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Purpose: We retrospectively investigated the effect of transurethral resection of the 
prostate (TURP) on the basis of the degree of obstruction seen in preoperative urody-
namic study in patients with benign prostatic hyperplasia (BPH) who complained of 
lower urinary tract symptoms (LUTS).
Materials and Methods: The subjects of this study were 285 patients who were diag-
nosed with BPH with LUTS and who subsequently underwent TURP. The 
Abrams-Griffiths number was calculated from the urodynamic results to divide the pa-
tients into the following groups: unobstructed, equivocal, and obstructed. There were 
26 patients (9.1%) in the unobstructed group, 98 patients (34.4%) in the equivocal group, 
and 161 patients (56.5%) in the obstructed group. The preoperative and postoperative 
uroflowmetry, residual urine, International Prostate Symptom Score (IPSS), and qual-
ity of life (QoL) score were compared between the three groups to evaluate the outcome 
of the treatment. 
Results: The reduction in the IPSS was 14.4 in the obstructed group, which was higher 
than the reductions of 12.7 in the equivocal group and 9.5 in the unobstructed group, 
but this difference was not statistically significant (p=0.227). The QoL score was also 
not significantly different across the three groups (p=0.533). The postoperative max-
imum flow rate was significantly improved in all three groups. The obstructed group 
had an improvement of 7.8±7.2 mL/s, which was higher than the improvement of 
3.7±6.2 mL/s in the unobstructed group (p=0.049) but was not significantly different 
from the improvement of 5.6±6.9 mL/s in the equivocal group (p=0.141). 
Conclusions: TURP led to an improvement in the maximum flow rate and LUTS even 
in BPH patients without BOO. Therefore, TURP can be expected to improve LUTS in 
BPH patients without definite urodynamic obstruction.

Keywords: Prostate; Transurethral resection of prostate; Urodynamics

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 
License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

Article History:
received 30 July, 2013
accepted 23 September, 2013

Corresponding Author:
Jeong Man Cho
Department of Urology, 
Eulji General Hospital, Eulji 
University School of Medicine, 68 
Hangeulbiseok-ro, Nowon-gu, 
Seoul 139-711, Korea
TEL: +82-2-970-8306
FAX: +82-2-948-4051
E-mail: uro02@eulji.ac.kr

INTRODUCTION

Lower urinary tract symptoms (LUTS) are the most com-
mon urological condition seen in elderly males, the main 
cause of which is benign prostatic hyperplasia (BPH) lead-
ing to bladder outlet obstruction (BOO) [1,2]. The most 
widely used surgical treatment for BPH with LUTS is tran-
surethral resection of the prostate (TURP). Various tests 
can be used to subjectively assess the degree of pre-
operative LUTS. Of these, the International Prostate 

Symptom Score (IPSS) and urodynamic study are the most 
used. The IPSS is a method to quantify LUTS, and although 
it is limited by its subjectivity for each patient, its advant-
age is that it is a noninvasive method that can readily be 
used in the outpatient setting [3]. Urodynamic study, on 
the other hand, is more invasive, time-consuming, and 
costly and thus its need is debatable. However, it is one of 
the most accurate methods for identifying the cause of 
LUTS and for describing the symptoms objectively [4].

It is possible to assess the presence of BOO by using 
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TABLE 1. Preoperative clinical findings (n=285)

Unobstructed group (n=26) Equivocal group (n=98) Obstructed group (n=161) p‐value

Age (y)
Prostate volume (g)
PSA (ng/mL)
IPSS (total)
   Voiding
   Storage
Quality of life

69.0±7.6
43.8±21.2
5.1±9.8

22.8±7.9
13.6±6.0
9.0±3.8
4.4±1.2

68.5±7.6
44.8±19.8
4.8±7.6

22.4±6.1
13.1±4.5
8.8±3.6
4.5±1.0

69.8±8.7
61.6±26.7

5.9±7.4
23.4±6.9
13.8±4.7
9.4±3.4
4.5±1.1

0.480
＜0.001

0.515
0.567
0.581
0.594
0.926

Values are presented as mean±standard deviation.
PSA, prostatic‐specific antigen; IPSS, International Prostate Symptom Score. 

pre-TURP urodynamic study. It is known that those with 
BOO tend to have more successful operative outcomes, 
whereas those without BOO have lower success rates [5,6]. 
Yet, Van Venrooij et al. [7] reported that LUTS had im-
proved after TURP in patients who were found to be un-
obstructed or equivocal in preoperative urodynamic study. 

The urodynamic study is the most trustworthy test for 
objectively assessing the cause and symptoms of LUTS in 
BPH. However, the effect of TURP for LUTS without BOO 
has not been clearly identified. We therefore investigated 
the effect of BOO in preoperative urodynamic studies on 
the outcome of TURP in BPH patients with LUTS.

MATERIALS AND METHODS

The subjects of this retrospective study were 285 patients 
of the 338 who visited Eulji General Hospital between 2006 
and 2011 for LUTS who were subsequently diagnosed with 
BPH, underwent TURP, and could be followed up for more 
than 3 months. We included those who had an IPSS of at 
least 12, with a maximum urine flow of less than 15 mL/s. 
The mean age of the patients was 69.1 years (range, 50 to 
86 years). All patients underwent preoperative urody-
namic study and had their histories taken, as well as a 
physical examination, urine test, prostate ultrasono-
graphy, and assessment of IPSS, quality of life (QoL), and 
prostate-specific antigen (PSA). The patients were as-
sessed 3 months after the operation by use of the IPSS, QoL, 
uroflowmetry, and residual urine tests.

The extent of BOO of the patients was assessed by calcu-
lating the Abrams-Griffiths (AG) number and the in-
formation gained from the preoperative urodynamic study 
[8]. 

AG number = [PdetQmax–(2×Qmax)]
where PdetQmax is detrusor pressure at maximum flow 

and Qmax is maximum flow. Patients with an AG number 
greater than 40 were classified into the obstructed group, 
whereas those with an AG number between 20 and 40 were 
placed in the equivocal group and those with an AG number 
less than 20 were placed in the unobstructed group. The 
bladder contractility index (BCI) was calculated as 
PdetQmax+5Qmax, and detrusor underactivity (DU) was 
defined as BCI＜100. Indication for operation in the un-

obstructed group was persistent symptoms even after med-
ication for longer than 3 months. Those who had a history 
of neurogenic bladder, prostate cancer, urethral strictures, 
or recurrent urinary tract infections were excluded from 
this study. In addition, patients with an acontractile de-
trusor in urodynamic study were excluded.

There were 26 patients in the unobstructed group (9.1%) 
with a mean age of 69.0 years (range, 50 to 82 years), 98 
patients in the equivocal group (34.4%) with a mean age of 
68.5 years (range, 51 to 84 years), and 161 patients in the 
obstructed group (56.5%) with a mean age of 69.8 years 
(range, 50 to 83 years). The preoperative and postoperative 
uroflowmetry, residual urine test, IPSS, and QoL variables 
were compared between the groups to evaluate the out-
come of the treatment. Depending on the symptoms, the 
IPSS questions were divided into those asking about void-
ing symptoms, such as incomplete voiding, intermittency, 
weak stream, and hesitancy (questions 1, 3, 5, and 6), and 
those asking about storage symptoms, such as frequency, 
urgency, and nocturia (questions 2, 4, and 7), and the scores 
were compared.

The difference between the clinical markers of each com-
parison group were compared by using analysis of variance 
with SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA), and the 
Bonferroni test was used for post-hoc analysis. A p-value 
of 0.05 or less was taken to have statistical significance.

RESULTS 

There were no significant differences in age or PSA level 
across the three groups. The mean prostate volume in the 
obstructed group was 61.6±26.7 g, which was significantly 
larger than that of the unobstructed group (43.8±21.2 g) 
and the equivocal group (44.8±19.8 g) (p＜0.001). The pre-
operative IPSS was 22.8±7.9 in the unobstructed group, 
22.4±6.1 in the equivocal group, and 23.4±6.9 in the ob-
structed group (p=0.567). There was no significant differ-
ence in the voiding symptoms or storage symptoms be-
tween the three groups. For the QoL assessment, the un-
obstructed, equivocal, and obstructed groups scored 
4.4±1.2, 4.5±1.0, and 4.5±1.1, respectively (p=0.926) 
(Table 1). The maximum flow rate in the unobstructed 
group was 9.5±3.2 mL/s, which was not significantly differ-
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TABLE 2. Preoperative urodynamic findings

Variable Unobstructed group Equivocal group Obstructed group p‐value

Qmax (mL/s)
Voided volume (mL)
Residual urine (mL)
AG number
PdetQmax
BCI
Shafer grade
Detrusor underactivity
Detrusor overactivity

9.5±3.2
198.9±127.7

14.7±18.0
9.3±4.5

31.7±7.1
81.9±19.5

0.8±0.4
21/26 (80.8)
10/26 (38.5)

9.2±3.4
192.1±114.1

76.9±89.3
29.1±6.3
46.5±8.5
87.7±21.9
1.8±0.4

69/98 (70.4)
36/98 (36.7)

8.2±3.3
158.9±92.1
97.5±93.8
63.6±20.0
80.9±27.5

115.6±32.5
3.7±0.8

51/161 (31.7)
74/161 (45.9)

0.048
0.038
0.026

＜0.001
＜0.001
＜0.001
＜0.001

 
 

Values are presented as mean±standard deviation or number (%).
Qmax, maximum flow rate; AG number, Abrams‐Griffiths number; PdetQmax, detrusor pressure at maximum flow rate; BCI, bladder 
contractility index.

TABLE 3. Postoperative improvement of IPSS and QoL

Unobstructe
d group

Equivocal 
group

Obstructed 
group

p‐value

IPSS (total)
   Voiding
   Storage
QoL

9.5±8.2
7.2±7.5
2.3±3.7
2.2±1.6

12.7±7.9
8.8±5.3
3.7±4.1
2.7±1.7

14.4±7.4
9.4±5.3
4.4±3.9
2.9±1.6

0.227
0.615
0.411
0.533

Values are presented as mean±standard deviation.
IPSS, International Prostate Symptom Score; QoL, quality of life.

ent from that of the equivocal group (9.2±3.4 mL/s, 
p=0.420) but was higher than that of the obstructed group 
(8.2±3.3 mL/s, p=0.045). The voided volume of the un-
obstructed group was 198.9±127.7 mL, which was not sig-
nificantly different from that of the equivocal group 
(192.1±114.1 mL) but was greater than that of the ob-
structed group (158.9±92.1 mL). The BCI of the un-
obstructed group was 81.9±19.5, which was not sig-
nificantly different from that of the equivocal group 
(87.7±21.9) but was smaller than that of the obstructed 
group (115.6±32.5). DU was identified 21 patients (80.8%) 
in the unobstructed group and 51 patients (31.7%) in the 
obstructed group (Table 2).

The IPSS had decreased to 9.1±7.8 postoperatively from 
a preoperative score of 22.8±7.9 in the unobstructed group, 
whereas the score in the equivocal group had decreased 
from 22.4±6.1 to 8.6±4.5 and that in the obstructed group 
had decreased from 23.4±6.9 to 8.1±5.4. The reduction in 
the IPSS in the obstructed group was 14.4, which was great-
er than the reduction in the equivocal group (12.7) or the 
unobstructed group (9.5), but this difference was not stat-
istically significant (p=0.227). Dividing the IPSS into void-
ing and storage symptoms, the reduction in voiding symp-
tom scores in the obstructed group was 9.4, compared with 
8.8 in the equivocal group and 7.2 in the unobstructed 
group. However, this difference was not statistically sig-
nificant (p=0.615). The reduction in storage symptom 
scores in the obstructed group was 4.4, compared with 3.7 
in the equivocal group and 2.3 in the unobstructed group 
(p=0.411) (Table 3). The QoL score decreased by 2.2, from 
4.4±1.2 preoperatively to 1.7±1.2 postoperatively, in the 
unobstructed group. In the equivocal group the score was 
reduced by 2.7 from 4.5±1.0 to 1.8±1.2, and in the ob-
structive group it was reduced by 2.9 from 4.5±1.1 to 
1.5±1.0. There was no statistical difference in the reduction 
in QoL score between the three groups (p=0.533) (Table 3).

The maximum flow rate was increased postoperatively 
in all three groups. The improvement in maximum flow 
rate was greater in the obstructed group (7.8±7.2 mL/s) 
than in the unobstructed group (3.7±6.2 mL/s, p=0.049) but 

was not significantly different from that of the equivocal 
group (5.6±6.9 mL/s, p=0.141) (Table 4). The number of pa-
tients with improved Qmax of more than 20% from baseline 
was 20 (76.9%) in the unobstructed group, 89 (90.8%) in the 
equivocal group, and 150 (93.2%) in the obstructed group. 
The improvement in maximum flow rate was 6.4±5.0 mL/s, 
7.4±5.7 mL/s, and 9.2±6.4 mL/s in the unobstructed group, 
equivocal group, and obstructed group, respectively 
(p=0.141). 

DISCUSSION

LUTS become more prevalent with increasing age, and the 
causes include age, bladder dysfunction, infection, and 
BPH [9]. The prevalence of BPH increases after the age of 
50. Of the various causes of LUTS, it is believed that BOO 
is the main cause in BPH patients [10]. Yet, one cannot say 
that all BPH patients have BOO. Abrams et al reported 
that 70% of BPH patients have BOO, whereas Lee et al. [11] 
reported that only 51% of 100 BPH patients with LUTS had 
confirmed BOO after urodynamic studies [6]. Seo et al. [12] 
reported that preoperative urodynamic study revealed 
that 81% of patients with LUTS for which they received 
TURP had obstruction, whereas the remaining 19% were 
unobstructed. Similar to these findings, of the 285 patients 
in this study, 161 (56.5%) were found to be obstructed, 
whereas 98 (34.4%) were equivocal and the remaining 26 
(9.1%) were unobstructed.
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TABLE 4. Postoperative improvement of uroflowmetry parameters

Variable Unobstructed group Equivocal group Obstructed group p‐value

Total patients
   Qmax (mL/s)
   Voided volume (mL)
   Residual urine (mL)
Patients with improved Qmax +20%
   No. (%)
   Qmax (mL/s)
   Voided volume (mL)
   Residual urine (mL)

 
3.7±6.2
–16.8±132.7

3.7±28.8
 

20/26 (76.9)
6.4±5.0

25.5±141.7
8.6±28.0

 
5.6±6.9

79.4±132.9
–44.9±84.4

 
89/98 (90.8)

7.4±5.7
89.8±113.5
–50.0±88.3

 
7.8±7.2

80.7±120.1
–61.5±82.8

 
150/161 (93.2)

9.2±6.4
89.0±12.14
–65.8±85.6

 
0.021
0.049
0.079

 
 

0.141
0.150
0.094

Values are presented as mean±standard deviation unless otherwise indicated.
Qmax, maximum flow rate.

The degree of BOO in BPH patients can vary, but the 
LUTS that patients complain of do not seem to correlate 
with the presence of BOO. Chung et al. [13] reported that 
the IPSS in BPH patients with BOO was 27.2, whereas the 
score in those without BOO was 24.6, showing no sig-
nificance difference. The QoL score was also not statisti-
cally different between the two groups. Similarly, in this 
study, the IPSS was 22.8 in the unobstructed group, 22.4 
in the equivocal group, and 23.4 in the obstructed group, 
showing no significant difference. The QoL score was 4.1 
in the unobstructed group, 4.4 in the equivocal group, and 
4.3 in the obstructed group, showing no significant 
difference. These results suggest that the patients with 
BPH who complain of LUTS but who are found to have no 
BOO in urodynamic studies may have symptom severity 
comparable to that of patients with BOO.

TURP can be said to be the safest and most effective treat-
ment for BPH patients who complain of LUTS [14,15]. Yet, 
although the success rate of TURP is relatively high, a sub-
set of patients continue to have symptoms even after the 
operation. Poor TURP outcome is not related to the pros-
tate volume or the symptom score, but is reported to be asso-
ciated with older age, high residual urine volume, and de-
trusor pressure during voiding [16-18]. Uroflowmetry is 
most frequently used to indirectly measure the contraction 
of the detrusor muscles to check for the presence of BOO, 
but its efficacy has been debated [19]. Uroflowmetry alone 
cannot distinguish between BOO and detrusor muscle dys-
function, which poses a need for urodynamic study. Of the 
various urodynamic study components, the pressure-flow 
test can measure the maximum flow rate and the voiding 
pressure simultaneously to deliver an objective diagnosis 
of BOO. The presence of BOO in pre-TURP urodynamic 
study is an important factor that affects the treatment 
outcome. 

Robertson et al. [20] reported that whereas 79% of BPH 
patients who had BOO preoperatively had successful sur-
gical outcomes, only 55% without BOO had symptomatic 
improvement after the operation. Seo et al. [12] also sug-
gested that the surgical success rate of patients who had 
BOO was 87.2%, which was higher than the success rate 

of 63.6% of patients without BOO. Thus, it can be said that 
the postoperative success rate and patient satisfaction is 
higher in patients who have confirmed BOO in pre-
operative urodynamic study. However, other studies re-
ported that TURP is still an effective treatment for patients 
without BOO. Van Venrooij et al. [7] showed that un-
obstructed and equivocal patients were found to have in-
creased bladder volume and reduced residual urine vol-
ume, as well as an improvement in LUTS, thus suggesting 
that TURP is effective in patients without BOO. In addi-
tion, Chung et al. [13] reported that although patients with-
out BOO had smaller IPSS improvement than did those 
with BOO, the scores in the former patients were reduced 
from 24.6 to 14.0, showing a significant decrease. The QoL 
score in patients with BOO was reduced by 2.9, whereas 
the score in patients without BOO was reduced by 2.2, 
showing no statistically significant difference between 
these two groups. 

The present study also confirmed that TURP was effec-
tive in patients without BOO. The total IPSS decreased af-
ter the operation in all three groups of BPH patients. The 
obstructive group, unobstructed group, and the equivocal 
group showed decreases of 14.4, 12.7, and 9.5, respectively, 
which were not significantly different. The voiding symp-
tom score and storage symptom score of the IPSS were not 
significantly different between the three groups. For the 
QoL score, the obstructed, equivocal, and unobstructed 
groups scored 2.9, 2.7, and 2.2, respectively, with no stat-
istically significant difference between the groups. The 
number of patients with improved Qmax of more than 20% 
from baseline was 20 (76.9%) in the unobstructed group, 
89 (90.8%) in the equivocal group, and 150 (93.2%) in the 
obstructed group. Furthermore, there was no significant 
difference in improvement in maximum flow rate between 
the three groups. Whereas the patients without pre-
operative BOO had less improvement in the maximum flow 
rate than did those with preoperative BOO, the improve-
ment of LUTS was not significantly different between 
these two groups of patients. 

Han et al. [21] explained the effect of TURP in patients 
without BOO by suggesting that patients with weaker de-
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trusor contractility during pressure-flow study may not be 
diagnosed with obstruction because of an insufficient in-
crease in detrusor pressure. They reported that TURP can 
treat the obstruction undiagnosed in the pressure-flow 
study to improve LUTS. A study by van Venrooij et al. [22], 
which compared patients with BOO with patients without 
BOO by using pre-TURP and 6-month postoperative ur-
odynamic study, showed that the urethral resistance factor 
was reduced by 70% in the obstructed group, whereas the 
equivocal and the unobstructed groups also had a 40% 
reduction. The findings of van Venrooij et al. [22] suggest 
that the reduction in urethral resistance postoperatively 
can increase the maximum flow rate in patients without 
BOO. Those authors suggested that although the increase 
in the maximum flow rate after TURP was lower in the un-
obstructed group than in the obstructed group, this in-
crease was significant enough to lead to an improvement 
in the LUTS. In the present study, the improvement in the 
maximum flow rate in the unobstructed and the equivocal 
groups was lower than that of the obstructed group, but still 
significant, and the IPSS and the QoL scores had also de-
creased significantly. This finding suggests that in the un-
obstructed patients with weak detrusor contractility, it 
was possible to reduce urethral resistance with TURP, so 
that the LUTS symptoms were improved in the un-
obstructed group. However, there was no significant differ-
ence in preoperative parameters between improved pa-
tients and unimproved patients in the unobstructed group. 
This is because the number of unobstructed patients was 
too small; therefore, further studies may be required.

Because the causes of LUTS vary widely, it is difficult to 
explain them with BOO alone. The extent of detrusor con-
traction and detrusor hyperactivity should also be consid-
ered with BOO in urodynamic study to provide a more accu-
rate prognosis. A limitation of this study is that we only as-
sessed the effect of BOO found in the urodynamic studies 
on the surgical outcome.

The presence of BOO in BPH patients who complain of 
LUTS will most likely result in good TURP outcome. 
However, patients without BOO can also expect 
post-TURP improvement in maximum flow rate and 
LUTS. Therefore, TURP can be said to be an effective treat-
ment modality for BPH patients with LUTS, both with and 
without BOO.

CONCLUSIONS

In this study, BPH patients with LUTS but without BOO 
in urodynamic study showed an improvement in maximum 
flow rate and LUTS after TURP, although not to the same 
extent as those who had BOO before TURP. Therefore, 
TURP can be an effective treatment that leads to sympto-
matic relief of LUTS in BPH patients, even those without 
BOO.
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