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SYNCHRONIZED ELECTRICAL STIMULATION OF THE
SYMPATHETIC AND PARASYMPATHETIC INNERVATION OF THE
BLADDER: FACILITATION OF THE INITIATION OF MICTURITION

IN THE DOG

RUUD J. L. H. BOSCH, SHERIF R. ABOSEIF, FRANCOIS BENARD, CHRISTIAN G. STIEF,

RICHARD A. SCHMIDT anp EMIL A. TANAGHO*

From the Department of Urology, University of California School of Medicine, San Francisco, California

ABSTRACT

To improve the quality of bladder contractions induced by parasympathetic stimulation and to
facilitate the initiation of voiding, we investigated the effect of sympathetic stimulation on the
parasympathetic innervation of the bladder in 12 dogs. For the sympathetic system, the lumbar
sympathetic trunks were electrically stimulated; for the parasympathetic system, either the pelvic
nerve or the ventral root of S, was stimulated.

With voltages at or just above the threshold for achieving a measurable effect on bladder pressure,
stimulation of the sympathetic system or the pelvic nerve alone did not lead to voiding, and sacral
root stimulation alone elicited voiding in only 7.4 per cent of stimulations. However, when the same
stimulus parameters were used for synchronous stimulation, the voiding process was facilitated
when sympathetic stimulation was begun five to 10 seconds before parasympathetic stimulation.
When the pelvic nerve was used, voiding resulted in 77.7 per cent of stimulations and the bladder
was emptied by a mean of 68.7 per cent; with S, ventral root stimulation, voiding resulted in 83.3
per cent of stimulations and the bladder was emptied by 59.7 per cent. The facilitory effect of
sympathetic stimulation was not abolished when the sympathetic trunks were cut centrally to the
point of stimulation, but was absent when the hypogastric nerves were transected.

We feel that sympathetic stimulation modulates the parasympathetic innervation of the bladder.

(J. Urol., 144: 1252-1257, 1990)

Many studies have been undertaken to elucidate the role of
the sympathetic nervous system in bladder and urethral func-
tion, but the question of how the autonomic nervous system
initiates voiding remains unclear. The sympathetic nervous
system exhibits its action on smooth muscle cells through two
different types of adrenergic receptors. Stimulation of alpha-
adrenergic receptors generally results in excitation, producing
a contraction of the smooth muscles, whereas stimulation of
the beta-receptors results in an inhibitory or muscle-relaxing
effect. Previous studies’ have shown that adrenergic receptors
are present throughout the bladder: beta-adrenergic receptors
predominate in the body and dome; and alpha-adrenergic re-
ceptors in the base and bladder neck. In the urethra, alpha
receptors predominate.?

The effects of sympathetic stimulation on bladder function
can be summarized. Its most powerful effect is a direct inhibi-
tion, mediated by beta-adrenergic receptors, of bladder smooth
muscle cells.® A less powerful, alpha-receptor-mediated inhibi-
tion of the parasympathetic transmission in bladder ganglia
has been described in the cat, although this inhibition varied
among animals in the series and among different postganglionic
fibers in the same animal, and was apparent only when the
excitatory input to the parasympathetic ganglia was at a low
level.® In contrast, others have claimed a consistent, marked
facilitation of the parasympathetic postganglionic potential in
the same species.* Histochemical®>® and ultrastructural
evidence® for a sympathetic action on the parasympathetic
bladder ganglia is now well established.

During hypogastric nerve stimulation, an initial contractile

Accepted for publication June 6, 1990.

* Requests for reprints: Dept. of Urology, UCSF School of Medicine,
San Francisco, CA 94143.

Dr. Bosch was the recipient of a grant from the Sophia Foundation
for Medical Research, The Netherlands.

bladder response followed by relaxation was found in the cat™ "8
and dog.®"! This response was elicited whether the pelvic nerves
were intact or transected. The relaxation phase was abolished
by B-blockers.*'® The initial bladder contraction was not
blocked by phentolamine®'? (or was so only partially’®) and was
inconsistently influenced by phenoxybenzamine.>”%!'-!* This
initial contractile response is not confined to the bladder base'!
and is not in accord with the prevailing theories of facilitation
of storage by the sympathetic system. Pharmacologic studies
have ascribed its origin variously: mediated via the parasym-
pathetic postganglionic pathway,® non-adrenergic,'’ and possi-
bly alpha-adrenergic, but mediated by receptors that must have
pharmacologic characteristics different from those involved in
ganglionic transmission.?

Apart from the initial non-reflexive contractile response,
singular responses in the trigonal area have been noted. These
probably represent a threshold effect or a greater preponder-
ance of adrenergic receptor sites.!' Also, a forceful excitation
at multiple points in the bladder wall has been obtained,
possibly due to a secondary alpha-adrenergic positive feedback
mechanism that excites parasympathetic neurons in the sacral
spinal cord." In agreement with these findings, electrophysio-
logic studies have shown that hypogastric nerve stimulation
often elicits reflex firing in the parasympathetic fibers to the
bladder—an effect that can be abolished by transection of the
pelvic nerves.®

On anatomical grounds, Feher et al.'* have argued that blad-
der contractions are initiated in the trigone, as its innervation
is three times greater than that of the dome. Furthermore, they
argue that local nerve processes and numerous nexal (desmo-
some-like) contacts between smooth muscle cells have a role in
the activation of other parts of the bladder wall. Thus, evidence
exists for a modulatory role of the sympathetic nervous system
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ELECTRICAL STIMULATION

in the initiation of micturition through its action on the bladder
base and its non-reflexive and reflexive excitation of the blad-
der wall. This study was undertaken to investigate this role
further by means of well times and synchronous stimulation of
the sympathetic and parasympathetic nerve supply of the blad-
der in the dog. In our experiments the lumbar sympathetic
trunks were used for sympathetic stimulation, rather than the
hypogastric nerves, because there is electrophysiologic and
morphologic evidence that a second sympathetic pathway from
the sacral sympathetic chain passes to pelvic organs through
the pelvic nerve.'””'” As the pelvic nerve contains a certain
number of sympathetic fibers,'”'” the ventral root of S, was
used in some animals for parasympathetic stimulation. The S,
root in the dog is equivalent to the S; root in man, and it carries
most parasympathetic fibers involved in bladder contraction.
Selective stimulation of the ventral component of the root
diminishes the number of reflex pathways available to sphinc-
teric control.'®

MATERIALS AND METHODS

Twelve mongrel dogs (nine male, three female), weighing 21
to 52 kg. (mean 33 kg.), were studied. The three female dogs
were used to investigate the influence of sympathetic stimula-
tion on the bladder base. The nine male dogs were used for the
synchronized stimulation experiments. In six of the nine, the
pelvic nerve and lumbar sympathetic trunks were stimulated
synchronously; in the remaining three, the ventral root of S,
was used in place of the pelvic nerve.

Anesthesia was induced with acepromazine (0.1 mg./kg.) and
ketamine (five mg./kg.) and maintained with 45- to 60-mg.
intravenous boluses of pentobarbital as needed. The animals
breathed spontaneously. They were placed on a heating pad to
maintain body temperature and received an intravenous drip
of normal saline (two ml./kg./hr.). Blood pressure was moni-
tored through an 18-gauge angiocath in the right femoral artery
connected to a Statham transducer.

Through a midline abdominal incision, the bladder was ex-
posed and a 5F catheter with an open end was inserted in the
bladder dome via a small stab wound and secured with a
pursestring suture. The catheter was connected to a Statham
transducer via a three-way stopcock and fluid-filled lines. The
stopcock allowed for bladder filling and emptying.

To study the effects of stimulations on the bladder base, one
ureter was freed about 10 cm. above the ureterovesical junction.
It was transected and tied proximally; the distal end was
cannulated with a 3.5F catheter with an end-hole. This catheter
was advanced until its tip reached a point about four cm.
proximal to the ureterovesical junction and tied in place. Warm
normal saline was then perfused at the rate of 0.76 ml./min.
with a Harvard perfusion pump; the ureteral catheter was
connected to a Statham transducer via a sidearm.

Both sympathetic trunks (fig. 1A) were isolated posterolat-
erally to the aorta at the level of L, and platinum cuff electrodes
(Avery Labs) were placed around them for stimulation. If the
pelvic nerve was to be used for parasympathetic stimulation, it
was identified on one side (fig. 1B) lateral to the rectum and a
platinum cuff electrode was placed around it. If the ventral root
of S, was to be used, the dog was turned on its abdomen after
closure and a laminectomy was performed extending from L
to S,;, giving a wide exposure of the sacral roots in their
extradural course. The S, root was identified and a good bladder
response was confirmed by stimulation with a needle electrode.
Under magnification, the dorsal and ventral components were
carefully separated and the integrity of the ventral component
was verified by neurostimulation and a platinum cuff electrode
placed around it. The dog was then turned to the supine position
again and the abdomen was reopened.

The voided volume was measured in a calibrated container
connected to a Statham transducer via an opening in the
bottom. The urine was guided into the container via a trans-

OF BLADDER INNERVATION 1253
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Fi1G. 1. A, sympathetic trunks isolated via an approach posterolat-
eral to aorta (sympathetic trunks = open circles; aorta displaced to
right by retractor = open diamond). B, anatomy of pelvic plexus (pelvic
nerve = closed diamond; hypogastric nerve = closed triangle; perivesical
fat = open diamond; rectum = open triangle).
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parent cylinder with a delay of approximately two seconds.
Bladder capacity was determined cystometrically. All stimula-
tions were done with the bladder filled to one third of capacity
and with an open abdomen. Stimulation parameters were: 20
Hz frequency; 200 us pulsewidth.

In five of the nine male dogs, bladder and urethral responses
to stimulation were first recorded with a 7F 2- or 3-membrane
catheter placed in the urethra. The membranes were connected
to Statham transducers. With the 2-membrane catheter, blad-
der and mid-urethral responses (from the area of the external
sphincter) were recorded; with the 3-membrane catheter, prox-
imal urethral responses (from the area of the bladder neck)
were recorded as well. After establishment of the responses, the
membrane catheter was removed and the 5F catheter in the
bladder dome was used for pressure recording (the urethra was
unobstructed).

Control simulations of the lumbar sympathetic trunks alone
were performed to determine the lowest voltage that resulted
in an initial contractile response of the bladder but no voiding.
Control stimulations were similarly performed of the pelvic
nerve or the S, ventral root alone to determine the threshold
voltage that elicited a bladder response of at least 10 cm. H,O
but no voiding. With the same stimulus parameters as in the
control stimulations, variously timed combined stimulations
were performed: stimulation of both systems simultaneously;
sympathetic stimulation begun 5 to 10 sec. before parasympa-
thetic stimulation and continued concurrently; and sympa-
thetic stimulation begun five to 10 sec. before parasympathetic
stimulation, but stopped at its onset. Not all combinations were
tried in all dogs as it became apparent that the second was the
most successful. At least four control stimulations of the sym-
pathetic or parasympathetic system alone and four synchro-
nized stimulations with the most successful timing were per-
formed.

Initially, the intact sympathetic trunks were stimulated, but
later in the experiment they were transected and the distal
ends stimulated. In three animals the hypogastic nerves were
cut at the end of the experiment, and sympathetic trunk and
synchronized stimulations were repeated.

The ureteral perfusion pressure was recorded in eight of the
nine male dogs, during sympathetic trunk stimulation (in eight)
and during pelvic nerve stimulation (in five).

In the female dogs, electrodes were placed around the S,
ventral root and the lumbar sympathetic trunks and a catheter
was placed for measurement of the ureteral perfusion pressure.
The bladder was opened anteriorly to abolish the effect of an
increase in bladder pressure, and the ureteral perfusion pressure
was measured in the presence and absence of stimulation. The
bladder was then excised, leaving only the bladder base intact,
and stimulations were repeated as before. Lastly, the ureter
was freed from the bladder base and divided at the ureteroves-
ical junction and stimulations were again repeated.

All responses recorded by Statham transducers (Model 23
BC) were written on a Grass polygraph (Model 7). In the final
analysis of results, the values for each individual dog repre-
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sented means of the series of control or synchronized stimula-
tions. Statistical analysis was done with Student’s ¢ test.

RESULTS

Sympathetic stimulation alone. Stimulation of the sympa-
thetic trunks alone resulted in an initial increase in bladder
pressure ranging from three to 14 cm. H,O (mean 6.9) in nine
dogs (table 1). The voltage used to elicit this effect ranged from
0.1 to 6 V (mean 2.7). Even with prolonged stimulation, the
bladder response was generally not sustained for more than 10
seconds and no voiding occurred with sympathetic stimulation
alone.

In the five dogs in which recordings were first made with a
transurethral membrane catheter, two types of responses were
seen; in two dogs, sympathetic stimulation led to a small
increase in bladder pressure and, surprisingly, to a slight de-
crease in proximal and mid-urethral pressure (fig. 2A); in three
dogs, both bladder and urethral pressure increased. The dog
whose response is depicted in fig. 2B exhibited a particularly
high increase in proximal and mid-urethral pressure, which was
slightly delayed compared with the increase in bladder pressure
and was highest at that point where bladder pressure decreased.

Parasympathetic stimulation alone. The increases in bladder
pressure with pelvic nerve stimulation in six dogs ranged from
12 to 21 cm. H,O (see table 1) and were better sustained than
those with sympathetic stimulation (fig. 2A), yet voiding still
did not occur. With S, ventral root stimulation in three dogs,
the increases ranged from 13 to 17 cm. H,0. One dog voided in
response to 22.2 per cent of the stimulations, even with the
threshold voltage (for an average occurrence of voiding of 7.4
per cent in the three dogs). Fig. 2B shows that the increase in
bladder pressure was also accompanied by an increase in prox-
imal and mid-urethral pressure.

Synchronized sympathetic and parasympathetic stimulation.
Stimulation of the sympathetic system shortly before parasym-
pathetic stimulation did not decrease the response to the latter
(fig. 3). This was seen in all dogs whether or not voiding
occurred with synchronized stimulation. When stimulation of
both systems was begun simultaneously, voiding did not occur,
nor did it occur when sympathetic stimulation was begun five
to 10 sec. before parasympathetic stimulation and stopped
before it was started. However, when sympathetic stimulation
was begun five to 10 sec. before parasympathetic stimulation
and continued during at least the first part of it, voiding
occurred during a considerable number of stimulations. Syn-
chronized stimulation of the sympathetic trunks and the pelvic
nerve on average led to voiding during 77.7 per cent of the
stimulations, and the bladder was emptied by an average of
68.7 per cent (range 25 to 100 per cent). Synchronized stimu-
lation with the S, ventral root on average led to voiding during
83.3 per cent of the stimulations and the bladder was emptied
by an average of 59.7 per cent (range 10 to 86 per cent).

When the distal ends of the transected sympathetic trunks
were stimulated, the voiding process was still facilitated (fig.
4). However, when the hypogastric nerves were cut, the effect
of sympathetic trunk stimulation was abolished.

TABLE 1. Maximal bladder pressure increase, occurrence of voiding, and percentage of bladder emptying with sympathetic stimulation alone,
parasympathetic stimulation alone, and synchronized stimulation

Sympathetic Trunks Parasympathetic Synchronized
1 Pressure* % 1 Pressure . 1 Pressure . %
Voltage om 1.0 Void Voltage (cm. H,0) % Void (cm. H,0) % Void Emptying
Pelvic nerve (N = 6)
3.2t 6.3 0 2.6 17.2 0 41.8 77.17 68.7
(0.1-6) (3-9) (0.5-5) (12-21) (21-61) (25-100) (25-100)
S, Ventral root (N = 3)
1.7 8 0 0.9 15 7.4 33.3 83.3 59.7
(0.1-2.5) (3-14) (0.1-2.5) (13-17) (0-22.2) (21-50) (50-100) (10-86)

* Measured via catheter in the bladder dome (see Methods).
1 Values are means, with the range in parentheses.
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F1G. 2. Recordings of bladder pressure and proximal and mid-ure-
thral pressures in two different dogs. A, sympathetic stimulation results
in initial slight increase in bladder pressure and slight drop in proximal
and mid-urethral pressure. Pelvic nerve stimulation results in increases
in bladder and proximal and mid-urethral pressures. B, in second dog,
sympathetic stimulation leads to increases in bladder, proximal and
midurethral pressures. Increase in urethral pressure is slightly delayed
vis a vis bladder pressure and is highest when bladder pressure de-
creases. S, ventral root stimulation also elicits increases in bladder,
proximal and mid-urethral pressures.
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F1G. 3. Recordings of bladder pressure and voided volume. Left:
Stimulation of S, ventral root increases bladder pressure but does not
result in voiding. Middle: Stimulation of sympathetic trunks increases
the bladder pressure. S, ventral root stimulation, begun after sympa-
thetic stimulation is stopped, does not modify bladder response. Right:
When S; ventral root stimulation is begun three seconds after sympa-
thetic stimulation, increases in bladder pressure appear to augment
each other and voiding results.

In one dog (fig. 3), the increases in bladder pressure obtained
with sympathetic or parasympathetic stimulation alone simply
augmented each other during synchronized stimulation, and
voiding occurred. However, in eight of the nine dogs the bladder
pressure during synchronized stimulation was much higher
than the sum of the pressure increases obtained with single-
system stimulation (figs. 4-6).

Figure 6 demonstrates the recordings of two different dogs
during pelvic nerve stimulation alone and during synchronized
stimulation. The dog in fig. 6A showed a slight decrease in mid-
urethral pressure at the start of sympathetic stimulation,
whereas the dog in fig. 6B exhibited a slight increase. In both
cases, synchronized stimulation led to voiding.

Effects of sympathetic stimulation on the bladder base. Pelvic
nerve stimulation in five dogs led to an average increase in
ureteral perfusion pressure of 17.2 cm. H,0, which reflects the
increase in bladder pressure of 16.8 cm. H,O (table 2). Sympa-
thetic trunk stimulation in eight dogs led to an average increase
in ureteral perfusion pressure of 11.9 cm. H,0. On average, the
bladder pressure was 43% less (6.8 cm. H,0), which reflects the
greater impact of sympathetic stimulation on the bladder
base.'?*
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F1G. 4. Recordings of blood pressure, bladder pressure and voided
volume with pelvic nerve stimulation alone and with synchronized
stimulation: A, stimulation with sympathetic trunks intact; B, stimu-
lation of distal ends of transected sympathetic trunks. Synchronized
stimulation leads to voiding in both situations.
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Fi1G. 5. Recordings of bladder pressure, mid-urethral pressure, and
voided volume with pelvic nerve stimulation alone (left), sympathetic
stimulation alone (middle), and synchronized stimulation (right). Syn-
chronized stimulation leads to voiding. Mid-urethral pressure tracing
shows urethral contractions typical of dog during voiding.

The experiments in the three female dogs had been under-
taken to confirm that the increase in ureteral perfusion pressure
during sympathetic stimulation is due mainly to contraction of
the bladder base and not to a bladder pressure increase or to
contraction of the distal ureter itself (fig. 7). In the preparation
with an anteriorly opened bladder and with only the bladder
base left intact, sympathetic stimulation (2.5-4V) resulted in
ureteral perfusion pressure increases ranging from seven to 17.5
cm. H,0; with S, ventral root stimulation (2.5-4V), the in-
creases ranged from 15 to 30 cm. H,O. This greater effect of
parasympathetic stimulation was evident in all three dogs.
Distal transection of the ureter abolished the ureteral perfusion
pressure increase during both sympathetic trunk and sacral
root stimulation.

DISCUSSION

In the present study, the fact that sympathetic stimulation
had to overlap parasympathetic stimulation, at least until mic-
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F1G. 6. Recording of bladder, mid-urethral pressure, and voided
volume with pelvic nerve stimulation alone and synchronized stimula-
tion in two different dogs. A, pelvic nerve stimulation does not lead to
voiding. Sympathetic stimulation begun just before pelvic nerve stim-
ulation leads to slight increase in bladder pressure and slight drop in
mid-urethral pressure. During synchronized stimulation, voiding oc-
curs. B, in the second dog, pelvic nerve stimulation does not lead to
voiding. Sympathetic stimulation leads to slight increase in both blad-
der and mid-urethral pressure. During synchronized stimulation, void-
ing occurs (visual observation). Arrowheads indicate period of voiding.
During pulsatile urethral contractions, only small spurts were seen.

TABLE 2. Ureteral perfusion pressure and bladder pressure increases
during sympathetic trunk or pelvic nerve stimulation

Pelvic Nerve Stimulation
(N=25)

Sympathetic Trunk Stimulation
(N =28)

Bladder
6.8 (3-14)

Bladder

11.9 (6.5-25)* 16.8 (13-27)
p = 0.07 p =0.58

* Values are means in cm. H,0; the range is in parentheses.

Ureter
17.2 (13-29)

Ureter

turition actually occurred, suggests that the initiation of voiding
is facilitated by a modulatory effect on the parasympathetic
system. Overall, synchronized stimulation resulted in a mean
bladder pressure increase that was much higher than the sum
of the mean pressure increases obtained with sympathetic or
parasympathetic stimulation alone. In only one dog was the
pressure increase simply a reflection of the sum of the bladder
pressure increases in response to single-system stimulation.

It is likely that the facilitation of micturition is due either to
a direct effect of the sympathetic system on the bladder ganglia*
or to a secondary reflex mechanism. De Groat and Saum?® found
that hypogastic nerve stimulation elicited reflex firing in post-
ganglionic parasympathetic fibers, which they explained by
activation of vesical afferents during the initial contractile
phase. La Grange'' described a positive feedback mechanism,
with afferent and efferent limbs in the pelvic nerve, as being
responsible for the forceful excitation at multiple points in the
bladder wall during hypogastric nerve stimulation. The increase
in bladder contraction pressure during synchronized stimula-
tion is most probably the most important reason for the facili-
tation of the initiation of voiding. Further studies with a
different protocol are necessary to determine whether and to
what extent a change in urethral resistance contributes to the
facilitatory effect during synchronized stimulation. Nishizawa
et al.,” in experiments with pressure-flow-EMG studies during
micturition in dogs before and after sympathectomy, found that
sympathectomy significantly decreased the contraction pres-
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Fi1G. 7. Recordings of ureteral perfusion pressure during sympa-
thetic stimulation: A, with bladder opened anteriorly; B, with bladder
removed, leaving only bladder base and ureterovesical junction intact;
and C, with ureter cut about four cm. distal to perfusion catheter.
Sympathetic stimulation contracts bladder base.

sure of the bladder during voiding, whereas the intraurethral
resistance remained unchanged. They attributed this result to
decreased alpha-adrenergic innervation of the bladder.

Sympathetic activity usually leads to an excitatory action on
the urethral smooth muscle cells,'?** although inconsistent®
and excitatory as well as inhibitory? effects have been obtained.
If, however, the hypogastric nerves are stimulated when the
bladder is full, a urethral pressure increase will not occur,
inasmuch as afferent and efferent discharge in the pelvic nerve
seems to be able to exert a modulatory effect on the urethral
response to sympathetic stimulation.?” In our study, the slight
decrease in urethral pressure seen in two dogs during sympa-
thetic stimulation remains difficult to explain.

The initial contraction of the bladder during sympathetic
stimulation was accompanied by an increase in ureteral perfu-
sion pressure that averaged 43% more than the simultaneous
increase in bladder pressure. Although the number of animals
was small, this difference still nearly attained statistical signif-
icance (p = 0.07). As this increase in perfusion pressure is due
to contraction of the bladder base (fig. 7), it is tempting to
assume that the initial increase in bladder pressure is mainly,
although not exclusively,'" also due to bladder base contraction.

Studies with urodynamics and cineradiography have estab-
lished that micturition is initiated by relaxation of the pelvic
floor, leading to a descent of the bladder base, the start of
funneling of the bladder outlet, and an accompanying drop in
intraurethral pressure. Contraction of the trigonal area and the
detrusor inner longitudinal coat then help to open the proximal
urethra and add to the funneling of the bladder outlet.?® The
necessary period of sympathetic prestimulation of five to 10
seconds that was found in this study correlates with a similar
delay in bladder pressure increase after the intraurethral pres-
sure drop (about five seconds).?®? Furthermore, this concept
is in agreement with the reported finding with simultaneous
electromyographic and bladder pressure recordings taken dur-
ing canine micturition that spiking in the urethrovesical junc-
tion precedes a larger and sustained increase in bladder pres-
sure.*

A modulatory relationship between the sympathetic and
parasympathetic nervous system can help to explain the phe-
nomena occurring during the initiation of micturition. The
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initial contraction of the bladder (mainly the bladder base)
during sympathetic stimulation leads to afferent parasympa-
thetic activity and reflex efferent firing of parasympathetic
postganglionic fibers via a positive feedback mechanism. The
efferent parasympathetic activity then modulates the urethral
response to sympathetic stimulation.?

The modulatory effect of the sympathetic nervous system in
this study was not mediated via a central sympathetic effect,
inasmuch as stimulation of the distal ends of the transected
sympathetic trunks did not abolish the facilitation.

This study shows that synchronized sympathetic and para-
sympathetic stimulation, correctly timed, can facilitate the
initiation of micturition. It also demonstrates the importance
of continued, detailed analysis of the neural processes involved
in micturition. Eventually this could provide us with the nec-
essary knowledge to mimic the physiologic voiding process as
closely as possible by the strategic placement of electrodes and
the exact timing of the necessary stimuli in patients with
certain neurologic voiding disorders.

REFERENCES

1. Awad, S. A., Bruce, A. W, Carro-Ciampi, G., Downie, J. W. and
Lin, M.: Distribution of alpha and beta-adrenergic receptors in
human urinary bladder. Br. J. Pharmacol., 50: 525, 1974.

2. Caine, M.: The autonomic pharmacology of the urinary tract. In:
The Pharmacology of the Urinary Tract. Edited by Caine, M.
Springer-Verlag, p. 5, 1984.

3. de Groat, W. C. and Saum, W. R.: Sympathetic inhibition of the
urinary bladder and of pelvic ganglionic transmission in the cat.
J. Physiol., 220: 297, 1972.

4. Craggs, M. D. and Stephenson, J. D.: Sympathetic facilitation of
parasympathetic pathways to the bladder. J. Physiol., 319: 90,
1981.

5. Hamberger, B. and Norberg, K-A.: Adrenergic synaptic terminals
and nerve cells in bladder ganglia of the cat. Int. J. Neurophar-
macol., 4: 41, 1965.

6. Elbadawi, A.: Comparative neuromorphology in animals. In: The
Physiology of the Lower Urinary Tract. Edited by Torrens, M.
and Morrison, J.F.B. Springer-Verlag, p. 23, 1987.

7. Edvardsen, P.: Nervous control of urinary bladder in cats. IV.
Effects of autonomic blocking agents on responses to peripheral
nerve stimulation. Acta Physiol. Scand., 72: 34, 1968.

8. De Sy, W., Lacroix, E. and Leusen, I.: An analysis of the urinary
bladder response to hypogastric nerve stimulation in the cat.
Invest. Urol., 11: 508, 1974.

9. Ingersoll, E. H. and Jones, L. L.: Effects upon the urinary bladder
of unilateral stimulation of hypogastric nerves in the dog. Anat.
Rec., 130: 605, 1958.

10. Creed, K. E.: The role of the hypogastric nerve in bladder and
urethral activity in the dog. Br. J. Pharmac., 65: 367, 1979.

11. La Grange, R. G.: Peripheral autonomic regulation of the canine
urinary bladder: model proposal. Invest. Urol., 9: 64, 1971.

1257

12. Poirier, M., Riffaud, J. P., Lacolle, J. Y. and Dupont, C.: Effects of
five alpha-blockers on the hypogastric nerve stimulation of the
canine lower urinary tract. J. Urol., 140: 165, 1988.

13. Sigg, E. B. and Sigg, T. D.: Sympathetic stimulation and blockade
of the urinary bladder in the cat. Int. J. Neuropharmac., 3: 241,
1964.

14. Feher, Z., Vajda, J. and Csanyi, K.: Quantitative analysis for
innervation of smooth muscle cells in the wall of the urinary
bladder. J. Auton. Nerv. Syst., 2: 71, 1980.

15. Kuo, D. C., Hisamitsu, T. and de Groat, W. C.: A sympathetic
projection from sacral paravertebral ganglia to the pelvic nerve
and postganglionic nerves on the surface of the urinary bladder
and large intestine of the cat. J. Comp. Neurol., 226: 76, 1984.

16. Schnitzlein, H. N., Hoffman, H. H., Tucker, C. C. and Quigley, M.
B.: The pelvic splanchnic nerves of the male rhesus monkey. J.
Comp. Neurol., 114: 51, 1960.

17. Hulsebosch, C. E. and Coggeshall, R. E.: An analysis of the axon
populations in the nerves to the pelvic viscera in the rat. J.
Comp. Neurol., 211: 1, 1982.

18. Schmidt, R. A., Bruschini, H. and Tanagho, E. A.: Sacral root
stimulation in controlled micturition: peripheral somatic neuro-
tomy and stimulated voiding. Invest. Urol., 17: 130, 1979.

19. Tanagho, E. A. and Hutch, J. A.: Primary reflux. J. Urol., 93: 158,
1965.

20. Tanagho, E. A., Hutch, J. A., Meyers, F. H. and Rambo, O. N. Jr.:
Primary vesicoureteral reflux: experimental studies of its etiol-
ogy. dJ. Urol., 93: 165, 1965.

21. Tanagho, E. A., Meyers, F. H. and Smith, D. R.: The trigone:
anatomical and physiological consideration. I. In relation to the
ureterovesical junction. J. Urol., 100: 623, 1968.

22. Nishizawa, O., Fukuda, T., Matsuzaki, A., Moriya, 1., Harada, T.
and Tsuchida, S.: Role of the sympathetic nerve in bladder and
urethral sphincter function during the micturition cycle in the
dog evaluated by pressure flow EMG study. J. Urol., 134: 1259,
1985.

23. Downie, J. W. and Awad, S. A.: Role of neurogenic factors in canine
urethral wall tension and urinary continence. Invest. Urol., 14:
143, 1976.

24. Kleeman, F. J.: The physiology of the internal urinary sphincter.
J. Urol., 104: 549, 1970.

25. McGuire, E. J. and Herlihy, E.: Bladder and urethral responses to
sympathetic stimulation. Invest. Urol., 17: 9, 1979.

26. Tanagho, E. A., Meyers, F. H. and Smith, D. R.: Urethral resist-
ance: Its components and implications. I. Smooth muscle com-
ponent. Invest. Urol., 7: 136, 1969.

27. Girado, J. M. and Campbell, J. B.: The innervation of the urethra
in the female cat. Exp. Neurol., 1: 44, 1959.

28. Tanagho, E. A. and Miller, E. R.: Initiation of voiding. Br. J. Urol.,
42: 175, 1970.

29. Low, J. A.: Urethral behaviour during involuntary detrusor con-
traction. Am. J. Obstet. Gynecol., 128: 32, 1977.

30. Fredericks, C. M., Anderson, G. F., Rasmussen, E. A. and Pierce,
J. M.: Electrophysiology of the canine urinary bladder. Invest.
Urol., 7: 33, 1969.



