2/2 (100%)

1Incidence estimates are based only on subjects with known status at the specified time point and who have no UTI reported at any prior
assessments
2Cumulative incidence estimates will include subjects with unknown status at the specified time point provided a UTI had been previously reported
3The KM estimate is derived by taking the product of the non-UTI incidences through the specified time point, then subtracting from 1
4Statistical significance by Fisher’s exact
5Statistical significance by logistic regression after adjusting for injury level
a,b Post hoc pairwise significance <0.05; A,BPost hoc pairwise significance <0.01
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strategy during the follow-up period. Among participants
not using IDC, between 14% and 20% reported bladder
incontinence at least weekly. Forty-four percent of those
performing IC experienced incontinence at least monthly at
1-year follow-up (Table 1).

Forty-two percent of subjects developed a UTI during
IR, and CI rose to 71% by the end of the study (Table 2).
While prevalence rates of infection were between 27% and
46% at each follow-up assessment, incidence of UTI—a
measure of first-time infections among participants—was
between 6% and 11% at the 6-, 9-, and 12-month inter-
views. Hence, most cases of UTI during the study period
were recurrent. Of note, there were no differences in rates of
UTI or other bladder complications between male and
female subjects. During the first year after discharge, 3-
month prevalence rates of UTI were between 48% and 81%
among individuals using IDC and between 31% and 61%
among those using IC (Table 2). Differences in infection
rates among all management strategies were significant at
every follow-up (p < 0.001). Participants who voided
spontaneously suffered fewer UTIs than those utilizing IDC
at all post-baseline assessments (p < 0.01) and suffered
fewer UTIs than those using IC at months 3, 6, and 9 (p <
0.01). The relationship between UTI and bladder manage-
ment method remained very strong at each follow-up, even
after adjusting for injury level (Table 2).

Rates of UTI were associated with severity of SCI.
Participants with motor complete injuries (AIS A and B)
were significantly more likely to develop UTI both during
and after IR than were those with motor incomplete (AIS C
and D) injuries (Table 2). Subjects with tetraplegia were
more likely than those with paraplegia to suffer UTIs during
the first 3 months after discharge from IR, but the two
cohorts’ incidence rates equalized thereafter. Among the
small cohort of participants with paraplegia or AIS D
injuries who utilized IDC, rates of UTI varied between 44%
and 83%.

Discussion

To our knowledge, this is the first study to report on the risk
of UTI among people with SCI during the first year after
discharge from IR. It is also the first to attempt to determine
if risk of UTI within that time period is associated with
bladder management strategy or severity of injury and to
characterize early utilization of bladder drainage techniques.
At each time point, use of IDC was greatest among parti-
cipants with C1–C4 AIS A–B injuries, intermediate for
those with C5–C8 AIS A–B injuries, lower for those with
AIS A–B paraplegia, and lowest for those with AIS D
injuries. It seems, then, that clinicians at the study center
were choosing bladder management methods based on

patient factors, rather than attempting to apply the same
bladder management method to all patients.

Contrary to some prior study findings [12, 13], this work
indicates that genitourinary dysfunction is of significant
concern for people with traumatic SCI recently discharged
from IR. Nineteen percent reported having altered their
bladder management strategy, and since not all patients
received close follow-up, it is possible that the proportion
who may have benefited from changing bladder manage-
ment could be ever greater. While many of our subjects
moved away from IDC, it is notable that studies of indivi-
duals with SCI of longer duration have described increased
utilization of indwelling strategies [25, 26]. Perhaps the
former trend is due to recovery of upper extremity function
and independence soon after injury, while the latter reflects
a need for convenience. It is additionally notable that among
individuals not using IDC at 1 year follow-up, 20% reported
at least weekly incontinence during one or more of the
quarterly interviews.

Our second important finding is that among our partici-
pants with recent traumatic SCI, the rate of UTI did not
differ significantly between IDC and IC. Some authors have
argued that IC is the optimal long-term bladder management
method [27, 28], but recent recommendations are less
declarative, and suggest that health-care providers consider
a variety of patient-specific factors in determining the best
course of treatment [3]. Those who were able to use
spontaneous voiding for bladder management experienced
the lowest rate of UTIs, which is consistent with prior
studies showing lowest incidence of renal stones when this
method can be used for bladder emptying [29]. Our find-
ings’ lack of significance may simply have been due to a
relatively small sample size; it is notable that though not
reaching significance, prevalence of UTI at each time point
was between 14% and 21% lower for those employing
intermittent versus indwelling strategies.

Third, we were surprised to find that individuals with
tetraplegia—who may have diminished hand function and
who were more likely to utilize indwelling drainage systems
—were no more likely than those with paraplegia to report
occurrence of UTIs. This could be a reflection of a relative
small “n,” and our assumption is that differences in infec-
tion rates would reach statistical significance in a larger
study population. That participants with motor complete
injuries reported more UTIs than those with motor incom-
plete injuries was, perhaps, expected, and underscores the
need for care providers to be particularly vigilant in caring
for people with AIS A and B SCI, especially soon after
discharge from IR. Additionally, while only between 6 and
13 subjects with paraplegia or AIS D injuries utilized IC at
each follow-up, they were at substantial risk for UTI. While
recommendations about optimal bladder management are
equivocal, these findings may sway clinicians to more
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strongly recommend IC to patients with adequate hand
function and without anatomic limitations.

Finally, this study is the first to describe the risk of
recurrent UTI in the first year after discharge from IR, and
to demonstrate that people who develop UTIs soon after
injury are at increased risk of future UTIs. Thietje et al. [30]
found that septicemia not due to respiratory infection had
caused 26% of mortality in a cohort of individuals with SCI,
and in Rabadi et al.’s [10] analysis of 150 veterans with
injuries, UTIs had caused 14% of deaths. Sixty-five to 76%
of bacteremic episodes among people with chronic injuries
are due to UTI [20, 21], and SCI Model System data sug-
gest that genitourinary infections cause approximately 3%
of deaths among individuals with injuries [31]. UTIs in the
setting of SCI are a serious concern, and our data indicate a
need for more effective infection prevention measures early
after injury and for further work identifying who with SCI is
at highest risk for repeated infections.

There are certainly opportunities to improve injured
patients’ bladder management in the first year following
discharge from IR. As noted above, it is possible that more
than one in five of our subjects may have benefited from
change in bladder drainage strategy, and a good number
suffered from frequent incontinence. Most physiatrists and
some generalists are comfortable managing medications
that facilitate bladder storage and transitioning patients with
SCI to and between bladder management programs; these
data support the need for input during the first year post-
discharge by providers who can competently assess and
manage neurogenic bladder. While the first year post-
discharge is likely the period when bladder management
strategies most frequently need modification, the optimal
duration for close (more frequently than yearly) bladder
management follow-up remains unknown. There is likely a
role for patient education for self-identification of condi-
tions warranting change in bladder management, as well as
for patient initiation of requests for assistance in reducing
incontinence frequency.

Study limitations

This study represents outcomes in patients discharged from
a single center at which attending physicians tend not to
recommend reflex voiding strategies or IC when it cannot
be performed independently. Hence, our data may not be
entirely applicable to individuals treated at other SCI cen-
ters. As UTIs were self-reported by participants and not by
laboratory data, medical records, or accepted subjective and
objective criteria of UTI in the setting of SCI, we cannot
determine if treating clinicians correctly discriminated
between UTI and asymptomatic bacteriuria, nor whether

participants were accurate in reporting. However, our 3-
month assessment intervals increased the likelihood of
accurate reporting, and our phone-based data collection
strategy allowed us to include patients who lived at a dis-
tance and who were managed by providers not affiliated
with our center. Further, our results reflect “real world” and
community practice, where the majority of UTI care is
managed by primary care providers who may not be
familiar with nuances of managing UTI in individuals with
neurogenic bladder. We did not record whether subjects
with indwelling systems used urethral or suprapubic
catheters, so cannot assess whether outcomes differed
between these two management strategies, and the data we
gleaned were far less specific and nuanced than those
delineated in the International Spinal Cord Injury Data Sets
[32], limiting our ability to compare our results with those
of future studies. Including questions from the Lower
Urinary Tract Autonomic Standard Assessment Form [33]
would have further allowed us to compare our results to
those of other researchers and to correlate need to empty the
bladder and incontinence with UTI. Additionally, our data
set was too small to meaningfully address incidence of a
variety of individual non-UTI bladder complications, and
patients using IDC were not asked whether they experi-
enced urinary incontinence, which is known to be less
common with indwelling systems but which may still occur.
Finally, we are not able to determine from these data
whether reported incontinence was due to infection. This
being said, the high prevalence of frequent incontinence (at
least weekly) makes it unlikely that most cases are due to
UTI.

Conclusions

When assessed at multiple points during the first year post-
discharge, UTIs and incontinence were highly prevalent and
a substantial proportion of patients changed bladder man-
agement during this period of time. Clinicians should edu-
cate patients about these expected complications and
anticipate these patterns of UTI when arranging for post-
discharge medical care (including primary care) for indivi-
duals with new SCI.
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