
Int J Clin Exp Med 2016;9(9):18207-18213
www.ijcem.com /ISSN:1940-5901/IJCEM0032511

Original Article
Trigone-including BTX-A injection for the treatment of 
low bladder compliance and urinary incontinence  
secondary to spinal cord injury 

Maping Huang1, Hui Chen1,3, Keji Xie2, Chonghe Jiang3, Ping Tang2, Rubiao Ou2, Jiangwen Zeng3, Qiuling Liu1, 
Qingqing Li1, Jiebing Huang1, Tianhai Huang1

1Department of Urology, Guangdong Provincial Work Injury Rehabilitation Hospital and Jinan University, 
Guangzhou 510440, China; 2Department of Urology, Guangzhou First Municipal People’s Hospital, Guangzhou 
510180, China; 3Department of Urology, Qingyan City People’s Hospital, Jinan University, Guangdong 511500, 
China

Received May 20, 2016; Accepted August 9, 2016; Epub September 15, 2016; Published September 30, 2016

Abstract: Objective: To evaluate efficacy and safety of combined detrusor-trigone botulinum toxin-A injections in 
patients with low bladder compliance (BC) and urinary incontinence (UI) secondary to spinal cord Injury (SCI). 
Methods: A prospective, single-blind, parallel, randomized controlled trail was conducted at three institutions be-
tween December 2012 to June 2015. Patients with low BC (<20 ml/cmH2O) and UI secondary to SCI were enrolled 
and randomly assigned to experimental group (160 U intradetrusor plus 40 U intratrigonal BTX-A injections) or 
control group (200 U intradetrusor BTX-A injections sparing the trigone). The primary end-point outcome was the 
change from baseline in number of vesicoureteral reflux (VUR). The secondary end-point outcomes included the 
changes from baseline in BC, detrusor leak point pressure (DLPP), scores of Incontinence-Specific-Quality-of-Life 
Instrument (I-QoL), UI episodes, complete dryness and voiding volume. The related complications were recorded 
throughout the trail. Results: 80 patients (41 in experimental group and 39 in the control group) completed the trail. 
No patients developed VUR. For the improvement from baseline between experimental group and control group at 
week 12, BC increased by 6.53 ml/cmH2O vs. 4.17 ml/cmH2O (P = 0.04), DLPP decreased by -26.04 cmH2O vs. 
-20.90 cmH2O (P = 0.01), I-QoL increased by 27.02 vs. 20.32 (P = 0.02), mean UI episodes decreased by -7.19/d 
vs. -6.65/d (P = 0.01), complete dryness increased by 22 vs. 10 (P = 0.01), and mean voiding volume increased by 
142.84 ml vs. 110.36 ml (P = 0.01). 7 patients (5 in the experiment group, 2 in the control group) developed mild 
transient hematuria and four patients in the control group accompanied bladder discomfort during week 1 post 
injection. Conclusions: Trigone-including BTX-A injections are superior to trigone-excluding BTX-A injections for the 
treatment of low BC and did not induce VUR.
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Introduction

Bladder compliance (BC) describes the rela-
tionship between the change in bladder volume 
and change in detrusor pressure [1]. Low BC 
manifests as a steep rise in detrusor pressure 
during bladder filling [2]. Sustained detrusor 
leak point pressure (DLPP) in low BC has been 
associated with a high risk factor of upper uri-
nary tract complications, the most dangerous 
being damage of renal function [3, 4]. Therefore, 
keeping the DLPP within lower limits has 
become a primary treatment goal for Low BC 
[5]. 

Botulinum toxin A (Botox®, Allergan, Irvine, 
Calif.) has been proven effective in decreasing 

maximal detrusor pressure for patients with 
detrusor overactivity (DO) or Low BC who have 
an inadequate response to anticholinergic med-
ication [6-8]. Besides, recent studies [9-16] has 
demonstrated trigone-including injections are 
superior to trigone-excluding injections and did 
not cause vesicoureteral reflux (VUR). However, 
to our knowledge, a recent review revealed 
most data for studies on DO with very little data 
on Low BC in patients with neurological lower 
urinary tract dysfunction. Therefore, encour-
aged by our satisfactory clinical effects, we per-
formed this trail to evaluate the efficacy and 
safety of combined detrusor-trigone BTX-A 
injections for patients with low BC secondary to 
SCI.
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Materials and methods

Study population

A prospective, single-blind, parallel, random-
ized controlled trail was conducted at three 
institutions between December 2012 to June 

2015. Inclusion criteria were: (1) Inpatients at 
least 18 years old with various neurogenic dis-
orders; (2) Chronic spinal cord injury (i.e. no pro-
gression in neurological symptoms in the previ-
ous 3 months); (3) low bladder compliance (< 
20 ml/cmH2O) [17] with urinary incontinence; 
(4) an inadequate response or intolerance to 

Figure 1. Flow chart shows 
screening, randomization, treat-
ment and follow-up of the study. 
a160 U BTX-A intradetrusor +40 
U BTX-A intratrigonal injections; 
b200 U BTX-A intradetrusor in-
jections.
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oral anticholinergic drugs (tolterodine, propiver-
ine and solifenacin); (5) participants or their 
caregiver could perform clean intermittent 
catheterization (CIC). Exclusion Criteria were: 
(1) an allergy to BTX-A; (2) women were preg-
nant, lactating, or planning to become pregnant 
during the course of the trial; and (3) acute uri-
nary tract infection. The study was approved by 
the local ethics committees of each participat-
ing hospitals. All patients were given a thorough 
explanation of both modes of treatment and 
provided written informed consent before 
injection.

Study design

All participants were enrolled and randomly 
assigned to experimental group (160 U intrade-
trusor plus 40 U intratrigonal BTX-A injections) 
or control group (200 U intradetrusor BTX-A 
injections sparing the trigone) at 1:1 ratio.

Study outcomes

Patients used a consecutive 7-d bladder diary 
before the baseline and each follow-up visit (4 
and 12 week after BTX-A injection). Videouro-
dynamic assessments were performed at ba-
seline and 12 weeks post injection; all were 
subsequently evaluated by a central urologist. 
The primary end-point outcome was the change 
from baseline in number of vesicoureteral reflux 
(VUR). The secondary end-point outcomes 

included the changes from baseline in BC, 
detrusor leak point pressure (DLPP), scores  
of Incontinence-Specific-Quality-of-Life Instru-
ment (I-QoL), UI episodes between CICs per 24 
hour, complete dryness (less than 1 inconti-
nence episode per 24 hours) and voiding 
volume(voided volume by CIC plus spontane-
ous voids). Related complications were record-
ed throughout the trail.

Treatment

Injections were performed with no anesthesia 
or under epidural anesthesia in the operating 
room with a 21F rigid cystoscope (Ackermann, 
Schaffhausen, Switzerland). The bladder was 
instilled with 100-150 ml sterile saline to achie-
ve adequate visualization so as to avoiding the 
blood vessels during injections. A 23 gauge 
needle (Cook Urological Incorporated, Bloo-
mington, IN, USA) was inserted approximately 2 
mm into the detrusor. 200 U Botox® vials (100 
U each) were reconstituted in a total of 30 ml 
sterile saline (6.7 U/ml). Patients in the experi-
mental group had 24 1-ml injections (total 160 
U) into the bladder wall, and 6 1-ml (total 40 U) 
injections into the bladder trigone sparing a 5 
mm distance to the vicinity of the ureteral ori-
fices and the bladder neck (Figure 2A). Patients 
in control group had 30 1-ml (total 200 U) injec-
tions into the bladder wall, avoiding the trigone 
[18]. Both procedures were performed by a 
single senior urologist with extensive experi-

Figure 2. Location of BTX-A injection 
sites. A: Experimental group (160 U 
BTX-A intradetrusor injections plus 40 
U BTX-A intratrigonal injections); B: 
Control group (200 U BTX-A intrade-
trusor injections).
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ence in BTX-A injections (Figure 2B). In both 
procedures, a 16 Foley catheter had been 
inserted for 3-5 days. In both procedures, a 
catheter had been inserted for 1-3 days and 
antibiotics (except aminoglycosides) were ad-
ministered for three days.

Statistical analysis

Mann-Whitney U test was used as appropriate 
to compare BC, DLPP, I-QoL, UI episodes, and 
voiding volume between groups. Chi-square 
test was used to compare the rates of com-
plete dryness between the two groups. 
Statistical analyses were performed using 
SPSS program (version 18.0, Chicago, IL). All 
statistical tests were two-sided with a P value 
of 0.05 or less considered statistically 
significant.

Results

Of the 425 participants screened at 3 partici-
pating hospital (Figure 1), 88 underwent ran-
domization, 83 received a study medication, 

The secondary end-point outcomes: Patients in 
the experimental group were observed statisti-
cally greater improvement than those in the 
control group for the change from baseline in 
BC (6.53 ml/cmH2O vs. 4.170 ml/cmH2O, P = 
0.04) and DLPP (-26.04 cmH2O vs. -20.90 
cmH2O, P = 0.01) at week 12 (Table 2). Si- 
gnificant changes were already appeared be-
tween the two groups by week 4 in I-QoL (26.62 
vs. 20.15, P = 0.04), mean daily UI episodes 
(-6.92/d vs. -6.05/d, P = 0.03), complete dry-
ness (20 vs. 10, P = 0.03) and mean voiding 
volume (130.86 ml vs. 108.29 ml, P = 0.04), 
respectively. Furthermore, patients in the ex-
periment group still yielded significant improve-
ments in I-QoL (27.02 vs. 20.32, P = 0.02), 
mean UI episodes (-7.19/d vs. -6.65/d, P = 
0.01), complete dryness (22 vs. 10, P = 0.01), 
and mean voiding volume (142.71 ml vs. 
110.36 ml, P = 0.01) compared with those in 
the control group at week 12 (Table 3).

Safety and tolerability: We observed 7 patients 
(5 in the experiment group, 2 in the control 

Table 1. Baseline patients characteristics
Parameter Experimental group n = 41 Control group n = 39 P Value
Age*, yr 31.85 (15.39) 33.43 (14.66) 0.64
Gender, female** 17 (51.47) 13 (33.33) 0.45
Weight*, kg 58.09 (25.73) 61.82 (28.11) 0.54
Time since SCI*, months 16.81 (7.04) 17.29 (7.62) 0.77
Neurological injury level** C6-C8/T1-T12/L1-L5 0/29 (70.73)/12 (29.27) 1 (2.56)/31 (79.49)/7 (17.95) 0.31
AIS**, A/B/C 29 (70.73)/11 (26.83)/1 (2.44) 28 (71.79)/8 (20.51)/3 (7.70) 0.49
Anticholinergic drugs use prior to treatment** 41 (100) 39 (100) NS
CIC prior to treatment** 29 (70.73) 26 (66.67) 0.70
Abbreviations: SCI = spinal cord injury; UI = urinary incontinence; AIS = American Spinal Injury Association Impairment Scale; SD = standard de-
viation; NS = no significance; CIC = clean intermittent catheterization. *Values are given as mean ± standard deviation; P values from Student’s 
t-test between the two groups. **Values are given as n (%); P values from Chi-square test between the two groups.

Table 2. Mean baseline and change from baseline in 
BC and DLPP 

Variables Experimental group
n = 41

Control group
n = 39

P 
Value

BC*, ml/cmH2O
    Baseline 5.13 (3.62) 5.08 (3.44) 0.95
    Week 12 6.53 (5.74) 4.17 (4.25) 0.04
DLPP*, cmH2O
    Baseline 45.81 (15.01) 44.07 (16.18) 0.62
    Week 12 -26.04 (8.62) -20.90 (7.94) 0.01
Abbreviations: BC = bladder compliance; DLPP = detrusor leak 
point pressure. *Values are given as mean ± standard deviation. 
Significant at P < 0.05. P values from Student’s t-test between the 
2 treatment groups.

and 80 had data available for the outcome 
analyses. 41 participants were randomly 
assigned to experimental group and 39 
were assigned to control group. At base-
line, there were no significant differences 
between the two groups with respect to 
demographic characteristics, BC, DLPP, 
I-QoL, UI episodes, complete dryness and 
voiding volume (Tables 1-3).

Efficacy

The primary end-point outcomes: No 
patient developed unilateral or bilateral 
VUR after injection. 
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group) with mild transient hematuria and 5 
patients (3 in the experiment group, in the con-
trol group) with bladder discomfort during the 
first week after injection. All patients did not 
require any medication or surgical inter- 
vention.

Discussion 

According to current knowledge, BTA is an ace-
tylcholine release inhibitor and a neuromuscu-
lar blocking agent [19, 20]. Therefore, it could 
theoretically induce contractile responses in 
the smooth muscle of ureteral orifice, which 
characterized the normal valve mechanism of 
the ureterovesical junction. Nevertheless, no 
patients developed VUR during the filling phase 
or micturition following BTA trigonal injections 
in our study. In 2015, Davis NF et al [21] made 
a systematic review (six studies and 258 
patients) and meta-analysis of efficacy and 
adverse events for trigonal vs. extratrigonal 
botulinum toxin-A. No new cases of VUR were 
documented in these studies for 2-52 weeks 
follow-up period. Besides, one study [9] report-
ed that one patient with bilateral VUR (grade 2 

low-up period was relatively short, we demon-
strated that BTX-A intradetrusor including trigo-
nal injections were superior to those sparing 
trigone with respect to the protection of renal 
function. The improvements of BC and DLPP in 
the experiment group were greater than those 
in control group to level traditionally considered 
safe for the upper urinary tract [4]. Undoubtedly 
, there was some different dose of extratrigonal 
BTX-A injection between experiments group 
and control group (160 U vs. 200 U) in this trail. 
However, in 2009, Cohen BL et al [24] com-
pared 100 U and 150 U BTX-A intradetrusor 
injections for patients with detrusor overactivi-
ty (DO), and found no significant differences in 
the safety and efficacy. Furthermore, three ran-
domized controlled trials [25-27] also con-
firmed that 300 U and 200 U BTX-A were well 
tolerated with no clinically relevant differences 
in efficacy or duration of effect. According to 
these findings, we did not increase the dose of 
BTX-A in the experiment group. Besides, it was 
difficult for ethical reasons to inflict a placebo 
injection into the bladder trigone, which was 
another limitation of this study. 

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

Outcome Experimental group
n = 41

Control group
n = 39

P 
Value

I-QoL*
    Baseline 32.51 (8.72) 33.95 (9.08) 0.47
    Week 4 26.62 (13.09) 20.15 (14.64) 0.04
    Week 12 27.02 (10.94) 20.32 (13.27) 0.02
UI episodes*,a, n/d
    Baseline 9.12 (5.61) 8.94 (6.38) 0.89
    Week 4 -6.92 (1.15) -6.05 (1.98) 0.03
    Week 12 -7.19 (0.81) -6.65 (1.02) 0.01
Complete dryness**,a

    Baseline 0 0 NS
    Week 4 20 (48.78) 10 (11.36) 0.03
    Week 12 22 (53.65) 10 (25.64) 0.01
Voiding volume*,a, ml
    Baseline 189.24 (68.17) 194.61 (73.52) 0.74
    Week 4 130.86 (51.16) 108.29 (44.41) 0.04
    Week 12 142.84 (59.08) 110.36 (50.94) 0.01
Abbreviations: I-QoL = Incontinence-Specific-Quality-of-Life Instrument; UI = 
urinary incontinence; voiding volume = voided volume by CIC plus sponta-
neous voids; NS = no significance. *Values are given as mean ± standard 
deviation; P values from Student’s t-test between the two groups. **Values 
are given as n (%); P values from Chi-square test between the two groups. 
aThese variables were assessed from the patients’ 7-day bladder diary.

right, grade 1 left) at baseline 
showed no change in the VUR grade 
at the 6-week video-urodynamic 
test. As the primary aim of intratrigo-
nal BTA injection is known to ensure 
that the detrusor pressure remains 
within safe limits during both the fill-
ing and voiding phase and not to 
modify the anatomy of the uretero-
vesical junction, the main normal 
passive antireflux mechanism is 
probably un-changed. Of course, the 
limit of our assumption was lack of 
authentication from the imaging or 
histological studies of the uretero-
vesical junction after BTA injections, 
so further investigation were re- 
quired. 

It is reported that abundant sensory 
nerve fibers are particularly dense in 
bladder trigone, and smooth muscle 
of bladder trigone is sensitive to 
small pressure changes [22, 23]. 
According to these studies, com-
bined detrusor trigone BTX-A injec-
tions may help desensitize the blad-
der and thereby help to decrease 
detrusor pressure. Although the fol-
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The change in urodynamic outcomes also 
transfer into the improvements for quality of life 
in these patients. Our study also burdened the 
fact that combined detrusor-trigone BTX-A 
injections lead to a statistically significant 
improvement in I-QoL for up to 12 weeks post 
injection. In our trial, combined detrusor-trigone 
BTX-A injections were superior to BTX-A injec-
tions excluding trigone with respect to reduc-
tion of urinary incontinence episodes (78.83% 
vs. 74.38%, P = 0.01) and increase in voiding 
volume (75.48% vs. 56.70%, P = 0.01). Most 
importantly, 22 patients in the experimental 
group developed complete dryness postopera-
tively, and I-QoL from them was relatively high. 

In our study, the complications directly related 
to the BTX-A injection procedure were mild tran-
sient hematuria and bladder discomfort during 
the first week after injection. All patients did not 
require any medication or surgical interven- 
tion.

Conclusions

Trigone-including BTX-A injections are superior 
to trigone-excluding BTX-A injections for the 
treatment of low BC and did not induce VUR.
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