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Abstract

Rectal anatomy is one of the most challenging concepts of visceral anatomy, even though currently

there are more than 23,000 papers indexed in PubMed regarding this topic. Nonetheless, even
though there is a plethora of information meant to assist clinicians to achieve a better practice,
there is no universal understanding of its complexity. This in turn increases the morbidity rates
due to iatrogenic causes, as mistakes that could be avoided are repeated. For this reason, this
review attempts to gather current knowledge regarding the detailed anatomy of the rectum and
to organize and present it in a manner that focuses on its clinical implications, not only for the
colorectal surgeon, but most importantly for all colorectal cancer-related specialties.
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Introduction

Even though rectal anatomy is considered by most
clinicians to be a well-known subject, it is still treated as a hot
topic, since a search for it across medical databases will retrieve
tens of thousands of published works. Interestingly, a recent
Canadian study investigated how colorectal cancer (CRC)
surgeons define the rectum. The answers were divergent,
ranging from a metric definition (e.g., until 12-19 cm from
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the anal verge [AV]) to a given landmark (e.g., the part from
the sacral promontory) [1]. This study can be considered as
indicative of the current overall knowledge on rectal anatomy
across CRC-related specialties. On the other hand, even
though rectal cancer is a well-studied entity and numerous
trials are still running in order to improve the morbidity
and mortality rates, there still is a high rate of iatrogenic
morbidity [2,3]. Therefore, in order to achieve better clinical
practice, clinicians first of all have to acquire a thorough
understanding of the anatomy and its clinical implications.

The anatomical definition of the rectum: proximal and
distal border

The traditional definition of the rectum relies mostly on its
gross anatomy. More specifically, the transition from the sigmoid
to the rectum is marked by the coalescence of taeniae coli, the
loss of appendices epiploicae and the fusion of the surgical
mesocolon. These landmarks are found approximately at the
level of the sacral promontory, or 15 cm from the AV [4-9].
In addition, given the possible clinical benefits, it is helpful
to divide the rectum into three parts—upper, middle and
lower—measuring the distance from the AV or rarely from the
dentate line (DL), using rigid proctosigmoidoscopy or magnetic
resonance imaging (MRI). However, age and sex, along with
somatometric differences, make the formulation of the rectal
borders by metrics or anatomical landmarks rather difficult.
Indeed, an MRI based study found that, in the supine position,
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the rectum does not begin at the level of the sacral promontory,
but rather at the level of S1-2 [10]. Interestingly, various major
trials have used different definitions for the proximal rectal
border [11-14], leading to inconsistency in the interpretation of
results. Similarly, other surveys have demonstrated considerable
variation among surgeons, and other medical practitioners of
all colorectal multi-disciplinary team specialties, regarding the
rectal borders. Most surgeons (35%) place the proximal rectal
border at the level of the anterior peritoneal reflection, though
other anatomical or metric landmarks are also used [1]. In
contrast, the various CRC specialties place the proximal border
at the “sigmoid take off” on cross-sectional MRI imaging, over
all other metrics and anatomical landmarks [15,16] (Fig. 1A).
The definition of the distal end of rectum is equally vague.
Surgeons locate the anorectal junction at the level where
the puborectalis sling surrounds the rectum [4]. In contrast,
radiologists use the AV [17] and anatomists the DL as the distal
end of the rectum [18]. Although the AV is an external and easily
accessible landmark; it is not constant in anatomical terms, as it
may vary considerably between individuals depending on body
shape and position, and also on the clinician’s perception. In
contrast, the DL is a well-defined landmark that can provide
a more accurate reference point for the measurement of rectal
lesions. According to the guidelines of the European Society of
Gastrointestinal and Abdominal Radiology, MRI measurements
could define the distal end of the rectum as either the anorectal
junction or the AV, and this should be stated in the report [19].

Peritoneal covering and anterior peritoneal reflection

Even though the large bowel is intraperitoneal (appendix,
cecum, transverse, and sigmoid colon) or secondary
retroperitoneal (ascending and descending colon) the rectum
exhibits a unique pattern regarding its peritoneal cover. More
specifically, the upper third is usually covered anteriorly and
at its sides, the middle only anteriorly, while the lower part is
subperitoneal and thus not covered by peritoneum. In this way,
a peritoneal fold is formed surrounding the rectum. The deepest
and most clinically important part is the anterior peritoneal
reflection, or Douglas Pouch. The anterior peritoneal reflection
is easily depictable using MRI in 82-90% of patients [20,21].
Anterior peritoneal reflection is easily identified in the presence

of fluid in the pelvic cul-de-sac. In fact, the anterior peritoneal
attachment onto the anterior rectal wall exhibits a V-shaped sign
on axial MRI section. This low-signal-intensity linear structure
forms the so-called “seagull” sign, found at 10.9 cm from the AV
in both sexes [21] (Fig. 1B). However there are cases where the
anterior peritoneal reflection is difficult to identify on MRI. These
cases are mainly due to poor image quality, motion artifacts, a
paucity of pelvic fat planes, retroversion of the uterus, or exophytic
rectosigmoid tumors. Nonetheless, the exact position of the
anterior peritoneal reflection may vary considerably between
individuals. For example, women undergone multiple labors
have a considerably deeper cul-de-sac (sometimes even reaching
the pelvic floor) (Fig. 1C). This in turn makes the extraperitoneal
portion of the rectum shorter than usual [22,23].

Mesorectum and surrounding fascias

Mesorectum: definition and distribution

As part of the alimentary tract, the rectum is surrounded by
an adipocyte envelope called “meso’, in which vessels, nerves and
lymph nodes are embedded. This fatty tissue envelope provides
a route for all these elements to reach the target organ. Though
the distal border of the mesorectum is anatomically obvious, the
proximal border is a matter of debate. Some studies considered as
proximal border the bifurcation of the superior rectal artery [24],
while others consider that the mesorectum extends as far as the
proximal border of the rectum, without defining it [25]. From
the radiological aspect, the transition from the mesosigmoid to
mesorectum is indicated by the “sigmoid take off”, and can be
identified on cross-sectional sagittal imaging, where the sigmoid
colon lies horizontally and the rectum follows the hollow of the
sacrum. On this cross-sectional imaging, the superior rectal
vessels enter the proximal mesorectum and bifurcate into 2
vessels, adjacent to the inferior portion of the pouch of Douglas
approximately at the level of S3 [16]. At this point, the proximal
part of the rectum is covered by the mesorectum only laterally
and posteriorly, while the middle is encased circumferentially,
approximately up to the anterior peritoneal reflection. In the
lower part, however, the anterior wall is only rudimentarily
covered, as the mesorectum is almost fused with the rectal wall

Figure 1 (A) The “sigmoid take oft” shown on a sagittal T2-w magnetic resonance (MR) image (arrow). (B) The “seagull” sign on an axial T2-w MR
image (arrow). (C) Douglas pouch in a woman, on sagittal T2-w MR image (arrow)
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(Fig. 2A), leaving only the lateral and posterior aspects covered
to some extent [24,26-29]. Nonetheless the mesorectal fascia
covers the rectum almost universally (except from the lower
posterior aspect below the rectosacral fascia, where is difficult to
divide it from the rectal wall) [26].

Surrounding fasciae
Presacral fascia

At the most posterior aspect lies the presacral fascia, which
covers the sacral bone and its venous plexus, extending to the
pelvic floor to cover the proctococcygeus muscle, whereupon
the level of the levator ani muscle fuses with the mesorectal
fascia [30,31].

Parietal pelvic fascia

Ventrally to the presacral fascia lies the parietal pelvic fascia
(Fig. 2B). This dual-lamella structure encases the hypogastric
nerves and the pelvic splanchnic nerves, which run through
the lateral pelvic walls [32]. However, as it descends towards
the levator ani muscle it fuses with the presacral fascia, making
it difficult to separate them.

Rectosacral fascia

On the posteroinferior side of the rectum the rectosacral
fascia (Waldeyer’s fascia) may be recognized (Fig. 2B). This
fascia is described as a thickening of the presacral fascia that
descends to meet the mesorectal fascia about 3-5 cm from the
anorectal junction [32]. Interestingly, in light of various degrees
of endorsement, some anatomists consider the rectosacral fascia
to be a form of ligament (rectosacral ligament) [33]. However,
the rectosacral fascia exhibits a great variability in its origin
and existence. Garcfa-Armengol et al reported that 15% started
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from the S2 vertebra, 38% from S3, and 46% from S4 [31]. Its
function appears to be the anchorage of the rectum with the
sacral bone, since after its cross-section the motility increases
considerably. Between them (the mesorectal fascia and the
parietal pelvic fascia) a space is formed, the rectosacral space,
separated by the rectosacral fascia into a superior and inferior
compartment that communicate with each other [26,34].

Denonvillier’s fascia

The rectoprostatic fascia (Denonvillier’s fascia) lies between the
anterior side of the rectum and the prostate and seminal vesicles.
Its anatomy has been a matter of debate, since some authors
maintain that there are no macroscopically distinguishable layers
and the so-called posterior layer refers to the mesorectum [35]
(Fig. 2A), while others claim not only that there are multiple
layers, but also that it continues with the mesorectal fascia [36].
Inside this fascia, nerve fibers from the hypogastric nerve and
small vessels leading to the prostate and male genital organs
may be recognized. However, sometimes this fascia may not be
recognized easily because of the patient’s old age [35].

Rectovaginal septum

The rectovaginal septum consists of 2 thin elements,
one anterior and one posterior, clearly distinguishable from
one another. More specifically, the posterior petal, which
according to some researchers constitutes the mesorectal
fascia, originates from the pelvic diaphragm (from the arcus
tendineus), ascends always in close contact with the rectum
and reaches the peritoneum. Then it is bent backward, passing
between the rectum and the peritoneum until it is perfectly
fused with the rectum. The anterior petal is fundamentally
Denonvillier’s fascia, which originates from the pelvic floor
and moves upward, adheres to the back of the vagina and
continues its cephalic course, at the back of the uterus, to which
it adheres [37].

A

Figure 2 (A) Median sagittal plane in a male cadaveric right hemipelvis. The yellow band indicates the prostatic part of the urethra. AMEF, anterior
mesorectal fascia; ARW, anterior rectal wall; DVE Denonvilliers fascia; NE penetrating rectal nerve fibers; SV seminal vesicles. With permission of
Institute of Anatomy, University of Kiel, Germany. (B) Median sagittal plane in a male cadaveric right hemipelvis. Red loop indicates the superior
rectal artery (SRA); blue loop indicates the superior rectal vein (SRV). RSL, rectosacral ligament; MR, mesorectum; PSE, presacral fascia; PPF parietal
pelvic fascia; S3, $4, S5, sacral vertebrae 3, 4, 5; CC, coccyx. With permission of Institute of Anatomy, University of Kiel, Germany

S, superior; A, anterior; B, posterior; I, inferior
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Lateral rectal ligaments

Laterally to the rectum we may find the lateral ligaments
(Fig. 3A). These are fibrous formations which, depending on
the degree of their organization, can take various forms. These
structures are a point of intense controversy, as some authors
challenge their position, at least as suggested by the various
classical surgical handbooks, while others even dispute their
existence, since in the absence of discrete strong connective tissue
fixing the rectum to the pelvic wall, but rather the presence of
loose condensations of the parietal pelvic fascia fusing with the
mesorectal fascia, they choose to refer to it as a fascial fusion [38].
Jones et al found that the lateral ligaments of the rectum were
present in more than half of the cases (in 15 of the 28 unilaterally
and in 3 cases bilaterally). They would form rudimentary fibrous
bands from which substantial structures such as vessels and nerves
were absent. As for their placement, 17 were located laterally in
the rectum, 10 posteriorly and 3 posterolaterally, while their
number ranged from 1-5 [39]. However, other research teams
managed to find a neurovascular component in [40,41] or above
them [42]. Nonetheless, because of the general effort to improve
survival rates for patients with rectal cancer (especially those
located in the lower rectum), there is a resurgence of research into
these ligaments. This can be explained by the fact that, in those
cases where the middle rectal artery runs through them, there is
a great chance of having accompanying lymphatics towards the
lateral pelvic wall, possibly connecting the mesorectal group of
lymph nodes with those of the internal iliac artery or the internal
obturator artery [43].

Rectal arteries

The arterial supply of the rectum is traditionally described as
being supported by three main vessels: the superior, middle and
inferior rectal arteries. However, clinical practice has proved
that this description can sometimes be an oversimplification
or even misleading.

Annals of Gastroenterology 32

Superior rectal artery

The main rectal artery is the superior (SRA), the farthermost
branch of the inferior mesenteric artery (IMA). Typically, the
IMA is deemed to become the SRA when it crosses the common
or internal iliac artery on the left side of the pelvis. Approximately
at the level of the S2 or S3 vertebra it divides into a number of
small branches that approach the rectum from the posterior
aspect [44] (Fig. 2B). In a large study of formalin-fixed cadavers
(50 adults and 25 newborns) SRA was found to bifurcate with a
large right branch in 81%, to trifurcate in 13% with branches of the
same size, to provide more than 3 branches in 4%, while in 2% the
main trunk of the SRA crossed the posterior side of the rectum in
order to create anastomotic loops on both sides. In the majority
of cases, the long right branch supplies 2 small vessels that run on
the right and anterior sides and lead to a number of smaller ones.
The shorter left branch descends undivided on the left side up to
a variable point where it branches into smaller vessels [45]. In an
angiographic study of 10 rectal specimens, a complex anatomic
pattern of small arterial branches and collaterals arising from the
axis of the SRA was found, mainly on the lateral and posterior
sides. In this case, the mother trunk of the SRA and its daughter
vessels (left, right and posterior) gave rise to the small arteries that
occurred every 0.5-1 cm and penetrated through the mesorectum
towards the rectal wall in a manner similar to that of the marginal
artery and the vasa recta of the colon. Additional (but to a lesser
degree) collaterals would rise from the middle and inferior rectal
arteries. Interestingly, in the upper and middle rectum, the small
arteries had more frequent collaterals than in the lower rectum.
However, in the lower rectum, the small arteries were vertically
aligned. On the anterior aspect, the homonymous branches of
the SRA start from the upper mesorectum and pass anteriorly
and inferiorly approximately at the level of the lateral ligaments,
where they give collaterals to the middle rectal artery and then
penetrate the inferior rectal wall to terminate in the submucosal
anal plexus. These anterior branches of the SRA also form variable
and tenuous collaterals with the inferior rectal artery and with the
posterior branches of the SRA [46].

: - 1 e i 0, S Ty o A
Figure 3 (A) Median sagittal plane in a male cadaveric right hemipelvis. Red loop indicates the right lateral rectal ligament (LRL); RHN indicates
the right hypogastric nerve embedded into the parietal pelvic fascia (PPF). With permission of Institute of Anatomy, University of Kiel, Germany.
(B) Median sagittal plane in a male cadaveric right hemipelvis. Red loop indicates a middle rectal artery (MRA) arising from the internal iliac artery
(ITA); blue loop indicates a middle rectal vein (MRV) draining to the internal iliac vein (IIV); green square indicates an internal iliac lymph node
(LN). S1, 82, 83, $4, S5, sacral vertebrae 1, 2, 3, 4, 5. With permission of Institute of Anatomy, University of Kiel, Germany

S, superior; A, anterior; B, posterior; I, inferior



Middle rectal arteries (MRAs)

MRAs are the most inconsistent as regards their existence
(36-57%) and with respect to their origin and distribution.
DiDio et al studied 30 cadavers and found that an MRA was
present in only 56.7% of the cases; in 36.7% it was bilateral and
in 20% unilateral. As for its origin, the researchers described
a cluster of variations. In 40% the vessel of origin was the
internal pudendal artery, in 26.7% the posterior gluteal artery
and in 16.8% the internal iliac artery, while the other pelvic
vessels were less often the site of origin. Moreover, the same
investigators found that the most usual level of entrance in
the mesorectum was located approximately 6 cm from the
pelvic floor, at the anterior aspect of the rectum (50%) or the
posterior aspect (45%) [47]. The usual route for the MRA to
approach the rectum was provided by the lateral ligaments of
the rectum (the rectal stalks) [45] (Fig. 3B).

Inferior rectal arteries (IRAs)

IRAs are found to be consistent with respect to their
existence and their origin from the internal pudendal artery.
More specifically, the internal pudendal artery gives rise to the
IRA below the levator ani muscle. As it reaches the anorectal
junction, the IRA divides into 4 main branches for the distal
part of the rectum, the anal canal, and the internal and external
anal sphincter, each of which gives rise to 3 more vessels [45].
Being in the rectal wall, it creates anastomotic loops with
the MRA (when they exist) or the SRA in the submucosa.
However, because of its distribution there is a potentially
poorly vascularized area on the posterior lower side of the
rectum [48].

Rectal (hemorrhoidal) veins

The blood is drained from the rectum through its muscularis
plexus (the outer plexus), located below the level of the anterior
peritoneal reflection until the levator ani muscle, and the
submucosal plexus (the inner plexus), which extends from the
proximal end of the rectum until the anus. The inner plexus is
drained by 2 other plexuses, the superior and the inferior. The
superior plexus runs through the rectal columns (and is the
one that creates the inner hemorrhoids) and anastomoses with
the outer plexus, which finally creates the superior rectal vein,
which, with the contribution of the sigmoidal veins, creates
the inferior mesenteric vein (part of the portal circulation)
(Fig. 2B). The inferior plexus (which gives birth to the outer
hemorrhoids) continues towards the anus, where it becomes
the inferior rectal vein; this, along with the internal pudendal
vein, drains into the internal iliac vein (part of the systematic
circulation) [49]. In few cases there is also an accompanying
middle rectal vein (MRV). This vein can be recognized in
about 32.6% of cases, in the majority unilaterally. Interestingly
the MRV is rarely accompanied by an MRA (6.2% in one study
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of 81 hemipelvises). Whatever the case may be, the MRV drain
its blood into the internal iliac vein [50].

Rectal lymphatics and lymph nodes: ghost-hunting
Lymphatic spread

Since R.J. Heald introduced his holy plane for total
mesorectal excision (TME), the surgical community has
realized that the majority of rectal lymph nodes are embedded
inside the fatty rectal envelope: the mesorectum. However,
they are not equally distributed across its volume and do not
drain the various rectal parts at random. In fact, it seems that
there are certain patterns. Zheng et al, studying 31 patients
who underwent TME, tried to unveil the possible pattern
of local spread based on the location of the primary lesion.
First they classified the tumors as above (5 patients) or below
(22 patients) the anterior peritoneal reflection. Tumors above
the peritoneal reflection appeared to spread across the SRA,
with zero metastases along the MRA (when present). Those
below the peritoneal reflection appear to be mainly distributed
in the SRA and secondarily in the MRA and IRA. Then, the
tumors were distinguished according to their position in the
rectal surface (anterior, posterior, lateral, circular). It was
shown that the preferred metastasis site of the lateral tumors
was along a branch of its superior and/or middle rectal artery,
with only a small incidence in a branch of its SRA on the
opposite side, whereas posterior tumors appeared to be spread
along the SRA bilaterally. Thus, most of the lymphatic drainage
of the rectum and mesorectum was shown to follow pathways
running parallel to the SRA and then the IMA [51]. However,
there is a growing body of evidence that those routes of tumor
spread are not the only ones. Takahasi et al proved that there is
a path connecting the lower rectum with the pelvic sidewalls.
It runs laterally and upwards outside the mesorectum to the
lateral pelvic walls and internal iliac arteries (mainly though in
the internal obturator area) [52]. In fact, tumors located in the
lower rectum, and especially those with their lower limit less
than 5 cm from the DL, use this path [53].

Regional lymph nodes

Several attempts have been made to map the lymph nodes
surrounding the rectum, exhibiting a considerable variation in
their results, due both to the landmarks used (e.g., peritoneal
reflection) and the techniques used to yield the lymph nodes.
However, Canessa et al, in a study of 20 cadavers, concluded
that along the rectum most lymph nodes are located above the
anterior reflection of the peritoneum (71.4% were above and
28.6% were below) [24]. Moreover, most of them appear to
be more pronounced in the posterior upper two thirds of the
rectum, with only a small number in the lower one third, and
even lower in the anterior section along the entire length of the
mesorectum [54,55]. The size of the lymph nodes, as shown by
the Perez et al, appears to be larger in the posterior upper 2/3
than the lateral and lower 1/3 [56].
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The rectum and its nerve supply

The innervation pattern of the rectum can be distinguished
into two basic interacting systems, one internal and one
external. More specifically, the internal system (or intestinal
nervous system) consists of a broadly interconnected
network formed between 2 plexuses, the myenteric (or
Auerbach’s plexus) and the submucosal (or Meissner’s plexus)
[57-59]. The external system is the autonomous nervous
system, sympathetic and parasympathetic. Sympathetic pre-
ganglionic fibers start from the first three lumbar vertebrae,
which, through the white anastomotic branches, enter the
sympathetic chain following a downward course and then
provide the abdominal visceral nerves that contribute to the
pre-aortic plexus. They then continue their course through
branches emerging from the pre-aortic plexus, which goes
along with the IMA and its branches, and form the inferior
mesenteric plexus. Post-ganglionic fibers following the IMA
and then the superior rectal artery will innervate the upper
rectum [60,61]. The lower part of the rectum is innervated
by a different path. Nerve fibers starting from the superior
hypogastric plexus will enter the pelvis and divide into 2
parts, the 2 hypogastric nerves, consisting of 2 or 3 branches,
which follow a parallel course to the ureter approximately
1-2 cm to the middle line disposed over the lateral sides of
the pelvis. Close to its origin, the left hypogastric nerve is
often located behind the origin of the SRA. The distal parts
of the hypogastric nerves are located about 2-4 cm below
the peritoneum, where they eventually receive sympathetic
and parasympathetic sacral fibers from the second, third
and fourth lateral roots to form a pelvic plexus (the inferior
hypogastric plexus) [62]. At this point, the pelvic splanchnic
nerves (nervi erigentes) and sympathetic fibers join the nerve
fibers from the hypogastric nerves and radiate towards the
middle and lower rectum, forming a “T-junction” that lies
close to the posterolateral aspect of the rectum near the
pelvic wall [63,64]. From this point, the fibers separate into
those that innervate the upper rectum, the sigmoid colon,
the descending colon and the distal third of the transverse
colon, and those that target the middle and lower rectum. The
former follow 2 main paths, an ascending path through the
inferior and superior hypogastric plexus, to meet the inferior
mesenteric plexus, and a retroperitoneal path from which
they reach their target organs [65,66]; the latter follow the
descending course of the pelvic plexuses, running first close
to the ureters and the urinary bladder, innervating them, and
then turning downwards at the posterior side of the seminal
vesicles and the prostate to reach the lower rectum [60,61].
A cadaveric dissection of these structures is presented in
Fig. 4. According to Gray, parasympathetic fibers from pelvic
splanchnic nerves ascend through the superior hypogastric
plexus to accompany the inferior mesenteric artery to the
distal transverse, descending and sigmoid colon, providing
parasympathetic innervation to the left colon, since vagal
innervation terminates at the proximal two thirds of the
transverse colon. In addition, rami of the pelvic splanchnic
nerves ascend on the posterior abdominal wall and distribute
directly to the splenic flexure and descending colon [67].
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Clinical implications
Proximal rectal border

The establishment of an accurate estimation of the proximal
border of the rectum is a matter of great importance. This is
because, when the sacral promontory is used instead of the
sigmoid take-off, a cranial overextension of the proximal rectal
border towards the sigmoid is inevitable. Conceivably, this may
lead to unnecessary radiation of the sigmoid colon as a result of
an extended neo-adjuvant radiation field. Additionally, in cases of
sigmoid tumors (especially those at or close to the rectosigmoid
junction) there is a greater chance of considering them as rectal
ones and treating them accordingly. In this case, there is the risk
of exposing the patient to an incorrect treatment [68].

Anterior peritoneal reflection

The relationship between tumor location and the anterior
peritoneal reflection is important in local staging, since rectal
tumors invading the anterior peritoneal reflection are staged
as T4a lesions and this might change the treatment plan.
Unfortunately, prospective studies aiming to validate any
correlation between tumor location at the anterior peritoneal
reflection with the type of treatment and oncological outcomes
are lacking. Anterior rectal tumors located at or above the
anterior peritoneal reflection and invading the peritoneum

Figure 4 Median sagittal plane in a male cadaveric right hemipelvis.
The upper yellow loop indicates the right hypogastric nerve (RHN);
UB indicates the branch from the hypogastric nerve for the ureter;
the lower yellow loop indicates the sacral (splanchnic) nerves (SSN);
the yellow strip indicates the T-junction (TJ); SVF indicates the
nerve fibers from the inferior hypogastric plexus radiating towards
the seminal vesicles; IASN indicates the nerve fibers for the internal
anal sphincter; dagger (f) indicates the hypogastric nerve fibers for
the vas deferens, the seminal vesicles and the urinary bladder. DVE
Denonvillier’s fascia; MR mesorectum; S1, S2, S3, $4, S5, sacral vertebrae
1, 2, 3, 4, 5. With permission of Institute of Anatomy, University of Kiel,
Germany.

S, superior; A, anterior; B, posterior; I, inferior



are at great risk of intraperitoneal spread, thus exhibiting a
worse prognosis, as compared to those without peritoneal
involvement [69]. Moreover, it has been speculated that
locally advanced rectal cancers located at or above the
anterior peritoneal reflection are not reliably targeted with
radiation, since they are more mobile than sub-peritoneal
tumors. Thus, inadvertent radiation of small bowel loops lying
in the Douglas pouch may take place, resulting in increased
morbidity (radiation enteritis) [70]. This is more likely to occur
in multiparous older females with a deep Douglas pouch [71].
Conversely, tumors of the middle and lower rectum may be
undertreated if considered as being over the anterior peritoneal
reflection. In these cases they may not receive neoadjuvant
chemoradiotherapy when it is actually indicated [72]. For
this reason, it has been proposed that the anterior peritoneal
reflection should be the landmark for the selection of the upper
boundary of the radiation field [23,73,74]. The aforementioned
reasons may justify the reluctance of clinicians to irradiate the
upper rectum [75,76]. The MERCURY experience highlights
the fact that involvement of the anterior peritoneal reflection
or the serosa of the intraperitoneal rectum by the tumor on
MRI imaging is reported as T4a. If that is resected, it would
provide a negative circumferential resection margin [18].

Mesorectum distribution

The difference in the distribution of the mesorectal volume
implies modifications in the treatment of rectal cancer as it may
influence the T-stage, upgrading it from a T3 to a T4 [77]. For
instance, in case of a locally advanced cancer located anteriorly
in the lower rectum, where mesorectal fat cover is thin, local
infiltration into neighboring viscera is more likely than in the
case of a lateral or posterior rectal tumor, where the covering
mesorectum is thicker [69].

Surrounding fasciae

As the surgeon dissects posteriorly at the level of the
“holy plane”, separation of the mesorectum from the parietal
fascia must be done with caution, in order not to violate the
mesorectal fascia and predispose to tumor local recurrence.
The key to maintain both compartments intact and to avoid
any unnecessary bleeding is to dissect on the avascular “yellow
side of the white”. For this step, any violation of the parietal
pelvic fascia may result in injury of the presacral venous plexus.
Moreover, the recognition and dissection of the rectosacral
fascia close to its anchoring on the rectal wall increases the
mobility of the distal rectum and ensures dissection along
the correct plane. In fact, this is of great importance for
transanal TME, where the anatomical landmarks are widely
different from those identified by the abdominal approach. In
addition, when dissecting close to or at Denonviller’s fascia or
the rectogenital septum, neurovascular involvement is almost
inevitable, since small nerve fibers and vessels are sheathed in
it, resulting in some degree of urogenital dysfunction.
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Arterial supply

During any low colorectal anastomosis, dissection of
the SRA and MRA results in the loss of middle and upper
mesorectal collaterals. This has two main side effects: first, the
arterial supply of the anastomosis relies on a weak network
of small collaterals found close to the rectal wall; and second,
increased local intraluminal pressure results in a further
decrease of the arterial blood supply, which in turn increases
the risk of anastomotic leak [46].

Venous drainage

Depending on the location of a lesion, different venous
networks may carry tumor cells. For the middle and upper
rectum, blood is drained through the superior rectal vein,
leading it to the portal system via the inferior mesenteric vein.
In contrast, the lower and the middle rectum drain mainly
through the inferior rectal veins to the systemic circulation
via the internal iliac artery. This can explain why tumors of the
upper and middle rectum are most often metastasized to the
liver, whereas tumors of the lower middle tend to metastasize
primarily to the lungs.

Lymph node distribution

Since the establishment of TME as the standard of care
for rectal cancer management, local recurrence rates have
dramatically decreased. However, positive nodal disease, and
in particular the percentage of positive nodes over the total
yielded nodes, carries significant prognostic value [78]. In
order for all lymph nodes to be retrieved, the pathologist has to
be aware of the distribution of the mesorectal lymph nodes. As
shown by Perez et al, mesorectal lymph nodes tend to be found
mainly on the posterior side of the mesorectum, and especially
in its cranial portion [53,56].

Nerve injury

The most frequent areas for neural injury while performing

a TME are the following:

a) The inferior mesenteric plexus at the origin of the IMA.
A 1-1.5 cm arterial stump is adequate in order to avoid the
aforementioned injury [79].

b) The superior hypogastric plexus at the level of the sacral
promontory while entering the retrorectal plane [80].
An injury at this point may cause symptoms of bowel
dysfunction (ranging from constipation and intermittent
defecation with tenesmus to incontinence) [64].

c) The dissection of the retrorectal space may injure the
hypogastric nerves, resulting in a certain degree of anorectal
incontinence and urogenital dysfunction [81]. Moreover,
such an injury may affect the internal anal sphincter
nerve, again resulting in anorectal dysfunction. For this
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Table 1 Brief presentation of the most important landmarks in rectal cancer management and their clinical implications and manifestations

Anatomic structure

Clinical significance and manifestations

Reference

Sigmoid take-off

Anterior peritoneal reflection

Anteroinferior mesorectum

Presacral fascia

Rectosacral fascia

Denonvillier’s fascia/rectogenital septum

Posterior collaterals of SRA/MRA

Superoposterior mesorectum

IMA origin

Sacral promontory

Retrorectal space

More accurate estimation of the proximal border of the

rectum
Estimation of the risk for intraperitoneal spread

Estimation of the risk for urogenital compartment
involvement

Bleeding of presacral venous plexus if ruptured

In TME/TaTME dissection close to the rectum will
mobilize the rectum and prevent presacral bleeding

Barrier for anterior compartment infiltration and
urogenital dysfunction if dissected

Danger for anastomotic leak if dissected

The majority of the lymph nodes lie here

Inferior mesenteric plexus injury may cause bowel
dysfunction

Superior hypogastric plexus injury may cause
rectosigmoidal and urogenital dysfunction

Hypogastric nerves injury will cause anorectal

D’Souza et al., 2018 [16]

Shepherd et al., 1995 [69]
Shepherd et al., 1995 (59)

Weaver et al., 2015 [84]
Penna et al., 2017 [85]

Lindsey et al., 2000 [35],
Dariane et al., 2006 [37]

Allison et al., 2010 [46]
Canessa et al., 2004[53]

Perez et al., 2008 [56]
Liang et al., 2008 [79]

Liang et al., 2007 [80]

Wallner et al., 2008 [81]

incontinence

Parietal pelvic fascia

Inferior hypogastric plexus, internal anal sphincter nerve
injury will cause anorectal and urogenital dysfunction

Keane et al., 2017[82]
Stelzner et al., 2011, 2018 [32,63]

SRA/MRA, superior/middle rectal artery; IMA, inferior mesenteric artery; TME, total mesorectal excision; TaTME, transanal total mesorectal excision

reason, special care should be taken both at the anterior-
inferior aspect of the rectum, where nerve fibers for the
internal anal sphincter from the pelvic plexus run along
the neurovascular bundle, and at the anterior-lateral aspect,
where nerve fibers innervate internal anal sphincter [63].

d) At the level of the lateral rectal ligaments, the
inferior hypogastric plexus may be injured. Injury to
parasympathetic innervation during low anterior resection
might result in defecation disorders, a syndrome known
as “low anterior resection syndrome” [82]. This can be
prevented if dissection of the lateral aspects of the rectum
takes place close to lateral mesorectal wall [81].

e) Dissectingatthelevel of Denonvillier’s fascia may jeopardize
the integrity of nerves radiating from the hypogastric nerves
to the urogenital area [83].

Concluding remarks

A successful surgical approach in rectal cancer requires an
in-depth knowledge of the pelvic anatomy (Table 1) [84,85].
A universal definition of rectal anatomy in everyday clinical
practice is the cornerstone of this foundation. In this vein,
the proximal border of the rectum should be defined by
the sigmoid takeoff. Moreover, the understanding that the
rectum is a dynamic structure that alters its morphology and
its coverings as a person gets older may help towards the
application of personalized treatment. In this way, clinicians
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will be able to treat the anterior peritoneal reflection, not as
a landmark indicating the middle of the rectum, but rather as
a landmark of prognostic significance. An appreciation of the
anatomy of the neurovascular supply and lymphatic drainage
of the rectum will lower the risk of low anterior syndrome and
improve patients’ quality of life after rectal cancer surgery.
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