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Benign prostatic hyperplasia (BPH) is the most important 
cause of bladder neck obstruction in elderly men. BPH 

increases with age and is diagnosed in 80% of men until 
60 years of age and in 50% of men until 80 years of age.[1, 2] 
In general, obstruction and lower urinary tract complaints 

due to enlarged prostate include frequent urination, noc-
turia or nocturnal polyuria, urinary urgency, weak urinary 
flow. The etiology of benign prostatic hyperplasia has not 
been clearly defined. Various scoring systems have been 
created to evaluate the severity of the symptoms, the sys-
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tem accepted by urologists worldwide is the International 
Prostate Symptom Score (IPSS).[3, 4] In addition to these 
subjective complaints, objective parameters to evaluate 
patients and plan their treatment include uroflowmetry, 
prostate volume, residual urine and prostate specific anti-
gen (PSA) tests.

One of the simplest and most useful measuring methods 
is the uroflowmetry method, which can be used to mea-
sure urine flow rate with a simple flow measurement. 
Uroflowmetry measures urine volume, urination time, de-
lay time, the time taken to reach maximum urinary flow 
rate, maximum urine flow rate and mean urine flow rate. 
Flow rate measurements similarly provide information in 
parallel to lower urinary tract Ultrasound (US).[5, 6] In males 
with lower urinary tract symptoms (LUTS), a voided volume 
of ≥150 mL and a voiding time less than 11.5 seconds on 
uroflowmetry have been accepted normal.[6] In the evalu-
ation of patients presenting with LUTS, the measurement 
of postvoid residual urine (PVR) using US is also a useful 
examination.[7]

PVR is defined as the volume of residual urine in the blad-
der post micturition.[8] PVR measurement is a screening 
test guiding to assess LUTS and plan patient's treatment.
[9] Most clinicians agree that a volume of 50-100 mL for PVR 
should be abnormal.[10] Although urethral catheterization is 
the gold standard for PVR measurement, it is known to pro-
duce wrong results in the case of prolonged time between 
urination and PVR measurement.[8, 11]

The aim of this study was to examine the correlation be-
tween the results of bladder voiding after uroflowmetry 
(PVR1) and second voiding (PVR2) and to investigate the 
factors affecting this in patients presented with LUTS due 
to BPH.

Methods
Fifty-five male patients presented to the urology out-
patient clinic with LUTS were included in the study. The 
study was designed as self-controlled and prospective. All 
patients’ medical records were taken and physical exam-
inations, biochemistry, PSA tests and urinalysis were per-
formed. Patients with diabetes mellitus, urinary tract infec-
tion or neurogenic bladder diseases were excluded from 
the study. The patients did not take fluid before US exam-
ination of the urinary tract. When they first felt urinary ur-
gency, the examination was started. US examination was 
performed transabdominally by a single radiologist with 
twelve years of experience using a 2-5 MHz convex trans-
ducer (Hitachi Hi Vision Preirus; Tokyo; Japan, 2013). As-
suming the elliptical shape of the prostate gland, the size 
was measured from the anteroposterior, transverse and 

sagittal planes.[12] The bladder volume was calculated with 
the equation of height x width x depth x (0.6).[13] The initial 
residual urine volume (PVR1) was measured with US imme-
diately after bladder voiding on uroflowmetry device. Fol-
lowing the measurement, the patient was kept waiting for 
five minutes and the second residual urine volume (PVR2) 
was measured again with US immediately after the second 
bladder voiding. A PVR of ≥50 mL was considered as resid-
ual urine.[10] 

The data were evaluated with IBM SPSS Statistics 25.0 (IBM 
Corp., Armonk, New York, USA) statistical package soft-
ware. Descriptive statistics were given as the number of 
units (n), percentage (%), median (M), the first quartile (Q1) 
and the third quartile (Q3) values. Normality of numerical 
variables was evaluated using the Shapiro-Wilk test and 
Q-Q plots. The difference between two measurements of 
non-normally distributed variables was analyzed with the 
Wilcoxon Test. Correlations between numerical variables 
were evaluated using the Spearman's Rank-Order Correla-
tion. Whether there is a difference between the grouped 
PVR values was tested with the McNemar test. 

Results
Fifty-five patients admitted to the urology outpatient clinic 
between December 2017 and February 2018 were included 
in the study. The mean age of the patients was 62.6±9.4 
(min 43, max 83 years of age). The mean PSA value was 1.67 
(0.91-2.78) ng/mL, prostate volume was 30 (24-45) mL, and 
Qmax was 14.7 (9.3-19.7) mL/sec. The total volume of urine 
during urinary urgency was 260 mL (190-375), while PVR1 
was 61 mL (37-104), PVR2 was 30 mL (11-45).

The difference between PVR1 and PVR2 was statistically sig-
nificant. The PVR2 values were lower than the PVR1 values 
(Table 1).

Table 1. The difference between PVR1 and PVR2

	 	Measurements	

	 1		  2	 p
	 M (Q1-Q3)		  M (Q1-Q3)	

PVR (mL)	 61 (37-104)		  30 (11-45)	 <0.001

Table 2. Grouped PVR

			   PVR2		

		  <50		  ≥50
		  n (%)		  n (%)	

Total	 p

PVR1

	 <50	 22 (40.0)		  0 (0.0)	 22 (40.0)	
<0.001

	 ≥50	 21 (38.2)		  12 (21.8)	 33 (60.0)
	 Total	 43 (78.2)		  12 (21.8)	 55 (100)



97EJMI

Twenty-one patients with a PVR1 of >50 mL (38.2% of all 
patients) exhibited a reduction under 50 mL in PVR2. This 
change was statistically significant (Table 2).

The change in PVR (PVR-difference) was moderately posi-
tively correlated with the total volume of urine. PVR1 was 
also negatively correlated with Qmax and was moder-
ately positively correlated with the total volume of urine. 
Whereas PVR2 was weakly positively correlated with PSA 
and the total volume of urine and was weakly negatively 
correlated with Qmax (Table 3).

Those with a PVR1 of ≥50 were found to have higher values 
of PSA and the total volume of urine than the group with 
<50. There was no difference between the other variables 
(Table 4).

Those with a PVR2 ≥50 were found to have lower Qmax val-
ues and a higher total volume of urine values than the group 
with <50. PSA value is susceptible to significance. There was 
no difference between the other variables (Table 5).

Conclusion
In patients with benign prostatic hyperplasia, LUTS may af-
fect the individual's daily life of people. IPSS, prostate vol-
ume, detrusor resistive index, intravesical prostatic protru-
sion, capsular artery resistive index, intraprostatic pressure 
measurement, PVR, uroflowmetry, bladder wall thickness 
and pressure flow study are widely used parameters in the 
evaluation of patients with BPH-related LUTS. Uroflowme-
try with PVR is a simple, noninvasive, reliable test used for 
the evaluation of patients with intravesical obstruction. 
However, uroflowmetry measurements may be affected 
by various factors such as age, gender, urine volume, pa-
tient's psychological status, urethral catheterization and 
voiding position.[14, 15] The aim of this study was to examine 
the correlation between the results of bladder voiding af-
ter uroflowmetry (PVR1) and second voiding (PVR2) and to 
investigate the factors affecting this in patients presented 
with LUTS and diagnosed with BPH.

The difference between PVR1 and PVR2 volume was statis-
tically significant (p<0.001). Moreover, the PVR1 results of 
≥50 mL reduced under 50 mL in 38.2% of the patients in 
PVR2 and again there was a significant difference. As the 
first study on the evaluation of patients with BPH-related, 
this self-controlled study LUTS revealed the significant 
difference of second PVR value to be examined in a sin-
gle session from the PVR value to be examined once. The 
accuracy of PVR measurement is important to determine 
the efficacy of medical and surgical treatments for LUTS.
[16] It supports the notion that residual urine volume mea-
surement in an uncomfortable, stressful environment, 
usually during uroflowmetry procedure, is an important 
factor and the patient might be mismanaged by the clini-
cian with the wrong results obtained. High PVR is thought 
to be associated with LUTS severity. An inaccurate mea-
surement may lead to unnecessary drug therapy and 
surgery.[17, 18]

It appears that the reliability of PVR1 decreases with the in-

Table 3. Correlation of PVR1, PVR2 and PVR difference with other 
variables (n=55)

	 PVR1	 PVR2	 PVR difference

Age
Rho	 0.086	 0.154	 0.037
p	 0.533	 0.262	 0.790

Prostate volume
Rho	 0.104	 0.082	 0.138
p	 0.449	 0.551	 0.316

PSA
Rho	 0.245	 0.343	 0.082
p	 0.072	 0.010	 0.550

Qmax
Rho	 -0.373	 -0.446	 -0.201
p	 0.005	 0.001	 0.141

Total volume of urine
Rho	 0.547	 0.366	 0.571
p	 <0.001	 0.006	 <0.001

Table 4. Comparison of grouped PVR1 with other variables

	 	 PVR1	

	 <50		  ≥50	
p

	 M (Q1-Q3)		  M (Q1-Q3)	

Age 	 61.5 (55.3-69.3)		  63.0 (57.5-68.0)	 0.830
Prostate	 30.0 (20.8-38.5)		  32.0 (27.0-52.0)	 0.154
volume (mL)	
PSA (ng/mL)	 1.08 (0.74-2.07)		  2.05 (0.90-3.81)	 0.044
Qmax (mL/sec)	 16.45 (12.17-23.85)		  12.00 (8.40-18.45)	 0.084
Total volume of	 306.5 (224.4-392.3)		  442.0 (365.5-566.0)	 0.001
urine (mL)

Table 5. Comparison of grouped PVR2 with other variables

	 	 PVR2 	

	 <50		  ≥50	 p
	 M (Q1-Q3)		  M (Q1-Q3)	

Age 	 61.0 (55.0-70.0)		  63.0 (61.3-65.0)	 0.481
Prostate	 30.0 (22.0-42.0)		  30.5 (24.8-54.5)	 0.775
volume (mL)	
PSA (ng/mL)	 1.30 (0.75-2.59)		  2.62 (1.78-4.30)	 0.051
Qmax (mL/sec)	 15.80 (11.90-21.80)		  8.60 (5.77-13.42)	 0.002
Total volume of	 368.0 (269.0-448.0)		  565.5 (399.8-837.0)	 0.003
urine (mL)
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crease in patient's bladder fullness since the difference ob-
tained by subtracting PVR2 volume from PVR1 volume was 
positively correlated with total volume of urine (p<0.001, 
r=0.57) and there was a statistically significant difference in 
total volume of urine (p=0.001) in the grouping by consid-
ering 50 mL as the limit in PVR1 and PVR2 (p=0.001). These 
results also support the view in the literature that the blad-
der will not completely empty due to being overfull.[17, 18] 
Therefore, we are of the opinion that more reliable results 
could be obtained by making the patient re-micturate after 
5 minutes, if the bladder is too full. 

In our study, the weak negative correlation between 
Qmax and PVR1 (p=0.005, r=-0.37) and PVR2 (p=0.001, 
r=-0.45) results becomes more significant in PVR2. In ad-
dition, the patients with a PVR2 value of ≥50 mL had a sta-
tistically lower Qmax than those with a PVR2 value of <50 
mL (p=0.002), but no significant difference with PVR1 of 
the same equation (p=0.084) reduces the reliability of the 
result in view of PVR2. These results show that the PVR2 
results of ≥50 mL were more significantly correlated with 
LUTS findings.

Although there was a significant difference with PSA in the 
comparisons of PVR values with PSA, if the PVR1 value is 
higher than 50 mL (p=0.044), and there was no significant 
difference in the same comparison with PVR2 (p=0.051), the 
values were close. Despite the positive significant correla-
tion between PSA and PVR2 values (p=0.01, r=0.34), there 
was no statistically significant correlation between PSA and 
PVR1 (p=0.25, r=0.07). The fact that there was no significant 
difference in other results demonstrates the value and im-
portance of PVR measurement for clinician while evaluat-
ing LUTS findings.

BPH is caused by prostate enlargement and prostate vol-
ume increases with advancing age in males.[1, 2] Prostate 
volume is not correlated with the severity of LUTS, and 
therefore, cannot be used by clinicians for surgical deci-
sion. Prostate volume can be used to select surgical tech-
nique.[18] In our study, there was no statistically significant 
difference in the comparisons of PVR values with age and 
prostate volume (p>0.05). 

In conclusion, we are of the opinion that the patient should 
be managed by considering the PVR value measured follow-
ing the second voiding after routine uroflowmetry in the 
evaluation of patients with the diagnosis of BPH with LUTS.
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