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ABSTRACT

Background Lower urinary tract symptoms (LUTS)
are common and prevalence increases with age.
In men, voiding symptoms are more commonly
encountered than storage symptoms. LUTS are
often associated with chronic diseases but their
pathophysiology requires further study. We aimed
to determine whether calcium channel blockers
(CCBs) worsened, improved or did not alter symp-
toms of urinary obstruction in males aged 45 years
and above with medical conditions associated with
urinary obstruction.

Methods A cohort retrospective observational study
was undertaken to identify the effect of the use of
CCBs on LUTS in males over 45 years of age.
Participants were recruited from four community
pharmacies and a general practitioner surgery. Eli-
gible participants provided informed consent and
were administered a standardised questionnaire
(IPSS) to obtain information on LUTS and quality
of life (QOL) prior to and after commencement of
CCB therapy.

Results Thirty-eight males were enrolled in the
study, and their ages of ranged from 46.2 to 88.7
years, with the mean age being 66.9 years (95% CI:

63.9-69.9). The mean IPPS score prior to com-
mencing a CCB was 3.13 (95% CI: 2.09-4.17)
compared to 9.82 (95% CI: 7.83-11.80) whilst on
the drug (P<0.001). After adjusting for other medi-
cations and conditions which may contribute to
LUTS, and for the natural progression of LUTS with
ageing, the change remained significant. The in-
crease in IPPS score was associated with a significant
decline in the respondents’ QOL.

Conclusion The results of this study suggest that
in middle-aged males the introduction of a CCB
may be associated with worsening of LUTS, and an
associated decline in QOL, although this will need
to be confirmed in large prospective studies. How-
ever, given the common use of these agents in males
to treat a range of cardiovascular conditions, we
would suggest that men prescribed a CCB should be
questioned about urinary symptoms before and
after commencing treatment.
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channel blockers, lower urinary tract symptoms,
male, quality of life
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How this fits with quality in primary care
What do we know?

Lower urinary tract symptoms (LUTS) are common in both males and females, and the prevalence increases
with age. In contrast to females, voiding symptoms are more commonly encountered than storage symptoms in
males. LUTS are often associated with chronic diseases, however, their pathophysiology requires further

study.
What does this paper add?

This study provides evidence of a possible association between the use of CCBs and the worsening of LUTS in
males. As CCBs are amongst the most widely prescribed drugs in the world, and patients with LUTS often do
not seek treatment, it is recommended that males commenced on one of these agents should be questioned
about the development of LUTS, and in those with established LUTS alternative agents be considered.

Introduction

The term ‘lower urinary tract symptoms’ (LUTS)
encompasses three groups of symptoms which include
problems with voiding (slow stream, intermittency,
hesitancy, straining), post-micturition (sensation of
incomplete emptying, post-micturition dribbling)
and urine storage (frequency, urgency, nocturia)."?
LUTS in men can occur as a result of several factors,
including benign prostatic hyperplasia (BPH), sys-
temic illnesses, surgical procedures and medications.’
BPH is the most common underlying aetiological
factor in men with LUTS, and it can interfere with
normal voiding. Fifty percent of men aged over 50
years will develop microscopic BPH, of whom half will
develop LUTS.?

Urinary obstruction may be worsened by inhibition
of the contractile processes; and storage (irritative)
symptoms may be improved by inhibition of the
contractile processes. The two main functions of the
lower urinary tract, to store urine without leakage for a
long period of time and to rapidly expel it during
micturition, occur naturally in normal life."* These
processes involve a very complex interaction between
the structural or anatomic parts of the urinary tract
and the peripheral and central nervous systems. To
respond to the nervous and hormonal control sys-
tems, each part of the urinary tract muscles has specific
receptors for the transmitters, released from nerves or
generated locally, and the associated cellular pathways
for initiating contraction and relaxation.' In addition
to these demands on integrative control, both filling
and emptying of the urinary bladder provide a chal-
lenge to the muscle components in the walls of the
lower urinary tract."

In men with BPH, the bulk of the enlarged prostrate
can become obstructive, which is known as mechan-
ical obstruction.* Up to 50% of patients with BPH-
induced obstruction may also have involuntary bladder
contractions, due to detrusor muscle instability.5 The

storage symptoms of BPH and urge incontinence have
been positively correlated to detrusor muscle insta-
bility.* These are reported to occur in between 50%
and 80% of men with bladder outlet obstruction due
to BPH.’

It has been shown that alterations in muscle tone,
which may accompany bladder outlet obstruction,
have significant effects on bladder capacity and com-
pliance.® In the initial phases of outflow obstruction,
there is transient decompensation of the bladder
smooth muscle, which initiates the molecular events
that lead to hypertrophy of the smooth muscle and a
compensatory increase in detrusor pressure to maintain
urine flow in the face of increased outflow resistance.”
Prolonged partial bladder outflow obstruction is ac-
companied by a progressive decrease in contractility of
detrusor smooth muscle,® which is likely to be ac-
companied by breakdown of the structure and func-
tion of the proteins that enable the smooth muscle
cells to take up, store, and release calcium (Ca®™),
affecting the calcium activation of the contractile
apparatus.”'”

The calcium channel subtype present in detrusor
smooth muscle is the L-type voltage dependent chan-
nel and it has a major role in muscarinic receptor
facilitation of acetylcholine and noradrenaline re-
lease.'"'* Normal physiological voiding, as well as
generation of abnormal bladder contractions in dis-
eased states, is critically dependent on acethylcholine-
induced stimulation of contractile muscarinic recep-
tors on the smooth muscle of the urinary bladder."
Outflow obstruction induces stability affecting changes
in muscarinic and adrenergic receptor functions, and
in non-adrenergic-non-cholingeric (NANC) mechan-
isms relevant for detrusor contraction and relaxation.*
NANC-mediated contraction may be a greater con-
tributor to the contractile process in detrusor insta-
bility,” and adrenergic (via c-adrenoceptors)-mediated
mechanisms may play a more significant role in
contractile function in the obstructed bladder."*
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It has been suggested that overactivity of the detrusor
muscle due to BPH may be induced by hyper-
permeability of smooth muscle cell membrane to
calcium."” Animal studies have shown the potential
of CCBs to reduce bladder overactivity and increase
bladder capacity.”'®'” Although experimental data
provide a theoretical basis for the use of CCBs in the
treatment of detrusor overactivity in humans, there
have been few clinical studies focusing on the ability of
CCBs to reduce the irritative symptoms in humans
with overactive detrusor muscle, and these few studies
have produced mixed results.'® 2>

Findings of prior research have also demonstrated
that antagonism of Ca>" channels in detrusor muscles
inhibits urinary bladder contraction,'”*»** increases
the time taken to reach maximal bladder pressure,
reduces maximal power of contraction, decreases max-
imal rate of emptying” and reduces bladder filling
rates which may subsequently cause polyuria, mictur-
ition frequency, micturition disorder and nocturia.*®
CCBs appear to significantly affect the contractile
process, particularly in the obstructed bladder. These
agents also reduce the urethral muscle tone and induce
natriuresis.””?® These processes may place the subset
of males with urinary obstruction at an increased risk
of experiencing LUTS. This study was therefore
undertaken to determine the effect of CCB use on
LUTS in males over the age of 45 years who may have
medical conditions associated with urinary obstruc-
tion.

Methods

This retrospective observational study used patients as
their own controls. The study targeted males aged 45
years and above currently taking or presenting with a
repeat prescription for a CCB. Following ethics ap-
proval, patient recruitment was undertaken at com-
munity pharmacies and a medical practice in the
south-west suburbs of Perth, Western Australia from
July 2002 to May 2005. General practitioners (GPs)
and pharmacists were asked to identify and invite
patients to participate in the study. Patients were given
an information sheet which explained the purpose of
the study and what actions they would be required to
undertake if they agreed to take part in the study.
Patients who agreed to participate in the study were
asked to sign a consent form, in which they also
entered their contact details and their doctor’s contact
details, and agreed to their GPs being contacted regard-
ing their medications and/or medical conditions, and
whether they had just commenced or were on chronic
CCB therapy. Each consent form was forwarded to the
primary investigator and the information was added

to a secure database and assigned a unique patient
identification code.

Patients were contacted by the primary investigator
to arrange a suitable time to administer the Inter-
national Prostate Symptom Score (IPSS)*>*° ques-
tionnaire to assess each participant’s LUTS, with
increasing scores indicating more severe symptoms.
The IPSS questionnaire addresses symptoms such as
incomplete emptying, frequency, hesitancy, urgency,
weak stream, straining to initiate urination and nocturia.
The symptom scale of the IPSS has been reported to be
a reliable measure; in a prospective revalidation of the
instrument, the internal consistency reliability stat-
istic, Cronbach «, was 0.86, and the one-week test—
retest correlation was 0.92. Given the absence of a gold
standard for self-perceived lower urinary tract symp-
tom severity in men with histological BPH, the con-
struct validity of the instrument has been assessed in
many experiments.” The IPSS was originally designed
for self-administration to eliminate potential inter-
viewer bias, but studies have shown that an inter-
viewer asking the questions and obtaining responses
without ‘coaching’ gets similar answers.”* >

The American Urological Association (AUA) symp-
tom index”® is identical to the IPSS questionnaire, and
references pertaining to either the AUA symptom
index’! or the IPSS questionnaire were considered to
be equally applicable to both. Based on the correlation
between IPSS scores and patients’ ratings of bother of
their condition, the symptom scores were categorised
as ‘mild’ (0 to 7 points), ‘moderate’ (8 to 19 points)
and ‘severe’ (20 to 35 points). The only real clinical
usefulness of these groupings is that men with mild
symptoms are rarely bothered enough to desire treat-
ment.

The AUA Benign Prostatic Hyperplasia (BPH)
Impact Index’” combined with a global IPSS impact
question was used in a questionnaire administered by
interview to assess the impact of LUTS on the patients’
quality of life (QOL). Each participant was asked to
answer both questionnaires twice, based on symptoms
and QOL prior to and after commencement of CCB
therapy. The total scores ranged from a minimum of
zero, indicating no adverse impact on QOL, to a
maximum of 19, indicating maximal adverse impact
on QOL. Patients were also asked to complete a symp-
tom diary for 31 days, the seven symptoms measured
in the diary matching the validated seven-symptom
IPSS questionnaire. The symptom diary score was
then compared to the patients’ second IPSS question-
naire responses, which related to their LUTS after
commencement of their CCB: the correlation between
the two was used to validate the patients’ recall ability.

Natural progression of lower urinary tract symp-
toms occur with age and may confound the effect of
CCB therapy on LUTS and QOL in men. A five-year
longitudinal study of men without previous LUTS



226| JD Hughes, MA Coles and A Joyce

treatment demonstrated the slow nature of the disease
progression. The mean IPSS increased from 4.6 to 5.5
(+20%; P<0.0001) over the five-year period, equating
to a mean yearly increase in IPSS of 0.18.”7 In an
attempt to adjust for the affect of the natural pro-
gression of LUTS, the difference in IPSS score prior to
and following commencement of CCB therapy was
reduced by 0.9. Those patients in whom the change in
IPSS was less than 0.9 were attributed with a zero
change in IPSS after commencing CCB therapy.

The patients were also administered a standard
questionnaire to obtain information on their age;
name, dosage and indication for their CCB; its dur-
ation of use; whether they suffered any medical con-
ditions or had undergone any procedures which might
affect LUTS, independent of the natural progression
with ageing; and all the medications they had taken in
the six months prior to participating in the study.

Data analysis was performed using the Statistical
Package for the Social Sciences (SPSS) Version 14.0.
Summary statistics were analysed for each variable
based on frequencies or means and standard devi-
ations, depending on whether the variable was categ-
orical or continuous. The Pearson correlation was
used to measure the relationship between change in
LUTS scores and age of patients, number of medical
conditions known to cause LUTS and the use of drugs
known to cause LUTS. The Pearson correlation was
also used to measure the relationship between current
LUTS scores and symptom diary scores. For differ-
ences between current and past LUTS scores, a paired
sample #-test was used and a repeated measure ANOVA
was also conducted to analyse whether the differences
in LUTS over time varied according to presence of

medical conditions known to cause LUTS, or other
medication which may cause LUTS. In addition, to
adjust for the natural progression of LUTS in men due
to ageing a score of 0.9 was subtracted from the
difference in IPSS scores used for the ANOVA and #
tests.

Results

A total of 38 male patients taking CCBs were enrolled
in the study. All the 38 patients completed the two
identical questionnaires (LUTS symptoms — IPSS; QOL
questionnaire) to indicate if there were any differences
between current LUTS and symptoms prior to com-
mencement of CCB therapy, and any differences in
QOL prior to and after commencement of CCB
therapy.

The ages of patients ranged from 46.2 to 88.7 years,
with the mean age of 66.9 years (95% CI: 63.9-69.9).
Table 1 shows the distribution of participants’ ages.
The results of the study also showed that the most
frequently prescribed class of CCB were the dihydro-
pyridines (#n=22; 55.0%) comprising four individual
drugs; amlodipine (n=8; 20.0%), felodipine (n=6;
15.0%), nifedipine (n=4; 10.0%) and lercanidipine
(11=4; 10.0%). The next most frequently prescribed class
was the benzothiazepine, diltiazem (n=16; 40%), and the
least prescribed class of CCB was the phenylalkylamine,
verapamil (n=2; 5.0%). Two patients were each taking
multiple (two) CCBs, with the remaining 36 patients
taking single CCB therapy. Hypertension (#=30) was the

Table 1 Age distribution of the retrospective cohort

Retrospective sample distribution

Age(years) n Cumulative percentage
46-49 2 5.3
50-55 2 10.60
56-60 5 23.80
61-65 9 47.30
66—70 9 71.00
71-75 5 84.20
76-80 4 94.70
81-85 1 97.30
8690 1 100.0
Total 38 100.0
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leading indication for CCB use, followed by ischaemic
heart disease (n=11) and management of arrhythmias
(n=4). The majority had been taking CCB therapy for a
period of five years or less (n=23; 60.5%) as shown in
Table 2.

Twenty-seven (71.1%) of the 38 patients in the
study reported suffering no other medical conditions
that are known to cause LUTS apart from BPH. Seven
(18.4%) patients had one other medical condition
which may cause LUTS; one (2.6%) patient had two;
and three (7.9%) patients had three other medical
conditions.

Table 3 below shows the type and number of other
medical conditions from which patients were suffering,

and those who had undergone transurethral resection
of the prostate (TURP) surgery, which may cause
LUTS. Of the 11 patients who had other medical
conditions that may cause LUTS, heart failure presented
as the most common medical condition (n=5;45.5%),
followed by recurrent cough (n=4; 36.4%) and past
history of TURP surgery (n=3; 27.3%); with stroke,
spinal disc disorders and impaired mobility equally
presenting as the least common medical conditions
(n=2; 18.2%).

Prior to commencement of CCB therapy, the mean
IPSS of the 27 patients with no other medical con-
ditions that may cause LUTS was 2.63 (SD=2.70), with
the mean IPSS being 4.63 (SD=3.96) for the 11

Table 2 Duration of calcium channel blocker therapy

Time period

Retrospective sample distribution

n’ Percentage” Cumulative percentage®
<1 month 1 2.6 2.6
3—6 months 4 10.5 13.2
6—12 months 6 15.8 28.9
1-2 years 5 13.2 42.1
2-5 years 7 18.4 60.5
>5 years 15 39.5 100.0
Total 38 100.0 100.0

* number of patients
® percentage of patients
€ cumulative percentage of patients

Table 3 Other medical conditions which may cause LUTS

Medical conditions

Retrospective sample

n* Percentage** of cases (n=11)
Stroke 2 18.2
Spinal disc disorders 2 18.2
Congestive heart failure 5 45.5
Impaired mobility 2 18.2
Recurrent cough 4 36.4
TURP surgery 3 27.3
Total 18 163.8

* number of patients
** percentage of patients
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patients with other medical conditions that may cause
LUTS. After commencement of CCB therapy, the
mean IPSS of the 27 patients with no other medical
conditions that may cause LUTS was 7.44 (SD=5.69),
with the mean IPSS being 12.2 (SD=5.23) for the 11
patients with other medical conditions that may cause
LUTS. There was a non-significant correlation be-
tween change in IPSS and number of medical conditions
(other than BPH) that may cause LUTS (Pearson
correlation coefficient = 0.245, P=0.139), and whilst
the difference in IPPS after commencement of CCB
therapy was greater for those patients with medical
conditions known to have caused LUTS this difference
was not significant at a 0.05 level (F=3.2, P=0.082).

Of the 38 patients questioned, 23 (0.5%) patients
were not taking any other medications which were
known to affect bladder function, while 15 (9.5%)
patients were. Twelve (31.6%) patients were taking
one medication known to affect bladder function, two
(5.3%) were taking two medications and one (2.6%)
was taking three. These medications included atenolol
(n=5), metoprolol (n=5), frusemide (n=4), dothiepin
(n=2), digoxin (n=1), prazosin (n=1) and amiloride
(n=1).

Prior to commencement of CCB therapy, the mean
IPSS of the 15 patients taking other medications
that are known to affect bladder function was 2.71
(SD=2.78). The mean IPSS was 3.38 (SD=3.96) for the
24 patients not taking other medications that are
known to affect bladder function. After commence-
ment of CCB therapy, the mean IPSS of the 15 patients
taking other medications that are known to affect
bladder function was 9.45 (SD = 5.03). The mean
IPSS was 8.71 (SD=6.51) for the 23 patients not taking
other medications that are known to affect bladder
function.

There was no significant difference in the change of
IPSS after commencement of CCB therapy between
patients taking other medications that are known to
affect bladder function and patients not taking other
medications that are known to affect bladder function
(F=0.734, P=0.397).

The mean IPSS prior to commencement of CCB
therapy was 3.13 (95% CI: 2.09-4.17), indicating
‘mild’ LUTS (IPSS<7) under the AUA classification
of degree of severity of LUTS, whereas the mean IPSS
after commencing CCB therapy without adjustment
for the natural progression of LUTS in men due to
ageing was 9.82 (95% CI: 7.83-11.80), indicating
‘moderate’ LUTS (IPSS=8-19) (Figure 1). After adjusting
for the natural progression of LUTS, paired sample
statistics showed that there was a significant increase
in the mean IPSS (5.85; CI: 4.26—7.45; P<0.001) after
commencement of CCB therapy, indicating signifi-
cant worsening of LUTS. Length of time on a CCB was
associated with increased self-reported worsening of
IPSS. In a regression analysis that controlled for prior
LUTS score, age and medical conditions known to
cause LUTs, length of time was significantly related to
increased LUTS score across three time periods of less
than one year, between one and five years and over five
years — B=2.12 (95% CI: 063—4.17).

The QOL score illustrated worsening QOL with
increasing total IPSS scores. The total scores ranged
from a minimum of zero, indicating no adverse impact
on the QOL, to a maximum of 19, indicating maximal
adverse impact on the QOL. The mean QOL score
prior to commencement of a CCB was 1.42 (95% CIL:
0.86-1.99), and increased to 3.66 (95% CI: 2.49-3.66)
after commencement of CCB therapy. Paired sample
statistics showed that there was a highly significant
increase in the mean QOL score (2.27; 95% CI: 1.40—
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Figure 1 Mean IPPS scores pre- and post-commencement of a CCB
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3.15, P<0.001) after commencement of CCB therapy,
demonstrating significantly worsening QOL. A sig-
nificant Pearson correlation coefficient 0f 0.595 (P<0.001)
was observed, between a change in IPSS and QOL
score which showed that worsening of the patients’
QOL was correlated with their worsening LUTS after
commencement of CCB therapy.

The linearity between the ‘current’ IPSS obtained
from the patient answers in the questionnaire and the
symptom diary completed by the patient as measured
by the Pearson correlation coefficient was 0.554
(P<0.001), and demonstrated a significant correlation
between the ‘current’ IPSS obtained from answering
the questionnaire and the symptom diary. This sup-
ported the reliability of the patients’ responses.

Discussion

The results, after adjustment was made for the natural
progression of LUTS which occurs in men with BPH,
showed a significant relationship between commence-
ment of CCB therapy and worsening of LUTS in this
retrospective study.

In this study there were no exclusion criteria, and
therefore it is likely that there were a number of
patients in the study who had little or no LUTS, and
would not have been suffering from urinary obstruc-
tion. Given this fact, it is possible that if only males
with a diagnosis of urinary obstruction were included
in the study they may have shown an even greater
worsening of LUTS after commencement of CCB
therapy.

Even though the results of the study indicated a
significant worsening of LUTS in males after the
commencement of CCB therapy, it could be argued
that if this worsening of LUTS did not have a negative
influence on QOL for those patients, then the worsen-
ing of LUTS may not be of such concern. The findings
of the study indicate that not only is there worsening
of LUTS in males after the commencement of CCB
therapy, but that the worsening of LUTS is accom-
panied by a significant reduction in the QOL of these
patients.

Although there was a non-significant correlation
between differences in IPSS and those patients with
other medical conditions that could give rise to LUTS,
the correlation does warrant further investigation. Of
the 38 patients a considerable proportion had other
conditions which may give rise to LUTS, for example
stroke, heart failure, recurrent cough or previous
prostate surgery. It must be noted that although the
above-mentioned medical conditions may give rise to
LUTS, it does not automatically follow that patients
diagnosed with these medical conditions will experience

LUTS. Nevertheless, consideration should be given to
future studies using a larger sample size, excluding
males with other medical conditions that may give rise
to LUTS.

Previous research has highlighted the importance of
extracellular Ca®" entry through dihydropyridine-
sensitive channels and mobilisation of intracellular
Ca®* for activation of the detrusor muscle.'’ L-type
calcium channel blockers have a potent inhibitory effect
on human detrusor muscle, but it has been demon-
strated that different CCBs act at different receptor
sites and have different therapeutic actions.*® Accord-
ingly, one may expect there could be differences in
their adverse effect profile. Unfortunately, the sample
size was too small to indicate any differences in CCB
sub-class effects or any differences in the effects of
individual CCB drugs within the sub-classes. As the
functional properties of L-type calcium channels are
modulated in a complex manner by CCBs that act on
multiple sites, further studies, again with larger sample
sizes, may delineate differences in effect, within CCB
sub-classes or individual CCB drugs.

Further, this study was unable to show whether
there were any differences in effect on those patients
whose LUTS symptoms were primarily caused by
detrusor overactivity compared with patients whose
LUTS symptoms were primarily those of an obstruc-
tive nature with no or little detrusor overactivity.

This study relied upon the patients’ recall of their
symptoms prior to the commencement of their CCB,
which in some cases was more than five years earlier,
and we acknowledge that our findings are dependent
on the patients’ recall accuracy. However, this meth-
odology is commonly used in retrospective studies;
and we demonstrated that in the short term the
participants’ recall was reliable, based on the corre-
lation between the IPSS responses and diary entries.
It was found that the longer the duration of CCB
treatment the greater the difference between prior and
current LUTS scores, which could easily suggest that
those on medication for longer may have over-
estimated their impact. However, the natural history
of LUTS, particularly in males, is that they worsen with
time, and the greater difference is also consistent with
this.

The results of this study suggest that in middle-aged
males the introduction of a CCB may be associated
with worsening of LUTS, and an associated decline in
QOL. This association needs to be assessed through
prospective large-scale studies. However, given the
common use of these agents in males to treat a range
of cardiovascular conditions we would suggest men
prescribed a CCB should be questioned about urinary
symptoms before and after commencing treatment.



230

JD Hughes, MA Coles and A Joyce

ACKNOWLEDGEMENTS

We thank the pharmacists of Miami Village Phar-
macy, Palm Springs Pharmacy, Golden Bay Pharmacy
and Secret Harbour Pharmacy and Dr Hugh
Connolly, for their efforts in the patient recruitment
phase of the study. We also acknowledge Ms Vandana
Chandani for her assistance in producing the manu-
script.

REFERENCES

1

10

11

12

13

Andersson K and Arner A. Urinary bladder contraction
and relaxation: physiology and pathophysiology. Physio-
logical Reviews 2004;84:935-86.

Turner W and Brading A. Smooth muscle of the bladder
in the normal and the diseased state: pathophysiology,
diagnosis and treatment. Pharmacology Therapeutics
1997;75:77-110.

Tewari A and Narayan P. Voiding dysfunction in men

with lower urinary tract symptoms and benign prostatic
hyperplasia. In: Urology for Primary Care Physicians.
Philadelphia: WB Saunders, 1999, pp. 197-207.
Andersson K. Emptying against outflow obstruction:
pharmacology aspects. Scandinavian Journal of Nephrol-
ogy 1997;184:77-84.

O’Reilly B, Kosaka A and Knight G. P2X receptors and
their role in female idiopathic detrusor instability. The
Journal of Urology 2002;167:157—64. T

Liu S, Volfson i, Horan P and Levin R. Effects of hypoxia,
calcium, carbachol, atropine and tetrodotoxin on the
filling of the in-vitro rabbit whole bladder. The Journal of
Urology 1998;160:913—19.

Wein A. Bladder outlet obstruction: an overview. Ad-
vances in Experimental Medicine and Biology 1995;385:3-5.

Gosling J, Kung L, Dixon J, Horan P, Whitebeck C and
Levin L. Correlation between the structure and function
of the rabbit urinary bladder following partial outlet
obstruction. The Journal of Urology 2000;163:1349-56.
Chacko S, DiSanto M, Wang Z, Zderic S and Wein A.
Contractile protein changes in urinary bladder smooth
muscle during obstruction-induced hypertrophy. Scan-
dinavian Journal of Urology and Nephrology 1997;184:
67-76.

Wu C and Fry C. The rise of intracellular Ca*" in human
detrusor muscle via activation of muscarinic and
purigenic receptors. British Journal of Urology 1996;78:
155.

Kajioka S, Nakayama S, McMurray G, Abe K and
Brading AF. Ca(2+) channel properties in smooth
muscle cells of the urinary bladder from pig and human.
European Journal of Pharmacology 2002;443:19-29.
Somogyi G, Zernova G, Tanowitz M and deGroat W.
Role of L- and N- type Ca** channels in muscarinic
receptor-mediated facilitation of ACh and noradrenaline
release in the rat urinary bladder. Journal of Physiology
1997;499:645-54.

Hedge S and Eglan R. Muscarinic receptor subtypes
modulating smooth muscle contractility in the urinary
bladder. Life Sciences 1999;64:419-28.

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Perlberg M and Caine M. Adrenergic response of bladder
muscle in prostatic obstruction. Urology 1982;20:524-7.
Saito M and Kondo A. Effects of verapamil on bladder
instability induced by partial outflow obstruction in rat.
International Urology and Nephrology 1998;30:543-52.
Christ G and Hodges S. Molecular mechanisms of
detrusor and corporal myocyte contraction: identifying
targets for pharmacotherapy of bladder and erectile
dysfunction. British Journal of Pharmacology 2006;147:
S41-S55.

Wegener J, Schulla V, Lee T et al. An essential role of
Cavl.2 L-type calcium channel for urinary bladder
function. The FASEB Journal 2004;18:1159-61.

Nagle G, Radomski S, Brymer C, Mathiasen K, O’Rourke K
and Thomlinson G. A randomised, double-blind, placebo
controlled crossover trial of nimodipine in older persons
with detrusor instability and urge incontinence. Journal
of Urology 2002;167:586-90.

Mattiasson A, Ekstrom B and Andersson K. Effects of
intravesical instillation of verapamil in patients with
detrusor hyperactivity. Journal of Urology 1989;141:
174-7.

Frohlich G, Burmeister S, Wiedemann A and Bulitta M.
Intravesical instillation of trospium chloride, oxybutynin
and verapamil for relaxation of the bladder detrusor
muscle. A placebo controlled, randomized clinical test.
Arzneimittel-Forschung 1998;48:486-91.

Faustini S, Salvinin A, Pizzi P, Conti M, Magistretti M
and Vescovini R. Experimental study on the action of
diltiazem on detrusor muscle and clinical evaluation in
patients with detrusor hyperactivity. Arzneimittel-Forschung
1989;39:899-903.

Andersson K, Appell L and Cardozo L. The pharmaco-
logical treatment of urinary incontinence. British Journal of
Urology 1999;84:923—-47.

Lowe V and Noronha-Blob L. Effect of extracellular
Ca** on cholinergic, KCl and phorbol ester-mediated
phosphoinositide turnover and guinea pig urinary
bladder contraction. European Journal of Pharmacology
1991;195:273-9.

Hamada K, Sasaki Y, Taniguchi N et al. Anticholinergic
and calcium antagonistic activities of NS-21 contribute
to the inhibition of rat urinary bladder contractions.
General Pharmacology: the Vascular Systern 1997;29:771-8.
Margot S, Damaser M, Kim K, Longhurst P, Wein A and
Levin R. Calcium regulation of urinary bladder function.
The Journal of Urology 1997;157:732-8.

Horvath G, Morvay Z, Kovacs M, Szilagyi A and Szikszay
M. Drugs acting on calcium channels modulate the
diuretic and micturition effects of dexmedetomidine
in rats. Life Sciences 1996;59:1247-57.

Brading A. Spontaneous activity of lower urinary tract
smooth muscles: correlation between ion channels and
tissue function. Journal of Physiology 2006;570:13-22.
Hollywood M, Woolsey S, Walsh I, Keane P, McHale NG
and Thornbury K. T- and L-type Ca®* currents in freshly
dispersed smooth muscle cells from the human proxi-
mal urethra. Journal of Physiology 2003;550:753—64.
Barry MJ, Fowler FJ, O’Leary M et al. Correlation of the
American Urological Association Symptom Index with



http://www.ingentaconnect.com/content/external-references?article=0024-3205(1996)59L.1247[aid=9662756]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1997)157L.732[aid=2564710]
http://www.ingentaconnect.com/content/external-references?article=0014-2999(1991)195L.273[aid=9662757]
http://www.ingentaconnect.com/content/external-references?article=0014-2999(1991)195L.273[aid=9662757]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1989)141L.174[aid=4957996]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1989)141L.174[aid=4957996]
http://www.ingentaconnect.com/content/external-references?article=0024-3205(1999)64L.419[aid=2569855]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(2000)163L.1349[aid=9662769]
http://www.ingentaconnect.com/content/external-references?article=0065-2598(1995)385L.3[aid=5681926]
http://www.ingentaconnect.com/content/external-references?article=0065-2598(1995)385L.3[aid=5681926]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1998)160L.913[aid=5311316]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1998)160L.913[aid=5311316]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(2002)167L.157[aid=3134746]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(2002)167L.157[aid=3134746]
http://www.ingentaconnect.com/content/external-references?article=0163-7258(1997)75L.77[aid=9662770]
http://www.ingentaconnect.com/content/external-references?article=0163-7258(1997)75L.77[aid=9662770]

Calcium channel blocker associated lower urinary tract symptoms in males | 231

30

31

32

33

34

35

36

37

self-administered versions of the Madsen-Iversen,
Boyarsky and Maine Medical Assessment Program
Symptom Indexes. The Journal of Urology 1992;148:
1558-63.

Hansen B, Mortensen S, Mensink H et al. Comparison of

the Danish prostatic symptom score with the Inter-
national Prostatic Symptom Score, the Madsen-Iversen
and Boyarsky symptom indexes. British Journal of Urol-
ogy 1998;81:36—41.

Barry M, Williford W, Chang Y et al. Benign prostatic

hyperplasia specific health status measures in clinical
research: how much change in the American Urological
Association Symptom Index and the Benign Prostatic
Hyperplasia Impact Index is perceptible to patients? The
Journal of Urology 1995;154:1770—4.

Barry M]J, Fowler FJ, Chang Y et al. The American
Urological Association symptom index: does mode of
administration affect its psychometric properties? Journal
of Urology 1995;154:1056-9.

Netto N and de Lima M. The influence of patient
education level on the International Prostatic Symptom
Score. Journal of Urology 1995;154:97-9.

Plante M, Corcos J and Gregorie L. The International
Prostatic Symptom Score: physician versus self-
administration in the quantification of symptoma-
tology. Urology 1996;47:326-8.

Rhodes T, Girman T, Jacobsen C et al. Does the mode of
questionnaire administration affect the reporting of
urinary symptoms? Urology 1995;46:341-5.

Barry MJ, Fowler FJ, O’Leary MP et al. The American
Urological Association symptom index for benign pros-
tatic hyperplasia. The Measurement Committee of the
American Urological Association. Journal of Urology 1992;
148:1549-57.

Temml C, Brossner C, Schatzl G et al. The natural history

of lower urinary tract symptoms over five years. Urology
2003;43:374-80.

38 Triggle D. The pharmacology of ion channels: with
particular reference to voltage-gated Ca** channels.
European Journal of Pharmacology 1999;375:311-25.

FUNDING

This study received no funding from any source.

ETHICAL APPROVAL

Ethical approval for the study was obtained for the
Curtin University of Technology Ethics Committee.

PEER REVIEW

Not commissioned; externally peer reviewed.

CONFLICTS OF INTEREST

None.

ADDRESS FOR CORRESPONDENCE

Prof. Jeff D Hughes, Head, School of Pharmacy,
Curtin University of Technology, Member of the
Curtin Health Innovation and Research Institute
(CHIRI), GPO Box U1987, Perth, Western Australia
6845. Email: ].D.Hughes@curtin.edu.au

Received 7 February 2011
Accepted 6 June 2011


http://www.ingentaconnect.com/content/external-references?article=0014-2999(1999)375L.311[aid=3301227]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1992)148L.1549[aid=1300609]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1992)148L.1549[aid=1300609]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1995)154L.1056[aid=2475713]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1995)154L.1056[aid=2475713]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1995)154L.1770[aid=2548089]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1995)154L.1770[aid=2548089]
http://www.ingentaconnect.com/content/external-references?article=0007-1331(1998)81L.36[aid=2635895]
http://www.ingentaconnect.com/content/external-references?article=0007-1331(1998)81L.36[aid=2635895]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1992)148L.1558[aid=2635513]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1992)148L.1558[aid=2635513]
http://www.ingentaconnect.com/content/external-references?article=0022-5347(1995)154L.97[aid=2634755]

