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Abstract

Purpose Postoperative sexual and urinary dysfunction may
occur after rectal cancer surgery involving the pelvis, but this
problem cannot be solved. The aim of this study was to ex-
amine the nerve morphology of the neurovascular bundle in
cadavers to determine possible causes of nerve damage during
surgery.

Methods Twenty-two formalin-fixed cadavers were used in
the study. The cadavers were donated to the Tokyo Medical
University, The study comprised histological evaluation of
paraffin-embedded bilateral neurovascular bundle specimens
from the cadavers. Four slides of 3-cm thick were made every
1 cm in a plane perpendicular to the rectum towards the pelvic
floor from the peritoneal reflection in bilateral neurovascular
bundles in 22 cadavers. The number of nerves, the mean nerve
area, and the mean nerve diameter were measured in each
slide.

Results The results were categorized into cases with high
(group H) and low {group L) positions of the pelvis 1 em
above and 2 cm below the peritoneal reflection, respectively.
There was no significant difference in the number of nerves
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between these groups. The nerve area and nerve diameter
were significantly smaller in group L, and these characteristics
were more marked in males.

Conclusions Our results show that the nerves of the
neurovascular bundle became smaller in the deep pelvis. This
may cause these nerves to be more susceptible to injury,
resulting in nerve damage in the deep pelvis that leads to
postoperative dysfunction. Particularly, this type of nerve
damage may be a cause of postoperative sexual dysfunction
in males.

Keywords Rectal swrpery - Postoperative dysfinction -
Neurovascular bundle - Sexual dysfunction - Anatomy

Introduction

D3 surgery with bilateral lymph node dissection was the stan-
dard treatment in pursuit of radical cure of rectal cancer in the
1980s in Japan, but the postoperative rate of sexual dysfunc-
tion or urinary disorder was 70-80 % [1]. To address this
problem, nerve-sparing D3 surgery aimed at functional pres-
ervation and radical cure was developed [2]. This surgery has
decreased the postoperative rates of urinary, erectile, and ejac-
ulation dysfinction to 0-26, 427, and 5-67 %, respectively
[3-6]. Heald etal. [7] proposed the concept of total mesorectal
excision (TME) in Burope in 1982, and the low postoperative
rates of local relapse and functional problems were similar to
D3 surgery in Japan. TME or partial mesorectal excision
(PME) has now become the standard treatment for rectal can-
cer worldwide and offers radical cure and functional preser-
vation, However, Nishizawa et al. [8] reported that the rates of
erectile and ejaculation dysfunction are 50 and 43 %, respec-
tively, at 12 months after TME without lateral lymph node
dissection for rectal cancer.
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Laparoscopic colectormy was first described by Jacobs et al.
in 1991 [9]. Subsequent control studies (COST [10],
CLASICC [11], COLOR [12]) of the radical cure of advanced
colorectal cancer in Europe and the USA showed no differ-
ence in the overall survival rate and the rate of no recurrence in
comparison with laparotomy, and the use of laparoscopic co-
lorectal surgery has spread rapidly, The advantages of laparo-
scopic surgery include improved quality of life based on re-
duced postoperative pain and an early retum to normal life.
Nerve preservation is enabled by more correct TME to PME
and identifying the exact layer using the magnifying effect of
laparoscopy, which reduces the risk of postoperative sexual
and urinary dysfunction. However, sexual and urinary dys-
function still develop at rates of 5.5-63.6 % [11, 13-17] and
3-14 % [13, 14, 18], respectively, after laparoscopic surgery,
and many patients still have functional problems, and espe-
cially sexual dysfunction, afler rectal surgery.

In laparoscopic surgery for the treatment of rectal cancer,
performance of minute maneuvers using the laparoscopic
close-up view has been assisted by increased understanding
of the dissection of the pelvis. These maneuvers allow better
preservation of the pelvic plexus and neurovascular bundle
{(NVB), and this may reduce the rates of urinary and sexual
dysfunction after intrapelvic surgery. However, many cases
still have dysfunction, and this may be due to nerve damage
during the operation, even in macroscopic nerve-sparing sur-
gery. Therefore, we examined the nerves in the NVB in ca-
davers anatomically and morphologicaily, with the goal of
establishing the cause of nerve damage during surgery.

Materials and methods

Twenty-two formalin-fixed cadavers (mean age 83+8 years
old, 11 males, 11 females) were used in the study. The ca-
davers were donated to the Tokyo Medical University. Before
death, the donors had signed documents agreeing to body
donation and use in clinical studies. The format of the consent
document met the Japanese law, as stated in the “Act on Body
Donation for Medical and Dental Education.” Cadavers used

Table 1 Background

characteristics of Ttem Value
cadavers
Number of cadavers 2
Sex
Male 11
Female 11
Age (mean + SD, years) 83%8

Number of evaluated specimens

Right NVB 88 (22x4)
Left NVB 72(18x4)
NVB neurovascitlar bundle
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Fig. 1 Axial image of specimen manufacture. Specimens were made
from the right and left NVBs included the rectal wall

in the study did not have colorectal or neurologic disease as
the direct cause of death. Left and right NVB specimens were
obtained from the 22 cadavers (Table 1). The block was cut
down from the pelvic plexus or the NVB in the directions
around 0-3 o’clock and 9-12 o’clock relative to the rectum,
inciuding the rectal wall, and embedded in paraffin (Fig 1).
Four slides of border letigth 3 ¢t were made every 1 cm on
the plane perpendicular to the rectum in the left and right NVB
towards the pelvic floor from the peritoneal reflection on each
cadaver (Fig 2). Thus, four slides were made for cach of the
left and right NVBs from one cadaver. However, the rectal
wall was not included in the left NVB slides from four ca-
davers, and these slides were excluded from the evaluation.
Therefore, 72 slides of the left NVB specimen from 18§ ca-
davers and 88 slides of the right NVB specimen from 22
cadavers were evaluated. These slides were stained with

Peritoneal reflection

Urogenital
organ
Denonvilliers fascia

Fig. 2 Sagittal image of specimen manufacture. From the peritoneal
reflection, the specimen was cut down to a depth of 3 cm every 1 emin
the plane perpendicular to the rectum towards the pelvic floor. The
specimen was cut down to the solid line
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Fig.3 a A sample of a right NVB specimen from a male taken at position
1in Fig. 2. The specimen included the rectal wall. The circle indicates the
NVB region in the specimen, and the square (dotted line) indicates the
area in which the number, areas, and diameters of nerves were measured.
b A sample ot a right NVB specimen from a male taken at position 2 in
Fig. 2. The specimen included the rectal wall and the seminal vesicle. The
circle indicates the NVB region in the specimen, and the square (dotted
line) indicates the area in which the number, areas, and diameters of
nerves were measured. ¢ A sample of a right NVB specimen from a

hematoxylin eosin (HE) (Fig. 3). The thickness of the paraffin
sections was 5 pm.

Microscopic evaluation

Each specimen was evaluated using an optical microscope
(BX-51, Olympus, Tokyo, Japan). In a pilot study, data were
collected in areas of 3 x 3, 5% 5, and 10 10 mm. Some 3 x 3-
mm specimens did not include a nerve, whereas some 10 x 10-
mm specimens included tissue outside the NVB region.
Therefore, we decided to use measurements in an area of
5% 5 mm for the collection of data. Thus, a random area of
5x%5 mm in each HE-stained specimen was selected for the
measurement of the number of nerves, the nerve area, and the
nerve diameter (Fig. 3). In counting the number of nerves, a
nerve fascicle covered with a perineurium was considered to
be one nerve (Fig. 4). The nerve area (um®) was traced using a
perineurium on an image and measured using image process-
ing software (DP2-BSW ver.2.2, Olympus). The nerve diam-
eter (um) was evaluated based on the minor axis and mea-
sured using the same software (Fig. 5). The mean nerve area,
mean nerve diameter, and the minimum and maximum nerve
areas and diameters were evaluated on each slide.

" Prostate Rectum

male taken at position 3 in Fig. 2. The specimen included the rectal
wall and the prostate. The circle indicates the NVB region in the
specimen, and the square (dotted line) indicates the area in which the
number, areas, and diameters of nerves were measured. d A sample of a
right NVB specimen from a male taken at position 4 in Fig. 2. The
specimen included the rectal wall and the prostate. The circle indicates
the NVB region in the specimen, and the square (dotted line) indicates the
area in which the number, areas, and diameters of nerves were measured

Statistical analysis

Nerve measurements were analyzed by the comparison of two
groups defined by high (group H) and low (group L) posi-
tions. That is, positions 1 and 2 (Fig. 2) were defined as group

Fig. 4 Evaluation of the nerve number under a microscope. A nerve
fascicle covered by a perineurium was counted as one nerve. Each
arrowhead indicates one nerve
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Fig. 5 Measurement of the nerve area and diameter. The nerve area
(um?®) was traced using a perineurium on each image and measured
using an image processing software (DP2-BSW ver.2.2, Olympus,
Tokyo, Japan). The nerve diameter (im) was evaluated based on a minor
axis and measured using the same software

H, and positions 3 and 4 (Fig. 2) were defined as group L. Data
were analyzed by ¢ test using PASW Statistics 17.0 (SPSS Inc.,
Tokyo, Japan), with p<0.05 considered significant.

Results

The results for all NVBs and for the right and left NVBs are
shown in Table 2. The number of nerves did not differ signif-
icantly between groups H and L in all NVBs (p=0.35) and in
right (p=0.31) and left (»=0.87) NVBs.

The mean nerve area was significantly smaller in group L
in all NVBs (p<0.01) and in the right (p=0.02) and left
(p=0.01) NVBs. The maximum nerve area was also signifi-
cantly smaller in group L in all NVBs (p<0.01) and in the
right (p<0.01) and left (p=0.02) NVBs. In contrast, the min-
imum nerve area did not differ significantly between the two
groups in all NVBs (p=0.4) and in the right (p =0.48) and left
(p=0.59) NVBs,

Table 2 Results for specimens from neurovascular bundles (NVBs)

The mean nerve diameter was significantly smaller in group
L in all NVBs and in the left NVBs (both »<0.01) and showed
a tendency to be smaller in group L in the right NVBs (78 £22
vs. 6715 pm, p=0.08). The maximum nerve diameter was
significantly smaller in group L in all NVBs and in the right and
left NVBs (all p<0.01). The minimum nerve diameter did not
differ significantly between the groups in all NVBs (p=10.62)
and in the right (p=0.33) and left (p=0.74) NVBs.

‘We also examined the results in male and female subgroups
(Table 3). The mean nerve area and mean nerve diameter were
significantly smaller in males in group L compared to males in
group H, while these parameters did not differ between fe-
males in the two groups. In the deep pelvis, the nerves became
significantly smaller in males (Table 3). Regarding sex differ-
ences (Table 4), there was no significant difference in the
number of nerves between males and females in group H,
but there were significantly more nerves in males in group
L. We also evaluated laterality in the same individual, but no
particular trend was observed.

Discussion

In this study, we examined the organization of nerves in NVBs
anatomically and morphologically in cadavers to determine
possible causes of nerve damage in rectal surgery. We hypoth-
esized that nerves of the NVB may become smaller and in-
crease in number with repeated splitting deep in the pelvis,
and that these nerves may therefore be susceptible to damage
in the deep pelvis. However, we found no significant correla-
tion of the number of nerves with the pelvic depth, thus
disproving this hypothesis. We did find that there were more
nerves in males than in females in the deep pelvis. We also
found that the nerves of the NVB tended to be thicker in males
based on the nerve area and diameter, and especially the max-
imum nerve area and diameter, and that the minimum nerve
area and diameter tended to be smaller in males than in

AlINVB (n=40) Right NVB (n=22) Left NVB (n=18)

Group H Group L p Group H Group L P GroupH  Group L P
Number of nerves 82437 75+£29 0.35 92+41 80+35 0.31 70+28 6920 0.87
Mean nerve area (x| 0 u.mz) 165113 9.7+46 <0.01 167115 9446 0.02 15.9+8.6 9.7+4.6 0.01
Minimum netrve area (]J.mz) 560+230 520250 04 470+230 420+210 048 670£200 630+260 0.59
Maximum nerve area (x10° um?®)  245+241 83.2+60.5 <0.01 267264 83.7£559 <0.0/ 212+208 B4.6+659 (.02
Mean nerve diameter (um) 80+ 19 6714 <0.01 T8£22 67£15 0.08 83£15 67+ 14 <0.01
Minimum nerve diameter (pm) 20+4 20+4 0.62 19+4 18+4 0.33 2143 22+4 0.74
Maximum nerve diameter (pm) 350+£190 20070 <00l 360210 210£70 <0.0] 340140 18070 <N.01

The significance of the items set in italic
NVB neurovascular bundle
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Table3 Results for groups H and

L in males and females Male (n=11) Female (n=11)

Group H Group L J2 Group H Group L D

Number of nerves 90+37 86:+32 072 7436 6423 03
Mean nerve area (x10° um?) 19.1£104 9.7+5.0 <001 1362116 94x43 0.14
Minimum nerve area (m®) 520+£210 450180 0.25 6004260 570300 0.81
Maximum nerve area (x10° pm? 327£268  96.6£69.5 <0.0f 157172 715467 0.04
Mean nerve diameter {pm) 85+13 6815 <01 74423 6614 0.15
Minimum nerve diameter {jun) 204 194 031 203 205 0.79
Maximum nerve diameter (pu) 400£210 210270 <0.0! 300140 190zx60 <N.01

The significance of the items set in italic

fernales in groups H and L. The nerve network may be more
complicated in males than in females because of the presence
of the cavernous nerve. The more extensive nerve network in
males may also be due to urogenital organs that are not present
in females (e.g., seminal vesicles, prostate gland, vas deferens)
Tequiring autonomic innervation, and thus an additional nerve
fiber supply is needed.

In an analysis of specimens from non-nerve sparing radical
prostatectomy, Hisasue et al. [19] found that the size of the
specimen, weight, body mass index, and age did not influence
the number of nerves in the NVB, This report and the results
of our study suggest that males have more nerves than females
in the NVB, and that this tendency is purely a sex difference
and is independent of other factors. It is unclear why males
have more nerves in this region, but this may be explained by
the presence of the cavernous nerve. The nerves in the NVB in
males may be injured more easily than those in females.

The ganglion was included as a single nerve in this study.
Kinugasa et al. [20] pointed out that a nerve network is im-
portant for sexual function and urination, However, since the
current study was planned as a morphologic examination,
rather than a functional examination, we did not measure the
number of ganglions. In a future study, we would like to ex-
amine characteristics such as numerical changes in ganglions,
fanctional characteristics, and sex differences based on the
knowledge obtained in this study.

The sizes of nerves were evaluated based on the nerve cross-
sectional area and diameter. Many nerves in a specimen cut from
a block may not cross exactly and are cut diagonally. Thercfore, it
is hard to define the area or diameter of a nerve section as
reflecting the exact size of the nerve. However, because all spec-
imens used in the study were made to the same standard, evalu-
ation of the mean of nerve area and diameter in a sufficient
number of specimens should be reliable. Qur results showed that
the area and diameter of nerves in NVBs became significantly
smaller in the deep pelvis in all subjects and in males alone, but
not significant in females. Smaller nerves are more easily dam-
aged. Thus, this interesting result suggests that the cavemous
nerve in the NVB in males may be susceptible to damage during
surgery, and that this may be related to onset of sexual dysfunc-
tion postoperatively. This hypothesis is only speculative, but it is
consistent with the smaller NVB in males being more susceptible
to heat or mechanical damage. The minimum nerve area did not
depend on the pelvic depth, and the smalfest nerve should be
identifiable under an optical microscope. This supgests that a
little unevenness in the depth of nerve evaluation under a micro-
scope should not influence the measurement of the minimum
nerve area.

Kiyoshima et al. [21] reported bundle formation in the NVB
region in only 52 % of the subjects, and Lee et al. [22} found
approximately 40 % of the cases without a clear NVB structure
in an evaluation by magnetic resonance imagmg before total

Table 4 Comparison of males

and females in groups H and L GrowpH  GrowpH  p Group L GrowpL  p
males females males femates
Number of nerves 0037 74£36 0.19 86+£32 64423 0.02
Mean nerve area (x10° pm?) 191104  13.6+116 012 9.7+50 94+43 0.84
Minimum nerve area (m?) 5204210 600260 0.3 450+180 570300 0.12
Maximum nerve area (x10° um®) 3272268 157172 002 966+695 Ti5£467 019
Mean nerve diameter (pum) 85113 75+23 0.11  68%15 6614 0.75
Minimum nerve diameter (um) 2024 203 063 1944 205 041
Maximum nerve diameter (jum) 400210 300+140 0.08 21070 19060 0.27

The significance of the items set in italic
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prostatectonty, with the further finding that the recovery of erec-
tile function afler nerve-sparing total prostatectomy was poor in
these cases [22]. It is difficult to identify nerves macroscopically
during surgery, and the cavemous nerve may be mistaken as a
lump in the NVB. The cavernous nerve runs on the dorsal side of
the NVB [23] and thus on the rectal side in front of the hypogas-
tric fascia or Denonvilliers fascia, which is an important consid-
eration in TME or PME in rectal surgery. Postoperative sexual
dysfunction may still occur after nerve-sparing surgery, and this
may be due to the anatomical and morphological characteristics
of the nerves of NVBs that are apparent in the current study,
These findings show that the nerve became smatler in the deep
pelvis, especially in males, and this may make macroscopic judg-
ment of nerve preservation difficult in the deep pelvis, evenina
nerve-sparing operation. Thus, nerves may undergo mechanical
damage due to the operation or heat damage caused by energy
devices,

In male sexual dysfunction after rectal surgery, several reports
[13, 18, 24-26] have shown that the rate of erectile dysfunction is
higher than that of ejaculation dysfunction. The cavernous nerve
controlling erection is considered to be part of the parasympathet-
ic system, and there are few peripheral parasympathetic nerves
(that is, a low myelinated nerve ratio) among NVB nerves
[27-29]. This suggests that damage to the cavernous nerve during
suugery may not be easily compensated for after surgery. Thus,
the high rate of postoperative erectile dysfunction may be related
to the small nerves in the NVB region in the deep pelvis in males.

Nerve damage in the deep pelvis can easily ocour, evenin a
nerve-sparing operation, and an improved understanding of the
anatomical and morphological characteristics of the nerves of
the NVB region may permit maneuvers during surgery that
avoid damage. Avoidance of the use of devices that may cause
heat damage, such as avoiding unnecessary use of a cautery for
hemostasis, is also important. These factors may be particularly
important in surgery around the Denonvilliers fascia in males.
Nerve damage during surgery is not only caused by a small
nerve size and may be dependent on multiple factors. The find-
ings in this study may explain postoperative sexual and urinary
dysfunction after lower rectal cancer surgery in terms of the
morphological features of nerves. A future study is required
to determine approptiate surgical techniques for nerve-spating
procedures, including traction for detachment, and to examine
differences in thermal injury with the use of different energy
devices. Deepening of knowledge on the nerves of the NVB is
likely to contribute to postoperative functional preservation.
Our current findings indicate that nerve damage and postoper-
ative dysfunction afler an intrapelvic operation are dependent
on the anatomical and morphological features of these nerves.
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