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Detrusor botulinum toxin A injection significantly
decreased urinary tract infection in patients with
traumatic spinal cord injury

C Jia1,2, L-M Liao1,2, G Chen1 and Y Sui3

Study design: The study was designed as a single-arm clinical trial.
Objectives: To investigate the effect of detrusor botulinum toxin A (BoNTA) injection on urinary tract infection (UTI) in patients with
spinal cord injury (SCI).
Setting: The study was performed in a national rehabilitation research center of China.
Methods: Between September 2010 and May 2012, 41 male inpatients with neurogenic detrusor overactivity (NDO) caused by
traumatic SCI, mean age 36.0±8.8 years, duration of SCI since inclusion 21.5±17.3 months, received an injection of 300U BoNTA
into detrusor. Before and 3 months after injection, each patient kept a bladder diary, underwent video-urodynamic investigation and
urine culture. All UTIs occurring in the 6 months before and the 6 months after injection were recorded.
Results: Before injection, the mean number of UTI over 6 months was 1.39±1.36. After injection, the mean significantly decreased
to 0.78±0.96 (P¼0.023). The mean maximum detrusor pressure during filling decreased significantly in the patients of detrusor
overactivity (n¼24) compared with patients of normo-active detrusor (n¼17) after injection (35.4±12.2 vs 20.9±7.9cmH2O,
P¼0.000), meantime, the decrease of UTI was significant in the former (1.29±1.21 vs 0.41±0.62cmH2O, P¼0.015) while no
significant in the latter (1.46±1.47 vs 1.04±1.08, P¼0.319).
Conclusion: Detrusor BoNTA injection significantly decreased UTI in SCI patients with NDO. This effect seems to be related to the
decrease of detrusor pressure.
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INTRODUCTION

Urinary tract infection (UTI) is the most common medical complica-
tion after spinal cord injury (SCI).1–3 Neurogenic detrusor over-
activity (NDO), elevated intravesical pressure, reflux, elevated post
void residuals, commonly found in SCI population, increase the risk
of UTI.4,5 Detrusor botulinum toxin A (BoNTA) injection is an
effective method to treat NDO and decrease detrusor pressure,6–9 but
whether this method can suppress UTI is still in dispute and there was
rare report.7,8,10

In this study, we explored the relationship between UTI and
detrusor BoNTA injection in male inpatients with NDO caused
by SCI.

MATERIALS AND METHODS
Between September 2010 and May 2012, this study was carried out in 41 male

inpatients with NDO caused by traumatic SCI in a national rehabilitation

research center of China. The patients’ mean age was 36.0±8.8 (18–53) years

and duration of SCI since inclusion was 21.5±17.3 (3–87) months. Com-

pleteness of injury was defined according to the American Spinal Injury

Association impairment scale, in which complete and incomplete injuries

correspond to classes A and B to D, respectively.11 The severity of injury for

SCI patients treated with detrusor BoNTA injection is presented in

Table 1. Before detrusor BoNTA injection, all patients had detrusor over-

activity and incontinence, but they were either resistant to anticholinergic

medications, or had discontinued treatment because of adverse effects.

32 patients were treated with anticholinergics of tolterrodine

before inclusion and they continued the drugs during the study. All patients

emptied by sterile intermittent catheterization and no one received

preventive treatment for urinary infections during the study except intravenous

Cefminox sodium 2.0 g half an hour before the operation of BoNTA

injection and repeated once 4 h after injection, following 2.0 g twice

daily for 2 days. Patients with urinary stones, vesicoureteral reflux, diabetes

mellitus, chronic bronchitis or psychiatric comorbidities before inclusion were

excluded.

UTI was defined as a colony count of 105 colony-forming units per milliliter

or greater, with a fever of 38 1C and two symptoms including, over distention

of the bladder, lower abdominal pain, increased urinary incontinence, increa-

sed spasticity, autonomic hyperreflexia and increased sweating or malaise.12,13

‘over distention of the bladder’ was interpreted as ‘uncomfortable distention of

the bladder’ here.

Two weeks before inclusion, all patients kept a voiding diary for 3 days, and

underwent urine culture, ultrasound examination of the kidneys and bladder,

24-h creatinine clearance and video-urodynamic investigation according to the

guidelines of the International Continence Society,14,15 and special attention
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was given to the following variables: maximum detrusor pressure during

filling, bladder compliance, maximum cystometric capacity.

For 6 months between inclusion and detrusor BoNTA injection, the nurses

of the center measured axillary temperature for 2 times daily with standard

mercury thermometers. The number of measurements was increased during

febrile periods. Axillary temperature over 38.0 1C was regarded as elevated. An

increase in axillary temperature at least twice in 24 h was considered fever. In

case of suspicion of UTI, a complete physical examination was performed by a

neurourologist in all cases, then urinalysis and urine culture were performed.

The antibiotic treatment received and its duration were recorded when

UTI occurred.

All patients underwent a fixed procedure of detrusor BoNTA injection in the

operating room using a rigid cystoscopy and a flexible injection needle

with/without general anesthesia after 6 months enrolled the study. BoNTA

(300 U; BTX-A, Lanzhou Biological Products, China) was dissolved in 15 ml

normal saline and was injected into the detrusor at 30 different sites (10 units

of BTX-A in 0.5 ml normal saline, per site), sparing the trigone.

Three months after injection, the patients kept a voiding diary for 3 days,

underwent urine culture, video-urodynamic investigation according to Interna-

tional Continence Society guidelines and ultrasound examination of the kidneys

and bladder. For 6 months after injection, axillary temperature was measured

twice daily by nurses of the center. In case of suspicion of UTI, a complete

physical examination, urinalysis and urine culture were performed as before

injection. The antibiotics and its duration were also recorded when UTI occurred.

SPSS16.0 for Windows (SPSS, Chicago, IL, USA) was used for statistics.

Results of video-urodynamic investigation and urine culture were analyzed by

mean±s.d. and percentages, respectively. Two-related-sample tests of Wil-

coxon signed-rank test, Paired Samples t-test and w2-test were used for analysis.

Effects nominally significant at Po0.05 are cited.

This study was approved by the local ethic committee of the institute

(2009NL013). A written and informed consent was obtained from each patient

after explaining the objectives of the study and the possible side effects. We

certify that all applicable institutional and governmental regulations concern-

ing the ethical use of human volunteers were followed during the course of this

research.

RESULTS

Before injection, there were 57 episodes of UTI, however, the episodes
decreased to 32 after injection. Accordingly, the overall rates of UTI
were 1.39±1.36 and 0.78±0.96 episodes per patient over 6 months for
before and after injection, respectively. The overall UTI frequency had
the tendency to decrease in patients who developed two or more UTI
before injection, while the patients who did not develop UTI increased
after injection (Figure 1), but from the longitudinal perspective, the
UTI frequency had the tendency to decrease in patients who developed
once or more UTI before injection (Table 2). Two-related-sample tests
of Wilcoxon signed-rank test showed that there was significantly
difference between before and after injection in the incidence of UTI
(Z¼ �2.271, P¼ 0.023). The overall UTI included one episode of
acute epididymitis for two patients before injection, others were acute
pyelonephritis. Antibiotic durations for the two episodes of acute
epididymitis were 18 and 21 days, respectively; mean antibiotic
duration for acute pyelonephritis was 6.2±1.6 days.

After injection, the episode of UTI decreased in 23 (56.1%)
patients, increased in 8 (19.5%) patients and did not change in 10
(24.4%) patients (Table 2). The mean maximum cystometric capacity
increased significantly from 238.0±72.1, 278.8±75.4, 225.0±61.2 ml
before injection to 350.1±58.4, 378.0±66.1, 310.0±61.0 ml in the
UTI decreased, no change, increased patients after injection
(Po0.01), while the mean maximum detrusor pressure during filling
decreased significantly from 54.6±16.0, 49.7±14.5, 64.5±14.5
cmH2O to 28.2±15.1, 20.0±12.7, 39.6±16.7 cmH2O (Po0.01),
respectively. Before injection, all 41 patients had detrusor overactivity,
however, this number decreased to 13, 5 and 6 in the UTI decreased,
no change, increased patients, respectively. In the 24 patients of
detrusor overactivity after injection, although the episodes of UTI had
the tendency to decrease after injection (1.46±1.47 vs 1.04±1.08),
there was no significant difference (Z¼ �0.996, P¼ 0.319). However,
in the 17 patients of detrusor normo-active after injection, the
episodes of UTI decreased significantly from 1.29±1.21 before
injection to 0.41±0.62 after injection (Z¼ �2.434, P¼ 0.015).
A further analysis showed that the mean maximum detrusor pressure
decreased more significantly in patients of detrusor normo-active
than in patients of detrusor overactivity (35.4±12.2 vs 20.9±

7.9 cmH2O, P¼ 0.000). The changes of clinical and urodynamic
parameters after injection are presented in Table 3.

Causal organisms of UTI in the 6 months before and 6 months
after detrusor BoNTA injection were analyzed (Table 4). Escherichia
coli, Enterococcus faecalis and Klebsiella pneumonia were the dominant
bacteria for UTI before and after injection. The rate for E. faecalis,
Pseudomonas aeruginosa, Proteus mirabilis, Staphylococcus aureus and
S. epidermidis caused UTI decrease after injection, while E. coli,
K. pneumonia and Acinetobacter cloacae caused UTI increase.

Figure 1 Changes of percentages of groups with different UTI frequency

before and after injection in 41 SCI patients.

Table 1 The severity of injury for SCI patients treated with detrusor

BoNTA injection

Variable Value (no.)

C2-6(AIS: A/B/C/D) 2/4/3/0

T1-6(AIS: A/B/C/D) 6/2/0/0

T7-12(AIS: A/B/C/D) 13/2/4/0

L1-5(AIS: A/B/C/D) 3/1/1/0

Abbreviations: AIS, American Spinal Injury Association Impairment Scale grade; BoNTA,
botulinum toxin A; SCI, spinal cord injury.

Table 2 Longitudinal changes of UTI frequency after injection in

41 SCI patients

UTI frequency

before injection

(patient’s no.)

Longitudinal

changes of UTI frequency after

injection (no., %)

0 1 2 3 4 5

0 (14) 9 (64.3%) 3 (21.4%) 2 (14.3%) 0 0 0

1 (10) 7 (70.0%) 0 1 (10.0%) 2 (20.0%) 0 0

2 (8) 2 (25.0%) 6 (75.0%) 0 0 0 0

3 (6) 2 (33.3%) 0 3 (50.0%) 1 (16.7%) 0 0

4 (2) 1 (50%) 1 (50%) 0 0 0 0

5 (1) 0 1 (100%) 0 0 0 0

Abbreviations: SCI, spinal cord injury; UTI, urinary tract infection.
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DISCUSSION

Identical to previous reports,6–9 our study found that detrusor
BoNTA injection was an effective treatment for NDO and
incontinence after failure or resistance to anticholinergic drugs. Our
study also found detrusor BoNTA injection significantly decreased
UTI in patients with NDO caused by SCI, which demonstrates that
detrusor BoNTA injection might have a preventive role for UTI in
those people. However, there are conflicting reports about whether
detrusor BoNTA injection could inhibit UTI in patients with NDO.
Game et al.10 reported that detrusor BoNTA injection significantly
decreased the incidence of symptomatic UTI in patients with NDO
caused by SCI or multiple sclerosis, but Herschorn et al.8 covered the
incidence of UTI was unchanged in those types of patients, while
Cruz et al.7 demonstrated the incidence of UTI was unchanged in SCI
patients and increased in multiple sclerosis patients after BoNTA
detrusor injections.

Several reasons were responsible for the different conclusions. First,
because of loss of sensation, NDO patients do not have the common
symptoms of UTI, such as frequency, urgency and dysuria; sometimes
chills and fever may be the only objective symptoms.16 Second, the
definitions of UTI are different in different reports. Game et al.

focused on clinical presentations and bacteriuria (symptomatic
UTI),10 while Herschorn et al.8 focused on bacteriuria and Cruz
et al.7 did not indicate the standard of UTI. In our study, the
definition of UTI is close to the standard of Game et al., but we
emphasized fever for UTI. Third, the study population is different. To
eliminate confounding factors, we excluded patients with infectious
predilections and chose male, sterile intermittent catheterization,
traumatic SCI patients.

The reasons are unclear for the decreasing of UTI after detrusor
BoNTA injection in NDO patients. High bladder pressure is a risk
factor for renal failure and symptomatic UTI.3,13 It promotes
vesicoureteral reflux and ischemic injury to the bladder walls,
creating favorable conditions for infection.5 It is speculated that
detrusor BoNTA injection induced inhibition of detrusor overactivity
and decrease of detrusor pressure were responsible for the decrease of
symptomatic UTI.10 An indirect evidence is that anticholinergic drug
decreases symtomatic UTI by reducing detrusor pressure.17 In our
study, the mean maximum detrusor pressure decreased significantly
in the subgroup of detrusor normo-active compared with the
subgroup of detrusor overactivity, meantime the decrease of UTI
after injection was significant in the former subgroup while no
significant in the latter subgroup, which demonstrates the preventive
role of detrusor BoNTA injection for UTI is related to the reduced
degree of maximum detrusor pressure.

Urine microorganism is the root of UTI. As bacteria that cause UTI
have been found colonizing the urethra and perineal skin of male
patients with SCI,18 improving incontinence and less usage of urine
pads or condom-catheters after detrusor BoNTA injection might
influence the microorganism’s perineal colonization, thus change the
urine microorganism and reduce the occurrence of UTI. Though our
study found the rate of causal organisms of UTI changed after
detrusor BoNTA injection, whether detrusor BoNTA injection
influences the microorganisms in urine and UTI through
improving incontinence needs more research.

Three months after injection, video-urodynamic investigation was
done and 17 patients were found detrusor normo-active, including 14
patients who still used anticholinergics in them. It is difficult to
distinguish the detrusor overactivity/normo-active before urodynamic
investigation, so it may be beneficial to use anticholinergics for the
patients before urodynamic investigation. Anticholinergics and
BoNTA injection may have a synergistic effect in improving detrusor
overactivity, as anticholinergic drug could decrease symtomatic
UTI by reducing detrusor pressure,17 so we continued the anticholi-
nergics after injection for the aim of the study. After injection,
the catheterization frequency and volume/catheterization both
increased, which does not mean diuresis postoperative, but it

Table 3 Changes in clinical and urodynamic parameters in SCI

patients with detrusor BoNTA injection

Variable Before injection After injection P-value

Clinical parameters

Mean number of catheteri-

zations/24h

4.0±1.2 4.7±0.8 0.001

Mean urine volume/cathe-

terization (ml)

204.2±58.0 365.8±63.0 0.000

Incontinence between sterile intermittent catheterizations

Yes 41 12 0.000

No 0 29

Urodynamic parameters

Mean maximum detrusor

pressure (cmH2O)

55.3±15.8 28.4±15.9 0.000

Mean maximum cystometric

capacity (ml)

245.4±72.0 349.1±63.4 0.000

Mean bladder compliance

(ml cmH2O
�1)

4.9±2.3 19.1±16.0 0.000

Detrusor overactivity

Yes 41 24 0.000

No 0 17

Reflux None None

Bladder stone None None

Urodynamic parameters for detrusor overactivity after injection (n¼24)

Mean maximum detrusor

pressure (cmH2O)

58.1±18.1 37.2±14.7 0.000

Mean maximum cystometric

capacity (ml)

218.1±51.8 318.4±48.3 0.000

Urodynamic parameters for normo-active detrusor after injection (n¼17)

Mean maximum detrusor

pressure (cmH2O)

51.4±11.2 16.1±6.8 0.000

Mean maximum cystometric

capacity (ml)

284.0±80.0 392.4±57.5 0.000

Abbreviations: BoNTA, botulinum toxin A; SCI, spinal cord injury.

Table 4 Causal organisms of UTI in the 6 months before and

6 months after injection

Organisms Before injection (%) After injection (%)

Escherichia coli 28/57 (49.1) 20/32 (62.5)

Enterococcus faecalis 9/57 (15.8) 2/32 (6.3)

Klebsiella pneumonia 7/57 (12.3) 6/32 (18.8)

Pseudomonas aeruginosa 5/57 (8.8) 1/32 (3.1)

Proteus mirabilis 3/57 (5.3) 1/32 (3.1)

Staphylococcus aureus 3/57 (5.3) 0

Acinetobacter cloacae 1/57 (1.8) 2/32 (6.3)

Staphylococcus epidermidis 1/57(1.8) 0

Abbreviation: UTI, urinary tract infection.
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reflects urine leaking was more severe before injection. As the bladder
capacity increased significantly and the urine leaking improved
obviously after injection, some patients increased one or two times
of catheterization to improving incontinence and keeping the
perineal dryness.
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