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The good, the bad and the ugly of catheterization practices
among elite athletes with spinal cord injury: a global
perspective

A Krassioukov1,2,3, JJ Cragg1,4, C West1, C Voss5 and D Krassioukov-Enns6

Study design: Despite significant progress in bladder management, urinary tract infections (UTIs) are still common among individuals
with spinal cord injury (SCI), and could negatively impact their health and quality of life. However, there are no data available on
bladder management and frequency of UTIs among elite athletes with SCI.
Methods: Athletes were assessed during the London 2012 Paralympic Games and 2013 Paracycling World Championships. Athletes
completed the standard form of the International Standards to Document remaining Autonomic Functions after SCI, along with the
standardized Autonomic Function Questionnaire.
Results: A total of 61 (age=35.5±7.7 years (mean± s.d.); time since injury=16.0±7.6 years) elite athletes from 15 countries with
traumatic SCI and who used clean intermittent catheterization were included in this study. The majority (75%) were from developed
nations. Athletes catheterized on average 6±2 times per day. We found that individuals who reused catheters experienced more
frequent UTIs (Po0.001). We also demonstrated that 83% of individuals from developed nations never reused a single-use catheter,
whereas only 27% of individuals from developing nations used a new catheter each time (Po0.001). We also noted a twofold increase
in the frequency of UTIs in individuals from developing nations (P=0.027).
Conclusions: This study demonstrates that catheter reuse is intimately linked to UTI frequency and provides novel insight on bladder
function and management in elite athletes with SCI. Reasons for catheter reuse may be due to a lack of health education and/or a lack
of bladder-management resources. (Support: Craig Neilsen Foundation, ICORD, IPC)
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INTRODUCTION

Management of urinary bladder dysfunction is among the highest of
priorities for individuals with spinal cord injury (SCI).1 Although
various options of safe bladder management are presently available for
patients who are unable to empty their bladder following SCI, the
guidelines of the European Association of Urology recommend
anticholenergic drugs and clean intermittent catheterization (CIC) as
first-line management.2,3 Numerous studies have shown no statisti-
cally significant differences in occurrence of urinary tract infections
(UTIs) among patients using the sterile technique versus the CIC
technique.4–7 Interestingly, these studies documented a greater expense
associated with the sterile approach, making it the less attractive
option in the absence of evidence for superior outcomes. Furthermore,
it has also been shown that prolonged indwelling catheterization,
whether suprapubic or urethral, may result in higher long-term rates
of urological and renal complications than CIC.8,9 Based on this
evidence, there is general acceptance that CIC is the superior method
for preserving bladder compliance and preventing urinary tract
complications.10,11

During the last decade, numerous versions of catheters for CIC have
become available, including self-lubricated, and others that require

application of jelly to help minimize urethral trauma and
infections.12–14 Despite CIC’s wide acceptance in clinical practice,
clinicians and individuals with SCI are well aware that UTIs and
hematuria still occur. Unfortunately, only limited data are available on
the association of behavioral and demographic factors, among those
who utilize CIC, that predispose individuals to UTIs.
Manufacturer guidelines state that an intermittent catheter is for

single-use and it is to be disposed after its use. Unfortunately, owing to
the significant costs associated with CIC, individuals will perform
multiple catheterizations using the same single-use catheter—a
problem that is especially apparent in developing countries. Some
studies have suggested that single-use catheters may be reused if
cleaned appropriately; however, these authors also cautioned that the
reuse of catheters may be associated with increased risk of UTI.15

Interestingly, others studies demonstrated that even microwaving of
catheters up to 12min was not sufficient to eradicate Pseudomonas
aeruginosa or Staphylococcus aureus, although there was minimal
change to the physical qualities of the catheter.16 No studies, however,
have attempted to directly examine the relationship between catheter
reuse and UTIs, or what factors may influence this relationship. The
aim of this study was to examine primary modes for management of
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the urinary bladder among elite athletes and factors that could
contribute to UTIs among athletes who use CIC for bladder
management.

MATERIALS AND METHODS

Participants
This study was approved by the Ethics Board of the University of British
Columbia and the International Paralympic Committee. All participants
(volunteer-based sample) provided informed written consent. Assessments
were made during the Cardiovascular Health Clinic at the London 2012
Paralympic games and the 2013 Paracycling World Championships, Quebec,
Canada. Inclusion criteria for the study were the following: adults with chronic
(41 year post injury) traumatic SCI who use intermittent catheterization for
management of their urinary bladder.
First, demographic data (age, sex, representing country), and information

relating to SCI (age at injury, cause of injury) as well as sport participation were
collected. We divided representing countries into two categories on the basis of
economic status according to the World Bank Classification: developing (for
example, Brazil, South Africa, Columbia) and developed countries (for
example, Canada, US, Italy, Sweden).17 Athletes were assessed using standard
neurological evaluation according to the International Standards for Neurolo-
gical Classification of Spinal Cord Injury to determine level and severity of
SCI.18 Athletes then completed the Autonomic Standards Assessment Form,
according to International Standards to Document Remaining Autonomic

Functions after SCI,19 in order to assess their general autonomic bladder and

bowel control dysfunctions. Specifically, the bladder component of the form

contained the following items: (1) awareness of the need to empty bladder and

(2) ability to prevent leakage. The frequency of: catheterization, catheter reuse

and UTIs during the last year was also assessed.

Data analyses
Means± s.d. or percentages (%) are reported. Associations between categorical

variables were assessed with a χ2-test or the non-parametric alternative (Fisher’s

exact test) in the case of small cell counts. t-tests or Wilcoxon rank-sum tests

were used to assess mean differences between groups. Correlations were used to

assess relationships between continuous variables. An alpha of 0.05 was used for

all analyses.

RESULTS

Participant characteristics
A total of 61 Paralympic wheelchair athletes with SCI from
15 countries were assessed (see Table 1). Paralympic athletes from a
variety of sports, with a variety of injury severities participated in our
study. The majority of athletes (n= 46; 75%) were from developed
nations. None of the participants smoked or had a history of
cardiopulmonary disease.

Urinary bladder management
On the basis of the International Standards to Document Remaining
Autonomic Functions after SCI autonomic assessment, awareness of
the need to empty the urinary bladder was intact (normal function) in
only 2% of athletes, partially preserved in 42%, and totally absent in
56%. The majority of athletes (87%) reported either partial or total
urinary incontinence. Individuals catheterized on average 6± 2 times
per day (ranging from 1 to 10 per day); the frequency of daily
catheterizations was not related to the frequency of UTIs (P= 0.07).
There were 19 individuals (31%) who reported reuse of catheters with
an average of 34± 50 times using the same single-use catheter (ranging
from 2 to 200 times per catheter).

Frequency of UTIs and catheter reuse
Individuals who reused catheters reported an average of 4± 3 UTIs per
year. By contrast, individuals who never reused catheters reported an
average of 1± 1 UTI per year. There was a significant association
between frequency (number per year) of UTIs and catheter reuse:
individuals who reused catheters experienced more frequent UTIs
(Po0.001) (Figure 1).

Frequency of UTIs and country of residence
The majority of individuals (83%) from developed nations did not
reuse catheters (for example, they used a new catheter for each
catheterization), while only 27% of individuals from developing
nations used a new catheter each time. There was thus a significant
relationship between country status and catheter reuse practices
(Po0.001). Correspondingly, among individuals from developed
nations, the average frequency of UTIs was 1.6± 2 per year. By
contrast, among athletes from developing nations, the average
frequency of UTIs was 3.5± 2.8 per year. Thus, there was a
significantly higher frequency of UTIs among individuals from
developing versus developed nations (P= 0.027). Namely, individuals
from developing nations exhibited two times more UTIs per year on
an average compared with individuals from developed nations
(Figure 1).

Table 1 Participant characteristics

Variable Category n (%)

Sex Female 8 (13)

Male 53 (87)

Age category (years) 16–30 17 (28)

31–45 38 (62)

46–60 6 (10)

Time post Injury (years) 1–5 4 (7)

6–10 13 (21)

11–15 12 (20)

16–20 15 (25)

21–25 8 (13)

26–30 5 (8)

31–35 2 (3)

Unknown 2 (3)

Sport Hand-cycling 20 (33)

Rugby 18 (30)

Basketball 10 (16)

Othera 13 (21)

Country of originb Developed 46 (75)

Developing 15 (25)

AIS A 42 (69)

B 15 (25)

C 1 (2)

D 3 (5)

Level of injury High tetraplegia (C2–C8) 28 (46)

High paraplegia (T2–T6) 19 (31)

Low paraplegia (T7–L1) 14 (23)

Medications Baclofen 11 (18)

Bladder medications (for example, ditropan) 24 (39)

Other (cialis/viagra, antibiotics, nutritional

supplements)

18 (30)

Abbreviations: AIS, American spinal injury association impartment scale.
aOther sports included: tennis, table tennis, athletics, swimming, rowing, power lifting, fencing,
archery and rowing.
bBased on World Bank Classification. Developed countries included Australia, Canada, Germany,
USA and others. Developing countries included Brazil, South Africa, Columbia and others.
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Frequency of UTI and time post injury
The average time post injury among athletes in this study was
16.0± 7.6 years. There was no difference between the time post injury
between participants from developed and developing countries
(16 years versus 15 years, respectively, P= 0.37). There was also no
relationship between time post injury and catheter reuse (P= 0.83),
nor between time post injury and frequency of UTIs (P= 0.80). There
was also no relationship between current age and catheter reuse
(P= 0.71), nor between current age and frequency of UTIs (P= 0.96).

DISCUSSION

In this study, we present novel information on bladder management
and frequency of UTIs among elite athletes with SCI. Namely, we
found that the frequency of UTIs is intimately linked to catheter reuse,
and individuals from developing countries were more likely to reuse
catheters and subsequently develop UTIs. Time post injury, age and
frequency of catheterization were not associated with frequency of
UTIs among elite athletes in this study.
Whereas proper bladder management is an issue for all individuals

with SCI, results of the present study indicate that bladder issues are
particularly critical to address in developing nations. We demonstrated

that the frequency of reuse (up to 83%) of intermittent catheters was
significantly higher among athletes from the developing world.
Consequently, athletes from developing countries reported a higher
frequency of UTIs.
One possible explanation for this high frequency of reuse of

catheters among athletes is economic issues. Numerous studies have
indicated that financial considerations with respect to bladder manage-
ment are a major concern for health-care providers and individuals
with SCI,6,20 which may have been the case here. Furthermore,
professional development opportunities for health-care providers
and caregivers involved in bladder management are limited in the
developing world, as is access to up-to-date SCI training resources.
This may also be responsible for an inability to provide sufficient
education to individuals with SCI with respect to bladder
management.21 The International SCI community is aware about this
gap in knowledge and the need for education opportunities in
developing nations. Numerous international organizations, including
the ISCoS (International Spinal Cord organisation) and the ASIA
(American Spinal Injury Association), are presently championing
evidence-based websites with up-to-date educational materials on
the management of individuals with SCI and secondary complications.

Figure 1 Frequency of urinary tract infections and catheter use worldwide among elite athletes with SCI. Based on 61 athletes from 15 countries assessed
during international Paralympic competitions in 2012 and 2013. * denotes developing economy according to World Bank classification.
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Copies of these documents are also quickly becoming available in
numerous languages (ISCoS: http://www.iscos.org.uk/resources/
elearning; ASIA: http://www.asia-spinalinjury.org/elearning/elearning.
php).
With respect to other potential factors relating to bladder manage-

ment in addition to country of origin, sex has been previously
documented as a risk factor for development of UTIs following
SCI.13,22 Unfortunately, we were unable to conduct this evaluation
because only a small percent of athletes in our sample (13%) were
females. We also showed that time post injury as well as age did not
affect outcomes with respect to UTIs. One may have expected that
older athletes, and/or athletes who have more experience with bladder
catheterization (greater time since injury), would reuse catheters less
and thus develop less frequent UTIs. However, this was not the case in
our study. One potential explanation that we ruled out was that there
may be a difference in time post injury between participants from
developed and developing countries; however, we observed no such
difference. Lastly, we were not able to collect information on the
methods of cleaning and storage of the reused catheters. However,
anecdotally, we observed reused catheters that were either stored in
plastic bags or other closed containers, without any cleaning solutions
or filled with altogether unknown solutions.
Indeed, there are a variety of catherization practices described in the

literature. For example, Vapnek et al.23 compared single-use hydro-
philic-coated catheters (which reduce friction and urethral trauma)
versus controls (standard plastic catheters that were reused up to five
times before disposed). Forty-nine patients completed a 12-month
study, and the authors supported the use of hydrophilic-coated
catheters, as they were associated with less hematuria and a decrease
in the rate of UTIs. Interestingly, Kovindha et al.15 described the safety
of long-term catheter reuse practices among individuals with SCI in
Thailand. They reported an average usage time for each silicone
catheter as ~ 3 years (ranging from 1 to 7 years).15 However, the
authors also commented that up to 64% of study participants had
presented with foul-smelling urine, and 36% developed fever and
cloudy urine during the last year, thus cautioning that the reuse of
catheters may increase the risk of infection.

CONCLUSIONS

UTIs and bladder dysfunctions have a substantial adverse impact on
the health of individuals with SCI.24 They prevent individuals from
participating in rehabilitation, training and can reduce quality of life.25

UTIs can strike at any time with devastating consequences. For
example, suffering a UTI at a major international competition may
wholly prevent athletes from competing. These infections also pose a
significant financial burden on the health-care system—often requir-
ing hospitalization of individuals with SCI.26,27 Hence, the ability to
reduce UTIs would improve athlete health and allow athletes to train
more effectively and for longer periods of time. Our study demon-
strates that catheter reuse is intimately linked to UTI frequency and
provides novel insight on bladder function and management in elite
athletes with SCI. Catheter reuse may be the result of lacking of health
education and/or a lack of bladder-management resources. Addressing
these issues should be a top priority going forward that will require
further research in this area.
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