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Purpose: This study aimed to identify whether functional bladder capacity (FBC) differs 
among subgroups of nocturnal enuresis (NE) patients and can be used to predict treatment 
response.
Methods: A total of 69 children with NE were included in this study between July 2017 and 
February 2019 according to medical chart review, retrospectively. All patients completed a 
questionnaire about voiding symptoms and 48-hour frequency/volume (48-h F/V) charts. 
FBC was obtained from the 48-h F/V charts and uroflowmetry (UFM) with post-void 
residual volume (PVR). All patients were primarily treated with standard urotherapy and 
pharmacological therapy. The response rate was analyzed at 3 months after treatment.
Results: The mean age of the 69 patients (42 male, 27 female) was 83.3 ± 22.4 months 
(range, 5–13 years) at the first visit. The percentages of children with monosymptomatic NE 
(MNE) and non-monosymptomatic NE (NMNE) on the questionnaire were 40.6% (28/69) 
and 59.4% (41/69), respectively. FBC of all patients was lower than the normal range of 
expected bladder capacity, and there were no significant differences between measurement 
methods, NE types (MNE vs NMNE), or response rates (p > 0.05).
Conclusion: Children with NE had diminished FBC in both 48-h F/V charts and UFM with 
PVR. We found no difference in FBC by NE type or treatment outcome. Therefore, FBC 
cannot be used to distinguish between NE types or predict treatment responses.
Keywords: nocturnal enuresis, functional bladder capacity, outcome

Introduction
Nocturnal enuresis (NE) refers to intermittent incontinence displayed during sleep. 
The prevalence of NE is 16.1% and 10.1% at 5 and 7 years of age, respectively, and 
decreases with age.1,2 The etiology of NE includes nocturnal polyuria (NP), small 
functional bladder capacity (FBC), an arousal problem, or a mixture of these.1

In NE patients, the evaluation of small FBC is important in the diagnosis and 
monitoring treatment response. The International Children’s Continence Society 
(ICCS) recommends the use of 48-hour frequency/volume (48-h F/V) charts for 
evaluating FBC. Maximal voided volume (MVV), which can be obtained using 
these charts, is known to represent FBC.3–5 Uroflowmetry (UFM) with ultrasound 
post-void residual volume (PVR) measurements and radionuclide cystography are 
alternative methods of assessing FBC.6–8

NE is divided into monosymptomatic NE (MNE) and non-monosymptomatic 
NE (NMNE). MNE means NE in children without any other lower urinary tract 
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symptoms (LUTS), while NMNE means NE in children 
with any other LUTS and a history of bladder dysfunction 
according to the ICCS terminology.8

Of the 3 etiologic factors, the small FBC – not only 
nighttime but also daytime – is presumed more common in 
NMNE than MNE. This study aimed to confirm that small 
daytime FBC in NE is a clue for NMNE and check for 
differences between NE subgroups (MNE vs NMNE). We 
also aimed to evaluate whether the response rate can be 
predicted by small daytime FBC.

Materials and Methods
This study was conducted in accordance with the 
Declaration of Helsinki and approved by the institutional 
review board of the Pusan National University Yangsan 
Hospital (IRB number 05–2019-163). The parent or legal 
guardian provided informed consent about diagnosis and 
treatment plan, together with the children’s informed 
assent. A total of 69 children with NE (more than 3 
times per week) were included in the study between July 
2017 and February 2019 according to medical chart 
review, retrospectively. Patients with congenital urinary 
tract anomaly, congenital or acquired neurologic disorders, 
urinary tract infection, and spine anomaly were excluded. 
Spine anomaly include spinal bifida occulta.

All patients completed the questionnaire and 48-h F/V 
charts. Our questionnaire included items on medical his-
tory and urinary symptoms (frequency, urgency, urge 
incontinence, and dysuria, etc.).

The presence of LUTS was confirmed according to the 
questionnaire and 48-h F/V chart findings, and the NE 
patients were classified into MNE and NMNE subgroups.

We also evaluated the UFM with PVR findings. We 
assessed the UFM pattern (bell, plateau, interrupted, tower, 
and staccato), average flow rate (Qave), maximum flow 
rate (Qmax), and voided volume (VV).

The expected bladder capacity (EBC) and daytime 
FBC were evaluated and compared in each patient. The 
EBC is estimated using the formula [(age in years + 2) × 
30] mL introduced by Koff.9 The FBC was obtained from 
the 48-h F/V chart and UFM with PVR, comparably. The 
MVV on the 48-h F/V chart represented FBC in the chart, 
and the VV in UFM with PVR represented FBC in UFM. 
Both of the FBC values mentioned above were considered 
small or large if less than 65% or greater than 150% of the 
EBC, respectively.10 We verified the difference in the day-
time FBC and FBC/EBC ratio between the MNE and 
NMNE subgroups.

After conducting pre-treatment evaluations (characteris-
tics, 48-h F/V chart, UFM with PVR, etc.) of NE patients, 
treatments with standard urotherapy and pharmacological 
therapy were provided according to ICCS 
recommendations.11 Standard urotherapy included an intro-
duction on how to resolve LUTS, lifestyle advice (balanced 
fluid intake, regular bladder and bowel emptying, optimal 
posture during voiding, restriction of night fluid intake). 
Primary pharmacological therapy included desmopressin, 
propiverine, and imipramine. These drugs were used accord-
ing to symptoms and used the same way, with or without any 
other LUTS and a history of bladder dysfunction. Especially 
imipramine was used for a short period of time in patients 
with insignificant symptom improvement despite initial ther-
apy for more than 3 months. The treatment was performed 
until complete remission was achieved.

The response rates were analyzed after 3 months of 
treatment. The NE patients were divided into complete 
response (CR), partial response (PR), and no response (NR) 
groups based on the response rates.12 CR was defined as a 
reduction greater than 99% in wet nights, PR was defined as a 
reduction of 50–99% in the number of wet nights, while NR 
was defined as a reduction less than 50% in wet nights. We 
verified the difference in the daytime FBC and FBC/EBC 
ratio before treatment in each group.

SPSS version 20 (SPSS, Chicago, IL, USA) was used for 
statistical analyses. P values <0.05 were considered statisti-
cally significant. The Mann–Whitney U-test and Kruskal– 
Wallis test were used to compare FBC between the NE sub-
groups (MNE vs NMNE) and among the CR, PR, and NR 
groups.

Results
The mean age of the 69 patients (42 male, 27 female) at 
the first visit was 83.3 ± 22.4 months (range, 5–13 years). 
The mean EBC was 268.2 ± 56.1 mL, while the mean FBC 
was 152.6 ± 74.6 mL an1d 141.3 ± 64.2 mL in the 48-h F/ 
V chart and UFM with PVR, respectively. The values were 
not significantly different between the two measurement 
methods (p > 0.05). The mean FBC/EBC ratios did not 
differ significantly between the two measurement methods 
(55.6% vs 52.6%; p > 0.05). The mean FBC/EBC ratios 
were lower than the lower limit of the normal range (65– 
150%). Of the total 69 patients, a lower FBC/EBC ratio 
was found in 47 patients on the 48-h F/V chart and 48 
patients on UFM with PVR, respectively. On UFM with 
PVR, the UFM pattern was most commonly a bell shape 
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(46.4%), the mean VV was 127.3 ± 60.9 mL, and the mean 
PVR was 14.0 ± 12.5 mL (Tables 1 and 2).

NE Subtypes
The percentages of children with MNE and NMNE 
according to the questionnaire were 40.6% (28/69) and 
59.4% (41/69), respectively. There was no difference 
between MNE and NMNE in the pattern of UFM, Qmax, 
Qave, or PVR (p > 0.05). The mean age, height and weight 
were similar between NE subgroups. After 3 months of 
treatment, CR and PR were more common in patients with 
MNE than in those with NMNE. However, there was no 
statistically significant difference (67.9% vs 63.4%, p > 
0.05) (Table 1).

The mean daytime FBC of MNE and NMNE obtained 
from the 48-h F/V charts were similar (161.3 ± 68.4 mL 
and 147.1 ± 78.6 mL, respectively; p = 0.26). The mean 
FBC values obtained from UFM with PVR of MNE and 
NMNE were also similar (140.4 ± 73.2 mL and 141.9 ± 
58.2 mL, respectively; p = 0.90). In both MNE and 
NMNE, the FBC/EBC ratios were equally lower than the 
normal range and no significant difference was seen 
between measurement methods or the NE subgroups 
(MNE vs NMNE). The numbers of patients with lower 
FBC/EBC ratios were also similar between the NE sub-
groups (Table 2).

Treatment Responses
The percentages of children with CR, PR, and NR at 3 months 
were 21.7% (15/69), 43.5% (30/69), and 34.8% (24/69), 
respectively. A larger FBC and FBC/EBC ratio tended to 
indicate a better treatment response. However, there was no 
significant difference among the 3 subgroups (p > 0.05) 
(Table 3). The same was observed in a one-on-one group 
comparison (CR vs NR, CR vs PR, and PR vs NR; p > 0.05) 
(Figure 1). The percentages of patients with lower FBC/EBC 
ratios were similar among the CR, PR, and NR subgroups (p > 
0.05). There was no significant adverse effect like a headache, 
dry mouth, aggravation of constipation, mood change, and 
cardiac function due to pharmacological therapy.

Discussion
In children with NE, the evaluation of FBC can provide an 
important information about NP and bladder capacity.13 

ICCS recommends the use of 48-h F/V charts for this 
assessment. During this test, the volume and timing of 
all voids and fluid intake must be recorded. The MVV 
excluding the first morning void is considered the FBC on 

the 48-h F/V chart. This method is non-invasive and 
represents the FBC of the everyday environment, but it 
must be performed for at least 48 hours to obtain objective 
MVV results. This is rather time-consuming for both par-
ents and children, and it is difficult to obtain reliable 
results, especially in less motivated families. In addition, 
the chart evaluation does not recognize PVR; thus, this 
method may underestimate FBC.6

Alternatively, FBC can be estimated using the UFM with 
PVR measurement. FBC is recorded from UFM as the sum of 
VV and its corresponding PVR.6,12 The disadvantage of this 
FBC measurement method in all children presenting with 
LUTS is its higher cost and unnatural situation. FBC can 
also be measured using cystography as the volume of contrast 
media infused to the point at which the child is able to void.7,8 

This method is accurate and reliable, however, it is most 
invasive and costly. In addition, the last method features 
urinary tract infection as a complication.14

Here, we measured FBC using the 48-h F/V chart and 
UFM with PVR. There was no significant difference in the 
FBC values obtained from the two measurement methods. 
Maternik et al also reported no significant difference 
between the MVV obtained from the 48-h F/V chart and 
the FBC obtained from UFM with PVR in patients with 
several LUTS (MNE, overactive bladder, and dysfunc-
tional voiding).6 Therefore, both methods are reliable for 
measuring FBC; thus, when one method cannot be used, 
the other method can be used instead.

According to ICCS, the MVV, which represents FBC, is 
considered small or large if less than 65% or greater than 
150% of the EBC value, respectively.10 Several studies have 
shown that FBC is reduced by up to 50% in children with 
NE.15 According to Kim, 46.5% of all patients had reduced 
FBC for age, and this was similar to other studies (30–50%).16 

However, Acosta et al reported that 85% of patients with NE 
showed an MVV value less than 70% of the EBC value.15 This 
is probably because the lower limit of the normal range is set at 
70%. In the present study, 68–70% (according to the measure-
ment methods, MVV vs UFM) of total patients had a small 
FBC for age, regardless of the NE subgroup. Our hospital is a 
tertiary institution to which severely affected patients who had 
failed treatment have been referred from other institutions. 
Indications for referral were described by Shinha et al.17 

These include refractory MNE, NMNE, and developmental, 
psychosocial, or suspected neurologic problems. This ten-
dency can explain why the small FBC rate is higher than 
those reported by other studies. It is also presumed to be 
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related to the large proportion of NMNE patients versus those 
of other reports (59.4% vs 15–30%, respectively).18

Recent studies have proposed several candidate biomar-
kers for distinguishing between MNE and NMNE.19 Because 
many patients with LUTS show a small FBC, patients with 
NMNE also could show a small FBC. Therefore, we thought 
that a small FBC can be biomarkers for distinguishing between 
MNE and NMNE. However, based on this and other studies, 
we confirmed that a significantly high proportion of NE 
patients have a small FBC for age with or without other 
LUTS. Therefore, it is difficult to distinguish between MNE 
and NMNE using only a small FBC.

Previous studies investigating the predictive factors of 
treatment response mainly focused on lower FBC, NP, and 
arousal problems.1 Several studies revealed the relation-
ship between reduced FBC, NE severity, and treatment 

resistance. Kim reported a significant correlation between 
NE severity and FBC reduction degree.16 Yeung et al 
reported that the significantly small FBC patient group 
relapsed with a decrease in desmopressin response.20 

Thus, practical consensus guidelines for the management 
of NE suggest that a reduced FBC for age is associated 
with a lower response rate to desmopressin.1

However, some studies reported that a small FBC was 
not associated with treatment response. Chang et al found 
no significant association between a reduced FBC and 
response to medical treatment. Instead, they confirmed 
that elevated PVR and NP were significant predictors for 
medical treatment.1 Beksac et al also revealed that PVR 
could predict treatment prognosis.12

In this study, the response rate increased with FBC and 
FBC/EBC ratio, but there was no significant difference 

Table 1 Patients’ Characteristics According to NE Types

Variable MNE (%) NMNE (%) Total (%) p value

Patient number 28 (40.6) 41 (59.4) 69 (100)

Sex 0.631

Male 18 (26.1) 24 (34.8) 42 (60.9)
Female 10 (14.5) 17 (24.6) 27 (39.1)

Mean age (m) 88.7±23.9 79.6±20.9 83.3±22.4 0.093

Height (cm) 126.0±11.5 120.0±14.2 122.4±13.4 0.05

Weight (kg) 27.9±10.5 25.4±10.3 26.4±10.4 0.179

BMI 17.8±4.1 16.9±3.6 17.3±3.8 0.564

UFM pattern(%) 0.151
Bell 13 (46.4) 19 (46.3) 32 (46.4)

Plateau 10 (35.7) 15 (36.6) 25 (36.2)

Interrupted 1 (3.6) 4 (9.8) 5 (7.2)
Tower 2 (7.1) 1 (2.4) 3 (4.3)

Staccato 1 (3.6) 0 (0.0) 1 (1.4)

Unknown 1 (3.6) 2 (4.9) 3 (4.3)
Total 28 (100.0) 41 (100.0) 69 (100.0)

Qave (mL/sec) 11.0±3.4 10.2±3.2 10.5±3.2 0.906

Qmax (mL/sec) 18.9±6.8 18.4±7.4 18.6±7.1 0.74

Voided volume (mL) 126.4±69.0 127.9±55.6 127.3±60.9 0.515

PVR (mL) 14.0±11.2 14.0±13.5 14.0±12.5 0.901

Treatment response
CR + PR 19 (67.9) 26 (63.4) 45 (65.2) 0.704

Notes: Values are presented as mean±standard deviation or number (%) for categorical variables. p-values were calculated using Mann–Whitney tests for continuous 
variables and chi-square or Fisher’s exact tests for categorical variables, as appropriate. 
Abbreviations: NE, nocturnal enuresis; MNE, monosymptomatic nocturnal enuresis; NMNE, non-monosymptomatic nocturnal enuresis; BMI, body mass index; UFM, 
uroflowmetry; Qave, average flow rate; Qmax, maximum flow rate; PVR, post-void residual volume; CR, complete response; PR, partial response.
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among CR, PR, and NR. The NE patients included in this 
study were often referred from primary care clinics and 
usually had various mixtures of etiological factors. Thus, 
despite the absence of a significant difference in FBC and 
FBC/EBC ratio, the response rates may have differed 
among other etiologies.

It is generally known that a delayed maturation of 
normal bladder development can cause NE with a small 
FBC. This delayed bladder maturation can be accompa-
nied by other developmental delays. There are reports that 
some children with NE may have low height and young 

bone age. There is a higher incidence of NE in children 
with delayed motor and language development as well.17 

Thus, it can be inferred that bladder and other maturations 
may be delayed together during the development process. 
Therefore, we confirmed in this study that it is difficult to 
predict the treatment response rate by measuring the FBC 
and FBC/EBC ratio.

There are several limitations to this study. First, it was 
retrospective and could have involved a selection bias. 
Second, the number of patients was small and it may be not 
enough to determine the bladder capacity through a 48-hour 

Table 2 Functional Bladder Capacity of Patients According to NE Types

Variable MNE (%) NMNE (%) Total (%) p value

EBC 281.7±59.7 259.0±52.2 268.2±56.1 0.099

FBC
In chart 161.3±68.4 147.1±78.6 152.6±74.6 0.26
In UFM 140.4±73.2 141.9±58.2 141.3±64.2 0.897

p=0.127

FBC/EBC
FBC in chart/EBC 56.7±20.8 55.0±21.7 55.6±21.2 0.755

FBC in UFM/EBC 49.3±19.8 54.8±20.5 52.6±20.3 0.282

p=0.19

Lower FBC/EBC ratio
FBC in chart/EBC 18 (64.3) 29 (70.7) 47 (68.1) 0.573

FBC in UFM/EBC 21 (75.0) 27 (65.9) 48 (69.6) 0.417

Notes: Values are presented as mean±standard deviation or number (%) for categorical variables. p-values were calculated using Mann–Whitney tests. 
Abbreviations: NE, nocturnal enuresis; MNE, monosymptomatic nocturnal enuresis; NMNE, non-monosymptomatic nocturnal enuresis; EBC, expected bladder capacity; 
FBC in chart, functional bladder capacity in 48-hour frequency/volume chart; FBC in UFM, FBC in uroflowmetry with post-void residual volume.

Table 3 Bladder capacity According to Treatment Response

Variable CR (%) PR (%) NR (%) Total (%) p value

Patient number 15 (21.7) 30 (43.5) 24 (34.8) 69 (100)

EBC 265.8±45.0 283.5±62.3 250.5±50.3 268.2±56.1 0.049

FBC
In chart 172.3±62.6 158.4±81.6 133.3±69.8 152.6±74.6 0.201
In UFM 155.0±60.1 144.9±70.7 127.3±57.7 141.3±64.2 0.279

FBC/EBC
FBC in chart/EBC 62.1±16.5 54.6±22.5 53.2±22.1 55.6±21.2 0.309

FBC in UFM/EBC 59.8±23.8 51.1±20.5 49.5±16.7 52.6±20.3 0.421

Lower FBC/EBC ratio
FBC in chart/EBC 10 (66.7) 23 (76.7) 14 (58.3) 47 (68.1) 0.461

FBC in UFM/EBC 8 (53.3) 22 (73.3) 18 (75.0) 48 (69.6) 0.19

Notes: Values are presented as mean±standard deviation or number (%) for categorical variables. p-values were calculated using Kruskal–Wallis tests. 
Abbreviations: CR, complete response; PR, partial response; NR, no response; EBC, expected bladder capacity; FBC in chart, functional bladder capacity in 48-hour 
frequency/volume chart; FBC in UFM, FBC in uroflowmetry with post-void residual volume.
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frequency volume chart and one uroflowmetry. Third, there 
was a lack of normal data representative of a normal FBC. So, 
we could not compare the NE patients with a normal control 
group. Fourth, patients with severe symptoms visited our ter-
tiary institution; thus, patients with mild symptoms were not 
included. Fifth, a UFM with PVR evaluation was performed 
only once. It has been recognized that UFM requires repetition 
to improve its accuracy, reliability, and correct interpretation.-
6,13 Finally, we did not confirm whether FBC increased after 
treatment.

In a recent study, the written checklist method increased the 
success rate of the extended urtherapy up to 60%, while the 
success rates of urotherapy ranges between 18% and 22% in 
previous studies.21–23 The compliance and response rates of 
NE treatment are closely related.

NE is a complex disease that stems from many etiological 
factors. FBC is calculated to confirm the NE characteristics and 
determine the treatment method. The 48-h F/V chart and UFM 
with PVR are reliable methods for measuring FBC. Children 
with NE in this study, particularly those with severe NE, had 
small FBC on the 48-h F/V charts and UFM with PVR, 
regardless of the measurement method or NE subgroup. 
Thus, a small FBC is not a good parameter for distinguishing 
between MNE and NMNE and common sign of NE. Other 
biomarkers should be further evaluated to subdivide the NE 
groups. A small FBC is associated with delayed bladder 
maturation but could not predict NE treatment outcomes. 
Further larger studies are needed to verify the mechanism 
and effect of FBC.

Conclusions
The most children with NE in this study had small daytime 
FBC on the 48-h F/V charts and UFM with PVR, regard-
less of the measurement method. The mean daytime FBC 
values and the FBC/EBC ratios of MNE and NMNE were 
also similar. Thus, a small daytime FBC could not distin-
guish between MNE and NMNE. Moreover, a small day-
time FBC could not predict treatment outcomes of NE. 
However, further larger studies are needed to verify the 
mechanism and effect of FBC.
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