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Systematic study of the mesentery is now possible because of clariﬁcation of its structure. Although this area of
science is in an early phase, important advances have already been made and opportunities uncovered. For example,
distinctive anatomical and functional features have been revealed that justify designation of the mesentery as an
organ. Accordingly, the mesentery should be subjected to the same investigatory focus that is applied to other organs
and systems. In this Review, we summarise the ﬁndings of scientiﬁc investigations of the mesentery so far and
explore its role in human disease. We aim to provide a platform from which to direct future scientiﬁc investigation of
the human mesentery in health and disease.

Introduction
One of the earliest depictions of the mesentery associated
with the small bowel and colon was generated by
Leonardo Da Vinci.1,2 The Da Vinci mesentery was continuous and appeared to converge centrally. Over the
following four centuries, medical illustrators, surgeons,
and physicians drew the mesentery as it appeared in situ,
suggesting contiguity. In 1879, Toldt3 identiﬁed a
mesentery associated with the ascending and descending
colon and showed that, although these structures were
ﬂattened against the posterior abdominal wall, they
remained separate from it. He did not, however, combine
these ﬁndings to identify mesenteric contiguity.4 Toldt’s
ﬁndings were highly accurate, but were summarily
ignored during the 20th century.5 Instead, the 1885
ﬁndings of Treves6 were preferred. He concluded that the
ascending and descending colon do not normally have an
associated mesentery.7 The resulting depiction in most
anatomical, embryological, surgical, and radiological
literature of the next century was a fragmented
mesentery, present only at the small-intestine, transverse
colon, and sigmoid colon.8–10 Indeed, some publications
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Figure 1: Digital representation of the small and large intestines and
associated mesentery
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continue to depict the presence of a right or left
mesocolon as being anomalous.11–18
The mesentery associated with the small intestine
and colon is now regarded as contiguous (ﬁgure 1).2
It emerges from the superior mesenteric root region and
fans out to span the intestine from duodenum to
rectum; however, the continuity can be seen only when
the mesentery is exposed in a certain way. Dividing the
peritoneum provides access to a plane formed by the
mesentery and underlying fascia. When peeled away
from the fascia, the mesentery emerges as a discrete
entity (ﬁgure 1). Repeating this process from duodenum
to rectum reveals the entirety of the mesentery. Of note,
this approach has been used in colorectal resection for
many years to permit safe intestinal resection.
Mesenteric contiguity was ﬁrst demonstrated in an
observational cohort study of patients undergoing total
mesocolic excision,19 in which the entire mesocolon is
detached from the posterior abdominal wall. Similar
observations were made in a cadaveric study of this
approach, by the same authors.20 Mesenteric contiguity
is also apparent in embryological variants, such as
non-rotation or malrotation, situs inversus, and mesenteric
atresia. Mesenteric, peritoneal, and fascial contiguity were
conﬁrmed with datasets available in the Visible Human
Project,2,21 which provides cross-sectional photographs of
human anatomy without alteration and in full colour, with
corresponding axial CT images. From these datasets, the
mesentery was identiﬁed in full, enabling development of
a radiological atlas of the normal contiguous mesentery
against which abnormalities can be compared.22
Clariﬁcation of the mesenteric anatomy was used to
derive a surgical nomenclature applicable to all forms of
resectional colorectal surgery.22–26 This terminology is
increasingly being used worldwide to describe the
individual steps involved in mobilising and resecting the
intestine.27–32 The adoption of a universal nomenclature has
notable beneﬁts, including standardisation of the resection
process, permitting valid comparisons in clinical trials.
Such comparisons have so far been lacking, and related
surgical literature is dominated by trials comparing types
of mesenteric-based surgery (total mesorectal excision,
complete mesocolic excision) with ill-deﬁned approaches
collectively referred to as “conventional” surgery.33
A standardised nomenclature may also be repeatedly used
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in the educational setting. Thus, the colorectal community
can now be systematic in performing and teaching
intestinomesenteric mobilisation and resection. The most
relevant implication of mesenteric contiguity was that it
permitted, for the ﬁrst time, systematic investigation of the
mesentery and, by deﬁnition, its related structures.2
Previously, mesenteric research had been done under
several unrelated headings, but the discovery allowed
seemingly disparate ﬁndings to be brought together under
the heading of mesenteric science.
Exciting opportunities for investigation are now
emerging in relation to the role of the mesentery in health
and disease.34 Mesenteric events are important in the
pathobiology of diverse abdominal and non-abdominal
disorders, including colorectal cancer, inﬂammatory
bowel disease, diverticular disease, cardiovascular
disease, diabetes, obesity, and metabolic syndrome.35–37
We therefore summarise the scientiﬁc ﬁndings of the
mesentery’s role in health and disease and explore the
directions future investigations might take.

Anatomy and embryology
The mesentery distal to the duodenojejunal ﬂexure is a
contiguous and extraretroperitoneal organ (ﬁgures 1–3).23,38
It is compactly folded in a spiral conformation within the
peritoneal cavity. The small intestinal mesentery is
mobile, whereas the right mesocolic region is ﬂattened
against the posterior abdominal wall. It then changes
conformation to continue as the transverse mesocolon,
with another change in conformation at the splenic
ﬂexure to continue distally as the left mesocolon (ﬁgure 1).
The left mesocolon and medial region of the mesosigmoid
are ﬂattened against the posterior abdominal wall
(ﬁgure 4),2 whereas the intestinal margin of the
mesosigmoid is mobile and elongates in tandem with the
sigmoid colon. These two regions of the mesosigmoid
converge distally at the pelvic brim and extend into the
pelvis as the mesorectum (ﬁgure 4), which anatomically
terminates in the distal pelvis.
The shape of the mesentery is remarkable. It emerges
from the “root region” (as named by Treves), which
corresponds to the attachment of the superior mesenteric
artery to the aorta.2,6 The mesentery distal to the
duodenojejunal ﬂexure can be viewed as similar to a
handheld fan, with the central pivot point corresponding
to the origin of the middle colic artery from the superior
mesenteric artery.20 From this point, the mesentery
extends radially up to the intestinal margin. It elongates
along with the intestine and folds repeatedly, making the
intestinal margin extremely long. The body of the fan
consists of regions in the following sequence:
small-intestinal mesentery; right, transverse, and left
mesocolon; mesosigmoid; and mesorectum. The right
and left mesocolic regions and the medial mesosigmoid
region curve onto and are ﬂattened against the posterior
abdominal wall. They are held attached in these
regions by Toldt’s fascia and the peritoneal reﬂection
www.thelancet.com/gastrohep Vol 1 November 2016
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Figure 2: Digital representations of peritoneum, mesentery, fascia, and intestine
(A) Peritoneum, mesentery, fascia, and intestine. (B) Mesentery, fascia, and intestine. (C) Mesentery and intestine.
(D) Mesentery.

(ﬁgures 2–4).20,21 Intervening regions of the fan (ie, the
small-intestinal mesentery, transverse, and mesosigmoid)
are contiguous with attached regions but are mobile and
not ﬂattened against the posterior abdominal wall.
Suspension and mesenteric attachment prevent the
intestine from collapsing into the pelvis.
It is feasible that the intestine and mesentery are
contiguous from the diaphragm to the pelvic ﬂoor.20
Accordingly, the mesogastrium and mesoduodenum
(containing the pancreas) are thought to be continuous
with the mesentery of the jejunum, ileum, and colon,
although this alignment needs conﬁrmation in future
studies. The transverse mesocolon consists of a
239

Review

Hepatic flexure

A

B

C

D

Mesenteric component

Colic component

Fascial component

Mesenteric component

Peritoneal component

E

Fascial component

Mesenteric component

Figure 3: Anatomical components of the hepatic ﬂexure
Snapshots from a digital sculpture showing (A) undisturbed hepatic ﬂexure, (B) ﬂexure separated from contiguous
structures highlighting the colic component, (C) view of contiguous mesentery, (D) divided peritoneal component
of ﬂexure, and (E) fascial component of ﬂexure.

conﬂuence between the mesenteric components of the
hepatic and splenic ﬂexure and the middle colic
adipovascular pedicle.20 It forms a caudal limit to the
lesser sac. The greater omentum adheres to the cephalad
surface of the transverse mesocolon and partially
obliterates this space.
The latest depiction of the mesentery helps with
understanding of ﬂexural anatomy (ﬁgure 3). There are
six ﬂexures: duodenojejunal, ileocaecal, hepatic, splenic,
and those between the descending and sigmoid colon
and the sigmoid and rectum (ﬁgures 3, 4).24 All six have
contiguous intestinal, mesenteric, peritoneal, and fascial
components (ﬁgure 3). This knowledge greatly simpliﬁes
technical aspects of colorectal surgery in these regions.
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Suspension of the mesentery prevents the intestine
collapsing into the pelvis, and is mediated by vascular
connections (ie, the superior and inferior mesenteric
vessels). Suspension is further aided by mesenteric
attachment, that is the apposition or ﬂattening of
mesenteric regions against the posterior abdominal
wall.20,21 The right and left mesocolon and the medial
mesosigmoid and mesorectum are apposed or attached
to subjacent abdominal wall or surrounding pelvis
(ﬁgure 4). If attachment does not occur, the intestine and
mesentery are suspended at vascular pedicles alone
and thus prone to twisting with vascular occlusion. This
phenomenon occurs in non-rotation or malrotation,
discussed later, and is the commonest cause of death due
to abdominal crises in the ﬁrst year of life.
Although contiguous, the peritoneal reﬂection has
several names, according to the anatomical region:
the peritoneal reﬂection, Jackson’s membrane, the
anterior reﬂection, the Pouch of Douglas, and the lateral
peritoneal reﬂection (ﬁgure 2).24
Toldt’s fascia is also contiguous (ﬁgures 2–4),20,21,24 as
conﬁrmed by high-magniﬁcation and high-deﬁnition
intraoperative imaging during laparoscopic (and in
particular robotic) surgery,20,39 and has various names for
the diﬀerent regions. Where it surrounds perirenal fat, it
is frequently referred to as Gerota’s fascia. Beneath the
left and right colon it is called Toldt’s fascia.24 At this point
it has been erroneously called the vestigial right and left
mesocolon. Beneath the right and left mesocolon it
is also referred to Toldt’s fascia. Continuing under
the mesosigmoid, into the pelvis, and separating the
mesorectum from the bony pelvis, the fascia is called the
mesorectal fascia. Where the mesorectum terminates
above the pelvic ﬂoor, a space occurs. Where the fascia
ﬁlls this space, it is termed Waldeyer’s fascia. Given
Toldt’s contributions to this ﬁeld, we propose that the
entire fascial layer be collectively referred to as Toldt’s
fascia, with the diﬀerent regions denoted by the region of
associated mesentery (ie, mesosigmoidal, mesorectal,
mesocolon, and mesenteric regions).
The universality of contiguity in adult human beings
indicates that the embryogenesis and development of the
mesentery is one of the most conserved processes in
human embryology. Broadly speaking, the intestine
develops from the endodermal germ layer, whereas the
mesentery derives from the mesodermal germ layer.40
The processes involved in the embryological development
of the mesentery were previously based on classic
anatomical theories that attempted to reconcile
mesenteric regression, fragmentation, and discontinuity.41,42 These included the sliding and regression
theories,43–45 neither of which gained a foothold in the
mainstream scientiﬁc literature. According to the
regression theory, the dimensions of the embryological
dorsal mesentery are such that, with relative lack of
further growth, and with future growth of the right and
left colon, their respective mesenteries regress and
www.thelancet.com/gastrohep Vol 1 November 2016
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become vestigial. According to the sliding theory, as the
right and left colon adopt their ﬁnal lateral positions they
pull their respective mesenteries with them until these
take up their ﬁnal location as vestigial mesenteries
posterior to the right or left colon respectively.
With contiguity now revealed, the embryological
development of the mesentery, peritoneal reﬂection,
and fascia need to be reappraised. Fortunately, the adult
structure is far simpler than that previously proposed,
and might be more easily explained by mechanical and
cellular events. By reverse engineering its development
with the adult shape as a starting point, mesenteric
embryology can be simpliﬁed into a set number of key
processes: suspension at points of vascular connectivity;
diﬀerential elongation of regions of the intestine and
mesentery with a resultant counter-clockwise rotation
of both, mesenteric ﬂattening against the posterior
abdominal wall, and development of Toldt’s fascia and
the peritoneal membrane to maintain attachment in
this conformation. Understanding of the anatomy of the
entire mesentery provides new anatomical endpoints to
which embryologists should work to further characterise
the development of the mesentery and associated
structures.

Histology
The fundamental histological elements of the mesentery
are the surface mesothelium, the connective tissue
lattice, and adipocyte populations housed in the interstices of the lattice. So far, little is known about the
cellular components of these elements.
In regions where the mesentery is ﬂattened against or
attached to the posterior abdominal wall, Toldt’s fascia is
present in between.23 Although the fascia contains
minute vessels and lymphatics, the sites of origin and
termination of these have yet to be conﬁrmed.
Histological and scanning electron microscopic analyses
in this region have shown that Toldt’s fascia is a true
fascia in the anatomical sense.21 It is interposed between
the visceral peritoneum of the overlying mesocolon and
the parietal peritoneum of the retroperitoneum. In the
past, the terms visceral and parietal fascia were
incorrectly applied to these mesothelial layers.46 As they
are epithelial and not mesenchymal, they are not fascia
in the anatomical and surgical sense. Thus, the terms
visceral and parietal peritoneum should be used to
reference these mesothelial layers.47
At the intersection between the intestine and the
mesentery, the mesenteric mesothelium continues onto
the intestine and contributes to the cellular component of
the outer layer, the serosa. Additionally, the connective
tissue of the mesentery contributes to, and is contiguous
with, that of the serosa.48 From the serosa, connective
tissue septations extend into underlying muscle and
submucosa, meaning that the mesenteric and intestinal
connective tissues are contiguous. Classic histological
studies from Toldt3–5 pictorially hinted at this arrangement,
www.thelancet.com/gastrohep Vol 1 November 2016
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Figure 4: Axial (craniocaudal) views of mesosigmoid and mesorectum
(A) Upper mesosigmoidal, (B) mid-sigmoidal, (C) distal mesosigmoidal, (D) rectosigmoidal, (E) proximal, and
(F) mid-mesorectal levels.

which is a remarkable achievement given the limit of
imaging resolution possible at the time.
For many years, the interface between the body and
intestine (or environment) was postulated to be
represented by lymphovascular and neurological
elements embedded in the submucosa. Little, if any,
reference was made to the intersection between the
mesentery and intestine. However, it is now recognised
that this histological overlap is the true intestinal hilum
(ie, where blood vessels enter or leave) and spans the
intestine from duodenum to rectum.21

Physiology
The anatomical distinctiveness of the mesentery is
mirrored by unique functions. The mesentery suspends
much of the intestines from the posterior abdominal
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wall,19 preventing it from collapsing into the pelvis when
standing upright. Intestinal transit would probably be
slowed or possibly even cease without this attachment.
Mesenteric attachment facilitates suspension of the
colon,20 allowing it to adopt a spiral conformation. It is
feasible that mesenteric suspension and attachment
were important developments that facilitated vertical
ambulation in Homo sapiens, although examination of
mesenteric attachment in lower-order species is needed
to conﬁrm or refute this suggestion.
The mesentery is interposed between the intestines
and the body,20 making it is optimally positioned to
sample intestinal (ie, environmental) cues and mediate
local responses, systemic responses, or both. Mesenteric
nodes sample bacterial components derived from the
adjacent intestine49 and regulate migration of B cells,
T cells, natural killer cells, and dendritic cells to nearby
intestinal mucosa.50 However, owing to the sporadic way
in which mesenteric-based feedback mechanisms have
so far been identiﬁed, they are not fully understood.
Additionally, many of the ﬁndings were made in animal
studies, and how they translate to the human context
needs to be conﬁrmed.
Mesenteric production of C-reactive protein is an
important determinant of systemic concentrations.
C-reactive protein regulates glycaemic and lipid metabolism. Data suggest increasingly that mesenteric events
contribute to the regulation of systemic ﬁbrinolytic,
inﬂammatory, and coagulation cascades.51–53
The mesenteric mesothelium is the single largest
expanse of mesothelium in the human body. It has
transformative capacities that might be relevant to tissue
repair (ie, after surgery) and various disorders (ie, hernia
and adhesion formation).54 The mesenteric mesothelium
is a stem cell niche that has undergone remarkably little
investigation. Understanding of the enteromesenteric
component of the peripheral nervous system is also
deﬁcient.55–57 No studies have comprehensively characterised the mesenteric component of the peripheral
nervous system in adults. Postganglionic nerves leave
the three major abdominal ganglia to reach the intestine,
but their trajectory is poorly characterised. Given the
relevance of the mesentery to intestinal function and
overall homoeostasis, neurological studies of the
mesenteric component of the enteric nervous system
should be given increased emphasis.

broad applicability. We provide a brief description of its
application to several common disorders, including
primary58–63 and secondary64–69 mesenteric abnormalities
(mesenteropathies).

Primary mesenteropathies
Primary mesenteropathies arise from the mesentery
itself, owing to its intrinsic properties. Examples are
volvulus, non-rotation, superior mesenteric artery
thrombosis, sclerosing mesenteritis (of which there are
several subtypes), and mesenteric cysts.58–63

Volvulus
As detailed in the section on anatomy, the intestinal
margin of the mesentery elongates in tandem with the
intestine. This property predisposes to volvulus (twisting
or torsion) of the mesentery and the attached intestine.
Volvulus is prevented by ﬂattening and attachment of
alternating regions of the mesentery to the posterior
abdominal wall. For example, attachment of the right
mesocolon reduces the risk at the ileocaecal junction.
Volvulus can occur anywhere that mesenteric attachment
is incomplete or inadequate. The medial region of the
mesosigmoid is attached, whereas the lateral region is
mobile (ﬁgure 4). If the diﬀerential in length between the
attached and mobile regions is suﬃcient, a volvulus
occurs. Rarely, volvulus develops in the transverse
mesocolon and colon for the same reason.

Non-rotation (also known as malrotation)
If the mesentery does not rotate as normal during
embryological development, mesenteric attachment
does not occur and the adult conformation is abnormal
(ﬁgure 5). Instead, the intestine and mesentery are
suspended at vascular pedicles alone, and the mesentery
twists around these points of connection. The result is a
catastrophic volvulus of the mesentery and intestine.
Non-rotation (malrotation) is the most common cause of
fatality due to abdominal crises in the ﬁrst year of life.

Internal herniation related to mesenteric defects
Mesenteric defects or gaps can act as routes for intestinal
herniation. This disorder might arise postoperatively
(eg, after intestinal resection), or spontaneously (eg, due
to mesenteric atresia). After intestinal resection, the
resultant mesenteric defect should be closed if it is
narrow and risk of herniation is high.

Role in disease
Improved understanding of the normal mesenteric
shape enables identiﬁcation of mesenteric abnormalities,20 which in turn permits investigation of the
relation between mesenteric abnormalities (position
and nature) and disease. The multilevel contiguity
between the mesentery and adjacent organs provides a
structural platform to maintain homoeostasis, but also
provides a means for disease spread. A mesentericbased approach to disease classiﬁcation therefore has
242

Vascular mesenteropathies
Vascular mesenteropathies are among the most common
mesenteric disorders, and include acute occlusion of
the superior mesenteric artery and thrombosis of the
superior mesenteric vein.58,59 The major vessels of the
mesentery are the superior and inferior mesenteric
arteries and veins. The manner in which these subdivide
or branch is variable. For example, a right colic artery
arising directly from the middle colic artery is seen
www.thelancet.com/gastrohep Vol 1 November 2016
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in only 25% of the general population.70 Vascular
mesenteropathies can be catastrophic since they might
lead to rapid and extensive necrosis of the small intestine.
Occlusion of the superior mesenteric artery can be
embolic or can arise as a result of thrombus formation
on an atherosclerotic plaque.

A

B

Mesenteric cysts
Cysts on the mesentery are uncommon and arise
after mesenteric mesothelial proliferation (ﬁgure 5).
Mesenteric cysts can be asymptomatic, although sudden
expansion secondary to haemorrhage can lead to severe
abdominal pain.71,72

Cellular mesenteropathies
The pathologies discussed earlier have a mechanical
basis. Increasing data point to the occurrence of cellular
mesenteropathies.73 The concept of cellular mesenteropathies is supported by ﬁndings in sclerosing mesenteritis
and adhesion formation.74 With increasing investigation
of the histological basis of the mesentery in health and
disease, further examples of this disease subtype are
likely to emerge.
Mesenteric mesothelium can undergo mesenchymal
transformation, contributing to local mesenchymal
populations and activities. Abnormal mesothelial proliferation is driven by chronic inﬂammation, and is a
feature of mesenteric lipodystrophy, mesenteric panniculitis, and IgG4-related sclerosing mesenteritis.75–77
Synchronous mesothelial and mesenchymal proliferation
occur when adhesions form after surgery. It is feasible
that mesothelial proliferation provides a cellular basis to
the mesothelial (ie, hernia) sac. The hernia sac is an
important anatomical component of most forms of
abdominal hernia.

Secondary mesenteropathies
Secondary mesenteropathies arise from extrinsic sources
and might occur due to direct (ie, contiguous) or systemic
spread of a disease process. Examples include mesenteric
involvement in intestinal malignancy or inﬂammation
(ie, diverticular disease).64–69

C

D

E

Figure 5: Primary mesenteropathies
(A) Various views of the conformation of the normal mesentery and intestine. (B) Various views of the intestine
and mesentery in non-rotation (ie, malrotation). (C) Mucosal and (D) mesenteric transition zones in a
postoperative resection for Crohn’s disease. (E) Mesenteric cyst seen in a postoperative specimen.

associated mesenteric abnormalities secondary. However,
some ﬁndings suggest that mesenchymal abnormalities
can extend from the mesentery into the subjacent
intestine,80 in which case, Crohn’s disease might be a
primary mesenteropathy. Mesenteric inputs explain the
transmural appearance of Crohn’s disease as well as the
origin of mesenchymal cells responsible for the disease.

Obesity, diabetes, atherosclerosis, and metabolic syndrome
Intestinal malignancy
Intestinal malignancy can lead to various secondary
eﬀects in the adjacent mesentery. Lymphatic contiguity
between the mesentery and intestine provides a means
for disease spread. Lymphatic spread to mesenteric
nodes is thought to be an important mechanism for the
systemic spread of intestinal tumours.78 Additionally,
intestinal tumours might invade or perforate into the
contiguous or nearby mesentery.

The clinical relevance of the mesentery is not conﬁned to
abdominal disease.68,81,82 It is the single greatest contributor
to visceral adiposity,83 which regulates systemic concentrations of C-reactive protein.49 Dysregulation of systemic
C-reactive protein has an important role in the pathobiology of obesity, atherosclerosis, diabetes, and metabolic
syndrome.84 Studies should be done to investigate whether
increased mesenteric adiposity is a primary or secondary
pathobiological event in these disorders.

Crohn’s disease

Mesenteric-based diagnostics

Mesenteric fat wrapping and thickening are prototypical
of Crohn’s disease. The classic view of Crohn’s disease is
that it is as an intestinal disorder (ﬁgure 5),79 making

Mesenteric diagnostics aim to identify and assess (or stage)
mesenteric abnormalities by non-invasive or minimally
invasive means. However, the mesentery is anatomically
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remote and, at present, can only be assessed by radiological
or surgical means.22,23 Radiological approaches are regarded
as particularly complex due to the concept of mesenteric
discontinuity. Abdominal radiologists continue to face
challenges when they attempt to reconcile the radiological
appearance of the mesentery with classic appraisals
of mesenteric anatomy. In the 1980s, Oliphant and
Berne85 proposed mesenteric contiguity with “a posterior
abdominal core”, and Dodds and colleagues86 suggested
that the entire mesentery was extraretroperitoneal. Their
hypotheses resonate with current understanding of
mesenteric anatomy. Nevertheless, most updates on
mesenteric and peritoneal radiology still lead oﬀ with the
assertion that it remains diﬃcult.
Clariﬁcation of mesenteric and peritoneal structure has
provided a basis on which to examine the radiological
appearance of the mesentery systematically, in normality
and disease. Advances in abdominal CT and MRI mean
that the ﬂexural and non-ﬂexural regions of the mesentery
can be reproducibly identiﬁed in adults with normal
anatomy, embryological variations, and abdominal
diseases.23 Although gaining traction, these advances
have yet to be included in educational programmes.
Endoscopic visualisation can be used to map the
mesentery and could facilitate transintestinal biopsy
in a similar way to transrectal prostate biopsy.
Transintestinal mesenteric biopsy would provide
diagnostic data on secondary mesenteric disorders
(eg, cardiovascular disease, diabetes, obesity, metabolic
syndrome, and Crohn’s disease). Endoscopic mapping
during colonoscopy can provide endoscopists, on a
patient-by-patient basis, with a trajectory along which
the large intestine may be traversed with minimum
discomfort to the patient.87 By combining longitudinal
and axial positions, polyp location might be pinpointed
to guide future investigation or resection.

Mesenteric-based therapeutic strategies
The anatomical remoteness of the mesentery is such that
surgery is the only means of altering it. Surgical
manipulation of the mesentery is well developed in so far
as surgeons have long recognised the importance of
removing it as part of intestinal resection. Jamieson and
Dobson88 showed as early as 1909 the importance of
removing the lymphatic drainage of the colon during
resection for colon cancer. Miles89 showed similar
beneﬁts in treatment of rectal cancer. In 1982, Heald and
colleagues90 found that removing an intact mesorectal
package was beneﬁcial in surgical management of the
rectum. Likewise, Hohenberger and colleagues91 showed
the importance of removing an intact mesocolic package
in resection of colon cancer.
The detachment and disconnection of an intact
mesenteric package by surgeons for many years is
striking because it was at odds with the reference surgical
and non-surgical texts which stated that persistence of a
right or left mesocolon was anomalous.9,10 Identiﬁcation
244

and conﬁrmation of mesenteric contiguity led to
resolution of disparity between surgical approaches17 and
provided a common anatomical basis for the concepts of
total mesorectal excision, total mesocolic excision, and
complete mesocolic excision. Indeed, it provides an
anatomical foundation for good-quality resectional
surgery from the duodenum to rectum.
Clariﬁcation of mesenteric anatomy will have many
beneﬁts for colorectal surgery. Surgery can be more
systematised,28 which in turn will allow tailoring of
educational information and lead to standardisation of
the surgical process. Systematisation will also facilitate
rigorously controlled randomised trials, which have long
been called for but have not so far been possible.
The range of diseases that can be treated with
mesenteric strategies is increasing.92,93 Recommendations
that the mesentery should be included in resections for
Crohn’s disease have been largely ignored due to the
dangers (eg, extensive haemorrhage) associated with
division of the Crohn’s mesentery. Reoperation rates
remain as high as 40% after resection for Crohn’s
disease.94,95 However, data suggest that margin positivity
and reoperation rates can be substantially reduced if
resection is guided by mesenteric-based strategies.34
Mesenteric pharmacology is poorly developed. Few
data are available on drug pharmacokinetics or
pharmacodynamics within the mesentery. Early ﬁndings
in mouse studies suggest that inﬂiximab can alter the
mesenteric cytokine environment.96 With increasing
recognition of the central functionality of the mesentery,
the number of studies is likely to expand.

Conclusions and future directions
Clariﬁcation of mesenteric structure has raised many
questions, but has simultaneously provided a platform
from which to direct future investigations across natural
and applied sciences. Various anatomical and other
features of the mesentery need to be detailed. Contiguity
of lymphatic, neurological, vascular, and connective
tissue means that the mesentery occupies a central
position.21,97 Whether the mesentery should be viewed as
part of the intestinal, vascular, endocrine, cardiovascular,
or immunological systems is so far unclear, as it has
important roles in them all. Its eﬀects are being
investigated at haematological, immunological, endocrine, metabolic, and other levels.98–101 Many, but not all,
organs have a distinct functional unit. The functional
unit of the mesentery is unknown, and whether a
distinctive cell type is primarily responsible for its
functionality should be investigated.
Several anatomical questions also remain unanswered.
For example, although early data suggest that the
mesentery proximal to the duodenojejunal ﬂexure is
contiguous with it, this is still unclear. If this is the case,
discovering the mesenteric factors that drive development
of the pancreas in one mesenteric region and not in
another will be of great interest. If the proximal mesentery
www.thelancet.com/gastrohep Vol 1 November 2016
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Search strategy and selection criteria
We searched PubMed and Ovid with the terms “mesentery”,
“peritoneum”, “peritoneal AND reﬂection”, “mesocolon”,
“fascia”, and “Toldt’s AND fascia.” All papers identiﬁed that
were published from Jan 1, 1858, to Aug 1, 2016, were
included, without language restriction. Additional papers
were identiﬁed from reference lists in retrieved papers.
Other material of relevance was identiﬁed from the personal
records of the authors. Abstracts presented at international
meetings were included only if they had been published.

is contiguous, the anatomical correlate of the mesooesophagus could also be investigated. The relation of the
greater omentum to the remainder of the mesentery
should be re-examined.
Mesenteric mesothelial plasticity and transformation
contribute to several disorders, including adhesion and
hernia formation. Focusing research on the molecular
and cellular cornerstones of mesothelial plasticity might
reveal that related events, such as postoperative adhesion
or hernia sac formation, can be altered. The multilevel
contiguity of mesentery and adjacent structures is being
investigated as a route for the spread of disease. Connective
tissue contiguity could explain the development of
musculoskeletal, ocular, and cutaneous abnormalities in
intestinal diseases, such as ulcerative colitis and Crohn’s
disease, and might also account for so far unexplained
patterns of pathogen and disease spread.
Continued development of radiological and endoscopic
mesenteric diagnostics will improve the staging of
abdominal diseases by non-invasive and minimally
invasive means. Endoscopic mesenteric sampling aims
to provide clinically relevant data in an array of abdominal
and non-abdominal disorders and will be addressed in
studies.34,87 It is anticipated that these data will culminate
in the development of non-invasive mesenteric-based
therapies (ie, mesenteric pharmacotherapeutics), which
might obviate surgical intervention. Mesenteric pharmacology remains poorly developed, partly due to the
relative inaccessibility of the mesentery, but mainly due
to little investigation. Understanding of drug activities
within the mesentery and mesenteric pharmacokinetics
and dynamics is needed.
In summary, advances in understanding of the mesentery now enable a rigorous and scientiﬁc study of it.
Accordingly, beneﬁts to gastroenterology are anticipated
by improved diagnostics and an expansion of therapeutics
in general. Beneﬁts to radiological appraisal of the
abdomen will be achieved by increased accuracy in the
interpretation of abdominal disease. Pathology will beneﬁt
from enahnced comprehensive understanding in an array
of abdominal and non-abdominal conditions. In surgery,
it is expected that surgical technique, standardisation of
the craft component of abdominal surgery, and its future
scientiﬁc investigation will all be improved.
www.thelancet.com/gastrohep Vol 1 November 2016

Contributors
JCC conceived the idea of the review on the basis of ﬁndings reported by
him and his group. The manuscript was written by JCC and critically
reviewed and edited by DPO. The literature review was done by JCC and
DPO and the review bibliography was populated by DPO.
Declaration of interests
We declare no competing interests.
Acknowledgments
We thank Dara Walsh, University of Limerick, Limerick, Ireland for
generation of the ﬁgures.
References
1
Coﬀey JC, Dillon M, Sehgal R, et al. Mesenteric-based surgery
exploits gastrointestinal, peritoneal, mesenteric and fascial continuity
from duodenojejunal ﬂexure to the anorectal junction—a review.
Dig Surg 2015; 32: 291–300.
2
Sehgal R, Coﬀey JC. Historical development of mesenteric anatomy
provides a universally applicable anatomic paradigm for
complete/total mesocolic excision. Gastroenterol Rep 2014; 2: 245–50.
3
Toldt C, Rosa AD. Bau und Wachstumsveranterungen der Gekrose
des menschlischen Darmkanales. Denkschrdmathnaturwissensch
1879; 41: 1–56.
4
Toldt C, Rosa AD. An atlas of human anatomy for students and
physicians. New York, NY: Macmillan, 1926.
5
Toldt C. An atlas of human anatomy for students and physicians,
revised edition. New York, NY: Rebman, 1919: 407–09.
6
Treves, F. Lectures on the anatomy of the intestinal canal and
peritoneum in man. BMJ 1885; 1: 580–83.
7
Treves F. Discussion on the subsequent course and later history of
cases of appendicitis after operation. Med Chir Trans 1905;
88: 429–610.
8
McConnell AA, Garratt TH. Abnormalities of ﬁxation of the
ascending colon: the relation of symptoms to anatomical ﬁndings.
Br J Surg 1923; 10: 532–57.
9
Netter FH. Atlas of human anatomy. Philadelphia, PA: Elsevier
Health Sciences, 2014.
10 Standring S. Gray’s anatomy: the anatomical basis of clinical
practice. London: Elsevier Health Sciences, 2015.
11 Trebješanin Z, Babić S, Vučurević G, Popov P, Ilijevski N,
Blagotić M. Persistent descending mesocolon: case report.
Srp Arh Celok Lek 2012; 140: 637–40 (in Serbian).
12 Vyas KC, Joshi CP, Misra S. Volvulus of descending colon with
anomalous mesocolon. Indian J Gastroenterol 1997; 16: 34–35.
13 Tsuruta A, Kawai A, Oka Y, et al. Laparoscopic right hemicolectomy
for ascending colon cancer with persistent mesocolon.
World J Gastroenterol 2014; 20: 5557–60.
14 Ellis H, Mahadevan V. Clinical anatomy: applied anatomy for
students and junior doctors. Chichester: Wiley, 2013.
15 Balthazar EJ. Congenital positional anomalies of the colon:
radiographic diagnosis and clinical implications. Abnormalities of
ﬁxation. Gastrointest Radiol 1977; 2: 49–56.
16 Popky GL, Lapayowker MS. Persistent descending mesocolon.
Radiology 1966; 86: 327–31.
17 Morgenstern L. Persistent descending mesocolon.
Surg Gynecol Obstet 1960; 110: 197–202.
18 Kanai M, Tokunaga T, Miyaji T. Colonic varices as a result of
persistent mesocolon of the ascending and descending colon.
Endoscopy 2011; 43: E103–04.
19 Culligan K, Coﬀey JC, Kiran RP, Kalady M, Lavery IC, Remzi FH.
The mesocolon: a prospective observational study. Colorectal Dis
2012; 14: 421–28.
20 Culligan K, Walsh S, Dunne C, et al. The mesocolon: a histological
and electron microscopic characterization of the mesenteric
attachment of the colon prior to and after surgical mobilization.
Ann Surg 2014; 260: 1048–56.
21 Coﬀey JC, Culligan K, Walsh LG, et al. An appraisal of the computed
axial tomographic appearance of the human mesentery based on
mesenteric contiguity from the duodenojejunal ﬂexure to the
mesorectal level. Eur Radiol 2016; 26: 714–21.
22 Culligan K, Remzi FH, Soop M, Coﬀey JC. Review of nomenclature
in colonic surgery—proposal of a standardised nomenclature based
on mesocolic anatomy. Surgeon 2013; 11: 1–5.

245

Review

23

24

25

26

27

28

29

30
31

32
33

34

35

36
37

38
39

40
41
42
43
44
45
46

47

48

246

Coﬀey JC, Sehgal R, Culligan K, et al. Terminology and
nomenclature in colonic surgery: universal application of a
rule-based approach derived from updates on mesenteric anatomy.
Tech Coloproctol 2014; 18: 789–94.
Walsh LG, Kenny BJ, El Bassiouni M, Coﬀey JC. Cancer arising
from the remnant mucosa of the ileoanal anastomosis leading to
pouchectomy. BMJ Case Rep 2016; published online Aug 1.
DOI:10.1136/bcr-2015-212802.
Sehgal R, Coﬀey JC. The development of consensus for complete
mesocolic excision (CME) should commence with standardisation
of anatomy and related terminology. Int J Colorectal Dis 2014;
29: 763–64.
Sehgal R, Coﬀey JC. Standardization of the nomenclature based on
contemporary mesocolic anatomy is paramount prior to performing
a complete mesocolic excision. Int J Colorectal Dis 2014; 29: 543–44.
Coﬀey JC, Dockery P. Colorectal cancer: surgery for colorectal
cancer—standardization required. Nat Rev Gastroenterol Hepatol
2016; 13: 256–57.
Feng B, Sun J, Ling TL, et al. Laparoscopic complete mesocolic
excision (CME) with medial access for right-hemi colon cancer:
feasibility and technical strategies. Surg Endosc 2012; 26: 3669–75.
Siani L M, Pulica C. Laparoscopic complete mesocolic excision with
central vascular ligation in right colon cancer: long-term oncologic
outcome between mesocolic and non-mesocolic planes of surgery.
Scand J Surg 2015; 104: 219–26.
Dimitriou N, Griniatsos J. Complete mesocolic excision:
techniques and outcomes. World J Gastrointest Oncol 2015; 7: 383–88.
Mori S, Kita Y, Baba K. Laparoscopic complete mesocolic
excision via reduced port surgery for treatment of colon cancer.
Dig Surg 2015; 32: 45–51.
Liang J, Fazio V, Lavery I, et al. Primacy of surgery for colorectal
cancer. Br J Surg 2015; 102: 847–52.
Bertelsen CA, Neuenschwander AU, Jansen JE. Short-term
outcomes after complete mesocolic excision compared with
‘conventional’ colonic cancer surgery. Br J Surg 2016; 103: 581–89.
Coﬀey JC, O’Leary DP, Kiernan MG, Faul P. The mesentery in
Crohn’s disease: friend or foe? Curr Opin Gastroenterol 2016;
32: 267–73.
Zuo L, Li Y, Zhu W, et al. Mesenteric adipocyte dysfunction in
Crohn’s disease is associated with hypoxia. Inﬂamm Bowel Dis 2016;
22: 114–26.
Loskutoﬀ DJ, Samad F. The adipocyte and hemostatic balance in
obesity: studies of PAI-1. Arterioscler Thromb Vasc Biol 1998; 18: 1–6.
Bonen A, Tandon NN, Glatz JF, Luiken JJ, Heigenhauser GJ.
The fatty acid transporter FAT/CD36 is upregulated in
subcutaneous and visceral adipose tissues in human obesity and
type 2 diabetes. Int J Obes 2006; 30: 877–83.
Coﬀey JC. Surgical anatomy and anatomic surgery—clinical and
scientiﬁc mutualism. Surgeon 2013; 11: 177–82.
Healy DA, Murphy SP, Burke JP, Coﬀey JC. Artiﬁcial interfaces
(“AI”) in surgery: historic development, current status and program
implementation in the public health sector. Surg Oncol 2013;
22: 77–85.
Kluth D, Jaeschke-Melli S, Fiegel H. The embryology of gut rotation.
Semin Pediatr Surg 2003; 12: 275–79.
Beck DE, Nasseri Y, Hull TL et al, eds. The ASCRS manual of colon
and rectal surgery. New York, NY: Springer, 2014.
Cochard LR. Netter’s atlas of human embryology: updated edition.
London: Elsevier Health Sciences, 2012.
Moore KL, Persaud TVN. The developing human: clinically oriented
embryology. Philadelphia, PA: Saunders, 2003.
Sadler TW. Langman’s medical embryology. Philadelphia, PA:
Wolters Kluwer Health, 2011.
Schoenwolf GC, Bleyl SB, Brauer PR. Larsen’s human embryology.
Philadelphia, PA: Elsevier Health Sciences, Philadelphia, 2014.
Wang GJ, Gao CF, Wei D, Wang C, Meng WJ. Anatomy of the
lateral ligaments of the rectum: a controversial point of view.
World J Gastroenterol 2010; 16: 5411–15.
Culligan K, Sehgal R, Mulligan D, et al. A detailed appraisal of
mesocolic lymphangiology—an immunohistochemical and
stereological analysis. J Anat 2014; 225: 463–72.
Walsh LG, O’Leary DP, Coﬀey JC. The mesocolic hilum: an electron
microscopic appraisal of anatomy. Irish J Med Sci 2016; 185: s97.

49

50

51

52

53

54

55
56

57

58

59
60

61
62
63
64

65

66

67

68
69

70
71

72

73

Sakuraba A, Sato T, Kamada N, Kitazume M, Sugita A, Hibi T.
Th1/Th17 immune response is induced by mesenteric lymph node
dendritic cells in Crohn’s disease. Gastroenterology 2009; 137: 1736–45.
Magnusson FC, Liblau RS, von Boehmer H, et al. Direct presentation
of antigen by lymph node stromal cells protects against CD8
T-cell-mediated intestinal autoimmunity. Gastroenterology 2008;
134: 1028–37.
Burke JP, Cunningham MF, Watson RW, Docherty NG, Coﬀey JC,
O’Connell PR. Bacterial lipopolysaccharide promotes proﬁbrotic
activation of intestinal ﬁbroblasts. Br J Surg 2010; 97: 1126–34.
Burke JP, Watson RW, Mulsow JJ, Docherty NG, Coﬀey JC,
O’Connell PR. Endoglin negatively regulates transforming growth
factor β1-induced proﬁbrotic responses in intestinal ﬁbroblasts.
Br J Surg 2010; 97: 892–901.
Peyrin-Biroulet L, Gonzalez F, Dubuquoy L, et al. Mesenteric fat as
a source of C reactive protein and as a target for bacterial
translocation in Crohn’s disease. Gut 2012; 61: 78–85.
Li Y, Wang J, Asahina K. Mesothelial cells give rise to hepatic
stellate cells and myoﬁbroblasts via mesothelial-mesenchymal
transition in liver injury. Proc Natl Acad Sci USA 2013;
110: 2324–29.
Blackburn SC, Stanton MP. Anatomy and physiology of the
peritoneum. Semin Pediatr Surg 2014; 23: 326–30.
Burzynski G, Shepherd IT, Enomoto H. Genetic model system
studies of the development of the enteric nervous system, gut
motility and Hirschsprung’s disease. Neurogastroenterol Motil 2009;
21: 113–27.
Nishiyama C, Uesaka T, Manabe T, et al. Trans-mesenteric neural
crest cells are the principal source of the colonic enteric nervous
system. Nat Neurosci 2012; 15: 1211–18.
Oldenburg WA, Lau LL, Rodenberg TJ, Edmonds HJ, Burger CD.
Acute mesenteric ischemia: a clinical review. Arch Intern Med 2004;
164: 1054–62.
Berland T, Oldenburg WA. Acute mesenteric ischemia.
Curr Gastroenterol Rep 2008; 10: 341–46.
Akram S, Pardi DS, Schaﬀner JA, Smyrk TC. Sclerosing mesenteritis:
clinical features, treatment, and outcome in ninety-two patients.
Clin Gastroenterol Hepatol 2007; 5: 589–96.
Medappil N, Reghukumar R. Sandwich sign in mesenteric
lymphoma. J Cancer Res Ther 2010; 6: 403–04.
Zhang KR, Jia HM. Mesenteric Castleman disease.
J Pediatr Surg 2008; 43: 1398–400.
Park IS, Kye BH, Kim HS, et al. Primary mesenteric carcinoid
tumor. J Korean Surg Soc 2013; 84: 114–17.
Li C, Kuemmerle JF. Mechanisms that mediate the development of
ﬁbrosis in patients with Crohn’s disease. Inﬂamm Bowel Dis 2014;
20: 1250–58.
Salemis NS, Gourgiotis S, Tsiambas E, Karagkiouzis G, Nakos G,
Karathanasis V. Diﬀuse large B cell lymphoma of the mesentery:
an unusual presentation and review of the literature.
J Gastrointest Cancer 2009; 40: 79–82.
Kulaylat AN, Hollenbeak CS, Sangster W, Stewart DB Sr. Impact of
smoking on the surgical outcome of Crohn’s disease:
a propensity-score matched National Surgical Quality Improvement
Program analysis. Colorectal Dis 2015; 17: 891–902.
Han H, Kim H, Rehman A, Jang SM, Paik SS. Appendiceal Crohn’s
disease clinically presenting as acute appendicitis. World J Clin Cases,
2014; 2: 888–92.
Kredel LI, Siegmund B. Adipose-tissue and intestinal inﬂammation—
visceral obesity and creeping fat. Front Immunol 2014; 5: 462.
Sazuka S, Katsuno T, Nakagawa T, et al. Fibrocytes are involved in
inﬂammation as well as ﬁbrosis in the pathogenesis of Crohn’s
disease. Dig Dis Sci 2014; 59: 760–68.
Jain P, Motwani R. Morphological variations of superior mesenteric
artery: a cadaveric study. Int J Anat Res 2013; 1: 83–87.
Bhandarwar AH, Tayade MB, Borisa AD, Kasat GV.
Laparoscopic excision of mesenteric cyst of sigmoid mesocolon.
J Minim Access Surg 2013; 9: 37–39.
Reddy GR, Gunadal S, Banda VR, Banda NR. Infected mesenteric
cyst. BMJ Case Rep 2013; published online April 18.
DOI:10.1136/bcr-2012-008195.
Stone JH, Zen Y, Deshpande V. IgG4-related disease. N Engl J Med
2012; 366: 539–51.

www.thelancet.com/gastrohep Vol 1 November 2016

Review

74

75
76

77

78

79

80

81

82

83

84

85

86
87

Bala A, Coderre SP, Johnson DR, Nayak V. Treatment of sclerosing
mesenteritis with corticosteroids and azathioprine.
Can J Gastroenterol 2001; 15: 533–35.
Nomura Y, Kamisawa T, Tabata T, et al. A case of IgG4-related
sclerosing mesenteritis. Pathol Res Pract 2011; 207: 518–21.
Wilkes A, Griﬃn N, Dixon L, Dobbs B, Frizelle FA.
Mesenteric panniculitis: a paraneoplastic phenomenon?
Dis Colon Rectum 2012; 55: 806–809.
Gogebakan O, Albrecht T, Osterhoﬀ MA, Reimann A. Is mesenteric
panniculitis truly a paraneoplastic phenomenon? A matched pair
analysis. Eur J Radiol 2013; 82: 1853–59.
Boni L, Benevento A, Dionigi G, Rovera F, Diurni M, Dionigi R.
Injection of colorectal cancer cells in mesenteric and
antimesenteric sides of the colon results in diﬀerent patterns of
metastatic diﬀusion: an experimental study in rats.
World J Surg Oncol 2005; 3: 69.
Kaplan GG, Pederson BV, Andersson RE, Sands BE, Korzenik J,
Frisch M. The risk of developing Crohn’s disease after an
appendectomy: a population-based cohort study in Sweden and
Denmark. Gut 2007; 56: 1387–92.
Sahebally SM, Burke JP, Chang KH, Kiernan MG, O’Connell
PR, Coﬀey JC. Circulating ﬁbrocytes and Crohn’s disease.
Br J Surg 2013; 100: 1549–56.
Schaﬄer A, Scholmerich J, Buchler C. Mechanisms of disease:
adipocytokines and visceral adipose tissue—emerging
role in intestinal and mesenteric diseases.
Nat Clin Pract Gastroenterol Hepatol 2005; 2: 103–11.
Rethorst CD, Bernstein I, Trivedi MH. Inﬂammation, obesity, and
metabolic syndrome in depression: analysis of the 2009–2010
National Health and Nutrition Examination Survey (NHANES).
J Clin Psychiatry 2014; 75: e1428–32.
Yang YK, Chen M, Clements RH, Abrams GA, Aprahamian CJ,
Harmon CM. Human mesenteric adipose tissue plays unique role
versus subcutaneous and omental fat in obesity related diabetes.
Cell Physiol Biochem 2008; 22: 531–38.
Sen D, Ghosh S, Roy D. Correlation of C-reactive protein and body
mass index with diabetic retinopathy in Indian population.
Diabetes Metab Syndr 2015; 9: 28–29.
Oliphant M, Berne AS. Computed tomography of the subperitoneal
space: demonstration of direct spread of intraabdominal disease.
J Comput Assist Tomogr 1982; 6: 1127–37.
Dodds WJ, Darweesh RM, Lawson TL, et al. The retroperitoneal
spaces revisited. Am J Roentgenol 1986; 147: 1155–61.
Byrnes KG, O’Leary DP, Coﬀey JC. Endocolonic ultrasound
mapping of the mesocolon and its mesenteric attachments: a proof
of concept. Irish J Med Sci 2016; 185 (suppl 2): 57.

www.thelancet.com/gastrohep Vol 1 November 2016

88

Jamieson JK, Dobson JF. Lymphatics of the colon: with special
reference to the operative treatment of cancer of the colon.
Ann Surg 1909; 50: 1077–90.
89 Miles WE. A method of performing abdomino-perineal excision for
carcinoma of the rectum and of the terminal portion of the pelvic
colon. CA Cancer J Clin 1971; 21: 361–64.
90 Heald RJ, Husband EM, Ryall RD. The mesorectum in rectal cancer
surgery—the clue to pelvic recurrence? Br J Surg 1982; 69: 613–16.
91 Hohenberger W, Weber K, Matzel K, et al. Standardized surgery for
colonic cancer: complete mesocolic excision and central
ligation—technical notes and outcome. Colorectal Dis 2009;
11: 354–64.
92 Desreumaux P, Ernst O, Geboes K, et al. Inﬂammatory
alterations in mesenteric adipose tissue in Crohn’s disease.
Gastroenterology 1999; 117: 73–81.
93 Kaser A, Tilg H. “Metabolic aspects” in inﬂammatory bowel
diseases. Curr Drug Deliv 2012; 9: 326–32.
94 Qiu Y, Mao R, Chen BL, He Y, Zeng ZR, Chen MH.
Systematic review with meta-analysis of prospective studies:
anti-tumour necrosis factor for prevention of postoperative Crohn’s
disease recurrence. J Crohns Colitis 2015; 9: 918–27.
95 Parkes GC, Whelan K, Lindsay JO. Smoking in inﬂammatory bowel
disease: impact on disease course and insights into the aetiology of
its eﬀect. J Crohns Colitis 2014; 8: 717–25.
96 Clemente TR, Dos Santos AN, Sturaro JN, et al. Inﬂiximab modiﬁes
mesenteric adipose tissue alterations and intestinal inﬂammation
in rat-s with TNBS-induced colitis. Scand J Gastroenterol 2012;
47: 943–50.
97 Batra A, Heimesaat MM, Bereswill S, et al. Mesenteric fat-control
site for bacterial translocation in colitis? Mucosal Immunol 2012;
5: 580–91.
98 Drouet M, Dubuquoy L, Desreumaux P, Bertin B. Visceral fat and
gut inﬂammation. Nutrition 2012; 28: 113–117.
99 Needham BL, Kim C, Mukherjee B, Bagchi P, Stanczyk FZ,
Kanaya AM. Endogenous sex steroid hormones and glucose in a
South-Asian population without diabetes: The Metabolic Syndrome
and Atherosclerosis in South-Asians Living in America pilot study.
Diabet Med 2015; 32: 1193–200.
100 Nazare JA, Smith J, Borel AL, et al. Usefulness of measuring both
body mass index and waist circumference for the estimation of
visceral adiposity and related cardiometabolic risk proﬁle (from the
INSPIRE ME IAA Study). Am J Cardiol, 2015; 115: 307–15.
101 Tracy RP. Is visceral adiposity the “enemy within”?
Arterioscler Thromb Vasc Biol 2001; 21: 881–83.

247

