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INTRODUCTION

Enuresis is a common problem that can be quite bothersome. 
Although most cases resolve spontaneously with age, some pa-
tients experience a protracted course and even persist into 
adulthood [1]. Cases that persist into adulthood may cause sig-
nificant distress in affected individuals, potentially leading to 

social withdrawal [2]. Given the significant individual variation 
in the natural resolution of this problem, it is inappropriate to 
withhold treatment on the premise that children will eventually 
experience spontaneous resolution, especially in severe cases 
wherein spontaneous resolution is unlikely [1,3].

Once the decision is made to treat enuresis, the first step in-
volves determining whether patients experience daytime symp-
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Purpose: This study aimed to determine the urodynamic characteristics of refractory enuresis and explored whether those 
characteristics can be managed through differential endoscopic injections with botulinum toxin.
Methods: In total, 27 patients with nonmonosymptomatic enuresis who showed no response after conservative treatment for 
more than 12 months were included. The patients then underwent a videourodynamic study and received a differential endo-
scopic injection of botulinum toxin on the same day. Reduced capacity, detrusor overactivity, and bladder neck widening were 
the 3 major abnormal findings assessed during the filling phase, while sphincter hyperactivity was the only abnormality as-
sessed during the emptying phase. An intravesical or intrasphincteric injection of botulinum toxin was attempted according to 
the videourodynamic study findings. Follow-up was conducted at 1, 3, 6, and 12 months after treatment.
Results: The median age was 10 years (range, 7–31 years). Although 19 and 8 patients had a preoperative diagnosis of overac-
tive bladder or dysfunctional voiding, respectively, the urodynamic diagnosis was different in more than half of the patients. 
Those showing detrusor overactivity benefited from intravesical botulinum toxin injection, whereas those with only sphincter 
hyperactivity benefited from both intravesical and intrasphincteric injections. Treatment resistance to botulinum toxin seemed 
to be attributable to bladder neck widening. Time had no apparent effect on efficacy, which persisted 6 months after the injec-
tion. More than 80% of the patients maintained the benefits of the injection after 1 year.
Conclusions: Videourodynamic studies were useful for identifying the reasons underlying refractory nonmonosymptomatic 
enuresis and helpful for determining the appropriate site of botulinum toxin injection.
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toms caused by lower urinary tract dysfunction (LUTD) [3,4]. 
Accordingly, enuresis can be categorized as monosymptomatic 
enuresis (ME) or nonmonosymptomatic enuresis (NME) based 
on the presence of LUTD. The treatment for NME is compli-
cated by the presence of multiple relevant etiologies that need 
to be addressed individually in accordance with the pathophys-
iology. A study of patients with nonneurogenic voiding dys-
function revealed that most LUTD found in NME cases could 
be classified into either overactive bladder (OAB) or dysfunc-
tional voiding (DV) [5]. Since both are urodynamic abnormali-
ties, the differential diagnosis between the 2 etiologies should, 
in principle, require an invasive urodynamic study (UDS). In 
practice, however, the diagnosis is made with noninvasive diag-
nostics, including symptomatology, a voiding diary, and uro-
flowmetry with or without simultaneous electromyography 
(EMG). Fortunately, management based on noninvasive diag-
nostics works well in most cases. After successfully converting 
NME into ME through appropriate treatment, the latter could 
then be managed using established treatment. Occasionally, 
however, cases refractory to treatment emerge and often need 
invasive diagnostics to identify new and relevant pathologic 
findings that could guide treatment. Cystometry in these pa-
tients may reveal novel pathophysiology previously undetect-
able with noninvasive diagnostics [6]. The addition of fluoros-
copy (videourodynamic study [VUDS]) or needle EMG may 
facilitate the correct identification of sphincter movement [7]. 
Potential urodynamic pathologies include detrusor overactivity 
(DO), sphincter hyperactivity (SH) during voiding (dysfunc-
tional voiding), bladder outlet obstruction (or bladder neck 
dysfunction), and intrinsic deficiency of sphincter function, as 
previously reported [5,6,8]. Although VUDS can reveal the po-
tential contribution of the aforementioned etiologies, the likeli-
hood of identifying relevant findings has been reported to be 
low [9].

The reported 60%–80% efficacy of drugs and biofeedback for 
the management of OAB and DV [10] implies that approxi-
mately 20%–40% of cases do not respond to treatment. The 
odds of controlling enuresis therefore remain unacceptable, 
which constitutes another reason why managing NME is diffi-
cult.

Botulinum toxin (BTX) has been applied to treat refractory 
OAB and DV in both children and adults. Since most cases of 
refractory enuresis were found to have either OAB or DV, BTX 
injections may be effective in treating enuresis and could facili-
tate the control of LUTD [11,12]. Thus, we hypothesized that 

VUDS would reveal the underlying LUTD in patients with re-
fractory enuresis, which would be effectively addressed by se-
lective BTX injection. Our treatment was designed such that it 
could be completed within 1 day, because most parents ex-
pressed reluctance to have the diagnostic procedure and injec-
tion treatment separated due to the resulting frequent absences 
from school. Instead, they preferred to complete the diagnostic 
VUDS and therapeutic BTX injection in a single day.

The current study details our experiences with endoscopic 
treatment of children with refractory enuresis. To identify the 
appropriate injection site, VUDS was performed beforehand. 
This study aimed to determine the underlying urodynamic 
problems among patients with refractory enuresis and to inves-
tigate the treatment course following endoscopic injection.

MATERIALS AND METHODS

This is retrospective evaluation of a case series conducted by re-
viewing our database of patients with enuresis. This study was 
approved by the Institutional Review Board (IRB) of Seoul Na-
tional University Hospital Biomedical Research Institute (IRB 
No.1509-093-705).

Management Protocol and Determination of Treatment 
Refractoriness
Patients with enuresis were initially evaluated with the Dys-
functional Voiding Symptoms Score (DVSS), a selective physi-
cal examination of the back and genitalia, and a 2-day voiding 
diary. Those without LUTD in DVSS were offered either des-
mopressin or an enuretic alarm, while those with LUTD were 
requested to undergo uroflowmetry with simultaneous EMG 
and postvoid residual (PVR) urine measurement. Those who 
were diagnosed with NME were further classified into OAB 
and DV groups based on their clinical features and noninvasive 
assessment. Those with OAB featured frequency and urgency 
in their history and a small voided volume in their voiding dia-
ry. Uroflowmetry showed tower- or bell-shaped curve patterns 
and minimal PVR. Those with DV were mainly characterized 
by staccato or intermittent uroflowmetry. They often showed 
features of emptying symptoms, increased PVR, or significant 
fecal impaction.

To address LUTD, patients initially received urotherapy with 
regular water intake and timed voiding and an active bowel 
control regimen for 2 months. Then, those who did not show 
improvement received an antimuscarinic agent (solifenacin, 5 
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mg/day) or biofeedback with pelvic floor muscle training for 3 
or 4 months. Patients without improvements in the DVSS re-
quired further treatment. For the next 6 months, those with 
OAB received double antimuscarinics (solifenacin [5–10 mg/
day] and oxybutynin [10 mg/day]) and biofeedback for the first 
and the last 3 months, respectively. Meanwhile, those with DV 
received biofeedback and antimuscarinics for the first 3 months 
and an alpha-antagonist and antimuscarinics for the last 3 
months.

Refractory enuresis was confirmed when no improvement 
was observed after 1 year of various treatments in the presence 
of good treatment compliance. Such patients were considered 
potential candidates for salvage treatment using BTX. Since 
most parents were eager to obtain control of enuresis as early as 
possible, they agreed to the treatment and provided informed 
consent.

VUDS and Endoscopic Injection of BTX
On the day of treatment, patients were admitted to the outpa-
tient surgery center and transferred to the operating room 
where VUDS and the subsequent injection were performed. 
VUDS was conducted according to the International Children’s 
Continence Society (ICCS) standards [13,14]. Accordingly, 1 or 
2 study cycles were performed depending on whether clinically 
relevant findings were detected. After placing patients in the 
supine position, a double-lumen 6F cystometry catheter and an 
8F rectal balloon catheter were inserted. The bladder was filled 
with sterile normal saline mixed with a contrast medium at 
10% of the expected bladder capacity. Patients were allowed to 
void upon feeling the urge before capacity was reached. When 
the age-adjusted expected capacity was reached, patients were 
asked to void in either the supine or sitting position and were 
observed for 20 minutes for spontaneous voiding. A sense of 
bladder filling, cystometric capacity, DO, bladder compliance, 
and widening of the bladder neck (WBN) were assessed during 
the filling phase of VUDS. SH during the voiding phase was 
defined as electromyographic hyperactivity or a shuttering 
sphincter movement that resembled a spinning top on fluoros-
copy during spontaneous voiding. Patients who failed to void in 
the presence of the catheter for more than 20 minutes were as-
sumed to have SH. Following VUDS and determination of the 
etiology of enuresis, patients were placed in the lithotomy posi-
tion and general anesthesia was established. During this prepa-
ration, treatment was planned based on the VUDS findings.

Further injection procedures were attempted to correct ab-

normalities revealed during the VUDS. Intravesical BTX was 
attempted when findings suggested reduced capacity (RC) or 
DO. BTX was diluted in normal saline at 10 U/kg to a maxi-
mum of 300 U. Multiple injections were distributed throughout 
the detrusor at up to 20 sites. Patients suspected of having SH 
received intrasphincteric BTX diluted in normal saline to 25–
33 U/mL and injected into the external urethral sphincter 
across 3 to 4 quadrants to a maximum of 100 U [15,16]. After 
the injection, patients were observed for 4 hours to detect po-
tential complications, after which they were discharged home.

Follow-up and Assessment of Treatment Response
Patients were advised to continue with standard urotherapy and 
were followed up 1 month after the injection. When improved 
responses were not observed at the 1-month follow-up, desmo-
pressin or the prior anticholinergics were added to enhance re-
sponses. Changes in enuresis and lower urinary tract symptoms 
were assessed every 3 months for 1 year. Responses were evalu-
ated according to the ICCS criteria [17].

RESULTS

Since 2016, among the 282 patients with enuresis who were 
treated with the same treatment protocol at Seoul National 
University Children’s Hospital, 27 (10.4%; 14 boys and 13 girls) 
ultimately received endoscopic treatment (Table 1). All patients 
were considered to have NME and exhibited at least 1 kind of 
storage (urgency and frequency) or emptying (straining and in-
termittency) symptom. More than three-quarters of them (21 
patients) still showed concomitant daytime incontinence. A 
history of constipation was noted in 13 patients (48%), who re-
ceived polyethylene glycol treatment for a median of 7 months 
(range, 4–31 months). Based on their clinical findings, 19 and 8 
patients were diagnosed with OAB and DV, respectively. Prior 
to endoscopic treatment, patients received a median of 16 
months (range, 6–31) of treatment for enuresis and LUTD, as 
described previously. Overall, 7 (36.8%) and 3 patients (37.5%) 
with OAB and DV exhibited improvement in their daytime in-
continence or daytime symptoms, although no patient showed 
improvements of enuresis. With regard to the voiding diary, 
none of the patients with OAB and only 2 patients with DV 
showed normalized maximal and average voided volumes. 
Thus, both were determined to be treatment-resistant.

Fig. 1 presents the VUDS results for the included patients. 
The 2 major abnormalities observed during the filling phase 
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were DO and RC, which were found in 14 (52%) and 22 pa-
tients (82%), respectively. During the voiding phase, 15 patients 
(56%) had SH. Additionally, 9 patients (33%) showed gradual 
WBN during the filling phase. Among the 19 patients clinically 
presumed to have OAB, 11 (58%) and 16 (84%) had DO and 
RC, respectively. Four patients (21%) showed WBN during the 
filling phase. During the voiding phase, 9 patients (47%) showed 
synergic voiding. Among the 8 patients presumed to have DV, 
3 (38%) and 6 (75%) had DO and RC, respectively. During the 
filling phase, 5 (63%) showed WBN, while during the voiding 
phase, the same number of patients showed SH. Four patients 
presumed to have OAB failed to void despite being catheter-
ized. They were subsequently diagnosed with SH and grouped 
with the 6 patients who showed RC but not DO. Nondilating 
vesicoureteral reflux was observed in 2 patients.

The consistency between clinical and urodynamic diagnoses 
was unsatisfactory, with an overall concordance rate of 52%. 
The sensitivity and specificity of the clinical versus urodynamic 
diagnoses were 75% and 33%, respectively.

Given our plan to treat patients according to their VUDS 
findings, intravesical and intrasphincteric BTX injections were 
attempted for urodynamic DO/RC and SH, respectively. Initial-
ly, only sphincteric BTX was attempted for the first 4 patients 
with SH, 2 of whom exhibited mild DO. Assuming that SH was 
the main pathophysiology, we believed that addressing only SH 
would sufficiently relieve enuresis. However, after recognizing 

Table 1. Clinical features of the 27 patients who underwent en-
doscopic injections following videourodynamic studies

Clinical feature Value

Age (yr) 10 (7–22)
Boys 14 (52)
Severity of enuresis (%, times per week) 

More than 5 24 (89)
2–4 3 (11)

Main daytime symptoms 
Urgency 11 (41)
Incontinence 8 (30)
Holding and infrequent voiding 6 (22)
Straining 2 (7)

Daytime incontinence 21 (78)
Constipation (Rome IV compatible) 13 (48)
Maximal voided volume (% of age-adjusted volume) 

More than 80% 7 (26)
60%–80% 12 (44)
Less than 60% 8 (30)

Clinical diagnosis 
Overactive bladder 19 (70)
Dysfunctional voiding 8 (30)

Treatments that have been attempted
Desmopressin 27 (100)
Imipramine 18 (67)
Anticholinergics 23 (85)
Pelvic floor muscle biofeedback 9 (33)

Values are presented as median (range) or number (%).

Fig. 1. Videourodynamic study results for the included patients. OAB, overactive bladder; DO, detrusor overactivity; RC, reduced ca-
pacity; WBN, widening of the bladder neck; SH, sphincter hyperactivity; DV, dysfunctional voiding.
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unsatisfactory results among patients who received only a 
sphincteric BTX injection, the remaining 9 patients with DV 
who had SH also received an intravesical BTX injection. Fig. 2 
summarizes the treatments provided to patients and enuresis 
outcomes at the 1-year follow-up.

Fig. 3 reveals that the time course for responses differed ac-
cording to the type of urethral movement during voiding. Ac-
cordingly, patients showing synergic urethral movement showed 

a better treatment course than those showing SH. All but 1 syn-
ergic patient showed at least improvement of enuresis, while 
75% experienced complete response (CR). Patients showed a 
transition from partial response (PR) or no response (NR) to 
CR after 6 months of treatment. In contrast, the initial respons-
es worsened in the SH group, with 6 patients (40%) eventually 
showing NR. Although 11 patients (73%) showed CR or PR af-
ter 1 month of treatment, 2 patients with PR experienced a loss 

Fig. 2. The treatments provided to patients and enuresis outcomes at the 1-year follow-up. UDS, urodynamic study; DO, detrusor 
overactivity; RC, reduced capacity; WBN, widening of bladder neck; SH, sphincter hyperactivity; IV, intravesical; Sph, sphincter; 
BTX, botulinum toxin; CR, complete remission; PR, partial remission; NR, no response.

Fig. 3. Time courses of responses according to the type of urethral movement during voiding. Blue color, no response; orange color, 
partial response; green color, complete response.
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in efficacy, leading to NR. However, only 1 patient with PR 
transitioned to CR at 1 year. The responses stabilized 6 months 
after the injection.

Apart from patients with CR who no longer required any 
treatment, 3 patients showing PR were able to control their en-
uresis with desmopressin or imipramine treatment.

Seven patients with NR (1 with synergic voiding and 6 with SH) 
failed to show any meaningful improvement. Most of them did 
not receive intravesical BTX injections. Moreover, 4 patients (2  
of whom were girls) exhibited WBN in the filling phase and suf-
fered persistent daytime incontinence and enuresis. One was 
found to have DO and synergic voiding, while the others showed 
SH.

Neither significant anesthesia-related nor acute treatment-re-
lated complications were observed. No postoperative complica-
tions were noted during follow-up.

DISCUSSION

The current study presented several urodynamic findings and 
combinations thereof that could explain treatment refractori-
ness. Our results showed that choosing the injection site based 
on urodynamic findings yielded a response rate of more than 
70%. Furthermore, improvements were maintained for up to 12 
months. As such, performing endoscopic treatment with BTX 
based on urodynamic findings within a single day can be con-
sidered an effective salvage treatment strategy.

All patients included herein had been diagnosed with NME, 
which is considered difficult to treat and requires prolonged 
treatment [18]. This is understandable since the treatment of 
NME requires the treatment of both LUTD and enuresis. An 
important caveat is that LUTD consists of heterogeneous uro-
dynamic abnormalities. Thus, individual patterns of LUTD 
should be clarified and treated accordingly. However, the cur-
rent management schemes are mainly nonspecific and nonin-
vasive. As revealed by the European Bladder Dysfunction 
Study, the clinical diagnosis of OAB or DV was inconsistent 
with urodynamic results, while treatment aimed at either con-
dition showed cross-efficacy with the other [19,20]. This redun-
dancy in diagnosis and treatment supports the current manage-
ment systems, which we acknowledge as helpful in most cases. 
However, establishing the correct diagnosis and providing tai-
lored treatment may be needed, especially among refractory 
cases such as those included herein.

Our data confirmed that noninvasive test results could not 

predict the features observed during VUDS. Accordingly, only 
about half of the patients showed consistency between preoper-
ative assumptions and the urodynamic diagnosis. We believe 
that the diagnostic discrepancy between clinical features and 
VUDS could partly explain instances of treatment failure. 
Moreover, 5 patients showed urodynamic features comprising 
both DO and SH, which shared features of OAB and DV. Such 
results cannot be determined from noninvasive diagnostic 
methods.

Unlike previous negative assertions about the utility of UDS 
for patients with refractory enuresis [9,21], all patients included 
herein showed at least 1 abnormal finding, highlighting the 
usefulness of VUDS. The most notable finding was that ap-
proximately half of those with clinically OAB turned out to 
have SH. This finding is consistent with previous reports of in-
creased numbers of DV among refractory cases [22,23]. Al-
though the application of fluoroscopy facilitated better identifi-
cation of SH, the lack of DO during UDS did not seem to justify 
withholding treatment for DO, as shown by the higher preva-
lence of NR among those who received only intrasphincteric 
BTX for urodynamic DV than among those who received both 
intravesical and intrasphincteric BTX. Glassberg et al. [24] in-
dicated that patients with DV should receive anticholinergics to 
alleviate storage symptoms despite the absence of DO during 
VUDS.

Gradual WBN during the filling phase was observed in 9 pa-
tients (35%) and was associated with daytime incontinence. Al-
though WBN has not been identified as an independent pre-
dictor of incontinence, our results suggest that WBN may play 
a role in the development of treatment resistance. Of the 9 pa-
tients with gradual WBN during the filling phase, 4 finally re-
sulted NR, of which 1 showed synergic voiding and 3 showed 
SH. Considering that the other 3 patients exhibiting WBN re-
ported CR after treatment, WBN may not be the sole risk factor 
for treatment resistance. However, the finding that WBN was 
the only risk factor for nonresponsiveness in 4 patients may 
provide insights into its inhibitory role against continence. We 
have no knowledge of whether WBN is related to pelvic floor 
laxity [25] or an intrinsic sphincter problem [26]. However, a 
previous study reported that colposuspension successfully 
treated girls with congenital bladder neck insufficiency [26].

Unlike adults, most of the children who responded to treat-
ment required just a single BTX shot. This is interesting since 
the effects of intravesical BTX are unlikely to last for more than 
1 year. We speculate that the endoscopic injection was helpful 
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for correcting DO and DV, which may be evidence of immatu-
rity in bladder control, and facilitated the achievement of nor-
mal bladder or urethral control to such a degree that further 
correction by injection was not necessary.

As with other small case series, this study is subject to the 
problems of retrospective research. However, given the nature 
of enuresis, for which most conventional treatments show a 
good response, our data provide valuable guidance in manag-
ing refractory cases. Although we did not reveal an association 
between UDS findings and those of noninvasive studies, we did 
not check the relationship between invasive UDS and noninva-
sive uroflowmetry with concomitant EMG (EMG-UFM), 
which is useful for describing childhood voiding dysfunction. 
As the role of SH is highlighted in the development of refracto-
ry enuresis, the correlation of cystometric findings with EMG-
UFM during uroflowmetry may obviate the need for invasive 
studies in the future.

In conclusion, the present study suggests that utilizing VUDS 
for patients with refractory enuresis with LUTD can help reveal 
the underlying pathophysiology and determine how to address 
the problem. VUDS was especially helpful in revealing sphinc-
ter pathology. Moreover, BTX injections were quite effective in 
controlling enuresis when administered in accordance with 
VUDS results. The beneficial effects of BTX were maintained 
once symptoms stabilized after 6 months of treatment.
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