Hernia (2018) 22:499-506
https://doi.org/10.1007/5s10029-018-1746-8

ORIGINAL ARTICLE

@ CrossMark

Paradigm shift regarding the transversalis fascia, preperitoneal space,
and Retzius’ space

N. Asakage'

Received: 8 October 2017 / Accepted: 22 January 2018 / Published online: 27 February 2018
© Springer-Verlag France SAS, part of Springer Nature 2018

Abstract

Background There has been confusion in the anatomical recognition when performing inguinal hernia operations in Japan.
From now on, a paradigm shift from the concept of two-dimensional layer structure to the three-dimensional space recogni-
tion is necessary to promote an understanding of anatomy.

Anatomy and Embryology Along with the formation of the abdominal wall, the extraperitoneal space is formed by the
transversalis fascia and preperitoneal space. The transversalis fascia is a somatic vascular fascia originating from an arterio-
venous fascia. It is a dense areolar tissue layer at the outermost of the extraperitoneal space that runs under the diaphragm
and widely lines the body wall muscle. The umbilical funiculus is taken into the abdominal wall and transformed into the
preperitoneal space that is a local three-dimensional cavity enveloping preperitoneal fasciae composed of the renal fascia,
vesicohypogastric fascia, and testiculoeferential fascia. The Retzius’ space is an artificial cavity formed at the boundary
between the transversalis fascia and preperitoneal space. In the underlay mesh repair, the mesh expands in the range span-
ning across the Retzius’ space and preperitoneal space.

Keywords Laparoscopic inguinal hernioplasty - Transversalis fascia - Preperitoneal space - Extraperitoneal space - Retzius’
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Introduction

It is important to have the three-dimensional space recog-
nition when performing operations. On the other hand, in
inguinal hernia operations in Japan, concepts such as mem-
branes or fascia and their two-dimensional layer structure
have been detrimental to the interpretation of the anatomi-
cal terminology, causing confusion and preventing the uni-
fication of the terminology. To advance an understanding
of anatomy and resolve confusion, a paradigm shift from
the concept of the two-dimensional layer structure to the
three-dimensional space recognition is needed. From now
on, we propose the space image for the three-dimensional
structures that are necessary for inguinal hernia surgeries.
Such three-dimensional structures include the transversa-
lis fascia and preperitoneal space [1, 2], which compose
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the extraperitoneal space that is a cavity between the body
wall muscle and peritoneum, and the Retzius’ space that is
formed at the boundary between the transversalis fascia and
preperitoneal space [3].

Confusion and stagnation in inguinal
anatomy

In inguinal hernia operations in Japan, it has been interpreted
that the superficial layer and deep layer of the preperitoneal
fascia shown by Sato [4] correspond to the membranous
layer and areolar layer of the preperitoneal fascia shown by
Fowler [5]. Because of this [6], the preperitoneal fascia has
been confused with the preperitoneal space, and the under-
standing of the inguinal anatomy has been confused and
stagnated. It was unreasonable to apply the terms the super-
ficial layer and deep layer, which are for the two-dimensional
concept, to the three-dimensional clinical use [1-3, 7, 8].
How should we understand the “fascia” in the preperito-
neal fascia? As the mesoderm that is the third germ layer is
formed and expanded between the endoderm and ectoderm,
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the mesenchyme that is the supporting tissue between germ
layers is formed. The mesenchyme is an areolar tissue layer
with differences in sparsity and density and can be rephrased
as the mesodermal tissue. As organs and vessels form, move,
and expand in the areolar tissue space whose sparsity and
density are chaotic, the tissue gathers around them, form-
ing underwear-like fascia [2, 8] Fig. 1. An example of
such fascia shown by Sato [4, 9] is preperitoneal fasciae
composed of the renal fascia (a series of ureterohypogas-
tric fascia and vesical fascia) that is the areolar tissue layer
enveloping the ureter and bladder from the kidney, the vesi-
cohypogastric fascia enveloping the umbilical artery, and

Formation process of fasciae

Underwear-like areolar tissue layers
wraps organs and vessels

Fig. 1 Formation process of fasciae. As organs and vessels form,
move, and expand in the mesenchyme, the areolar tissue gathers
around them, forming underwear-like fascia

Fig.2 True identity of transver-
salis fascia
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the testiculoeferential fascia enveloping the testis. The arte-
riovenous fascia around the abdominal aorta and inferior
vena cava communicating with the above fasciae is also an
example.

What is transversalis fascia?

The transversalis fascia is not a local structure such as the
fascia of the transverse abdominal muscle but a membrane
structure that runs under the diaphragm and widely lines the
body wall muscle [2, 8]. Figure 2 shows the left side of the
Retzius’ space. Inferior epigastric vessels are embedded in
the thick areolar tissue layer on the dorsal side of the rectus
abdominis muscle. It can be observed that the areolar tissue
becomes dense and presents a membrane-like structure cov-
ering the dorsal side of the rectus abdominis muscle that is
the body wall muscle. This is what the transversalis fascia is.
The transversalis fascia is the areolar tissue layer that envel-
ops inferior epigastric vessels [8]. The arteriovenous fascia
continues from the periphery of the common iliac vessels
to the external and internal iliac vessels’ sheaths. Therefore,
the fascia with the same origin is formed in the umbilical
artery branching from the internal iliac artery and the infe-
rior epigastric vessels branching from the external iliac ves-
sels [8]. That is, because the arteriovenous fascia, which
is the somatic vascular fascia, is the origin of the vesico-
hypogastric fascia and transversalis fascia, the transversalis

® True identity
of transversalis fascia

Left side of Retzius’ space

@ Abdominal rectus muscle
@Inferior e pigastric vessels

@Retzius’ space

@ median line (white line)

®The thickareolar tissue layer in dorsal abdominal
rectus muscle which includes the inferior e pigastric
vessels

®The transversalis fascia which lines abdominal
rectus muscle back side is becomingdense
structure like a membrane

@The transversalis fascia in dorsal abdominal
rectus muscle
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fascia becomes a structure that runs under the diaphragm
and widely lines the body wall muscle.

The transversalis fascia is a structure that runs under the
diaphragm and widely lines the body wall muscle. It is a
dense areolar tissue layer at the outermost of the extraperito-
neal space. In addition, the transversalis fascia that envelops
the inferior epigastric vessels is the somatic vascular fascia
originating from the arteriovenous fascia.

What is preperitoneal space?

To understand the formation process of the extraperito-
neal space, which is a cavity between the body wall mus-
cle and peritoneum, the change during the 4th to 5th weeks
of the embryonic stage is important [3, 8]. Let us focus
on the umbilical funiculus of the connecting stalk which
becomes the traffic pathway with mother at an early stage
of embryonic development after implantation in the uterus.
It is important what structure of our body is formed by
the dynamism of an embryo of only 3—4 mm in size. The
author believes that this umbilical funiculus is taken into
the abdominal wall and transformed into the preperitoneal
space [2, 3, 8] Fig. 3.

An urachus expanding from the top of the bladder is
wrapped in the fascia continuous from the vesical fascia
that embeds the bladder. In short, the urachus is wrapped
in the continuous renal fascia. Considering that the urachus
and umbilical artery that expand in the umbilical funiculus

Fig.3 Making an umbilical
funiculus an abdominal wall.
Concurrent with the abdominal
wall formation resulting from
the extension and convergence
of the ectoderm to the umbili-
cus, the umbilical funiculus
(connecting stalk) which is the
pathway to the mother’s body
after embryonic stage following
implantation is transformed to
the body wall

Lateral Invagination

Caudal Inva;

become the urachal cord wrapped in the renal fascia (a
series of ureterohypogastric fascia and vesical fascia) and
the umbilical artery cord wrapped in the vesicohypogastric
fascia, the umbilical funiculus is supposedly related to the
formation process of the preperitoneal space. In the meso-
dermal tissue, the bladder is formed from the allantoic sac,
then the metanephros and gonad form, and move around the
bladder. Along with the formation and movement of individ-
ual organs, the underwear-like fascia is formed around them
in the areolar tissue originating from the mesodermal tissue.

In the abdominal wall formation shown by Duhamel [10],
as the ectoderm expands and converges to the umbilicus to
form the abdominal wall, the umbilical funiculus is taken
into the abdominal wall and transformed into the preperi-
toneal space. The preperitoneal space transformed from
the umbilical funiculus envelops the renal fascia, testicu-
loeferential fascia, and vesicohypogastric fascia continuous
from the arteriovenous fascia, while the transversalis fascia
envelops inferior epigastric vessels originating from the
arteriovenous fascia. As the abdominal wall is formed, the
extraperitoneal space is formed by the transversalis fascia
and preperitoneal space [3, 8] Fig. 4.

What is extraperitoneal space?
The umbilical funiculus is taken into the abdominal wall

and transformed into the preperitoneal space that is the
local three-dimensional cavity enveloping preperitoneal

, Amniotic Cavity
/b Body Surface
Nerve

Umbilical funiculus
(Connecting stalk)

Making an umbilical funiculus
an abdominal wall
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fascia

Allantoicstalk
Umbilical artery
Gonad

Umbilical funiculus

_—
/ (Conrnecting stalk)

Arteriovenous

The forming of a preperitoneal
space by making an umbilical
funiculus an abdominal wall

The forming of an extraperitoneal

Vesioohypogastric fasaa
Prepentoneal space

space by the fascia transversalis
and the preperitoneal space

Navel

Preperitoneal space

Fig.4 The forming of an extraperitoneal space. The forming of a preperitoneal space by making an umbilical funiculus an abdominal wall, and

an extraperitoneal space by transversalis fascia and preperitoneal space

Renal fascia Vesicohypogastrc fascia

Fig.5 Preperitoneal space which is local cavity
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Ho. 6 pgcveef“"'w of extraperito- Overview of extraperitoneal space
©)
@©
Where is the boundary in the 3D ?
There is no border.

(DPreperitoneal fascia @Preperitoneal space @Extraperitoneal space @Somatic muscle G Transversalis fascia

®Fowler: Preperitoneal fascia-membranous layer @DSuperficial layer of the preperitoneal fascia

®Deep laver of the preperitoneal fascia @Fowler: Preperitoneal fascia—areolar layer @Peritoneum MRetzius’ space
Fig.7. Relationship between Relationship between preperitoneal space

preperitoneal space and preperi-

toneal fasciae at pelvic cavity. a and preperitoneal fasciae at pelvic cavity

Renal fascia (a series of uretero- R
hypogastric fascia and vesical
fascia). b Vesicohypogastric
fascia. ¢ Testiculoeferential
fascia (Rt). d Preperitoneal
space includes three preperito-
neal fasciae

(MDMedian umbilical lig.{urachal cord) @Lateral umbilical lig(umbilical artery cord) ®Bladder
@lnferiorepigastric vessels ®Deferent duct ® Testicular vessels @External iliac artery
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(DRetzius’ space DVesicohypogastric fascia @Urachus

@Testiculoeferential fascia ® Renal fascia (Ureterohypogastric fascia)

After TEP of Right indirect hernia

®Somatic muscle @Bladder ®Peritoneum @Transversalis fascia
@Inferior epigastric artery D Superficial layer of the preperitoneal space

@Preperitoneal space @Deep layer of the preperitoneal space

Fig.8 Approach path and spreading layer of mesh by TEP or TAPP. Red arrow:approach path, red line:spreading position of mesh, black

arrow:border of preperitoneal space

fasciae composed of the renal fascia (a series of uretero-
hypogastric fascia and vesical fascia), vesicohypogastric
fascia, and testiculoeferential fascia [2, 3, 8]. In the forma-
tion process of the preperitoneal space, movement of the
kidney or testis is exceptional, fasciae within the preperi-
toneal space are fitted to one another just like pieces of a
puzzle and the shape of the preperitoneal space becomes
complicated due to the expansion of the renal fascia and
testiculoeferential fascia. Considering the preperito-
neal space as a structure transformed from the umbili-
cal funiculus, it expands locally and most of the truncal
extraperitoneal space is filled with the transversalis fascia.
Therefore, contrary to the traditional concept, it is unlikely
that superficial and deep layers of the preperitoneal fascia
form two layers of the inner tube considering the layer
structure of the body wall [3, 4] Fig. 5. The extraperitoneal
space consists of two parts: the transversalis fascia that is
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the somatic vascular fascia and the preperitoneal space
that envelops preperitoneal fasciae [2, 3, 8] Fig. 6. Mirilas
et al. [11] says the preperitoneal space (it corresponds to
my extraperitoneal space) has two anatomical planes, the
parietal plane and visceral plane. I consider that the pari-
etal plane, visceral plane are presumed to correspond to
transversalis fascia, preperitoneal space, respectively. With
this structure in mind, let us take a look at the positional
relationship of preperitoneal fasciae from the inside of the
abdominal cavity from the viewpoint of the transabdomi-
nal preperitoneal repair (TAPP) Fig. 7. Figure 7a shows
the position of ureterohypogastric fascia continuous from
the renal fascia. Figure 7b shows the vesicohypogastric
fascia. Figure 7c shows the position of the testiculoefer-
ential fascia. Figure 7d shows the image of preperitoneal
space that envelops preperitoneal fasciae. Therefore, the
preperitoneal space is local and does not cover the entire
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Fig. 9 Which is Retzius’space?

Which is Retzius’ space?

@Retzius’ space @Bladder®Transversalis fascia
@Superficial layer of the preperitoneal space

®

®Peritoneum @Pubis lnferior epigastric vessels QSpermatic cord

abdominal cavity. It does not at least expand to either side
of the lateral abdominal wall and to the anterior abdominal
wall in regions above the umbilicus.

Let us imagine again. As the ectoderm expands and
converges to the umbilicus to form the abdominal wall,
the umbilical funiculus content and the transversalis fascia
expand to form the extraperitoneal space Figs. 3, 4. The
preperitoneal space is a three-dimensional structure that
envelops preperitoneal fasciae. The umbilical funiculus
is taken into the abdominal wall and transformed into the
preperitoneal space Fig. 3, 5.

Which is Retzius’ space?

Let us observe again the state of the mesh that is expanded to
the inside so as to sufficiently cover the pubis from the view-
point of the totally extraperitoneal repair (TEP) from the
inside of the abdominal cavity Fig. 8, upper right. The mesh
is visible on the outside with the inferior epigastric vessels
as the boundary, but it is not visible on the inside because it
is expanded on the different layer Fig. 8, lower right. This
is because the preperitoneal space that envelops the renal
fascia (a series of ureterohypogastric fascia and vesical fas-
cia) and the vesicohypogastric fascia exist between the mesh
and peritoneum Fig. 8, black arrow at the lower right. The
mesh expands across the preperitoneal space in both TEP
and TAPP Fig. 8, red arrow on the left within the range
spanning across the Retzius’ space and preperitoneal space
Fig. 8, the red line on the left. In other words, the mesh

of the preperitoneal space

expands on different layers on the inside and outside with the
inferior epigastric vessels as the boundary [1, 3].

Diarra and Stoppa et al. [12, 13] proposed the concept of
urogenital fascia (UGF) from the viewpoint of fascial conti-
nuity. It is possible to say that the concept of UGF integrates
the concept shown by Sato [9] of the arteriovenous fascia,
renal fascia, vesicohypogastric fascia, testiculoeferential fas-
cia, and their communication. However, Diarra and Stoppa
et al. [12, 13] say the bladder and ureter end are not wrapped
in UGF, while Sato [9] maintains that the renal fascia, vesi-
cohypogastric fascia, and vesical fascia comprise of a series.

The Retzius’ space is often referred to as “a cavity
between the superficial and deep layers of the preperitoneal
fascia, that is, the preperitoneal space. The superficial and
deep layers of the preperitoneal fascia exist on the ventral
side of the bladder” [1, 7] Fig. 9a. This is thought to be
based on the theory by Diarra and Stoppa et al. [12, 13] that
“because the bladder is endoderm-derived, it is not wrapped
in the mesoderm-derived umbilico-prevesical fascia (UPF)”.
However, embryologically, the epithelium of the bladder and
urachus is endoderm-derived, and the mesoderm-derived tis-
sue envelops the epithelium to form the bladder that is an
organ with an inner cavity [14]. That is, a series of uretero-
hypogastric fascia and vesical fascia, which is continuous
from the renal fascia of the mesoderm-derived preperitoneal
fasciae, envelop the kidney, urachus, and bladder [7]. The
bladder is wrapped in UGF. Therefore, the Retzius’ space
is an artificial cavity formed at the boundary between the
transversalis fascia and preperitoneal space Fig. 9b. Though
Diarra and Stoppa et al. [12] divide the Retzius’ space into
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two spaces, the true Retzius’ space can be said as an anterior
space that is a cavity between the transversalis fascia and
UPF.

Conclusions

From now on, we must stop confusing the superficial layer
and deep layer of the preperitoneal fascia with the membra-
nous layer and areolar layer of the preperitoneal fascia. The
preperitoneal space and preperitoneal fascia are not identi-
cal, and the preperitoneal space cannot be a cavity between
the superficial and deep layers of the preperitoneal fascia [2,
3, 8] Fig. 6. In the first place, superficial and deep layers are
nothing but the concept in the two-dimensional and local
viewpoint Fig. 6. In other words, superficial and deep lay-
ers do not exist in the three-dimensional operative findings.

The author hopes that the proposal will further advance
a fusion between anatomy and clinical practice, and trig-
ger accumulation of new findings and the unification of the
anatomical terminology in inguinal hernia operations in our
country.
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