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Topology of the Fascial Structures
in Rectal Surgery: Complete Cancer Resection and
the Importance of Avoiding Autonomic Nerve Injury

Yusuke Kinugasa, MD, PhD,* and Kenichi Sugihara, MD, PhD"

To decrease local recurrence and avoid autonomic nerve injury, mobilization of the rectum
is performed by anatomical dissection along the fascial planes. Anterior to the rectum,
Denonvilliers’ fascia divides into several laminae at both sides and separates the meso-
rectum from the autonomic nerves. This fascia is better preserved when the tumor is not
located on the anterior wall of the rectum. Posterior to the rectum, the prehypogastric nerve
fascia covering the hypogastric nerves is evident between the fascia propria of the rectum
and the parietal pelvic fascia. The prehypogastric nerve fascia connects to 1 of the lateral
laminae of Denonvilliers’ fascia. The dissection plane posterior to the rectum is between
the fascia propria of the rectum and the prehypogastric nerve fascia. After dissection both
anterior and posterior to the rectum, the medial part of the lateral ligament becomes clearly

identifiable. The parietal pelvic fascia is located dorsal to the hypogastric nerves and

ventral to the pelvic splanchnic nerves. Appropriate

lection of di: planes

the complete capture of the mesorectal
nerve injury.

and simultaneously red the risk of

Semin Colon Rectal Surg 21:95-101 © 2010 Elsevier Inc. All rights reserved.

Previous Understandings
of Fasciae Around the Rectum

Anterior to the Rectum

Origin of Denonvilliers’ Fascia

In 1836, Denonvilliers' reported this fascia as a prostato-
peritoneal membranous layer between the rectum and sem-
inal vesicles. Two theories have been advanced regarding the
development of Denonvilliers' fascia. In 1899, Cunéo and
Veau® suggested that Denonvilliers' fascia developed from
fusion of the embryonic peritoneum of the rectovesical cul-
de-sac. Elliot Smith? supported the peritoneum fusion theory
in studies of fetal dissections. In 1945, Tobin and Benjamin*
concluded that the fascia was derived from the peritoneum
based on a histologic study. In 1948, Uhlenhuth et al® also
presented macroscopic anatomical evidence strongly sup-
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porting the peritoneal fusion theory. Recently, van Ophoven
and Roth concluded that Denonvilliers’ fascia develops from
fusion of 2 walls of the embryologic peritoneal cul-de-sac.

However, a different hypothesis exists regarding the devel-
opment of Denonvilliers' fascia. In 1922 and 1923, Wes-
son,”# who had provided the first histologic evidence sup-
porting the peritoneal fusion theory, stated the septum was
formed by the condensation of loose areolar tissue. In 1956,
Silver® noted that the septum appears to form simply as a
condensation of loose areolar tissue based on histologic ex-
amination of 52 embryos and fetuses.

Anatomy of Denonvilliers’ Fascia

Milley and Nichols!? disclosed that Denonvilliers’ fascia his-
tologically consisted of dense collagen, smooth muscle fibers,
and coarse elastic fibers. In 1993, Richardson!! demonstrated
a dense double layer of elastin in the recto-genital septum
under electron micrography. Although Denonvilliers fascia
has been suggested to consist of 2 fasciae, van Ophoven and
Roth® and Bisset et al'2 concluded that the posterior layer of
Denonvilliers’ fascia actually corresponds to the fascia pro-
pria of the rectum. Kourambas et al'® stated that this fascia
had no definite layers and no definable lateral edge that wid-
ened and connected with the fascia running lateral to the
rectum (pararectal fascia) posteriorly or with the fascia be-
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tween the levator ani and prostate (lateral pelvic fascia) ante-
riorly.

In the caudal border of Denonvilliers’ fascia, Milley and
Nichols! stated that this fascia attaches to the rectourethralis
muscle, and Silver® described Denonvilliers’ fascia as con-
tinuing to the external longitudinal muscle coat of the rec-
tum. In 1993, Sato'* demonstrated that the caudal end of
Denonvilliers' fascia attached to the perineal body.

In 1980, Goligher!> described Denonvilliers’ fascia as more
strongly adherent to the rectum than to the prostate, but
Tobin® stated that this membrane was located between the
loose connective tissue around the rectum and the more
dense fibromuscular connective tissue around the prostate
and seminal vesicles. Kiyoshima et al'® also reported that
Denonvilliers’ fascia adhered tightly to the center of the pos-
terior aspect of the prostatic capsule in 97% of cases. Huland
and Noldus!’ described easy separation of Denonvilliers’ fas-
cia from the rectum during prostatectomy.

Posterior to the Rectum
Reliable surgical dissection planes for dissection of posterior
and lateral sides of the rectum have been proposed by many

fascia propria of recti (Fernadez)
visceral fascia (Heald)
fascia capsule of recti (Davies)

perirectal fascia (Chapuis)
fascia propria of rectum @
(Bissett, Church)

C

Visceral endopelvic fascia
(Takahashi)

D

anterior leaf of visceral fascia
(Havenga)

E

/
parietal fascia (Havenga)

rectal fascia (Muntean)
urogenital fascia (Muntean)

HGN

surgeons. These may arise from multilaminar fascial struc-
tures around the rectum. Surgeons and anatomists com-
monly recognize a fascia surrounding the mesorectum, but
this is variously named the fascia propria of rectum,!2181° the
perirectal fascia, 2 the rectal fascia,?! or the visceral layer of
the pelvic fascia. 22

Understandings also differ regarding the fascial consti-
tution between the rectal fascia and sacrum. One interpre-
tation is that no fascia is present between the rectal fascia
and the hypogastric nerves (Fig. 1A),182226 while the other
is that a fascia exists ventral to the hypogastric nerves
(Fig. 1B).12192025 Takahashi et al** described the hypogas-
tric nerves as wrapped with the visceral endopelvic fascia
(Fig. 1C). While agreeing, in part, Havenga et al** and
Mutean?! described the fascial constitution as differing be-
tween the upper and lower pelvis (Fig. 1D and E).

In 1974, Crapp and Cuthbertson®” reported the rectos
acral fascia as a constantly situated sheet of fascia running
from the periosteum overlying the body of the fourth sacral
vertebra to the rectal fascia, 3-5 cm above the anorectal junc-
tion. Based on detailed dissections of 45 cadavers, Sato and
Sato?® reported that the rectos acral fascia originated between

parietal fascia (Davies, Heald)
presacral fascia (Femandez, Heald)

parietal fascia
(Bissett, Chapuis)
presacral fascia (Church)

parietal endopelvic fascia
(Takahashi)

6

posterior leaf of visceral fascia
(Havenga)

presacral fascia (Muntean)
‘parietal fascia (Muntean)

Figure 1 Previous interpretations of retrorectal fascial structures. (A-E) represent schematic views of previous interpre-
tations of retrorectal fascial structures. (D and E) The right half of the panel represents the superior level, and the left
half is the inferior level. R, rectum; MR, mesorectum; HGN, hypogastric nerves.
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Figure 2 Lateral ligament of the rectum. (A) is an operative photo-
graph of the left lateral ligament. (B) is a schematic view of the left
lateral ligament. The lateral part of the ligament (open star) is beside
the pelvic splanchnic nerves, and the medial part (black star) is near
the rectal branches of the pelvic plexus. DVF, Denonvilliers’ fascia;
HGN, hypogastric nerves; MR, mesorectum; PHF, prehypogastric
nerve fascia; PPF, parietal pelvic fascia; PSN, pelvic splanchnic
nerves; PX, pelvic plexus; R, rectum; SN, sacral nerve.

the third and fourth sacral vertebrae in most cases, but in
some cases from any part between the second sacral vertebra
and the first coccygeal vertebra. However, Church et al 1
Havenga et al,2* and Diop et al** described the rectos acral
fascia as an adhesion of 2 fasciae existing posterior to the
rectum.

Lateral to the Rectum
In 1949, Goligher?® described the lateral ligament as an im-
portant structure during rectal surgery, and Michels et al*®
confirmed this structure from anatomical dissections in
1963. Sato and Sato?® described the lateral ligament as a
structure between the pelvic side wall and rectum and con-
sisting of 2 segments: a lateral segment of the ligament com-
posed of the pelvic splanchnic nerves and a medial segment
constituting the rectal branches of the pelvic plexus and lym-
phatic vessels.?® The visceral branches of the pelvic plexus were
first reported by Kimmel and McCwea®! in 1959 (Fig. 2).
Various reports have described relationships of the middle
rectal artery to the lateral ligaments. Boxall et al® reported
that the middle rectal artery does not run in the lateral liga-
ment, while sometimes the accessory middle rectal arteries
run in this ligament. Nano et al*® recently reported that the
ligament contains fat tissue, vessels, and nerve filaments, and
that the middle rectal artery courses anteriorly and inferiorly
in respect to the lateral ligament. In 1997, Rutegard et al**
reported the lateral ligament as histologically consisting of
clear nerves, fat, and fibrous tissue in all 13 specimens they
examined, with small blood vessels included in only 2 spec-

imens. Heald et al** described none of the lateral ligaments in
his paper regarding the surgical procedure for total mesorec-
tal excision, although Moriya et al*6 and Enker® stressed the
lateral ligament as an important structure during rectal sur-
gery with nerve preservation, the medial segment to be di-
vided during rectal mobilization, while the lateral segment is
to be preserved.

Fascial Structures
Around the Rectum

Fascia Propria of the Rectum

The fascia propria of the rectum is a thin visceral fascia cov-
ering the rectum and mesorectum. The mesorectum is a dis-
tinct compartment that contains the superior rectal arteries
and veins, mesorectal fat, lymphatic vessels, and nodes. This
fascia is also called the peri-rectal fascia, rectal fascia, and
visceral fascia (Figs. 3 and 4).

Denonvilliers’ Fascia

Denonvilliers’ fascia is clearly identifiable between the fascia
propria of the rectum and the seminal vesicles or prostate.
The recto-vaginal septum in women corresponds to Denon-
villiers’ fascia. The consistency of Denonvilliers’ fascia varies
between individuals, from a fragile translucent layer to a
tough leathery membrane.'® The recto-vaginal septum is less
prominent in women than Denonvilliers’ fascia is in men.
The fascia is thicker in younger individuals and thins out

urogenital
viscera

sacrum

Figure 3 Schematic representation of fasciae around the rectum
(horizontal). DVF, Denonvilliers' fascia; FPR, fascia propria of rec-
tum; HGN, hypogastric nerves; LA, levator ani muscle; LAN, levator
ani nerve; LL, lateral ligament; MR, mesorectum; PHF, prehypogas-
tric nerve fascia; PM, piriformis muscle; PPF, parietal pelvic fascia;
PSN, pelvic splanchnic nerves; PX, pelvic plexus; R, rectum; SN,
sacral nerve.
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Figure 4 Schematic representation of fasciae around the rectum (sag-
ittal). DVF, Denonvilliers’ fascia; FPR, fascia propria of rectum; MR,
mesorectum; PHF, prehypogastric nerve fascia; PPF, parietal pelvic
fascia; RSF, rectosacral fascia

with age and may be more obvious in patients with preoper-
ative radiotherapy to the pelvis or with transmural inflamma-
tion of the rectum (ie, Crohn’s disease).'®

Laterally, Denonvilliers’ fascia divides into several thin
laminae, and 1 of the lateral continuations extends dorsolat-
erally and separates the mesorectum from the pelvic plexus
and urogenital neurovascular bundle.3® The caudal part of
the Denonvilliers’ fascia joins the prostate or recto-urethral
muscle, and for that reason, is more easily separated from the
rectum than from the prostate.

Prehypogastric Nerve Fascia

The prehypogastric nerve fascia is variously known as the
urogenital fascia,’ hypogastric nerve sheath,’® or uretero-
hypogastric fascia.*® This fascia is located immediately be-
hind the fascia propria of the rectum, covering the right and
left hypogastric nerves*! and the pelvic plexus, and connect-
ing with the lateral continuations of Denonvilliers’ fascia at
the level of the pelvic plexus (Fig. 2). The left ureter runs
dorsal to the prehypogastric fascia, while the right ureter runs
ventral to the fascia.*?

Parietal Pelvic Fascia

The parietal layer of the pelvic fascia is located dorsal to the
hypogastric nerves and ventral to the sacral veins and iliac
vessels and divides into several laminae extending ventrolat-
erally: (1) the fasciae lining or enclosing the pelvic plexus; (2)
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the fasciae providing a posterior attachment for the levator
ani muscle and lining the medial or superior surface of the
muscle sheet; and (3) the fasciae enclosing the pudendal
nerve and associated inferior gluteal and internal pudendal
vessels.*! The most medial fascia covers the pelvic splanchnic
nerves and fuses with the prehypogastric nerve fascia at the
pelvic plexus.

Rectosacral Fascia

The rectosacral fascia is not a true fascial structure*! but rep-
resents part of any thickened pelvic fascia!® or adhesion or of
connections between the layers of fasciae existing posterior to
the rectum: the fascia propria of the rectum; the prehypogas-
tric nerve fascia; or the parietal pelvic fascia.® Clinically,
however, a band is apparent between the posterior wall of the
rectum and the sacrum at 3-5 cm above the anorectal junc-
tion, or higher, as described by Havenga et al.> One reasons
for this finding is that fascia-like structures easily develop or
become thickened during dissection or surgery, as noted by
Range and Woodburne.** This fascia should not be confused
with Waldeyer’s fascia, which only refers to the most distal
portion of the presacral fascia joining the anorectal junc-
tion. 1927

Autonomic Nerves

Sympathetic supply to the rectum and upper anal canal orig-
inates in the first and second lumbar spinal segments. The
fibers are distributed through the inferior mesenteric plex-
uses via the lumbar splanchnic nerves and through the pelvic
plexus via the sacral splanchnic nerves. Parasympathetic
nerves are supplied to the rectum through the pelvic plexus
via the pelvic splanchnic nerves.*

The pelvic urogenital autonomic nerve system is present
immediately outside the rectum. Nerve-sparing surgery aims
to preserve several major nerve structures in the pelvis, includ-
ing peripheral nerve bundles, such as the hypogastric nerves,
pelvic splanchnic nerves, and cavernous nerves (Fig. 5).

Superior Hypogastric Plexus

The superior hypogastric plexus is a network of sympathetic
pre- and postganglionic fibers emerging from the second to
fourth lumbar splanchnic nerves and located 3-7 cm caudal
to the origin of the inferior mesenteric artery and just caudal
to the bifurcation of the aorta.*> The plexus extends down
about 4 cm with fine nerve-fibers to the rectum and divides
into right and left hypogastric nerves.

Hypogastric Nerves

The hypogastric nerves represent extensions of the sympa-
thetic nerves dividing from the superior hypogastric plexus,
and extending down along the pelvic wall under the prehy-
pogastric nerve fascia to connect the pelvic plexuses, while
sending small rectal branches around the superior rectal ar-
tery penetrating through 2 fasciae: the prehypogastric nerve
fascia; and the fascia propria of the rectum. The hypogastric
nerves play a role in ejaculatory function, causing closure of
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Figure 5 Topographic anatomy of the pelvic autonomic nerves.
HGN, hypogastric nerves; LAN, levator ani nerve; PN, pudendal
nerve; PSN, pelvic splanchnic nerves; PX, pelvic plexus; SHP, supe-
rior hypogastric plexus.

the internal ostium of the urethra and constriction of the
internal sphincter muscles. According to the severity of dam-
age to the hypogastric nerves, various disturbances of ejacu-
latory function may develop, including retrograde ejacula-
tion.

Pelvic Splanchnic Nerves

The pelvic splanchnic nerves, which are parasympathetic
nerves, form as branches of the second, third, and fourth
(mainly the third and fourth) sacral nerves emerging from the
anterior sacral foraminae on either side. The pelvic splanch-
nic nerves, which often form a common trunk with the leva-
tor ani nerves at their origin, run to the target pelvic organs
via the pelvic plexus and to the sigmoid and descending
colon as far as the splenic flexure and distal transverse colon
along to the inferior mesenteric artery and left colic artery.
These nerves activate the smooth muscle of the rectum, anus,
and bladder wall and inhibit the vesical sphincter.

The cavernous nerves (nervi erigentes) supplying vasodi-
lator fibers to the erectile tissue of the penis and clitoris, and
arise mainly from the fourth pelvic splanchnic nerve, run in
the neurovascular bundles posterolateral to the prostate*
and penetrate the rectourethralis muscle posterior to the ano-
rectal junction in about half of cases.*”

Pelvic Plexus

The pelvic plexus, also known as the inferior hypogastric
plexus, appears as a meshlike triangle located under the pre-
hypogastric nerve fascia on the pelvic side walls anterolateral
to the rectum and posterolateral to the seminal vesicles, pros-
tate, and urinary bladder in men, and lateral to the uterine
cervix, vaginal fornix, and bladder and often extending into
the broad ligaments of the uterus in women. This plexus is
mainly formed by the hypogastric nerves and pelvic splanch-
nic nerves and sends nerve branches arising at the anteroin-
ferior corner of the plexus to the genitourinary organs, run-
ning with the blood vessels (neurovascular bundles).

Levator Ani Nerves

The levator ani nerves represent 1 of the components of the
pudendal plexus. The origins of the nerves often form a com-
mon trunk with the pelvic splanchnic nerves and extend
down along the levator ani under the thick parietal pelvic
fascia (levator ani fascia), sending branches to the muscles.
Injury to the levator ani nerves means that the dissection has
deviated from the recommended plane, within the distal pel-
vis, and may present as urinary or fecal incontinence.*®

Pudendal Nerves

The pudendal nerves, which are mainly sensory nerves for
the perineum, arise from the sacral plexus (second to fourth
sacral nerves), leave the pelvic cavity through the greater
sciatic foramen, enter the gluteal region, cross the sacrospi-
nous ligament close to the ischial spine, and run through the
pudendal canal (Alcock’s canal) toward the ischio-anal fossa.
These nerves then divide into the inferior rectal, perineal, and
dorsal nerves of the penis or clitoris.

Surgical Dissection Planes

Total mesorectal excision (TME)*® or tumor-specific meso-
rectal excision*® are the standardized procedures for rectal
cancer surgery. The purpose of TME is removal of the rectum
and mesorectum enveloped by the visceral layer of the pelvic
fascia as a package, including lymphatic channels draining
from the area harboring the cancer, and, together with
sphincter-preservation, to preserve the autonomic nerves
distributing to the urogenital organs. However, even in re-
cent reports using TME, complicated urinary and sexual dys-
functions are common.**->

Various discussions about the surgical plane of TME have
been presented.?® > Many surgeons have recommended sur-
gical planes outside the intact Denonvilliers’ fascia. However,
Lindsey et al’® and Kinugasa et al*® claimed that removing
Denonvilliers’ fascia with the mesorectum is not always nec-
essary. The most dangerous points of nerve injury during
surgical dissection are the anterolateral sites of the rectum,
where laminated leaves of the lateral parts of Denonvilliers’
fascia and nerve branches from the pelvic plexus cross®® (Fig.
2). Denonvilliers’ fascia can be preserved when the tumor is
not located on the anterior wall of the rectum.
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Two surgical dissection planes are possible posterior and

lateral to the rectum: between the fascia propria of the rectum
and the prehypogastric nerve fascia, and between the prehy-
pogastric nerve fascia and the parietal pelvic fascia. The first
dissection plane is better to avoid nerve damage. A dissection
plane behind the parietal pelvic fascia risks injury not only to
the pelvic plexus, but also to the levator ani nerves.*57 The
risk of nerve injury varies with surgical dissection plane se-
lected.#2° The surgical dissection plane selected should thus
be considered along with the location and depth of the tumor.
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