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Do α1-adrenoceptor antagonists 
improve lower urinary tract 
symptoms by reducing bladder 
outlet resistance?
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ABSTRACT

Aims: To test the hypothesis that improvements of lower urinary tract symptoms 
(IPSS) upon treatment with an α-blocker are due to reduction of bladder outlet 
obstruction (assessed as the bladder outlet obstruction index, BOOI); relationships 
of either with free flow Qmax were also explored. Methods: The database of a large 
placebo-controlled, randomized, double-blind study with the α-blocker tamsulosin was 
analyzed retrospectively. Patients were stratified into lower and upper halves according 
to baseline IPSS, Qmax or BOOI and treatment-associated alterations thereof.  In these 
strata differences between values for the other two parameters were analyzed, e.g. 
improvement of IPSS and Qmax were compared in patients with below and above median 
improvement of BOOI. Results: Patients with below and above median baseline for one 
parameter, e.g. IPSS, had rather similar values for the other two parameters, e.g. Qmax 
and BOOI. Likewise, patients based upon baseline strata for one parameter had rather 
similar improvements of the other two parameters. Most importantly, patients with 
below and above median treatment-associated improvements of one parameter, e.g. 
BOOI, exhibited only small if any difference for alterations of the other two parameters, 
e.g. IPPS and Qmax. Conclusions: We conclude that IPSS, free flow Qmax and BOOI are 
only loosely related at baseline. More importantly, treatment-induced improvements of 
these parameters are also only loosely related. These data do question the hypothesis 
that α-blockers largely improve lower urinary tract symptoms by reducing bladder outlet 
obstruction and suggest that they may also act independent of prostatic smooth muscle 
tone.
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INTRODUCTION

Bothersome lower urinary tract symptoms (LUTS) are frequent in the elderly male 
population (Berges et al. 2001). Classically this has been attributed to a cascade wherein 
benign prostatic hyperplasia leads to benign prostatic enlargement which causes 
bladder outlet obstruction (BOO), and this BOO was considered to be the main cause of 
LUTS in elderly males (Andersson 2000). Consequently it was felt that α1-adrenoceptor 
antagonists (α-blockers) relieve LUTS in elderly males by relaxing prostatic smooth muscle 
and thereby reducing bladder outlet resistance (Michel et al. 2000b). However, several 
lines of evidence have questioned whether these mechanisms can indeed explain LUTS in 
elderly males. For example, LUTS can persist after effective deobstruction by transurethral 
resection of the prostate (Andersen 1976;Seaman et al. 1994;Peters et al. 1997), and 
similar observations have also been made in experimental animal models of BOO (Chai et 
al. 1999). Further, studies with various α-blockers have consistently demonstrated good 
symptom reductions as assessed by the IPSS or similar scores, whereas improvements of 
free-flow Qmax typically are only moderate (Djavan et al. 2004). Accordingly, pressure-
flow studies in elderly males with LUTS have not consistently shown reductions of 
bladder outlet resistance upon treatment with α-blockers (Kortmann et al. 2003). Finally, 
α-blockers can relieve LUTS in experimental animals with surgically-induced BOO, i.e. 
under conditions where a reduction of bladder outlet resistance is impossible (Ishizuka 
et al. 1996;Michel et al. 2000b). Thus, various lines of circumstantial evidence question 
the theory that the improvement of LUTS in elderly males upon α-blocker treatment is 
due to reductions of BOO, but direct evidence is missing. Against this background it 
was the aim of the present analysis to more directly test the hypothesis that α-blockers 
improve LUTS in elderly males by reducing BOO. 

MATERIAL AND METHODS

The present manuscript is based upon the retrospective analysis of a previously reported 
randomized (2:1), placebo-controlled, double-blind study that compared the effects of 
tamsulosin modified-release (0.4 mg q.d.) with those of placebo (“European Study of 
PRostatic Indication of Tamsulosin”, acronym “ESPRIT”), in which pressure-flow studies 
had been performed in a large subset of patients; the primary outcomes with regard to 
the effects of tamsulosin vs. those of placebo have been reported previously (Abrams 
et al. 1998). The study had been approved by the responsible ethical committees, was 
in agreement with the principles defined in the Helsinki declaration, and was performed 
according to the Good Clinical Practise guidelines. Key inclusion criteria for this study 
at time of enrolment were an IPSS of ≥ 13 points and a Qmax of ≤ 10 ml/s. It should 
be noted that proof of obstruction was not an inclusion criterion for this study. Upon 
analysis it became apparent that 13% and 20% of patients in the study had violated 
the inclusion criteria with regard to IPSS or Qmax, respectively, to some degree; as these 
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minor deviations did not appear crucial for our question, those patients were maintained 
in our analysis.

After having given informed written consent, a total of 318 patients were treated with 
tamsulosin and 142 with placebo, of which 125 and 61, respectively, underwent pressure-
flow studies before and at the end of treatment following a standardized protocol. The 
pressure-flow subgroup did not represent a specific selection of patients; rather 26 
centres did and the others did not participate in the pressure-flow arm of the study. To 
ascertain technical quality, all pressure-flow studies and all free-flow Qmax measurements 
had been evaluated by central reading (Bristol Urological Institute) in a blinded manner 
relative to treatment by an expert not otherwise involved in the trial.

Our analysis is based upon comparisons of LUTS (as quantified by the IPSS), free-flow 
Qmax and BOO (as measured by the BOO index [BOOI], formerly known as the Abrams-
Griffith number) at baseline and after 12 weeks of treatment with placebo or 0.4 mg 
tamsulosin modified-release q.d. For this purpose, the overall population was split into 
upper and lower halves based upon medians for any given parameter, e.g. BOOI, to obtain 
subgroups of similar size. In these two halves it was calculated whether and how much 
the other two parameters, e.g. IPSS and Qmax, differed between the two subgroups.

Unless referring to BOOI or otherwise stated, all subsequent statements refer to the 
total study population. Medians were only used for patient stratification whereas all data 
are means ± SD of n subjects. Descriptive statistical analysis was done using the SAS 
programme package version 8.02. The statistical significance of differences between 
strata was assessed by unpaired, two-tailed t-tests using the Prism programme (Graphpad 
Software, San Diego, CA, USA) version 4.03, and a p < 0.05 was considered statistically 
significant.

RESULTS

Relationship between symptoms and obstruction-related parameters at 
baseline

At baseline the tamsulosin and placebo groups were similar with regard to age (64.3 ± 
7.3 vs. 63.4 ± 7.4 years), weight (78.1 ± 11.2 vs. 79.4 ± 12.3 kg), height (171.8 ± 7.1 vs. 
172.3 ± 6.8 cm), body mass index (26.3 ± 3.2 vs. 26.9 ± 3.8 kg/m2), total IPSS (17.7 ± 
5.5 vs. 17.5 ± 5.8 points), Qmax (8.2 ± 2.1 vs. 8.4 ± 2.2 ml/s) and, in the pressure-flow 
subgroup, BOOI (56.8 ± 35.8 vs. 52.1 ± 30.8). Moreover, IPSS and Qmax were similar in 
patients undergoing pressure-flow studies and those who did not (17.7 ± 5.8 vs. 17.7 ± 
5.5 points and 8.2 ± 2.1 vs. 8.4 ± 2.2 ml/s, respectively), indicating that it is justified to 
pool both populations for analysis of IPSS and Qmax.
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The median basal values for IPSS and Qmax in the overall study population and of BOOI 
in the pressure-flow subgroup were 17.0 points, 8.5 ml/s and 48.5, respectively. These 
were used to stratify patients into upper and lower halves for a given parameter. When 
patients were stratified based upon median basal IPSS, the upper and lower halves 
had similar Qmax or BOOI despite their considerably different IPSS (22.3 vs. 13.4 points) 
(Table 1). When patients were stratified based upon median basal Qmax, the upper and 
lower halves exhibited only small differences in IPSS or BOOI despite major differences 
in Qmax (10.1 vs. 6.5 ml/s) (Table 1). When patients were stratified based upon median 
basal BOOI, the upper and lower halves had a rather similar IPSS or Qmax despite a 
considerably different BOOI (80.6 vs. 29.9) (Table 1). In this context a mean free flow 
Qmax of 8.4 ml/s in the subgroup with a BOOI of 29.9, i.e. in the absence of major 
obstruction, indicates that the rather low Qmax may relate to poor detrusor function 
rather than obstruction. Thus, IPSS, free flow Qmax and BOOI exhibited only loose if any 
associations at baseline.

Table 1: Baseline IPSS, Qmax and BOOI in strata of basal IPSS, Qmax and BOOI.

Baseline IPSS Baseline Qmax Baseline BOOI

Strata based upon median baseline IPSS

≤ 17.0 13.4 ±  3.2 8.5 ± 2.0 55.6 ± 33.0

> 17.0 22.3 ± 3.7 8.1 ± 2.2 54.9 ± 36.0

Strata based upon median baseline Qmax

≤ 8.5 18.5 ± 5.8 6.5 ± 1.4 60.4 ± 38.8

> 8.5 17.0 ± 5.4* 10.1 ± 0.9 48.7 ± 26.8*

Strata based upon median baseline BOOI

≤ 48.5 17.1 ± 5.6 8.4 ± 2.0 29.9 ± 11.5

> 48.5 18.2 ± 6.0 7.8 ± 2.2* 80.6 ± 30.3

Data are means ± SD of baseline IPSS (in points), Qmax (in ml/s) and of BOOI (no dimension) according to strata 
of baseline values. In these strata, age, height, body weight and body mass index were also similar (data not 
shown). Each stratum represents half of the total patient number. *: p < 0.05 vs. lower stratum in a non-paired, 
two-tailed t-test. Note that no statistical analysis was done on the parameter on which the strata were based.

Relationship between baseline values of one parameter and tamsulosin 
treatment results of others

We next asked whether baseline values for a given parameter influenced responses for 
this and other parameters upon tamsulosin treatment. As expected due to regression 
to the mean, patients with a baseline IPSS > 17.0 showed greater tamsulosin-induced 
IPSS reductions than those with a smaller baseline IPSS (-10.0 vs. -5.6 points). However, 
both groups had similar improvements of Qmax and BOOI (Table 2). Also, as expected, 
patients with a baseline Qmax ≤ 8.5 had greater improvements of Qmax than those with 
a higher baseline value (+2.1 vs. + 1.0 ml/s), but both groups differed only little with 
regard to improvements of IPSS and BOOI (Table 2). Patients with a baseline BOOI > 
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48.5 had greater improvements of the BOOI than those with a lower baseline value 
(-20.5 vs. -1.5), but differences between groups with regard to IPSS improvements were 
small and those with a greater BOOI improvement had a smaller Qmax improvement, 
which was statistically significant (Table 2).

Relationships between alterations of symptoms and those of obstruction-
related parameters

Finally, we have directly addressed our central hypothesis, i.e. whether symptom 
improvements can be attributed to reductions of BOO. For this purpose, relationships 
between improvements of symptoms and of obstruction-related parameters were 
evaluated in two ways. Firstly, comparisons were done for the entire study population 
irrespective of the type of treatment the patients had received. This was done under the 
idea that if deobstruction is responsible for symptom improvement, such relationships 
should be visible irrespective of whether deobstruction had occurred after placebo or 
active treatment. Secondly, similar comparisons were performed within the group of 
tamsulosin-treated patients. This was done in order to exclude that existing associations 
were concealed by a placebo effect.

The median alterations for IPSS, Qmax and BOOI in the overall study population, i.e. in the 
combined tamsulosin and placebo group, used for patient stratification were -7.0 points, 
+1.05 ml/s and -3.8, respectively. When patients were stratified based upon treatment-
associated IPSS improvement of ≥ 7.0 points, the group differences in Qmax and BOOI 
improvement were small and unlikely to be of clinical relevance as compared to those 
in IPSS improvement (-11.4 vs. -1.7 points, Table 3). When patients were stratified based 
upon treatment-associated Qmax improvement of ≥ 1.05 ml/s, the group differences for 
IPSS and BOOI improvement were small but statistically significant relative to those of 

Table 2: Tamsulosin-induced alterations of IPSS, Qmax and BOOI in strata of baseline IPSS, Qmax and BOOI.

Delta IPSS Delta Qmax Delta BOOI

Strata based upon median baseline IPSS

≤ 17.0 -5.6 ± 4.7 +1.6 ± 3.5 -9.9 ± 23.2

> 17.0 -10.0 ± 6.1 +1.6 ± 3.5 -12.1 ± 29.4

Strata based upon median baseline Qmax

≤ 8.5 -7.5 ± 6.2 +2.1 ± 3.3 -11.6 ± 31.1

> 8.5 -8.2 ± 5.3 +1.0 ± 3.7 -10.4 ± 20.1

Strata based upon median baseline BOOI

≤ 48.5 -8.0 ± 5.8 +2.6 ± 3.8 -1.5 ± 19.5

> 48.5 -9.0 ± 6.0 +1.0 ± 3.1* -20.5 ± 28.8

Data are means ± SD of treatment-induced alterations of IPSS (in points), Qmax (in ml/s) and BOOI (no dimension) 
according to baseline strata. Note that this table is solely based upon the patients receiving tamsulosin. Each 
stratum represents half of the total patient number. *: p < 0.05 vs. lower stratum in a non-paired, two-tailed 
t-test. Note that no statistical analysis was done on the parameter on which the strata were based.
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Qmax improvement (+4.1 vs. -1.1 ml/s, Table 3). When patients were stratified based 
upon treatment-associated BOOI improvement of ≥ 3.8, group differences in IPSS and 
Qmax were small but, at least for IPSS, statistically significant relative to those of the 
BOOI alterations (-25.9 vs. +12.2, Table 3).

Within the subgroup of tamsulosin-treated patients median alterations of IPSS, Qmax 
and BOOI were -8.0 points, +1.10 ml/s and -7.5, respectively. As expected tamsulosin-
induced improvements of IPSS were much greater in the above-average than in the below 
average group based upon median IPSS decrease (-12.1 vs. -2.8 points), but differences 
in Qmax and BOOI improvements were small and did not reach statistical significance for 
the latter (Table 4). Also, as expected, tamsulosin-induced improvements of Qmax were 
much greater in the above-average than in the below average group based upon median 
Qmax increase (+4.3 vs. -1.1 ml/s), but there were little differences in IPSS and BOOI 
improvements between Qmax strata (Table 4). Finally, tamsulosin-induced improvements 
of BOOI were much greater in the above than in the below average group based upon 
median BOOI decrease (-28.7 vs. +6.8), but differences in IPSS and Qmax improvements 
were less obvious despite reaching statistical significance (Table 4).

Table 3: Treatment-associated alterations of IPSS, Qmax and BOOI in strata of alterations of IPSS, Qmax and 
BOOI for the overall group, i.e. irrespective of the use of tamsulosin or placebo. 

Delta IPSS Delta Qmax Delta BOOI

Strata based upon median IPSS reduction

< 7.0 -1.7 ± 4.1 +1.1 ± 3.3 +1.6 ± 26.4

≥ 7.0 -11.4 ± 3.8 +1.8 ± 3.5* -13.6 ± 29.8*

Strata based upon median Qmax increase

< 1.05 -6.3 ± 6.3 -1.1 ± 1.6 -1.6 ± 31.5

≥ 1.05 -7.5 ± 6.0* +4.1 ± 2.8 -11.9 ± 26.3*

Strata based upon median BOOI reduction

< 3.8 -5.9 ± 6.2 +1.3 ± 2.9 +12.2 ± 21.2

≥ 3.8 -8.9 ± 5.9* +1.9 ± 3.9 -25.9 ± 23.3

Data are means ± SD of treatment-associated alterations of IPSS (in points), Qmax (in ml/s) and BOOI (no 
dimension) according to strata of improvements. Data for the tamsulosin subgroup are shown in table 4. Each 
stratum represents half of the total patient number. *: p < 0.05 vs. lower stratum in a non-paired, two-tailed 
t-test. Note that no statistical analysis was done on the parameter on which the strata were based.
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DISCUSSION

It has been assumed for a long time that the LUTS improvements in elderly males upon 
treatment with an α-blocker are due to reduction of BOO, i.e. mediated by relaxation 
of prostatic smooth muscle. However, several pieces of circumstantial evidence have 
recently questioned this hypothesis. Therefore, the present study was designed to 
directly test such causative relationships. Our primary approach has been to analyse the 
relationships between LUTS and obstruction-related parameters, and particularly the 
role of treatment effects on obstruction relative to those on LUTS. Our analysis is based 
upon the database of a previously reported study in which patients were treated with 
placebo or tamsulosin for 12 weeks, of which 186 patients underwent pressure-flow 
studies before and after treatment (Abrams et al. 1998). This probably makes it the 
largest available placebo-controlled study on α-blocker effects on BOO, which enables 
for the first time a more direct comparison between alterations of obstruction and 
LUTS.

Our analysis is based upon a 12-week study, i.e. a duration which is short relative to 
the remaining life expectancy of the afflicted patients. However, previous studies have 
consistently shown that α-blocker effects on LUTS develop almost fully within this time 
frame and thereafter stay stable for several years (Narayan et al. 2003). Moreover, some 
of the patients in the present study apparently were not obstructed, and this is to be 
expected when, as in most other studies in this field, the presence of obstruction was 
not an inclusion criterion. However, we consider this to be an advantage as it further 
supports our finding that LUTS improvement can occur independent from those of 
obstruction.

Table 4: Tamsulosin-induced alterations of IPSS, Qmax and BOOI in strata of alterations of IPSS, Qmax and 
BOOI. 

Delta IPSS Delta Qmax Delta BOOI

Strata based upon median IPSS reduction

< 8.0 -2.8 ± 3.4 +1.1 ± 3.3 -6.3 ± 18.2

≥ 8.0 -12.1 ± 3.7 +1.8 ± 3.5* -14.5 ± 30.8

Strata based upon median Qmax increase

< 1.10 -7.3 ± 6.1 -1.1 ± 1.6 -7.6 ± 27.4

≥ 1.10 -8.2 ± 5.6 +4.3 ± 2.8 -14.0 ± 25.1

Strata based upon median BOOI reduction

<7.5 -7.2 ± 6.1 +1.0 ± 2.8 +6.8 ± 14.7

≥ 7.5 -9.8 ± 5.9* +2.5 ± 4.0* -28.7 ± 23.2

Data are means ± SD of tamsulosin-induced alterations of IPSS (in points), Qmax (in ml/s) and BOOI (no 
dimension) according to strata of improvements. Each stratum represents half of the total patient number. *: 
p < 0.05 vs. lower stratum in a non-paired, two-tailed t-test. Note that no statistical analysis was done on the 
parameter on which the strata were based.
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While previous smaller studies had yielded equivocal results with regard to α-blocker 
effects on BOO (Kortmann et al. 2003), the present much larger study had found a 
statistically significantly greater reduction of BOOI with tamsulosin than with placebo 
(Abrams et al. 1998). The tamsulosin-induced improvements of IPSS in this study 
(Abrams et al. 1998) were in line with those of many other studies (van Dijk et al. 2006). 
On the other hand, improvements of Qmax with tamsulosin relative to those with placebo 
were only relatively small in the present study (Abrams et al. 1998), but various other 
studies had consistently shown that tamsulosin causes greater improvements of Qmax 
than placebo (van Dijk et al. 2006). Thus, the overall findings of this study are in line with 
those of many others with tamsulosin or other α-blockers (Djavan et al. 2004). Being 
the largest placebo-controlled pressure-flow study on the effects of α-blockers in elderly 
males with LUTS, this database is therefore uniquely suited to address the relationship 
between LUTS and BOO, and particularly the α-blocker-induced improvements thereof.

For the purpose of our analysis we have generally split the available population into upper 
and lower halves based upon baseline parameters or treatment-associated alterations 
thereof; to obtain subgroups of “good” and “bad” responders of similar size medians 
were used but, as in most previous studies, means were used to describe the resulting 
two strata. As expected and probably at least partly reflecting regression to the mean, 
patients with greater baseline values for IPSS and BOOI or smaller baseline values for 
Qmax showed greater treatment-associated improvements of these parameters than the 
other half of the population. We then compared differences between groups as defined 
by the potentially explanatory variable for the other two parameters. For example, 
patients were stratified by baseline IPSS and then differences in free flow Qmax and BOOI 
were assessed in these two IPSS strata. Confirming several previous studies (Rosier et 
al. 1996;van Ventrooij and Boon 1996;Wadie et al. 2001),  our data show that baseline 
IPSS, free flow Qmax and BOOI are at best only loosely related. In this regard an only 
weak association between Qmax and BOOI may partly reflect that the two parameters 
were derived from independent measurements and partly that changes in BOO can only 
be expected to translate into similar changes of Qmax if identical detrusor pressures are 
assumed. In line with analyses of even larger databases (Michel et al. 2000a), baseline 
values of each parameter were good predictors of treatment-associated responses of 
the same parameter. On the other hand, baseline values of one parameter were only 
loosely associated with those of either of the other two parameters.

The key question of the present analysis was whether treatment-associated improvements 
of IPSS, Qmax and BOOI are related to each other, particularly those due to α-blocker 
treatment. This analysis has been done concomitantly in two ways. Firstly, we have 
looked at the total group of patients, i.e. irrespective of whether they had received 
placebo or tamsulosin. This analysis is based upon the hypothesis that an improvement 
of BOOI should improve IPSS, irrespective of whether the BOO improvement was caused 
by the α-blocker or had occurred without active treatment. Secondly, we have looked 
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at the subgroup of patients receiving tamsulosin. While this yields a purer look at the 
question, it deals with a smaller patient group and hence has less statistical power. The 
combination of both approaches increases the robustness of our analysis. Our finding 
of smaller median treatment-associated improvements in the overall as compared to 
the tamsulosin-treated group reflect the superiority of tamsulosin relative to placebo in 
improving LUTS (van Dijk et al. 2006).

Patients with greater treatment- or tamsulosin-associated improvements of BOOI also had 
numerically greater improvements of IPSS or Qmax, indicating that the three parameters 
are not fully unrelated. However, “good” and “bad” BOOI responders differed only little 
with regard to improvements of IPSS or Qmax, particularly when the minimum difference 
found to be detectable by a patient is considered (Barry et al. 1995). Moreover, the 
difference in IPSS or Qmax improvements between “good” or “bad” BOOI responders 
did not consistently reach statistical significance despite this being a relatively large 
study. This also holds true when it is considered that the scales being used to quantify 
these three parameters are very distinct. These data demonstrate that improvements 
of BOOI can at best only explain a minor fraction of IPSS improvements. They confirm 
conclusions from previous studies with tamsulosin (Arnold 2001) or terazosin (Witjes et 
al. 1997) which had included much fewer patients and no placebo group and may have 
been underpowered for this question. The poor association between improvement of 
BOOI and Qmax is in line with previous studies, mostly performed prior to treatment, 
which found Qmax to predict BOOI only poorly (Rosier et al. 1996;van Ventrooij and Boon 
1996;Wadie et al. 2001).

CONCLUSION

In conclusion, our analysis confirms that IPSS, Qmax and BOOI represent different aspects 
of LUTS in elderly males which are only poorly related to each other. In extension of 
previous circumstantial evidence, our data show that α-blocker-induced improvements 
of IPSS are largely independent from those of BOOI. These data question the previous 
concept that the beneficial effects of α-blockers in elderly males with LUTS are 
predominantly or even exclusively due to relaxation of prostatic smooth muscle. They give 
further support to newer models in which the beneficial effects of α-blockers in elderly 
males with LUTS involve to a large extent action on extra-prostatic α1-adrenoceptors, 
e.g. those in the spinal cord (Smith et al. 1999;Yoshiyama and De Groat 2001) and/or 
the urinary bladder (Hampel et al. 2002;Sigala et al. 2004). The efficacy of tamsulosin in 
patients with neurogenic LUTS due to suprasacral spinal cord injury (Abrams et al. 2003) 
makes the former location an unlikely candidate. Given the scarcity of α1-adrenoceptors 
in the human detrusor (Goepel et al. 1997), their recent discovery in the urothelium 
(Ishihama et al. 2006), however, provides an exciting avenue to positively identify the 
mechanism of action of α-blockers in elderly males with LUTS. 
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