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Purpose: We assessed the effectiveness and safety of using intravesical onabotulinumtoxinA (onabotA; BOTOX) injection
with a low dose (75 units) for treating urinary storage symptoms in patients with detrusor overactivity with detrusor underac-
tivity (DODU) compared to using the standard 100 units of onabotA in patients with overactive bladder (OAB).

Methods: This ambidirectional study included 121 female patients who received intravesical onabotA injections at our hospi-
tals. A total of 87 patients with OAB and 34 patients with DODU were reviewed using a 3-day voiding diary, uroflowmetry,
and questionnaires including the International Prostate Symptom Score (IPSS), Overactive Bladder Symptom Score, and Pa-
tient Perception of Bladder Condition. Patients were evaluated at baseline, within 2 weeks of treatment, and beyond 3 months
after treatment.

Results: Questionnaire scores of the DODU group demonstrated significant improvement in the short term, with a subsequent
decline, but an overall improvement compared to baseline in the long term. Notably, the DODU group exhibited enhanced IPSS
voiding scores after the treatment. In the OAB group, most questionnaire scores, excluding the IPSS voiding score, showed sig-
nificant posttreatment improvement, which was sustained to some extent in the long term. Voiding diary parameters related to
storage symptoms were enhanced in both groups. The maximum and mean flow rates decreased in the OAB group but increased
in the DODU group, particularly in the short term (P =0.000). The postvoid residual volume increased in both groups after post-
treatment, with a mitigated change in the long term. Safety assessments revealed manageable adverse events in both groups with
comparable frequencies.

Conclusions: Low-dose intravesical onabotA for DODU demonstrated a relatively shorter duration of efficacy than OAB.
Nonetheless, the treatment improved both storage and voiding symptoms in patients with DODU without significant adverse
effects.
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INTRODUCTION

Overactive bladder (OAB) is a common condition characterized
by urgency, with or without urinary incontinence, increased
daytime frequency, and nocturia [1]. Underactive bladder (UAB)
is a symptom complex suggestive of detrusor underactivity
(DU), resulting in prolonged or incomplete bladder emptying
[1]. Detrusor overactivity with DU (DODU) is a condition in
which the bladder is both overactive and underactive, resulting
in storage symptoms, such as urgency urinary incontinence
(UUI) and voiding difficulties [2]. DODU is a common cause of
urinary incontinence in elderly patients and must be diagnosed
to avoid unnecessary interventional management.

There is no defined treatment algorithm for patients with
DODU; however, they are typically treated based on symptom
severity [3]. Treatments for patients with voiding symptoms in-
clude alpha-blockers or clean intermittent catheterization (CIC);
sacral nerve stimulation may also be considered. For patients
with storage symptoms, the first-line treatment is behavioral
therapy, such as fluid intake restriction, timed voiding, and Ke-
gel exercises. When behavioral therapy is insufficient, oral med-
ications, including antimuscarinic agents or beta-3 adrenore-
ceptor agonists are the primary second-line treatment. Highly
resistant storage symptoms refractory to oral medications are
treated with an intravesical injection of onabotulinumtoxinA
(onabotA; BOTOX, Allergan plc, Dublin, Ireland) as an effec-
tive third-line treatment [4, 5]. Complications of intravesical in-
jection of onabotA include increased postvoid residual (PVR)
volume, acute urinary retention (AUR), and risk of urinary tract
infection (UTT) [6]. These complications can result in poor pa-
tient compliance. Thus, appropriate patient selection is crucial,
and patients who are willing to undergo PVR evaluation and
CIC are appropriate candidates.

Intravesical onabotA injections can also be used to treat stor-
age symptoms in patients with DODU; however, only one clini-
cal study has been conducted on this topic to date [7]. We con-
ducted our research to assess the effectiveness and safety of in-
travesical onabotA injection at a low dose of 75 units (U) for
treating storage symptoms in patients with DODU compared
to the standard 100 U of onabotA in patients with OAB.

MATERIALS AND METHODS

Study Design
This ambidirectional study involved patients who received in-
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travesical onabotA injections at the 2 authors hospitals between
2017 and 2022. All enrolled patients had to be female, between
20 and 80 years of age and had had at least one episode of ur-
gency or UUI per day, as recorded in a 3-day voiding diary. Al-
though there is currently no consensus on the definitions of
DU and DODU [8-10], very strict criteria have been suggested
based on expert opinions of the European Association of Urol-
ogy (EAU) [11]. Women with DU were defined as having de-
trusor pressure at a maximum flow rate <20 cm H,O, maxi-
mum flow rate (Qmax) <15 mL/sec, bladder voiding efficiency
(BVE) <90%, and no signs of obstruction on video-urodynam-
ic studies. Based on this definition, patients with DODU are re-
quired to fulfill these criteria.

The enrolled patients had tried behavioral therapy and medi-
cation with antimuscarinics for more than 3 months before en-
rollment. All patients stopped antimuscarinics for more than 2
weeks before the injection to wash out the residual effect. The
exclusion criteria were neurogenic bladder dysfunction, blad-
der outlet obstruction, malignant diseases of the pelvic organs,
UTL and other serious diseases that made the patient unsuit-
able for the study. OnabotA was injected transurethrally using a
cystoscope and a 23-gauge needle. Patients were treated with
suburothelial injections of onabotA in 10-mL saline, 0.5 mL per
injection in 20 injections in the bladder body, sparing the tri-
gone, as a recent randomized clinical trial showed that trigone
injections are not superior to trigone-sparing injections in effi-
cacy but only increased the incidence of UTT and voiding diffi-
culty [12]. Patients with OAB were treated with 100-U onabotA,
whereas those with DODU were treated with 75-U onabotA.

Efficacy and Safety Assessments

A 3-day voiding diary, uroflowmetry, and questionnaires in-
cluding the International Prostate Symptom Score (IPSS), Over-
active Bladder Symptom Score (OABSS), and Patient Perception
of Bladder Condition were reviewed to assess the efficacy of in-
travesical onabotA injections. Patients were evaluated at base-
line, within 2 weeks of treatment, and beyond 3 months after
treatment. Procedure-related complications were monitored.
Common adverse events recorded during the follow-up period
after onabotA treatment included AUR, PVR volume >200 mL,
gross hematuria, general weakness, and UTI. Patients who de-
veloped AUR or PVR volumes of >350 mL were treated with
Foley catheter insertion or advised to undergo CIC to empty
their bladders as needed.
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Statistical Analysis

Statistical comparisons of demographics and safety assessments
between the groups were conducted using the chi-square test
for categorical variables and the independent t-test for continu-
ous variables. A linear mixed model was employed to deter-
mine the statistical significance of treatment efficacy between
the DODU and OAB groups. Analysis of variance was used to
compare the parameters before and after treatment. Statistical
analyses were performed using SPSS ver. 16.0 (SPSS Inc., Chi-
cago, IL, USA).

RESULTS

Patient Characteristics

In total, 121 patients who received intravesical onabotA injec-
tions were selected. Of these, 87 had OAB, and 34 had DODU.
All the enrolled patients were female and aged between 20 and
80 years. The mean age + standard deviation of the DODU and
OAB patients were 69.0+11.4 years and 59.5+11.1 years, re-
spectively. There were statistical differences in age and presence
of diabetes mellitus (DM) between the 2 groups. No significant
differences in other demographic data were observed between
the 2 groups (Table 1).

Efficacy Assessment

In the DODU group, all questionnaire scores demonstrated
more dramatic and statistically significant improvements in the
postoperative <2-week period compared to the OAB group
(Table 2). In the postoperative >12-week period, there was a
subsequent decline from the initial improvement; however, an

overall trend of improvement compared to baseline was ob-
served. Notably, the DODU group showed an improvement in
the IPSS voiding score after onabotA treatment. In the OAB
group, most questionnaire scores, excluding the IPSS voiding
score, showed significant improvement after onabotA treat-
ment, and this effect persisted to some extent in the postopera-
tive >12-week period. The P-values derived from the linear
mixed model between the DODU and OAB groups for IPSS
voiding and total scores were 0.016 and 0.021, respectively.
Time-course changes in the voiding diary parameters are pre-
sented in Table 3. Both urgency and UUI showed substantial
improvements in the postoperative <2-week period in both

Table 1. Patient demographics and baseline characteristics

DODU OAB

Demographic (n=34) (n=87) P-value
Age (yr) 69.0+11.4 59.5+11.1 <0.001
Underlying disease
Diabetes mellitus 11(32.4) 13(14.9) 0.031
Hypertension 16 (47.1) 36 (41.4) 0.571
Operation history
Sling operation 6(17.6) 19 (21.8) 0.609
POP operation 0(0) 2(2.3) 0.373
Hysterectomy 2(5.9) 1(1.1) 0.132

Values are presented as number (%) or mean + standard deviation.
DODU, detrusor overactivity with detrusor underactivity; OAB, over-
active bladder; DM, diabetes mellitus; HTN, hypertension; POP, pelvic
organ prolapse.

Age was compared using an independent t-test, and underlying disease
and operative history were compared using the chi-square test.

Table 2. Comparison of questionnaire scores at baseline, postoperative <2 weeks, and postoperative > 12 weeks

DODU OAB
Questionnaire Baseline Postoperative Postoperative Baseline Postoperative Postoperative

<2wk >12wk <2wk >12wk
IPSS storage score 11.85+3.36 2.17+2.32% 6.83+5.08* 9.96+4.59 5.92+5.10% 6.05+4.98*
IPSS voiding score’ 12.31+4.48 6.00+3.74* 5.83+3.31* 6.94+6.12 6.35+6.14 6.51+6.15
IPSS total score’ 25.00+7.64 8.17+3.37* 12.67 £6.83* 16.85+9.07 12.00+10.17* 12.13+9.74*
OABSS 8.74+3.54 4.17 +2.40% 6.00+3.74 9.11+4.35 5.76+£4.27* 5.72+4.16*
PPBC 4.85+1.28 2.17+0.75* 3.50+1.76 4.54+1.44 3.24+2.17% 3.49+2.30*

Values are presented as mean + standard deviation.

DODU, detrusor overactivity with detrusor underactivity; OAB, overactive bladder; IPSS, International Prostate Symptom Score; OABSS, overactive

bladder symptom score; PPBC, patient perception of bladder condition.

*Significant (P < 0.05) from the baseline as derived by analysis of variance. 'Significant P < 0.05 between the DODU and OAB groups derived by lin-

ear mixed model.
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Table 3. Comparison of voiding diaries at baseline, postoperative < 2 weeks, and postoperative > 12 weeks

DODU OAB
3-Day voiding diary Baseline Postoperative Postoperative Baseline Postoperative Postoperative
<2wk > 12wk <2wk > 12wk

TVV/1 day (mL) 1,530.17+£555.76  1,662.00+£249.62 1,685.60+222.52 1,893.59+772.73 1,849.84+875.21 1,770.79+714.78
AVV (mL) 180.57 +82.50 284.93+116.42* 249.06+94.90 193.55+96.98 217.81+110.15  213.83+93.85
MVV (mL) 341.00+£159.88  400.00+81.65 440.00+114.02 404.15+155.53  364.47+157.58  353.82+137.49
Frequency/3 days 28.41+11.37 19.50+7.19 22.40+7.54 32.33£12.69 26.56+13.08 26.97 +10.59*
Daytime frequency/3 days 23.83+9.85 16.50 +6.46 18.60+7.30 27.36+10.63 22.33+£10.49 22.83+8.87*
Nocturia/3 days 4.59+2.89 3.00+3.56 3.80+2.59 4.97+431 422+4389 411+£3.89
UUI/3 days 6.44+6.87 3.00+5.01 7.80+10.73 9.16+9.64 426+8.84 5.68+16.38
Urgency/3 days 12.39+7.76 3.00+3.08* 10.20+11.35 12.90+£12.04 5.37+£10.48* 10.26+£19.773

Values are presented as mean + standard deviation.

DODU, detrusor overactivity with detrusor underactivity; OAB, overactive bladder; TVYV, total voided volume; AV'V, average voided volume; MVYV,

maximum voided volume; UUI, urgency urinary incontinence.

*Significant (P <0.05) from the baseline as derived by analysis of variance.

Table 4. Comparison of uroflowmetries at baseline, postoperative <2 weeks, and postoperative > 12 weeks

DODU OAB
Uroflowmetry Baseline Postoperative Postoperative Baseline Postoperative Postoperative
<2wk > 12wk <2wk > 12wk
Qmax (mL/sec)" 10.69+£3.86 19.81+6.22* 14.32+4.55* 27.15+£8.69 20.65+9.92* 20.45+9.08*
Voided volume (mL) 168.84+£92.35 262.51+107.54* 235.68+113.81 266.95£117.02  275.68+159.20  268.91+145.56
PVR volume (mL) 64.39+72.24 106.04 +111.65 75.00+£64.17 30.80+36.10 114.29+128.02*  99.63+92.74*
Voiding time (sec) 51.46+38.94 50.02 +39.62 52.98£22.27 32.86+£35.94 37.89+16.51 43.33+25.70
Mean flow rate (mL/sec)’ 4.38+1.91 7.20+2.95% 5.77+2.86 11.71+3.88 8.54+5.87* 7.85+5.49*

Values are presented as mean + standard deviation.

DODU, detrusor overactivity with detrusor underactivity; OAB, overactive bladder; Qmax, maximum flow rate; PVR, postvoid residual.
*Significant (P <0.05) from the baseline as derived by analysis of variance. "Significant P <0.05 between the DODU and OAB groups derived by lin-

ear mixed model.

groups, with relatively modest effects in the postoperative >12-
week period (P=0.936 and P=0.460, respectively). While the
frequency, daytime frequency, and nocturia parameters also im-
proved in both groups, there was a prominent increase in the
average voided volume (AVV) in the DODU group compared
to that in the OAB group (P =0.489). The maximum voided vol-
ume (MVYV) also showed improvement in the DODU group,
whereas no improvement was observed in the OAB group (P=
0.357).

As shown in Table 4, the Qmax and mean flow rate values
decreased in the OAB group after onabotA treatment, whereas
the DODU group exhibited increased values, with a more pro-
nounced effect observed during the postoperative <2-week pe-
riod. P-values derived by the linear mixed model between the
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DODU and OAB groups for Qmax and mean flow rate were
0.000. The increase in the voided volume (VV) was more prom-
inent in the DODU group than in the OAB group (P=0.104).
The PVR volume increased in both groups posttreatment, with
a mitigated rate of change in the postoperative > 12-week peri-
od (P=0.132).

Safety Assessment

Postoperative complications after onabotA treatment are pre-
sented in Table 5. AUR occurred in one patient in each group,
and both cases were managed with CIC (P =0.487). A high PVR
exceeding 200 mL was more prevalent in the OAB group than
in the DODU group, although the difference was not statistically
significant (17.2% vs. 8.8%, respectively; P =0.242). Dysuria and
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Table 5. Scale of postoperative complications after intravesical
onabotulinumtoxinA injection

Adverse events DODU (n=34) OAB(n=87) P-value
AUR 1(2.9) 1(L.1) 0.487
CUR 0(0) 2(2.3) 0.373
PVR volume >200 mL 3(8.8) 15(17.2) 0.242
UTI 1(29) 1(L.1) 0.487
Gross hematuria 0(0) 1(1.1) 0.53
Dysuria 0(0) 9(10.3) 0.051
Weak stream 0(0) 5(5.7) 0.153
CIC 1(2.9) 1(L.1) 0.487
Foley insertion 0(0) 1(1.1) 0.53
General weakness 0(0) 0(0) -
Constipation 1(2.9) 1(1.1) 0.487
Diarrhea 0(0) 1(1.1) 0.53
Insomnia 1(2.9) 0(0) 0.108

Values are presented as number (%).

DODU, detrusor overactivity with detrusor underactivity; OAB, over-
active bladder; AUR, acute urinary retention; CUR, chronic urinary re-
tention; PVR, postvoid residual; UTL, urinary tract infection; CIC,
clean intermittent catheterization.

Comparison of postoperative complication parameters using the chi-
square test.

a weak stream were reported by patients with OAB (10.3% and
5.7%, respectively), but not by patients with DODU. The fre-
quencies of other adverse events were comparable between the
groups.

DISCUSSION

DU is characterized by reduced strength and/or duration of
bladder contractions, resulting in prolonged bladder emptying
or failure to achieve complete bladder emptying within a nor-
mal period, as defined by the International Continence Society
[13]. However, the definitions of “prolonged bladder emptying”
and “normal period” lack clarity, leading to varying definition
interpretations of DODU in clinical studies [8-10]. Wang et al.
[7] defined DODU as a baseline PVR volume of >100 mL but
<250 mL or a BVE of <67% in patients with OAB. Despite this
inconsistency, a comprehensive urodynamic database study uti-
lized a stringent definition based on EAU expert opinions [11];
women with DU were defined as those with PdetQmax <20
cm H,O, Qmax <15 mL/sec, BVE <90%, and no sign of ob-
struction in video-urodynamic studies. Our study adhered to
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these criteria when selecting patients for DODU.

Intravesical onabotA 100 U is the standard dose for treating
refractory idiopathic OAB in adults of both sexes and is li-
censed in Europe [14, 15]. However, elderly and fragile patients
with OAB may experience advantages from a lower dosage of
onabotA owing to alterations in bladder physiology associated
with aging, increased usage of medications affecting detrusor
function, and a reciprocal connection with additional geriatric
conditions such as frailty, rendering a lower dosage more suit-
able for them [16].

Despite numerous studies investigating the appropriate dos-
age for onabotA treatment in OAB [14-16], there is a lack of es-
tablished optimal dosages for onabotA in DODU treatment,
and limited clinical investigations of its efficacy and safety. To
address this gap, our study explored the use of a lower dosage,
specifically 75 U, for treating DODU, considering the potential
exacerbation of voiding symptoms after Botox therapy due to
concurrent voiding impairment in these patients. The results
indicated a shorter duration of treatment compared to OAB,
yet a notable improvement in the storage symptoms of DODU
was achieved without significant complications. This improve-
ment was observed not only in subjective surveys but also in
voiding diaries, where parameters related to storage symptoms
showed enhancement.

The efficacy of the onabotA therapy established for OAB is
hypothesized to apply to DODU because of its shared patho-
physiological characteristics. Morphological analysis of bladder
biopsies from patients with DODU has demonstrated charac-
teristics of both detrusor overactivity (dysjunctional pattern)
and impaired detrusor contractility typically observed in aging
bladders (neural degeneration, interstitial fibrosis, and dense
band pattern in smooth muscle cells) [2, 17]. The hypothesis
that chronically untreated or treatment-refractory OAB can
progress over time to DODU and subsequently to UAB pro-
vides further support [18]. Therefore, the mechanism of action
of onabotA may also apply to DODU. OnabotA inhibits the re-
lease of neurotransmitters such as acetylcholine and adenosine
triphosphate at presynaptic cholinergic junctions, restrains de-
trusor contraction, and augments bladder capacity [19, 20].

A noteworthy observation in our study was the improvement
in the IPSS voiding score, Qmax, and mean flow rate following
onabotA treatment for DODU. This trend suggests that the
onabotA effect of reducing bladder sensitivity and increasing
bladder capacity leads to larger VVs, thereby potentially affect-
ing voiding symptoms and flow rate. Consequently, the increase

Int Neurourol J March 31,2024
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in VV, AVV, and MVV after onabotA treatment was more pro-
nounced in the DODU group compared to the OAB group, as
observed in this study. This finding is consistent with that of a
previous investigation of mirabegron in female patients with
OAB. Matsukawa et al. reported that mirabegron not only im-
proved storage function but also increased voiding function pa-
rameters, such as Qmax and PdetQmax [21].

Conversely, our observations differ from a previous study by
Wang et al. [7], the only clinical study reporting the impact of
intravesical onabotA injection in patients with DODU to date,
in which Qmax decreased after treatment in patients with
DODU. Wang et al. [7] reported that, although 100 U of intra-
vesical onabotA injection improved subjective urgency symp-
toms without increasing the risk of adverse events in patients
with DODU, voiding diary parameters, such as the number of
urgency episodes, frequency, or UUI, and uroflowmetry pa-
rameters did not show improvement after treatment. This dis-
crepancy could be attributed to differences in the diagnostic
criteria for DODU and variations in the onabotA dosage.

Limitations of this study include its ambidirectional design,
potential bias, and limited generalizability. Although there were
no significant differences in other demographic data, the higher
mean age and increased prevalence of DM in the DODU group
than in the OAB group were recognized as limitations. We em-
ployed a general linear model to test the study results and miti-
gate the potential confounding effects of age and diabetes prev-
alence. Most parameters did not show a statistically significant
relationship, except for OABSS and diabetes prevalence, which
had a P-value of 0.010, and Qmax and age, which had a P-value
of 0.045. Consequently, the 2 groups can be considered homo-
geneous, except for the inherent characteristics of the diseases,
making it meaningful to compare the effects of intravesical
onabotA injections in each group. In addition, the relatively
small sample size emphasizes the need for larger studies to cor-
roborate these findings. A randomized dose-ranging trial to
compare different doses of onabotA in patients with DODU
should be conducted in future studies.

To the best of our knowledge, this is the first study to report
the efficacy and safety of low-dose intravesical onabotA treat-
ment for DODU. Low-dose intravesical onabotA treatment for
DODU demonstrated a relatively shorter duration of efficacy
than that for OAB. Nonetheless, the treatment improved both
storage and voiding symptoms in patients with DODU without
significant adverse effects. These findings highlighted the poten-
tial of onabotA as a treatment option for patients with DODU.
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