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Morbidity of urinary tract infection after urodynamic
examination of hospitalized SCI patients: the impact
of bladder management

R Böthig1, K Fiebag1, R Thietje2, M Faschingbauer3 and S Hirschfeld2

Study design: Non-interventional, descriptive-observational cohorts study.
Objectives: To assess the incidence of urinary tract infection (UTI) after urodynamic examination in patients with spinal cord injury
(SCI) according to bladder management.
Setting: Level 1 trauma center
Methods: Between January and December 2010 a total of 133 consecutive, hospitalized SCI patients were included and classified
according to their bladder management. Urine specimen was obtained at the beginning of the urodynamic studies (UDS) and 3–5 days
thereafter. ‘Significant bacteriuria’ (SBU) is defined by a CBU per ml level X105 in a urine culture. UTI thus is defined as a
combination of a SBU and X100 leukocytes per ml in urine analysis.
Results: The overall incidence of UTI post UDS was 15.79%. In patients with sterile urine prior to urodynamics UTI was ascertained
in 8.6% (de-novo-UTI). In contrast, 32.5% of the patients with SBU prior to UDS showed UTI 3 days later. There were only minor
differences in the incidence of de-novo-UTIs in SCI patients who emptied their bladder by intermittent self catheterization or
intermittent catheterization by attendant (8.82% and 6.67%, respectively). In SCI patients with reflex voiding however, the frequency
of de-novo-UTIs was twice as high (14.28%).
Conclusion: The recommendation of antibiotic prophylaxis for all SCI patients undergoing urodynamic examination is not commonly
accepted and according to our data not justified. However, the analysis of subgroups revealed that SCI patients with unsuspected SBU
prior to UDS and patients with reflex voiding are possibly at higher risk to acquire post-UDS infection.
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INTRODUCTION

Patients with spinal cord injury (SCI) frequently suffer from
neurogenic lower urinary tract dysfunction (NLUTD). Especially
during their initial rehabilitation period, repeated urodynamic studies
(UDS) have to be conducted in order to ensure low storage pressure
in the bladder and thus to enable an adequate voiding pattern. During
the subsequent lifelong follow-up care they need re-evaluation of their
bladder situation in hazard-adapted intervals. The crucial investiga-
tion again is a urodynamic examination.1

SCI-patients with NLUTD have an increased risk for urinary tract
infection (UTI). This is due to the paralyzed bladder with detrusor
over- or underactivity and the emptying by intermittent catheteriza-
tion (IC) or reflex voiding.2,3

There is also a low, but well-known risk for UTI and a moderate
risk for bacteriuria caused by UDS, in patients with non-NLUTD.4

As the incidence of UTI’s after urodynamic testing in patients with
NLUTD seems to be scarcely investigated, only a small amount of
adequate data exists. Therefore we analyzed the incidence of UTI’s
after urodynamic investigation in SCI patients, especially regarding
the different voiding methods.

MATERIALS AND METHODS
Between January and December 2010 a total of 210 SCI patients scheduled to

our neuro-urological department for UDS were included in the prospective

observational study. All patients were hospitalized for primary rehabilitation or

treatment of complications due to their SCI. 31 out of the 210 patients had an

indwelling suprapubic or urethral catheter and further 46 received an antibiotic

treatment for various reasons. Therefore they had to be excluded from the

study, thus minimizing the feasible population under study to a total of 133

patients.

116 were male with an age interval between 19 to 79 years (mean¼ 45) and

17 were female in the age interval of 32–75 years (mean¼ 60). The patients

were divided into three specific classes characterized by their specific method

of bladder management. (I) Intermittent self catheterization (ISC) was

performed by 51 patients, (II) IC by attendant (trained nurse) was provided

for 63 patients while the last 19 patients (III) were using triggered reflex

voiding. Furthermore the patients were differentiated by whether they had (A)

sterile urine (no CBU per ml) or (B) unsuspected bacteriuria prior to UDS.

‘Significant bacteriuria’ (SBU) is defined in our department by a CBU per

ml level X105 in a urine culture sample. UTI thus is defined as a composition

of a SBU and X100 leukocytes per ml in a urine analysis according to the

definition of the ‘Manual of Neuro-Urology and Spinal Cord Lesion’.5

Annotation: low bacterial counts (102 CBU–104 CBU per ml) were only seen
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in some of the patients treated with antibiotics prior to UDS and all antibiotic-

treated patients were excluded from the study as mentioned above.

Urodynamic studies were performed according to the ICS standards and

good urodynamic practice6 with a sterile catheterization technique. The

patients received no antibiotic prophylaxis. All 133 patients provided a urine

specimen for urine analysis and urine culture at the start of the urodynamic

examination and the comparison specimen 3–5 days later.

RESULTS

All patients
With the results of the initial samples taken prior to the UDS, the
population was divided into two distinctive groups: (A) 93 (70.0%)
patients had sterile urine cultures and (B) 40 patients (30.0%) showed
unsuspected SBU (Table 1, Table 2).
The reference samples taken after the UDS showed that out of 93

patients with sterile urine (A), 81 patients (87.1%) still had sterile
urine, while 4 patients (4.3%) did develop SBU (de-novo-SBU) and
further 8 patients (8.6%) showed an additional leucocyturia X100
per ml (de-novo-UTI).
Out of the second group (B) with 40 patients showing SBU at the

initial presentation, 20 patients (50.0%) had sterile urine 3–5 days
after the UDS. Seven patients (17.5%) had an ongoing SBU, while the
remaining 13 patients (32.5%) developed UTI.
According to the overall sample results it is concluded that 101 out

of 133 patients (75.94%) remained without any infection post UDS.
In 32 cases (24.06%) the urine culture samples revealed significant

bacteriuria (SBU), whereof 11 (8.27%) were without and 21 (15.79%)
with a significant leucocyturia level thus proving UTI.

(I) Intermittent self catheterization. Out of 51 patients emptying
their bladder with aseptic ISC, 34 had sterile urine before UDS (A)
while 17 patients underwent the examination despite SBU (B).
From those with sterile urine, 30 patients (88.24%) remained sterile

post UDS, 1 patient (2.94%) developed de-novo-SBU and 3 patients
(8.82%) suffered from de-novo-UTI.
Out of 17 patients with SBU prior to urodynamic testing, 10

patients showed sterile reference samples, 3 patients developed SBU
and the last 4 patients UTI.
In summary, it can be stated that 40 out of 51 ISC patients

(78.43%) did not show signs of either SBU or UTI post UDS
according to our criteria. In 4 patients (7.84%) a SBU was ascertained
while the remaining 7 (13.72%) developed UTI.

(II) Intermittent catheterization by attendant. The largest patient
group (63 patients) provided the following results. Forty-five patients
had sterile urine prior to UDS (A) and 18 presented with SBU (B).
Out of the first group (A), 40 patients (88.89%) remained sterile

urine post UDS. Two patients (4.44%) showed de-novo-SBU and
three (6.67%) de-novo-UTI.
The reference samples of the second group (B) showed that eight

patients had ongoing sterile urine post UDS, three patients developed
SBU and seven patients UTI, respectively.
Summing up, 48 out of 63 patients (76.2%) with IC by attendant

remained without SBU or UTI, 5 patients (7.93%) developed SBU
and 10 patients (15.87%) UTI.

(III) Reflex voiding. Nineteen out of the 133 SCI patients under
study emptied their bladders by reflex voiding, with or without
external collecting devices. Prior UDS 14 had sterile urine (A) while 5
showed unsuspected SBU (B).
Out of 14 patients with sterile urine at urodynamics (A), 11

(78.58%) showed sterile reference samples post UDS, 1 (7.14%)
developed de-novo-SBU and the remaining 2 (14.28%) de-novo-UTI.
The reference samples of the five reflex-voiding patients with SBU

(B) showed that two (40%) had sterile samples post UDS, one (20%)
still had SBU and two (40%) patients developed UTI.
In summary, the post-UDS reference samples of 19 patients

without catheterization showed no infection in 13 patients
(68.43%), 2 patients (10.52%) with SBU and the 4 remaining patients
(21.05%) with UTI.

Summary of the results
The synopsis of the findings presented above shows that 15.79% of
all SCI patients undergoing UDS, regardless of preexisting SBU,

Table 1 Urine status at UDS and 3–5 days later according to bladder

management

At UDS 3–5 Days after UDS

Sterile X10 5 X105þX100 per ml

ISC, n¼51

Sterile, n¼34 30 1 3

X 105, n¼17 10 3 4

IC by attendant, n¼63

Sterile, n¼45 40 2 3

X105, n¼18 8 3 7

Reflex voiding, n¼19

Sterile, n¼14 11 1 2

X105, n¼5 2 1 2

All, n¼133

Sterile, n¼93 81 4 8

X105, n¼40 20 7 13

Abbreviations: IC, intermittent catheterization; ISC, intermittent self catheterization; UDS,
urodynamic studies.

Table 2 post-UDS UTI and UTIþSBU (in percentages) according to bladder management

All (in %) Sterile at urodynamic (in %) SBU at urodynamic (in %)

UTI UTIþSBU UTI UTIþSBU UTI UTIþSBU

ISC, n¼51 13.72 21.57 ISC, n¼34 8.82 11.76 ISC, n¼17 23.5 41.18

IC by attendant, n¼63 15.87 23.81 IC by attendant, n¼45 6.67 11.11 IC by attendant, n¼18 38.89 55.56

Reflex-voiding, n¼19a 21.05a 31.57a Reflex-voiding, n¼14a 14.28a 21.42a Reflex-voiding, n¼5a 40a 60a

All, n¼133 15.79 24.06 all, n¼93 8.6 12.9 all, n¼40 32.5 50

Abbreviations: IC, intermittent catheterization; ISC, intermittent self catheterization; SBU, Significant bacteriuria; UDS, urodynamic studies.
aPlease note that this group is very small.
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developed a UTI after the urodynamic examination. In patients
entering the UDS with sterile urine samples, the incidence of a
de-novo-UTI was only 8.6%.
There were only minor differences between patients with ISC and

IC by attendant (incidence of de-novo-UTIs, 8.82% and 6.67%,
respectively), but in SCI patients with triggered reflex voiding, who
emptied the bladder without regular catheterization, the occurrence of
de-novo-UTIs post UDS was almost twice as high (14.28%). It must
be noted that our study group of reflex voiding SCI patients was small
(only 19 patients).
Moreover, it has to be pointed out that SCI patients with

unsuspected asymptomatic bacteriuria prior to UDS (B), regardless
of their bladder emptying method, carried a considerably higher risk
to develop UTI (32.5%) than the comparison group (A) of patients
with sterile urine prior UDS (8.6%).

DISCUSSION

Almost all SCI patients suffer from NLUTD and therefore UDS is
essential for these patients in order to assess the bladder function
during their initial rehabilitation period and the following lifelong
surveillance. Although UDS are frequently used, there still exists a lack
of clear knowledge about the value and necessity of antibiotic
prophylaxis in the high-risk group of SCI patients.
Even if the UDS is performed according to the strict regulations of

the International Continence Society5 in non-neurogenic patients,
there is a distinctive risk to acquire SBU, whereas UTIs due to UDS
are infrequent.
The International Continence Society scrutinized the literature

concerning complications of urodynamic testing on their fourth
‘Consultation on Incontinence’ and stated that ‘complications are rare
but antibiotic prophylaxis can be advocated’ (with ‘Level of evidence
2’).7 In contrast, a systematic literature review revealed that there is
rather a moderate to low level of evidence suggesting no need for
antibiotic prophylaxis in UDS. However, the authors stated that
‘the same low level of evidence may support the use of antibiotic
prophylaxis in those patients with known increased risk for infections
(for example, neurogenic bladder)’.8 Another meta-analysis, based on
a systematic review of effectiveness and safety of prophylactic
antibiotics in urodynamics found eight randomized controlled trials
with 995 patients, pointing out a 40% reduction in the risk of SBU for
(non-neurogenic) patients receiving prophylactic antibiotics. The
authors concluded that ‘one would need to give prophylactic
antibiotics to 13 individuals undergoing UDS to prevent one
significant bacteriuria of unknown clinical significance’.9

In a decision analytic model it was calculated that antibiotic
prophylaxis in urodynamics is not beneficial unless the occurrence rate
of UTI without applied antibiotics exceeds the threshold value of 10%.10

Therefore, the recommendations even for patients with non-
neurological LUTD are inconsistent, but there exists a certain
consensus that an antibiotic prophylaxis is not necessary, unless
distinctive risk factors are present.
It is widely accepted that SCI patients with a neurogenic bladder have

an increased risk for UTIs, due to various reasons, for example, elevated
intravesical pressure, incomplete voiding or the use of catheterization.
Unfortunately there is a lack of randomized, prospective studies
concerning the problem of UTIs in SCI patients after urodynamics.

‘What can we know?’
In a comprehensive descriptive study11 only 2 of 626 patients with
NLUTD (530 with SCI, all patients received a single dose gentamycine
prior to the procedure) developed a post-UDS UTI (defined as

‘clinical symptoms’ and 4105 CBU per ml). Furthermore, the
authors queried institutions within the United States by telephone
about their measures to prevent UTI during urodynamics. The results
revealed a wide range of protocols, which mostly included an
antibiotic treatment directed towards Gram-negative bacteria but in
various dosages, frequency and length.
To this day, only one randomized, prospective study on specifically

SCI patients is available.12 The authors proved an advantage of
prophylactic antibiotic treatment, showing that out of a group of 18
patients receiving 500mg ciprofloxacin orally over 3 days, none
developed UTI post UDS, while 3 out of 22 patients in the placebo
group did develop UTI. Regrettably the number of participants was
too small to reach statistical significance.
A non-randomized, prospective study with 72 SCI patients in an

outpatient setting13 revealed a post-interventional UTI rate of 9.7%,
comparable to our study (8.6%). But in contrast to our results this
study showed no verifiable difference in the incidence of infection in
patients with triggered reflex voiding (n¼ 23) compared with those
who are performing IC (n¼ 49) (this study did not differentiate
between ISC and IC by attendant). Conversely we found an
occurrence of 14.28% post-UDS UTI in patients with reflex
emptying and of 7.59% in patients with IC (8.82% in ISC and
6.67% in IC by attendant). However, it has to be considered that the
number of patients with reflex voiding was relatively small in both
studies (n¼ 23 and n¼ 19).
Also incongruent were the results with regard to the occurrence of

UTI in the patient group revealing asymptomatic bacteriuria prior to
the UDS, with no cases in the study mentioned above versus 32.5% in
our analysis. The authors argue that infection prophylaxis is generally
justified in SCI patients undergoing UDS, but they did not detect any
subgroup that is at a higher risk to acquire UTI during urodynamics.
Our results are also conflicting to an older study,14 revealing a

threefold increase of UTI’s in cervical-level SCI patients who
underwent invasive procedures. In our study all of the patients with
IC by attendant were tetraplegic and their rate of post-interventional
UTI was only slightly higher than in ISC patients (concerning both
patient groups: with and without SBU prior to UDS, see Table 2).
Accordingly, not the level of injury but the way of bladder manage-
ment seems to be crucial. Otherwise it has to be considered that this
discrepancy may be influenced by the fact that the out-patient
population of these study possibly were catheterized by less well
trained personal than our in-patient group.
Overall, it can be concluded that the available published data for

SCI patients are inconsistent and the evidence is poor. Neither the
EAU-guidelines on NLUTD (http://www.uroweb.org/gls/pdf/19_
Neurogenic_LR%20II.pdf) nor the US Consortium for Spinal Cord
Medicine15 give a general recommendation for an antibiotic
prophylaxis in SCI patients undergoing UDS. However, the EAU-
guidelines on Urological Infections (http://www.uroweb.org/gls/pdf/
17_Urological%20infections_LR%20II.pdf) suggest considering an
antibiotic prophylaxis in UDS ‘in high-risk patients’ and ‘previous
urogenital infection’ is considered to be one of the most important
risk factors. In this respect, as almost all patients have had previous
infections, a recommendation for an antibiotic prophylaxis would be
derived.

‘What ought we to do?’
On the basis of our results, one should consider to approve the
administration of antibiotics for SCI patients with SBU at the time of
urodynamics. But because one could not be sure whether a SCI
patient presents with sterile urine or SBU to a urodynamic
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R Böthig et al

72

Spinal Cord

http://www.uroweb.org/gls/pdf/19_Neurogenic_LR&percnt;20II.pdf
http://www.uroweb.org/gls/pdf/19_Neurogenic_LR&percnt;20II.pdf
http://www.uroweb.org/gls/pdf/17_Urological&percnt;20infections_LR&percnt;20II.pdf
http://www.uroweb.org/gls/pdf/17_Urological&percnt;20infections_LR&percnt;20II.pdf


examination and the time needed to provide cultural evidence is
approximately 24h, in this regard we are dependent on the use of
exploratory detection methods (for example, dipstick test for nitrite
and leukocytes esterase).
SCI patients with triggered reflex voiding revealed a high post-UDS

UTI-rate in our study, but the number of patients included (n¼ 19)
was too low to come to an informed decision about the indication of
prophylactic antibiotics.
Otherwise, according to our data the post-urodynamic de-novo-

infection rate of SCI patients with IC and of those with sterile urine
prior UDS was as low as a general recommendation of antimicrobial
prophylaxis may not be justified in these groups.
Summarized, it could not be advisable to advocate antibiotic

prophylaxis for all SCI patients due to the incremental threat of
bacterial resistance. For this reason the use of antibiotics should be
restricted in the challenging population of SCI patients. A widespread
application of antibiotics, also with a prophylactic intention, could be
more hazardous than beneficial.

‘For what may we hope?’
Our results have to be confirmed or refused by further studies. Well-
conducted analysis with appropriate power and a commonly accepted
definition of UTI and SBU are urgently needed16 to bring up more
lucidity in this important topic. Further research has to define patient-
subgroups that are on elevated risk for UTI caused by UDS, as well as
the onset and the length of prophylactic antibiotic administration. At
least different antibiotics have to be evaluated in a risk-benefit analysis.
It would be desirable to establish common standards for all

SCI centers to unify the different strategies in the use of antibiotics
in SCI patients.17
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