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INTRODUCTION

In recent years medical treatment has become the mainstay of care for most patients 
with lower urinary tract symptoms suggestive of benign prostatic hyperplasia (LUTS/
BPH). The two main forms of medical treatment are 5α-reductase inhibitors such as 
dutasteride and finasteride and α1-adrenoceptor antagonists (α-blockers) such as 
alfuzosin, doxazosin, tamsulosin and terazosin. Since the former have little if any effects 
on the cardiovascular system, our manuscript will focus on the α-blockers which are 
used most often internationally. α-Blockers were introduced for the treatment of LUTS/
BPH almost 30 years ago (Caine et al. 1976). More recent studies have demonstrated 
that they provide maintained symptom relief for many years (Narayan et al. 2003) and 
have beneficial effects upon the clinical progression of LUTS/BPH (McConnell et al. 
2003). However, α-blockers act not only in the lower urinary tract but also in other 
tissues such as the vasculature, and such effects may be important for many of their side 
effects. Indeed, recent studies have shown that the side effect profile is the key criterion 
for patients in their preference for of a given treatment for LUTS/BPH (Watson et al. 
2004). Therefore, our manuscript will review the physiological basis of cardiovascular 
side effects of α-blockers, identify risk factors for these side effects, and describe their 
interaction with specific drugs.

α1-Adrenoceptors in vascular physiology

The general circulation comprises a low pressure (venous) and a high pressure (arterial) 
system, with the major part of the circulating blood volume residing in the low pressure 
system. In a supine position, the distribution of the circulating blood between the arterial 
and the venous system is determined by the pumping of the heart and the relative 
resistances of (small) arteries and veins. In an upright position, however, the force of 
gravity makes it more difficult for the blood in the venous system to return to the heart. 
This could lead to “disappearance” of a sizeable fraction of the circulating blood supply 
in the low pressure system, i.e. the veins of the lower body. Such disappearance, similar 
to a sudden loss of blood by trauma, could lead to orthostatic hypotension, dizziness 
and even fainting. Nevertheless, most of us do not experience such problems when 
standing up. The reason is that the sympathetic nervous system provides a fast and 
powerful counter-regulatory mechanism to increase venous tone and thereby the return 
of blood to the heart, making it available for tissue perfusion (De Mey 2000). The 
sympathetic nervous system accomplishes this task mainly by releasing noradrenaline, 
which contracts arterial and venous blood vessels mainly via α1-adrenoceptors (Schäfers 
et al. 1997).

In principle α-blockers interfere with these counter-regulatory effects and could (at 
least partly) deprive the organism from such self-protection during postural change. 
Nevertheless, the use of α-blockers is not always associated with blood pressure lowering. 
A number of factors contribute to explaining this apparent contradiction. Firstly, most 
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clinical studies have measured the blood pressure effects of an α-blocker upon chronic 
(days to months) dosing rather than acutely. Our bodies activate various compensatory 
mechanisms to maintain blood pressure, and hence tissue perfusion, during chronic use 
of α-blockers. This includes an increased cardiac output and/or an enhanced activity 
of the renin-angiotensin system. Such compensatory mechanisms may obscure blood 
pressure effects despite the presence of vasodilatation due to an α-blocker. A clinical 
illustration of this point is the observation of “first-dose hypotension”, which can be 
associated with serious complications (Souverein et al. 2003). To avoid this, dose 
titration is generally recommended at the beginning of treatment with doxazosin and 
terazosin. Secondly, the above reasoning suggests that blood pressure effects of an 
α-blocker will be largest in the upright and smallest in the supine position. Many studies, 
however, have determined blood pressure in a supine or at least sitting position, i.e. 
under conditions where sympathetic tone is relatively low. This may underestimate risks 
associated with the use of α-blockers upon postural change. When vascular effects 
of α-blockers during postural change have specifically been investigated, all clinically 
used drugs showed a potential to cause orthostasis, although tamsulosin to a lesser 
extent than other α-blockers (De Mey 1998;De Mey and Terpstra 2000;Yasukawa et al. 
2001;Michel et al. 2005a;Michel et al. 2005b). Thirdly, it should be considered that all 
three subtypes of α1-adrenoceptors, i.e. α1A-, α1B- and α1D-adrenoceptors, are present in 
the vasculature (Guimaraes and Moura 2001). Drugs which do not inhibit one or more 
of these subtypes in clinically used doses, such as tamsulosin (Taguchi et al. 1998)), 
are less likely to cause vasodilatation. Thus, the frequent lack of detection of major 
blood pressure alterations upon use of an α-blocker should not be misinterpreted as an 
absence of vascular antagonism but rather as a lack of sensitivity to detect vasodilatation 
in many published studies. Hence, it appears prudent to always consider the possibility of 
vascular antagonism and related side effects when treating a patient with an α-blocker. 
This note of caution appears particularly relevant for certain risk groups to be discussed 
hereafter.

Risk groups for cardiovascular side effects of α1-blockers

Several settings can acutely increase the risk for cardiovascular side effects of an 
α-blocker because they reduce the effective circulating blood volume in a similar fashion 
as postural change. These include the period immediately after a large meal, when a 
sizeable fraction of the blood volume goes to the gastrointestinal tract. After a hot bath 
and/or in a hot climate a sizeable fraction of the circulating blood volume goes to the 
cutaneous circulation in order to allow temperature regulation of the body. Dehydration, 
which can occur e.g. acutely in diarrhoea and more chronically in the elderly, can reduce 
the absolute blood volume. While these conditions are likely to increase vulnerability to 
cardiovascular side effects of α-blockers, specific studies in this regard have not been 
reported to our knowledge.
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Apart from dehydration the elderly may also be more susceptible to cardiovascular side 
effects of an α-blocker for other reasons. This includes a reduced cardiac output and a 
reduced sensitivity of the baroreflex. These reductions impair the ability of the organism 
to acutely compensate for vasodilatation-induced blood pressure lowering. Moreover, the 
elderly tend to have a lower activity of the renin-angiotensin system and a reduced renal 
function, both of which impair the ability of the organism to chronically compensate for 
vasodilatation. Placebo-controlled studies on the tolerability of α-blockers in the elderly, 
which are sufficiently powered to detect clinically relevant differences as compared to 
younger patients, are lacking. In general, however, it is well documented that the elderly 
are more susceptible to drug-induced orthostasis (Mets 1995), and this may be a main 
cause of falls and fractures in this age group (Shaw and Kenny 1997). Therefore, we will 
not discuss the elderly in more detail, but this should not distract attention from the fact 
that they are indeed an important risk group. Rather, the following will focus on three 
risk groups, for which specific data have been published, i.e. patients with cardiovascular 
comorbidity, patients concomitantly using anti-hypertensive medications, and patients 
concomitantly using phosphodiesterase (PDE) type V inhibitors. Unfortunately, the 
interpretation of such studies is not entirely straightforward. Therefore, we will first 
discuss several methodological considerations in this regard.

Methodological considerations

Many published statements on the safety of α-blockers in risk groups come from 
publications of randomised controlled trials (RCT’s) of the respective drugs. Such studies 
were designed and powered to detect the superior efficacy of a given drug relative to 
placebo. To facilitate this, they typically used numerous inclusion and exclusion criteria 
to create rather homogeneous groups of LUTS/BPH patients at the price of excluding 
many with risk factors. Moreover, the artificial situation of being part of a randomized 
study will make patients and physicians react somewhat different than in “normal” life. 
Hence, patients in RCT’s and their circumstances may not necessarily reflect those seen 
in everyday medical practise (Michel and Goepel 2000).

Statistical power is another important limitation of most RCT’s. RCT’s include a patient 
number which has been calculated to be sufficient to demonstrate the anticipated 
benefit relative to placebo or some other comparative medication. Therefore, any post-
hoc analysis of subgroups within such a study is likely to be hampered by poor statistical 
power. In other words, even group differences of a clinically meaningful magnitude 
often do not reach statistical significance. For example, it was found in an open-label, 
community-based study in 491 LUTS/BPH patients treated with doxazosin that study 
withdrawals due to adverse events were twice as likely in poorly controlled hypertensive 
than in normotensive patients (11.3% vs. 5.6%). However, this difference failed to reach 
statistical significance with the given patient number (Guthrie and Siegel 1999). Due 
to the lack of statistical significance, we do not know whether this difference is real or 
not. If it would be real, there is little doubt that a doubling of adverse events is clinically 
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relevant. Unfortunately, such considerations of poor statistical power relate to many 
studies in the field, yielding a considerable level of uncertainty regarding the real risk of 
α-blocker treatment in certain patient groups.

A further obstacle is the fact that risk factors such as presence of high blood pressure 
and use of anti-hypertensive drugs are not independent from each other. Statistically, 
these can be separated by multiple regression analysis which concomitantly looks at 
various explanatory factors alone and in combination. However, such multiple regression 
analysis requires even greater patient numbers (i.e. several thousand in most cases) in 
order to be statistically meaningful.

Observational open-label studies, which frequently include large numbers of patients 
and hence have greater statistical power, are a possible alternative to RCT’s. Moreover, 
observational studies typically lack exclusion criteria and hence are more likely to reflect 
the patient population seen in a typical office. Due to the lack of a control group, these 
studies do not allow concluding which part of observed effects is indeed attributable to 
specific properties of the drug under investigation and which part reflects e.g. placebo-
effects. Nevertheless, such studies may be valuable to look at relative merits of a given 
drug in specific patient subgroups. Similar considerations apply to the analysis of large 
databases, e.g. from health care providers.

Another alternative are clinical pharmacology studies in small groups of healthy 
volunteers or patients, in which the effect of a given risk factor is assessed under carefully 
controlled circumstances. The advantage of such studies is a clear focus on a specific risk 
factor which allows conclusions despite small numbers of subjects. However, it remains 
debatable how well those subjects are suited for extrapolation to the risk population at 
large.

A common weakness of all of the above studies is that they typically are conducted for 
short times only and hence may not reflect long-term outcomes. The analysis of large 
databases, e.g. from health care providers, may be helpful in this regard. In a similar 
vein, many studies have used blood pressure measurements as a proxy for cardiovascular 
side effects. However, this has limited validity since e.g. blood pressure lowering by any 
type of drug, including placebo, is larger in hypertensive than in normotensive patients.

Finally, it should be considered that most studies in the field have been sponsored by 
parties with vested interests. Due to close scrutiny of studies by the regulatory authorities, 
such data are technically reliable in most cases, but it is likely that study designs have 
been optimized to yield desired outcomes. For example, blood pressure effects of a 
given drug such as an α-blocker are likely to be greatest at time points coinciding with 
daily maximum plasma levels. However, in many studies blood pressure effects of such 
drugs have been determined just prior to the next scheduled dose, i.e. at time points 
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when haemodynamic effects should be smallest which will yield an underestimation of 
true drug effects.

Based upon the above it is clear that all previously used approaches to judge the 
cardiovascular safety of α-blockers in risk groups have serious drawbacks. This urges 
caution in their interpretation and limits the conclusions which can be drawn from the 
published data. Keeping those limitations in mind, the following will attempt to review 
the existing evidence.

Effects of cardiovascular comorbidity

Arterial hypertension and congestive heart failure may be the two most important 
cardiovascular comorbidities in LUTS/BPH patients (Michel et al. 1998b). Both arterial 
hypertension (Goldstein 1983) and congestive heart failure (Francis 1988) are associated 
with a chronic activation of the sympathetic nervous system. Such activation translates 
into a greater availability of noradrenaline at vascular α1-adrenoceptors and hence 
a potentially greater effect of blocking them using antagonists. This provides the 
rationale for a possibly increased likeliness of cardiovascular side effects of α-blockers 
in such patients. Since both LUTS/BPH and hypertension/heart failure become more 
prevalent with age, a considerable comorbidity is to be expected. The importance of 
such comorbidities may be even larger than based upon age alone, since recent data 
suggest that LUTS/BPH and hypertension are associated with each other even after 
adjusting for age (Michel et al. 2004). Moreover, it should be considered that most 
currently used α-blockers, i.e. all with the exception of tamsulosin, were originally 
developed as anti-hypertensive drugs (Pool et al. 1987;Leto et al. 1988;Donnelly et al. 
1989). Nevertheless, as detailed below, only limited information is available regarding 
the effects of cardiovascular comorbidities on the tolerability of α-blockers.

Doxazosin

Data on doxazosin tolerability in LUTS/BPH patients with concomitant heart failure have 
not been reported. In a post-hoc analysis of the pooled data from two placebo-controlled 
studies, Kirby (Kirby 1995) reported on the tolerability of doxazosin in normotensive and 
hypertensive LUTS/BPH patients. In this analysis, the total number of adverse events, 
discontinuation due to adverse events, dizziness and headache were numerically more 
frequent in hypertensive than in normotensive patients treated with doxazosin (40.9% 
vs. 34.4%, 4.5% vs. 2.2%, 18.2% vs. 11.8% and 13.6% vs. 3.2%, respectively); while 
none of these differences reached statistical significance with small patient numbers 
(22 vs. 93), it remains notable that no such differences between normotensive and 
hypertensive patients were seen in the placebo group of the same study. Lepor et al. 
reported on an open-label extension study in LUTS/BPH patients using doxazosin for up 
to two years in 272 normotensive and 178 mildly to moderately hypertensive subjects 
(Lepor et al. 1997). As with all other drugs (see above) doxazosin-associated systolic 
blood pressure lowering was larger in hypertensive as in normotensive subjects. With 
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regard to adverse events the authors state that “fewer normotensive than hypertensive 
patients (15.1 versus 19.1 %) withdrew from study due to adverse events” but did not 
provide a statistical analysis of these data. An open-label, community-based study in 
451 LUTS/BPH patients treated with doxazosin confirmed greater blood pressure 
lowering in subjects with elevated blood pressure at baseline (Guthrie and Siegel 1999). 
Study withdrawal due to adverse events was lowest in normotensive subjects (5.6%) 
and highest in poorly controlled hypertensive subjects (11.3%), but such differences 
failed to reach statistical significance with the limited number of patients despite their 
clinically relevant magnitude. Meanwhile a modified release formulation of doxazosin 
has been introduced in some countries (Kirby et al. 2001), but no specific data on a 
possibly differential tolerability in normotensive or hypertensive subjects have been 
presented. Taken together the limited available data indicate that adverse events may 
be more frequent in hypertensive than in normotensive LUTS/BPH patients upon use 
of doxazosin. While this difference was consistent across four studies, it failed to reach 
statistical significance within any given study. 

Terazosin

Similar to most other drugs, terazosin had greater blood pressure-lowering effects 
in hypertensive than in normotensive LUTS/BPH patients (Brawer et al. 1993;Kirby 
1998;Lowe et al. 1999). The impact of such differential blood pressure effects upon 
side effects has been reported from two studies. Kirby et al. reported on a study in 
which 427 LUTS/BPH patients were first treated with terazosin for 26 weeks in a single-
blind manner, followed by a randomized, double-blind period of 24 weeks in which 
either terazosin or placebo was administered to 207 of these patients (Kirby 1998). 
During the single-blind phase of the study, adverse event incidences were rather similar 
in normotensive, controlled, untreated and uncontrolled hypertensive patients. Similar 
findings were reported for the double-blind period, but subgroups of hypertensive 
patients dropped to 8-31 patients which makes conclusions very difficult. Lowe et al. 
reported on the tolerability of terazosin in normotensive and hypertensive LUTS/BPH 
patients based upon a post-hoc analysis of the HYCAT study (Lowe et al. 1999). While 
the incidence of adverse events in the overall terazosin group was significantly higher 
than in the overall placebo group (13.5% vs. 5.9%, p < 0.001), it was not higher in 
terazosin-treated hypertensive than normotensive patients (7.9% vs. 14.9% of 151 vs. 
583 patients, respectively; no statistical analysis reported). Taken together the presently 
available data do not indicate a worsening of the tolerability of terazosin in hypertensive 
relative to normotensive patients. However, this should not distract from the fact that 
the tolerability of terazosin is worse than that of placebo, irrespective of the presence of 
hypertension.

Alfuzosin

Over the years alfuzosin has been used in three different formulations, i.e. an immediate 
release t.i.d. formulation, a slow-release b.i.d. formulation, and an extended-release q.d. 
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formulation. Unfortunately, hardly any specific numbers on the tolerability of alfuzosin in 
LUTS/BPH patients with cardiovascular comorbidities have been reported. Nevertheless, 
some published studies have discussed the tolerability in patients with cardiovascular 
comorbidity in general terms. Based upon the analysis of 3 months treatment data of 
13,389 patients with the t.i.d. formulation the authors concluded “as expected, adverse 
events were more frequent in patients with cardiovascular disease” (Lukacs et al. 1996a). 
In a one-year study of 5849 patients treated with the same formulation, the authors 
reported that “adverse events were significantly (P<0.05) more common in patients who 
had cardiovascular disease” (Lukacs et al. 1996b). In a three-year follow up of such studies 
the authors reported that “the incidence of adverse events increased with comorbities” 
(Lukacs et al. 2000b). In the pooled analysis of two placebo-controlled studies with 
the b.i.d. formulation of alfuzosin it was found that “asymptomatic orthostatic was 
not different between SR alfuzosin (7%) and placebo (4%)” but “approached statistical 
significance in hypertensive patients (Buzelin et al. 1997b). Finally, it was reported from a 
9-month, open-label extension of a placebo-controlled study with the q.d. formulation of 
alfuzosin that “hypertensive patients tended to report more vasodilatory-related events 
(5.7%) than non-hypertensives (3.9%)”(Van Kerrebroeck et al. 2002). Thus, it appears 
that concomitant cardiovascular comorbidity is associated with an increased risk for side 
effects of alfuzosin, but the extent of this increase cannot be adequately be determined 
from the published data.

Tamsulosin

Similar to other drugs, tamsulosin reduced blood pressure to a greater extent in 
hypertensive than in normotensive subjects, but in either group this effect was 
quantitatively similar to that of placebo (Chapple et al. 1996). Information on whether 
this affects the tolerability of tamsulosin in LUTS/BPH patients with concomitant 
cardiovascular disease is largely based upon two large post-marketing surveillance 
studies performed in Germany comprising a total of 19,365 patients (Michel et al. 
1998b). In light of low absolute numbers of reported adverse events, the authors have 
used global tolerability (rated as very good, good, moderate or poor) to assess the 
impact of comorbidity on the tolerability of tamsulosin. Both studies looked at the effect 
of hypertension, diabetes and heart failure/coronary heart disease (treated as a single 
group in the analysis) as compared to patients without comorbidities. While a univariate 
analysis found very small group differences which reached statistical significance with 
large patient numbers, the effect of hypertension no longer was statistically significant in 
a logistic regression adjusting for age differences between groups (table 1). Interestingly, 
treatment-associated blood pressure alterations (3-5 and 1-4 mm Hg for systolic and 
diastolic blood pressure, respectively) were not only very small but also not affected 
by the presence of hypertension in that analysis. The biological basis of these findings 
appears to be that tamsulosin generally has smaller vascular effects than other α-blockers 
in both experimental animals (Testa et al. 1996;Hancock et al. 1998) and humans (Lee 
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and Lee 1997;Buzelin et al. 1997a;De Mey et al. 1998;Harada et al. 1999;Schäfers et al. 
1999;Harada and Fujimura 2000;De Mey and Terpstra 2000).

Conclusions

Taken together the limited available data do not allow drawing definitive conclusions 
regarding the effects of cardiovascular comorbidity on the tolerability of α-blockers. 
Based upon the limited available evidence tamsulosin may carry the smallest risk for 
adverse events in LUTS/BPH patients with cardiovascular comorbidity.

Effects of anti-hypertensive comedication

As stated above vascular α1-adrenoceptor antagonism does not always translate into 
blood pressure lowering because numerous other mechanisms can help to maintain blood 
pressure when α1-adrenoceptor-mediated vasoconstriction is inhibited. Anti-hypertensive 
drugs typically interfere with such mechanisms, and hence their concomitant presence 
could increase the risk for cardiovascular adverse effects during α-blocker treatment. 
A more recently introduced group of drugs which also impair vasoconstriction are the 
PDE inhibitors which are used for the treatment of erectile dysfunction. The impact 
of comedication with anti-hypertensives on the blood pressure effects and tolerability 
of α-blockers will be discussed in detail below. Interactions with PDE inhibitors will be 
discussed in the subsequent manuscript section.

As stated above, arterial hypertension is a frequent comorbidity of LUTS/BPH. Therefore, 
many LUTS/BPH patients are concomitantly receiving anti-hypertensive drugs such as 
diuretics, β-blockers, Ca-antagonists or ACE inhibitors. Moreover, such drugs are also 
used in other indications, which may be present in LUTS/BPH patients, such as coronary 
heart disease or congestive heart failure. Thus, it is not surprising that a large survey 
reported concomitant use of anti-hypertensives in approximately 40% of LUTS/BPH 
patients (Michel et al. 1998a). Unfortunately, a lot of the caveats listed in the context of 
the effects of cardiovascular comorbidity on the tolerability of α-blockers also apply to 
the available data on anti-hypertensive comedication.

Doxazosin

Our literature search did not reveal specific data on the effect of anti-hypertensive 
comedication on the tolerability of doxazosin in LUTS/BPH patients. The only data we 
found come from studies using doxazosin in the treatment of arterial hypertension, where 
the drug was added to existing treatments with diuretics, β-blockers, Ca-antagonists 
or ACE inhibitors (LUTS status unknown). In such studies administration of doxazosin 
lowered diastolic blood pressure by 13-21 mm Hg, but no comparative data in subjects 
without such anti-hypertensive medication were presented within the same studies 
(Englert and Mauersberger 1988;Lindner et al. 1988;de Planque 1991;Englert and 
Barlage 1991). Therefore, reliable conclusions on the tolerability of doxazosin in LUTS/
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BPH patients concomitantly receiving anti-hypertensive treatment are not possible at the 
present time.

Terazosin

Slightly more data on a possible interaction of with anti-hypertensives have been 
published for terazosin, but nevertheless specific information remains scarce. A secondary 
analysis of the HYCAT study reported that terazosin-treated LUTS/BPH patients with or 
without concomitant anti-hypertensive medications (287 vs. 734 patients, respectively) 
experienced adverse events in 14.3% and 13.5% of all cases, respectively, and withdrawals 
due to adverse events in 4.5% and 4.2% of all cases (Lowe et al. 1999). When these 
groups were further subdivided into subjects with and without hypertension (77 vs. 151 
patients, respectively), adverse events with and without anti-hypertensive comedication 
occurred in 15.6% and 7.9% of hypertensive patients. Within this study the difference 
between adverse events during placebo and terazosin treatment was particularly large 
in patients concomitantly receiving β-blockers or diuretics. This appears logical on 
pharmacological grounds: β-adrenoceptor-mediated increases in heart rate are a key 
acute compensatory mechanism to prevent blood pressure reductions upon α-blocker-
induced vasodilatation, and diuretics reduce the circulating blood volume. Hence, both 
β-blocker and diuretic treatment are likely to increase the vulnerability to adverse events 
induced by α-blockers. Since it is difficult to base definitive conclusions upon a single 
study, the overall role of anti-hypertensive comedication on the tolerability of terazosin 
cannot be fully determined at present.

Alfuzosin

Over the years Lukacs et al have published several studies reporting the treatment of 
7,093 benign prostatic hyperplasia (BPH) patients treated with alfuzosin in its t.i.d. 
formulation during a 3-month open-label study which was subsequently extended to 
12, 24, and 36 months (Lukacs et al. 1996a;Lukacs et al. 2000a;Lukacs et al. 2000b). 
While these articles provide few specific data, the authors state in their analysis of the 
3-months treatment data that “as expected, adverse events were more frequent… 
in patients taking cardiovascular drugs” (Lukacs et al. 1996a) In a later manuscript 
describing the 1-year data they wrote “Adverse events were significantly (P < 0.05) more 
common … in those receiving an antihypertensive or vasodilator agent (P < 0.01). This 
relationship existed for calcium antagonists and diuretic drugs, but not for β-blockers 
or angiotensin-converting enzyme inhibitors. The incidence of adverse events increased 
with age and number of concomitant treatments for cardiovascular disease; it was 1.91% 
in middle-aged patients with no concomitant treatment and 11.29% in elderly patients 
more than 74 years old receiving four concomitant treatments (Lukacs et al. 1996b)”.  
Finally, looking at the 3-year treatment data they report that “the incidence of adverse 
events increased with comorbidities and concomitant therapies” (Lukacs et al. 2000b). 
Later studies with the b.i.d. or q.d. formulations of alfuzosin have not reported specific 
effects of anti-hypertensive comedication. Thus, it appears that alfuzosin in general is 
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well tolerated but may have more side effects in patients concomitantly receiving anti-
hypertensive treatment. The magnitude of this effect remains difficult to judge in the 
absence of published quantitative data.

Tamsulosin

The effects of concomitant anti-hypertensive drugs upon the tolerability of tamsulosin 
has been investigated more vigorously than with any other α-blocker used for LUTS/BPH 
treatment. In three double-blind, randomized placebo-controlled studies, tamsulosin 
or placebo have been added to an existing treatment with the β-blocker atenolol, the 
Ca-antagonist nifedipine or the ACE inhibitor enalapril. Relative to placebo, tamsulosin 
did not reveal clinically relevant additional blood pressure lowering in either group 
(Lowe 1997). In a phase IIIb study with 1784 patients treated with tamsulosin for 6 
months, a large variety of anti-hypertensive and other comedications was tested for 
possible effects on tolerability in an age-adjusted analysis (Michel et al. 2001). According 
to this analysis, the odds ratio for adverse events was 3.9 in patients concomitantly 
receiving a second α-blocker (a contra-indication and protocol violation) and 3.2 in 
patients concomitantly receiving verapamil. However, the Ca-antagonist verapamil also 
is an α-blocker in therapeutic doses (Motulsky et al. 1983). All other comedications, 
including other Ca-antagonists, diuretics, β-blockers, ACE inhibitors and anti-diabetic or 
lipid-lowering drugs did not have significant effects upon the tolerability of tamsulosin. 
Finally, two large post-marketing surveillance studies comprising a total of almost 20,000 
patients have been performed with tamsulosin in Germany (Michel et al. 1998b). One 
of these studies included blood pressure measurements and showed that the presence 
of concomitant anti-hypertensive treatment did not significantly affect blood pressure 
responses to tamsulosin, which were in the range of previously reported placebo values 
(table 1). In both studies anti-hypertensive comedication lacked significant effects upon 

Table 1: Effect of comorbidity and anti-hypertensive comedication on the global tolerability (rated as very good, 
good, moderate or poor) of tamsulosin based upon 9507 and 9858 patients in studies 1 and 2, respectively. 
A value smaller than 1 indicates a worsened tolerability, and this is statistically significant if the corresponding 
confidence interval does not include 1. Adapted from (Michel et al. 1998b).

variable odds ratio
(95% confidence intervals)

study I study II

age 0.991 (0.986-0.995) 0.986 (0.980-0.991)

alteration of Psyst not determined 1.003 (0.980-1.007)

diabetes 0.858 (0.746-0.987) 0.837 (0.734-0.954)

hypertension 1.022 (0.881-1.186) 1.022 (0.885-1.180)

other cardiovascular disease 0.812 (0.710-0.929) 0.809 (0.705-0.928)

diuretics 1.237 (0.920-1.663) 0.962 (0.808-1.146)

ß-blockers 1.088 (0.834-1.419) 1.050 (0.859-1.282)

Ca2+ entry blockers 0.997 (0.825-1.204) 0.868 (0.725-1.038)

ACE inhibitors 0.907 (0.698-1.178) 0.909 (0.751-1.100)
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global tolerability in an age-adjusted analysis (table 1). Based upon the aggregate of 
these studies tamsulosin appears to be the only α-blocker in the treatment of LUTS/BPH 
for which it is well documented that anti-hypertensive comedications (with the exception 
of α1-adrenoceptor blocking drugs) do not adversely affect its tolerability.

Conclusions

Although anti-hypertensive comedications are frequently used in LUTS/BPH patients, 
limited data exist on their impact on the tolerability of most α-blockers. A notable 
exception is tamsulosin for which a lack of such drug-interaction was consistently 
reported in multiple studies.

Concomitant use of PDE inhibitors and α1-blockers

Apart from LUTS/BPH and cardiovascular diseases, erectile dysfunction also increases 
in prevalence with age. Hence, it is to be expected that a sizeable fraction of LUTS/
BPH patients also suffer from erectile dysfunction. Moreover, recent studies in 
men over 50 years old have found that LUTS is an age-independent risk factor for 
the presence of erectile dysfunction (Braun et al. 2003;Rosen et al. 2003), resulting 
in frequent comorbidity. Therefore, it is likely that a sizeable fraction of LUTS/BPH 
patients will concomitantly use medical treatment for erectile dysfunction. The medical 
management of erectile dysfunction now largely relies upon the use of PDE V inhibitors 
such as sildenafil, tadalafil and vardenafil which are effective in many types of erectile 
dysfunction (Krane 2001).  However, PDE V, the target of this class of drugs, is not only 
located in the smooth muscle cells of the corpus cavernosum, but also in those of the 
general vasculature. Indeed PDE V inhibitors such as sildenafil can cause vasodilatation 
in vitro (Tessier et al. 2004). This is associated with vasodilatation in vivo (Kloner and 
Zusman 1999) which leads to blood pressure reductions by  about 10 mm Hg at time 
points coinciding with peak plasma concentrations (Zusman et al. 1999;Emmick et al. 
2002;Kloner et al. 2004;Pomara et al. 2004). This opens the possibility that PDE V 
inhibitors and α-blockers have additive effects on vasodilatation and also on side effects. 
Unfortunately, a major fraction of studies in this regard has not been published in peer-
reviewed medical journals but is only available as part of the information submitted to 
the regulatory authorities for registration of the respective drugs.

Sildenafil

One study has reported upon the addition of doxazosin to an existing sildenafil treatment 
in an attempt to enhance therapeutic efficacy of sildenafil (de Rose et al. 2002). The 
authors concluded that the combination had no clinically relevant effects on blood 
pressure and tolerability; however, this was based upon blood pressure measurements 
during an office visit and not at time points coinciding with use of sildenafil. Additionally, 
a recent study evaluating the cardiovascular parameter changes during usage of sildenafil 
and vardenafil anecdotally reported on four patients concomitantly using α-blockers 
(Pomara et al. 2004). Two out of 3 patients concomitantly using doxazosin experienced 
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symptomatic orthostatic hypotension, whereas the single patient concomitantly using 
tamsulosin did not. The US package insert of sildenafil describes safety data regarding 
the interaction with doxazosin (2002) but the underlying study has not been published. 
According to the package insert, the combined administration of 4 mg doxazosin and 
25 mg sildenafil to BPH patients resulted in mean additional systolic and diastolic blood 
pressure lowering of 7 mm Hg each. When higher doses of sildenafil were combined 
with 4 mg doxazosin, symptomatic orthostatic hypotension was reported in some cases 
within 1-4 hours after dosing. Therefore, the package insert states that sildenafil “doses 
above 25 mg should not be taken within 4 hours of taking an α-blocker”, i.e. that 
standard doses of sildenafil of 50 mg and higher should not be used in conjunction with 
α-blockers. 

Tadalafil

Based upon an unpublished study, the US package insert of tadalafil states that 
administration of 20 mg tadalafil to healthy subjects taking 8 mg/d doxazosin resulted in 
a significant augmentation of the blood pressure-lowering effect of doxazosin (2003a). 
Meanwhile two double-blind, placebo-controlled, randomized crossover studies with 18 
subjects in the 40-70 year age range each have looked at the haemodynamic effects 
tadalafil with the α-blockers doxazosin and tamsulosin (Kloner et al. 2004). In the first 
study tadalafil augmented the hypotensive effect of 8 mg doxazosin by producing a 
mean maximal decrease of standing systolic and diastolic blood pressure of 28 and 14 
mm Hg, respectively, which was significantly greater than that seen with placebo (figure 
1). This was accompanied by a heart rate increase of 16 bpm. More importantly, an 
outlier analysis of the study revealed that 5 of 28 subjects upon tadalafil + doxazosin 
reached a standing systolic blood pressures of less than 85 mm Hg (one subject even 
dropped to less than 45 mm Hg), whereas a drop to less than 85 mm Hg was seen in 
only a single patient on placebo + doxazosin (none dropping to less than 45 mm Hg). In 
contrast, administration of 10 or 20 mg tadalafil to subjects receiving 0.4 mg tamsulosin 
did not induce blood pressure alterations which were significantly different from placebo 
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Figure 1: Tadalafil (20 mg, filled bars) or 
placebo (open bars) was administered 
to elderly subjects chronically treated 
with either doxazosin (8 mg/d, “dox”) 
or tamsulosin (0.4 mg/d, “tam”). Data 
are peak alterations of standing systolic 
and diastolic blood pressure. *: p < 0.05 
vs. paired placebo values. Adapted from 
(Kloner et al. 2004).
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(figure 1), and no subject experienced a standing systolic blood pressure reduction to 
less than 85 mm Hg. Based upon such information, the US package insert states that use 
of tadalafil in “patients taking any α-adrenergic blocker other than 0.4 mg once-daily 
tamsulosin is contraindicated.”

Vardenafil

As with the other PDE V inhibitors, information about drug interactions with α-blockers 
rely to a major extent on the package insert rather than studies published in medical 
journals. According to the US package insert (2003b), two studies have been performed 
in which 10 or 20 mg vardenafil was given to healthy volunteers either simultaneously 
or 6 hours after a 10 mg dose of terazosin. Simultaneous administration of 10 or 20 
mg vardenafil and terazosin resulted in standing systolic blood pressure of less than 
85 mm Hg in 6 of 8 and 2 of 9 subjects, respectively. When 20 mg vardenafil was 
administered 6 hours after terazosin, i.e. when peak plasma concentrations of terazosin 
had returned to approximately half of their peak levels (Taguchi et al. 1998), blood 
pressure lowering to less than 85 mm Hg was observed in 7 of 28 subjects. In a similar 
study with administration of 20 mg vardenafil to healthy volunteers 6 hours after giving 
0.4 mg tamsulosin, i.e. at a time point corresponding to peak plasma levels of tamsulosin 
(Taguchi et al. 1998), only 1 of 24 subjects experienced a standing systolic blood pressure 
below 85 mm Hg. Very recently, Auerbach et al. reported on the haemodynamic effects 
of 10 or 20 mg vardenafil as compared to placebo in 22 LUTS/BPH patients who were 
under chronic treatment with 0.4-0.8 mg tamsulosin (Auerbach et al. 2004). With 
both vardenafil doses the mean maximum change from baseline in supine or standing 
position relative to placebo was less than 5 mm Hg and less than 4 mm Hg for systolic 
and diastolic blood pressure, respectively. In an outlier analysis no patient developed 
symptomatic hypotension during the study (defined as a systolic blood pressure of less 
than 85 mm Hg accompanied by dizziness). The US package insert, does not yet reflect 
the Auerbach study, states that vardenafil “should not be used in patients on α-blocker 
therapy”.

Conclusions

The presently available data are insufficient to draw definitive conclusions regarding the 
safety of the concomitant use of PDE V inhibitors and α-blockers, partly because too few 
studies have been done and partly because existing studies have not been published. 
Based upon the limited available data, it appears that the use of PDE V inhibitors causes 
greater problems in LUTS/BPH patients currently using doxazosin or terazosin than in 
those using tamsulosin.

Consequences of cardiovascular α-blocker effects on morbidity 

While many of the above studies have used blood pressure alterations as a surrogate 
marker of tolerability, several of them have detected effects on blood pressure in the 
absence of statistically significant effects on side effects. Two reasons can most likely 
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explain this apparent discrepancy. Firstly, it is possible that on statistical grounds larger 
patient numbers are required to reach statistical significance for alterations of tolerability 
than for those of blood pressure. Lack of statistical power with regard to the detections 
of alterations in tolerability has been a recurrent theme of this manuscript. Secondly, it is 
also possible that not every blood pressure reduction translates into side effects. Why is 
that? A key physiological reason appears to be that humans have no sense to consciously 
feel their blood pressure as along as it stays stable, with the possible exception of very 
low pressure which may lead to asthenia. Otherwise, we only notice our blood pressure 
if it changes (mostly drops) acutely. This can lead to dizziness (which also can have 
other reasons) and, in some cases, even to syncope, falls and fractures (Shaw and Kenny 
1997;Mukai and Lipsitz 2002). While any given lowering of blood pressure increases the 
likeliness to experience orthostatic hypotension (Nozawa et al. 1997), most studies in 
LUTS/BPH patients have assessed blood pressure only under relatively stable conditions 
rather than using forced orthostatic stress testing. Moreover, α-blockers as a class 
cause orthostatic hypotension more often than other drug classes with blood pressure-
lowering effects, because α-blockers directly interfere with the regulatory mechanisms 
designed to maintain blood pressure during postural change (Mets 1995). In this context 
it should also be noted that the elderly are particularly at risk to experience orthostatic 
hypotension due to their impaired compensatory mechanisms (Shaw and Kenny 1997). 
This makes orthostatic hypotension particularly relevant for LUTS/BPH patients as this 
condition largely occurs in the elderly.

While dizziness and even syncope are unpleasant, they are not necessarily dangerous. 
However, syncope can lead to falls and fractures (Shaw and Kenny 1997), and thus, 
indirectly can cause relevant morbidity. In practical terms, imagine a LUTS/BPH patients 
suffering from nocturia three times per night. Upon treatment with an α-blocker this 
is reduced to an average of once per night, and the patient is a therapeutic success 
(Brawer et al. 1993;Abrams et al. 1995). If the same treatment now impairs the ability of 
the patient to acutely adapt haemodynamically to postural change, he may experience 

Table 2: Effect of α-blocker treatment on the likeliness to suffer hip/femur fractures. 

Exposure characteristic Adjusted OR (95% CI)

α-blocker use in general 1.9 (1.1-3.4)

First treatment episode 1.8 (0.9-3.6)

First prescription within episode 5.6 (1.0-31.7)

Duration of current use < 30 days 4.1 (0.7-23.9)

Non-selective α-blocker 1.9 (1.1-3.3)

Selective α-blocker 2.6 (0.3-20.0)

Data are shown as odds ratios (OR) relative to a group not receiving an α-blocker. Effects are statistically 
significant if the 95% confidence interval (CI) did not cover 1. For the purpose of this analysis, “non-selective 
α-blocker” refers to doxazosin, indoramin, prazosin and terazosin and “selective α-blocker” to alfuzosin and 
tamsulosin. Adapted from (Souverein et al. 2003).
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syncope, fall down and break a hip. Being immobilized thereafter, he may develop 
pneumonia and/or pulmonary embolism, each of which can be deadly (Dittmer and 
Teasell 1993;Teasell and Dittmer 1993).

Based upon this reasoning, two major studies have evaluated the relationship between 
α-blocker treatment and falls and fractures. One study reported on the use of α-blockers 
and risk of hypotension-related events such as syncope, dizziness, falls, contusions and 
fractures based upon a retrospective cohort study of the medical and prescription claims 
from the MEDSTAT Group which included 53,824 men with a diagnosis code for LUTS/
BPH during a two year study period (Chrischilles et al. 2001). For the purpose of this study, 
a hypotension-related adverse event was defined as the diagnosis code for hypotension, 
syncope, dizziness, fractures, and other injuries. After adjusting for baseline differences, 
LUTS/BPH patients receiving terazosin, doxazosin, or prazosin had a significantly greater 
increase in hypotension-related adverse events in the 4 months after relative to the 4 
months prior to initiating treatment as compared to randomly selected nonusers (+1.82 
vs. -0.02 events per 10,000 person-days, n = 1564 and n = 8641, respectively). 

While the above study had identified α-blocker users and looked at hypotensive events 
as compared to a group of nonusers, a second study has used the opposite approach. 
Thus, these investigators used the General Practitioners Research Database in the 
UK to identify patients with a first diagnosis of hip/femur fracture and looked at the 
prevalence of α-blocker use in this group as compared to a control group, which was 
matched for gender, age and general practitioner (Souverein et al. 2003). Based upon 
4571 cases and an equal number of controls they reported an adjusted odds ratio of 
1.9 (95% confidence interval 1.1-30) for hip/femur fracture in α-blocker users (table 2). 
Similar to the study of Chrischilles et al., Souverein et al. found such differences between 
α-blocker users and nonusers to be particularly strong within the first treatment episode 
(odds ratio 5.1) and first treatment month (odds ratio 4.1) (Souverein et al. 2003). Such 
association between drug use and hip/femur fracture was identified for “non-selective 
α-blockers” (defined as doxazosin, indoramin, prazosin or terazosin) but not for “selective 
α-blockers” (defined as alfuzosin or tamsulosin); however, the latter group may have 
contained too few patients to allow definitive conclusions.

Thus, two epidemiological studies using opposite approaches have identified an 
association between the use of α-blockers and hypotensive events such as falls and 
fractures. These studies may even underestimate the magnitude of the problem, because 
such epidemiological studies can carry a major selection bias, i.e. that patients in risk 
groups were less likely to receive an α-blocker. Indeed, one of the two analyses clearly 
demonstrates the presence of such selection bias (Souverein et al. 2003).
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How can side effects be minimized?

Realizing the potential for cardiovascular side effects of α-blockers in the treatment 
of LUTS/BPH, the pharmaceutical industry has taken several approaches to minimize 
such side effects. Thus, alfuzosin (Van Kerrebroeck et al. 2000), doxazosin (Kirby et 
al. 2001), and tamsulosin (Wilde and McTavish 1996) are now available in modified-
release formulations which attenuate peak plasma levels to improve tolerability without 
impairing therapeutic efficacy. A second possibility is the use of drugs which selectively 
partition into urogenital relative to other tissues and plasma, and hence cause greater 
antagonism in the lower urinary tract than in blood vessels. Such selective partitioning 
has been demonstrated for both alfuzosin (Mottet et al. 2003) and tamsulosin (Sato et 
al. 2001;Romics 2003). Thirdly, α1B-adrenoceptors play a role in vascular tone (Guimaraes 
and Moura 2001) but not in the lower urinary tract (Michel and Goepel 2001), and 
therefore drugs with relatively little affinity at this subtype may have improved vascular 
tolerability. The latter mechanism may be particularly relevant in the elderly since the 
relative role of α1B-adrenoceptors appears to increase in this age group (Rudner et al. 
1999). Among all α-blockers currently used in the treatment of LUTS/BPH, tamsulosin is 
the only one causing less inhibition of α1B- than other α1-adrenoceptors  in vitro (Michel 
et al. 1996) and in vivo (Taguchi et al. 1998). Whether any of these three approaches 
allows for further improvement of tolerability, remains to be studied. For the time being, 
tamsulosin appears as the only molecule which combines all three approaches, and this 
may be the basis for its good cardiovascular tolerability even in the face of comorbidity 
or concomitant treatment with anti-hypertensive or PDE V inhibitors.

In summary, α-blockers are a reasonably well tolerated drug class, but cardiovascular 
side effects may occur. These can lead to serious morbidity such as falls and fractures. 
Although the available data are not fully conclusive, it appears that patients with 
cardiovascular comorbidities and those concomitantly using anti-hypertensives and/or 
PDE V inhibitors may be particularly at risk. The safety of tamsulosin in such risk groups 
is better documented than that of other α-blockers. This should affect drug choice in 
LUTS/BPH patients belonging to any of these risk groups.
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