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Abstract
Postvoid residual urine (PVR) measurement with a bladder scanning portable ultrasonographic device is an easy and non
invasive method. Its use has been wide spread in men and women however its accuracy and reliability in children is still
under debate. The aim of this study was to investigate the reliability of PVR measurement with real time bladder
scanning in comparison with catheterization in children with voiding disorders.
Postvoid residual urine measurements were routinely undertaken in patients to whom urodynamics were done,
prospectively. Urinary catheterization was routinely done in all patients for cystometry. After uroflowmetry, residual
urine was measured with a portable ultrasound device which readily measured the amount of PVR. After this
measurement, bladder was emptied via the cystometry catheter and the drainage was noted. The age, sex and the
diagnosis of the patients were also noted. The comparison between two measurements were done with paired sample t
test.
A total of 114 measurements were done in 89 patients. Mean age was 9±0,4 years (between 5 months to 21 years). There
were 54 girls and 35 boys. The indication for urodynamics was nonneurogenic causes in 55 and neurogenic, in 34
patients. Mean PVR with ultrasonographic measurement was 56,6±6,6 ml and 56,7±7,4 ml with catheter. The difference
between two measurements was statistically insignificant.
Real time ultrasonographıc measurement with a bladder scanning device may be an easy, feasible, and reliable method to
detect PVR in children with voiding disorders. This method may be preferred in appropriate indications like residual
urine measurement in uroflowmetry+EMG studies where urinary catheterization is not necessary.
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Introduction

The initial evaluation of lower urinary tract
dysfunction in children is comprised of history, physical
examination, urinalysis, voiding diary, basic urodynamic
tests such as uroflowmetry and/or electromyography and
residual urine measurement. Postvoiding residual (PVR)
urine measurement is an important part of this evaluation
as elevated PVR may predict recurrent urinary tract
infection in children [1]. PVR measurement is also
important in the follow up of treatment success in
nonneuropathic
bladder
dysfunction
[2]
and
determination of incomplete emptying may make the
indication of clean intermittent catheterization clear so
that kidney functions can be protected in children with
neuropathic bladder dysfunction [3]. PVR measurement
can be successfully achieved with either urinary
catheterization
or
ultrasonographic
methods.
Ultrasonographic PVR measurement was first described
in 1967 but this method was first defined in children in
1976 [4,5]. Although this method gained enthusiasm in
late 80’s and well documented in adult studies, there are
very limited information in pediatric practice.
The aim of this study was to establish the practicability
and accuracy of PVR measurement with portable
ultrasonographic bladder scanning in comparison with
urinary catheterization in a group of children with both
neuropatic and nonneuropathic bladder dysfunction.

Patients and Methods
Patients who had indication for urodynamic study
either for nonneurogenic or neurogenic bladder
dysfunction were included in the study. PVR urine
measurement was done after completion of voiding in
nonneurogenic bladder dysfunction patients and after

cessation of leaking in neurogenic group patients. For
each measurement, at the end of the voiding phase during
the urodynamic study, first PVR was measured with a
portable USB ultrasonographic probe (Scanmaster®,
MMS, USA)and PVR was calculated automatically with the
computer software of the device (Figure 1). Correct
positioning of the bladder was required for optimal
volume measurement. Just after this measurement, PVR
was again measured while the residual urine was
withdrawed via the urodynamic catheter which was
readily inserted for the urodynamic study. Thus the
measurements are consecutive values reflecting the same
actual PVR. Age, gender and the cause of bladder
dysfuntion were also noted.
Two groups of values were formed; Group 1,
ultrasonographic PVR values and Group 2, PVR measured
with urodynamic catheter. The values were first
compared with paired samples t test and then the
correlation between the two values were analyzed using
Pearson correlation and R value of the correlation was
found. p<0, 05 is considered to be statistically significant.
A computer program (SPSS v.16) was used for the
statistical analysis.

Results
A total of 114 measurements were done in 89 patients.
Mean age of the patients was 9±0,4 years (between 5
months and 21 years of age). There were 54 girls and 35
boys. The indication for urodynamics was nonneurogenic
causes in 55 and neurogenic, in 34 patients. Mean PVR
with ultrasonographic measurement was 56,6±6,6 ml and
56,7±7,4 ml with catheter (p=0,97). There was a direct
correlation between ultrasonographic and conventional
PVR measurement with catheter (R=0,916) (Figure 2).

Figure 1: Screen appearance of ultrasonographic PVR measurement. The target should be in the middle of the yellow area
to achieve a correct calculation. The ultrasonographic view shows the bladder filled with residual urine.
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dependant and bladder scanners may give a better and a
more accurate calculation for PVR.

Figure 2: This graph shows the direct correlation between
ultrasonographic PVR (USGPVR) and PVR measurement
with a catheter (CATPVR) (R=0,916).

Discussion
Complete bladder emptying is an important
physiological activity in the genitourinary system. Bladder
emptying can be affected due to pathologies of neurogenic
or nonneurogenic origin. Elevated PVR may be a cause of
urinary tract infection as well [1]. Incomplete emptying
can be diagnosed with the detection of PVR.
Ultrasonographic PVR determination was first described
in 1967 [4]. This modality was reported in children in
1976 [5]. There is very limited information about the
efficacy and accuracy of ultrasonograhic PVR
measurement in children in the literature. Our current
information comes mostly from adult studies. Pediatric
studies were limited as the lowest limit of urine detected
ultrasonograhically was shown to be approximately 42 ml
in earlier studies [6]. Thus the reliability of
ultrasonographic measurement in children may be
regarded as a technical issue related with the bladder
volume as anatomically pediatric bladder volume is lower
than adult bladder volume. In most of the studies,
ultrasonographic PVR measurement with an automated
real-time calculation is found to be as affective as
catheterization [7-10]. However other studies found this
modality to be limited and less accurate than
catheterization [6, 11]. In the studies that are against the
use of ultrasonographic PVR measurement, we see that
conventional ultrasonograhy was used to measure PVR. In
the studies that are in favor of this technique, bladder
scanners specially designed for this purpose are observed
to be used instead. Ultrasonography is operator
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In children however, as mentioned above, the
experience is limited. After the initial reports, in 1989,
Erasmie and Lidefelt showed that ultrasonograhic PVR
measurement has a correlation value of R=0,96 when
compared to catheterization in children [12, 13]. In 1990,
Massagli et al. concluded, in their study with neurogenic
bladder patients, that ultrasound scanner is as accurate as
catheterization and is inexpensive and easy as well [14].
In 2009, Chang and Yang did a study about the normal
values of PVR in healthy children. In their study, they
measured the PVR ultrasonographically and found that a
PVR value of over 20 ml to be more significant for the
definition of abnormal PVR [15].
In this study, we measured the same PVR, one with an
ultrasound bladder scanner and the other with a bladder
catheter. As the same PVR was measured and compared,
this method is a practical way to test the accuracy of the
technique. We observed that almost the same values were
found with the bladder scan and there was a high
correlation between the two results. The graph of the
results shows the linear correlation (Figure 2). These
results are not age dependant or related with other
factors like obesity or sedentery life and readily shows
the accuracy of ultrasonographic measurement. The
gender or the diagnosis of the patients are not regarded
as a determinant factor for the results as correct
measurement is purely related with the volume of PVR,
only.
In conclusion, real-time ultrasonographic measurement
of PVR with a portable bladder scanning device is as
accurate as catheterization in children. This technique is
easy, feasible and reliable. It is also recommended to
avoid the discomfort and risk of urinary tract infection as
well as potential urethral injury due to urethral
catheterization. This modality can also be preferred in
children and can be safely used during clinical decision
making.
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