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Abstract

Background: The relative anatomical understanding of the perirectal fasciae is of paramount importance for the proper
performance of total mesorectal excision (TME). This study was to demonstrate the planes of TME and validates the intrao-
perative findings using cadaveric observations.

Methods: In this combined retrospective and prospective study, bilateral attachment of the rectosacral fascia (RSF) was
observed in 28 cadaveric specimens (male, n = 14; female, n = 14). From January 2018 to December 2019, surgical videos of 67
patients who underwent laparoscopic TME at the Affiliated Union Hospital of Fujian Medical University (Fuzhou, China)

were reviewed and interpreted with the cadaveric findings.

Results: The RSF (synonym: Waldeyer’s fascia) is the end of the pre-hypogastric fascia at the level of S4 and comprises two
layers (upper and lower). These two layers provide double fascial protection for the venous sacral plexus. It inserts into the
fascia propria of the rectum along a broad horizontal arc that merges anterolaterally in an oblique downward direction until
it meets the posterolateral merge of Denonvilliers’ fascia at the lateral rectal ligament (LRL). This ligament does not look

like a true ligament but is more likely to be a fascial combination that cushions the rectal innervation and middle rectal
vessels.

Conclusions: Understanding the lateral attachment of RSF and its contribution to LRL provides invaluable surgical guidance
to dissect this critical area. Therefore, lateral dissection is proposed from the anterior to the posterior direction to find the
correct plane that guarantees an intact mesorectal envelope to protect the important nearby nerve structures.
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Introduction

The concept of anatomical understanding is the basis of surgical
interventions regardless of the type of operative intervention [1].
Therefore, anatomical research should be continually advanced
to provide surgeons with more detailed anatomical descriptions
[2]. Identification and dissection of the perirectal fasciae in the
proper planes can prevent rectal perforation anteriorly, injury of
the autonomic pelvic plexus laterally, or bleeding from the sacral
plexus of veins posteriorly [3-5].

The total mesorectal excision (TME), which involves a sharp
dissection within the perirectal fascial planes, decreases the lo-
cal recurrence rate of rectal cancer to <10% [6]. Therefore, the
relationship between the fascial planes around the rectum is vi-
tal in identifying the best plane for circumferential rectum dis-
sections [7].

The mesorectum is covered by a visceral fascia [8] or the fas-
cia propria of the rectum (FPR) [9]. Additionally, the pre-
hypogastric fascia and the presacral fascia have been indicated
as being dorsal to the FPR [10]. The rectosacral fascia (RSF) was
described as a fascial layer connecting to the FPR at the level of
the third/fourth sacral vertebrae (S3-S4) [11-13] and divides the
retrorectal space (RRS) into the presacral space (PSS) and the
precoccygeal space (PCS), representing the cranial and caudal
portions, respectively [14].

Although the RSF is of paramount clinical significance [15,
16], some textbooks focusing on colorectal surgery are still
deficient in its anatomical description [17, 18]. When the RRS
is dissected, the RSF can be cut and the PSS connects to the
PCS, without disruption of the caudal part of the FPR [13, 19,
20]. However, this definition only describes the morphology
of the RSF behind the rectum; its lateral attachment is still
not well described.

Despite being a critical anatomical area for rectal surgeons,
surgical literature is still needed to describe the detailed surgical
anatomy of the lateral fascial compartment and the relation-
ship among fascial layers around the rectum. Thus, this study
observed the topographic morphology of the RSF and the lateral
fascial compartment during rectal dissection by high-definition
laparoscopic/robotic TME operations. Furthermore, intraopera-
tive findings were validated with cadaveric specimens to clarify
the optimal safe surgical plane of this region.

Patients and methods

Clinical data collection

Surgical videos of 67 patients with rectal cancer who underwent
TME between January 2019 and December 2019 at the Affiliated
Union Hospital of Fujian Medical University (Fuzhou, China)
were reviewed retrospectively. Videos of laparoscopic TME, in
which dissection reached the terminal end of the mesorectum
distally at the levator hiatus, were included. The operations
were conducted by two of the most experienced surgeons in our
department. Reviewing the operative videos was achieved by
the surgical team to translate the findings into the applied clini-
cal description. Accordingly, the surgical videos were blindly ex-
amined by two qualified surgeons (W.M.G. and X.W.) while the
final results were checked and approved by the senior author
(P.C).

While dissecting the RRS, a monopolar hook is routinely
used to dissect the inter-fascial plane until reaching the levator
hiatus level. However, in some exceptional situations, when the
RSF is relatively thick, the ultrasonic knife (harmonic) is used to

cut the fascia carefully to avoid any chance of injury/bleeding
from the sacral plexus of veins.

Cadaveric specimen examination

Twenty-eight fixed cadaveric specimens (male, n=14; female,
n=14) were examined at the Laboratory of Clinical Applied
Anatomy at Fujian Medical University (Fuzhou, China). The
specimens were hemipelvis cut and viewed in the midsagittal
plane. Only recently, fixed adult cadavers were included to re-
duce the bias that postmortem changes might cause. The fixa-
tion procedure was performed entirely under the supervision of
the director of the human anatomy department. All cadavers
were fixed by injection of 10% formalin into the femoral artery.
The dissection was performed using common surgical instru-
ments (tissue clamps, smooth forceps, scalpel, scissors) with
the assistance of binocular loupes (Yiwu Suolan Appliance
Company, China) to better examine anatomical details (magni-
fication power up to 10x). The classical steps of top-to-bottom
TME and complete rectal mobilization were performed.
Specimens with a history of previous pelvic disease or pelvic
surgery were excluded because the anatomical architecture
might be disturbed in such cases.

Ethical approval

The affiliated ethical committee has approved our study (No.
2020KY051). The cadaveric specimens were all treated according
to the ethical regulations of Fujian Medical University to be
used only for educational and research purposes.

Results

Intraoperative observation

The structure of the RSF was successfully recognized during
surgery in all patients operated on for rectal cancer (100%) and
its anatomical course was also observed.

During the dissection of the presacral portion of the RRS,
there is a very well-defined surgical plane between the FPR and
the parietal pelvic fascia (synonym: pre-hypogastric fascia
[PHF]). Moving distally below the level of the peritoneal reflec-
tion, the surgical plane gradually becomes ill-defined and the
loose connective tissue disappears suddenly. This molded part
of the fascia exhibits some resistance to dissection and the
plane becomes unclear accordingly. At that level, the RSF exists.
However, with experienced surgeons, if dissection continued in
direct contact with the FPR, the pneumoperitoneum is sufficient
to reveal the RRS. By remaining in direct contact with the FPR, it
is not necessary to identify the RSF (Supplemental video).

The rectum should be moved up and down during surgery to
allow the surgeon to recognize the faint plane between the RSF
and the FPR to cut it accurately from the posterior aspect (at
6 o’clock). The RSF was observed to have two well-defined
layers, namely the upper and lower layers, in 35/67 (52.2%)
patients. The recognition of those two layers depends, to a great
extent, on the speed and dissection depth. The slower and more
superficial the dissection of the upper layer, the easier it is to
recognize the lower layer. At that level, slow dissection allows
time for the laparoscopic air to enter between the two layers,
causing pneumodissection that pushes the lower layer slightly
deeper. Thus, the layers separate, becoming clearer and more
recognizable. After that, once the lower layer is cut, a loose
piece of connective tissue with a snowy appearance is seen and
the PCS can be entered thereafter (Figure 1). Thereafter, the
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Figure 1. The dissection of the posterior attachment of the rectosacral (Waldeyer’s) fascia (RSF) to the fascia propria of the rectum (FPR); entry into the precoccygeal
space (PCS) (note the snowy appearance of the loose connective tissue) (the figure picked from the same patient). (A) Upper layer of the RSF; (B) lower layer of the RSF.
Yellow arrows: the broad horizontal arc-like insertion of the RSF; 1: FPR enveloping mesorectum; 2: pre-hypogastric fascia (PHF); 3: space between the two layers of

RSF; 4: PCS.

Figure 2. The right margin of the rectosacral fascia (RSF) (laparoscopic view). Red dashes: RSF; white dashes: Denonvilliers’ fascia (DVF) (partially preserved); blue trian-
gle: fascial-fusion zone (lateral rectal ligament [LRL]); 1: the rectum (covered by the resected part of DVF); 2: fascia propria of the rectum (FPR) (intact); PHF, pre-hypogas-

tric fascia.

distal dissection is advanced in front of the presacral fascia un-
til the pelvic floor is reached. The RSF posteriorly attaches to
the FPR. Upon merging anterolaterally on both sides, the RSF
seems to join a dense fascial component, which is the site of
the lateral rectal ligament (LRL). Therefore, it is a bit risky to dis-
sect this area continuously from posterior to anterior, as it may
obscure the surgical plane and cause a likelihood of perforating
the FPR, resulting in the mesorectal residue.

The relation among the RSF, Denonvilliers’ fascia (DVF), and
the LRL was observed in patients who underwent TME with par-
tial preservation of the DVF. In this technique, the DVF is
approached through the following: (i) incision 1cm above and
anterior to the peritoneal reflection; (ii) U-shaped excision of
the DVF 0.5cm above the seminal vesicle base; (iii) dissection
behind the DVF. At the site where the DVF is transected, the

edge of the preserved part of the DVF (anterior) seems to meet
the edge of the RSF (posterior) at a lateral zone with a bulky fas-
cial composition (synonym: LRL).

Accordingly, this zone was looked at like a triangle with its
apex pointed toward the mesorectum and its base toward the
pelvic sidewall. It seems to be an area where three fasciae
meet the first layer of the DVF (anterior), RSF (posterior), and
PHF (the base of the triangle). At that level, the pelvic plexus
emerging from S2:S4 is covered by a gray-white fascia (PHF),
while the first layer of the DVF traverses the fusion/meeting
zone and attaches to it. When the rectum is laterally mobi-
lized, the first layer of the DVF is encountered as a tough fas-
cial layer that must be cut gradually (Figure 2). Dissection
should first be performed from the anterior aspect in a down-
ward direction and then from the posterior part in an upward
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Figure 3. The rectosacral fascia (RSF) dividing the retrorectal space (RRS). Red
arrows: upper and lower layers of the RSF; white arrows: pre-hypogastric fascia;
1: rectum; 2: presacral space; 3: precoccygeal space; 2 + 3: RRS.

direction until the neurovascular bundle (NVB) of Walsh [21]
protection is ensured.

The FPR is dissected toward the RRS posteriorly, and the
mesorectum is observed from the left side and checked for FPR
integrity. The left and right fascial zones have symmetrical ana-
tomical compositions.

Cadaveric observation

The RSF was observed in the RRS of 28 cadaveric hemipelvis
specimens (lateral sagittal view). It was visible the end of the
PHF, which holds the hypogastric nerve and the ureter
(Figure 4A). At S4 of 26 (93%) cadaveric specimens, the RSF pro-
duces two layers (upper and lower) (Figure 3) and both have a
broad arc-like insertion around the posterior and posterolateral
aspects of the FPR (Figure 6A and C) (Supplemental video).

The appearance of the two layers was found in all cadavers.
However, two types of individual normal variations were dis-
covered in two cadaveric specimens. In the type-one variation,
both layers of the RSF originated from the base of the S3 verte-
bral body (3.5%) (Figure 4B). In the type-two variation, which
was found in one specimen (3.5%), the upper and lower layers
originated from the S4 and S5 levels, respectively. Meanwhile,
the PHF extends downward and attaches to the FPR near the
level of the levator hiatus (Figure 5).

As mentioned in the operative findings, the hypothesized bi-
lateral fascial-fusion/meeting zone looks like a triangle in the

horizontal position. The apex pointed toward the FPR, while the
base faced the lateral pelvic sidewall formed by the PHF. The an-
terior fascial side of the triangle was formed by a merger with
the posterolateral aspect of the DVF, the lateral fascial side was
the PHF, and a merger with the RSF formed the posterior fascial
side. With detailed dissection and transection of the rectum at
the attachment site of the RSF, the RSF running from the supe-
rior and posterior to inferior and anterior was observed until it
joined the lateral zone, where it met the PHF laterally and the
anterior layer of the DVF anteriorly (Figure 6).

Discussion

The harmonization of cadaveric demonstration and intraopera-
tive interpretation enhances anatomical understanding for sur-
geons and hastens the learning process accordingly [22].
However, there is a discrepancy between the dissection instru-
ments used in cadaveric dissection and operative dissection.
During real operations, dissection should be performed using
monopolar or vessel sealing instruments, which may induce tis-
sue fusion. Dealing with fascial layers of different thicknesses,
this artificial fusion may mislead the surgical planes. While
common surgical instruments used in cadaveric dissection
(scalpel, scissors, etc.) can perform sharp dissection, and each
distinct fascial layer can be dissected separately for research,
thin fasciae need skillful and very cautious dissection otherwise
they can be cut and missed easily.

This study delves into the anatomy of the perirectal fasciae,
revealing how distinct fascial layers engage with the LRL. The
awareness of the RSF architecture and the lateral fusion zones
(LRL) allows a thorough understanding of the many perirectal
anatomical concepts. As a result, surgeons will better under-
stand the surgical planes for TME, which is of paramount im-
portance for a better quality of surgical resection. Additionally,
highlighting the surgical planes where the perirectal fascial
layers combine would lower the unnecessary bleeding from the
lateral and posterior adjacent vessels.

The RSF

In this study, the validation of cadaveric findings with intrao-
perative findings was potentially of great clinical value in pur-
suing high-quality TME. Understanding the concept of the two
layers of the RSF may lower the potential risk of dissecting
through the mesorectal tissue anteriorly or the presacral fascia
posteriorly, causing inevitable venous bleeding. Moreover, these
two layers provide double protection to the sacral venous
plexus. Alternatively, the lower layer may pose challenges if it
is not perpendicularly cut and the snowy connective tissue of
the PCS appears. If the surgeon dissects the lower layer
obliquely, part of the FPR may be peeled out.

Prof. H. Fritsch conducted anatomical and embryological
investigations on the developmental changes of the RRS [14, 23,
24]. In 20-week-old embryos, the parietal pelvic fascia has been
demonstrated, while dividing the RRS into the PSS and the PCS.
However, it was not reported to have a certain number of layers.
Compared with our findings, the traversed part of the parietal
pelvic fascia may show the RSF described in this study, while
the two layers of the RSF are perhaps formed later, sometime
during the postnatal life.

This study highlights the concept of broad insertion of the
RSF as a horizontal arc-like two-layered structure attached to
the posterior and posterolateral aspects of the FPR as observed
in the retrospective intraoperative video review (Figure 1) and
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Figure 4. Rectosacral fascia (RSF) at the S3 level (individual variation). (A) Before separation of the two layers of the RSF; (B) after separation of the two layers of the RSF.
Red arrows: upper and lower layers of the RSF; white arrows: pre-hypogastric fascia; 1: the rectum; 2: the mesorectum; 3: the urinary bladder; 4: the hypogastric nerve;

S: the ureter.

Figure 5. Downward extension of pre-hypogastric fascia (PHF) (individual varia-
tion). Red arrows: upper and lower layers of the rectosacral fascia (RSF); white
arrows: PHF; blue arrows: the extended part of the PHF; yellow arrows: the pre-
sacral fascia (PSF); 1: the rectum; 2: the vagina.

confirmed with cadaveric dissection (Supplemental video). It
resembles, to a great extent, what was reported by Garcia-
Armengol et al. [25] and Chen and Liang [26], who highlighted
that the RSF originated from the presacral fascia dividing the
RRS into upper and lower parts, while varying from what
Wilhelm Waldeyer described [12, 27], as they claimed that the
RSF traveled caudally with the FPR until 3-4 cm proximal to the
anorectal junction. In the topographic view of laparoscopic and
robotic surgery, the RSF may look like two distinct structures.
Still, this study provides another view from the sagittal aspect

through cadaveric dissection, which indicates that these two
layers are related to each other and both represent the same
fascia while attaching to the FPR.

Paradoxically, this concept does not fit this knowledge. For in-
stance, Sato and Sato [28] described the RSF in 36 pelvic halves.
They found only a loose connection toward the LRL. Recently, the
RSF was described as tissue condensation in the midline [29].

Jin et al. [6] reported that the RSF had two leaves that divided
the RRS into two spaces and extended between the FPR and the
presacral fascia. Some researchers have reported presacral (ret-
rorectal) tumors in the potential space between the two compo-
nents of the RSF. Still, they believed that the tumors originated
from the presacral fascia rather than the PHF [30, 31].

The RSF was reported to start at the S2 vertebra in 15% of
people, S3 in 38%, and S4 in 46% [25], while this study found
that most of the cadaveric specimens had the fascia originating
from S4 (93%). The RSF was reported as a rectosacral ligament
that was claimed to divide the space behind the rectum into
two non-communicating chambers: the retrorectal space and
the supralevator space (synonym: the PSS and PCS described in
this study, respectively) [32]. However, this traditional definition
merely describes the shape of the RSF behind the rectum and
does not describe its topographic lateral attachment.

Prof. Kinugasa and colleagues [10] described the difference
in histological structure between the PHF and the presacral fas-
cia, which was a novel description at that time. To a great ex-
tent, the authors depended on histological examination of
cadaveric specimens, which made the clinical importance of
their findings unclear. They were against the concept of the ex-
istence of any fascia between the presacral fascia and the FPR.
Moreover, the two-layered structure of the RSF or its lateral at-
tachment could not be well demonstrated.

The LRL

The LRL is defined differently in several textbooks of anatomy
[33]. For instance, the bilateral ligaments were described by
Gardner, Grey, and O’Rahilly as “two other condensations of
connective tissue, in which are embedded the middle rectal ar-
teries and plexuses, connect the rectum to the parietal pelvic
fascia” [34], while Paulsen and Waschke have not defined the
term of the LRL and it was stated that the mesorectal fascia
(synonym: FPR mentioned in this study) forms a pathway for
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Figure 6. Bilateral attachment of the posterior and anterior rectal fasciae. (A) Transverse view; (B) lateral view; (C) lateral view (the rectum is resected). White dashes:

Denonvilliers’ fascia (DVF); red dashes: the rectosacral (Waldeyer’s) fascia (RSF); yellow dashes: pre-hypogastric fascia (PHF); triangle: lateral rectal ligament (LRL); HGN,
hypogastric nerve; PSF, presacral fascia.

the NVB whereas a connective tissue envelops the pelvic plexus vessels through this structure, which should be considered while
obtained from the parietal pelvic fascia [35]. performing TME (Supplemental Figure 1). This concept was com-

This study hypothesizes that the lateral fascial-fusion zone, patible with Sato and Sato’s study that clearly indicated that the
known as the “LRL,” is not an actual ligament. The pelvic plexus so-called lateral ligament is not a true ligament, but rather a

tends to send rectal innervation alongside the middle rectal pathway for nerves and blood vessels on either side [28].
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There is an embryologically based concept that the LRL has
no definite borders. In young fetuses, the rectal adventitia
grows from a layer of condensed mesenchyme to a thick con-
nective tissue septa-divided layer. The rectum-supplying ves-
sels are included within the perirectal compartment [23, 24].
Additionally, several studies have reported that the LRL is a
composite of condensed fascia rather than an actual ligament
[28, 36-39], which supports this study hypothesis.

Ishii et al. [40] reappraised the LRL through a cadaveric dem-
onstration that was largely compatible with our findings. They
claimed that the RSF is the structure connecting the PHF to the
FPR and contributing to lateral fascial fusion (synonym: LRL).
However, the anatomical details of the lateral attachment of the
RSF and its two layers and clinical implications were not clearly
discussed.

The anatomical site of the LRL is still a controversial point.
Some studies have claimed that it was located on the anterolat-
eral aspect of the rectum [38, 39], while other studies mentioned
that it was found posterolaterally [41, 42]. Although some previ-
ous studies reported that the LRL was not a true ligament and
appeared to be an extension of the mesorectum, as they
claimed that the FPR and PHF (also called the parietal pelvic fas-
cia) were the same layer [43], they overlooked the fascial-fusion
zone hypothesized in this study.

This study examined fixed cadavers rather than fresh cadav-
ers, depending on the availability at our institute. Thus, it has
an inherent limitation that may be caused by postmortem de-
generative changes. Additionally, this study focused mainly on
gross topography relevant to the surgical anatomy so that histo-
logical examinations, similar to the previously published
reports, were not conducted; this may be considered a limita-
tion. However, it would be the foundation of future goals to be
achieved for further histological investigations.

Conclusions

The RSF is commonly considered the end of the PHF at the level
of S4 and consists of two layers (upper and lower). It attaches to
the FPR along a horizontal arc that merges anterolaterally in an
obliquely downward direction until it meets the posterolateral
merger of the DVF at the hypothesized lateral fusion/meeting
zone, known as the LRL. This ligament is not a true ligament
but looks like a fascial combination that cushions the rectal in-
nervation and middle rectal vessels. The PHF is a separate fas-
cial layer between the FPR anteriorly and the presacral fascia
posteriorly, holding the hypogastric nerve and the ureter within
its fibers. The overall anatomical view of this region may pro-
vide invaluable surgical guidance for dissecting this difficult
and critical part of the TME from anterior to posterior and find-
ing the correct plane that guaranties intact FPR integrity and
protects the essential nearby nerve structures.

Supplementary Data

Supplementary data is available at Gastroenterology Report
online.
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