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Summary. In 6 dogs and  6 monkeys  electr ical  s t imula-  
t ion o f  the cavernous ,  p u d e n d a l  and  hypogas t r i c  nerve 
was p e r f o r m e d  to gain  be t te r  unde r s t and ing  o f  the 
erecti le neu rophys io logy .  Ar te r i a l  flow, i n t r a c o r p o r e a l  
p ressure  and  venous  res t r ic t ion  studies dur ing  single 
and  c o m b i n e d  n e u r o s t i m u l a t i o n  d e m o n s t r a t e d  tha t  
in i t ia t ion  and  ma in t enance  of  erect ion is a p a r a s y m p a -  
thet ic  p h e n o m e n o n .  Penile r ig id i ty  however ,  cou ld  
only  be achieved with add i t i ona l  p u d e n d a l  nerve 
s t imu la t ion  resul t ing in muscu la r  compress ion  o f  the 
b l o o d  d i s t ended  cavernous  bodies .  De tumescence  or  
subs idence  o f  e rec t ion  is p r i m a r i l y  under  sympa the t i c  
cont ro l ,  due to inh ib i t ion  o f  s inuso ida l  s m o o t h  muscle  
re laxat ion .  On the basis o f  our  obse rva t ions  we conclu-  
de tha t  peni le  e rec t ion  is dependen t  u p o n  three neuro-  
phys io log ica l  mechanisms:  1. the p a r a s y m p a t h e t i c  
"vascular  mechan i sm" ,  the s o m a t o m o t o r  "muscu la r  
mechan i sm"  and  the sympa the t i c  " inh ib i to ry  mecha-  
nism".  
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Introduction 

A c c o r d i n g  to our  recent ly  p resen ted  results  on erecti le 
a n a t o m y  and  phys io logy  peni le  e rec t ion  is the  resul t  of: 
1. a r te r ia l  d i l a ta t ion ,  2. cavernous  re laxa t ion ,  and  3. 
venous  res t r ic t ion  [3, 4, 10]. The role o f  the p a r a s y m p a -  
thetic nervous  sys tem in in i t ia t ion  and  main tenance  of  
erect ion has been  de te rmined ,  whereas  the exact  neuro-  
logical  unde r s t and ing  of  erecti le con t ro l  r emains  unde-  
fined. 

Part of this paper was presented at the 9th Symposium of the 
Association for Experimental Urology of the German Urological 
Society, June 17-18, 1988, Aachen, Federal Republic of Germany 

Previous  studies of  the ne u rophys io logy  o f  the 
erecti le mechan i sm have resul ted  in more  de ta i led  
unde r s t and ing  [9, 5]. 

Material and methods 

A total of 6 dogs (16 to 30 kg BW) and 6 monkeys (8 to 10 kg BW) 
underwent electrode implantation (Avery Laboratories, NY) for 
selective and combined neurostimulation of the cavernous, pudendal 
and proximal hypogastric nerve as described elsewhere [5]. 

Arterial flow changes during electrostimulation-induced erection 
and/or detumescence were measured using an ultrasonic flow probe 
(Transonic Systems, Inc.; Ithaca, NY) placed around the internal 
pudendal artery in the dogs. Intracorporeal pressure, arterial blood 
flow to the penis and systemic blood pressure (16-GA cannula placed 
in the femoral artery) were measured simultaneously and recorded 
on a Grass polygraph. 

Venous capability was tested by clamping the infrarenal aorta 
temporarily while perfusing the corpus cavernosum with normal 
saline at a constant flow rate (Harvard perfusion pump; 0.9-7 ml/ 
min) [4]. 

The student's-t-test was used for statistical analysis. 

Cavernous nerve stimulation 

After all monitoring devices were in place baseline readings for 
arterial penile flow, corpus cavernosum pressure and systemic blood 
pressure were taken from each animal. 

All dogs and all monkeys underwent electrostimulation of the 
cavernous nerve twice: with the individual threshold parameters to 
induce an erection, and subsequently with a higher amplitude. 
Additionally, all dogs underwent a penile perfusion trial in order to 
study the venous outflow system of the corporeal body before and 
during cavernous nerve stimulation. 

Pudendal nerve stimulation 

In 4 primates single pudendal nerve stimulation was performed in 
addition to the cavernous stimulation, followed by a combined 
neurostimulation of the cavernous and pudendal nerve to see its 
effect on the erectile tissue. 
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Fig. 1. Parasympathetic st imulation resulted in an 
initial intracorporeal pressure drop (cavernous 
smooth  muscle relaxation) followed by an arterial 
inflow (upper chart) and intracorporeal volume and 
pressure increase up to full tumescence. Stimulation 
of the somatomotor  pudendal  nerve fibers at the 
fully erect state culminated in a t remendous intra- 
corporeal pressure rise above systemic blood pres- 
sure and penile rigidity. Additional hypogastric ner- 
ve st imualt ion resulted in subsidence of the para- 
sympathetic-induced (cavernous nerve) erection. 
Erection recurred after sympathetic activation was 
turned off. IPA = internal pudendal  artery; 
ICP = intracorporeal pressure 
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Fig. 2. Intracorporeal pressure (ICP) changes after 
cavernous (cav.) and hypogastric (hyp.) nerve sti- 
mulation in dogs. Single cavernous nerve did result 
in a significant ICP rise and full erection 
(P < 0.005). Additional hypogastric (sympathetic) 
nerve activation caused a significant pressure de- 
crease and detumescence occurred ( P <  0.005). Fur-  
thermore, the systemic blood pressure was elevated 
unter the sympathetic nerve stimulation. The erecti- 
le response was almost  completely renewed after 
cessation of the sympathetic excitation. 
BP = systemic blood pressure 

Table 1. Stimulation parameters 

Cavernous nerve stimualtion 

- voltage: 0.1 to 6 volts (dog) 
6 to 9 volts (monkey) 

- frequency: 20 Hz (dog) 
7 to 10 Hz (monkey) 

Pudendal nerve stimulation 

- voltage: 6 to 9 volts (monkeys only) 
- frequency: 33 Hz 

Hypogastric nerve stimulation 

- voltage: 14 volts (dogs only) 
- frequency: 20 Hz 

Hypogastric nerve stimulation 

The neurostimulation-induced effect of  the sympathetic nerve fibers 
of  the proximal hypogastric nerve, alone and in combination with 
cavernous nerve st imulation was tested in 6 dogs. 

Each arterial flow and intracorporeal pressure trial was followed 
by a saline perfusion study under  single and combined neurostimula- 
tion patterns as described in Table 1. 

Results 

Cavernous nerve stimulation 

T h e  p e n i l e  r e s t i n g  p r e s s u r e  i n  b o t h  c o r p o r a  c a v e r n o s a  

w a s  a p p r o x i m a t e l y  11 t o  25 c m  H 2 0 .  W i t h  a l a t e n c y  o f  

a b o u t  10 s a f t e r  s t i m u l a t i o n  o f  t h e  c a v e r n o u s  n e r v e  t h e  
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Fig. 3. Arterial flow increase after single cavernous 
and hypogastric nerve stimulation 

200 - 

o 
7- 100 

Eo 
saline 
perfusion 

ICP 

34.2 33.3 

N 
Base Peak Base 

> 193.3 

!!!!!!!!!!!!!!!!!!!!!!! 
: , : . ; , :+ : . : . : . : . : . : . : .  

::!::.~:5:':':'!::':5:':! 

!i!i!i!NN~ 
========================= 

: : : : : : : : : : : : : : : : : : : : : : : : :  

: : : : : : : : : : : : : : : : : : : : : : :  

. . . . . . .  . . . . . . . . . . . . . . . . .  

: - : - : - : - : - : . : - . - : - : : - :  

!.?!.?!.!.!.!-!.!.!.!.! 

:~:!~!i!!!!!!!~!!!~!!!!!! 

+ :+ : . : . . . . . . . . . : . . . . .  

i~iN!i!N!! 

N 
Peak 

+ c a v .  

stimulation 

p = 0.014 

p < 0,005 

Fig. 4. Saline perfusion alone did not  show any si- 
gnificant ICP rise. However, additional cavernous 
nerve st imulation did result in a significant rise in 
1CP (same perfusion rate). ICP = intracorporeal 
pressure 

penis lengthered and engorged, before it became 
tumescent. An initial drop in intracorporeal pressure 
was followed by a pressure increase up to a mean peak 
pressure of 127.5 cm H20 to approximate the systolic 
blood pressure (Figs. 1 and 2). The high intracorporeal 
pressure plateau was maintained as long as stimulation 
was continued. 

In the monkeys a slight difference in the erectile 
response was observed. During the tumescence phase 
the penis showed a pulsatile increase in length and 
diameter in accordance with the monkey's own pulse, 
and engorgement of the glans penis and deep dorsal 
vein. At the time of full erection the mean intracorpore- 
al pressure reached 130 cm H20 (dogs 127.5 cm H20). 

Electrostimulation of the cavernous nerve bundle 
was immediately followed by a tremendous arterial 
flow to the corpora cavernosa (4.8 to 44.1ml/min; 
Fig. 3) and an initial drop in intracorporeal pressure 
(Fig. 1). During the tumescence phase the penile blood 
flow declined to almost baseline levels as soon as the 

intracorporeal pressure reached a plateau (127.5 cm 
H20). Detumescence occurred shortly after cavernous 
stimulation was terminated. During the entire study 
the systemic blood pressure remained stable. Saline 
perfusion of the dog's corpus cavernosum with the 
arterial supply cut off temporarily did not result in 
penile erection. Yet, additional cavernous nerve stimu- 
lation caused a rapid pressure increase in the corpus 
cavernosum above the systemic blood pressure 
(>193.3 cm H20; Fig. 4) 

Pudendal nerve stimulation 

Electrical activation of the pudendal nerve fibers in the 
monkeys did not show any significant change in 
intracorporeal pressure (Tab. 4). Once erection or 
tumescence was established by cavernous stimulation, 
additional pudendal nerve activation induced contrac- 
tion of the striated muscle surrounding the proximal 
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Fig. 5. Pudendal nerve st imulation alone did not  
show any significant effect on the erectile tissue 
(P = 0.270). Additional pudendal  nerve stimulation, 
however resulted in penile rigidity with a tremen- 
dous intracorporeal pressure rise ( P <  0.002; mon-  
keys) 
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Fig. 6. Combined cavernous and hypogastric nerve 
stimulation during saline perfusion did result in an 
initial ICP rise followed by a significant ICP drop 
after sympathetic (hypogastric) nerve st imulation 
was initiated (P = 0.038). ICP -- intracorporeal pres- 
sure 

penile shaft (ischiocavernous muscles), culminated m 
an intracorporeal pressure rise above 168cm H20 
(Figs. 1 and 5) and the penile shaft became rigid. With 
termination of pudendal stimulation or fatiguing of the 
striated muscles the pressure returned to the erection 
plateau (Fig. 1). 

Hypogastric nerve stimulation 

Neither a difference in penile length or engorgement 
was observed nor did the intracorporeal pressure 
change significantly (P = 0.44) with single hypogastric 
stimulation. The arterial flow increase was small, 
however the systemic blood pressure went up to a mean 
value of 181 cm H20. 

Activation of the hypogastric nerve during caver- 
nous stimulation-induced erection resulted in penile 
detumescence. The intracorporeal pressure declined by 

more than 50% (127.5 to 62.1 cm H20; P <  0.005) after 
initiation of the hypogastric nerve stimulation (Fig. 2). 
Erection recurred within 30 seconds after cessation of 
the sympathetic excitation (Figs. 1 and 2). Similar 
findings occurred with hypogastric stimulation in the 
saline perfusion or venous studies. Additional hypoga- 
stric nerve activation inhibited further cavernous sti- 
mulation-induced intracorporeal pressure rise, and the 
pressure declined, resulting in penile detumescence 
(Fig. 6). Once the sympathetic excitation was cut off, a 
renewed pressure increase up to full erection or rigidity 
was observed. 

Discussion 

The nervi erigentes were named by Eckhardt (1863) [2] 
after he discovered that erection could be induced by 
electrostimulation of parasympathetic nerve fibers 
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running along with the pelvic pelxus. In 1938 Semans 
and Langworthy [12] demonstrated the crucial role of 
the sympathetic nervous system in the erectile mecha- 
nism, however later findings were contradictory and 
the hemodynamic changes on the erectile tissue during 
sympathetic nerve stimulation were never assessed [1, 
6, 11]. 

In our animals models, penile erection was initiated 
and maintained by electrostimulation of the cavernous 
nerves. Hemodynamicly, the parasympathetic excita- 
tion resulted in an increased arterial flow to the penis 
due to arterial dilatation, followed by an intracorpore- 
al pressure increase up to the fully erect state, which is 
about 20 to 30 cm H20 below systemic blood pressure. 
The initial drop and subsequent rise in corporeal 
pressure indicates that smooth muscle relaxation must 
have taken place with cavernous stimulation. With 
increased intracorporeal volume and pressure the 
subtunical venous plexus is compressed between the 
extended sinusoidal spaces and corporeal smooth 
muscle and the rigid tunica albuginea and venous 
restriction takes places, as recently shown [3, 4]. 

By virtue of the combined cavernous and pudendal 
neurostimulation studies we were able to demonstrate 
that penile rigidity is related to the tone of the striated 
muscle surrounding the proximal part of the penile 
shaft (ischiocavernous muscles) which are innervated 
by somatomotor nerve fibers deriving from the puden- 
dal nerve. Extracorporeal muscular compression of the 
blood distended corpora cavernosa culminated in 
intracorporeal pressure increase, resulting in a fully 
rigid penis. Our result correspond with the findings of 
Lavoisier et al. [8] on human volunteers, who found a 
correlation between reflex contractions of the ischioca- 
vernous muscles and intracorporeal pressure increase. 

According to our hypogastric nerve stimulation 
studies sympathetic excitation can subside or suppress 
penile erection. Similar findings were made by Langley 
and Anderson in 1895 [7] and Semans and Langworthy 
in 1938 [12] however, the hemodynamic changes on the 
erectile tissue during sympathetic stimulation remai- 
ned unknown. The arterial flow, penile pressure and 
venous restriction studies in our animal model demon- 
strated that the inhibiting effect of sympathetic nerve 
fiber activation is due to contraction or blocking of 
cavernous stimulation-induced corporeal smooth 
muscle relaxation resulting in subsidence of erection. 

Summarizing our data we postulate that complete 
penile erection and rigidity is dependent upon the 
integration of three neurological control centers:para- 
sympathetic, somatomotor and sympathetic. Initiation 
and continuation of erection is a parasympathetic 
phenomenon, based upon vascular and corporeal 

smooth muscle relaxation determining the flaccid, 
latent, tumescence and erection phase and should be 
understood as the vascular mechanism of erection. 
Additional somatomotor-controlled extracorporeal 
striated muscle contraction leads to compression of the 
blood distended cavernous bodies with full rigidity, 
and therefore is defined as the muscular mechanism. 

Detumescence and subsidence of erection is prima- 
rily a sympathetic phenomenon, due to corporeal 
smooth muscle contraction and should be described as 
the inhibitory mechanism of penile erection. Further- 
more, it may play an important role in the pathogenesis 
of psychogenic impotence. 
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