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Abstract Detrusor dysfunction does not recover in
some patients with benign prostatic hyperplasia (BPH)
even after prostate resection. ‘We studied the functional
restoration of the rat bladder after release of short- or
long-term outflow obstruction. Bladder function was
assessed by in vivo infusion cystometry and an in vitro
organ bath technique. There were no significant differ-
ences in bladder weight and contractile strength induced
by stimuli in detrusor muscle strips from obstructed rats
and age-matched control rats. After short-term ob-
struction the whole bladder pressure generated in vitro
by field stimulation, bethanechol, ATP, and KCI com-
pletely recovered to control levels. In contrast, after
long-term obstruction, the whole bladder pressure in
response to field stimulation remained significantly
lower than in controls. Infusion cystometry variables,
including the pressure at which micturition was induced,
maximal voiding pressure, capacity, and residual urine
volume, were similar between controls and rats sub-
jected to short-term obstruction. However, the maximal
voiding pressure after long-term obstruction was sig-
nificantly less than that of controls.
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Introduction

Recovery of detrusor dysfunction following surgical re-
section of the prostate is controversial [4, 20, 21]. After
prostatectomy, about one-third of patients complain of
bladder irritability resulting in urgency and/or urge in-
continence, while other patients suffer from a decreased
urine stream because of impaired detrusor contractility.
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Symptoms of outflow obstruction secondary to be-
nign prostatic hyperplasia (BPH) can be reproduced in
basic animal models [1-3, 5, 6, 12, 14-16]. Previous
studies from our laboratory have shown that the
detrusor contractile response to various stimuli is sig-
nificantly increased by short-term outflow obstruction of
up to 28 days, with an increase in nocturnal micturition
frequency [14]. In contrast, longer periods of obstruc-
tion, e.g., 3-6 months, significantly impair detrusor
contractility with over 60% of rats voiding urine with
overflow-type incontinence [15]. In this study, we as-
sessed bladder function in rats following release of either
short-term or long-term obstruction.

Materials and methods

Operative procedure

Twelve-week-old male Sprague-Dawley rats (Chubu Kagaku Inc.,
Aichi Japan) (300-350 g) were anesthetized with sodium pento-
barbital (50 mg/kg). Sterile technique was employed for the surgical
creation of a partial outflow obstruction. Supine rats underwent a
midline suprapubic incision, and the prostate lobes were retracted
to expose the bladder neck and urethra without causing damage to
the bladder. Bilateral dissection of the space surrounded by the
ureter, the urethra, and the vas deferens was performed. After
placement of a catheter (outside diameter 1.70 mm) on the urethra,
a 2-0 silk suture was passed behind the urethra and ligated. The
catheter was then removed. The presence of the catheter ensured
that the ligature did not significantly compress the urethra. The
bladder and prostate were returned to their normal positions and
the skin incision was closed. Control rats of the same age were
maintained under the same conditions but did not undergo surgery.
The urethral ligation was removed through the same skin incision
under pentobarbital anesthesia. Experimental animals were divided
into two groups. Group A consisted of 12 rats with urethral ob-
struction for 2 weeks, with assessment of bladder function 4 weeks
after release of the obstruction. Group B was composed of 12 rats
subjected to urethral obstruction for 6 months, with assessment 3
months after the obstruction was released. Twelve age-matched
control rats were used for group A and ten for group B.

In vivo infusion cystometry

Anesthetized rats (urethane, 1.2 g/kg) were placed in a supine po-
sition and a suprapubic longitudinal incision was made. The
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bladder was gently exposed, and intubated suprapubically with a
double-lumen catheter which was then ligated with a 4-0 silk su-
ture. The ureters were not ligated. The outside catheter (OD
1.20 mm) was connected to a pressure transducer, and the intra-
vesicular pressure was recorded continuously on a Rectigraph 8S
(San-ei Co., Tokyo, Japan). The inner catheter (OD 0.54 mm) was
connected to an infusion pump (model STC-521, Terumo Co.
Tokyo, Japan) and saline was infused. To eliminate the effect of
infusion pressure on intravesical pressure, the inner catheter was
2 mm longer than the outside catheter.

The infusion rate was set at 0.05 ml/min. Capacity, maximal
voiding pressure, pressure at which micturition was induced,
voided urine volume, and residual urine volume were measured in
obstruction-released and control rats. Capacity was defined as the
volume of voided plus residual urine at voiding. Voiding pressure
was defined as the point of phasic increase in bladder pressure
which resulted in voiding. The pressure at which micturition was
induced was the intravesical pressure just before the phasic con-
traction for voiding started.
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Pressure transducer

. Double lumen catheter

Fig. 1 Experimental setup for in vivo rat infusion cystometry

Fig.2 Experimental setup for
whole rat bladder in vitro
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In vitro whole bladder studies

After infusion cystometry, the ureters and urethra were ligated with
3-0 silk sutures. The entire bladder was excised and transferred into
an organ bath containing 30 ml Krebs’ solution (NaCl 119 mM,
KCl 47 mM, MgSO, 1.2mM, KH,PO, 1.2 mM, NaHCO;
25 mM, CaCl, 2.5 mM, and glucose 11 mM). The bladder was
filled to a capacity of 0.5 ml and incubated for 30 min under an
atmosphere of 95% O, and 5% CO,. Pressure increases generated
by field stimulation, bethanechol (7.4 and 600 uM), ATP (2 mM),
and KCI (124 mM) were measured. Field stimulation utilized
platinum electrodes set on both sides of the tissue in the organ bath.
Transmural nerve stimulation was performed with a DPS-160 field
stimulator (Dia Medical System, Tokyo, Japan) delivering biphasic
square wave pulses of 50 V, 1 ms duration, and variable frequen-
cies (2,4, 8, 16, 30, and 60 Hz). Stimulation was maintained for 5 s.
The interval between stimulations was 2 min. The polarity of
electrodes was changed after each pulse by means of a polarity-
changing unit. Contraction of the bladder to field stimulation was
almost completely suppressed by 107 M tetrodotoxin.

In-vitro study of muscle strips

After bladder weight had been recorded, two longitudinal strips
(8 x 1.5 mm) were created from the bladder body. These muscle
strips were suspended in an individual organ bath containing 10 ml
Kzrebs’ solution at 37 °C under an atmosphere of 95% oxygen and
5% carbon dioxide. One end of each strip was connected to a force
displacement transducer (Model 45196 San-ei Co., Tokyo, Japan)
and changes in muscle tension were measured and recorded on a
Rectigraph-8 X (San-ei Co., Tokyo, Japan).

Each strip was equilibrated for 30 min. Resting tension was
adjusted to approximately 1 g at the end of incubation. Tension
increases in response to field stimulation, bethanechol at concen-
trations ranging from 0.8 to 600 pM, and maximal doses of ATP
(2 mM) and KCI (124 mM) were determined under the same ex-
perimental conditions as the whole bladder study.

Drugs
Bethanechol, tetrodotoxin, and ATP were obtained from Sigma,

St. Louis, MO. A high potassium solution was prepared by re-
placing NaCl with an equimolar amount of KCl in Krebs’ solution.
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Statistical analysis

Measurements in infusion cystometry and pressure increases in in
vitro whole bladder studies were expressed as cmH,0. The in vitro
contractile strength of muscle strips was normalized by tissue
weight (g/100 mg tissue). Statistical analysis utilized Fishers’ pro-
tected least significant difference test. A probability level of
P < 0.05 was accepted as statistically significant.

Results

Mean bladder weight was not different between the two
experimental groups and the respective age-matched
controls: 146.4 + 4.1 and 141.0 + 8.2 mg for group A
and controls, respectively, and 183.0 £ 11.3 and
173.8 £ 5.6 mg for group B and controls, respectively.
Values for each cystometric measurement are shown in
Table 1. In group A there was no difference in means for
cystometric variables compared to controls. However,
the mean maximal voiding pressure for group B rats was
significantly lower than for controls. A representative
cystometrogram of group B and a control are illustrated
in Fig. 3. In the in vitro whole bladder model, the re-
sponses of group A rats to field stimulation, bethan-
echol, ATP, and KCI were not altered compared with
controls. However, the mean whole bladder pressure
generation for group B rats in response to high freqency
of field stimulation was significantly weaker than for
controls (Table 2, Fig. 4). In vitro tension increases of
muscle strips in response to field stimulation, bethan-
echol, ATP, and KCl were not different between the two
experimental groups and the respective age-matched
controls (Table 3).

Discussion

Pathological detrusor function in the patients suffering
from BPH has been a long-standing subject of various
experimental and clinical studies [1-3, 5, 6, 12, 14-16,
21]. Bladder symptom secondary to outflow obstruction
can be categorized into two groups: irritative symptoms
such as urgency or urge incontinence influenced by
detrusor hyperactivity, and obstructive symptoms of
weak stream or incomplete evacuation caused by im-
paired detrusor contractility. Animal experiments have
suggested that the partial outflow obstruction for a short
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Fig. 3a,b A representative cystometrogram from a group b bladder
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Fig. 4 Frequency response curves. Each point represents a mean
+ SEM of six (short-obstruction and short-control) or four (long-
obstruction and long-control) individual observations. ~Significant
difference from the value of age-matched controls, P < 0.05

Table 1 Mean values of cy-

stometric variables in obstruc. ~ farameter Group A Control Group B Control
tion-released and  control (n=6) (n=16) (n=10) (n=16)
bladders ;
Pressure at which 46 +£0.84 5.7 £0.51 6.3 *0.76 4.8 £0.86
micturition was
induced (cmH,0)
Bladder capacity (ml) 0.45 + 0.08 0.41 + 0.06 0.59 £ 0.14 0.57 £0.13
Maximum voiding 213 £22 22.8 £2.7 124" + 1.5 202 +1.2
pressure (cmH,0O)
Volume of 0.03 £ 0.02 0.02 £ 0.01 0.02 £ 0.02 0.01 £ 0.01

"Significant difference from

control bladder, P < 0.05 residual urine (ml)




196

Table 2 Mean maximum pressure increases of rat whole bladders
generated in vitro in response to various stimuli (cmH,0)

Stimulations Group A Control Group B Control
(n=106) (n=16) (n=4) (n=4)
Field stimulation 63.3 67.3 463 61.3
(60 Hz) +2.8 6.4 +3.8 4.7
Bethanechol 53.5 61.2 51.5 59.5
(600 uM) 2.9 3.6 6.7 +4.9
ATP 10.2 11.8 13.0 13.0
(2 mM) 1.1 23 +3.8 1.3
KCl 43.0 51.2 44.0 48.3
(124 mM) +1.9 +34 4.7 +2.8

" Significant difference from control bladder, P < 0.05

Table 3 Mean maximal tension increases in muscle strips taken
from obstruction-released and control bladders

Stimuli Group A Control Group B Control
(n=16) (n=06) (n=106) (n=16)
Field stimulation 36.1 349 30.9 32.6
(60 Hz) 2.6 +2.7 +2.9 +3.0
Bethanechol 46.4 46.2 37.5 37.8
(600 pM) +3.1 +2.6 +3.0 +2.6
ATP 6.9 7.0 5.6 6.9
(2 mM) +0.6 +0.9 +0.8 +1.2
KCl 37.8 36.1 29.5 31.2
(124 mM) +2.9 +2.0 +2.8 2.7

period of time results in increased detrusor contractility
[5, 6, 14, 18], but that severe obstruction lasting for a
long time impairs the detrusor contractility 3, 6, 12, 15,
16]. These basic findings are not always applicable to
clinical situations because the time of onset of obstruc-
tion is usually unknown and other etiologies for detrusor
dysfunction may be involved.

Our previous study demonstrated that partial ure-
thral ligation of up to 28 days in rats increases the
nocturnal frequency of micturition in vivo and augments
detrusor contractility in vitro [14]. The present study
showed that release of outflow obstruction lasting 2
weeks returned bladder contractility to normal in vivo
and in vitro, which is consistent with the results of
Speakman et al. [18]. Using pigs they demonstrated that
increased detrusor responses to acetylcholine, KCl, and
field stimulation following 3 months of obstruction were
returned to normal by releasing the obstruction. These
findings suggest that compensatory mechanisms involv-
ing detrusor muscle play a role in overcoming the in-
creased flow resistance caused by obstruction so that
elimination of outflow obstruction normalizes detrusor
activity. Clinical observations suggest that resection of
the prostate would be beneficial for patients having de-
trusor instability due to BPH [21].

Using rats subjected to long-term obstruction, we
have previously demonstrated that detrusor contractility
decreases in a time-dependent fashion and that over 60%
of rats so treated evacuate urine by overflow inconti-
nence [15]. The current study, however, showed that 3

months after release of a 6-month-long obstruction,
detrusor function as well as bladder weight recovered
almost to normal levels except for two variables: maxi-
mal voiding pressure and the contractile force of the
whole bladder in response to field stimulation. A de-
crease in voiding pressure in vivo can be induced by a
decrease in urethral resistance. However, since whole
bladder pressure generation in vitro was also suppressed
in long-term obstructed bladder, it is possible that nerve-
mediated responses may be slow to recover compared to
other physiologic bladder processes involving direct re-
ceptor stimulation or direct muscle stimulation. In the
past some reports have suggested that decreased
detrusor contractility can be fully restored after release
of obstruction [7, 10, 11], but other studies have found
that this is not so [17, 18]. Seki et al. [17] have shown
that some electrical activities of the detrusor muscle
membrane are irreversibly affected even after obstruc-
tion is relieved. Steers et al. [19] have found that re-
leasing obstruction is not enough to restore
morphological normalcy in the major pelvic ganglion;
however, Gabella et al. have shown complete recovery of
this structure [2].

It should be noted that 3 months after release of
6-month obstruction response of muscle strip to field
stimulation was completely recovered; however, pressure
generation of whole bladder to field stimulation in vitro
remained significantly lower than in age-matched con-
trols. We should recognize that the response of smooth
muscle strip and whole bladder is not always the same,
for instance, the response of whole bladder to f-adren-
ergic stimulation is substantially smaller than that of
muscle strip [8]. The discrepancy demonstrated in this
study suggested that the integration of the nervous sys-
tem in the bladder may be restored slowly.

Acute pharmacological study indicated that the se-
verity of outflow obstruction used in this study is milder
than that found by other studies [3, 5-7, 12], because of
a small increase in bladder weight and a significant in-
crease in the contractile strength of muscle strips to
stimuli [14, 16]. However, it has been found that when
the duration of obstruction becomes longer, the con-
tractility decreases in a time-dependent manner with a
larger increase in bladder weight [15]. At 6 months after
obstruction the contractile strength decreased signifi-
cantly with a six-fold increase in bladder weight. Both
contractility and bladder weight recovered after release
of obstruction. The decrease in bladder mass after re-
lease of obstruction is consistent with that found by
other reports [10, 11, 17, 18]. However, the rate of re-
covery of bladder weight differs between reports, prob-
ably depending on severity and/or duration of outflow
obstruction, and the period following release of ob-
struction at which the examination was performed.

For patients with BPH showing a weak stream and a
large amount of residual urine volume, prediction of
bladder recovery often requires a pressure-flow study. It
is generally believed that those outflow-obstructed pa-
tients having a strong increase in detrusor pressure will



be ideal candidates for prostate surgery but that those
with weak detrusor pressure at voiding will not benefit
from surgery [9, 13]. Our previous [15] and present ani-
mal studies, however, suggest that the impaired detrusor
activities caused by long-term obstruction do sometimes
recover to almost normal levels after release of ob-
struction. Further studies are necessary to resolve the
inconsistency between clinical observation and the re-
sults of animal studies.

In summary, release of outflow obstruction lasting
for 2 weeks completely restored bladder function 4
weeks later. However, relief of obstruction lasting for
6 months failed to fully reverse abnormalities in 2 of the
13 variables measured 3 months later, i.c., the maximal
voiding pressure in vivo and the whole bladder pressure
generated in vitro in response to field stimulation.

References

1.Dixon JS, Gilpin CJ, Gilpin SA, Gosling JA, Brading AF,
Speakman MJ (1989) Sequential morphological changes in the
pig detrusor in response to chronic partial urethral obstruction.
Br J Urol 64: 385-390

2. Gabella GI, Berggren T, Uvelius BE (1992) Hypertrophy and
reversal of hypertrophy in rat pelvic ganglion neurons. J Ne-
urocytol 21: 649-662

3. Ghoniem GM, Regnier CH, Biancani P, Johnson L, Susset JG
(1986) Effect of vesical outlet obstruction on detrusor contracti-
lity and passive properties in rabbits. J Urol 135: 1284-1289

4. Grayhack JT, Kozlowski JM (1987) Benign prostatic hyper-
plasia. In: Gillenwater JY, Grayhack JT, Howards SS, Duckett
JW (eds) Adult and pediatric urology. Year Book Medical,
Chicago pp 1062-1126

5.Kato K, Wein AJ, Kitada S, Haugaard N, Levin RM (1988)
The functional effect of mild outlet obstruction on the rabbit
urinary bladder. J Urol 140; 880-884

6. Levin RM, Longhurst PA, Monson FC, Kato K, Wein AJ
(1990) Effect of bladder outlet obstruction on the morphology,
physiology, and pharmacology of the bladder. Prostate 3
(Suppl): 9-26

7.Levin RM, Malkowicz SB, Wein AJ, Atta MA, Elbadawi A
(1985) Recovery from short-term obstruction of the rabbit
urinary bladder. J Urol 134: 388--390

197

8.Levin RM, Brendler K, Wein AJ (1983) Comparative phar-
macological response of an in vitro whole bladder preparation
(rabbit) with response of isolated smooth muscle strips. J Urol
130: 377-381

9.Lim CS, Abrams P (1995) The Abrams-Griffiths nomogram.
World J Urol 13: 34-39

10. Lindner P, Mattiasson A, Persson L, Uvelius B (1988) Re-
versibility of detrusor hypertrophy and hyperplasia after re-
moval of infravesical outflow obstruction in the rat. J Urol 140:
642-646

11. Malmgren A, Uvelius B, Andersson K-E, Andersson PO (1991)
On the reversibility of functional bladder changes induced
by infravesical outflow obstruction in the rat. J Urol 143:
1026

12. Mattiasson A, Ekstrom J, Larsson B (1987) Changes in the
nervous control of the rat urinary bladder induced by outflow
obstruction. Neurourol Urodyn 6: 37-45

13.Reynard JM, Abrams P (1995) Bladder-outlet obstruction-as-
sessment of symptoms. World J Urol 13: 3-8

14.Saito M, Longhurst PA, Tammela TLJ, Wein AJ, Levin RM
(1993) Effect of partial outlet obstruction of the rat urinary
bladder on micturition characteristics, DNA synthesis, and the
contractile response to field stimulation and pharmacological
agents. J Urol 150: 1045-1051

15.8aito M, Ohmura M, Kondo A (1996) Effects of long-term
partial outflow obstruction on bladder function in the rat.
Neurourol Urodyn 15: 157-165

16.Saito M, Wein AJ, Levin RM (1993) Effect of partial outlet
obstruction on contractility: comparison between severe and
mild obstruction. Neurourol Urodyn 12: 573-583

17.Seki N, Karim OM, Mostwin JL (1992) The effect of experi-
mental urethral obstruction and its reversal on changes in
passive electrical properties of detrusor muscle. J Urol 148:
1957-1961

18.Speakman MJ, Brading AF, Dixon JS, Gilpin SA, Gilpin CJ,
Gosling JA (1991) Cystometric, physiological and morpholog-
ical studies after relief of bladder outflow obstruction in the pig.
Br J Urol 68: 243-247

19.Steers WD, Kolbeck S, Creedon D, Tuttle JB (1991) Nerve
growth factor in the urinary bladder of the adult regulates
neuronal form and function. J Clin Invest 88: 1709-1715

20. Sterling AM, Ritter RC, Zinner NR (1983) The physical basis
of obstructive uropathy. In; Hinman F, Jr. (ed) Benign prostatic
hyperplasia. Springer-Verlag, Berlin Heidelberg New York, pp
433-442

21. Turner-Warwick R, Whiteside CG, Arnold EP, Bates CP,
Worth PHL, Milroy EGJ, Webster JR, Weir J (1973) A uro-
dynamic view of prostatic obstruction and the results of pros-
tatectomy. Br J Urol 45: 631-645



