cholinesterase inhibitor, has been used in patients
with neurogenic bladder who have a voiding-phase
bladder dysfunction, namely weak detrusor con-
tractility.> This agent increases detrusor contractil-
ity by inactivating cholinesterase, thus maintain-
ing cholinergic stimulation. The clinical efficacy of
the agent alone and in combination with alpha-
adrenergic agents has been sporadically demon-
strated in the treatment of patients with neuro-
genic bladder or those with clinical BPH.5-®
However, only a few studies have revealed limited
details of the changes in the urodynamic findings
caused by distigmine treatment, mainly for pa-
tients with neurogenic bladder and not for those
with clinical BPH. Moreover, the urodynamic effi-
cacy of distigmine has not been scientifically
proved for patients with clinical BPH who do not
have significant improvement in voiding after
TURP.

In this study, we demonstrated that distigmine
treatment clearly improved the urodynamic and
symptomatic findings in poor voiders after TURP.

MATERIAL AND METHODS

The study included 14 symptomatic patients, 50 years old
and older (median age 69, range 55 to 83), who did not have
symptomatic improvement in voiding after TURP. All patients
were fully informed about risks and benefits of this study and
agreed to participate in it. Their mean International Prostate
Symptom Score (IPSS)® was 18.9, mean quality-of-life (QOL)
index® was 4.6, and mean maximum flow rate (MFR) was less
than 8.9 mL/s. They had undergone TURP at our hospitals (11
patients) or elsewhere (3 patients) more than 4 years {median
54 months, range 3 to 105} before their current voiding status
was evaluated in this study. The 11 patients treated with TURP
a1 our hospitals were those who responded to a postal invita-
tion in the study for long-term follow-up of TURP and visited
our hospitals again. The 3 patients who had been treated else-
where came to see us hoping for an alternative treatment to
improve their poor voiding condition. Their mean age was 66
years old (range 55 to 82) when they had undergone TURP.
The medical records of the 11 patients and that of one of the
patients who had undergone TURP elsewhere revealed that
the mean resection weight of the prostate was 11 g (range 6 to
30). No patients had clinical findings suggestive of neurogenic
bladder, bladder neck contracture, urethral stricture, prostate
cancer, drug-related voiding problems, or other medical con-
ditions affecting voiding function, such as overt diabetes at the
time of TURP or the present study. All 14 patients were eval-
uated with the IPSS, QOL index, and PFS hefore and after 4
weeks of treatment with 15 mg oral distigmine, divided into
three doses daily.

The PFS was done according to the standard procedures'®
using a Uro Desk 300 (Sistemi Electromedicali, Milano, Italy).
In brief, the intravesical pressure was recorded through an
18-gauge suprapubic single-lumen catheter. The abdominal
pressure was recorded through a rectal balloon catheter in-
flated with 10 mL of water. Both pressures were measured by
way of catheters connected through fluid-filled lines to exter-
nal transducers mounted on a stand at the level of the pubis
symphysis. Detrusor pressure was calculated by electronically
subtracting the abdominal pressure from the intravesical pres-
sure. The detrusor pressure during voiding and the MFR were
measured simultaneously. The delay time of the flow raie was
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set at 0.8 second. The urcdynamic parameters measured in the
evaluation of the voiding condition included the MFR,
postvoid residual volume, detrusor pressure at maximum
flow, minimal detrusor pressure, linear passive urethral resis-
tance relation (LinPURR),”! urethral resistance factor
(URA),12 maximum Watus factor (WFmax),!? and detrusor
contractility.2 The URA and WFmax were automatically cal-
culated by the computer program CLIM.!* The LinPURR and
detrusor contractility were determined by using the Schafer
diagram provided by the MFR and detrusor pressure at the
maximum flow 1t

STATISTICAL ANALYSIS

All values are expressed as the mean * standard deviation.
The mean values were statistically compared by the Wilcoxon
signed-rank test for paired groups with the use of computer
software. Fisher's exact probability 1est and the goodness of fit
for the chi-square test were used 1o compare the distributions
of patients before and alter treatment with respect to the de-
grees of LinPURR and detrusor contractility. Statistical signif-
icance was assumed at P <0.05.

RESULTS

PRETREATMENT FINDINGS

All 14 patients were significantly symptomatic
and unsatisfied with their voiding condition,
which was evaluated with the IPSS and QOL index
when they entered the study (Table I). The urody-
namic parameters were also impaired in all 14 pa-
tients, with 9 having an MFR of less than 10.0 mL/s
and 6 having a postvoid residual volume of more
than 100 mL. The PFS before distigmine treatment
revealed no significant bladder outlet obstruction
in any patient, as evaluated with the LinPURR.
Eleven patients were classified as grade 0 and 3
patients as grade 1, indicating no obstruction of
any kind in these patients before drug treatment.
The URA was calculated in 10 patients and also
showed no significant obstruction (Table I). In
contrast, the detrusor contractility in the 14 pa-
tients was clearly attenuated, as evaluated with
Schifer’s diagram (Table II). No patients had nor-
mal or strong detrusor contractility before distig-
mine treatment. Attenuation of detrusor contrac-
tility was also shown in the study of the WFmax,
which was done in 10 patients (Table 1). No patient
had detrusor instability before treatment with dis-
tigmine.

ErFecT OF DIsTIGMINE TREATMENT ON SYMPTOMATIC
AND URODYNAMIC PARAMETERS

After 4 weeks of distigmine treatment, all pa-
tients demonstrated improvement on the IPSS and
QOL index. The mean score for the IPSS and QOL
index was significantly reduced to 9.0 and 2.6, re-
spectively (Table I). In parallel with the improve-
ment in the subjective findings, the MFR and
postvoid residual volume also improved signifi-
cantly with treatment. In addition, detrusor con-
tractility as demonstrated by the WFmax was
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TABLE I.

Symptomatic and urodynamic parameters before and after distigmine treatment in

14 patients
Before After P

Parameters Treatment Treatment Value*
IPSS 189+ 88 9.7 7.7 0.024
QOL index 4609 26+ 13 0.010
Pressure-flow study

Volume voided (mL) 199.0 = 93.4 255.4 + 88.7 0.041

Maximum flow rate (mL/s) 89+36 127 £ 5.6 0.012

Average flow rate (mL/s) 3615 5627 0.003

Residual urine volume {mL) 106.7 + 103.2 36.4 = 66.7 0.004

Detrusor pressure at maximum flow 221+ 173 254 + 8.4 0.196

{cm H,0)

Minimal detrusor pressure (cm H,O) 134 +55 144 +85 0.660

Urethral resistance factor' (cm H,Q) 143+ 39 15.0 6.2 0.954

Maximum Watts factor (W/m?2}* 51+20 7.7+29 0.009

Key: IPSS = International Prostate Symptom score; QOL = quality of life
Data presented ds the mean * standard deviation.
* Wilcoxon signed rank test.

¥ Ten pattents.

TABLE |I. Detrusor contractility by Schéfer’s diagram before and after distigmine treatment

After Treatment (n)

Before Normal Normal Weak Weak Very
Treatment (+) {-) {+) (-) Weak Total*
Normal (+} 0 0 0 0 0 0
Normal [} 0 0 0 0 0 0
Weak (+) 0 3 2 0 0 5
Weak () 1 1 3 1 0 6
Very weak 0 0 0 3 0 3
Totai* 1 4 5 4 0 14
T P = (.075 by goodness test of fit for chi-square test.
clearly augmented after treatment (Table I). Scha- COMMENT

fer’s diagram also indicated that 5 patients had nor-
mal detrusor contractility after treatment and 11
had stronger detrusor contractility than at baseline
(Table 11). Only 2 patients with “weak (+)” and 1
with “weak (—)” detrusor contractility before
treatment had no improvement in contractility.
The distribution of patients according to the de-
gree of detrusor contractility before and after treat-
ment tended to be different.

The treatment did not increase the severity of
bladder outlet obstruction at all, as demonstrated
by the result that 8 and 6 patients had a LinPURR of
grade 0 or grade 1, respectively, after treatment. No
significant difference in the distribution of patients
according to the grade of LInPURR before and after
treatment was noted. Moreover, no significant dif-
ferences were found between the detrusor pressure
at the MFR, minimum detrusor pressure during
voiding, and the URA at baseline and after treat-
ment (Table 1).

The drug was well tolerated by all patients with-
out any particular adverse effects during the
4-week treatment period.
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Impaired detrusor contractility has been re-
ported to account for 17% of men with lower uri-
nary tract symptoms.!*> Patients with this finding
achieve a less satisfactory symptomatic outcome
than those with clear “obstruction.”!617 Thus,
more appropriate candidates may be selected be-
fore surgery by PFS, although selection by PFS has
been controversial. In our study, 14 patients were
studied to determine the efficacy of distigmine
treatment for their poor voiding condition. They
had definite, persistent, symptomatic, and urody-
namic impairment after TURP. Thus, a selection
bias may have occurred in that those with a poor
voiding condition after surgery may have had
homogeneous clinical and urodynamic profiles.
In addition, they might have already had im-
paired detrusor contractility if they had been
studied urodynamically to determine their void-
ing condition by PFS before TURP. However,
they obviously lacked at the time of this study a
urodynamic finding of lower urinary tract ob-
struction as demonstrated by PFS, which may be
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more appropriate for determining the efficacy of
distigmine.

In the neurophysiologic process of bladder con-
traction, parasympathomimetic drugs such as be-
thanecol chloride and distigmine have been theo-
retically expected to have efficacy in facilitating
bladder emptying. However, such agents have not
been established to be clinically effective for im-
proving detrusor function.® In addition, these
agents may also have the potential to increase ure-
thral resistance, thus attenuating their net effect,
although no agreement has been reached on this
issue.® In this situation, parasympathomimetic
drugs have not been frequently used in treatment
of patients with symptomatic BPH for increasing
intravesical pressure and/or enhancing detrusor
contractility. Nevertheless, clinical trials of distig-
mine for patients with symptomatic BPH have been
carried out.?® Shah et al.” reported that patients
who received distigmine after prostatectomy did
not achieve more favorable results than those who
received a placebo, suggesting no clinical benefit
with distigmine. However, these patients may have
had lower urinary tract obstruction and not detru-
sor dysfunction, both of which were suggested by a
higher mean MFR than found in our study. Kat-
sumi et al.® demonstrated that distigmine did not
significantly increase the MFR. Unfortunately,
they did not report the details of the urodynamic
findings, including those by the PFS.

In studies of the efficacy of this drug for treat-
ment of neurogenic bladder, Mermon!® reported
that distigmine increased bladder contractility,
thereby increasing vesical pressure. The drug has
also been shown to enhance detrusor activity and
improve voiding efficiency, as characterized by a
marked decrease in bladder capacity and decrease
in postvoid residual volume.'® However, no urody-
namic details were provided.

We sought to determine whether distigmine
treatment produced a favorable urodynamic effect
in poor voiders after TURP. In our study, all 14
patients had weak detrusor contractility before
participating in the study, as indicated by Schafer’s
diagram and the WFmax. However, the URA and
LinPURR revealed no lower urinary tract obstruc-
tion in these patients. Because they had these back-
ground profiles, they benefited from treatment
with distigmine. In these patients, the treatment
clearly augmented the detrusor contractility as
characterized by the WFmax.

The clinical efficacy of the drug can be explained
by its action on the maximum velocity of shorten-
ing of bladder muscle. According to the Hill equa-
tion, detrusor contractility depends on two prop-
erties of bladder muscle, its maximum velocity of
shortening and the maximum force. The shorten-
ing results in urine flow out of the bladder, ex-
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pressed as the MFR, and the force is related to
pressure development, expressed as the maximum
detrusor pressure.!® Since the two properties have
a trade-off relation, the MFR develops in the case of
no urethral resistance and maximum detrusor
pressure in the case of no flow. Therefore, there is
an inverse relation between detrusor pressure and
urinary flow (ie, the higher the pressure, the lower
the flow and vice versa), although other variables
such as bladder volume and the degree of muscle
activation are also involved. Thus, it can be under-
stood that distigmine treatment enhances the ve-
locity of shortening of the detrusor muscle, which
results in an increase in the MFR, without signifi-
cantly affecting the detrusor pressure because the
urethral resistance basically does not change be-
fore and after treatment. This was particularly true
in our study because our patients did not have
lower urinary tract obstruction. On the other hand,
if there is eventually a drug that works on pressure
development, it may increase the detrusor pressure
and thus detrusor contractility without affecting
the flow rate. It is interesting that oxybutynin hy-
drochloride, a detrusor relaxant, has been reported
to decrease detrusor contractility by reducing the
detrusor pressure at the MFR without influencing
the MFR at all.20.2

The efficacy of distigmine for detrusor contrac-
tility was demonstrated by an increase in the WF-
max in our study. Although various methods to
assess detrusor contractility have been proposed
during the past 10 years, none of them have been
established as the standard measure for clinical
use.l® However, the WFmax is the most widely
used measure for the evaluation of detrusor con-
tractility.-22 It is expressed by the combination of
detrusor pressure, flow rate, and bladder volume.
The parameter has been reported to reflect detru-
sor contractility before and after drug treat-
ment.12.19

In the treatment of our 14 patients, we used 15
mg/day distigmine. This dose may be somewhat
lower than that used in other studies.5? We used
this dose because we empirically understood that a
dose greater than 15 mg/day produces more fre-
quent adverse gastrointestinal effects such as ab-
dominal pain and diarrhea. Anticholinesterase
agents such as distigmine have the potential to
stimulate muscarinic receptors.?*> They can also
stimulate and then depress or paralyze all auto-
nomic ganglia and skeletal muscle, and stimulate
and occasionally depress cholinergic receptors.
These actions may result in adverse effects, includ-
ing cardiovascular effects, such as flushing, palpi-
tation, and blood pressure elevation, and gastroin-
testinal effects, such as nausea, vomiting, diarrhea,
and cramps.? Bronchospasms, salivation, sweating,
and visual disturbances may also occur. The anti-
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cholinesterase agents should not be given 1o
patients with bronchial asthma, peptic ulcers, in-
testinal obstruction, cardiac arrhythmia, or hyper-
thyroidism. Philp et al.® reported that 8 of 23 pa-
tients who received daily intramuscular injections
of 0.5 mg distigmine experienced sweating. Most
of them tolerated the injections until the treatment
was completed. However, the reatment was
stopped in 4 patients who had vomiting and
diarrhea and felt ill. In the study by Shah et al.,”
who conducted a placebo-controlled, double-blind
study, 3 patients in the distigmine group and 1
patient in the placebo group developed diarrhea.
Other adverse effects of this agent were not found
in that study. Although these studies, including
ours, in which distigmine was used for a relatively
short period, did not produce any serious adverse
effects, the safety of the drug for longer periods of
use has to be confirmed in future studies.

In addition, when we consider the long-term use
of parasympathomimetic drugs such as distigmine,
we should remember that the drugs may have the
potential to cause upper urinary tract deterioration
through their action to lower the compliance of the
bladder. Fortunately, our results suggest that the
increase in detrusor pressure with distigmine was
marginal and thus did not significantly reduce
bladder compliance.

We need to conduct additional studies to deter-
mine the optimal dose of distigmine in long-term fol-
low-up and to confirm its urodynamic efficacy. How-
ever, the current results suggest the clinical benefit of
distigmine for poor voiders after TURP when their
poor voiding condition is a result of detrusor con-
tractility and not lower urinary tract obstruction.

In conclusion, poor voiders after TURP who
have weak detrusor contractility but not bladder
outlet obstruction may receive symptomatic and
urodynamic benefits from treatment with oral dis-
tigmine, which produces an increase in detrusor
contractility without enhancing bladder outlet ob-
struction.
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