
Key words: prostate gland � ultrasonography �
urine residue

INTRODUCTION
Significant postvoid residual (PVR) urine vol-

ume is a frequent manifestation of benign prostatic
hyperplasia. Assessment of this volume forms an
important routine investigation, as serial measure-
ments may indicate clinical progress1-4. Bladder
catheterization is, however, widely regarded as the
gold standard of measurement1,4-8. Nevertheless, it
carries the risk of infection and trauma to the ure-
thra.1,5,7,8 In addition, it has been reported to be inac-
curate to some extent.8,9 Ultrasonography, as a nonin-
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Objective: To derive a formula that defines the postvoid residual (PVR) urine volume more accu-
rately in patients with prostatic gland enlargement.

Design: Prospective.
Setting: Department of Radiology, University of Ilorin Teaching Hospital, Ilorin.
Subject: Fifty-two consecutive patients with benign prostatic hyperplasia. The mean age was

64.98±9.57 years.
Method: PVR urine was evaluated by ultrasonography. Each patient had two examinations, the

first of which was with a full bladder and the second of which was immediately after voiding. Two
orthogonal diameters were measured on each bladder section (longitudinal and transverse) in the
supine position. Fifty-two paired sets of ultrasonic measurements were thus obtained. Catheterized
postvoid urine residue was regarded as the gold standard.

Results: Using these measurements, an equation—[PVRCUBIC=374.057+(-196.94+V1)+
(32.5539+V12)+(-1.1480+V13) where V1=average of the length (L), width (T), and the anteroposte-
rior distance on transverse section (Dt) of the postvoid urinary bladder]—more accurate than previ-
ously existing ones was obtained by cubic regression analysis. Mean ultrasound estimated volume
was 220.51 ml as against 220.76 ml after catheterization. The mean difference was 0.25 ml (not
significant, p<0.01) with 95% confidence interval of ±10 ml. With this equation, the ultrasonographic
residual urine volume showed a higher correlation coefficient with the catheterized volume at
p<0.01 (Pearson r=0.982, r2=0.96) than previously defined formulas. The standard error of the
mean was 5.11 ml (mean=220.5±190.4 ml).

Conclusion: With the above equation, we consider conventional transabdominal ultrasonography
a reliable method for assessing the residual urine volume in patients with benign prostatic hyperpla-
sia. This equation, though complex when compared to some of the pre-existing formulas, can be
integrated into the memory of modern ultrasound machines for easy and faster computation. (J Natl
Med Assoc. 2004;96:234–239).
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vasive method of rapidly assessing residual urine
volume has thus been recommended as an alterna-
tive to catheter estimations by many authors.4,9-14

However, while some workers5,15 advocate caution
when interpreting PVR measurements by trans-
abdominal ultrasound, others consider it
inaccurate.6,7 Against this background, we
present our experience in PVR measure-
ments of urine in patients with benign
prostatic hyperplasia.

MATERIALS AND METHODS
Fifty-four consecutive patients with

symptoms and clinical signs of prostatic
gland enlargement had transabdominal
ultrasonography at the Department of
Radiology, University of Ilorin Teaching
Hospital, Ilorin, between January and
August 2001. Of these, two were
excluded from the study, as bladder
catheterization was impossible due to
concomitant urethral stricture. Patients
with in-dwelling bladder catheters due
to acute urinary retention or neurologi-
cal disorders were not included in the
study. Also excluded were patients with

sonographic evidence of dilatation of the upper
renal tract and vesical diverticula. Mean age was
64.98±9.57 years (range 47–100 years). 

Each patient had two examinations, the first of
which was with a full bladder and the second of
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Figure 1. Pelvic Sonograph Showing Measuring Calipers in
Longitudinal and Transverse Images of the Urinary Bladder

Figure 2. Scatter Plots of CV Against Dl, L, T and Dt.
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which was immediately after voiding. With the
subject lying supine, the transducer was positioned
to view the maximum longitudinal section, usually
at the midline. Maintaining the same contact point
the transducer was rotated through 90 degrees and
then angled up and down to find the largest trans-
verse area. Two orthogonal diameters were then
measured on each of these bladder sections. On the
maximal longitudinal image, the maximum longi-
tudinal (L) and anteroposterior diameters (Dl) were
taken. On the maximal transverse image, the maxi-
mum transverse diameter (T) and height (Dt) were
obtained (Figure 1). These measurements were
recorded for both examinations. To minimize
observer error at the stage of imaging, one sonolo-
gist acquired and measured all images using spe-
cific guidelines. To exclude prejudice, an assistant

who had no knowledge of the ultrasound measure-
ments catheterized each patient to assess the PVR
volume under strict asepsis. This volume was
regarded as the gold standard. Complete drainage
of the bladder was ensured by suprapubic expres-
sion of the urinary bladder under ultrasonic guid-
ance and cessation of urine flow from the catheter.
Catheterized residual urine volume ranged between
26 and 801 ml (mean 220.76±194.40 ml), while the
ultrasonographic estimates were between 33.2 and
772 ml (mean 220.51±190.46 ml).

All examinations were carried out with a
Siemens Sonoline Sx scanner with a 3.5-MHz trans-
ducer. A measuring cylinder was used to determine
the catheterized volume.

ANALYSIS AND RESULTS
The variables L, T, Dt, and Dl were considered

in estimating the actual bladder volume. The rela-
tionship between the volume and these variables
was examined. The scatter plots of volume against
each of the variables revealed curvilinear relation-
ships (Figure 2).

Since the relationship is described by a curve,
the Spearman correlation coefficient was therefore
used as the appropriate test to determine the degree
of correlation between the actual residual urine
volume and these variables. Dl was found to have
the least correlation.

Inasmuch as a change in urine volume will alter
at least one of these variables, we decided to find an
average of these parameters, that is, (T+L+Dt)/3
which we referred to as V1, (T+L+Dl)/3 referred to
as V2 and (T+L+Dt+Dl)/4 which we referred to as
V3. The scatter plots of V1, V2 and V3 against CV
are given in Figure 3. The plots indicate a curvature.
By Spearman’s rank correlation, V1 was found to
correlate best with the actual residual volume (CV).

Linear, quadratic, and cubic models of V1 were
then fitted to the actual residual volume CV. The r2

values show that the quadratic and cubic models
perform better than the linear model. Using the
cubic model of V1 the sonographic estimate of
PVR can be obtained as PVRCUBIC=374.057+
(-196.94+V1)+(32.5539+V12)+(-1.1480+V13).

When the estimates of volume from this model
(PVRCUBIC) were compared using paired samples
t-test with the estimates by methods proposed by
Brunn and Ruf11, McLean and Edell16, Orgaz and asso-
ciates17, and Simpson5, we obtained the results in Table
1. Mean deviation from actual catheter volume was
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Figure 3. Scatter Plots of CV Against
V1, V2 and V3
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lowest for PVRCUBIC. It also had the lowest standard
deviation. The confidence limits are also smallest for
the model. There was underestimation by the Orgaz
method and overestimation by McLean’s method.

Scatter plots of actual residual volume against
these sonographic estimates are shown in Figure 4,
and the results of linear regression analysis of the
actual volume on the estimates from various meth-
ods are given in Table 2. The results show that esti-
mates from PVRCUBIC performed better than the oth-
er methods. The constant for the model is not
significantly different from 0, and the regression
coefficient β is not significantly different from 1.
The constant is the closest to zero and the regres-
sion coefficient is closest to 1. This implies that the
PVRCUBIC model gives the best estimate to volume.

DISCUSSION
Significant postvoid residuals can result in symp-

toms of urinary frequency, nocturia, overflow incon-
tinence, and recurrent urinary tract infections. Mea-
surement of this residual volume is important to rule
out both neurologic abnormalities and/or obstructive
voiding disorders. In managing patients with prosta-
tic gland enlargement, it is very useful in the initial
assessment and monitoring of clinical progress.

With an increase in the scope of pharmacological
treatment options in cases of such urinary problems,
there is a growing need for a rapid and noninvasive
as well as accurate evaluation. Over the years, resid-
ual urine has been measured by catheterization of
the urethra, which is generally accepted as accurate.
It, however, carries the risk of infection and trauma
to the urethra. In the past three decades, ultrasonog-
raphy has been an alternative method of evaluating
the urinary bladder volume. Its accuracy has, howev-
er, remained contentious. Although several studies1-20

have been done using different types of scanners,
clinical conditions, and subjects, controversies still
exist over the accuracy of this method when com-
pared with the traditional bladder catheterization21-30.
Orgaz et al.17 attributed the inaccuracy of some of
the previous reports to the assumption that the uri-
nary bladder has a fixed geometric shape. For
instance, the bladder was assumed ellipsoid by
Simpson5. This assumption can only be true within a
particular range of bladder volume, as the shape
changes with the volume. Since the urinary bladder
is not a rigid, hollow viscus and is surrounded by
other pelvic structures that may limit its expansion
in certain directions, we considered that an increase
in size would lead to an increase in at least one out of
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Figure 4. Showing the Relationship Between True Residual Urine Volume and Various Sonographic Estimates
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the three dimensions. We therefore decided to use
the average of the three dimensional measurements
({L+T+ Dl}/3). A review of the literature further
showed that efforts at deriving a simple empirical
formula not based on geometric shape resulted in
wider range of errors.2,21 Our formula—[PVRCUBIC

=374.057+(-196.94+V1)+(32.5539+ V12)+(-1.1480
+V13) where V1=average of the length (L), width
(T), and depth (Dt) of the postvoid urinary blad-
der]—which does not describe any known measure-
ment or geometrical figure but seems highly accu-
rate in the calculation of bladder volume, was
obtained by cubic regression analysis. This yielded
the most accurate PVR measurements by a portable
general-purpose ultrasound machine to date when
compared with previous studies.2,9,17,19-30 We attribute
these results to a dynamic three-dimensional vol-
umetry rather than a fixed geometric formula. 

Our equation, though complex, is most accurate
over a wider range of bladder volume than any of
the pre-existing formulas,20-30 and can be integrated
into the memory of modern ultrasound machines

for easy and faster computation. Hence, we consid-
er conventional transabdominal ultrasonography a
reliable, safe, and rapid method for assessing the
residual urine volume in patients with benign pro-
static hyperplasia. With an increase in demand for
pharmacological treatment for benign prostatic
enlargement, this examination can be repeated as
often as necessary as an office-based procedure to
monitor progress of treatment without the risk of
trauma or infection to the urinary tract. 
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Table 2. Results of Linear Regression Analysis of the Actual Volume on the Estimates From Various Methods

Constant SE β SE (β) r
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PVRCUBIC=The sonographic urine volume estimate obtained by our new method
SE=Standard error
β=Regression coefficient
r=Correlation coefficient
SE (β)=Standard error of regression coefficient

Table 1. Results of Paired Samples T-Test Between PVRCUBIC and Some Other Formulas
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