
Pelvic Autonomic Nerve Mapping Around the Prostate
by Intraoperative Electrical Stimulation With Simultaneous
Measurement of Intracavernous and Intraurethral Pressure
Atsushi Takenaka,* Ashutosh Tewari, Rouei Hara, Robert A. Leung, Kohei Kurokawa,
Gen Murakami and Masato Fujisawa
From the Departments of Urology, Weill Medical College of Cornell University (AT, AT, RAL), New York, New York, and Kawasaki
Medical School (RH), Kurashiki and Takasaki National Hospital (KK), Takasaki, and Department of Anatomy, Sapporo Medical
University (GM), Sapporo and Division of Urology, Department of Organ Therapeutics, Kobe University Graduate School of Medicine
(AT, MF), Kobe, Japan

Purpose: In previous studies we noted that the neurovascular bundle was not identical to the bundle of the cavernous nerve
fibers. In this study we sought to prove these anatomical findings electrophysiologically and map the autonomic nerve fibers
by intraoperative simultaneous measurement of intracavernous pressure and intraurethral pressure.
Materials and Methods: Between January 2004 and May 2005 electrical stimulation was performed in 27 open pelvic
surgeries, including 26 radical retropubic prostatectomies and 1 radical cystectomy, using an original bipolar electrode before
prostate removal. Nerve stimulation was performed at the base of the so-called neurovascular bundle (point A) and the rectal
wall about 1 cm posterolateral, apart from the neurovascular bundle (point B). Intracavernous pressure and intraurethral
pressure were measured simultaneously.
Results: The mean � SD increase in intracavernous pressure was 9.8 � 6.3 cm H2O at point A and 13.5 � 7.3 cm H2O at
point B. Intracavernous pressure at point B was significantly higher than at point A (p � 0.0240). The mean increase in
intraurethral pressure was 17.0 � 9.4 cm H2O at point A and 11.2 � 8.1 cm H2O at point B. Intraurethral pressure at point
A was significantly higher than at point B (p � 0.0353).
Conclusions: The course of the cavernous nerves did not always agree with the surgically identified neurovascular bundle.
The distribution of cavernous nerves was wider than our image of the neurovascular bundle and it existed on the rectal wall
posterolateral, apart from the neurovascular bundle rather than the neurovascular bundle itself. The surgically identified
neurovascular bundle contained the nerve fibers contributing to urinary continence.
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S
exual potency and stress incontinence are common
comorbidities associated with radical prostatectomy.
To improve postoperative quality of life we have stud-

ied the pelvic neuroanatomy, especially the NVB, using
adult fresh and fixed cadavers.1,2 We noted that the NVB is
likely to differ from the actual course of the cavernous nerve
fibers. The macroscopically identified NVB contains many
nerve fibers to the cavernous tissue, urethral sphincter and
bottom of the levator ani muscle (fig. 1, A). Microscopically
we can detect the nerve fibers to the cavernous tissues and
urethral sphincter between the membranous urethra and
levator ani muscle fascia (fig. 1, B).

The most popular device for intraoperative NVB electri-
cal stimulation is the CaverMap Surgical Aid (Uromed
Corp., Boston, Massachusetts). Some groups reported that
the potency rate in CaverMap positive cases after prostatec-
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tomy was significantly higher than in conventional nerve
sparing cases.3,4 However, others noted that the result of
CaverMap did not correlate with the potency rate.5,6 We also
invented a simple and reliable monitoring system to confirm
the cavernous nerves.7 There is only 1 study describing IUP
after stimulation.8 We sought to prove these anatomical
findings electrophysiologically and map the autonomic nerve
fibers by intraoperative simultaneous measurement of ICP
and IUP.

MATERIALS AND METHODS

Between January 2004 and May 2005, 26 patients who
underwent open radical prostatectomy and 1 who under-
went open radical cystectomy were approached to partici-
pate in this institutional review board approved study of
male neuroanatomy. In these 27 patients age was 57 to 79
years (mean � SD 70.0 � 5.2). No patient had a history of
pelvic surgery, pelvic irradiation, transurethral surgery or
neurological disease. Only 1 patient with prostate cancer
had received neoadjuvant androgen deprivation therapy for
6 months. Surgery was performed using general anesthesia
with propofol for induction, N O plus sevoflurane for main-
2

tenance, vecuronium bromide as the muscle relaxant and
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epidural anesthesia with fentanyl citrate plus ropivacaine
hydrochloride hydrate.

After we incised the endopelvic fascia the posterolateral
aspect of the prostate and lateral rectal wall were exposed,
where the cavernous nerves and autonomic continence
nerves should run toward the membranous urethra.1,2 Elec-
trical stimulation was performed using a Neuropack nerve
stimulator device (Nippon Kohden, Tokyo, Japan) and a
bipolar electrode before prostate removal (fig. 2). The inter-
val between the 2 electrodes was 7 mm long. As described
previously,7 stimulation was administered for 30 seconds
using certain conditions, including a monophasic rectangu-
lar pulse, 50 mA, 10Hz and 0.2-millisecond duration.

We measured ICP with a 23 gauge needle inserted into
the corpus cavernosum of the penis at the penile root,
connected to a Menuet compact urodynamic device (Dan-
tec Medical, Skovlunde, Denmark) through an SCKD-
5006 disposable pressure transducer set (Nippon
Kohden). IUP was measured with an intraurethral bal-
loon catheter, which was especially ordered, and a 7.5Fr
catheter with a 5 cm A4219 balloon (Fuji System, Tokyo,

FIG. 1. A, macroscopic dissection of so-called right NVB in fixed
cadaver. NVB contains many nerve fibers to cavernous tissue (ar-
rowhead), urethral sphincter (arrow) and bottom of levator ani
muscle (star). B, frontal histological section around so-called right
NVB stained with hematoxylin and eosin. Some nerve fibers go to
cavernous tissues and urethral sphincter between membranous ure-
thra and levator ani muscle fascia. H & E stain.
FIG. 2. A, original bipolar electrode used for intraoperative electrical s
Japan) (outer diameter 2.5 mm). After we examined cath-
eter insertion by transrectal ultrasound we positioned the
balloon filled with sterile saline at the urethral sphincter.
It was connected to the same urodynamic device through
the same transducer set. Nerve stimulation was per-
formed at the base of the so-called NVB (point A) and the
rectal wall about 1 cm posterolateral, apart from the NVB
(point B) (fig. 3). We then simultaneously measured ICP
and IUP. Pressure at the 2 points was compared using the
Mann-Whitney U test with statistical significance consid-
ered at p �0.05.

RESULTS

With intraoperative electrical stimulation we measured ICP
and IUP in 27 and 22 patients, respectively. In all cases we
caused a significant increase.

The mean increase in ICP with stimulation was 9.8 �
6.3 cm H2O (range 2 to 22) at point A and 13.5 � 7.3 cm H2O
(range 4 to 32) at point B. ICP at point B was significantly
higher than at point A, ie the NVB (p � 0.0240). Of the 27
patients 20 (74.1%) had a higher measured ICP at point B
than at point A. ICP began to increase gradually within 10
to 30 seconds after the initiation of stimulation. It attained
a peak at the conclusion of stimulation and finally decreased
gradually (fig. 4).

The mean increase in IUP with stimulation was 17.0 �
9.4 cm H2O (range 6 to 38) at point A and 11.2 � 8.1 cm H2O
(range 0 to 35) at point B. IUP at point A was significantly
higher than at point B (p � 0.0353). Of the 22 patients in
whom we measured IUP 15 (68.2%) had higher IUP at point
A than at point B. The IUP waveform was greatly different
from that of ICP. IUP increased rapidly just after the initi-
ation of stimulation and it decreased rapidly as soon as
stimulation ended (fig. 4).

DISCUSSION

To our knowledge this is the first report of intraoperative
simultaneous measurement of ICP and IUP in pelvic sur-
gery. Our study suggests that the course of the cavernous
nerves does not always agree with the surgically identified
NVB. It exists on the rectal wall posterolateral, apart from
the NVB rather than at the NVB. These results support our
recent anatomical findings of the cavernous nerve course.1,2

In addition, the surgically identified NVB contained the
nerve fibers contributing to urinary continence.
timulation. B, magnification shows 7 mm interval of 2 electrodes
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The most popular device for intraoperative cavernous
nerve electrical stimulation is the CaverMap Surgical Aid. It
consists of a control unit, a nerve stimulating probe with 8
electrodes in a 1.2 cm linear array and a tumescence sensor
placed around the penis to measure changes in circumfer-
ence. There are at least 3 aims in using this device, including
to 1) determine accurate dissection planning for nerve spar-
ing surgery, 2) examine the electrical continuity of the sur-
gically preserved NVB and 3) identify the cavernous nerve
ends for interposition nerve graft anastomosis. On the use-
fulness of this device Klotz et al reported that the postoper-
ative potency rate was 94% (16 of 17 patients) in early
experience with CaverMap assisted prostatectomy.3 In an-
other prospective, randomized, multicenter study there was
substantial improvement in RigiScan (Dacomed, Minneapo-
lis, Minnesota) performance in the CaverMap group over
that in the conventional nerve sparing group at 1 year of
followup (p � 0.024).4 However, Kim et al reported that the
potency rate after CaverMap assisted prostatectomy was 0%
in those with a bilateral negative CaverMap response, 22%
in those with a unilateral response and 27% in those with a
bilateral response.5 Furthermore, there were no statistical
differences in the potency rate for a negative vs unilateral
response and negative vs bilateral response (p � 0.46 and
0.32, respectively). Walsh et al indicated that the lack of
specificity (54%) of this device limited its application for
deciding which structures could be safely preserved or ex-
cised.6 In contrast with CaverMap, we reported that sensi-
tivity was 64.3% (postoperative potency in 9 of 14 nerve
sparing cases) and specificity was 100% (postoperative im-
potence in 11 of 11 nonnerve sparing cases) using our orig-
inal device by not measuring the circumference of the penis
but by monitoring ICP.7 An increase of more than 4 cm H O

FIG. 3. Nerve stimulation positions. A, living subject. LA, levator
ani muscle. PR, prostate. B, cadaveric subject. REC, rectum. BL,
bladder. PE, penis. PSN, pelvic splanchnic nerve. Black arrowheads
indicate so-called NVB. Open arrowheads indicate main trunk of
cavernous nerve. Black arrows indicate bladder-prostate junction.
Closed circles indicate point A on so-called NVB at prostate base.
Open circles indicate point B about 1 cm posterolateral, apart from
point A.
2

was considered a positive response and erectile status was
examined using the International Index of Erectile Func-
tion-5 and nocturnal penile tumescence testing in that
study. In addition to this device, the bipolar stimulating
electrode enabled us to meticulously map the distribution of
the nerve fibers. We consider that the large CaverMap elec-
trode led to high sensitivity and low specificity.

Using dissection of male and newborn cadavers Walsh
and Donker first reported the course of the cavernous
nerve.9 This milestone study was confirmed by Lepor et al,
who postulated the macroscopic concept that the NVB was
expected to contain the cavernous nerve.10 However, in
adult fresh and fixed cadavers we recently observed that the
cavernous nerves appear to be located beyond the NVB at
the base and middle of the prostate, and we should not
regard the NVBs as cavernous nerves themselves.1 The re-
sult that ICP at the rectal wall about 1 cm posterolateral,
apart from the NVB, was significantly higher than at the
NVB supports our anatomical findings and indicates that
cavernous nerve distribution is wider than our image of the
NVB. Also, within a wide distribution the density of the
cavernous nerves was higher at a point apart from the NVB
than at the NVB itself.

Based on the traditional concept of the NVB we cannot
hope for a satisfactory outcome after interposition nerve
graft surgery. Indeed, Kim et al reported that 1 year after
surgery vaginal penetration was possible in only 33% of
patients, suggesting a need for refinement.11 We anticipate
better outcomes in the near future using tissue engineered
conduits12 or some gel attaching method.13 This is because
we cannot interpose a bundle-like material, but rather a
wide and universal shape material. On the other hand, we
may not need to take excessive care to prevent injury to the
cavernous nerves at the base of the prostate, although in-
terindividual variation exists.

To confirm nerve sparing we also performed nerve
stimulation after prostate removal. Negative ICP changes
were observed in a few macroanatomically nerve sparing
cases (unpublished data). Based on our anatomical2 and
electrophysiological study the most critical point for nerve
sparing surgery must be near the apex of the prostate,
where the real nerve courses are quite different from the
so-called NVB. Recently Chuang et al indicated that early
release of the NVB from the apex of the prostate led to
improved postoperative potency rates and decreased time
to potency in men undergoing radical retropubic prosta-
tectomy.14

Similar to the report by Nelson et al,8 our data support
that the nerve fibers contributing to urinary continence
exist near the macroanatomically identified NVB and
FIG. 4. Typical monitoring picture of simultaneous measurement of
ICP and IUP. Arrows indicate stimulation duration.
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nerve sparing radical retropubic prostatectomy may re-
sult in improved continence postoperatively. The distribu-
tion of autonomic nerves responsible for maintaining uri-
nary continence is also wide, and within this wide
distribution the density of these nerves was higher near
the NVB than away from the NVB. Controversy exists as
to whether the surgically defined NVB contains these
fibers in addition to the cavernous nerves, and whether
nerve sparing radical retropubic prostatectomy can
achieve a better postoperative continence rate than the
usual procedure. Catalona et al noted that the recovery of
urinary continence was independent of nerve sparing sur-
gery in 1,325 prostatectomies performed by a single sur-
geon (p � 0.3).15 Gralnek et al also reported that using the
UCLA Prostate Cancer Index nerve sparing status did not
affect urinary function and urinary bother (p � 0.70 and
0.06, respectively).16 On the other hand, to our knowledge
there are sparse data on the effect of nerve sparing tech-
nique on post-prostatectomy continence.17 It may be dif-
ficult to prove statistically that the nerve sparing tech-
nique contributes to the recovery of urinary continence
because patients cannot be randomly assigned to nerve
sparing or nonnerve sparing surgery. Also, the accurate
assessment of nerve sparing is complicated. However,
nerve sparing should be useful for the recovery of conti-
nence according to the current data and our recent ana-
tomical study. Kaiho et al reported interesting data that
the electrophysiologically classified bilateral nerve spar-
ing group had significantly better urinary function than
the unilateral sparing or nonnerve sparing group, espe-
cially 3 months after prostatectomy (p �0.05), although no
differences between the groups were seen when patients
were classified based on macroanatomical assessment.18

We are not sure how these nerve contribute to urinary
continence. However, they may contribute to the early
recovery of urinary continence.18

A question arises, that is if the NVB contains the auto-
nomic nerve fibers responsible for urinary continence, why
do nonnerve sparing cases have better urinary outcome than
expected? The answer to this question is multifactorial. Sev-
eral factors are associated with the complicated continence
mechanism. Limited to the innervation to the sphincter,
there are many nerve fibers. These autonomic fibers for the
smooth muscle sphincter are accompanied by the cavernous
nerves, and the somatic fibers from the pudendal nerve19

and perineal nerve20 innervate the external sphincter.
These autonomic nerves are only 1 factor.

CONCLUSIONS

To our knowledge this is the first report of intraoperative
simultaneous measurement of ICP and IUP during pelvic
surgery. The course of the cavernous nerves did not always
correspond with the surgically identified NVB. The distribu-
tion of cavernous nerves was wider than our image of the
NVB and it existed on the rectal wall posterolateral, apart
from the NVB. The surgically identified NVB contained the
nerve fibers contributing to urinary continence. The current
study should prove useful during nerve sparing pelvic sur-

gery to preserve urinary continence.
Abbreviations and Acronyms

ICP � intracavernous pressure
IUP � intraurethral pressure

NVB � neurovascular bundle
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EDITORIAL COMMENT

These authors report the functional relevance of portions of
the periprostatic NVB, that is the posterolateral extent at
the prostate base and rectum for regulating penile erection,

and the more anterior extent contributing to urinary conti-
nence. One may reconcile the portion responsible for penile
erection as representing the distribution of parasympathetic
nerves, which coalesce with nerve fibers of sympathetic ori-
gin in forming the cavernous nerves (reference 1 in article).
The study does not directly establish what portion of nerves
at the prostate apex precisely represent functional cavern-
ous nerves. Presumably maximal nerve sparing during rad-
ical prostatectomy would heighten the recovery of erection
and possibly such for continence, given the topographical
variability and diffuseness of the neurovascular bundle.1

Despite these efforts, erection recovery currently often re-
mains delayed and incomplete.2 This insight suggests that
innovative perioperative interventions, such as pharmaco-
logical rehabilitation and neuromodulation, lend therapeu-
tic adjuncts to improve functional outcomes.
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