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Abstract

BACKGROUND

Total mesorectal excision along the “holy plane” is the only radical surgery for
rectal cancer, regardless of tumor size, localization or even tumor stage. However,
according to the concept of membrane anatomy, multiple fascial spaces around
the rectum could be used as the surgical plane to achieve radical resection.

AIM
To propose a new membrane anatomical and staging-oriented classification
system for tailoring the radicality during rectal cancer surgery.

METHODS

A three-dimensional template of the member anatomy of the pelvis was esta-
blished, and the existing anatomical nomenclatures were clarified by cadaveric
dissection study and laparoscopic surgical observation. Then, we suggested a new
and simple classification system for rectal cancer surgery. For simplification, the
classification was based only on the lateral extent of resection.

RESULTS

The fascia propria of the rectum, urogenital fascia, vesicohypogastric fascia and
parietal fascia lie side by side around the rectum and form three spaces (medial,
middle and lateral), and blood vessels and nerves are precisely positioned in the
fascia or space. Three types of radical surgery for rectal cancer are described, as
are a few subtypes that consider nerve preservation. The surgical planes of the
proposed radical surgeries (types A, B and C) correspond exactly to the medial,
middle, and lateral spaces, respectively.
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CONCLUSION
Three types of radical surgery can be precisely defined based on membrane anatomy, including nerve-sparing
procedures. Our classification system may offer an optimal tool for tailoring rectal cancer surgery.

Key Words: Radical rectal cancer surgery; Classification system; Membrane anatomy; Total mesorectal excision; Lateral lymph
node dissection

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Total mesorectal excision (TME) is the only surgical option for rectal cancer. It is necessary to establish a variety
of surgical procedures apart from Heald’s TME to tailor radical surgery for rectal cancer patients. In this study, we clarified
the three-dimensional membrane anatomy of the pelvis and proposed a new anatomical and staging-oriented classification
system comprising three types of radical rectal cancer surgery (types A to C). This classification may provide a useful tool
for uniting terminology and tailoring rectal cancer surgery.

Citation: Jiang HH, Ni ZZ, Chang Y, Li AJ, Wang WC, Lv L, Peng J, Pan ZH, Liu HL, Lin MB. New classification system for radical
rectal cancer surgery based on membrane anatomy. World J Gastrointest Surg 2023; 15(7): 1465-1473

URL: https://www.wjgnet.com/1948-9366/full/v15/i7/1465.htm

DOI: https://dx.doi.org/10.4240/wjgs.v15.i7.1465

INTRODUCTION

Total mesorectal excision (TME), first described by Heald et al[1] in 1982, has been the gold standard surgical procedure
for rectal cancer. TME has completely converted the traditional concepts of radical resection from an organ-centered to
mesentery-centered model[2]. Radical surgery emphasizes the importance of dissecting the rectum and its mesentery
along the embryological space formed by fasciae[3] and is referred to as mesenteric-based surgery[4] or membrane
anatomy-guided surgery in China[5,6]. The “membrane” may refer to the fascia, peritoneum, mesentery or ligament.
Currently, membrane anatomy-guided surgery has been widely used in the clinic and thus has different names, such as
the fascial anatomy[7], mesenteric anatomy[4], space anatomy[8] or fascia space priority-guided approach[9].

In fact, the concept of membrane anatomy has long existed in gynecology and can be traced back to 1919 and the
radical hysterectomy approach of Wilhelm Latzko[10]. Since then, a variety of tailored radical hysterectomy procedures
have been developed apart from standard radical hysterectomy[11]. However, TME is currently the only surgical option
for rectal cancer, regardless of tumor size, localization or even tumor stage. Furthermore, pelvic lymph node dissection is
integrated into the Querleu-Morrow (QM) classification system of radical surgery for cervical cancer and is an integral
part of type C surgery (i.e., classical radical hysterectomy)[11]. But for rectal cancer, lateral lymph node dissection (LLND)
and TME seem to be two distinct surgeries. A routine LLND is not recommended unless lateral lymph node enlargement
is clinically suspicious for metastasis after preoperative chemoradiotherapy[12]. Therefore, it is necessary to establish a
variety of surgical procedures apart from Heald’s TME for tailoring rectal cancer surgery.

Notably, the QM classification system was established completely based on anatomy and does not include any
discussion on the role of oncological outcome. This classification uses stable anatomical landmarks to describe surgical
resection margins. For example, the lateral resection margins for types A to D surgeries are the level between the cervix
and ureter, the ureteral tunnel, the medial aspect of the internal iliac artery and the pelvic sidewall, respectively[13]
(Figure 1A). The artificial division of the dissection margin may raise questions regarding the rationality of this classi-
fication. In fact, the ureter, internal iliac vessels and pelvic wall muscles are covered with the urogenital fascia,
vesicohypogastric fascia and parietal fascia, respectively, in the view of membrane anatomy[14]. Therefore, the QM classi-
fication is actually based on fascial anatomy. Just because the scientificity of the QM classification can be explained by
membrane anatomy theory, this article aims to establish a classification for radical rectal cancer surgery on the basis of
clarifying the three-dimensional membrane anatomy of the pelvic cavity.

MATERIALS AND METHODS

Anatomical study

The anatomical study was based on cadaveric dissection and laparoscopic surgical observation. Cadaveric dissection was
performed on 25 formalin-preserved cadavers and 1 fresh-frozen cadaver (13 males and 13 females) at the Anatomy
Department. Surgical observations of 212 rectal cancer patients who underwent TME and 20 patients with suspected
lateral lymph node metastasis who underwent LLND at our hospital were carried out. Details regarding the dissection
procedures or surgical procedures have been described previously[14,15]. This study was conducted in accordance with
the Helsinki Declaration[16] and was approved by our local ethics committee (LL-2020-SCI-001), and the work has been
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Figure 1 Cadaver dissection. A: The lateral resection lines of the Querleu-Morrow classification for radical hysterectomy (types A to D) and the classification for
radical rectal cancer surgery (types A to C); B: The middle space lies between the urogenital fascia and the vesicohypogastric fascia; C: The lateral space lies
between the vesicohypogastric fascia and the parietal fascia.

reported based on the STROBE guidelines.

Anatomical nomenclature

The pelvic membrane anatomy emphasizes the importance of integrity and continuity to describe the fasciae, corres-
ponding interfaces, blood vessels and nerves[17]. Generally, the fascia propria of the rectum, urogenital fascia,
vesicohypogastric fascia and parietal fascia lie side by side around the rectum and form three spaces (medial, middle and
lateral), and blood vessels and nerves are precisely positioned in the fascia or space (Figures 1A and 2).

Fasciae related to rectal cancer surgery: The fascia propria of the rectum presents as a thin layer of fascia surrounding the
mesorectum. The fascia propria of the rectum and visceral fascia are two different layers of fascia (Figure 2A).

The urogenital fascia originates from the perirenal fascia. The anterior and posterior layers of the renal fascia contact
intimately below the inferior pole of the kidney to form a sandwich-like fascia sheath. This fascia sheath serves as a
corridor carrying the hypogastric nerves (HGNSs), ureters and genital vessels. The urogenital fascia surrounds the rectum
posterolaterally and extends anterolaterally to its termination in the pelvis. Superiorly, it joins the lateral surface of the
uterus/vagina (female) or the prostate (male). Inferiorly, it attaches to the tendinous arch of the pelvic fascia (Figure 1B).
Actually, the urogenital fascia[18], urogenital sheath[19], visceral fascia[20], mesoureter[13] ureterohypogastric nerve
fascia[21], prehypogastric nerve fascia[22], hypogastric nerve sheath[22], urogenital-hypogastric sheath[23], uterosacral
ligament[13] and the deep layer of vesicouterine ligament[24] are anatomical terms used to describe the different parts of
the same structure in the literature.

The vesicohypogastric fascia is a triangle-shaped fascia bordered by the umbilical artery, the lateral wall of the bladder
and the tendinous arch of the pelvic fascia. Contrary to the traditional view, we found that the bottom boundary of this
triangular fascia is not the inferior vesical artery but the tendinous arch of the pelvic fascia[14]. Moreover, the vesicohypo-
gastric fascia is not a continuation of the urogenital fascia but a single-layered fascia covering the lateral surface of the
anterior trunks of the internal iliac vessels and their branches. These branches are all located medial to the vesicohypo-
gastric fascia except the obturator vessels, which extend laterally to the obturator canal (Figures 1B and 1C).

The parietal fascia covers the pelvic muscles and bones. Although the definition of the presacral fascia has previously
been controversial, it is now recognized as part of the parietal fascia in classic anatomical textbooks, including Gray’s
Anatomy[25]. Therefore, the parietal fascia consists of four parts: The obturator fascia, piriformis fascia, superior fascia of
the pelvic diaphragm and presacral fascia.

Fascial spaces related to rectal cancer surgery: The medial space is located between the fascia propria of the rectum and
the urogenital fascia and includes the following spaces from classical surgical anatomy: Okabayashi’s pararectal space
[26], Yabuki space[27], Okabayashi’s paravaginal space[28] or Fujii space[28]. The HGNs and pelvic plexus are
sandwiched in the urogenital fascia (Figure 2A).

The middle space lies between the urogenital fascia and the vesicohypogastric fascia, and corresponds to Heald’s “holy
plane”[3], Latzko’s pararectal space[26] or medial paravesical space[29] in traditional anatomy. This space contains
mostly blood vessels but also the pelvic splanchnic nerves. The anterior trunks of the internal iliac vessels and most of
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Figure 2 The theory of “four fasciae and three spaces” are showed in photograph of operation and hand-drawn diagram. The fascia propria
of the rectum, urogenital fascia, vesicohypogastric fascia and parietal fascia form three spaces (medial, middle, and lateral), and blood vessels and nerves are
precisely positioned in the fascia or space. A and B: Laparoscopic observation; C: Hand-drawn diagram. TME: Total mesorectal excision; LLND: Lateral lymph node
dissection.

their branches run in this space, including the uterine artery, middle rectal artery, and superficial and deep uterine veins
(Figure 3A).

The lateral space is the space between the vesicohypogastric fascia and the parietal fascia, and includes the following
spaces from classical surgical anatomy: Prevesical space, perivesical space or presacral space[29]. The contents of this
space are mainly nerves, including the lumbosacral trunk, sciatic plexus, sciatic nerve and obturator nerve. The obturator
vessels also run in this space (Figure 3B).

Nerve anatomy related to rectal cancer surgery: The HGNs run downward in the urogenital fascia and join the pelvic
splanchnic nerves penetrating from the parietal fascia, thereby forming the pelvic plexus. The pelvic plexus is located
external to the junction of the urogenital fascia and Denonvilliers’ fascia, and gives off several nerve branches, including
the rectal branch, uterine branch and vesical branch (Figure 1B).

RESULTS

For simplification, this classification system is based only on the lateral extent of resection. Radical rectal cancer surgeries
are classified into three types (A, B and C), and each type can be precisely defined on a three-dimensional model of
membrane anatomy (Figures 1A and 2).

Type A: Urogenital fascia-preserving TME

The dissection plane for type A surgery is located in the medial space, and the “fascia tube” formed by the fascia propria
of the rectum is resected while the urogenital fascia is preserved (Figures 2A and 3C). According to the European Society
for Medical Oncology (ESMO) clinical practice guidelines[30], type A surgery is adapted to rectal cancer classified as very
early stage (cT1NO) with adverse histopathological features or early stage (cT1-2N0).

Type B: Classical TME

The dissection plane for type B surgery is located in the middle space, and the “mesorectum” formed by the urogenital
fascia and Denonvilliers’ fascia is resected, and thus type B surgery corresponds to the so-called classical TME
(Figure 3C). ESMO guidelines recommend neoadjuvant therapy followed by TME for patients with intermediate-stage
rectal cancer, including c¢T3a/b with clear mesorectal fascia in the lower rectum and cT3a/b, NO-1 without tumor deposit
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Figure 3 Laparoscopic observation. A: The anterior trunks of internal iliac vessels and most of their branches run in the middle space; B: The lateral space
mainly contains the neural structures (obturator nerve, sciatic plexus, efc.) in addition to the obturator vessels; C: Type A and type B surgeries are performed in the
medial and middle spaces, respectively. Type A surgery corresponds to the urogenital fascia-preserving total mesorectal excision (TME), and type B surgery
corresponds to the classical TME.

or extramural vascular invasion (EMVI) in the mid- or high rectum. However, the guidelines also suggest that TME alone
is a standard only if high-quality mesorectal resection is assured[30]. As the gold standard surgical treatment for rectal
cancer, classical TME can meet the requirements of radical excision.

Type B surgery can be further divided into two subcategories: Bl with nerve preservation and B2 without preservation
of autonomic nerves. From a purely anatomical point of view, the possibility of preserving autonomic nerves largely
depends on the morphology of the pelvic plexus. According to its configuration and its relation to the urogenital fascia,
we divide the pelvic plexus into two categories: Aggregated and diffuse shapes[31]. The former has been described in the
classical anatomy textbooks as a roughly quadrilateral plaque, with areolar tissue between the pelvic plexus and the
urogenital fascia[31]. Therefore, the pelvic plexus can be preserved during resection of the urogenital fascia, which
corresponds to the type Bl procedure (Figure 4A). A diffuse pelvic plexus presents as a flattened neurofascial network
without a fixed form and is in tight contact with the urogenital fascia; they seem to be inseparable from each other by
sharp dissection. Therefore, the pelvic plexus has to be resected together with the urogenital fascia, which corresponds to
the type B2 procedure (Figure 4B).

Type C: Laterally extended resection

The dissection plane for type C surgery is located in the lateral space. The aim of type C surgery is to completely dissect
all three spaces. Therefore, type C surgery is equivalent to TME plus LLND. The ESMO guidelines declare that
neoadjuvant therapy is a preferred option for patients with locally advanced disease (>cT3b or EMVI+), and LLND is
only performed when the lateral lymph nodes are still enlarged after chemoradiotherapy[30].

Two subcategories are defined for the type C procedure: With (C1) (Figure 5A) and without (C2) preservation of
autonomic nerves. Type C2 is indicated for patients with tumors invading the autonomic nerves. The involved nerves
must be resected with the urogenital fascia and sometimes with the branches of the internal iliac vessels to achieve
oncological radicality (Figure 5B).

DISCUSSION

TME principles are based on the knowledge that the mesorectal envelope confers protection against tumor dissemination
until the terminal stages, and sharp dissection along the “holy plane” allows an en-bloc resection of the lesions[20]. In the
traditional anatomy, the space between the visceral and parietal fasciae was the only option for radical rectal cancer
surgery[3]. However, there is an onion-like multilayered fascial structure around the rectum, with multiple spaces formed
[32]. Thus theoretically, we can take different spaces as the surgical plane to achieve radical resection according to local
invasion of the tumor. In this paper, we proposed a new anatomical and staging-oriented classification system for
tailoring the radicality during rectal cancer surgery.
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Figure 4 The lateral resection lines of type B1 and type B2 surgeries in cadaver dissection. A: The aggregated pelvic plexus can be separated from
the urogenital fascia to complete a nerve-sparing type B1 procedure (white dotted line); B: The diffuse pelvic plexus is in tight contact with the urogenital fascia and
has to be resected together with the urogenital fascia, which corresponds to the type B2 procedure (yellow dotted line).
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Figure 5 Type C surgery is equivalent to total mesorectal excision plus lateral lymph node dissection, and aims to completely dissect all

three spaces (laparoscopic observation). A and B: Two subcategories are defined in type C procedure, type C1 with autonomic nerve preservation (A) and
type C2 without preservation of autonomic nerves (B).

We developed a classification comprising three types of radical rectal cancer surgery (A-C) using the theory of “four
fasciae and three spaces”, first proposed by our research team[14]. Type A surgery is performed in the medial space
between the fascia propria of the rectum and urogenital fascia. Traditionally, the fascia propria of the rectum is
considered part of the visceral fascia[3]. However, we have demonstrated that the visceral fascia is actually the urogenital
fascia, and the fascia propria of the rectum and visceral fascia are two independent layers of fascia[15]. Given that the
fascia propria is defined as an intact envelope around the mesorectum, we named this surgery urogenital fascia-
preserving TME[15]. In fact, most of the robotic and laparoscopic TME reported thus far are actually type A surgeries, as
the urogenital fascia containing the HGNs is preserved rather than resected, which can be confirmed with photos or
videos of these surgical procedures[33,34]. In addition, Denonvilliers” fascia is located anterior to the “fascial tube”
composed of the fascia propria of the rectum. Thus, type A surgery does not require dissection of Denonvilliers’ fascia,
which may provide an anatomical basis for the Denonvilliers” fascia-preserving TME proposed in recent years[35].

Type B surgery corresponds to the classical TME. The visceral fascia together with Denonvilliers’ fascia constitutes the
morphology of the “mesorectum”, which has been described in classical anatomy texts. Anterolateral dissection is
conducted in the middle space between the urogenital fascia (i.e., visceral fascia) and vesicohypogastric fascia, and
therefore requires dissection of the urogenital fascia related to the rectum. It is important to note that the HGNs and
pelvic plexus are sandwiched in the urogenital fascia and constitute the so called “nerve plane” described by Fujii[36].
The possibility of preservation of autonomic nerves depends on proper dissection between the urogenital fascia and
pelvic plexus. The aggregated pelvic plexus, presenting as a roughly quadrilateral plaque, can be separated from the
urogenital fascia by delicate dissection to complete a nerve-sparing type Bl procedure. In contrast, the diffuse pelvic
plexus is inextricably intertwined with the urogenital fascia. This inevitably damages the pelvic plexus during dissection
of the urogenital fascia, which is called the type B2 procedure.

Type C surgery is equivalent to TME plus LLND and aims for complete resection of all three spaces. The medial space
corresponds to the resection area of TME, while the middle space and the lateral space constitute the surgical field for
LLND. Routine LLND is controversial[12], but a recent meta-analysis demonstrated that LLND reduces local recurrence
of locally advanced lower rectal cancer in the absence of preoperative neoadjuvant chemoradiotherapy[37]. According to
the Japanese Classification of Colorectal Cancer (Version 9)[38], lateral lymph nodes include internal iliac lymph nodes
(#263), obturator lymph nodes (#283), external iliac lymph nodes (#293), common iliac lymph nodes (#273), lateral sacral
lymph nodes (#260), median sacral lymph nodes (#270), and abdominal aortic bifurcation lymph nodes (#280). According
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to the principle of membrane anatomy, we propose a fascia-to-space surgical approach to perform LLND[14]. Specifically,
we first dissect the urogenital fascia, vesicohypogastric fascia and parietal fascia to develop fascial spaces, and this
process allows the removal of #293, #273 and #280. Then, we perform dissection of spaces to remove #263 and #270 in the
middle space and #283 and #260 in the lateral space (Figure 3C). Type C surgery also has two subcategories, and the
possibility of preservation of autonomic nerves depends on tumor invasion and the type of pelvic plexus.

CONCLUSION

We established a new classification system for radical rectal cancer surgery based on membrane anatomy, which may
provide a useful tool for unifying terminology and tailoring radical surgery for rectal cancer. Based on the same
membrane anatomical system, we also elucidated the anatomical basis of the QM classification for cervical cancer.
Therefore, an in-depth study of the membrane anatomy may contribute to establishing a universal and standardized
radical surgery classification system for pelvic cancers. However, our new classification depends on a clearly described
anatomical and surgical concept, and requires further investigation and verification through randomized control studies.

ARTICLE HIGHLIGHTS

Research background

The concept of membrane anatomy has been widely used in clinical practice, especially in rectal surgery and gynecology,
but there are many differences between them. The hysterectomy includes a variety of procedures, and the radicality of
hysterectomy was classified according to Querleu-Morrow classification. However, total mesorectal excision (TME) is
currently the only surgical option for rectal cancer, regardless of tumor size, localization or even tumor stage. Therefore, it
is necessary to establish a variety of surgical procedures apart from Heald’s TME for tailoring rectal cancer surgery.

Research motivation

Previous work has shown that there is an onion-like multilayered fascial structure around the rectum, with multiple
spaces formed. According to the principle of membrane anatomy, we can take different spaces as the surgical plane to
achieve radical resection according to local invasion of the tumor.

Research objectives
This study aims to establish a new classification for radical rectal cancer surgery on the basis of clarifying the three-
dimensional membrane anatomy of the pelvic cavity.

Research methods

Detailed pelvic dissections were performed on 26 cadavers, and surgical observations were conducted in 212 rectal
patients undergoing laparoscopic TME with or without lateral lymph node dissection (LLND). A three-dimensional
model of member anatomy of the pelvis was established, and the related anatomical nomenclatures were clearly clarified.
Then, we proposed a membrane anatomical and staging-oriented classification for radical rectal cancer surgery.

Research results

Both cadaveric dissection and laparoscopic observation show that, the fascia propria of the rectum, urogenital fascia,
vesicohypogastric fascia and parietal fascia lie side by side around the rectum and form three spaces (medial, middle and
lateral). Thus, a new classification system for radical rectal cancer surgery was proposed based only on the lateral extent
of resection. We described three types of radical surgery for rectal cancer, which can be precisely defined on a three-
dimensional anatomical template, including a few subtypes that consider nerve preservation. The surgical planes of the
proposed radical surgeries (types A to C) were located in the medial, middle, and lateral spaces, respectively. Types A
surgery is a urogenital fascia-preserving procedure, type B surgery corresponds to the classical TME, and type C surgery
is equivalent to TME plus LLND.

Research conclusions
In this study, a new anatomical and staging-oriented classification system for rectal cancer surgery was established, and
may serve as a valuable tool for unifying terminology and tailoring the radicality during surgery for rectal cancer.

Research perspectives

We proposed a new and promising classification for radical rectal cancer surgery. However, this classification is
established on the basis of anatomical and surgical concept and lacks the support of clinical outcome data, and therefore
further clinical investigations are warranted to confirm its role.
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