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methods (mainly extracorporeal shockwave 
lithotripsy).

 

RESULTS

 

The results from the urodynamic evaluation 
with the stone in the bladder were: bladder 
outlet obstruction in 51%, detrusor 
overactivity in 68%, detrusor under-activity in 
10%, and a normal study in 18%. There were 
no significant differences between the 
urodynamic study before or after treatment in 
maximum flow rate and postvoid residual 
volume, detrusor overactivity and detrusor 
pressure at maximum flow.

 

CONCLUSIONS

 

Conversely to what has been accepted for 
years, bladder calculi are not always 
associated with bladder outlet obstruction 
and the urodynamic results are not influenced 
by the presence of bladder stones during the 
urodynamic testing.
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OBJECTIVES

 

To determine the most frequent urodynamic 
observations associated with bladder calculi, 
and to assess whether the presence of calculi 
alters these observations.

 

PATIENTS AND METHODS

 

Fifty patients with bladder stones were 
included in a prospective study in which two 
urodynamic tests were used, one at inclusion 
and another once the patient was stone-
free after treatment by noninvasive 

 

INTRODUCTION

 

Bladder calculi account for 5% of the urinary 
calculi in the Western world and the proposed 
risk factors include BOO, neurogenic bladder, 
chronic bacteriuria (urea-splitting organisms), 
foreign bodies, bladder diverticula, renal 
transplant, augmented bladder and upper 
tract stones [1,2]. However, it is widely 
accepted that bladder calculi are often 
associated with BOO [1,2]; e.g. in the 
guidelines for BPH of the European 
Association of Urology the presence of stones 
in the bladder is a stated indication for BOO, 
as it suggests an abnormality in the voiding 
mechanism, and is usually preceded by the 
presence of residual urine or recurrent UTIs 
[3,4]. For this reason the presence of bladder 
calculi is a strong indication for the surgical 
management of BPH [3]. Although these 
theories are well accepted and still valid, there 
are several studies that analysed the 
relationship of the urodynamic evaluation in 
BPH with clinical findings [5–8]. However, 
there are no specific studies that have 
evaluated patients with bladder calculi and 
the association with BOO, and which 
urodynamic observations are associated with 
the presence of bladder calculi.

Thus we analysed initially which were the 
most frequent urodynamic features 
(including BOO) associated with bladder 
calculi, and second to what extent the 
presence of stones affected the reliability of 
the urodynamic results supporting these 
conditions. The design of this study implies 
two major problems; first, it is necessary to 
assess the patients twice (with and with no 
stones) because the potential influence of the 
stone on bladder activity during the filling and 
voiding phase is unknown. However, the 
treatment of bladder calculi should be 
minimally invasive as possible and not 
be associated with a treatment for BOO, 
because this would modify the results of 
the stone-free urodynamic study. Thus 
noninvasive management of bladder 
calculi was used, i.e. ESWL, with no treatment 
of the BOO, as proposed in former studies 
[9–11].

 

PATIENTS AND METHODS

 

Fifty men diagnosed with bladder calculi in 
our hospital between January 2002 and 
December 2002 were consecutively included 
in a prospective study if they satisfied the 

inclusion and exclusion criteria. Inclusion: 
Presence of one or more stones in the bladder; 
age 18–75 years; the stones must not 
have been previously treated. Exclusion: 
neurogenic bladder; a history of chronic 
bacteriuria by urea-splitting organisms; 
foreign bodies in the bladder; bladder 
diverticula; transplant; augmentation of the 
bladder. The following were not considered 
exclusion criteria but were analysed: previous 
surgery of the prostate or the urethra, 
previous pharmacological treatment for BPH 
and previous history of lithiasis. The clinical 
symptoms, including any recent colic pain, 
were also recorded.

At the inclusion visit the patients were 
assessed using: simple radiology and 
ultrasonography to determine the number, 
size and opacity of the stones; a measurement 
of residual urine volume (PVR), volume of the 
prostate and PSA; urine analysis; the IPSS 
[12]; and two uroflow measurements with 
PVR and a pressure-flow study to assess 
whether the patient had BOO. Immediately 
after these measurements the patients were 
divided into two treatment groups according 
to the size of their stone(s); those with stones 
of 

 

<

 

4 cm in diameter were treated by ESWL 
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and with 

 

>

 

4 cm were managed by endoscopic 
or open surgery. Regardless of the presence of 
BOO no treatment was given for BPH. If the 
bladder calculi were radiolucent an alkaline 
treatment was given. The patients were 
assessed again 3 weeks after treating 
the stone, using simple radiology and 
ultrasonography to evaluate the effectiveness 
of the treatment. If the ESWL was ineffective 
two more sessions were allowed. A month 
after the bladder was rendered stone-free the 
patients were assessed with a crystallographic 
study of the stone, a complete metabolic 
study, the IPSS and two uroflow 
measurements with a pressure-flow study. 
Later, pharmacological BPH therapy 
(finasteride or terazosin) was given according 
to the IPSS and the urodynamic findings, and 
if despite this therapy there was no clinical 
improvement TURP was proposed. If there 
was significant clinical and urodynamic 
detrusor overactivity oxybutynin was 
administered.

The urodynamic evaluation consisted of 
measuring the uroflow (twice), PVR and water 
cystometry (at 50 mL/min infusion rate) with 
pressure-flow measurement through an 8 F 
double-lumen transurethral catheter. The 
methods definitions and units conform to the 
standards recommended by the International 
Continence Society except where specifically 
noted [13]. The degree of obstruction was 
determined by using the International 
Continence Society obstruction nomogram 
[13] and the detrusor contraction evaluated 
using the Shafer nomogram [14]. During the 
first and the second urodynamic studies no 
patients received any anticholinergic or anti-
BPH medication.

The main variables were the maximum flow 
rate (Q

 

max

 

), the voided volume and the PVR 
before and after treatment, and the 
urodynamic findings in both pressure-flow 
studies: (BOO, presence of detrusor over- or 
under-activity). The mean differences 
between Q

 

max

 

, voided volume and PVR before 
and after treatment were evaluated using a 
paired Student’s 

 

t

 

-test, and proportions of the 
urodynamic findings between the urodynamic 
studies using the McNemar test. The chi-
square test with its respective relative risks 
was used to verify whether there were 
different urodynamic findings as a function of 
stone size (

 

>

 

 or 

 

<

 

4 cm). The analyses were 
two-sided with 

 

P

 

 

 

<

 

 0.05 taken to indicate 
significance, and values are shown as the 
mean (95% CI).

 

RESULTS

 

Fifty patients (mean age 65 years, 61–69) 
were assessed; their main characteristics are 
shown in Table 1. Most of them (74%) had 
a history of lithiasis but only 2% were 
diagnosed after colicky renal pain. However, 
10% of the patients had a history of lower 
urinary tract surgery (transurethral prostatic) 
and 18% had received pharmacological 
treatment for their BPH (

 

a

 

-blockers 14% and 
finasteride 4%); 34% of the patients also had 
lithiasis in the rest of the urinary tract, 
particularly in the renal calyx. The mean area 
of the bladder stones was 5.41 cm

 

2

 

, the mean 
prostatic volume 64 mL and the mean PSA 
2.94 ng/mL. According to the stone size, 45 
patients were treated by ESWL, three by 
transurethral endoscopic lithotripsy and two 
by cystolithotomy with no surgery for BPH. 
Four patients refused to have the second 

study once they were stone-free, so the 
second urodynamic evaluation was only 
available in 46 patients.

The primary objective of the study was to 
determine the most common urodynamic 
features associated with bladder stones, as 
shown in Table 2. The first study with the 
stone in the bladder showed that only 51% of 
the patients had genuine BOO and 10% had 
detrusor under-activity. The most frequent 
finding was the presence of detrusor 
overactivity, and 18% had a completely 
normal urodynamic study.

The effect of the presence of stones in the 
bladder on the results of the urodynamic 
study is also shown in Table 2. There were no 
differences in Q

 

max

 

, voided volume, or PVR, 
neither the association with BOO, detrusor 
over- or detrusor under-activity, or the 

 

TABLE 1 

 

The main characteristics of 
the patients

 

Characteristic Mean % (95% CI)
A history of lithiasis 74 (60–85)
Clinical symptoms:
Incidental finding 44 (30–59)
Voiding symptoms 10 (3–22)
Filling symptoms 36 (23–51)
Colic pain 2 (0.5–11)
Haematuria 8 (2.2–19)
Previous lower urinary tract surgery 10 (3.3–22)
Previous BPH pharmacological treatment 18 (8.5–31)
Synchronous stones in upper urinary tract 34 (21–49)
Mean area of the bladder stones, cm

 

2

 

5.41 (3.34–7.49)
Mean prostatic volume, mL 64 (54–74)

 

TABLE 2 

 

Urodynamic and uroflowmetry findings before and after treatment

 

Mean (95% CI) Before After P

 

Urodynamic

 

Presence of:
BOO 51 (37–66) 45 (29–60) 0.375*
detrusor overactivity 68 (53–80) 66 (48–80) 0.344*
detrusor hypocontractility 10 (5–24) 10 (3–25) 1*
Normal 18 (9–31) 23 (11–40) 0.344*
Mean first-desire volume, mL 146 (120–171) 136 (109–162) 0.843†
Mean compliance, cmH

 

2

 

O 45 (27–65) 53 (15–90) 0.471†

 

Uroflowmetry

 

Q

 

max

 

, mL/s 11 (9.6–12.5) 11.6 (10.4–12.8) 0.486†
Voided volume, mL 246 (209–284) 251 (216–286) 0.272†
PVR 93 (68–117) 97 (56–138) 0.792†

 

No values significant by *McNemar test, †paired Student’s 

 

t-

 

test.
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presence of a normal study differed with or 
with no bladder calculi (Table 2). When the 
urodynamic findings were analysed as a 
function of the bladder lithiasis being 

 

<

 

or 

 

>

 

4 cm (Table 3) there were no significant 
differences for BOO or detrusor under-
activity, but detrusor overactivity was more 
common with bladder calculi of 

 

>

 

4 cm, with 
an 83% greater risk of detrusor overactivity.

 

DISCUSSION

 

The most common cause of bladder calculi is 
reportedly the presence of BOO, mainly 
caused by prostatic enlargement [1–3,15]. 
Therefore it has been classically accepted that 
the underlying cause of BOO must also be 
treated, with the bladder calculi. However, 
despite the general acceptance of this theory 
there are no studies evaluating the 
association of a BOO with the presence of 
bladder stones. Douenias 

 

et al.

 

 [15] 
retrospectively evaluated the predisposing 
factors in 100 bladder calculi and stated that 
88% of the patients had some type of 
BOO. However, neither uroflowmetry nor 
urodynamic studies were used to confirm this 
conclusion. Thus the aim of the present study 
was to assess the most frequent urodynamic 
findings associated with bladder stone and 
whether these findings were affected by the 
stone. Two urodynamic studies were used in 
each patient, before and after treating the 
stone, with the stones treated non-invasively 
and with no treatment of possible BOO or 
detrusor overactivity, to minimise any 
interference with bladder function.

The major finding was that only half the 
patients with bladder calculi had BOO 
(Table 2); there were no significant differences 
in the ratio of obstruction with the size of the 

calculi (Table 3). These results disagree with 
the commonly accepted theory that bladder 
calculi are always associated with BOO [1–3]. 
This theory is based on ‘received wisdom’ 
rather than evidence-based studies. However, 
10% of the patients had detrusor under-
activity that could be a direct cause of the 
formation of bladder calculus. The role of 
detrusor under-activity in the formation of 
bladder calculi has not been proposed 
previously [1–3,15], perhaps because it is not 
possible to diagnose this condition based on 
symptoms only, without using a urodynamic 
study. Also, 18% of the patients with bladder 
calculi had a completely normal study; this 
disagrees with the suggestion that the 
presence of bladder calculi always has an 
underlying cause. Finally, two-thirds of the 
stones were associated with detrusor 
overactivity; this rate is higher than in the 
general population and the explanation might 
be that the stone leads to direct irritation of 
the bladder mucosa, producing detrusor 
overactivity. This is supported in that calculi of 

 

>

 

4 cm were associated with more detrusor 
overactivity than those of 

 

<

 

4 cm (Table 3); 
because the mean size of the bladder calculi 
was rather large (5.42 cm, Table 1), this would 
explain the rather high incidence of detrusor 
overactivity.

That there were no differences between the 
results of urodynamics and uroflowmetry 
(Table 2) with or with no stone shows that the 
presence of stones in the bladder does not 
affect the results of these measurements. 
Thus a urodynamic study can be used in 
the presence of bladder calculi and it is 
unnecessary to wait until the bladder is 
stone-free to assess actual bladder function.

After assessing previous publications and the 
present results it remains difficult to 

determine the mechanism of bladder 
lithogenesis. There are some situations that 
promote the formation of bladder calculi, e.g. 
foreign bodies, a neurogenic bladder, previous 
surgery, bladder augmentation or 
substitution, a history of chronic bacteriuria 
by urea-splitting organisms, or a previous 
bladder catheter [1,16–18]. In these situations 
the causal factor is well established but it 
accounts for a small proportion of all bladder 
calculi. However, in most cases (mainly men 
with prostatic enlargement) the cause of 
bladder calculi remains unclear. With the 
present results it is difficult to accept that the 
only cause of bladder calculi is BOO, as this 
was only found in half the cases; in 10% of 
patients the stones can be explained by 
detrusor under-activity, but there is no reason 
why 18% of patients with a normal 
urodynamic study developed bladder calculi. 
Another possibility is that regardless of the 
presence of BOO, a high PVR can promote 
lithiasis, although this proposal is not well 
supported, because the mean PVR was 

 

<

 

100 mL.

There is also speculation about the role of 
stones from the upper urinary tract in the 
formation of bladder calculi. This is difficult to 
assess, because although 74% of the present 
patients had a history of lithiasis, only 2% of 
the bladder calculi were diagnosed after 
colicky flank pain, and the large mean size of 
the bladder calculi (5.41 cm) suggests a long 
period of formation within the bladder.

In conclusion, although the cause bladder 
calculi remains unclear and may be 
multifactorial, we showed that the presence 
of stones does not interfere with the results 
of urodynamic studies, and, conversely to 
what has been accepted for years in urology, 
the presence of bladder calculi is not always 
associated with BOO. Thus when treating 
bladder calculi it is not necessary to 
automatically add treatment for prostatic 
enlargement.
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