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Abstract
Background: Objective assessment of voided volumes in children with lower urinary tract dysfunction is important.
This study aimed to compare and evaluate voided volumes obtained from a 48-h voiding diary and uroflowmetry in
children with lower urinary tract dysfunction.
Methods: In this retrospective cohort study, voided volumes obtained by 48-h voiding diary and contemporaneous
uroflowmetry were compared in terms of age, sex, and the three most common subtypes of lower urinary tract dysfunction (monosymptomatic nocturnal enuresis, overactive bladder, and dysfunctional voiding) in children. Patients
were stratified according to voided volume differences between uroflowmetry and 48-h voiding diary.
Results: A total of 242 children were included in the study. Maximum and average voided volumes in uroflowmetry
were higher than those in 48-h voiding diaries in the entire population (P < 0.001). While there was a significant difference between maximum voided volume in the two methods when evaluating patients with overactive bladder
and dysfunctional voiding, there was no significant difference in those with monosymptomatic nocturnal enuresis
(P = 0.001, P = 0.030, P = 0.206, respectively). A significant difference was observed between the three subtypes of
lower urinary tract dysfunction in voided volumes (P < 0.001). When maximum and average voided volumes were
compared for age subgroups, there was no significant difference in maximum and mean voided volumes only in
voiding diary measurements (P > 0.05). When the two methods were compared, there was a difference in maximum
and average voided volumes of more than 30% of the estimated bladder capacity in 94 (38.9%) and 86 (34.3%) children, respectively.
Conclusions: Uroflowmetry and a 48-h voiding diary should not be used interchangeably when evaluating children
with lower urinary tract dysfunction. The results of uroflowmetry measurements should be used to support the diagnosis of underlying lower urinary tract dysfunction.
Keywords: Children, Lower urinary tract dysfunction, Lower urinary tract symptoms, Uroflowmetry, Voiding diary,
Voided volume
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1 Background
Lower urinary tract dysfunction (LUTD) is a common
problem in children [1]. Multiple anatomical, functional,
and neurological factors can affect the storage and voiding stage and significantly impair the quality of life [2,
3]. Noninvasive urodynamic methods can be used to
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establish an accurate diagnosis and effective treatment of
lower urinary tract symptoms (LUTSs) and LUTD. These
methods can also be used to assess treatment response,
correlate urinary symptoms with objective findings, and
analyze clinical trial results. Both voiding diary (VD) and
uroflowmetry (UF) are the most popular and useful helpful tools that can be considered as parts of the diagnostic
evaluation [4].
VD is a semiobjective method for assessing LUTS and
habitual physiological voided volume (VV). A 48-h VD
is a simple and inexpensive tool used to record important clinical urinary symptoms such as VV, voiding time,
fluid intake, voiding urgency, episodes of urinary incontinence, and the number of daily voiding events. Voiding
diaries enable recording of the maximum, average, most
common, most habitual, and ultimately physiological
VV [4, 5]. Maximum and average VV (AVV) that can be
determined from the VD is an important determinant of
voiding behavior and can be used as a diagnostic tool, a
benchmark for behavior change, and/or a measure of
treatment success. However, not all patients/caregivers
are willing or able to keep a VD. It is an important problem due to the fact that in some patients VD is not reliable. VD also reflects the largest VV as the maximum VV
(MVV), excluding the first morning VV.
An alternative method for estimating MVV is uroflowmetry (UF), where the patient is instructed to wait until
the bladder is full (MVV obtained during UF) [6]. UF is a
noninvasive urodynamic test widely used as an objective
tool to understand the presence of urinary dysfunction
[4, 7]. Factors that may affect the diagnostic accuracy of
UF include age, voiding position, repeated flows, psychological status, previous urethral catheterization, and VV
[7]. To develop a strong contraction in micturition, the
detrusor muscle fibers should be sufficiently stretched,
but not excessively stretched to prevent muscle function. The literature indicates that VV between 50 and
115% of estimated bladder capacity (EBC) leads to a better interpretation of curve patterns in UF. [8–11]. Ideally,
the three repetitive uroflows, excluding the first morning void, are stated to represent normal daily voiding in
terms of accuracy and consistency [4, 10, 12].
MVV is well represented in both UF and VD. It is recommended to pick up whichever is larger [10]. Both
MVV and AVV can be used for diagnosis, follow-up, and
outcome measurements in children with LUTD during
their daily activities [10]. In the case of a large difference
in VV between VD and UF, UF may have been performed
in unfavorable physiological conditions and have not
reflected a normal voiding pattern. Therefore, it is recommended to use both VD and the UF measurements
together in determining the underlying LUTD [4, 12].
However, the potential difference between VV measured
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by VD and the VV obtained during UF is still unclear
to date. To our knowledge, there are not enough studies
showing measured VV discrepancies between VD and
UF in children.
This study aims to compare VV obtained during UF
with VV measured by VD in children with LUTD and to
evaluate the correspondence between them.

2 Methods
Patients who applied to the Pediatric Urology outpatient clinic of Izmir Dr. Behçet Uz Pediatrics and Surgery Training and Research Hospital between June 2017
and April 2021 and underwent UF were evaluated in
this retrospective cohort study. LUTD was categorized
according to International Children’s Continence Society (ICCS) terminology by evaluating medical history,
48-h VD chart, and UF [4]. Overactive bladder (OAB)
was defined as urinary urgency with or without urinary
incontinence, usually accompanied by frequency and
nocturia, in the absence of urinary tract infection or
other obvious pathology. Dysfunctional voiding (DV) was
diagnosed in patients with a staccato flow pattern with
UF without OAB [4]. Patients who have increased pelvic floor electromyography (EMG) activity and a plateau
voiding pattern in UF were also considered DV.
Inclusion criteria were diagnosis of LUTD, lack of systemic or chronic disease, age of > 5 years, completion of
toilet training, and having fully completed a 48-h VD
and 3 repetitive UF measurements. Patients with kidney
and liver diseases, genetic and muscular diseases, neurological diseases, history of urological surgery, urological
malignancies, psychiatric disorders, active urinary tract
infection (UTI), and patients taking any medications that
may affect LUTS were excluded from the study. The study
followed the principles of the latest edition of the Declaration of Helsinki guidelines, and the study was reviewed
and approved by the local committee (IRB approval number: 592/2021).
At the first visit, parents were briefed on how to record
measurements in 48-h VD while the child is under their
supervision. The MVV in the 48-h VD was recorded
excluding the first morning voiding [4, 13]. None of the
patients included in the study had a history of UF. UF was
performed as outpatient procedure, starting from the
second morning voiding until three different voids were
obtained. The child was asked to urinate after feeling a
normal urge to urinate. UF measurements were repeated
three times during the same visit and recorded. Since
PVR was not recorded in the VD, it was also not recorded
in UF to ensure the comparison of homogeneous data.
AVV and MVV values from 48 h of VD and UF were calculated for each patient.
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For children, the EBC was calculated according to the
formula of ’’30 x (in age + 1)’’ [14]. When evaluating VV,
the elimination of bias that could be caused by variation
in bladder capacity (BC) according to age was achieved
by using the following formula VV/EBC (%) [12]. As the
primary outcome, the VV values obtained

from 48-h
VD and calculated from UF were compared in the total
cohort and the three most common subtypes of LUTD:
monosymptomatic nocturnal enuresis (MNE), OAB,
and DV. The VV values were also compared between sex
and different age groups: ≤ 7 years of age, 7–11 years,
and ≥ 12 years old.
The concordance between VV measured at VD and
during the UF is one of the parameters indicating how
physiological the micturition is. The greater the difference between VV measured at VD and during the UF, the
less physiological is the urine flow [15]. As the secondary
outcome, patients were classified according to the ratio of
the difference between the MVV at 48-h VD and MVV
calculated at UF to EBC, and according to the ratio of the
difference between the AVV calculated at 48-h VD and
AVV calculated at UF to EBC. The cohort was divided
into four groups: group 1 included patients with a threshold difference between 0–10%, group 2 with a threshold
difference between 10–20%, group 3 with a threshold
difference between 20 and 30%, and group 4 with the
threshold difference of more than 30%.
Statistical analyses were performed using IBM-SPSS
for Windows 17.0 (IBM Corp, Armonk, USA). Kolmogorov–Smirnov and Shapiro–Wilk tests were used to
evaluate the distribution of variables. Student t-test and
Mann–Whitney U tests were used to compare continuous parametric and nonparametric variables. Continuous
variables were reported as median or mean and standard
deviation. The Wilcoxon-signed rank test was used to
compare pairs of results. Kruskal–Wallis test was used
when evaluating age and LUTD subgroups. The p < 0.05
was accepted as statistically significant.

3 Results
The study included a total of 242 toilet-trained children:
100 boys and 142 girls. The mean age of the patients was
9.16 ± 3.15 years (range 5–17). The mean age of boy and
girl patients was 8.76 ± 3.12 years and 9.44 ± 3.15 years,
respectively (P = 0.86). The patients’ median voiding frequency was 6 (min–max: 2–22), and 120 (49.6%) patients
had OAB, 86 (35.5%) had DV, and 36 (14.9%) had MNE.
The median MVV from UF (84.1% (23.6–24.6)) was
higher than the median MVV from (73.1% (20–200))
from 48-h VD (P < 0.001). There was no significant difference between UF and VD in terms of MVV in < 12-yearold children, children with MNE, and girls (P > 0.05).
When MVV was stratified according to age and gender,
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there was no significant difference in either group in
MVV values only at 48-h VD (P > 0.05). Significant differences were observed between the MVV values obtained
in the LUTD subgroups (P < 0.001) (Table 1).
Mean AVV in UF was significantly higher compared
to 48-h VD (P < 0.001). When stratified by age, sex, and
LUTD subgroups, the mean AVV in UF was significantly
higher than the mean AVV in VD (P < 0.001). When
AVV was stratified according to age and sex, there was
no significant difference in either group in AVV values at
UF and 48-h VD (P > 0.05). Significant differences were
observed between the AVV values obtained in the LUTD
subgroups (P < 0.001) (Table 2).
Based on the MVV and AVV differences between UF
and 48-h VD, a VV difference of more than 30% of EBC
was seen in 38.9% and 34.3% of patients. There was a difference of more than 20% of EBC that was seen in 57.9%
and 53.7% of patients, respectively. MVV and AVV were
comparable between the two methods only in 25.6%
and 28.9% of patients, respectively (threshold difference
0–10%) (Table 3). Higher discrepancy between UF-MVV
and VD-MVV is also shown by the Bland–Altman plot
(Fig. 1).

4 Discussion
Evaluation of MVV is an important parameter in monitoring the diagnosis and treatment of children with
LUTD [4]. There is no definite consensus on how to
measure MVV [12, 13, 16, 17]. An accurate estimation
of the MVV is important for several reasons. First, theoretically, if MVV is increased for any given condition,
the number of voids can be reduced, provided that the
24-h VV remains similar. Second, changes in MVV provide an outcome measure by which treatment success or
failure is assessed [18]. Third, the relationship between
symptom severity, MVV, and BC provides a measure for
understanding the pathophysiology [19]. In addition, an
increase in AVV was evaluated as the primary outcome
measure in the follow-up of therapy in patients with
OAB. Assuming similar amounts of daily urine output,
an increase in AVV reflects a decrease in frequency and
an increase in habitual VV [20]. Finally, MVV and AVV
provide useful information for developing diagnostic and
therapeutic avenues in future research [21].
ICCS recommends keeping a minimum of a 48-h VD
for adequate assessment of MVV and AVV. This timeconsuming process requires motivation from the family
and the child. UF is a reliable, simple, and noninvasive
test. According to the ICCS, UF requires repetition for
correct interpretation and reliability, as well as adequate
VV (between 50–115% of EBC) [4]. It is well documented
that uroflow is highly dependent on bladder volume (the
larger the bladder volume, the greater the flow). For this
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Table 1 Comparison of MVV reported by 48-h VD and UF in the entire study population and stratified according to the age, LUTD
subtypes, and sex
Pts, n
All Pts. (ml)

242

(VV/EBC) (%)

UF-MVV median (min–max)

VD-MVV median (min–max)

P value

224 (57–739)

200 (50–700)

< 0.001*

84.1 (23.6–24.6)

73.1 (20–200)

Age
5–6 years (ml)

56

(VV/EBC) (%)
7–11 years (ml)

132

(VV/EBC) (%)
≥ 12 years (ml)

54

(VV/EBC) (%)
P value
OAB (ml)

120

(VV/EBC) (%)
DV (ml)

86

(VV/EBC) (%)
MNE (ml)

36

188.5 (57–433)

170 (50–360)

91.9 (31.7–240.6)

83.3 (23.8–200)

219 (78–558)

190 (60–700)

75.8 (23.6–194.6)

66.7 (20–194.4)

402 (160–739)

310 (100–600)

90.9 (31.4–189.5)

68 (25.6–153.9)

0.01**

0.09**

201.5 (57–663)

171.5 (50–600)

77.3 (23.6–170)

62.5 (20–153.9)

329 (80–739)

260 (80–700)

92.7 (31.4–240.6)

78.4 (33.3–200)

215 (97–488)

200 (100–450)

(VV/EBC) (%)

77.4 (35.9–167.4)

83.3 (29.8–166.7)

P value

< 0.001**

< 0.001**

0.055*
0.181*
< 0.001*

0.001*
0.030*
0.206*

Sex
Boy (ml)

100

(VV/EBC) (%)
Girl (ml)

142

226.5 (86–637)

166.5 (50–620)

84.8 (37.8–178.8)

63.1 (23.8–172.2)

223 (57–739)

200 (60–700)

(VV/EBC) (%)

83.0 (23.6–240.6)

79.2 (20–200)

P value

0.951**

0.062**

< 0.001*
0.063*

Pts: Patients, MVV: maximum voided volume, UF: uroflowmetry, VD: voiding diary, VV: voided volume, EBC: estimated bladder capacity, LUTD: lower urinary tract
dysfunction, OAB: overactive bladder, DV: Dysfunctional voiding, MNE: monosymptomatic nocturnal enuresis
Bold values indicate P value < 0.05
*

Mann–Whitney test, ** Kruskal–Wallis test

reason, patients are often instructed to wait until the
bladder is full before performing UF [22]. When the usual
voiding pattern is achieved, the VV in UF is expected
to be similar to that recorded in the VD. The concordance between VV measured in VD and UF is one of the
parameters that show the physiological state of voiding.
The greater the difference between these VV, the less
physiological the urine flow [21, 23].
According to our study, although mean UF-MVV and
UF-AVV were greater than VD-MVV and VD-MVV, VDMVV and VD-AVV were greater in 42.1% and 23.1% of
patients, respectively. Additionally, when calculating the
difference between the two measurement tools as a percentage of the larger value, we found a discrepancy of the
threshold difference of more than 30% (MVV/EBC) in
94 of 242 patients in the sample. This indicates that an
MVV estimate can be inaccurate when only one measurement tool is used. MVV was comparable (threshold
difference 0–10% (MVV/EBC)) in 62 of 242 patients
between the two methods. When we examined the AVV
threshold difference in UF and VD, we found a threshold

difference discrepancy of more than 30% (AVV/EBC) in
83 of 242 patients in the sample, while AVV was comparable (threshold difference 0–10% (AVV/EBC)) between
the two methods in 70 of 242 patients. These findings are
important because the assessment of the patient’s MVV
and AVV through the use of a single VD or UF may be
incomplete.
MVV is a representative parameter of maximum BC,
rather than the usual and habitual physiological VV.
Indeed, voiding may occur without or without a strong
urge to void or large bladder filling volume, and voiding is often associated with other normal daily activities
[24]. MVV may differ in UF compared to VD depending on environmental and psychological factors. While
performing UF, the patient may experience an early or
late urge to void due to the requirement of adequate
VV for evaluation of UF or to avoid an incontinence
episode [7–9]. These factors may limit the usefulness of
UF alone for measuring MVV [4, 25, 26]. Rychik et al.
showed that the mean VD-MVV (340.46 ± 147.83 ml)
was higher than the UF- MVV (216.58 ± 152.11 ml) in
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Table 2 Comparison of AVV reported by 48-h VD and UF in the entire study population and stratified according to the age, LUTD
subtypes, and sex
Pts (n)
All Pts. (ml)

242

(VV/EBC) (%)

UF-AVV median (min–max)

VD-AVV median (min–max)

P value

178.0 (51.5–579.7)

124 (28.5–521.4)

< 0.001*

64.2 (20.9–182.9)

42.8 (7.3–144.8)

Age
5–6 years (ml)

56

(VV/EBC) (%)
7–11 years (ml)

132

(VV/EBC) (%)
≥ 12 years (ml)

54

(VV/EBC) (%)
P value*
OAB (ml)

120

(VV/EBC) (%)
DV (ml)

86

(VV/EBC) (%)
MNE

36

136.8 (51.5–265)

102.1 (29.6–222.5)

65.5 (28.6–147.2)

48.6 (14.1–123.6)

175.9 (65.6–439)

116.0 (33.1–521.4)

60.8 (20.9–182.9)

41.9 (11–144.8)

310.7 (145.7–579.7)

207.8 (28.5–500)

69.2 (28.6–148.6)

40.9 (7.3–128.2)

0.263**

0.410**

166.8 (51.5–493.7)

112 (28.5–500)

58.3 (20.9–126.6)

36.9 (7.3–128.2)

230 (75.5–579.7)

155.7 (45.4–521.4)

72.9 (27.4–182.9)

47.5 (15.1–144.8)

173.1 (65.7–366)

139.6 (61.5–232.3)

(VV/EBC) (%)

64.6 (24.3–147.2)

51.1 (22.2–77.2)

P value*

0.001**

< 0.001**

< 0.001*
< 0.001*
< 0.001*

< 0.001*
< 0.001*
< 0.001*

Sex
Boy (ml)

100

(VV/EBC) (%)
Girl (ml)

142

178.8 (80.5–412.5)

117.9 (29.6–500)

61.8 (31.1–163.1)

40.7 (14.1–128.2)

178 (51.5–579.7)

128.3 (28.5–521.4)

(VV/EBC) (%)

68.2 (20.9–182.9)

45.0 (7.3–144.8)

P value*

0.991**

0.220**

< 0.001*
< 0.001*

Pts: Patients, AVV: average voided volume, UF: uroflowmetry, VD: voiding diary, VV: voided volume, Med: median, EBC: estimated bladder capacity, LUTD: lower urinary
tract dysfunction, OAB: overactive bladder, DV: dysfunctional voiding, MNE: monosymptomatic nocturnal enuresis
Bold values indicate P value < 0.05
*

Mann–Whitney test, ** Kruskal–Wallis test

patients with LUTS (p < 0,001) [27]. Contrary to this
study, Ertberg et al.’s study of women with and without
detrusor overactivity found no significant difference
between MVV measured by VD and UF [17]. In a study
comparing cystometry, UF, and VD in children with
OAB, Uluocak et al. found MVV significantly higher
in the VD and reported that VD was more reliable in
predicting MVV due to its physiological structure and
ease of application in all age groups [28]. Maternik
et al. compared UF and VD in patients with LUTD.
They showed no significant difference was observed
between MVV in UF and VD in children with LUTD.
This study showed that UF can be used as an alternative when diaries are unreliable or unavailable [29].
Byeong et al. compared MVV in UF with MVV in VD
in patients with enuresis nocturna; MVV in UF was
measured as 127.3 ± 60.9 ml and 152.6 ± 74.6 ml in
VD. The mean MVV/EBC ratios did not differ significantly between the two measurement methods (55.6%
vs 48.9%; p > 0.05) [30]. In another study comparing
UF-VV and VD-VV in adults with LUTS, mean VV was

256.27 ± 122.95.ml and 217.66 ± 81.05 ml, respectively.
UF-mean VV was significantly higher than VD-mean
VV (P < 0.01) [15].
Maternik et al. reported no significant difference
between the MVV obtained from the VD and UF in
patients with several LUTD (MNE, OAB, and DV)
[29]. Here, in our present study, the difference in MVV
between the two methods was higher in patients with
OAB and DV than in those with MNE. No significant difference was measured between the MVV obtained from
VD and UF only in patients with MNE. This result suggests that UF can be used as an alternative to predict
MVV in children with MNE for whom VD cannot be
performed. This finding loses its clinical significance, as
UF is not indicated in the investigation of patients with
MNE. For the estimation of MVV in patients with OAB
and DV, UF should be taken into account when MVV
from UF is much higher than from VD. VD can be useful
to identify how much UF reflects natural voiding. Maternik et al. also evaluated the effectiveness of the two methods in different age groups and genders. They did not
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Table 3 Stratification of patients according to VV threshold
difference between VD and UF
Difference [(VV/EBC)(%)]

MVV (n) (%)

AVV (n) (%)

Group 1 (0–10)

62 (25.6)

70 (28.9)

OAB

24 (20.0)

38 (31.7)

DV

22 (25.6)

24 (27.9)

MNE

16 (44.4)

8 (22.2)

Group 2 (10–20)

40 (16.5)

42 (17.4)

OAB

24 (20.0)

11 (9.2)

DV

14 (16.3)

23 (26.7)

MNE

2 (5.6)

8 (22.2)

Group 3 (20–30)

46 (19.0)

47 (19.4)

OAB

30 (25.0)

28 (23.3)

DV

14 (16.3)

11 (12.8)

MNE

2 (5.6)

8 (22.2)

Group 4 (> 30)

94 (38.9)

83 (34.3)

OAB

42 (35.0)

43 (35.8)

DV

36 (41.9)

28 (32.6)

MNE

16 (44.4)

12 (33.4)

MVV: Maximum voided volume, AVV: average voided volume, UF: uroflowmetry,
VD: voiding diary, VV: voided volume, EBC: estimated bladder capacity, OAB:
overactive bladder, DV: dysfunctional voiding, MNE: monosymptomatic
nocturnal enuresis

observe differences in mean MVV between ≥ 10 years
old and < 10 years old, or between genders [29]. In our
study, we found no significant difference between the
MVV obtained from VD and UF only in girls and patients
younger than 12 years old. The more hesitation and
embarrassment that boys and patients ≥ 12 years old may
feel when asked to void in UF than other children may be
a possible explanation for this condition.

Since the AVV more reflects the habitual VV, it was
used in conjunction with the MVV for follow-up in studies of OAB [20]. To our knowledge, only MVV was evaluated when comparing UF and VD in the literature. In this
study, in addition to the MVV obtained in UF and VD,
AVV was also compared within itself. There was a significant difference in the mean MVV and mean AVV values
obtained from the two measurement methods within
all patients. We also measured significant differences
between the AVV from VD and UF in different ages, sex,
and LUTD subgroups. When we examined the MVV
and AVV reported in the VD, no significant difference
was found between VV in age and sex subgroups. On
the other hand, MVV and AVV in UF were similar only
in the sex subgroups. These results show the importance
of evaluating the MVV and AVV in VD and UF together
when evaluating patients with LUTD.
Limitations of this study were the lack of an objective
measure of accuracy for 48-h VD measurements that
were done at home and the exclusion of PVR in VD and
UF evaluations. The further limitations of the study were
the uncontrollable stress states that can alter BC in VD
and UF and the relatively small number of children with
MNE. The results indicating the value of performing both
assessments in this subgroup will need to be verified by
studies of larger cohorts.

5 Conclusions
This study’s results support the idea that both assessment
methods should be used together, not interchangeably, to
reach reliable results in patients with especially OAB and
DV. For a more reliable assessment of MVV, the higher of

Fig. 1 Bland–Altman plot. MVV: maximum voided volume, AVV: average voided volume, UF: uroflowmetry, VD: voiding diary, VV: voided volume,
EBC: estimated bladder capacity
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the two values is a more reliable of MVV. UF can be used
alone as an alternative to predict MVV only in children
with MNE who simply cannot perform a VD.
Our study also showed that correspondence of VV
measured in UF with those obtained in VD can be useful
in clinical practice to identify how much the UF reflects
natural voiding. Since UF is less reflective of habitual
voiding, we believe UF should be repeated if the difference between UF-AVV and VD-AVV is high.
Abbreviations
LUTD: Lower urinary tract dysfunction; LUTS: Lower urinary tract symptoms;
VD: Voiding diary; UF: Uroflowmetry; VV: Voided volume; AVV: Average voided
volume; MVV: Maximum voided volume; EBC: Estimated bladder capacity;
OAB: Overactive bladder; DV: Dysfunctional voiding; EMG: Electromyography;
UTI: Urinary tract infection; MNE: Monosymptomatic nocturnal enuresis; ICCS:
International Children’s Continence Society; PVR: Post-void residual urine.
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