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Abstract 
Objective: To evaluate the efficacy and safety of Combined detrusor and ex-
ternal urethral sphincter BTX-A injections for detrusor overactivity (DO) and 
detrusor external sphincter dyssynergia (DESD) secondary to spinal cord in-
jury. Study Design: Prospective study. Methods: The study was carried out 
in 18 SCI patients with detrusor overactivity (DO) and detrusor external sphinc- 
ter dyssynergia (DESD) receiving Combined detrusor and external urethral 
sphincter BTX-A injections treatment. Contain 200 U botulinum toxin intra-
detrusor and 100 U external urethral sphincter injections. The effective out-
comes included maximum detrusor pressure at first DO and DESD (Pdet-
maxDO-DESD), volume at first DO and DESD (VDO-DESD), maximum ure- 
thral closure pressure (MUCP), and Incontinence-Specific Quality-of-Life In-
strument (I-QoL). Adverse events were recorded. Results: All patients expe-
rienced a significant mean reduction in PdetmaxDO-DESD (50.75%), maxi-
mum urethral closure pressure (26.34%) and a significant mean increase in 
VDO-DESD (63.00%) 12-weeks post-injection. Significant (p < 0.001) im-
provement in mean Incontinence-Specific Quality-of-Life Instrument was also 
found. No obvious adverse event and toxic effect was observed. Conclusion: 
Combined detrusor and external urethral sphincter BTX-A injections is a 
good choice for patients with DO and DESD secondary to spinal cord injury. 
It could not only protect the upper urinary tract but also improve quality of 
life. 
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Spinal Cord Injury 

 

1. Introduction 

In patients with neurologic disorders, a major health problem is represented 
by bladder dysfunction associated with detrusor overactivity (DO), which con-
stantly impairs quality of life (QoL) and often poses a threat for the upper uri-
nary tract (UUT) [1]. Detrusor sphincter dyssynergia (DSD) most often occurs 
in patients with suprasacral spinal cord injuries or lesions (e.g., MS). Similar to 
NDO, patients often experience urinary urgency, frequency, nocturia, and in-
continence as well as urinary retention and obstructive voiding symptoms [2]. In 
2000, Stohrer and Schurch were the first to report the value of intradetrusor in-
jections of botulinum toxin A (BTXA) as a treatment of NDO secondary to SCI 
refractory to anticholinergic treatment [3]. Since then, numerous studies have 
further evaluated the efficacy and safety of BTXA and clarified its indications, 
mainly in patients with SCI, MS or sometimes other conditions such as myelo-
meningocele or myelitis [4]. In recent years, BTX-A injection has been widely 
used in the treatment and research of lower urinary tract dysfunction [5]. The 
site of BTX-A injection is classified into simple detrusor injection for detrusor 
overactivity or simple sphincter injection, but few study about detrusor-sphincter 
combined injection for sphincter spasm or detrusor sphincter dysfunction. The 
aim of this study was evaluate the effect of combined detrusor and external ure- 
thral sphincter BTX-A injections in patients with DO and DESD secondary to 
SCI. 

2. Material and Methods 

From January 2018 to May 2020 a total of 18 patiens whose urodynamic result 
reveal detrusor overactivity (DO) and detrusor external sphincter dyssynergia 
(DESD) receiving Combined detrusor and external urethral sphincter BTX-A 
injections were included in this study. All eligible inpatients over 18 years of age 
with chronic SCI (i.e. no progression in neurological symptoms in the previous 3 
months) were screened for enrolment. Inclusion criteria were: 1) presence of DO 
and DESD; and 2) inadequate response or intolerance to oral anti-muscarinic 
agent (oxybutynin, trospium, tolterodine, propiverine, darifenacin and solife-
nacin) or spasmolytic agents (hyoscine butylbromide), skeletal muscle relaxant 
(baclofen) and alpha blockers (doxazosin mesylate and terazosin). Exclusion 
criteria were: 1) allergy to BTX-A; 2) coagulopathy disease and myasthenia gra-
vis; 3) acute urinary tract infection; 4) other causes of bladder outlet obstruction 
(i.e. Urethral stricture and benign prostatic hyperplasia); and 5) previous sphinc-
terotomy. 

Before treatment, all patients underwent urodynamic examination according 
to the International Continence Society standard, and maximum detrusor pres-
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sure at first DO and DESD (PdetmaxDO-DESD), volume at first DO and DESD 
(VDO-DESD), maximum urethral closure pressure (MUCP) were recorded as 
baseline evaluation, at week 12 after injection, we reevaluate them. The Incon-
tinence-Specific Quality-of-Life Instrument (I-QoL), Voiding volume, urinary 
incontinence (UI) episodes and Complete dryness were determined from 7 
consecutive days of the patient’s bladder diary. Voiding volume is defined as 
voided volume by clean intermittent catheterization (CIC) plus spontaneous 
voids. Complete dryness is defined as less than one incontinence episode per 24 
h. 

Injections were performed in the operating room with no anaesthesia or un-
der epidural anaesthesia. The bladder was filled with 100 - 150 ml sterile saline 
to achieve adequate visualization so as to avoid blood vessels during injections. 
A 23-gauge needle (Cook Urological Incorporated, Bloomington, IN, USA) was 
used for injections through a 21F rigid cystoscope (Ackermann, Schaffhausen, 
Switzerland), to a depth of approximately 2 mm into the detrusor. Firstly, 200 U 
Botox? vials (100 U each) were reconstituted in 30 ml sterile saline (6.7 U/ml) 
and administered in 30 injections of 1 ml each, spaced 1 cm apart across the 
detrusor, and additional 4 1-ml (total 100 U) BTX-A injections into the ex-
ternal urethral sphincter to a depth of approximately 1 cm at 3, 6, 9 and 12 
o’clock positions in approximately equal aliquots. A 16 Foley catheter was in-
serted into the bladder and kept for 3 - 5 days. Oral prophylactic antibiotics (ex-
cept aminoglycosides) were administered on the day of treatment.  

Student’s paired samples t-test was used as appropriate to compare Pdet-
maxDO-DESD, VDO-DESD, MUCP and I-QoL, of pre-injection and post-injec- 
tion. The results are shown as mean values and standard deviation (SD). All sta-
tistical tests were 2-sided, and a p-value of 0.05 or less was considered statistical-
ly significant. Statistical analyses were performed with SPSS 13.0 software (SPSS 
Inc., Chicago, IL, USA). 

3. Results 

A total of 18 patients included in our study, the mean age was 27.78 years, mean 
injury duration 34.28 months (Table 1). The distribution of SCI levels was 13 
(72%) cervical and 5 (28%) thoracic. The distribution of the American Spinal 
Injury Association Impairment Scale (AIS) scores was: 12 (66.7%) Grade A, 4 
(22.2%) Grade B, and 2 (11.1%) Grade C. 

Table 2 shows that the significant difference resulted from preinjection and 
post-injection PdetmaxDO-DESD, VDO-DESD and MUCP (all p-value < 0.05). 
Comparing the urodynamic parameters at baseline, all patients experienced a 
significant mean reduction in PdetmaxDO-DESD (50.75%), maximum urethral 
closure pressure (26.34%) and a significant mean increase in VDO-DESD (63.00%) 
at 12 weeks, respectively (Figure 1).  

Significant improvement in mean I-QoL, voiding volume, UI episodes and 
complete dryness were present at week 12 (Table 3). 
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Figure 1. The urodynamic parameters of patients at baseline and at 12-weeks followup. 
PdetmaxDO-DESD: maximum detrusor pressure at first DO and DESD, VDO-DESD: 
volume at first DO and DESD, MUCP: maximum urethral closure pressure. 

 
Table 1. Demographic characteristics of the participants. 

Number of patients 18 

Age, years, mean (SD) 27.78 ± 7.647 

Injury duration, months, mean (SD) 34.28 ± 2.327 

Neurological injury level, n (%)  

Cervical 13 (72%) 

Thoracic 5 (28%) 

AIS, n (%)  

Grade A 12 (66.7%) 

Grade B 4 (22.2%) 

Grade C 2 (11.1%) 

AIS = American Spinal Injury Association Impairment Scale (AIS). 
 

Table 2. The urodynamic parameters of patients at baseline and at 12-weeks followup. 

 Baseline 
Postoperation 

(12-weeks followup) 
p-value 

PdetmaxDO-DESD 55.17 ± 5.044 27.17 ± 2.449 <0.05 

VDO-DESD 136.33 ± 18.372 222.22 ± 12.225 <0.05 

MUCP 113.5 ± 4.014 83.6 ± 3.302 <0.05 

PdetmaxDO-DESD: maximum detrusor pressure at first DO and DESD, VDO-DESD: volume at first DO 
and DESD, MUCP: maximum urethral closure pressure. 

 
Table 3. Baseline and change from baseline in I-QoL, UI episodes, complete dryness and 
voiding volume. 

 Baseline Week4 Week12 

I-QoL 32.11 50.23 61.75 

voiding volume 185.68 243.75 286.97 

UI episodes 11.54 9.33 5.12 

complete dryness 2 5 8 

I-QoL = Incontinence-Specific-Quality-of-Life Instrument, UI = urinary incontinence. 
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4. Discussion 

Spinal cord injury (SCI) is a significant cause of morbidity and mortality in de-
veloping countries, with the worldwide incidence of SCI reported in the litera-
ture ranges from 12.1 to 57.8 per million [7]. In chronic SCI patients, the main 
problems of neurogenic lower urinary tract dysfunction (NLUTD) are failure to 
store due to detrusor overactivity (DO), or urethral incompetence. Another 
problem is failure to empty due to detrusor areflexia, bladder neck dysfunction, 
or detrusor sphincter dyssynergia (DSD), and a usually-combined failure to 
store and empty, such as due to DSD or DO and impaired contractility [8]. If not 
well managed, high intravesical pressure may damage the upper urinary tract, 
causing renal scarring and chronic renal insufficiency, which greatly impairs the 
quality of life [1]. The application of BoNT-A in urology started from urethral 
sphincter injections for the treatment of DSD in patients with SCI and MS [6]. 
After that, the treatment was extended to treat DO and urinary incontinence in 
NVD and NNVD patients [9] [10]. Double-blind placebo-controlled studies of 
therapeutic efficacy of BoNT-A urethral sphincter injection have also confirmed 
the validity and durability of this treatment in patients with SCI and DSD [9] 
[11]. 

According to our study, after treatment the patients had a significant decrease 
in PdetmaxDO-DESD (50.75%), maximum urethral closure pressure (26.34%) 
and a significant mean increase in VDO-DESD (63.00%) 12 weeks post-injec- 
tion. Since 2000, minimally invasive BoNT-A injections into the detrusor have 
been reported to improve clinical and urodynamic parameters and quality of life 
in patients with refractory NDO in several open-label studies [12] [13] [14] [15]. 
The high bladder pressure in SCI patients with DO and DESD is probably con-
nected not only to involuntary detrusor contractions, but also to spontaneous 
obstruction of the outlet. Significantly reduce urethral pressure Combined de-
trusor and urethral external sphincter BTX-A injections would help to relieve 
the spontaneous obstruction of the outlet, which might have a certain effect on 
reducing bladder pressure, besides relieve the symptoms of autonomic dysref-
lexia (AD) in with neurological level above thoracic 6. Some studies also have 
reported that BTX-A injection in the external urethral sphincter could restore 
bladder emptying and reduce detrusor pressure [16] [17]. The dosage of BTX-A 
we inject to urethra is small, which would not cause stress urinary incotinence. 
Smith et al. reported that only one female patient developed stress urinary in-
continence among 68 patients who received intramuscular injection of external 
urethral sphincter [18]. 

Combined detrusor and urethral external sphincter BTX-A injections also 
improved the quality of life of these patients, which is another important point 
in the treatment of neurogenic lower urinary tract dysfunction [19]. The reasons 
we propose for this were that the patients showed greater improvement in void-
ing volume and 8 patients developed complete dryness than those at baseline, 
besides most of the patients experienced significant decreases in the symptoms 
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of autonomic dysreflexia (AD).  
According to the follow-up results, except for slight hematuria, there was no 

obvious discomfort and postoperative complications 

5. Conclusion 

Combined detrusor and external urethral sphincter BTX-A injections is a good 
choice for patients with DO and DESD secondary to spinal cord injury. It could 
not only protect the upper urinary tract but also improve quality of life. 
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