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Abstract
Acute urinary retention (AUR) is a common complication
of benign prostatic hyperplasia (BPH) and the incidence
varies widely from 0.4 to 25% per year in men seen in
urology practices. It has been estimated that AUR is the
indication for surgery in around 25–30% of patients
undergoing transurethral resection of the prostate
(TURP) and that emergency TURP for AUR is associated
with greater morbidity than elective TURP. Risk factors
for AUR include lower urinary tract symptoms (LUTS),
depressed peak urinary flow rate, enlarged prostate,
high postvoid residual (PVR) urine and old age. Alfuzosin
has been shown to significantly increase maximum flow
rate and relieve bladder outlet obstruction, resulting in a
reduction in PVR urine. A pooled analysis of 11 placebo-
controlled studies involving 1,470 patients with LUTS
suggestive of BPH indicates that significantly greater
improvements were observed in patients treated with
alfuzosin than with placebo. A 6-month placebo con-
trolled study of 518 patients reported a 0.4% incidence of
AUR in the alfuzosin group compared with a 2.4% inci-
dence with placebo (p = 0.04). These positive effects on

PVR could be related to the reduction in incidence of
AUR seen in alfuzosin-treated patients.

Copyright © 2001 S. Karger AG, Basel

Introduction

Benign prostatic hyperplasia (BPH) is a common con-
dition among older men [1], resulting in chronic lower uri-
nary tract symptoms (LUTS) that are bothersome, im-
paired physiological and functional well-being and inter-
ference with activities of daily living [2–4]. BPH is rarely
life-threatening, but it can contribute to more acute uro-
logical complications, particularly acute urinary retention
(AUR), often considered to be the most serious complica-
tion of BPH. Other complications associated with the dis-
ease include: recurrent urinary tract infections, upper
tract dilatation, bladder stone formation and recurrent
haematuria. AUR is a relatively common complication
and refers to the sudden inability to pass urine. It is a
painful and distressing condition that is associated with a
significant morbidity. Treatment involves emergency
hospitalisation, catheterisation and surgery. It has been
estimated that AUR is the indication for surgery in
around 25–30% of patients undergoing transurethral re-
section of the prostate (TURP) [3, 5]. Several studies sug-
gest that surgery for BPH carried out as an emergency for
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Fig. 1. The incidence of acute urinary retention (AUR) with regard
to age and symptom severity [10].

AUR carries greater morbidity than elective TURP [6, 7].
A study of 1,052 men with AUR undergoing TURP
showed that overall rate of postoperative complications
was 24% compared with 15.7% in 2,833 men without
retention [5]. Among patients with and without retention,
the postoperative infection rate was 4.3 and 1.5%, respec-
tively, while the failure to void was 11 and 3.6%, respec-
tively, and the incidence of hypotonic bladder was 8.4 and
1.7%, respectively; the difference between each complica-
tion and the overall complication rate was significant
(p ̂  0.001) [5]. 

The incidence of AUR varies widely, from 0.4 to 25%
per year in men seen in urology practices [8, 9]. The com-
munity-based Olmsted County Study demonstrated an
AUR rate of 0.7% [10].

Risk Factors for AUR

Jacobsen et al. [10] reported on the risk factors associ-
ated with AUR in the Olmsted County Study of 2,115
men. A direct relationship was found between the risk of
developing retention and LUTS, depressed peak urinary
flow rate, enlarged prostate and old age. Among men with
moderate to mild symptoms at baseline, the incidence
was three-fold higher than in men with no to mild symp-
toms. For prostate volumes greater than 30 ml, the risk of
AUR also increased three-fold. Men with depressed peak
urinary flow rate (!12 ml/s) were at four-fold greater risk
of AUR than men with urinary flow rates 112 ml/s. In
addition, a 10-fold increase in AUR was recorded be-

tween men aged 40–49 years and those aged 70–79 years.
Indeed, this study predicted that a 60-year-old man has a
23% probability of experiencing an episode of AUR if he
survives an additional 20 years (fig. 1). Further reports
from the Olmsted Study show that men with high post-
void residual (PVR) urine were three times as likely to
have a subsequent AUR [11].

Meigs and co-workers [12] reported similar findings in
their study of 8,418 men followed for 3 years (1992–95) in
the US. They also showed that men with a clinical diagno-
sis of BPH and a symptom score (American Urological
Association [AUA] symptom index) of 8 or greater had
the greatest incidence of AUR (age-adjusted incidence
13.7/1,000 person years). However, the sensation of in-
complete bladder emptying, having to void again after
less than 2 h and a weak urinary stream were the best
independent symptom predictors for AUR.

PVR

The International Continence Society defines PVR as
the volume of fluid remaining in the bladder immediately
following completion of micturition [13]. In most healthy
men with normal function, PVR is too small (mean value
less then 1 ml) to be measured by conventional techniques
[14]. Consistent with these figures, a PVR over 50–100 ml
is commonly taken to be abnormally elevated. Very large
PVR (1 300 ml) may be associated with upper tract dila-
tion and renal function impairment, particularly if there
is elevated detrusor pressure [15–17].

PVR can be measured in a variety of ways, including:
(1) by catheter or cystoscope; (2) by nuclear medicine
techniques, and (3) by ultrasonography.

Measurement using transabdominal ultrasonography,
a simple, non-invasive technique, is recommended by the
International Consultation on BPH [18]. This relatively
inexpensive technique can provide sufficiently accurate
results. The time interval between voiding and the estima-
tion of PVR should be recorded and should be as short as
possible to avoid increases due to natural urine produc-
tion. Another option is to record PVR as a percentage of
bladder capacity, so providing an approximation of void-
ing efficiency [19]. In clinical practice, PVR can be vari-
able regardless of measurement technique [20, 21]. In par-
ticular diurnal variation can occur, with volumes in the
elderly being 40% larger in the early morning. Due to the
large variability of this parameter, an isolated finding of
abnormal PVR always needs to be confirmed by addition-
al measurements.
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Two forms of incomplete bladder emptying have been
described [22, 23]. In the first form, PVR is associated
with a high intravesical pressure (130 cm H2O), which is
commonly observed in bladder outlet obstruction or in the
case of uncoordinated detrusor and sphincter mechanism.
In this type of PVR, high pressure retention may exert
back pressure on the upper urinary tract and is responsible
for hydronephrosis and renal function impairment. It is
generally considered that the primary cause of elevated
PVR in BPH is urethral obstruction, although up to 31%
of obstructed patients have a PVR of !50 ml [24, 25].
However, as PVR is often found in both men and women
without urethral obstruction or BPH [26], it is likely that
urethral obstruction is a contributory factor rather than
the primary cause. In the second form, PVR is associated
with a low intravesical pressure (!20 cm H2O), which is
related to detrusor underactivity or the failure to sustain
an initially adequate detrusor contraction [24, 27].

There is no evidence for a correlation between PVR or
its amount and the severity and duration of outlet ob-
struction [28]. In addition, the absence of PVR does not
rule out the severest obstruction. The presence of PVR is
associated with a decreased functional bladder capacity,
which may be responsible for storage symptoms, although
no correlation between LUTS and PVR has been re-
ported. In addition, PVR may predispose the individual
to more serious complications of BPH, such as AUR.

Alpha Blockers and PVR

Increased tone of the smooth muscle, the bladder neck
and the urethra represent the dynamic component of
BPH and also contribute to the pathological state associ-
ated with the condition, such as difficulty in urination and
incontinence. Sympathetic innervation of the smooth
muscle of the prostate, bladder neck and urethra is pri-
marily mediated by ·1 adrenoceptors [29]. By decreasing
the tone of the smooth muscle in these areas, ·1 blockers
can improve the irritative and obstructive symptoms of
BPH [30, 31]. It has also been suggested that ·-blockade at
the prostatic level may have a direct impact on detrusor
activity. Increased tension within the prostate created by
contraction of its capsular and stromal muscle triggers
afferent (sensory) discharge, which may influence spinal
reflexes controlling the activity of vesico-urethral muscu-
laris. There is clinical evidence that this afferent discharge
leads to a decreased inhibition (i.e. increased activity) of
the detrusor, manifested by storage symptoms (frequency,
nocturia and urgency) [28].

Fig. 2. Changes in postvoid residual (PVR) urine volume in patients
treated with alfuzosin or placebo. Reproduced with permission from
ref. 33.

Alfuzosin and PVR

Alfuzosin, a selective ·1-adrenoceptor antagonist, has
been shown to affect a number of urodynamic parame-
ters. Significant increases in maximum flow (+29%) have
been reported as well as a decrease in detrusor pressure at
maximum flow (–30.2%), detrusor opening pressure
(–39.4%) and maximum detrusor pressure (–28.7%) [32].
It was suggested that alfuzosin did not appear to act
directly on the detrusor, but its pharmcological effect on
the bladder neck caused lower detrusor pressure to mictu-
rition. This decreased detrusor pressure leads to only
minor strain to induce and maintain flow and helps to
preserve the detrusor muscle. 

The relief of bladder outlet obstruction observed with
alfuzosin should theoretically be associated with a benefi-
cial effect on PVR. Indeed, this has been demonstrated,
despite the large variability in PVR, in patients with
LUTS suggestive of BPH. A study by Jardin and co-work-
ers [33] on the effect of alfuzosin on PVR was conducted
in patients with BPH. This 6-month, placebo-controlled
study indicated that alfuzosin, 7.5–10.0 mg/day, signifi-
cantly reduced PVR compared with placebo. Mean (SD)
PVR in 86 patients treated with alfuzosin decreased from
80.1 (8.34) to 49.3 (6.1) ml at week 26 compared with a
mean decrease in the placebo group from 87.8 (7.1) to
79.5 (10.7) ml (p = 0.017) (fig. 2).
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Fig. 3. Effect of alfuzosin on postvoid residual (PVR) urine: pooled
analysis of 11 studies [34]. Mean B SEM values shown.

Fig. 4. Mean change in postvoid residual (PVR) urine with 6 months
of treatment with alfuzosin according to baseline PVR [34].

Table 1. Baseline patient characteristics from pooled analysis of 11
placebo-controlled trials on alfuzosin (n = 1,470) [34]

Parameter Value

Mean age, years 64.5B7.4
Mean duration of symptoms, months 39.5B34.0
Mean Boyarsky total score 9.5B2.6
Mean Qmax, ml/s 9.8B4.0
Mean PVR, ml 106.1B54.5
Patients (%) with baseline PVR

6100 ml 722 (49%)
6150 ml 283 (19%)

PVR = Postvoid residual.

Pooled Analysis
A pooled analysis of 11 double-blind European studies

performed with an immediate release formulation of alfu-
zosin and involving 1,470 patients with LUTS suggestive
of BPH and PVR between 50 and 350 ml has been con-
ducted [34]. The analysis aimed to estimate the relation-
ship between PVR and clinical parameters such as age,
maximum flow rate, voided volume or prostate-specific
antigen (PSA). PVR was measured using transabdominal
ultrasound. A total of 607 patients received alfuzosin
(2.5 mg t.i.d., n = 267; 5 mg b.i.d., n = 340) and 346
received placebo for 1–6 months. The effect of treatment
on PVR was also measured.

In order to take into account various study durations,
treatment effect was assessed at three end-points (1, 3 and
6 months) on an intent to treat basis. Treatments were
compared at each end-point using a one-way analysis of
covariance (treatment) with a fixed-effect model taking as
covariate the PVR at D0.

Baseline patient characteristics are shown in table 1.
Percentages of patients with a PVR of at least 100 or 150
ml were 49 and 19%, respectively. These percentages were
not influenced by patient age, maximum flow rate, voided
volume or PSA, although greater percentages were ob-
served in patients likely to be obstructed at baseline
(Qmax !8 ml/s) (table 2). 

Regardless of end-point (1, 3 or 6 months), significant-
ly greater improvements in PVR were observed in pa-
tients treated with alfuzosin compared with placebo
(fig. 3). Changes in PVR with alfuzosin were greater in
patients with higher baseline PVRs (fig. 4).

Alfuzosin and AUR

In a 6-month placebo-controlled study involving 518
patients, alfuzosin was associated with a significantly low-
er incidence of AUR than placebo (0.4 vs. 2.4%, respec-
tively (p = 0.04) [33]. These results were confirmed in a
3-year open study of 3,228 patients in general practice, in
which the incidence of AUR in alfuzosin-treated patients
was only 0.3% [35] compared with 2.3% in patients man-
aged by watchful waiting [36]. Further evidence comes
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Table 2. Relationship between baseline
PVR urine and age, maximum flow rate,
voided volume and prostate-specific antigen
(PSA) [34]

Parameter Patients Mean B SD
baseline PVR

Patients with
PVR 6100 ml

Patients with
PVR 6150 ml

!60
60–65
65–70

670

377
345
377
370

104B54
104B58
111B57
105B50

47%
47%
51%
52%

17%
18%
23%
19%

Baseline Qmax, ml/s
!8

8–11
611

406
477
448

113B53
106B56
98B53

60%
47%
39%

22%
19%
15%

Voided volume, ml
!200

200–300
6300

492
476
368

104B52
103B53
112B59

49%
45%
50%

18%
17%
23%

PSA, ng/ml
!1.4

1.4–4.0
64.0

191
353
313

110B65
105B49
104B51

45%
49%
45%

19%
16%
17%

PVR = Postvoid residual.

from the pooled analysis discussed above, in which fewer
patients in the alfuzosin group experienced AUR com-
pared with placebo: 2 (0.3%) vs. 5 (1.4%) [34].

The lower incidence of AUR observed with alfuzosin
may be attributed to its positive impact on PVR. Prospec-
tive studies are needed to confirm this finding and to
examine the use of ·1 blockers in the long-term manage-
ment of BPH and the prevention of the major complica-
tion of the disease – AUR.

Conclusion

Alfuzosin appears to be the first ·1 blocker to have
clearly demonstrated a positive impact on PVR measured
by transabdominal ultrasonography. The beneficial effect
of alfuzosin could be related to the direct relief of bladder
outlet obstruction, as demonstrated by pressure-flow
studies. This beneficial effect of alfuzosin on PVR could
well translate into the positive effects seen in reducing the
incidence of AUR and the need for surgery.
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