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A B S T R A C T 

To improve the quality of bladder contractions induced by parasympathetic stimulation and to 
facilitate the init iat ion of voiding, we investigated the effect of sympathetic stimulation on the 
parasympathetic innervation of the bladder i n 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 2 was stimulated. 

W i t h 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 i n 77.7 per cent of stimulations and the bladder 
was emptied by a mean of 68.7 per cent; w i th S 2 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 t o elucidate the role o f 
the sympathetic nervous system i n bladder and urethral func­
t i o n , but t h e q u e s t i o n o f h o w t h e a u t o n o m i c n e r v o u s s y s t e m 
initiates voiding remains unclear. The sympathetic nervous 
system exhibits its action on smooth muscle cells through two 
different types o f adrenergic receptors. Stimulation o f alpha-
adrenergic receptors generally results in excitation, producing 
a contraction o f the smooth muscles, whereas stimulation o f 
the beta-receptors results in an inhibitory o r muscle-relaxing 
effect. Previous studies1 have shown that adrenergic receptors 
are present throughout the bladder: beta-adrenergic receptors 
predominate in the body and dome; and alpha-adrenergic r e ­
ceptors in the base and bladder neck. In the urethra, alpha 
receptors predominate.2 

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.3 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.3 In contrast, others have claimed a consistent, marked 
facilitation of the parasympathetic postganglionic potential in 
the same species.4 Histochemical5 ,6 and ultrastructural 
evidence6 for a sympathetic action on the parasympathetic 
bladder ganglia is now well established. 

During hypogastric nerve stimulation, an initial contractile 
A c c e p t e d for publ icat ion J u n e 6, 1990. 
* R e q u e s t s for repr ints : D e p t . of Urology , U C S F S c h o o l of M e d i c i n e , 

S a n F r a n c i s c o , C A 94143. 
D r . B o s c h w a s the recipient of a grant from the S o p h i a F o u n d a t i o n 

for M e d i c a l R e s e a r c h , T h e N e t h e r l a n d s . 

bladder response followed by relaxation was found in the cat 3 , 7 , 8 

and dog. 9 1 1 This response was elicited whether the pelvic nerves 
w e r e i n t a c t o r t r a n s e c t e d . T h e r e l a x a t i o n p h a s e w a s a b o l i s h e d 
by ß-blockers.3,10 The initial bladder contraction was not 
blocked by phentolamine8'12 (or was so only partially 1 0) and was 
inconsistently influenced by phenoxybenzamine. 3 , 7 , 8 , 1 1 - 1 3 This 
initial contractile response is not confined to the bladder base11 

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,8 non-adrenergic,10 and possi­
bly alpha-adrenergic, but mediated by receptors that must have 
pharmacologic characteristics different from those involved in 
ganglionic transmission.3 

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.11 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.11 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.3 

On anatomical grounds, Feher et al. 1 4 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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in the init iat ion of micturit ion 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.1 Γ' 1 7 As the pelvic nerve contains a certain 
number of sympathetic fibers, 1 5 1 7 the ventral root of S2 was 
used in some animals for parasympathetic stimulation. The S 2 

root in the dog is equivalent to the S3 root in man, and i t 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 . 1 8 

M A T E R I A L S A N D M E T H O D S 

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
t ion 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 2 

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 wi th an open end was inserted in the 
bladder dome via a small stab wound and secured with a 
pursestring suture. T h e catheter w a s c o n n e c t e d to a Statham 
transducer via a three-way stopcock and fluid-filled lines. The 
stopcock allowed for bladder f i l l ing and emptying. 

To study the effects of stimulations on the bladder base, one 
ureter was freed about 10 cm. above the ureterovesical junction. 
I t was transected and tied proximally; the distal end was 
cannulated with a 3.5F catheter wi th an end-hole. This catheter 
was advanced unt i l its t ip 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 s , and platinum cuff electrodes 
(Avery Labs) were placed around them for stimulation. I f the 
pelvic nerve was to be used for parasympathetic stimulation, i t 
was identified on one side (fig. I B ) lateral to the rectum and a 
platinum cuff electrode was placed around i t . I f the ventral root 
of S 2 was to be used, the dog was turned on its abdomen after 
closure and a laminectomy was performed extending from L 6 

to S.i, giving a wide exposure of the sacral roots in their 
extradural course. The S 2 root was identified and a good bladder 
response was confirmed by stimulation wi th 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 i t . 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-

F l G . 1. A , s y m p a t h e t i c t r u n k s isolated v i a a n approach posterolat ­
eral to aorta ( sympathet ic t r u n k s = open c irc les ; aorta displaced to 
right by retractor = open d i a m o n d ) . B , anatomy of pelvic plexus (pelvic 
nerve = closed d iamond; hypogastric nerve = closed triangle; per ives ica l 
fat = open d iamond; rectum = open tr iangle) . 



1254 B O S C H A N D A S S O C I A T E S 

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 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 S2 ventral root alone to determine the threshold 
voltage that elicited a bladder response of at least 10 cm. H 2 0 
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 S2 

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

sented means of the series of control or synchronized stimula­
tions. Statistical analysis was done with Student's t test. 

R E S U L T S 

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 2 0 (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 stimufation alone. The increases in bladder 
pressure with pelvic nerve stimulation in six dogs ranged from 
12 to 21 cm. H 2 0 (see table 1) and were better sustained than 
those with sympathetic stimulation (flg. 2A), yet voiding still 
did not occur. With S2 ventral root stimulation in three dogs, 
the increases ranged from 13 to 17 cm. H 2 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 S2 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. 

T A B L E 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 

Voltage f Pressure* 
(cm. H 2 0 ) 

% 
Void Voltage 1 Pressure 

(cm. H 2 0 ) % Void 1 Pressure 
(cm. H 2 0 ) % Void % 

Emptying 
Pelvic nerve (N = 6) 

3.2t 6.3 0 2.6 17.2 0 41.8 77.7 68.7 
(0.1-6) (3-9) (0.5-5) (12-21) (21-61) (25-100) (25-100) 

S 2 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), 
t Values are means, with the range in parentheses. 
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Bladder 
pressure 
(cm H 2 0) 

Proximal 
urethral 
pressure 
(cmHgO) 

Mid-urethral 
pressure 
(cm H 2 0) 

Β 

Bladder 
pressure 
(cm H 2 0) 

Proximal 
urethral 
pressure 
(cmH20) 

Mid-urethral 
pressure 
(cm H 2 0) 

Sympathetic 
trunks 4V 

Pelvic nerve 4V 

S , Sacral root ten sec 
2.5V 

F I G . 2. R e c o r d i n g s of bladder p r e s s u r e a n d p r o x i m a l a n d m i d - u r e ­
t h r a l pressures i n two different dogs. A , s y m p a t h e t i c s t i m u l a t i o n results 
i n i n i t i a l s l ight increase i n bladder pressure a n d s l ight drop i n p r o x i m a l 
a n d m i d - u r e t h r a l pressure . P e l v i c nerve s t i m u l a t i o n resul ts i n increases 
i n bladder a n d p r o x i m a l a n d m i d - u r e t h r a l pressures . B , i n second dog, 
s y m p a t h e t i c s t i m u l a t i o n leads to i n c r e a s e s i n bladder , p r o x i m a l a n d 
m i d u r e t h r a l p r e s s u r e s . I n c r e a s e i n u r e t h r a l pressure is s l ightly delayed 
v i s a v is b ladder pressure a n d is highest w h e n bladder pressure de­
creases . S 2 v e n t r a l root s t i m u l a t i o n also e l ic i ts increases i n bladder, 
p r o x i m a l a n d m i d - u r e t h r a l pressures . 

Blood 
pressure 200 
(cm H 2 0) 

*********** 

pressure 
(cm H 20) 0 

Voided 5 0 

volume (mi) 
0 

Pelvic nerve 4V 
Pelvic nerve 4V 

Sympathetic 
trunks 4V 

Blood 
pressure 
(cm H 20) [ 

Β 

200i 

0 

Pelvic nerve 4V Pelvic nerve 4V 
t 

Sympathetic 
trunks 4V 

F l G . 4. R e c o r d i n g s of blood pressure , bladder pressure a n d voided 
vo lume w i t h pelvic nerve s t i m u l a t i o n alone a n d w i t h s y n c h r o n i z e d 
s t i m u l a t i o n : A , s t i m u l a t i o n w i t h s y m p a t h e t i c t r u n k s intact ; B , s t i m u ­
lat ion of dis ta l ends of t r a n s e c t e d s y m p a t h e t i c t r u n k s . S y n c h r o n i z e d 
s t i m u l a t i o n leads to voiding i n both s i tuat ions . 

S ? 5·αβΓ7«12 5V W I M C Sympathetic Sj Sa^iuoot 2.5V Sympathy trwM0.1V 

trunks 0 t V S 2 Sacral root 2.5V 

F l G . 3. R e c o r d i n g s of bladder p r e s s u r e a n d voided volume. L e f t : 
S t i m u l a t i o n o f S 2 v e n t r a l root i n c r e a s e s bladder pressure but does not 
resul t in voiding . M i d d l e : S t i m u l a t i o n of s y m p a t h e t i c t r u n k s increases 
the bladder p r e s s u r e . S 2 v e n t r a l root s t i m u l a t i o n , begun after s y m p a ­
thet ic s t i m u l a t i o n is stopped, does not modify bladder response. R i g h t : 
W h e n S 2 v e n t r a l root s t i m u l a t i o n is begun three seconds after s y m p a ­
thet ic s t i m u l a t i o n , increases i n bladder pressure appear to augment 
e a c h other a n d 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 2 0 , which reflects the 
increase in bladder pressure of 16.8 cm. H 2 0 (table 2). Sympa­
thetic trunk stimulation in eight dogs led to an average increase 
in ureteral perfusion pressure of 11.9 cm. H 2 0 . On average, the 
bladder pressure was 43% less (6.8 cm. H 2 0) , which reflects the 
greater impact of sympathetic stimulation on the bladder 
base.19"21 

F I G . 5. R e c o r d i n g s of bladder pressure , m i d - u r e t h r a l pressure , a n d 
voided volume w i t h pelvic nerve s t i m u l a t i o n alone (left), s y m p a t h e t i c 
s t i m u l a t i o n alone (middle) , a n d s y n c h r o n i z e d s t i m u l a t i o n (r ight) . S y n ­
c h r o n i z e d s t i m u l a t i o n leads to voiding. M i d - u r e t h r a l pressure t r a c i n g 
shows u r e t h r a l contract ions t y p i c a l o f dog d u r i n g 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 2 0 ; with S2 ventral root stimulation (2.5-4V), the in­
creases ranged from 15 to 30 cm. H 2 0 . 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. 

D I S C U S S I O N 

In the present study, the fact that sympathetic stimulation 
had to overlap parasympathetic stimulation, at least until mic-

http://trwM0.1V
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pressure 
(cm H20) 

Mid-urethral 
pressure 

Voided 
volume (mi) 

Bladder 
pressure 
(cm H20) 

Mid-urethral 
pressure 
(cm H20) 

. . .Γ - - - . -

Λ -

Pelvic nerve 0.5V 
Pelvic nerve 0.5V 

Sympathetic 
trunks 4V 

. / 

y r—Void -H 

Pelvic nerve 3V 
Pelvic nerve 3V 

Sympathetic 
trunks 6V 

F I G . 6. R e c o r d i n g of bladder, m i d - u r e t h r a l pressure , a n d voided 
volume w i t h pelvic nerve s t i m u l a t i o n alone a n d s y n c h r o n i z e d s t i m u l a ­
t ion i n two different dogs. A , pelvic nerve s t i m u l a t i o n does not lead to 
voiding. S y m p a t h e t i c s t i m u l a t i o n begun j u s t before pelvic nerve s t i m ­
ulat ion leads to sl ight increase i n bladder pressure a n d sl ight drop in 
m i d - u r e t h r a l pressure . D u r i n g s y n c h r o n i z e d s t i m u l a t i o n , voiding oc­
c u r s . B , i n the second dog, pelvic nerve s t i m u l a t i o n does not lead to 
voiding. S y m p a t h e t i c s t i m u l a t i o n leads to sl ight increase i n both b l a d ­
der a n d m i d - u r e t h r a l pressure . D u r i n g s y n c h r o n i z e d s t i m u l a t i o n , v o i d ­
ing occurs (v isual observat ion) . A r r o w h e a d s indicate period of voiding. 
D u r i n g pulsati le u r e t h r a l contract ions , only s m a l l spurts were seen. 

T A B L E 2. Ureteral perfusion pressure and bladder pressure increases 
during sympathetic trunk or pelvic nerve stimulation 

Sympathetic Trunk Stimulation Pelvic Nerve Stimulation 
(N = 8) (N = 5) 

Ureter Bladder Ureter Bladder 

11.9 (6.5-25)* 6.8 (3-14) 17.2 (13-29) 16.8(13-27) 
ρ = 0.07 ρ = 0.58 

* Values are means in cm. H 2 0 ; the range is in parentheses. 

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 ganglia4 

or to a secondary reflex mechanism. De Groat and Saum3 found 
that hypogastic nerve stimulation elicited reflex firing in post­
ganglionic parasympathetic fibers, which they explained by 
activation of vesical afferente during the initial contractile 
phase. La Grange11 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. , 2 2 in experiments with pressure-flow-EMG studies during 
micturition in dogs before and after sympathectomy, found that 
sympathectomy significantly decreased the contraction pres-

Ureteral 
perfusion 
pressure 
(cm H20) 

Sympathetic 
trunks 4V 

ten sec 

F l G . 7. R e c o r d i n g s of uretera l perfusion pressure during s y m p a ­
thet ic s t i m u l a t i o n : A , w i t h bladder opened anter ior ly ; B , w i t h b l a d d e r 
removed, leaving only bladder base a n d ureteroves ica l j u n c t i o n i n t a c t ; 
a n d C , w i t h ureter cut about four c m . d is ta l to perfusion c a t h e t e r . 
S y m p a t h e t i c s t i m u l a t i o n 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, 1 0 , 2 3" 2 5 although inconsistent26 

and excitatory as well as inhibitory 2 7 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.2 5 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,11 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.2 8 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).28,29 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.30 

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.2 5 

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. 
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