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This book is dedicated with love to my wife
Ana and my children Benjamin, Jamie, and
Joseph; all creative scholars dedicated to
making the world a better place.

EDE

All surgeons have the unique privilege of the
opportunity to help patients by improving the
quality of and/or prolonging their lives.
Academic surgeons are also blessed by being
able to share our knowledge and skills with
others allowing the multifold multiplication
of their practices to countless other patients
who we will never meet. The desire to teach
can be fulfilled locally by training residents,
fellows, and students and globally through
research and education. I have been
incredibly fortunate during the last 33 years
to have been able to avail myself of teaching
trainees at Cleveland Clinic Florida. The
common denominator among these endeavors
has been the commitment of my philanthropic
friends who have supported my research and
educational endeavors at Cleveland Clinic
Florida since 1988. Although none of these



magnanimous altruistic friends are surgeons,
their gifts mean that by sharing my vision,
they have also made a global impact on the
health of countless patients, perhaps in every
country. Accordingly, it is with immense
pleasure and eternal gratitude that I express
my deepest appreciation to my friends by
dedicating this textbook to them:

Nick Caporella
Ellen Cates-Smith and Sandford Smith
Aliko Dangote
Dr. Danny Dosoretz and Chely Dosoretz
Itchko Ezratti and Diana Morrisson
Theo and Connie Folz
Bernard and Juliette Klepach
Bill Livek
Bernie Marcus
Earl and Nancy Stewart
Herbert and Doreen Wigwe.
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Foreword

The conventional model of abdominal anatomy described multiple and separate
mesenteries. Recent advancements in our understanding of the mesenteric organ
demonstrate that there is one mesentery and that all abdominal digestive organs are
in direct connection with the single mesenteric organ. These advances prompted a
re-appraisal of human mesenteric embryology that in turn led to the discovery that
abdominal digestive organs develop within and remain in close association with the
mesenteric frame. This has major implications for human biology in general. For
example, it means the abdomen is anatomically organized into two principle
compartments; the mesenteric and non-mesenteric compartment (i.e., the mesen-
teric model). The mesenteric model of human abdominal anatomy overcomes
problems associated with the peritoneal-based model and in so doing reconciles
embryological, anatomical, surgical, and radiological approaches to the abdomen as
a group.

The centrally positioned mesenteric continuum is of far greater importance in
human biology than was previously thought. It follows that it is of considerable
importance to pathological derangements of human biology, i.e., diseases. The
following is the foundation text on mesenteric diseases and is thus timely. Written
by established expert scientists and clinicians it is carefully designed to provide
information in an accessible format but also to offer a platform for use for reference
purposes. The editors and assembled authors should be congratulated on compiling
the first reference text on mesenteric diseases. It is an invaluable resource that will
become part of teaching curricula in medical, radiological, pathological, and sur-
gical training programs. Most importantly, this will translate into substantial clinical
benefits for patients with abdominal and systematic diseases.

Limerick, Ireland JC Coffey
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Preface

Almost two decades ago, a fifty-one-year-old male who was a local politician came
to see me for a cluster of concerning symptoms. The patient complained of pain
across his lower abdomen that was worse with activity. Furthermore, although a
large man, he had a poor appetite and had lost a significant amount of weight in the
prior two months. He was alarmed by another symptom: awakening with sweats
that soaked his pajamas and bedsheets. A physical examination revealed an obvious
abdominal mass that was firm and tender to the touch. The mass enveloped a
substantial portion of the right lumbar, umbilical, and hypogastric regions of the
abdomen. Anticipating a diagnosis of sarcoma, and a dismal prognosis, I ordered
imaging of the abdomen with computerized tomography. As expected, a large
abdominal mass was found. However, a subsequent biopsy demonstrated chronic
inflammation and fat necrosis consistent with the diagnosis of mesenteric panni-
culitis. After finding virtually no clinical resources to assist in managing this
condition, I embarked on a journey to try to treat my new patient and to offer
innovative approaches to the disease. With the help of an enthusiastic group of
medical residents and gastroenterology fellows, my group began publishing a
variety of observational studies based on a gathering number of patients with
mesenteric panniculitis that were coming to the office. These included a new
method to score the severity of symptoms for future pharmaceutical studies called
the Mesenteric Panniculitis Symptom Assessment Score (MPSAS). Understanding
nuances of the clinical care of patients with mesenteric panniculitis followed,
allowing for the solidification of diagnostic and therapeutic approaches of mesen-
teric panniculitis. Many questions arose when caring for patients with a rare disease
that had fewer than 300 hundred cases described in the medical literature. For
example, what happens if patients fail or are intolerant to the few initial therapies
that are recommended? What is the synergy that occurs between the physical and
psychological components of a benign disease that nobody knows how to treat?
What future risks can be anticipated and what is the appropriate follow up for
patients with mesenteric panniculitis? One can anticipate similar difficulties when
caring for patients with other rare or poorly understood medical conditions. Our
group ultimately developed several new potential treatments for mesenteric pan-
niculitis including thalidomide, enteric coated budesonide (unpublished), and low
dose naltrexone using the MPSAS as a guide to drug response. Because many
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patients that are first diagnosed with “mesenteric panniculitis” or “misty mesentery”
based solely on CT findings without confirmatory biopsies, we also explored the
relationship between mesenteric panniculitis and malignancy, an important piece
of the mesenteric panniculitis puzzle.

The mesentery, generally viewed as a fragmented group of connective tissues
that functioned to attached the gastrointestinal organs to the abdominal cavity, has
undergone anatomic description for centuries. Of interest, a drawing of the
mesentery by Leonardo Da Vinci from about 1508 that is owned by the Royal
Collection Trust shows his deep understanding of its gross anatomy, most likely
developed from its careful dissection away from adjacent abdominal organs. In Da
Vinci’s view, the mesocolon and mesorectum are shown in contiguity suggesting a
single mesenteric structure whose point of origin appears to be at the mesenteric
root near the small intestine. This view was contrary to the more modern anatomists
who described a fragmented, unorganized version of the mesentery. After a detailed
review of historic anatomic descriptions as well as gross and microscopic exami-
nation of cadaveric and surgical resections, J Calvin Coffey, a colorectal surgeon
from Limerick Ireland, and his group published a paper in the Lancet Gastroen-
terology and Hepatology in 2016 that re-examined the relationship of the mesentery
and its surrounding structures. Their proposal that the mesentery is a distinct organ
in the body first raised a great deal of interest in the scientific and lay press and
subsequently resulted in the acceptance of this concept in the scientific world. In
fact, the mesentery now appears on the list of 79 organs of the human body on
Wikipedia and is classified as a gastrointestinal organ. Aside from the curiosity that
the finding of a “new organ in the body” creates, this concept allows for an
expanded understanding of the role that the mesentery may play in the patho-
physiology of diseases affecting other organ systems.

Most medical diseases of the mesentery have not received the degree of attention
as the mesenteric vascular disorders, including ischemic enteropathy and ischemic
colitis. Ischemic enteropathy is among the deadliest medical condition affecting the
mesentery and has been the focus of important work and medical breakthroughs in
the past few decades. Other medical diseases of the mesentery are generally viewed
in the miscellaneous category of gut disorders and have remained relegated as such.
In the surgical literature, the mesentery has garnered more attention. Inclusion of
mesenteric resection in the management of rectal cancer has resulted in significant
improvement in prognosis in these patients. More recent work has also suggested
that removal of portions of the mesentery with intestinal resections may enhance the
outcomes of these surgeries in patients with Crohn’s disease. Since the time that my
patient walked through the office door, a greater understanding of mesenteric
involvement in local and systemic disease processes has occurred. The single organ
model of the mesentery is a potential catalyst toward understanding the role of the
mesentery in the maintenance of the homeostasis in healthy individuals.

These fresh developments in the field of mesenteric disorders and my prior
experience with mesenteric panniculitis directed me to think about creating a new
book specifically focused on the mesentery. To fully actualize the process, it was
vital to engage surgical colleagues to write and edit major portions of the work.
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I was fortunate to receive enthusiastic interest in the book from Dr. John Alverdy, a
talented surgeon and Professor of Surgery at the University of Chicago, whose life
work has focused on the effects of bacterial translocation from the gastrointestinal
tract, the source of which occurs at the interface of the mesentery and the gut. Dr.
Steven Wexner, Chairman of the Department of Colorectal Surgery at Cleveland
Clinic Florida, is an innovator in the field of colorectal surgery who has also
become an eager partner in this endeavor. His work on laparoscopic mesorectal
resections, mesenteric lengthening techniques, and advanced laparoscopic surgeries
for Crohn’s disease has made him an ideal coauthor and coeditor for the project.

In putting together this first book devoted specifically to diseases of the
mesentery, we had several important challenges. Our goal was to create an easy to
read and clinically relevant book. However, since we wished to bring the reader up
to speed on translational aspects of normal and abnormal mesenteric function, a
detailed review of mesenteric anatomy and physiology was also required. To
accomplish these goals, we have enlisted a number of additional authors and
co-authors to create the chapters of this book. All authors were instructed to focus
on clinical features of their subjects. Illustrative examples and succinct tables are
included throughout to assist in the understanding of material that is presented. We
have been very fortunate to have enlisted Dr. Abraham Dachman, Professor of
Radiology from the University of Chicago who created a library of radiographic
images of mesenteric diseases for use in the book.

The structure of the book consists of introductory chapters, followed by a review
of the anatomy, embryology, and physiology of the mesentery. After an overview
of relevant medical procedures, the role of the mesentery in systemic medical
disorders is covered in several chapters. The book is completed with chapters for
specific medical and surgical diseases of the mesentery.

As authors and editors, we respectfully submit our book as the first endeavor to
assemble what is known about the mesentery in a single volume. We hope in turn
that our efforts will enhance the appreciation of the mesentery in normal and disease
states and that this will stimulate further developments that benefit patient care.

Park Ridge, IL, USA Eli D. Ehrenpreis
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Part I
General



1Redefining the Mesentery as an Organ

J. Calvin Coffey and Peter O’Leary

Definition of the Mesentery

The mesentery is defined as the collection of tissues that maintains all abdominal
digestive organs in position and in continuity with other systems. This definition
differs considerably from the classic definition which describes the mesentery as a
double fold of peritoneum that maintains the intestine in position.

Once the shape of the mesentery was clarified it became apparent that it was
continuous, substantive, and important from a functional perspective. It was also
noted that it could be readily differentiated from structures with which it was
continuous. Further studies demonstrated that mesenteric continuity applied from
the oesophago-gastric to anorectal junction. In turn, it was observed that all
abdominal digestive organs are continuous with the mesentery.

These findings indicated that the mesentery has an essential function. In the
embryo, it serves as an incubator for digestive organs, providing a platform on which
they can develop. In the adult it also has an essential function in maintaining the
organization of the digestive system as well as its connectivity with all other systems.

These observations led our group to suggest that it be designated an organ in
itself.

Historic Development of the Understanding
of the Mesentery

As our current understanding of the mesentery differs considerably from that
depicted in the classic model, it is important to describe how our current under-
standing of the mesentery developed. Renaissance anatomists visually depicted a
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continuous mesentery but they did not textually describe it as such. In general,
textual descriptions of the mesentery were remarkably limited. In 1858 Henry Gray
described the “root” of the small intestinal mesentery as attaching along a particular
trajectory across the posterior abdominal wall. He described multiple mesenteries,
as opposed to one continuous mesentery (Fig. 1.1). This concept was supported by
observations of numerous surgeons including Sir Frederick Treves.

The Gray model was indoctrinated in reference texts for a number of reasons,
until recently when it was noted that the mesentery is in fact continuous and that all
abdominal digestive organs are continuous with it. The last point is particularly
important as it means that our understanding of how all digestive organs are con-
nected to the rest of the body, must change.

It is now recognized that the mesentery is centrally positioned within the
abdominal digestive system, linking all digestive organs, and connecting these
collectively to the posterior abdominal wall (Fig. 1.2). Moreover, the mesentery,
and digestive organs, determine and explain the peritoneal landscape. As the latter
determines the shape of the peritoneal cavity, it follows the anatomy of the peri-
toneal cavity is primarily determined and explained by the mesentery and associ-
ated digestive system organs (Fig. 1.3).

Fig. 1.1 Classic model depicting multiple mesenteries and a complex peritoneal landscape
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The Science of the Mesentery

The proposal that the mesentery is an organ was surprising in that many held that all
human anatomy was well established. The proposal generated considerable media
attention and argument. Whether the mesentery is an organ or not is a point for
discussion, and as with any discussion there are for and against sides.

Fig. 1.2 Current model depicting a single continuous mesentery. Mesenteric continuity has major
implications for our understanding of the anatomical organization of the abdomen

Fig. 1.3 3D digital sculpture
demonstrating the peritoneal
reflection and the position of
the peritoneum in the
mesenteric-based model of
abdominal anatomy
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Arguing against the concept that it is an organ, one commentator argued that
whilst the mesentery is not an organ, it does occupy the same “hierarchical level” as
an organ. The argument was based on multiple points but chief amongst these was
the concept the mesentery does not serve an essential and unique function. Others
commentated that more information was required in order to make a definitive
decision on the matter.More recently, anatomists have moved towards arguing that
anatomical terminology such as “organ” requires updating, and that classification
systems need updating.

Apart from these points, there appears to be little else in formal literature arguing
against the concept of the mesenteric organ. Indeed, many scientists are using the
definition as an opportunity to further characterize and explore the mesentery. It is
not possible to reference all articles of relevance as these are continuing to emerge
in numerous languages and across multiple scientific and clinical disciplines. In
many respects this book, reflects that movement.

If we are to consider the mesentery as an organ, then we must challenge it in the
same way we would any organ. In keeping with this, the current text summarizes
diseases of the mesentery and is the first reference text that explains how these may
be diagnosed and treated. Yi Li et al. recently published a comprehensive review of
lymphatics of the mesenteric organ. Britta Siegmund’s group described the
importance of the mesenteric organ in the context of intestinal and systemic
immunity. Rivera et al. elegantly summarized the role of mesenteric events in
multiple diseases, in multi-organ dysfunction syndrome and the systemic inflam-
matory response. Argikar et al. characterized the pharamacobiology of the
mesenteric organ demonstrating several opportunities for further scientific explo-
ration. Several authors have characterized mesenteric-organ inputs into hepatic,
pancreatic, splenic and intestinal development. These are the subject of a focused
issue of Seminars in Cell and Developmental Biology. The title of the issue, cur-
rently in press, is “Mesenteric Organogenesis.” Indeed, several authors have even
linked the mesentery to correlates in numerous traditional medicines.

Conclusion

The mesenteric organ is being given increased attention in the forthcoming refer-
ence text Gray’s Surgical Anatomy, in the upcoming edition of Gray’s Anatomy
and in reference textbooks on human embryology (including the most recent edition
of Langmans Embryology). These are important developments that signify
increasing acceptance of the importance of the mesentery in scientific and clinical
practice.

It is imperative that we now exploit developments in order to enhance our ability
to diagnose and treat human disease. In that regard, there is no more fitting place to
start, than with diseases of the mesentery itself.
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2Embryology of the Mesentery

Kevin G. Byrnes and J. Calvin Coffey

Introduction

Past appraisals of embryonic development of the mesentery aimed to reconcile
observations with the concept of multiple mesenteries. As it is now accepted that
there is one, single and continuous mesentery, this prompts a re-appraisal of
mesenteric embryology. That process is currently underway, and as such, it is
somewhat premature to provide a detailed description of mesenteric embryology.

It is, however, possible to mention some points that hold, irrespective of recent
advancements in our understanding of anatomy. Previously, the mesentery was
regarded as an inert scaffold that structurally supported digestive organ develop-
ment, but with little direct contributions to the latter. Clarification of mesenteric
structure permitted systematical investigation of the mesentery and with this came
the realization that the mesentery is far more active in digestive organ and related
organogenesis, than previously thought. This led to the development of the field of
mesenteric organogenesis, the study of organ development related to the mesentery.

Embryological Development of the Mesentery and Related
Organs

The Ventral and Dorsal Mesentery

The mesentery develops early during development, as a membrane that spans the
developing coelom which is the forerunner of the peritoneal cavity (Fig. 2.1). The
following discussion will focus on the upper region of the abdominal mesentery,
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which extends from anterior to the posterior wall of the coelom, It is arbitrarily
divided into two regions, based on the presence of endoderm (from which the
intestine will derive). The region of the mesentery anterior to the developing intestine
is the ventral mesentery, and posterior is the dorsal mesentery. The ventral mesentery
has a lower limit extending from the developing diaphragm to the umbilicus. The
dorsal mesentery extends beyond this to the region of the anorectal junction.

Development of the Upper Region of Mesentery
and Associated Organs

All abdominal digestive organs develop in and remain continuous with, the
mesentery (Fig. 2.2). In the upper region, the liver develops in the ventral
mesentery and quickly outgrows the boundaries of this. At full term and in the
adult, the ventral mesentery in which the liver developed is retained as a mesenteric
brace, the front region of which corresponds to the falciform ligament and the back
region corresponds to the ventral mesentery. Both falciform ligament and ventral
mesentery converge and meet at the oesophagogastric mesenteric pedicle (see
chapter on Anatomy).

A region of the upper mesentery invaginates to give rise to a mesenteric bubble
or diverticulum that is oriented to the left. The spleen develops in the left-most
corner of this bubble of mesentery. The stomach will develop as a region of
developing endoderm, in the anterior leaf of the bubble. The mesentery between the
stomach and spleen will extend inferiorly into the coelom, and give rise to the
greater omentum.

Fig. 2.1 Mesenteric continuity extending throughout abdominal digestive system
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Fig. 2.2 Abdominal digestive organs centered on a mesenteric frame. a Anterior view of
mesentery with contiguous abdominal digestive organs in situ b Posterior view of mesentery with
contiguous abdominal digestive organs in situ c Anterior view of mesenteric frame extending from
mesogastrium to mesorectum d Posterior view of mesenteric frame extending from mesogastrium
to mesorectum
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Development of the Lower Region of Mesentery
and Associated Organs

At present the precise morphological changes the mesentery undergoes during
development, are unknown. Data is emerging, following the application of a
number of techniques, pointing to several processes, but these remain to be vali-
dated. For example, our group has examined individual stages of embryological
development, reconstructed the shape of the mesentery at each stage (in the context
of mesenteric continuity), then merged each stage in animation to depict the pro-
cesses involved. A second approach involved reverse engineering the development
of the mesentery, working from the adult shape, in reverse, back to the stage at
which the mesentery was a sheet like structure spanning the coelom. The shape
changes identified using both these techniques are complex, due to the presence of
the ventral mesentery in the upper region, and evolving relationships with digestive
organs as these develop in tandem. Although these findings are preliminary several
statements can be made about mesenteric development.

Firstly, most development of the mid and lower intestine-mesenteric complex
occurs, as mentioned, at the periphery of the mesentery. The developing gut tube
elongates faster than the mesentery causing the mesentery and gut tube to form a
coil. A fixed set of coils arises early in development, and these are the platform on
which the remainder of development occurs. At this point in development, the
duodenal region forms a coil to the right of the midline. The developing hindgut has
already lateralised to the left of the midline. Between left and right lateralized
regions, the gut tube has a hairpin-like conformation and the mesentery occupies
the space between limbs of the hairpin.

The intestine of the proximal limb of hairpin elongates substantially, generating
multiple additional coils. These events are not replicated in the distal limb of
hairpin. Instead, the distal limb of developing gut tube and mesentery, elongate in
tandem. As a result of in-tandem development, they take up a position first in the
upper region of the developing abdominal cavity, and thereafter in the right flank of
the cavity. The last change is important is at causes the highly coiled region of
intestine and mesentery (the forerunner of the ileum and jejunum) to take up a
position in the central region of the abdomen.

Development of the Peritoneum and Peritoneal Cavity

Most mesenteric organogenesis occurs at the periphery of the mesentery. By
full-term, the mesentery and digestive organs have acquired their final conformation
and topographical organization in the coelom. In tandem with this, mechanisms of
mesenteric attachment (see chapter on Anatomy) develop and assist in maintaining
the mesentery and abdominal digestive system in position. The peritoneal reflection
is a major mechanism by which the mesentery is held in position (Fig. 2.3).
However, the reflection appears to continue to develop after birth. As the peritoneal
landscape determines the shape of the peritoneal cavity, it follows that the
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peritoneal cavity develops both before and after birth. In fact, changes in the
peritoneal landscape occur throughout life, under the influence of several natural
and artificial (i.e. surgical interruption) factors.

Migration Across the Mesentery

Several cell types use the mesentery as a platform across which to migrate. These
include cells that migrate from the neural crest to the developing intestine where
they will contribute to the enteric nervous system. Primordial germ cells migrate
from the developing hindgut, across the mesentery to the genital ridges where they
will ultimately give rise to adult germ cell.

Regenerative Capacity of the Mesentery
and Bioengineering of Abdominal Digestive Organs

The field of mesenteric organogenesis received a considerable boost with the
identification of mesenteric continuity. Prior to this development, multiple groups
had been working separately on the embryological development of digestive system
organs in humans and other species. For example, the sea cucumber and related
species expel its gut tube under the influence of certain stimuli. This is followed by
the regeneration of a new gut tube at the mesenteric margin once occupied by the
previous intestine.

With clarification of mesenteric shape, it became apparent that previously
divergent fields shared a common element in mesenteric inputs. These and other
events have prompted renewed interest and focus on recapitulating the mesenteric
milieu, in bioengineering of liver, pancreatic and intestinal tissue. It is likely that
advances in this area of human embryology could assist in addressing the current
deficit in digestive organs available for transplantation.

Fig. 2.3 Topography of
lateral peritoneal reflection
following completion of
mesenteric development. Red
broken line indicates
reflection
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3General Anatomy of the Mesentery

Christina A. Fleming, Dara Walsh, and J. Calvin Coffey

Introduction

The mesentery is a continuous structure with which all abdominal digestive organs
are continuous (i.e. from liver to rectum). This description differs markedly from
descriptions currently used by many reference textbooks of anatomy, when
describing the anatomy of the abdomen in general terms. These texts describe the
classic model of abdominal anatomy which held that there were multiple mesen-
teries, and that individual digestive system organs (with exception the small
intestine, transverse colon and sigmoid) attached directly to the posterior abdominal
wall. The peritoneal landscape that stemmed from the older model was complex and
unpredictable (Fig. 3.1).

According to the current model, the mesentery is continuous and all abdominal
digestive organs first attach directly to the mesentery. In turn the mesentery col-
lectively connects them to the posterior abdominal wall. In keeping with this, their
vascular, lymphatic and biliary circuitry are housed within the mesentery. In
addition, the resultant peritoneal landscape is entirely explained by the anatomy of
the underlying mesentery and digestive system (Fig. 3.2).

Given the above, it is first important to describe the mesentery, the abdominal
component of the digestive system, and the peritoneum. As the mesentery collec-
tively holds the entirety of the abdominal digestive system in position, the mech-
anisms by which it does so must be described. This is essential as visceral surgery
almost invariably requires a disruption of these anatomical mechanisms.
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Fig. 3.1 Schematic illustration of the peritoneal model of abdominal anatomy

Fig. 3.2 Schematic model of the mesenteric model of abdominal anatomy
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A detailed description of different mesenteric regions is beyond the scope of this
chapter. The reader is referred to Mesenteric Principles of Gastrointestinal Sur-
gery: Basic and Applied Principles, for a detailed description of the mesentery
distal to the duodenojejunal flexure.

The Mesentery

The mesentery is continuous from oesophagogastric to anorectal junction. The
posterior surface of the mesentery is held flush against the posterior abdominal wall
and a fascial layer (Toldt’s fascia) is interposed between both. The continuous
surface of the mesentery is interrupted only where the superior mesenteric artery,
the coeliac trunk and the inferior mesenteric artery enter it from posteriorly.
A further interruption of this anatomical landscape occurs where hepatic veins enter
the inferior vena cava.

The mesentery does not have a corresponding anterior surface as it fans out to
bridge the space between the posterior abdominal wall, and all abdominal digestive
organs. The latter (the abdominal digestive organs) are located at the periphery of
the mesentery. The digestive organs and mesentery collectively make up the
anatomical abdominal digestive system. These anatomical relationships arose early
during embryological development when the mesentery provided an incubator-like
support for developing organs, contributing cells and connective tissue to these.
Given these contributions, digestive organs remain continuous with different
regions of the mesentery, throughout, adult life.

The following description relates to the anatomy of the in situ mesentery. This is
an important point as once the mesentery has been detached and disconnected, its
shape bears minimal resemblance to the shape it had in situ. The mesentery is
divisible into upper, central and lower regions. The upper and lower regions are
joined by a central region located at the level of the pancreas. At this region, the
mesoduodenal region of mesentery detaches from the posterior abdominal wall,
coils posterior to the superior mesenteric artery, then fans out as the small intestinal
region of mesentery.

It is best to interpret the upper region of mesentery as a continuous structure
interrupted by individual organs such as the stomach, spleen and liver (Fig. 3.3).
This pattern of interruption enables one arbitrarily subdivide the upper region into
the dorsal mesogastrium, greater omentum, ventral mesogastrium and falciform
ligament. A review of the embryological development of the mesentery and these
organs helps generate an understanding of the shape of the mesentery in the adult
human.
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The Dorsal Mesogatsrium and Mesoduodenum

The dorsal mesogastrium is a region of upper mesentery attached to the posterior
abdominal wall, over a broad area. It detaches from the posterior abdominal wall
laterally, in the left upper quadrant and continues anteriorly as the greater omentum
(Fig. 3.4). The spleen is contiguous with the region where the dorsal mesogastrium
detaches. If one were to look at the posterior surface of the dorsal mesogastrium,
and follow it distally, one would see that it tapers at the level of the duodenum as
the mesoduodenum. Next, if you were to rotate the abdominal digestive system so
the duodenum and pancreas are in view, you would see the mesoduodenum narrows
and detaches from the posterior abdominal wall at the posterior of the superior
mesenteric artery.

Fig. 3.3 Schematic
illustration demonstrating the
relationship between
abdominal digestive organs
and the mesentery
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The Greater Omentum

The greater omentum is interrupted by the stomach which is positioned between it
and the ventral mesogastrium (previously called the lesser omentum). The ventral
mesogastrium is a flange of mesentery that extends from the lesser curvature of the
stomach to the liver and was the ventral region of mesentery in the embryo. At the
proximal end of the ventral mesogastrium the mesentery narrows and converges
with the dorsal mesogastrium. This occurs close to the oesophagogastric junction,
to generate a mesenteric pedicle. A further pedicle occurs at the distal end of the
ventral mesogastrium and contains the portal vein, hepatic artery and common bile
duct. The upper and lower pedicles arose during embryological development after
invagination of the upper region of mesentery created an opening into a divertic-
ulum that ultimately became the bursa. The neck or opening of the bursa is
demarcated by mesenteric boundaries of the pedicles form the upper and lower
boundary (Fig. 3.5).

Fig. 3.4 Images of 3D printed intestine (red) and regions of mesentery (white). a front on view of
the entire abdominal digestive system (except the liver). b side view (from left) of same model,
demonstrating the shape of the dorsal mesogastrium as this comes around anteriorly to continue as
the greater omentum
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The greater omentum extends distally and currently is best understood if one
considers embryological development. Early during embryological development of
the upper mesentery, this formed a bubble-like structure that extended to the left
and distally. The distal extension of this “bubble” is the forerunner of the greater
omentum (Fig. 3.5). The bubble continues to extend distally. The anterior wall was
retained in the adult as the greater omentum, while the anatomical floor of the
bubble attached to the cephalad (upper) surface of the transverse mesocolon. This
attachment is retained as the reflection that occurs between the transverse colon and
the greater omentum in the adult (see MPGS).

There are two important regions of the greater omentum that need particular
focus. The first occurs at the splenic flexure. Here, the greater omentum condenses
and densely attached to the upper surface of the mesenteric component of the
flexure. This obscures the flexure from view. This is an important anatomical
relationship that causes some confusion for surgeons during mobilization of the
splenic flexure.

Fig. 3.5 Images of 3D printed intestine (red) and regions of mesentery (white). a image
demonstrating the upper region of mesentery prior to expansion of the greater omentum. b view of
the same model from the right side, demonstrating the opening into the bursa
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The second region occurs at the head of the pancreas where both it and the
mesenteric component of the hepatic flexure/transverse mesocolon are apposed.
Here the greater omentum is densely attached to the cephalad aspect of the
mesentery which in turn overlaps the second part of the duodenum and pancreas.
This anatomical relationship is important to bear in mind during extended right
hemicolectomy or total colectomy.

The Lower Region of Mesentery

As with the upper region, the lower region is continuous and extends, in a spiral
conformation, around the middle colic mesenteric pedicle. The small intestinal
region of mesentery continues as the right mesocolon and the latter continues
around the hepatic flexure into the transverse mesocolon. The transverse mesocolon
arises as the confluence between the splenic and hepatic mesenteric components of
the flexures, and the middle colic vascular pedicle. It narrows in the region of the
middle colic pedicle and then fans out considerably at its periphery.

Small Bowel Mesentery and Right Mesocolon

The relationship between the small intestinal and right mesocolic region of
mesentery is relevant. Classic texts describe this region, the transverse mesocolon
and the mesosigmoid, as attaching directly into the posterior abdominal wall. An
anatomical correlate for this is not apparent as the mesentery is continuous
throughout. Unfortunately, this erroneous model became indoctrinated in arguably
all reference texts until recently, when continuity was observed.

Mesocolon Distal to Transverse Mesocolon

As the left lateral region of the transverse mesocolon correlates with the mesenteric
component of the splenic flexure, it follows that the transverse mesocolon in turn
continues distally as the left mesocolon (Fig. 3.6). The later continues distally as the
mesosigmoid and in turn the mesorectum. The mesosigmoid should be described in
a little more detail as it is of central importance in most colorectal surgery. The
medial region of the mesosigmoid (i.e. the region near the midline) is attached.
Laterally, the lateral border of the attached region detaches to continue as the
mobile component of the mesosigmoid. In this regard the mesosigmoid resembles
the small intestinal region of mesentery and right mesocolon. The small intestinal
region of mesentery corresponds to the lateral and mobile region of the mesosig-
moid while the right mesocolon correlates with the attached medial region of the
mesosigmoid.
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Mesosigmoid and Mesorectum

Both mobile and attached regions of the mesosigmoid converge at the rectosigmoid
junction to continue distally into his pelvis as the mesorectum. The mesorectum
surrounds and is contiguous with the posterior and lateral aspect of the upper and
mid-rectum. At the level of the distal rectum, the mesorectum comes around to form
a complete collar around the distal rectum. The distal region of this collar tapers
sharply and represents the anatomical termination of the mesentery.

Mechanisms of Attachment

As the mesentery collectively maintains all abdominal digestive organs in position,
it too must be maintained in position. There are three anatomical mechanisms by
which this is achieved. Their disruption forms the technical basis of all visceral and
in particular colorectal, surgery.

Fig. 3.6 Images of 3D printed intestine (red) and regions of mesentery (white). a Image
demonstrating the upper region of mesentery prior to expansion of the greater omentum. b Image
demonstrating the upper region of mesentery after expansion of the greater omentum
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Central Mechanisms of Attachment

The mechanisms of attachment are best considered by subdividing them according
to anatomical location into central, intermediate and peripheral. The central
mechanism comprises vascular points of suspension. These are where the coeliac
trunk, and superior mesenteric arteries enter mesentery from behind. The inferior
mesenteric artery also acts as a mechanism of suspension. The last of the central
mechanisms of attachment are the hepatic veins, where these enter the inferior vena
cava. Division of these vascular connections is one of the final activities in dis-
connecting regions of mesentery to allow removal of an organ. It can only be
achieved after the other two mechanisms of attachment have been disrupted.

Intermediate Mechanism of Attachment

The intermediate mechanism of attachment involves apposition of Toldt’s fascia
and the posterior surface of regions of the mesentery. Attached regions include the
dorsal mesogastrium, the right and left mesocolon, the medial region of the
mesosigmoid (the lateral region is not attached) and the mesorectum. These regions
are described above and as mentioned Toldt’s fascia occurs between them and
posterior abdominal wall. Separation of the mesentery from fascia is an important
activity during organ resection. The interface between both can only be identified
after the reflection has been divided.

The Peritoneal Reflection

The final mechanism of attachment is the first to be disrupted during surgery. It is
the peritoneal reflection. The reflection is the term given to junction of peritoneum
between parietal and visceral peritoneum. This is the region where the peritoneum
is reflected from the abdominal wall to the organ in question. The reflection is
continuous, and once it is divided then the surgeon can identify the junction
between the mesentery and underlying fascia.

Abdominal Digestive System Surgery

Given the above, resectional surgery on the abdominal digestive system involves
three steps. The first two, division of the peritoneum and separation of the
mesentery from underlying fascia allow detachment (but not disconnection) of the
mesentery from the posterior abdominal wall. Division of the central vascular
trunks permits disconnection of the mesentery and complete removal of that region
(and associated organ) from the abdomen.
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4Vascular Anatomy of the Mesentery

Ahmed Khattab, Saad Hashmi, Eli D. Ehrenpreis, and J. Calvin Coffey

Introduction

To best appreciate the role that the vascular system contributes to the overall
structure of the mesentery, it is essential to first understand the anatomy of the
mesentery itself. The mesentery is a continuous and substantive organ that extends
from the esophagogastric to anorectal junction. The mesentery is connected to all
abdominal digestive organs. In turn, the mesentery affixes these organs centrally in
the within body cavity. This is an important point as conventional models of
abdominal anatomy suggest that the vascular system, (with few exceptions), was
responsible for the bridge between individual digestive system organs and the
musculoskeletal abdominal mainframe.

The mesentery is both directly attached to the body (see Chapter 3 on Mesenteric
Anatomy) via Toldt’s fascia and the peritoneal reflection, while it is indirectly
coupled via the major vascular trunks (celiac, superior mesenteric, and inferior
mesenteric) and also via the hepatic veins. The major arterial trunks are the arterial
inflow of the mesentery (and all contained organs) while the hepatic veins represent
the major venous drainage of the mesentery. These drain into the inferior vena cava.

Given that all abdominal digestive organs first connect to the mesentery, and
then to the abdominal wall, their individual vascular, lymphatic and neuronal cir-
cuitries are also contained in the mesenteric organ. The celiac trunk and superior
mesenteric artery arise from the anterior surface of the aorta and are relatively
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closely positioned. They almost immediately enter the substance of the mesentery
in which they course towards their anatomical destinations. On this pathway, these
arteries subdivide into respective branches. These branches utilize the mesenteric
frame to travel to and access individual digestive system organs. This concept is
important as the mesenteric frame provides the anatomical platform for both the
arterial supply and venous drainage of abdominal digestive organs.

The venous drainage of the abdominal digestive system is entirely contained
within the mesentery. The inferior mesenteric vein arises in the mesosigmoid,
travels proximally in the left mesocolon and reaches the central region of the
mesentery. Tributaries of the inferior mesenteric vein include the left colic vein,
sigmoid veins, superior rectal vein and rectosigmoid veins. The central or root
region of the mesentery is the location where the small intestinal, right and trans-
verse mesocolic regions of mesentery converge. The superior mesenteric vein is
positioned in the central region where it receives the inferior mesenteric vein. The
right gastro-omental vein, anterior and posterior inferior pancreaticoduodenal veins,
jejunal vein, ileal vein, ileocolic vein, right colic vein and middle colic veins all
drain into the superior mesenteric vein. Alternatively, the inferior mesenteric vein
may enter the splenic vein as it travels from the spleen, within the dorsal meso-
gastrium, towards the superior mesenteric vein. The superior mesenteric vein and
splenic vein merge to form the portal vein, within the mesoduodenum, posterior to
the head of the pancreas (Fig. 4.1). The portal vein travels towards the liver, in the
mesoduodenum and then enters the portal pedicle (previously called the hepato-
duodenal ligament). The portal pedicle is the continuation of the mesentery towards
the liver and contains the portal vein, common bile duct and hepatic artery. The
portal vein travels in the portal pedicle until it reaches the liver.

As mentioned above, the branches of the celiac trunk, the superior and the
inferior mesenteric arteries are all located within the mesentery (Fig. 4.2). There are
many anatomical variations in the pattern of branching of each, but all branches
utilize the mesenteric frame to access their destination organ in the abdominal
digestive system. The following description is a commonly observed pattern. After
entering the dorsal mesogastric region of the mesentery, the celiac trunk divides
into the common hepatic, left gastric and splenic arteries (Fig. 4.3). At first, all of
these divisions are located in the dorsal mesogastrium. The splenic artery remains in
the dorsal mesogastrium throughout its course as it passes laterally towards the
hilum of the spleen. The dorsal mesogastrium is located posterior to the body of the
pancreas. These anatomical observations explain the relationship of the splenic
artery to the pancreas. The left gastric artery enters a mesenteric pedicle at the
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Fig. 4.1 a Formation of the portal vein from convergence of superior mesenteric, inferior
mesenteric and splenic veins. b Tributaries of the superior and inferior mesenteric veins
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esophagogastric junction. It uses this to access the ventral mesogastrium at the
lesser curvature of the stomach. It travels along the lesser curvature, in the ventral
mesogastrium, distributing branches to the stomach. The common hepatic artery
travels inferolaterally in the dorsal mesogastrium to reach the portal pedicle. Here, it
gives off the right gastric artery and then enters the portal pedicle in which it travels
until it reaches the liver.

The superior mesenteric artery enters the mesentery soon after it arises from the
anterior surface of the aorta. It is incorporated into the substance of the mesentery in
which it travels towards the right iliac fossa. It sequentially gives off jejunal and
ileal branches and also the ileocolic artery (Fig. 4.4). The jejunal and ileal arteries

Coeliac
trunk

Superior
mesenteric
artery

Inferior
mesenteric
artery

Abdominal
aorta

Fig. 4.2 Celiac trunk, superior mesenteric artery and inferior mesenteric arteries branch points
from the abdominal aorta
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are numerous arteries that form anastomotic arcades which lead to multiple smaller
arteries called vasa recta supplying the ileum and jejunum. The jejunum has long
and few vasa recta while the ileum has numerous, short vasa recta. The ileocolic
artery is virtually an anatomical constant and travels, within the mesentery, to the
ileocaecal junction. In the region of the junction, it sometimes gives off the
appendicular artery which enters the mesoappendix and passes towards the
appendix. The mesoappendix is a posterior appendage of the main body of the
mesentery. Another branch of the superior mesenteric artery is the inferior pan-
creaticoduodenal artery which supplies the head and uncinate process of the pan-
creas along with the ascending and inferior duodenum.

Coeliac trunk

Left gastric a.

Splenic a.
Common

hepatic a.

Fig. 4.3 Branches of the celiac trunk
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The middle colic arterial pedicle is important. It arises from the upper surface of
the superior mesenteric artery, in the central region of the mesentery. It subdivides
into branches that also travel in the transverse mesocolon to the colon. A right colic
artery, when present, arises from either the main trunk of the middle colic artery, or
a branch of this. It exploits mesenteric continuity to travel in the mesentery and
access the ascending colon.

Superior
mesenteric
artery

Middle
colic artery

Right
colic artery

Ileocolic
artery

Jejunal and
ileal arteries

Fig. 4.4 Branches of the superior mesenteric artery. Note the inferior pancreaticoduodenal artery
is not depicted in this image
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The inferior mesenteric artery arises from the anterior surface of the aorta and
immediately enters the mesentery at a mesenteric pedicle termed the inferior
mesenteric arterial pedicle. Soon after, this artery gives off the left colic branch
which enters the left mesocolon and travels in the latter towards the descending
colon. Once the left colic artery has been given off the inferior mesenteric artery is
called the superior rectal artery. It travels in the mesosigmoid and thereafter in the
mesorectum, and branches in each region to supply these components of the
intestine (Figs. 4.5 and 4.6).

Sigmoid
arteries

Left colic
artery

Superior
rectal artery

Fig. 4.5 Main branches of the inferior mesenteric artery
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5Introduction to the Physiology
of the Mesentery

Karl Andersen, Assad Munis, and Eli D. Ehrenpreis

Anatomy

The mesentery is an organ within the abdomen that has multiple purposes,
including suspending the intestines and preventing their collapse into the pelvis,
acting as a conduit for arteries, veins, nerves, and lymphatics to the intestines, and
being a reservoir for adipose tissue and immune cells. The mesentery was tradi-
tionally described as a fragmented structure that helped suspend the small intestine,
transverse colon, and mesosigmoid, but new research has demonstrated that it is a
contiguous structure that extends from the duodenojejunal flexure to the
mesorectum. This has facilitated the development of uniform anatomical nomen-
clature, and provided the foundation to investigate the pathophysiological role that
the mesentery plays in different disease processes.

Histologically, the mesentery is derived from the mesoderm germ layer and is
composed primarily of two layers of mesothelium: an interposed loose connective
tissue layer and adipocytes intermixed in the connective tissue. During embry-
ological development, a network of neurons, blood vessels, and lymphatic channels
grow within it and connect the developing gut to the rest of the body. Proper
embryological formation of the mesentery ensures correct anatomical placement
within the adult body and prevents the development of potentially devastating
conditions, such as volvulus and malrotation, that can occur when the gut is not
properly anchored to the posterior abdominal wall. These conditions can occur
when the mesentery remains suspended at the vascular insertion points of the
superior and inferior mesenteric arteries but fail to be attached to the posterior wall,
allowing for twisting and occlusion of the arteries. In a normal adult, the root of the
mesentery, which is approximately 15 cm in length, is the attachment point to the
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posterior abdominal wall. It is here where it flattens and becomes the retroperi-
toneum. It extends inferiorly and obliquely to the right, and from the duodenoje-
junal junction to the ileocolic junction on the right, crossing over the aorta and
inferior vena cava. Thus, the mesentery maintains the right and left colon in their
normal anatomic configuration by attaching to the posterior abdominal wall and
overlying the retroperitoneum.

With increasing research directed at the function of the mesenteric organ, new
understanding of the important role of the mesentery in health and disease. Func-
tioning portions of the mesentery are outlined in this chapter and summarized in
Table 5.1.

Vascular Physiology

Coursing through the mesentery are a series of arteries and veins that carry
oxygen-rich blood from the heart to the small and large intestine and nutrient-dense
blood back to the liver. The primary artery that supplies blood to the mesenteric
circulation is the superior mesenteric artery, which brings blood to the small
intestine, ascending colon, and the proximal two-thirds of the transverse colon.
Regulation of blood flow through the mesentery is dynamic and determined by a
complex set of neurologic, hormonal, and metabolic signals that ensure adequate
intestinal blood flow supply. During periods of high metabolic demand, such as the

Table 5.1 Functional Components of the Mesentery

Component Function

Vascular • Complex system of neurologic, hormonal, and metabolic signals that
ensure adequate intestinal blood flow supply

• Intrinsic and extrinsic systems are major regulators of blood flow through
the mesentery

Immunologic • Visceral adipocytes are being considered as a major contributor in the
pathogenesis of pro-inflammatory states

• Antigen presenting cells located within the intestines play a pivotal role in
maintaining the balance in the gut microbiome

Neurologic • Described as the “second brain” due to its complexity and ability to
function independently from the rest of the body

• Neurogenic vasoconstriction within the mesentery is mediated mainly by
the sympathetic postganglionic cells

• Mesentery serves as major reservoir for the total effective circulating
volume and plays a crucial role in maintaining adequate systemic
perfusion

Mesenteric
Adipose

• A dynamic endocrine and immunologic component that is involved in
multiple disease states including metabolic syndrome, inflammatory bowel
disease,and coronary artery disease

• Mesenteric adipocytes play big role than previously thought in fat
wrapping

• Increase inflammation through release of C-reactive protein
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post-prandial state, these signaling networks will respond by causing vasodilation
and increasing blood flow through the mesentery to the intestines. Conversely,
these networks will shunt blood away from the intestines when other organs have
greater metabolic demands, such as during periods of exercise, hypovolemia, shock,
and hemorrhage.

The major regulators of blood flow through the mesentery and gut are divided
into intrinsic and extrinsic systems. The intrinsic system is further divided into the
metabolic pathway, which involves adjusting blood flow during periods of diges-
tion and hypoxia, and the myogenic pathway, which involves vasoconstriction and
vasodilation via smooth muscle cells to maintain a constant blood flow. The
extrinsic system is composed of neurohumoral, autonomic, and cardiovascular
signals that augment the blood flow through the mesentery. The neurohumoral
control is a mixture of systemic hormones, such as catecholamines, angiotensin II,
and vasopressin, and local gastrointestinal hormones, such as gastrin and secretin,
all of which bind to their respective receptors and augment blood flow during
different physiological conditions. The autonomic control is divided into the
sympathetic and parasympathetic branches, with the sympathetic branch having the
greater effect on blood flow. Cardiovascular signals, such as cardiac output and
effective circulating volume, also play a pivotal role in regulating mesenteric blood
flow.

Immunologic Physiology

The digestive system is the largest interface between the outside world and the
internal body. The immune system is responsible for patrolling pathogens that
attempt to traverse the mucosal barrier. The immune system lining the gut is also
responsible for recognizing beneficial micro- and macronutrients and separating
them from potentially harmful antigens. The failure to differentiate between harmful
and beneficial antigens, or commensal bacteria from pathogenic bacteria, can result
in an inappropriate inflammatory state with subsequent development of multiple
medical conditions, including Crohn’s disease and Celiac disease. Maintenance of a
functioning intestinal immune system relies largely upon a network of lymph nodes
and immune cells, including fibrocytes, lymphocytes, macrophages, dendritic cells,
and neutrophils. The role of visceral adipocytes, which have a large concentration
in the mesentery, is currently being investigated as a major contributor to the
pathogenesis of pro-inflammatory states.

The process of differentiating harmless from harmful molecules begins with
antigen presenting cells (APCs). These cells are located within the lamina propria of
the intestines or within lymphoid follicles within the submucosa of the gut (Peyer’s
patches). The antigen-laden APCs in the lamina propria will travel through lym-
phatic channels to mesenteric lymph nodes and present directly to naive CD4+ T
cells. Similarly, APCs in Peyer’s patches will present to naive CD4+ T cells within
the submucosa, or will travel through lymphatic channels to mesenteric lymph
nodes. The naive CD4+ T cells will then differentiate into type 1 helper T-cells
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(Th1) that generate local and systemic inflammation, or into type 3 helper T-cells
(Th3) and regulatory T cells (Tregs) that will lead to systemic immunity, IgA
secretion, and local tolerance. The development of inflammatory diseases of the gut,
such as those seen in inflammatory bowel disease, are not fully understood but
likely involve a combination of genetic susceptibility, dysbiosis of the gut, sus-
tained innate immunity, and defective regulation. The relationship of the mesenteric
function to gastrointestinal immune regulation is currently being explored and it
remains to be seen what relationship exists amongst these entities.

Neuronal Physiology

The enteric nervous system is frequently described as the “second brain” of humans
due to its size and ability to function independently from the rest of the body. It
connects to the rest of the body through the parasympathetic and sympathetic
branches of the autonomic nervous system. The primary parasympathetic inner-
vation for the small intestine, right colon, and the first half of the transverse colon
comes from the vagus nerve. The sympathetic innervation to these segments of the
gut comes from the greater, lesser, and least splanchnic nerves, which originate
from thoracic segments T5-T12. The parasympathetic innervation to the remaining
transverse colon, the descending colon, and the sigmoid colon is derived from the
lumbar splanchnic nerves, which come from lumbar segments L1-L3. Sympathetic
innervation to the second half of the colon comes from sacral splanchnic nerves that
originate from segments S2-S4.

Within the mesentery, sympathetic postganglionic cells accomplish neurogenic
vasoconstriction of vessels. In animal studies, there is little evidence that the
parasympathetic nervous system plays a role in vasodilation. The primary neuro-
transmitter responsible for vasoconstriction from the sympathetic nerves is nora-
drenaline, with ATP and neuropeptide Y as co-transmitters. Immunohistochemical
staining of human mesenteric and submucosal vessels have demonstrated that a
subset of neurons are positive for substance P (SP). Additionally, SP might be the
primary vasodilatory neuropeptide responsible for sensory nerve-mediated effector
function based on animal studies that revealed SP could cause edema and plasma
extravasation.

Innervation of the mesenteric veins and arteries is quite unique compared to the
rest of the body. Typically, arteries require more innervation to efficiently allow the
body to adjust vascular tone to maintain an adequate blood pressure. In the
mesentery, however, the mesenteric veins need greater innervation because the
mesentery serves as a major reservoir of the total circulating volume and requires a
meticulous control to allow for volume to flow into the effective circulatory system
when the blood pressure needs to be adjusted. Innervation of the large mesenteric
lymphatic vessels originates from noradrenergic NPY-positive nerve fibers that
arise from periarterial plexuses of the mesentery, but the extent to which that the
innervation affects lymphatic flow is yet to be determined.
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Currently, the mesenteric nervous system is being investigated for its role in
acute decompensated heart failure. During a heart failure exacerbation, there is an
elevated sympathetic tone that causes the inappropriate movement of fluid out of the
mesentery into the effective circulatory system, accelerating the decompensation.
Medications that reduce sympathetic tone are now being utilized to hold more blood
in the splanchnic circulation to decrease the rate of decompensation.

Role of Mesenteric Adipose

One of the major mesenteric contributions to the pathogenesis of inflammation is
through the interaction of the gut with mesenteric adipocytes. Adipose tissue is no
longer considered to be a passive repository of stored fuel or a thermoregulatory
layer, but rather a dynamic endocrine and immunologic component that is involved
in multiple disease states including metabolic syndrome, inflammatory bowel dis-
ease, and coronary artery disease. It is thought to contribute to systemic and local
disease through the expression of cytokines, i.e. adipokines. It is important to note,
however, that not all adipose tissue has the same pro-inflammatory contribution.
Subcutaneous adipose has been shown to be the least associated with provoking
inflammation. Visceral fat, which is the most abundant in the mesentery, has a
greater association with generating inflammation through the release of
adipose-specific cytokines such as leptin and resistin. Adipose cells also secrete
common cytokines such as tumor necrosis factor alpha (TNF-a), interleukin 6, and
interleukin 8.

In regards to Crohn’s disease, it has been demonstrated that adipocytes are
significant producers of TNF-a, which is strongly associated with its pathogenesis.
Mesenteric adipocytes have also been shown to have the ability to dedifferentiate
into preadipocytes. Preadipocytes have the capacity to differentiate into macro-
phages and help sustain a proinflammatory state. Another example of the role that
mesenteric adipocytes play in Crohn’s disease is the phenomenon known as fat
wrapping. This phenomenon is known to occur when greater than 50% of a seg-
ment of the large or small intestine is enveloped in mesenteric fat. Interestingly, fat
wrapping is commonly used as a landmark by surgeons to identify more diseased
sections of the gut. It is felt that these regions of the intestine is where majority of
luminal narrowing and stricture formation occur as a consequence of muscularis
propria hyperplasia and intestinal fibrosis.

Mesenteric adipose also contributes to systemic inflammation and frequently
precedes many common medical conditions including metabolic syndrome, dia-
betes, and coronary artery disease. A recent study demonstrated that adipocytes
from subcutaneous, mesenteric, omental, or periaortic tissue have different cytokine
profiles. Mesenteric adipocytes having the greatest inflammatory profile and can
contribute to metabolic dysfunction that precedes coronary artery disease. Adipose
cells were found to increase inflammation through the release of C reactive protein
(CRP), a non-specific marker of inflammation that has been positively correlated
with the pathogenesis and severity of Crohn’s disease and coronary artery disease.

5 Introduction to the Physiology of the Mesentery 39



The liver primarily releases C-reactive protein, but many studies have shown that
obesity, especially visceral obesity, is linked to a rise in CRP production as well.
A proposed mechanism for greater CRP release is that that visceral adipocytes
produce larger amounts of inflammatory adipokines that cause the liver to release
greater amounts of CRP. Another hypothesis is that with increasing obesity there is
more macrophage and monocyte invasion of the adipose tissue, and that these same
macrophages and monocytes help sustain a proinflammatory state. Furthermore,
another link has been proposed that connects the role of adipose tissue and systemic
inflammation. There appears to be an inverse relationship between adiponectin, an
immunomodulatory adipokine, and obesity. The Coronary Artery Risk Develop-
ment in Young Adults (CARDIA) study demonstrated that increased amounts of
central obesity correlated with lower levels of adiponectin. Since adiponectin
increases insulin sensitivity, low levels of adiponectin will result in more insulin
resistance and the subsequent development of metabolic disorders. Nonetheless, as
the role of mesenteric adipose tissue in local and systemic diseases is further
scrutinized, it is expected that more effective therapeutic regimens will come to
fruition to alleviate the burden of mesenteric adipose- generated inflammatory
conditions.
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6Emergence of the Human Gut
Microbiota as an Influencer in Health
and Disease

Miranda G. Kiernan, Suzanne S. Dunne, and Colum P. Dunne

The Gut Microbiome

Gut microbiome profiles were determined initially through identification of
microbial communities associated with faecal matter, luminal contents and mucosal
tissue. Early studies utilised culture methods, which provided limited information.
Reports from studies investigating luminal contents and faeces concluded that
non-sporing, Gram-positive anaerobes dominate throughout the length of the
intestine. Bacteroides were found to be ubiquitous, mainly Bacteroides fragilis,
with bifidobacteria, streptococci and lactobacilli also present in relatively high
numbers. Luminal contents, taken from various locations along the small and large
intestine, and faecal matter, displayed differing microbial profiles. This variation
was thought initially to be influenced by location along the intestine. The duode-
num and the jejunum contained low numbers of bacteria, suggesting that coloni-
sation of the proximal small intestine by bacteria may be transient. Of the bacteria
present in the proximal small intestine, Bacteroides and bifidobacteria were the
most abundant while enterobacteria, lactobacilli, and streptococci were detected in
lower numbers. In contrast, whilst the large intestine was colonised by low numbers
of enterobacteria and staphylococci, it also contained enterococci, clostridia, Veil-
lonella, Streptococcus salivarius and Bacteroides melaninogenicus. The microbial
profile of the terminal ileum had more in common with that of the large intestine
than the small intestine.

Studies investigating mucosal tissue microbiota promptly followed, providing an
arguably more accurate representation of the human gut microbiota. Healthy duo-
denal mucosa was sterile in general, whilst the jejunum and ileum were sterile in
some healthy individuals. In contrast, studies evaluating colonic mucosa consis-
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tently demonstrated bacterial colonisation. Gorbach et al. [14] cultured streptococci
and lactobacilli from small intestinal mucosa, while others found E. coli, Enter-
obacter and Klebsiella in ileal mucosa only. The most frequent and abundant
bacteria in the large intestinal mucosa were streptococci, enterococci, and Bac-
teroides. However, more recent studies have confirmed differences in the micro-
biota detected in patients’ faecal matter compared with their intestinal mucosa.
Most importantly, while studies using culture methods provided us with preliminary
information relating to the gut microbiota, it is estimated that up to 80% of intestinal
bacteria cannot be cultured.

The advent of culture-independent methods, specifically next generation
sequencing, has advanced a far more accurate understanding of the human gut
microbiome. Inter-individual variation and geographical factors are now recognised
as confounders in the search for a definitive microbial signature of healthy indi-
viduals. Others influencers include general hygiene, sanitation, the prevalence of
breast-feeding, use of antibiotics and vaccines, and ethnicity. Despite these chal-
lenges, consensus is developing regarding what a normal healthy gut microbiota
profile may be. As more countries adopt westernised lifestyle and diet, both
Firmicutes and Bacteroidetes phyla have begun to dominate the microbiome
(approximately 50% and 40%, respectively). The remaining 10% comprise other
phyla, including mainly Proteobacteria (includes bacteria from Enterobacteriaceae,
Pseudomonadaceae, Burkholderiaceae and Desulfobacteraceae) and Actinobacteria
(includes bacterial from Streptomycetaceae, Corynebacterineae and Micrococcaceae).

Bacterial Translocation to Blood and the Mesentery

Bacterial translocation is the movement of viable or non-viable microbes and their
metabolites from the intestinal tract to extra-intestinal sites such as the mesentery,
bloodstream, mesenteric lymph nodes (MLNs), or other organs such as the liver,
spleen and kidneys. Translocation has been described in the context of various
types of cancers, sepsis, acute pancreatitis, liver cirrhosis and inflammatory bowel
disease.

In IBD specifically, increased intestinal permeability has been described well.
For example, increased permeability due to loss of E-cadherin expression allows
bacteria or their byproducts translocate to the mesentery, MLNs, Peyer’s patches
and the bloodstream. MLNs harvested from patients with IBD have been examined
for the presence of translocated bacteria. As early as 1994, Sedman et al. found
MLNs from patients with Crohn’s disease to be free of bacteria but successfully
cultured Citrobacter spp from nodes of patients with ulcerative colitis. Since then,
others have successfully cultured bacteria from MLNs of patients with IBD,
including E. coli, C. freundii and coagulase negative staphylococci.
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Despite advances in molecular technology, few studies have characterised the
microbial ecology of blood and MLNs using culture independent techniques.
Notably, Vrakas et al. (2017) found that patients with IBD had increased concen-
trations of bacterial DNA in their blood, particularly during active disease, when
compared to healthy controls. O’Brien et al. (2014) investigated bacterial translo-
cation to MLNs in patients with IBD. This study focussed primarily on patients
with Crohn’s disease where E. coli was the most common organism found. While
using considerably different approaches, both of these studies described a dysbiosis
in blood and MLNs from patients with IBD compared to controls. However, it is
difficult to evaluate from these studies as to whether translocation is actually
increased in IBD patients as their control subjects were, in some cases, undergoing
surgery for alternative or additional pathologies. Furthermore, it is estimated that
bacterial translocation occurs normally in 5–10% of healthy individuals.

Irrespective, bacterial translocation to blood in patients with Crohn’s disease is
associated with increased serologic levels of Th1-derived pro-inflammatory
cytokines, such as IL-21, TNFa and IFNc. Translocation to MLNs elicits an
adaptive immune response. Bacteria have also been detected in the mesenteric fat of
patients with Crohn’s disease. Previous studies have demonstrated that adipocytes,
when cultured with bacteria or their products, such as lipopolysaccharide (LPS),
increase expression of IL-6, TNFa, IL-1b, IL-8, RANTES, CCL11 (also known as
Eotaxin-1), MCP-1, adiponectin, resistin, visfatin and leptin at protein and mRNA
levels. In patients with Crohn’s disease, CRP mRNA and protein levels are
increased in mesenteric adipocytes stimulated with E. coli or LPS. Given the
potential consequences of bacterial translocation to the mesentery, MLNs, or blood
in patients with IBD, the mesenteric nodal microbiome appears to be of critical
importance.

The Microbiome of Mesenteric Fat

Although numerous studies have demonstrated that bacteria can be isolated from
mesenteric fat, no study has determined definitive bacterial profiles of the mesen-
tery fat component in disease states. Zulian et al. (2013) specifically investigated
and confirmed the presence of Enterococcus faecalis in mesenteric and omental fat
in both Crohn’s disease and ulcerative colitis. Numbers of E. faecalis were sig-
nificantly increased in fat deposits in Crohn’s disease, but not ulcerative colitis.
Peyrin-Biroulet et al. (2012) reported that the rate of bacterial translocation to
mesenteric fat is similar to that of the MLNs. They demonstrated this is also higher
for patients with Crohn’s disease than healthy individuals and those with ulcerative
colitis.
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Mesenteric adipocytes, irrespective of disease state, express a wide range of
pattern recognition molecules (PRMs), such as TLR2, TLR4, NOD1 and NOD2,
indicating they may respond to bacterial stimulation or challenge. Zulian et al.
(2013) also demonstrated that co-culture of adipocytes with E. faecalis results in a
significant increase in their rate of proliferation. Bacterial or LPS stimulation of
adipocytes has also been shown to increase expression of pro-inflammatory and
pro-fibrotic cytokines and adipokines. These may contribute to increased produc-
tion of pro-inflammatory and pro-fibrotic cytokines and adipokines observed in the
mesentery in Crohn’s disease. The knowledge that bacteria or their components
occur in mesenteric fat, and that adipocytes are responsive to these elements, could
provide a novel pathogenic mechanism, and therefore novel therapeutic targets, in
IBD.

The Microbiome of Mesenteric Lymph Nodes

Since development of molecular anlysis techniques, only two studies have utilised
culture-independent methods to investigate bacteria present in MLNs in IBD
patients. O’Brien et al. (2014) focused on patients with Crohn’s disease. Mirroring
the outcomes of earlier studies, E. coli was commonly found in Crohn’s disease
MLNs. The bacterial profile of MLNs resembled that of the associated mucosa,
suggesting a general movement of bacteria from the mucosa to the MLNs and not
selective bacterial translocation. The overall microbial profile of MLNs from
patients with Crohn’s disease reflected a dominance of Firmicutes and Bac-
teroidetes phyla, slightly favouring Bacteroidetes, which was similar to the profile
observed in MLNs from non-IBD controls. Although species diversity was
decreased in MLNs in Crohn’s disease, a unique bacterial profile was not evident.
Differences in MLN microbial profiles stemmed from inter-patient variation, rather
than location of sampling.

The second study, Kiernan et al. [21], reported collection of MLNs from patients
with Crohn’s disease or ulcerative colitis undergoing resection (Figs. 6.1 and 6.2).
Crohn’s disease MLNs presented a distinctly different microbial profile to that
observed in ulcerative colitis (Fig. 6.3). The relative abundance of Firmicutes were
found to have greater relative abundance in nodes from ulcerative colitis patients,
whereas Proteobacteria were more abundant in Crohn’s disease. While species
diversity was reduced in the MLNs of patients with Crohn’s disease, these lymph
nodes contained greater numbers of less dominant phyla, especially Fusobacteria.
In summary, this study confirmed distinct differences between the Crohn’s disease
and ulcerative colitis MLN microbiota suggesting potential for diagnosis of Crohn’s
disease or ulcerative colitis, particularly in cases of indeterminate colitis at time of
resection.
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Fig. 6.1 Relative abundance of predominant bacterial phyla in mesenteric lymph nodes [MLNs]
from inflammatory bowel disease [IBD] patients. There was a distinct difference in the profile of
phyla from MLNs of Crohn’s disease [CD] and ulcerative colitis [UC] patients. Adapted from:
Kiernan, M.G. et al., Journal of Crohn’s and Colitis 2019;13(1): 58–66. Copyright © Oxford
University Press

Fig. 6.2 Mesenteric lymph node [MLN] mapping. Proportions of 16S PCR–positive MLNs taken
from each location of UC or Crohn’s disease-associated mesentery. Adapted from: Kiernan, M.G.
et al., Journal of Crohn’s and Colitis 2019;13(1): 58–66. Copyright © Oxford University Press
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The Mesentery—A Reservoir for Pathogenic Bacteria?

Pathogenic bacteria, such as Salmonella or Campylobacter, have not been yet
identified in mesenteric fat in IBD. Although Escherichia/Shigella, Campylobac-
teraceae, Yersinia, and Helicobacteriaceae have been identified from MLNs in
Crohn’s disease, they have also been found in MLNs of non-IBD subjects. Yersinia,
Helicobacteriaceae and Listeria have been detected (in low numbers) in MLNs of
patients with Crohn’s disease, and warrant further investigation to determine
whether they play a role in IBD.

Mesenteric lymphadenitis raises interesting questions. Associated with gas-
troenteritis (and respiratory tract infections, appendicitis, diverticulitis, pancreatitis
and cholecystitis), mesenteric lymphadenitis during childhood or adolescence
results in reduced risk of developing ulcerative colitis. MLNs harvested from
patients with mesenteric lymphadenitis can contain E. coli, Salmonella, Shigella,
Yersinia enterocolittica, mycobacteria, Staphylococcus and beta-haemolytic
Streptococcus. This may point to an immunisation effect and perhaps represent
an opportunity to identify microbial agents associated with ulcerative colitis onset.

Fig. 6.3 Abundance of phyla in pooled mesenteric lymph nodes [MLNs] of Crohn’s disease [CD]
and ulcerative colitis [UC] patients. Abundance [%] of major bacterial phyla Firmicutes (52.8%/
18.6%), Bacteroides (30.6%/32%), Proteobacteria (11.8%/36.1%), and Actinobacteria (4.6%/
6.1%)in pooled MLNs of UC and CD patients, respectively Adapted from: Kiernan, M.G. et al.,
Journal of Crohn’s and Colitis 2019;13(1): 58–66. Copyright © Oxford University Press
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Mesenteric Abscess—A Special Microenvironment
for Pathogenic Bacteria in Inflammatory Bowel Disease?

Crohn’s disease is commonly complicated by the development of intra-peritoneal
abscesses. These can be located between different regions of mesentery (so-called
inter-loop abscesses), in the pelvis, or in the flanks. They usually occur following
bowel perforation, when a collection of infected fluid forms. Such fluid will most
likely contain multiple bacteria, and these are frequently pathogenic. Gram negative
bacilli, Gram positive cocci and anaerobic bacteria are typically detected from
abscesses in Crohn’s disease. E. coli and B. fragilis are the most common species
identified. Mycobacterium spp have been detected in a mesenteric abscess in a
patient with HIV, indicating at least potential as a reservoir for Mycobacterium
avium spp. paratuberculosis. It is feasible that further characterisation of microbial
ecology associated with mesenteric abscesses could yield important information
related to IBD.

Conclusion

It seems reasonable to conclude that given the abundance and diversity of microbes
borne in the human intestine that these cells may influence health and disease.
Molecular technologies enable better insight into microbial community profiles
characteristic of specific disease; and understanding of how such microbes penetrate
and influence the mesentery and its component parts are likely to develop in tan-
dem. Although entirely conjecture, it seems rational to suggest that microbial
interaction with mesenteric adipocytes and MLNs may prove influential in disease
initiation and progression. Elucidating the mechanisms that mediate these processes
will involve research with sufficient scale to credibly determine definitive mesen-
teric microbiome profiles in each discrete disease setting. Accepting the con-
founding factors associated with geography and diet, among other factors, such
scale will require collaboration of international investigators in multicentre studies.
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7Cellular Anatomy of the Mesentery

Miranda G. Kiernan and J. Calvin Coffey

Introduction

There has been relatively little focus in the histological composition of the
mesentery. The mesentery is now defined as the collection of tissues that maintains
all abdominal digestive organs in position and in continuity with other systems.
Given this definition, it is important to describe the tissues that make up the
mesentery. Any such description should also include a description of the histology
of associated structures. These include the peritoneal reflection a Toldt’s fascia,
both of which maintain the mesentery in position.

Mesenteric Histology

The following description focuses on the detached and mobilized adult mesentery.
The first study to characterize the histological appearance of the mesentery at
multiple levels was conducted by Culligan et al. In this study, full thickness
biopsies were taken at multiple points, through cadaveric mesentery. The overall
histological components and organization, is similar at all points in the mesentery
from duodenojejunal flexure to anorectal junction. Both surfaces of the mesentery
are lined with a sheet of elongated mesothelial cells. The surface of the mesentery
(as seen on scanning electron microscopy) is remarkably smooth for the most part
but is occasionally interrupted by grooves (Fig. 7.1). The surface is markedly
different in disease states such as Crohn’s disease.
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A connective tissue layer occurs immediately under surface mesothelium of the
mesentery. This is variable in thickness and in some regions, it appears absent
whilst in others it is well formed. Clusters of mesenchymal cells are intermittently
observed within the connective tissue layer. On occasion these clusters are seen in
association with connective tissue septations in the mesentery. On other occasions
they appear entirely separate, based on examination of serial sections. The nature
and function of the cells located in these clusters remains to be characterized.

Lymphatic channels occur in the submesothelial connective tissue. It has been
suggested that stomata (openings between surface mesothelial cells) expose these
lymphatics to peritoneal fluid and thereby facilitate the absorption of the latter. The
channels are in turn continuous with lymphatic channels in mesenteric connective
tissue septations. Collectively, these comprise a lymphatic network.

Gene Expression and Protein Synthesis in the Mesentery

These above are qualitative studies and functional studies are required to compare
different regions of the mesentery. There are some suggestions, based on gene
expression profiles, that regions of mesentery behave in different manners. For
example, gene expression profiles from the small bowel region of mesentery differ
from those in the mesogastric region of the mesentery. Histology is reflected in
functionality and it has been suggested that the mesentery is a site of CRP

Fig. 7.1 Light microscopy of the mesentery. Elastic fibers (arrows) stain selectively as dark think
branching fibers in loose connective tissue. Fibroblast nuclei (Fi) and a capillary (Cap) with
erythrocytes are also seen
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production. Whilst CRP production was historically thought limited to the liver,
emerging data point to mesenteric production and relate this to the control of
systemic glucose levels.

Mesenteric Derived Mesothelial Cells

In separate studies, we generated mesenteric cells, cultured these in vitro and
characterized the resultant cell types. When this is done they express—after—in
culture. These studies were the first to generate and characterize mesenteric derived
mesenchymal cells. They proliferate adhere and migrate in a manner that is similar
to murine fibroblasts. We also compared these properties with mesenteric mes-
enchymal cells derived from patients with Crohn’s disease. Interestingly, marked
differences emerged indicating that each of these properties was increased in
mesentery derived mesenchymal cells. Preliminary data also incase that some
characteristics may be attenuated through ambition of TGF-beta.

Connective Tissue Continuity

Characterization of the mesentery demonstrated a distinct connective tissue lattice.
This is continuous with submesothelial connective tissue. It is also continuous, at
the surface of the intestine, with connective tissue septations in the intestinal wall.
In addition, mesenteric connective tissue coalesces around intra-mesenteric blood
vessels. This means there is continuous network of connective tissue extending
from the submucosa of the intestine to contiguous mesentery and thereafter to
vessels within it.

Mesenteric Adipocytes

Adipocytes are the main cellular contributor to the mesentery. Importantly, they are
organised in a honeycomb-like distribution. It is not possible to distinguish indi-
vidual adipocytes as their lipid surfaces are closely apposed within the mesentery.
The overall appearance of the mesenteric adipocyte fraction, is that of an extensive
system of cells. At the surface of intra-mesenteric blood vessels, this system is
contiguous with surface connective tissue. This could be of considerable impor-
tance as the metabolic activity of the adipose system may be conducted to that of
adjacent vessels, and thereafter to blood, thus providing mammals when an
excellent mechanism of heat regulation.

Adipocytes within the mesentery are highly active. This is reflected in multiple
studies comparing gene expression studies as well as studies examining individual
cytokine production.

.
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Fibrocytes

Mesenteric fibrocytes have received little overall attention to date. These are gen-
erally described as blood-borne and derived from hematopoietic progenitors. In a
study of patients with Crohn’s disease, we noted these cells were present in
increased numbers in blood vessels in the mesentery, and in the tissue surrounding
vessels. We also noted they were present in clusters at the surface of the intestine.
This led our group to suggest the mesentery may provide a platform into which
fibrocytes may migrate, from blood vessels, and within which they could exploit the
connective tissue continuity of the mesentery and intestine, to access the surface of
the intestine.

Fibrocytes are not the only cells to utilize the mesentery as a platform for
migration. As mentioned in the section on the embryological development of the
mesentery, primordial germ cells use the mesentery to migrate to the genital ridge.
In addition, neural crest cells migrate across the mesentery from the neural crest.
Findings related to fibrocytes are particularly relevant as these cells can differentiate
into either fibroblasts or adipocytes. In Crohn’s disease, the mesentery advances
over the surface of the intestine as fat wrapping. The cellular basis of fat wrapping
in unknown but it is tempting to think that fibrocyte exploit and migrate along
mesentery, access the surface of the intestine and migrate to give rise to fat
wrapping.

The Peritoneal Reflection

The peritoneal reflection must be incised in order to access the plane where the
mesentery is attached to Toldt’s fascia. Separation of the mesentery and Toldt’s
fascia is an essential component of mesenteric detachment.

The reflection is the region of peritoneum where parietal peritoneum is contin-
uous with visceral peritoneum. An excellent example of this occurs where the small
intestinal region of mesentery continues as the right mesocolon. This anatomical
region is not directly apparent when one enters the abdomen, as it is obscured from
view by the reflection in this region. Here, peritoneum leaves the posterior
abdominal wall and reaches across to seamlessly continue as the visceral
peritoneum.

Numerous terms have been applied to the reflection including ligaments (coro-
nary and triangular ligament), folds (bloodless fold of Treves), and membranes (i.e.
Jackson’s membrane). These are all examples of where the parietal and visceral
peritoneum are continuous.

Histological examination of the reflection demonstrates that it comprises two
continuous layers of mesothelial cells with variable amounts of connective tissue
located between both. Scanning electron microscopy (SEM) demonstrates that the
surface facing the peritoneal cavity is smooth in normality, but disrupted and
irregular in disease settings (i.e. Crohn’s disease). SEM studies also demonstrate the
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connective tissue is primarily composed of elastin helices. It is feasible the helical
shape of these facilitates return to a normal conformation following stretch.

No studies to date have examined the regions where the reflection arises from the
parietal peritoneum and continues as the visceral. One of the reasons for this lies in
the fact that the peritoneum is continuous, and there are no anatomical landmarks
that precisely define specific regions.

Histology of Toldt’s Fascia

Wherever an organ comes into close proximity with the abdominal wall it does not
fuse directly with the wall. Instead, a connective tissue occurs between the organ
and the abdominal wall. This is Toldt’s fascia. Although flimsy and variable in
composition it is a universal finding that likely contributes to maintaining the organ
in position.

Few studies have examined the fascia in detail. The connective tissue compo-
sition remains to be confirmed but it would appear from early findings that it is
comprised of loose connective tissue. Culligan et al. examined the fascia and found
that in 30% of cases it contained lymphatic channels. This is highly relevant as it
indicates that it plays a role in fluid absorption.

The relationship between the fascia and mesentery extends beyond simple
adhesion. It appears to coalesce with the connective tissue surrounding the major
vessels as these enter the mesentery. Given that this connective tissue is also
continuous with that of the lattice contained within the mesentery, it means there is
a continuity between mesenteric, adventitial and fascial connective tissue. The
scientific and clinical relevance of this continuity remains to be determined.

The Mesentery in Disease States

Changes in disease states are described in detail elsewhere but will be briefly
discussed here. Several disease states lead to an alteration in the histology of the
mesentery. Again, findings here can also be considered as preliminary and requiring
further characterization. For example, the surface of the mesentery is altered in
peritoneal carcinomatosis in which peritoneal deposits arise in a sporadic distri-
bution. These deposits extend into the mesentery to a limited degree but never
appear to penetrate deep into the substance of the mesentery (i.e. they are not
locally invasive). It is not known whether peritoneal deposits are distributed in this
manner nor is it known why (despite having an apparent capacity of spread) they
are not locally invasive.

The surface mesotheluim of the mesentery is substantially altered in mesenteric
sclerosis in which there is pronounced fibrosis and thickening. The factors involved
are under intensive investigation as this phenomenon frequently leads to failure of
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peritoneal dialysis in patients with renal failure. Mesenteric panniculitis is char-
acterized by mesenteric infiltration with acute and chronic inflammatory cells.
There are a number of subtypes but as with sclerosis, the etiology and patho-
physiology remains to be elucidated.

.

Future Directions

It is essential to characterize the region where the mesentery intersects all
abdominal digestive organs. This is particularly important as, given continuity, any
signal that passes from one to another must pass through this region. As such to
date it is virtually unchartered in terms of what is known about it.
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8Radiography of the Mesentery

Scott Sorensen and Abraham H. Dachman

Plain Films of the Abdomen

Description of Procedure

Plain films of the abdomen are often the first exam done for abdominal symptoms.
They are readily available, inexpensive and can be tailored to the clinical question.

Indications

Common indications are abdominal pain, clinical concern for ileus versus
mechanical obstruction, constipation to evaluate for stool burden, to search for
signs of ischemia or perforation and position and location of radiopaque objects
such as tubes and catheters.

Complementary Procedures

Since plain films are often non-specific or non-diagnostic, CT is the most common
alternate complimentary procedure.

Contraindications

There are no absolute contraindications to plain radiography. However it is
advisable to minimize the use of ionizing radiation in general and a greater level of
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caution should be used for children, women of child bearing age, and all young
individuals. When doing portable radiography, there is often a small amount of
scatter radiation to surrounding patients, e.g., in the setting of a shared room such as
an open ICU. Views such as cross table lateral views should be avoided in cir-
cumstances where adjacent patients will be exposed.

Preparation of Patient

No patient preparation is needed for plain radiographs. Overlying radiopaque
objects should be removed such as clothing and jewelry.

How the Procedure Is Performed

The procedure is normally performed by a technologist. Images can be obtained in
various ways depending on the indication. Supine, prone, right and left side down
decubitus views, recumbent or erect lateral views, cross-table lateral views are some
common examples.

Typical Abnormal Findings

Depending on the disease process, plain films might show ileus, obstruction,
intramural air, free intraperitoneal air, extrinsic compression from a mesenteric
mass or abnormal location due to internal hernia. Several examples are shown
throughout the book.

Complications

None.

Computed Tomography (CT)

Description of Procedure

Computed tomography (CT), has become the mainstay for evaluation of peritoneal
and mesenteric disease. X-rays passing through the body to a set of detectors is used
to create helical images that are reconstructed in the axial, coronal and sagittal
planes. Three-dimensional reconstructions can be used to depict disease and the
relationship of mesenteric structures.
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Indications

Most suspected mesenteric diseases can be imaged with CT.

Complementary Procedures

Plain films and MRI are the main complementary procedures, although ultrasound
can be complimentary to look for fluid collections in the peritoneal cavity. Com-
pared to MRI, CT is less expensive, and less sensitive to patient movement. It can
be performed in patient with implanted medical devices that might preclude MRI
examinations.

Contraindications

There are no absolute contraindications.

Relative Contraindications

Radiation should be minimized or avoided in children, pregnant women and young
patients. Some patients are claustrophobic and have trouble if the face or upper
chest is in the gantry. This can be avoided for most CT of the abdomen and pelvis.

Intravenous contrast is relatively contraindicated in patients with reduced renal
function, old age or known long standing conditions that may diminish renal
function. In some cases, a reduced volume of contrast may be used.

Intravenous contrast is iodine based and patients may have allergic reactions.
When necessary, patients can be pre-medicated with steroids and antihistamines.
This pre-medication usually commences 12 hours prior the administration of
contrast.

Preparation of Patient

Metal objects that might affect the scan should be removed. Most patients are asked
to not eat or drink for several hours prior to the scan. When oral contrast is used, it
is administered about 1 or more hours prior to scan.

How the Procedure Is Performed

CT can be performed in different phases: pre-intravenous contrast, post intravenous
contrast in standard portal venous phase or as a CT angiogram in the arterial phase.
Delayed excretory phase can be performed when needed. Oral contrast can be either
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omitted or used as needed, although most non-emergent CT is done with oral
contrast. CT enterography is a specialized study using low density contrast to
distend the entire small intestine.

Scans are fast and require only a short breath hold. The patient must lie still to
avoid motion artifacts. The contrast injection lasts for 10–30 seconds and might
produce a warm, flushed sensation and a metallic taste in the mouth that lasts a
minute or two.

Typical Abnormal Findings

Specific diseases are shown through this book.

Complications

Intravenous contrast can result in allergic reactions, usually mild. Severe allergic
reactions are uncommon. Extravasated contrast in the arm may occur when there is
poor venous access. Transient diminished renal function can occur especially in the
elderly and in patient with underlying renal damage.

Additional Comments

Note that much has been written about the theoretical risk of radiation from CT.
There is no conclusive evidence that radiation at small amounts delivered by a CT
scan causes cancer. Nevertheless, the good practice principles of using radiation
doses “as law as is reasonably achievable” aka “ALARA” should be employed.
Modern scanners now have many different methods to reduce patient radiation dose
compared to those just a few years earlier.

Magnetic Resonance Imaging (MRI)

Description of Procedure

MRI uses magnetic fields and electric filed gradients to generate images of the
body. Unlike CT it does not employ ionizing radiation. It has the advantage of
providing good soft tissue contrast. It is therefore commonly used to evaluate
organs of the abdomen and in the context of this book, inflammatory bowel disease
and vasculitis. Often, intravenous contrast agents are used.
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Contraindications

There are many contraindications including certain types of metal in the body that
might move when exposed to strong magnetic fields.

Relative Contraindications

Claustrophobic patients may not be able to tolerate an MRI without sedation. Some
so-called ‘open’MRI scanners can be used at the expense of image quality. Patients
with impaired renal function may be unable to undergo contrast enhanced scans.
Generally pregnant women in the first 3–4 months of pregnancy should avoid MRI.

Breast feeding women who receive intravenous contrast should pump breast
milk before the study and wait about 24 hours before breast feeding.

Preparation of Patient

Some items need to be removed before going into the MRI room, e.g., cards with
magnetic strips, electronic devices, hearing aids, watches, metal jewelry, hairpins,
etc. Some cardiac pacemakers, aneurysm clips and neurostimulators are MRI
compatible and some are not.

How the Procedure Is Performed

The patient lies on a table with a narrow bore gantry and undergoes several scans
that can take 15–45 minutes (sometimes up to an hour) depending on the nature of
the scan. Common pulse sequences are T1 weighted, T2 weighted, proton density
weighted, gradient echo, inversion recovery diffusion and perfusion weighted and
MR angiography (MRA). MRI fluoroscopy sequences can be used in some cases.

Typical Abnormal Findings

Several examples of mesenteric disease depicted with MRI are shown in this book.

Complications

Renal function can be impaired by intravenous contrast agents such as Gadolinium.
Inadvertent use of MRI in patients who have internal metallic objects can also have
consequences.
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Conventional Angiography

Description of Procedure

Catheter angiography is performed suing X-ray guidance on fluoroscopy and
catheterization of a vessel to permit injection of iodinated contrast. In the case of
abdominal disease, a femoral route is commonly used to access the aorta or inferior
vena cava depending on whether an arterial or venous injection is needed. Rapid
sequential images are obtained during the injection of contrast.

Indications

Angiography can be done for diagnostic or therapeutic purposes. In the case of
mesenteric disease the vascularity and organ of origin of a mass can be determined.
Vasculitis, aneurysms, dissection and arteriovenous malformations involving single
or multiple vessels can be diagnosed. Bleeding can be treated with coil
embolization.

Complementary Procedures

CT and MR angiography often supplant the need for conventional angiography.

Contraindications

Severe bleeding diathesis.

Preparation of Patient

Patients should not eat for about 12 hours prior to the exam. They should remove
metallic jewelry, etc. Medications that affect bleeding are usually withheld. The
same concerns for reactions to iodinated contrast for CT apply. Likewise, breast-
feeding should be withheld for about 24 hours after the test. Sedation is often used
and thus patients should be accompanies and not drive themselves home.

How the Procedure Is Performed

A sterile room is used to perform angiography. The radiologists wear gowns,
masks, hats and gloves similar to an operating room. A catheter is inserted via a
small skin incision into a blood vessel. The machine consists of a table for the
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patient and one or two X-ray tubes, which can be positioned around the patient.
Video monitors display the images produces.

A technologist and radiologist work together to insert an IV line, sterilely pre-
pare the skin at the site of catheter placement and place the catheter. The radiologist
will manipulate the catheter into the desired position before the contrast material is
injected. After the procedure the catheter is removed and pressure is applied to the
site for 10–20 minutes. The procedure may take 1–2 hours.

Complications

As with surgery, complications can be mild or sever and include pain, bleeding and
infection. There may be allergic reactions to the iodinated contrast and effects on
renal function. Blood clots can form on catheters and dislodge.

PET Scan

Description of Procedure

Positron emission tomography (PET) uses radioactive agents (radiotracers), a
detection camera and computer to study the tissue function of organs and tumors.

Indications

In the case of mesenteric disease, there are few specific disease processes that can
benefit from PET scanning, in particular searching for carcinomatosis or metastatic
disease elsewhere for primary tumors known to be PET avid.

Complementary Procedures

Conventional imaging can often stage neoplastic disease without the need for PET.

Relative Contraindications

Some claustrophobic patients have anxiety.
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Preparation of Patient

Do not eat or drink for several hours prior to the scan. Some medications and
vitamins can affect scans Diabetics may have special instructions. The agent may be
excreted in breast milk. Metal objects should be removed.

How the Procedure Is Performed

A PET scanner is a large machine with a doughnut shaped home in the middle.
Some PET scans are combined with CT in one unit called “PET/CT”. The PET
images are processed and fused with the CT images.

The desired radioactive agent in injected into a vein. It takes about an hour for
the agent to be absorbed by the body organs and by tumor. Scanning for the CT if
fast, but the PET scanning takes 20–30 minutes. Patients must remain still for the
scan. Sometimes delayed scans about to a few hours might be needed.

Typical Abnormal Findings

See examples in the book for carcinomatosis.

Complications

Allergic reactions are rare. There is a low level of radiation within the patient until
the agent is excreted. Women should not be pregnant or breastfeeding.

Additional Comments

The exam is expensive and time consuming but gives unique information in the
proper clinical context.

Ultrasound

Description of Procedure

Ultrasound of the abdomen and pelvis in a non-invasive test that uses a transducer
to generate sound waves and view the internal structures.

68 S. Sorensen and A. H. Dachman



Indications

Ultrasound is commonly available and relatively inexpensive as compared to CT
and MRI. It is often used for the evaluation of focal or diffuse abdominal pain,
swelling or infection. It is helpful in looking for ascites and at the solid organs and
their blood flow. Some other examples of abdominal conditions evaluated by US
are gallstones, kidney stones, abdominal aortic aneurysm, organomegaly and
abnormal liver function. US can be used for guidance of percutaneous biopsies.

Complementary Procedures

The relative contraindications below to not apply to CT and most do not apply to
MRI. These two exams are the principle complimentary tests.

Contraindications

There are no absolute contraindications.

Relative Contraindications

The sound waves must penetrate the body. Thus patients with very high body mass
index (BMI) may have non-diagnostic exams. Also gas interferes with transmission
of sound waves, thus patient with ileus or bowel obstruction may have gas filled
loops obscuring abdominal anatomy.

Preparation of Patient

Patients should be fasting to help avoid bowel gas that might interfere with the
exam. When the gallbladder is also evaluated, the patients should avoid any activity
that might cause gallbladder contraction, e.g., smoking.

How the Procedure Is Performed

Ultrasound units come in many sizes and levels of sophistication. Most units are
portable and consist of a console, computer, video display and assorted transducers.
Patients lie recumbent and may be asked to turn on their sides. A warm water-based
gel is use to interface the skin with the surface of the transducer. The transducer is
moved to produce images. Breath holding is usually needed. Most exams take
30 minutes or less. Doppler US can used to evaluate blood flow with organs or
large blood vessels.
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Typical Abnormal Findings

As regards peritoneal disease, US can help determine if ascites is present and if it is
of sufficient volume to tap. US can characterize masses as solid or cystic and
sometimes determine the organ of origin.

Complications

None.

Additional Comments

US intravascular contrast agents are approved for use in the USA but are not
commonly used.
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9Mesenteric Biopsy

Fons F. van den Berg and John C. Alverdy

Indications

Indications for a diagnostic mesenteric biopsy include the presence of a mesenteric
lesion suspected for advanced metastatic disease in confirmed cancer or a de novo
lesion of the mesentery without a history of cancer. In patients with significant
symptoms and unclear imaging, performance of a mesenteric biopsy is considered
acceptable. Mesenteric biopsies are performed are image-guided using ultrasound
(US) or Computed Tomography (CT). Tissue is collected using percutaneous core
biopsies and/or fine-needle aspiration (FNA). Reported technical and diagnostic
success rates are high. Core biopsies yield higher diagnostic accuracy and are often
needed for sub classification of the lesion. As an alternative, a surgical approach
under general anesthesia can be performed. Although open surgical biopsy has
historically been considered the gold standard method for this procedure, a diag-
nostic laparoscopy and mesenteric biopsy can be safely performed and is generally
preferred, especially in young, healthy patients. Reasons for these approaches when
obtaining a mesenteric biopsy include the need for visual inspection of the peri-
toneal cavity due to suspected peritoneal metastasis, or the necessity for urgent an
pathological diagnosis and chemotherapy due to malignant disease (i.e. high-grade
lymphoma). An open mesenteric biopsy is also preferable when mesenteric lesions
are in close proximity to vital structures, such as major vessels, hollow organs of the
digestive tract, spleen, liver and pancreas.
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Contraindications

Contraindications for mesenteric biopsy are related to the risk of perforation or
excessive bleeding. Absolute contraindications include a platelet count less than
50 � 109/L and an International Normalized ratio (INR) above 1.6. Relative con-
traindications are the presence of an uncorrected coagulopathy, absence of a safe
needle path or a patient that is uncooperative or has an uncontrolled movement
disorder.

Description of the Procedure

Preparation of Patient

Routine screening for coagulation status is advised. Patients are kept nil per oral
(NPO) after midnight of the procedure and undergo general anesthesia in cases that
an emergency laparotomy may occur. A single dose of antibiotics is given in when
a solid organ, such as the colon, is traversed. Bowel preparation with purgative
agents and oral antibiotics is generally not required.

Image-Guided Percutaneous Mesenteric Biopsy

It is advised to use a coaxial technique with a 17-gauge introducer and 18-gauge
cutting needle for core biopsy, or 22-gauge needle for FNA specimens. The needle
is advanced into the target lesion under US or CT guidance. Immediately after the
biopsy, the patient should be monitored for signs of post-biopsy bleeding. An
example of a CT-guided mesenteric biopsy is shown in Fig. 9.1.

Diagnostic Laparoscopic Mesenteric Biopsy

The patient is positioned in Trendelenburg position and, depending on the size and
location of the mesenteric lesion, one 12-mm and two or more 5-mm trocars are
placed under general anesthesia. Core biopsies of the lesion are taken under visual
inspection, while suspect lymph nodes are removed in their entirety.

Potential findings from mesenteric biopsy are shown in Table 9.1.
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Fig. 9.1 A 67-year-old male with a history of cecum adenocarcinoma underwent a partial
colectomy. A new 16 mm omental nodule was seen on follow up CT scan. CT performed during
the procedure showing a 16 mm target omental nodule (arrow) with a coaxial needle through it.
Biopay pathology showed metastatic adenocarcinoma. Reused with permission from: Vadvala, H.
V., et al. (2017). “Image-Guided Percutaneous Omental and Mesenteric Biopsy: Assessment of
Technical Success Rate and Diagnostic Yield.” J Vasc Interv Radiol 28(11): 1569–1576.
Copyright © Elsevier

Table 9.1 Neoplastic and non-neoplastic findings on mesenteric lymph node

Neoplastic Non-neoplastic

Metachronous peritoneal carcinomatosis Mesenteric panniculitis/Sclerosing
mesenteritis

Lymphoma (follicular, Hodgkin’s, B-cell) Mesenteric lymphadenitis

Desmoid tumor Anastomosing hemangioma

Methotrexate-associated lymphoproliferative
disorder

Peritoneal tuberculosis

Inflammatory granulation tissue/Suture
granuloma
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Complications

The complication rate for image-guided mesenteric biopsy is generally low.
Reported complications include localized pain, visceral perforation, intra-
abdominal hemorrhage and abscess formation. There is small possibility of nee-
dle tract seeding in the case of locally aggressive tumor biology.
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10Diagnosing Mesenteric Diseases:
Laparoscopy

John Anagnostakos and Joshua H. Wolf

Indications

There are a variety of conditions that may lead to laparoscopic exploration of the
abdominal mesentery. These will be discussed below.

Traumatic Injury

Traditionally, in the setting of blunt abdominal trauma the standard of care for
treating suspected intraabdominal injury has been through exploratory laparotomy.
However, as surgeon comfort with laparoscopy has increased over the years, more
authorities have been advocating for a preliminary diagnostic laparoscopy.
Laparoscopy has been shown to be especially effective in diagnosing and treating
blunt, hollow viscous injuries and mesenteric injuries. A mesenteric injury grading
system was developed by Bekker et al. on a scale of 1–5 to describe the injury
during laparoscopy. A high score indicates a need for further intervention. High
grade mesenteric injuries or multiple injuries often require conversion to laparo-
tomy to survey the abdomen to ensure there are no other injuries and to treat the
mesenteric injury. However, some injuries can be managed entirely laparoscopi-
cally with intracorporal suturing and laparoscopic bowel resection utilizing endo-
scopic staplers. In the hands of a skilled laparoscopic surgeon, laparoscopy can be
an effective way of treating acute traumatic abdominal injuries while avoiding the
morbidity associated with laparotomy (Fig. 10.1).
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Inflammatory Bowel Disease

The laparoscopic technique has been well described in diagnosis and treatment of
Crohn’s disease. Crohn’s disease can affect not only the bowel but also the sur-
rounding mesentery. One of the more classic features of Crohn’s disease is
“creeping fat,” which is extension of the mesenteric adipose tissue along the
external circumference of the bowel wall. Some have argued that more complete
mesenteric resections can lead to reduced rates of recurrence in Crohn’s disease, but
this remains to be demonstrated more definitively in randomized prospective data.

Neoplastic Disease

Laparoscopy can also play a critical role in the treatment of abdominal malignancy.
Primary cancers of the abdomen can often metastasize locally to create peritoneal
carcinomatosis in which the cancer can deposit into multiple intraabdominal
structures including the mesentery. This problem may be a relative contraindication
for resection of primary tumors such as in pancreatic adenocarcinoma. Performing a
diagnostic laparoscopy to survey the abdominal cavity, including the mesentery, for
malignant deposits before performing a major elective tumor resection can prevent

Fig. 10.1 Trauma extravasation
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the patient from undergoing an extensive procedure that would offer them no
benefit. Other indications for laparoscopy in the setting of malignancy include
determining the extent of resection for cytoreductive surgery, restaging after
neoadjuvant/adjuvant chemotherapy, and obtaining biopsies to determine primary
tumor origin (Fig. 10.2).

Neoplasms arising from the mesentery itself are not common. There are a variety
of cellular subtypes that can give rise to primary mesenteric neoplasms, including
peritoneum, adipose tissue, endothelium, neural tissue and inflammatory cells.
Exploratory laparoscopy can aid in diagnosis, excision, enucleation or biopsy as
indicated by tumor type.

Pediatric Applications

Although laparoscopy was first widely accepted for adult surgery, it also has many
applications for pediatric surgery. The technique for trocar placement is like that in
adults, however the size of the ports is usually smaller. Most commonly 4 mm or
5 mm trocars and instruments are used. Less abdominal insufflation pressure is
usually required as well, usually 8–9 mm Hg for pediatrics compared to about
15 mm Hg for adults. Laparoscopy in infants and children has several applications
including the treatment and diagnosis of mesenteric diseases. For example, con-
genital mesenteric malrotation, a disease process that involves the failure of the
intestines to successfully rotate clockwise during gestation around the axis of the

Fig. 10.2 Peritoneal carcinomatosis
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superior mesenteric artery. This condition usually results in a narrowed mesenteric
root, which predisposes the gut to a clockwise volvulus. The splenic flexure and
pylorus often remain fixed, however. The treatment of choice has classically been
open Ladd’s procedure during which four steps are performed including inspection
of the entire bowel, de-torsion of volvulus counterclockwise, lysis of Ladd bands
and appendectomy. Nonviable bowel can be resected as well. Some authors have
described a laparoscopic technique for treating this disease. The procedure involves,
introducing trocars into the abdomen, running the bowel and reducing the volvulus
laparoscopically, as well as dividing Ladd’s bands with laparoscopic shears or
energy devices.

Ischemia

Patients who have suspected mesenteric ischemia are often critically ill and not
suitable for minimally invasive approaches. In select patients, however, who are
hemodynamically stable and in whom the clinical suspicion for bowel necrosis is
low, exploratory laparoscopy can be an effective diagnostic approach. Laparoscopy
can be used for a planned “second look” operation in patients after laparotomy for
acute mesenteric ischemia or non-occlusive mesenteric ischemia. Several groups
have described this as a possible bedside procedure in the intensive-care unit.

Internal Hernia

Defects in the mesentery, either congenital or iatrogenic, can lead to internal her-
niation of small bowel. Laparoscopy can be performed to diagnose and reduce the
hernia and repair the defect. This is appropriate in patients who have no signs of
clinical deterioration to suggest bowel necrosis. If an internal hernia arises from a
minimally invasive operation, laparoscopy can often be effective in diagnosis and
repair without requiring additional abdominal incisions.

Contraindications

Laparoscopy is not indicated in patients with hemodynamic compromise or who at
baseline have severe cardiopulmonary dysfunction, uncorrected coagulopathy, or
abdominal wall infection or evisceration. A relative contraindication is a history of
multiple major open surgeries, or of a recent abdominal operation, due to the likely
prohibitive burden of intraabdominal adhesions.
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Complementary Procedures

Intra-operative Perfusion Assessment with Fluorescence

For several of the indications mentioned above, in particular mesenteric ischemia
and internal hernia, the use of intra-operative perfusion assessments can help assess
bowel viability laparoscopically. This can be performed as an adjunctive procedure,
by administering an intravenous fluorescent agent, such as indocyanine green, and
using a specialized laparoscope that can detect the emission wavelength from the
selected fluorophore.

Preparation of the Patient

Patients should be positioned supine in the operating room and placed under
general anesthesia with endotracheal intubation. The abdomen should be prepped
and a draped in a standard fashion.

Technical Details

Abdominal Entry

One of the most important steps in laparoscopy is safely entering the abdomen
without damaging intraabdominal structures. Two commonly used techniques are a
Hasson cut-down and utilization of a Veress needle. The authors’ preference is
Hasson cut-down technique, which involves creating an incision around the
umbilicus and then dissecting down to the level of the rectus abdominus muscle
under direct visualization. Then an incision is created in the fascia, and subse-
quently, the peritoneum. A 12 mm trocar is inserted and the gas is connected to it
causing the abdomen to insufflate. It is important to start on low flow and then
proceed to high flow once the pressure readings reflect that one is in the peritoneal
cavity and not the preperitoneal space. The other trocars are then inserted under
direct visualization.

The second method involves utilizing a Veress needle, which is a spring-loaded
needle usually with a diameter of 2–3 mm. First, a small skin puncture is created.
The safest area for insertion is in the left upper quadrant, 3 cm below the costal
margin in the midclavicular line (Palmer’s point), to avoid inadvertent bowel
puncture. The needle is then introduced at a 90-degree angle to the contour of the
abdominal wall. The technique of insertion involves listening for three audible
clicks which represents penetration through firs the anterior rectus sheath then the
posterior sheath and the peritoneum. Confirmation of entrance into the peritoneal
cavity is confirmed by instilling saline through the top of the needle and watching
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for a positive “drop test”. This is when the plastic ball which is located at the top of
the needle drops in the plastic housing representing free flow of the saline into the
potential space of the peritoneal cavity. The gas is then connected to the needle and
once insufflation is confirmed the other trocars are placed. Many surgeons elect to
place the first trocar using the “Opti-View” technique, which introduces the scope
and trocar through each layer of the abdominal wall under direct visualization until
it is confirmed that the trocar is in the abdominal cavity.

Exploration of the Peritoneal Cavity and Mesentery

Port placement will depend somewhat upon the suspected location of the target
pathology. In general, the distal small bowel mesentery will be easily accessible by
triangulating from two working ports in the left abdomen. The proximal small
bowel mesentery can be explored with two ports in the right abdomen. The bowel
and mesentery should be handled with atraumatic bowel graspers. The full length of
the mesentery can be inspected by sequentially “running the bowel” with
hand-over-hand technique. If pathology is encountered, it may require biopsy or
treatment depending upon the finding.

Abdominal Closure

Upon completion of the procedure, it is important to approximate the fascia to try to
prevent incisional hernias. If the trocar is less than 10 mm, the fascia does not
usually have to approximated since the size of the defect is small. However, if it is
10 mm and over, the fascia must be closed. Several techniques are available to
accomplish this. One of the most commonly used techniques is to place 0 vicryl
sutures on a UR-6 needle through the fascia at the beginning of the case in a
figure-of-eight fashion and to tie it down at the completion of the case. Another
technique is to use a Carter-Thomason device. This is a device with a grasper in it
which is deployed to grab the suture and has a needle at the end which can penetrate
the fascia. Each of these methods requires some extra time however is a crucial step
in preventing post-operative complications.
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11Immunologic Function
of the Mesentery

David H. Kruchko and Eli D. Ehrenpreis

Introduction

The gastrointestinal (GI) tract has two primary roles that are critical for the
preservation of internal stability of living organisms. Aside from functions related
to digestion and absorption of nutrients, fluids and electrolytes, the GI tract also
plays a critical role in the homeostasis of the immune system. Immune homeostasis
is characterized by the identification and immune response to potentially harmful
microbes while simultaneously avoiding an immune response to non-harmful
microbes. In immunocompromised patients, failed immune responses to harmful
pathogens can result in potentially life-threatening infections. Conversely, inap-
propriate immune response to benign, commensural organisms and food proteins in
the GI tract can lead to the development of autoimmune conditions including
Crohn’s disease and ulcerative colitis. The delicate balance between immune tol-
erance and inflammatory responses secondary to inappropriate immune reactions
has been a subject of much basic science research and clinical investigation. This
research has generally been focused on the intraluminal component of the GI tract
and has largely assumed that breeches in the mucosal barrier provide an entry site
for pathogens. Mucosal-associated lymphoid tissue (MALT) consists of lymphatic
cells and epithelial lining of the intestines and other mucosa throughout the body.
As shown in Fig. 11.1, the architecture of MALT provides an intimate connection
between the mucosal barriers and immunologic cells. It also contains a variety of
cell types with specialized roles in the recognition and reaction to antigens and
other foreign invaders.
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More recently, attention has focused on the mesenteric components of the
immune system and its relationship to gastrointestinal function. The mesentery can
be defined as an individual organ system by its contiguous nature and the integrated
components of the intramesenteric lymphatic, vascular, and neurological systems.
This view also defines the mesentery as an organ of the immunologic system.

The mesoderm is one of three germ layers that comprises embryonic develop-
ment. The mesodermal germ layer surface is lined with mesothelial cells on both a
ventral and a dorsal side of the mesentery. The ventral aspect of the mesentery is
effectively lost during maturation at the midgut, but the dorsal aspect persists and

M cell

T cell

T cell

Antigen

Epithelial
cell

Mucous

IgA

Peyer’s
patch

Organized
lymphoid follicles Lymphatic system

B cell

MHC II

B cell receptor Dendritic cell

B cell

Fig. 11.1 Mucosal-Associated Lymphoid Tissue (MALT)—Functional anatomy and interplay of
immune cells. In this figure, the important first step that M cells play in antigen update is first
demonstrated. The inner surface of the M cell encapsulates the antigen so that antigen-presenting
cells (such as dendritic cells) can present the antigens onto the cell surface using MHC II
molecules. Antigen presenting cells then migrate to nearby tissue collections (Peyer’s patches.)
Within the Peyer’s patch, there is T cell, B cell, and antigen presenting cell aggregation forming
organized lymphoid follicles. This allows for T and B cell activation which then allows for antigen
presenting cells to be loaded with the antigen and migrate throughout the lymphatic system.
Subsequent formation of antibodies such as IgA allows for secretion into the intestinal lumen
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makes up the majority of the adult mesentery. The architecture of primitive
intestinal loops is created by the embryonic mesentery and the mesothelial cells that
are created by this mesodermal origin begin to function as primitive immune cells.
Most notably, inflammatory cells such granulocytes are formed as a first line of
defense for innate immunity responses. The unique ability of the mesentery to
simultaneously be both a fixed and freely moving organ provides ideal positioning
throughout the gastrointestinal tract for environmental sampling. When an invading
foreign substance is sampled by the mesentery, it is well positioned to mediate local
responses by utilizing granulocytes and other inflammatory cells. It is also capable
of mediating systemic responses by coordination with the nearby organs that will
effectively utilize local lymph nodes to prompt an adaptive immune response. The
adaptive immune response is a component of the immune system that is composed
of more specialized cells that can travel systemically in order to respond to and
eliminate invading pathogens. Local lymph nodes are known as mesenteric lymph
nodes and are scattered throughout the mesentery, thereby playing a critical role in
sampling the commensal bacterial organisms within the GI tract as well as those
from the environment. If the organisms are recognized as invaders, the mesenteric
lymph nodes then regulate migration of B cells, T cells, natural killer (NK) cells,
and dendritic cells to the adjacent mucosa.

Innate and Adaptive Responses of the Immune System

The mesentery, like many of the body’s organs, can prompt both an innate, or a
rapid but non-specific, immune response, as well as an adaptive, or a slower but
more directed immune response (Fig. 11.2). Innate immunity is an important first
defense and primarily relies on epithelial and mucosal linings that develop during
embryogenesis. The physical barriers that these linings provide against pathogens
and invaders rely on macrophage activity. Macrophages play a vital role in iden-
tifying bacterial or viral components and secrete cytokines (small molecules that
recruit inflammatory and immune cells locally) in response to foreign invaders.
Macrophages do so by using Toll-like receptors (TLRs) to identify the bacterial
lipopolysaccharide (LPS), which are specifically seen on gram-negative bacteria
found in the GI tract. TLRs are also helpful in identifying double-stranded RNA
(dsRNA) that are specific viral features. Once TLRs identify these specific char-
acteristic bacterial and/or viral components, they secrete cytokines to request
assistance from other cells but also activate macrophage phagocytosis, or the
process of ingesting foreign molecules.

Other cells of the innate immune system include mast cells, neutrophils (or
polymorphonuclear neutrophils, PMNS), macrophages, eosinophils, basophils,
natural killer cells (NK cells; can be classified as either innate or adaptive),
gut-associated lymphoid tissue (GALT), and dendritic cells, as outlined in
Table 11.1.
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The cellular differentiation of both innate immune cells and adaptive immune
cells is demonstrated in Fig. 11.3. Mast cells provide an inflammatory response by
releasing granules and histamine to defend against pathogens and can be found in
mucous membranes connective tissues. PMNs are phagocytic, as macrophages are,
and act as the first line of defense to mount immune responses by releasing granules
and other toxic substances to bacteria and fungi. As mentioned at the beginning of
this section, macrophages have a more specific role than PMNs and can activate the
adaptive immune response via cytokine secretion as well as phagocytosing cells
infected with bacterial/viral components. Eosinophils specifically directly target

antigen-independent
INNATE RESPONSE

(macrophages, NK, basophils,
neutrophils, eosinophils)

ANTIGEN PRESENTATION
(macrophages, dendritic cells)

antigen-dependent
ADAPTIVE RESPONSE
(T- and Th-cells, B-cells)

pathogen

Fig. 11.2 Fundamental immune response outline. Activation of the immune system begins with
the antigen-independent innate immune system after exposure to a pathogen. This response can be
described as nonspecific attempts at detecting and destroying the pathogen. If this is unsuccessful,
antigen presentation occurs and serves to activate the adaptive response. As it relates to the
mesentery, this step is critical and relies on the dendritic cells. The adaptive immune system can be
described as an antigen-dependent response as it responds to and destroys pathogenic cells that
have specific antigens. It is important to note, however, that these are not disparate roles of the
immune system, but rather successive and sequential components that are interdependent on one
another
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parasites and secrete toxic proteins as well as free radicals to kill parasites as well as
some bacteria. Basophils similarly attack multi-cellular parasites but release his-
tamine in a manner that is similar to mast cell histamine release. NK cells do not
attack pathogens directly but rather destroyed the host cell that contains the
pathogen.

Aside from functioning as a mucosal barrier, first line of defense, and integration
with mesenteric lymph nodes to sample and initiate responses to foreign invaders,
GALT also contains clinically important lymphatic tissue arranged anatomically as
Peyer’s patches. Peyer’s patches are aggregated lymphoid follicles that are pri-
marily present in the wall of the ileum. They function to monitor intestinal bacteria
to allow for the growth of commensal organisms but also to prevent the prolifer-
ation of pathogenic organisms. Dendritic cells are a form of antigen presenting cell
that are responsible for direct contact with the external environment via the inner
mucosal lining of the GI tract. Furthermore, dendritic cells effectively act as a
bridge from locations where the innate immune system is less effective, but the
adaptive immune system has yet to be activated. Dendritic cells have an important
in the function within the mesentery. Lastly, the complement system is complex and
multifactorial, but essentially works as another bridge between the innate and
adaptive immune system and allows for removal of antigens by multiple
mechanisms.

Table 11.1 Immune cell types and their functions and locations

Innate immune
cells

Function Location

Mast cells Inflammatory response via histamine
release

Mucous membranes of
connective tissues

Neutrophils First line of defense via phagocytic
mechanisms

Found in all tissues, shortest
lifespan, recycled frequently

Macrophages Recognize bacterial/viral components
and secrete cytokines and
phagocytose infected cells

Peripheral blood and all tissues

Eosinophils Release toxic free radicals targeted at
parasites and some bacteria

Found in all tissues

Basophils Release histamine like mast cells but
target parasites like eosinophils

Found in all tissues

Natural killer
cells (innate
and/or adaptive)

Destroy the entire host containing cell
instead of pathogen only

Peripheral blood and all tissues

Gut-associated
lymphoid tissue

Mucosal barrier that acts as the first
line of defense

Throughout the intestinal
mucosal lining

Dendritic cells
(DC)

Antigen-presenting cells, responsible
for immune response initiation and
activation

Found both in the external
environment, e.g. epidermis,
and internal mucosal lining
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The innate immune system can function independently for certain pathogens, but
frequently the activation of the adaptive immune system is also required to provide
a complete immunologic response. The adaptive immune system relies on lym-
phocytes that are activated by cytokines. Lymphocytes are made up of B and T
cells. B cells secrete antibodies or (immunoglobulins), molecules made up of
protein that bind to specific antigens that are present on pathogens. Antigens are can
either be identified in an extracellular location on a specific pathogen or they can be
found unbound and free-floating within the host circulation. The binding of anti-
bodies and antigens prompts attack mechanisms to destroy invading pathogens.
After this antibody-antigen binding, B-cell subtypes go on to become memory cells
to prevent re-infection and/or shorten the duration of symptoms during re-infection.

Multipotential hematopoietic
stem cell (hemocytoblast)

Common myeloid progenitor Common Iymphoid progenitor

Natural killer cell
(large granular
lymphocyte)

Small lymphocyte

T lymphocyte B lymphocyte

Plasma cell

Adaptive response cells

Megakaryocyte

Erythrocyte Mast cell
Myeloblast

Basophil Neutrophil Eosinophil Monocyte

MacrophageInnate response cells

Fig. 11.3 Cell differentiation in the innate and adaptive immune response. Cell lineage of the
innate immune response cells starts with a common myeloid progenitor and then further develops
as shown above. There are many commonalities between cells in the innate immune system and all
perform nonspecific functions. Cell lineage of the adaptive immune response shows a common
lymphoid progenitor cell. The lymphoid components of these cells allow for differentiation into
either B or T cells for a more tailored immune response. Natural killer (NK) cells are listed on the
adaptive immune response side, but really they can be identified as both types of immune
responses any many texts will associate them with the innate response cells
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T cells are either identified as cytotoxic T cells or helper T cells, both of which
rely on T-cell receptors to bind to pathogens by sensing specific protein sequences.
Helper T cells interact with B cells by activating them, attracting macrophages, as
well as secreting cytokines. Cytotoxic T cells effectively kill pathogenic cells by
drilling into cells via ligands and other surface molecules that allow introduction of
chemicals to trigger apoptosis.

Appropriate responses to pathogens and tolerance to commensal organisms
constitutes immune homeostasis and is vitally important for effective immune
function. Immune homeostasis, both innate and adaptive, relies on four primary
components of the immune system. Responses to pathogens is ultimately modeled
as a negative feedback within the components of the immune system (Fig. 11.4).
By contrast, tumor responses are characterized by positive feedback system that are
beyond the scope of this chapter.

The model is made up the interplay of four units; sensory, regulator, effector, and
rehabilitator molecules. Sensory molecules consist of cells such as macrophages
and lymphocytes that recognize a pathogenic cell. Regulators represent antigen
presenting cells that investigate the sensory signal and work with the sensor cells to
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Fig. 11.4 Negative feedback mechanism for immune homeostasis. Lymphocytes and macro-
phages initiate the immune response by performing the sensor function, i.e. initiating a warning
signal via cytokines and antigen presenting cells (APCs). The regulator consists of these APCs as
well as T regulatory cells (Tregs), and myeloid-derived suppressor cells (MDSCs). APCs
determine the type of cytokine that was released and program T helper (Th) cells to the effector
cells, thereby dictating the action that these effectors take. The effector cells then destroy pathogens
and/or host cells and surrounding tissue containing the pathogens as well. The final step, and one
which has recently been recognized, is the action of recovering damaged tissue by repair, or
rehabilitation as labeled in this diagram. Rehabilitator cells consist of M2 macrophages by
mechanisms discussed on the previous page
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appropriately program effector cells. Effector cells consist of programmed macro-
phages and lymphocytes that function in the elimination of pathogens. Rehabilitator
molecules, representing specific types of macrophages known as M2 macrophages,
restrict inflammation and provide functions for repair of tissue damage and
restoration of homeostasis. Tissue repair is a relatively newly identified role of M2
macrophages but considered as critical in restoration of morphological and func-
tional structure after macrophage phagocytosis and destruction of local tissue. Once
tissue damage has been repaired, there are negative feedback signals to the sensor
cells stop the cycle, thus preventing ongoing tissue damage. If this response is
turned off, or positive instead of negative feedback to the sensor cells occurs, the
risk of immune overactivity in the setting of either autoimmunity or carcinogenesis
is increased. Specific macrophages, labeled M2 macrophages, are important com-
ponents in this transformation to pathogenic positive feedback mechanisms. The
mechanism by which this transformation takes place is hypothesized to be a
response to inappropriate cytokine secretion leading to an influx of immune cells
responding to what appears to be a foreign attack. The model suggests that similar
pathologic positive feedback mechanisms occur in tumor development and
autoimmunity.

Mesenteric-Specific Immune Cells

The pivotal and most extensively studied immune cells of the mesentery are den-
dritic cells, mesenteric lymph nodes, and T cells – specifically CD4+ T cells.
Dendritic cells are some of the most active antigen presenting cells within the
mesentery. There are three primary signals by which dendritic cells utilize antigen
presenting mechanisms and prepare naive T cells in mesenteric lymph nodes and
intestines. The first signal is T-cell receptor identification on Major Histocompat-
ibility Complex (MHC) molecules. MHC provides a means for identification of
large proteins within the immune system to identify foreign proteins. This is a vital
role of the mesenteric immune system since it is repeatedly exposed to food pro-
teins and other ingested molecules. The second signal is co-stimulation, which
relies on the expression of several co-stimulatory molecules that are collectively
referred to as cluster of differentiation (CD) molecules. CD28 is a specific molecule
found on both CD4+ T cells as well as CD8+ T cells. There is also an important
peripheral membrane protein known as B7 that is found on the surface of activated
dendritic and other antigen presenting cells. B7 plays a critical role for either
co-stimulation or co-inhibition of the MHC-TCR signal and allows for dendritic
cells to begin the process of priming naïve T cells as depicted in Fig. 11.5. The third
signal is naive T-cell differentiation by dendritic cells. This determines the differ-
entiation of T-cells into specific effector cells such as CD4+ Th cells or CD8+ cells,
which are labeled as cytotoxic T lymphocytes (CTLs) in Fig. 11.5. CTLs facilitate
killing of infected cells (labeled tumor cells in Fig. 11.5) by antigen-specific
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mechanisms, while Th cells can differentiate into naïve CTLs and assist with
antigen-specific killing of infected cells.

Lastly, CD80 is a specific molecule found on the surface of DCs and has been
found to play a critical role in immune response. CD80 expression determines
whether the immune system will attack or ignore commensal and/or foreign
organisms. Once CD80 molecules are expressed, priming of naïve T cells begins
which will ultimately promote anergy, or the lack of an immune response by
ignoring a pathogen, as seen in Fig. 11.6. Conversely, overexpression and inap-
propriate expression of CD80 cells can lead to inapt immune responses to
non-pathogenic, commensal organisms which effectively leads to autoimmunity.
Crohn’s disease is an example of the interplay between mesenteric lymph nodes and
DCs producing CD molecules that ultimately lead to dysregulation of Th cells.
Specifically, Th1 and Th17 dysregulation as a result of any abnormality in the three
aforementioned signals, is a key feature of Crohn’s disease.
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Fig. 11.5 The role of dendritic cells (DCs) and T cells in cellular immunity activation. As
described in the text, this is a depiction of cellular immunity generation after uptake of the Human
papillomavirus antigen (HPV Ag) by the DC. Key cells of differentiation (CDs) and other surface
proteins (e.g. B7 and CD28) are labeled above and are pivotal in T cell recognition and HPV Ag
presentation. Next, both CD8+ and CD4+ naïve T cells are primed by DCs in order to become
effector cells to participate in killing of infected cells
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Mesenteric Immunity and Crohn’s Disease (Also See
Chap. 15 Crohn’s Disease)

Recent studies have focused on the interplay between mesenteric lymph nodes and
the pathogenesis of Crohn’s disease. The recruitment of T helper cells, also known
as CD4+ T cells, is largely dependent on proper mesenteric lymph node response.
In normal immunology, mesenteric lymph node recruit CD4+ T cells and thereby
enhance the intercellular communication by production of cytokines (e.g.
interferon-gamma, or c-interferon) and glycoproteins (e.g. interleukin-17, IL-17). In
the setting of Crohn’s disease, there is also an increased production of c-interferon.

Normal Ignorance

APC

CD28

CD80/86

TCR

T cell

Tissue barrier

Activated T cell Non-activated T cell

MHC
peptide

Fig. 11.6 T cell peripheral tolerance mechanisms. The column labeled “Normal” relies on the
now well described interaction between MHC molecules, co-stimulatory molecules, and peptides
that ultimately lead to T cell activation. The next column, labeled “Ignorance” represents anergy,
described previously as the lack of an immune response by way of ignoring the molecule. This the
prominent CD molecule at play in anergy is CD80 and this has been well documented in the
literature. In order to avoid overactivity from the immune system, CD80 needs to be appropriately
expressed to prevent the inappropriate T cell activation
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Increased c-interferon has been implicated in mesenteric fibrosis, fat wrapping, and
transmural inflammation. Another potential relationship between the mesenteric
system and the pathogenesis of Crohn’s disease is the mesenteric production of
C-reactive protein (CRP). CRP production by mesenteric adipocytes may be trig-
gered by local inflammation and bacterial translocation to mesenteric fat. Subse-
quent mesenteric fat hyperplasia may contribute to the inflammatory response in
Crohn’s disease.

Intestinal
lumen

Epithelium

Mesenteric
lymph nodes

T cell

Dendritic cell

Food protein

B cell

Lymphatic
vessels

Peyer’s
patch

Fig. 11.7 Food tolerance and generation of immune response involving mesenteric lymph nodes
after exposure to benign food proteins. This is a great depiction of initial, nonspecific immune
responses after ingestion of benign food proteins. Dendritic cells can be seen bringing the food
proteins to the Peyer’s patch via lymphatic channels in order for sampling and determination if it
warrants immune response. There are two separate clusters of T cell proliferation illustrated in this
figure to show that although this is a benign particle, the immune system will frequently err on the
side of caution and mount a mild initial response. Despite these small clusters of T cell
proliferation, this is an accurate depiction of systemic tolerance and the lack of any real immune
response. The food-containing DCs then travel to the mesenteric lymph nodes, which mediate
systemic tolerance via further sampling and are then circulated freely via efferent channels of the
lymphatic system
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Lastly, CD4+ T cells determine the MHC molecule to present on its surface in
order to promote hyposensitivity to food and allow for appropriate food tolerance.
This effectively prevents overwhelming inflammatory states after ingesting benign
food particles as illustrated in Fig. 11.7. Inappropriate presentations of MHC
molecules by CD4+ T cells, as seen in inflammatory bowel disease such as Crohn’s
disease, leads to food hypersensitivity resulting in inflammatory and potentially
ongoing autoimmune states ranging from mild to severe. In these circumstances,
mesenteric lymph nodes are vulnerable to acute inflammation after exposure to
benign particles. This is due to the intimate interplay between mesenteric lymph
nodes and the GI tract and can be seen grossly and scattered throughout the
mesentery.

Summary

The mesentery plays a vital role in the host’s immune response to invading
pathogens. It is the anatomic site of cells of both the innate and adaptive immune
system. Its sprawling anatomy provides the optimal location throughout the GI tract
to sample foreign objects and mount an immune response if necessary. With the
assistance of mesenteric lymph nodes, the mesentery can prevent overwhelming
infections by recruiting systemic cells to localized regions within the GI tract.
Mesenteric lymph nodes can also prevent such systemic reactions by correctly
identifying benign organisms.
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12Neurophysiologic Function
of the Mesentery

Amir Patel, Jeffrey Prochot, and Eli D. Ehrenpreis

Anatomy

A basic understanding of the neuroanatomy of the abdomen is required to fully
appreciate the physiologic functions of the mesenteric nervous system. autonomic
nervous system supplies the entire gastrointestinal tract and runs through the two
peritoneal layers of the mesentery. A representation of the sympathetic and
parasympathetic nervous systems is shown in Fig. 12.1.

The Sympathetic Nervous System

Sympathetic trunks track a path from the base of the skull to the coccyx in a parallel
fashion along both sides of the spinal columns. Preganglionic fibers exit the anterior
(ventral) branch of the spinal cord and run through the white rami to reach the
sympathetic trunk. Extending off the sympathetic trunk are the preganglionic tho-
racic splanchnic nerves, which consist of the greater, lesser, and least splanchnic
nerves. These will continue until they reach the network of nerves called the
abdominal prevertebral plexus.
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The abdominal prevertebral plexus has three major divisions. The celiac plexus
contains the celiac ganglion, superior mesenteric ganglion and aoritco-renal gan-
glion. The aortic plexus contains the inferior mesenteric ganglion and root of the
inferior mesenteric artery. The superior hypogastric plexus comprises the third
division.

Preganglionic nerve fibers synapse in their corresponding ganglion and are
distributed through the mesentery to their destination along the intestine and
abdominal compartments. The celiac ganglion distributes sympathetic nerve
impulses to stomach, liver, pancreas, adrenals, and upper half of duodenum. The
superior mesenteric ganglion supplies the lower half of the duodenum as well as
jejunum, ileum, ascending and transverse colon. The inferior mesenteric ganglion
distributes to descending colon and upper portion of rectum.
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The Parasympathetic Nervous System

Parasympathetic innervation to the abdominal organs is supplied by the vagus nerve
and pelvic splanchnic nerves. However, innervation through the mesentery consists
of solely the vagus nerve. The vagus nerve enters the abdomen through the dia-
phragm and sends preganglionic parasympathetic branches to the prevertebral
plexus. From this point, they are distributed to their respective sites in the midgut
including the myenteric plexus within the smooth muscle of gut wall and Meiss-
ner’s plexus to the glands of the mucosae in the intestine.

Neurologic Regulation of Mesenteric Blood Flow

Arterial and Venous Innervation

An important aspect of the neurologic function of the mesentery is regulation of
blood flow within the mesentery itself. The splanchnic circulation receives about
sixty percent of cardiac output and can hold up to one third of the total blood
volume. Thus, the splanchnic circulation is a large reservoir for blood. With the aid
of neurologic regulation, large amounts of blood can be allocated during a stress
response when high cardiac output is required, or for digestion after a meal.

The splanchnic circulation is innervated by both the sympathetic division of the
autonomic nervous system and by spinal sensory nerves. Postganglionic nerve
fibers from the celiac, superior, and inferior mesenteric ganglion synapse on the
vasculature. The sympathetic and sensory innervation of the mesenteric circulation
consists of prevertebral sympathetic ganglion and dorsal root ganglion neurons,
respectively. The axons of the neurons travel to the mesenteric arteries and veins in
the paravascular nerves, which divide in the adventitia of the blood vessels to form
the perivascular nerve plexus. Ultimately these axons distribute into terminal axons,
loose their Schwann cell sheath, and form neuroeffector junctions with vascular
smooth muscle cells.

Sympathetic stimulation of the vasculature is accomplished by the release of
norepinephrine-mediated alpha-adrenergic vasoconstriction. Sympathetic nerves are
primarily vasoconstrictor in their action while the sensory nerves are vasodilatory.
Sympathetic nerve stimulation increases peripheral resistance and mobilizes up two
thirds of the reserve blood volume in the veins. Local activation of sensory neurons
has vasodilatory effects.

Parasympathetic stimulation of vasculature is less well understood. While
postganglionic nerves from the vagus and pelvic splanchnic nerves synapse on the
walls of the intestine themselves, it is not clear that they produce a direct
parasympathetic stimulation of the vasculature. It is thought that the stimulation of
intestinal wall and secretions in the myenteric and Meissner's plexus indirectly
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causes an increase in blood flow by release of acetylcholine in the endothelial layer.
This activates muscarinic receptors to release nitric oxide causing smooth muscle
relaxation and vasodilation.

Arterial and Venous Components of Blood Pressure
Regulation

Innervation of the mesenteric vasculature is essential for vasoconstriction and
dilation. These functions are required for regulation of blood pressure as well as
potentially liberating large quantities of blood for use elsewhere i.e. fight or flight
instincts. The splanchnic circulation is innervated by both the sympathetic division
of the autonomic nervous system and by spinal sensory nerves.

The differences in regulation of vascular resistance and capacitance cannot be
accounted for solely based on the sympathetic innervation. Primary sensory neurons
also provide substantial innervation to the vasculature as well as to the sympathetic
neurons that innervate the blood vessels. Furthermore, the vascular endothelium
provides a modulatory influence on neurogenic contractions of artery and vein. The
interaction of sensory and sympathetic innervation of arteries and veins with each
other and with other modulatory influences such as endothelium are an important
component of understand blood pressure regulation.

Neuronal Control of Mesenteric Arteries and Veins

When juxtaposing mesenteric artery and vein neuroeffector transmission, two major
differences are apparent. Relatively rapid excitatory junction potentials can be
recorded from arteries, but not from veins. This excitatory junction potential is
mediated by ATP released from sympathetic nerves acting on P2X receptors on
vascular smooth muscle cells. In addition, repetitive nerve stimulation produces a
slow arterial and venous depolarization. However, the effect of this depolarization
on the resulting contraction of the vasculature is proportionally greater for a given
frequency of nerve stimulation in the veins than in arteries. In the mesenteric
arteries, repetitive nerve stimulation also produces a long-lasting inhibitory junction
potential that mediates vasodilation. This response is mediated by spinal sensory
nerves. This inhibitory junction potential and its associated vasodilatation can be
evoked in the mesenteric arterial supply of the colon and results in colonic dis-
tension (Fig. 12.2).
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Anatomic Organization of Sympathetic Innervation
of the Large Intestine

The mesenteric arteries that supply the large intestine are innervated by sympathetic
neurons in the inferior mesenteric ganglion. Using retrograde tracers placed in the
lumen of mesenteric arteries and veins that supply the large intestine, it has been
shown that neurons in the inferior mesenteric ganglion that innervate arteries are
different from those that innervate veins. Furthermore, the arterial neurons are
localized in the core of the inferior mesenteric ganglion whereas the venous neurons
are localized near the boarders.

Fig. 12.2 The above schematic demonstrates how mesenteric arteries and veins are provided
sensory innervation. The artery and vein react differently, as indicated by the stimulus curves, to
single and repetitive stimuli. Cellular responses to nerve stimulation and distension of the colon are
indicated inside the boxes. Reused from Kreulen, DL. Properties of the Venous and Arterial
Innervation in the Mesentery. Journal of Smooth Muscle Research 2003;39(6), 269–279.
Copyright © Japanese Society of Smooth Muscle Research
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Activation of Vascular Innervation by Peripheral Reflexes

Peripheral reflexes are mediated solely outside of the central nervous system and
involve pathways that travel through various ganglia. Distension of the intestine
activates primary afferent neurons that innervate the mesenteric blood vessels as
well as sympathetic ganglia. Thus, intestinal distension can evoke an inhibitory
junction potential in mesenteric blood vessels. This inhibitory junction potential is
an important promoter of vasodilation. Sensory nerves that are activated by
intestinal distension include primary sensory nerves whose cell bodies are within
the dorsal root ganglia and intestinal afferents with the cell bodies in the myenteric
plexus of the intestine. Both types of afferents depolarize neurons in prevertebral
sympathetic ganglia and thus may evoke vasoconstrictor responses via this path-
way. Nerve depolarization within the prevertebral ganglia function to counteract the
direct vasodilatory response evoked by primary sensory nerve activation.

Innervation of the Lymphatic Vessels

While there is significant data available for innervation of arteries and veins of the
mesentery, information regarding neurologic interactions with lymphatic vessels is
much more limited. It is generally believed that the walls of mesenteric lymphatic
vessels have decreased innervation compared to blood vessels. Most nerve fibers
are confined to the adventitia of lymphatic vessels while nerve fibers are typically in
the tunica media of arteries and veins. In human anatomy, cholinergic nerve fibers,
though few in quantity, have been described and are localized in the wall of large
mesenteric lymphatic vessels. Although the exact mechanism responsible for lymph
flow is unclear, two predominating hypotheses have been described. The first is that
lymphatic flow is a passive phenomenon without the role of actively contracting
lymphatic vessels. Propulsion of lymphatic fluid is mediated by extrinsic tissues
compressing lymphatic vessels. This is supported by the relatively small quantity of
cholinergic nerve fibers found in lymphatic vessels. The second hypothesis is that
active contraction of the smooth muscle cells surrounding the wall of the lymphatic
vessel that is controlled by sympathetic stimulation and cholinergic action on
mesenteric arteries. Release hormonal peptides such as substance P are hypothe-
sized to cause lymphatic vessel wall contraction. This phenomenon occurs fol-
lowing an increase in intraluminal pressure or chemical stimuli.
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The Mesenteric Nervous System and Inflammation

New research is emerging that highlights the function of the mesenteric nervous
system in the control of inflammation. The vagus nerve has an important role in
maintaining homeostasis between pro and anti-inflammatory mechanisms in the
mesentery and the bowel. During times of stress and inflammation, vagal afferent
neurons are activated in response to cytokine and endotoxin release. Inflammation
enhances neuroplasticity and signaling sensitivity via upregulation of dendritic
receptors, modulating sodium ion channel density and function, and inducing
reactive gliosis of satellite glial cells. The resulting central effects of these processes
include fever, nausea, vomiting and weight loss. Peripheral effects occur after
sympathetic neuronal-mediated release of catecholamines and glucocorticoids. The
vagus nerve also plays an anti-inflammatory role. It has been established that the
release of acetylcholine from vagal efferent nerves acts to inhibit pro-inflammatory
cytokines such as tumor necrosis factor (TNF). There is also evidence of com-
munication between the autonomic nervous system and T cells that results in the
induction of a cholinergic response. Activated sympathetic neurons in the mesen-
teric ganglia promote the release of noradrenalin (norepinephrine) and substance P
(SP). Enteric neurons containing SP are located in myenteric and submucosal
plexuses throughout the gastrointestinal tract. The effects of SP begin with ligation
of G-protein-coupled NK-1R. NK-1R induces proinflammatory signaling charac-
terized by the production of a considerable quantity of proinflammatory molecules.
Direct neuromodulation of immune response is also demonstrated by acetylcholine.
The acetylcholine receptor alpha 7 subunit (a7nAChR) is the component of
acetylcholine that is responsible for inhibiting macrophage production of
TNF-alpha production. Transmembrane proteins (TLRs) are present in both gas-
trointestinal tissue and nervous tissue. TLRs play a role in stimulating the pro-
duction of proinflammatory cytokines. Gelatinase, a protein secreted by E. faecalis,
is associated with increased colonic epithelial permeability. Proteinase-activated
receptors (PARs) are expressed throughout the gastrointestinal tract. PAR2 has
been is involved in neuronally-induced colonic inflammation. These factors and
cholinergic activity combine to regulate proinflammatory cytokines that are
released from macrophages and other immunocytes (see Fig. 12.3).
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Fig. 12.3 Interaction between the enteric neuron system (ENS) and mucosal immune cells. Upon
vagus nerve stimulation, sympathetic innervation produces neurotransmitters that can modulate
immune cells and the inflammatory response. The intestinal microbiota also participates in the
inflammatory response, resulting in fine-tuning of the interaction between the ENS and mucosal
immune cells. Ach = acetylcholine, SP = substance P, a7nAChR = acetylcholine receptor alpha 7
subunit, TLR=Toll-like receptors. Reused from Bernardazzi C, BPêgo B, de Souza HSP. Neu-
roimmunomodulation in the Gut: Focus on Inflammatory Bowel Disease. Mediators of
Inflammation 2016; Article ID 1363818 https://doi.org/10.1155/2016/1363818. Copyright ©
2016 Claudio Bernardazzi et al. This is an open access article distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited
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13Physiology of the Mesenteric
Circulation

Saad Hashmi, Ahmed Khattab, and Eli D. Ehrenpreis

Introduction

Although the terms “mesenteric circulation” and “splanchnic circulation” are fre-
quently used interchangeably, they are not synonymous. The “mesenteric circula-
tion” stringently describes the blood supply to the small intestine, ascending colon
and the proximal two-thirds of the transverse colon. The “splanchnic circulation” is
a broader term that refers to the vasculature of the gastrointestinal tract and its
associated organs (liver, pancreas and spleen).

The superior mesenteric artery is the major supplying vessel to the mesenteric
circulation. It receives approximately 12% of the cardiac output. Under normal
conditions, the flow rate of the superior mesenteric artery is 700 mL min. However,
this flow rate can vary from 500 to 1300–1400 mL min (Figs. 13.1 and 13.2).

Several factors interplay to achieve such a wide range of blood flow. Such
mechanisms are broadly categorized as either intrinsic or extrinsic and are described
in more detail below. To better understand those mechanisms, it is necessary to
review the structure and function of the mesenteric microcirculation as well as the
physiologic properties of fluid dynamics.
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Review of Mesenteric Microcirculation and Fluid Dynamics

Mesenteric Microcirculation

There are three components to the mesenteric microcirculation: microscopic arteries
and arterioles (resistance vessels), capillaries (exchange vessels) and microscopic
veins (capacitance vessels) (Figs. 13.3 and 13.4). The mesenteric mucosal circu-
lation has an in-series relationship with the circulation of the submucosal layer of
the intestine and an in-parallel relationship with the circulation of the muscular
layer. This allows for fluctuations in blood flow to the mesentery only, without
affecting total intestinal blood flow. The microscopic arteries and arterioles are also
known as resistance vessels because they have the capability to constrict or dilate as
a response to hormonal or neuronal influences. Changes in vascular diameter
produce increases and decreases in local blood pressure, which in turn influence
local blood flow. Sympathetic neuronal output in the form of catecholamines and
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Fig. 13.1 Schematic representation of blood supply of celiac, superior mesenteric and inferior
mesenteric arteries with corresponding average flow rates
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hormones such as vasopressin have the largest influence on the mesenteric circu-
lation by producing vasoconstriction of these resistance vessels. It is important to
note that under pathologic conditions, such as long-standing hypertension, resis-
tance vessels can undergo hypertrophic remodeling resulting in a decrease in the
diameter of the vessels leading to decreased blood flow.

The capillaries are the site where oxygen, nutrients and fluids move into cells
from the arterial circulation and metabolic byproducts, CO2 and heat are transported
out of cells into the venous circulation. Thus, these capillaries are known as
exchange vessels. Blood flow to the exchange vessels is regulated by precapillary
sphincters. When the precapillary sphincters contract, blood flow to the exchange
vessels is shut down, resulting in a reduction of the exchange process. Following
relaxation of the precapillary sphincters, blood flow to the capillaries resumes and
there is an increase in exchange of arterial and venous systems. Blood drained from
the capillaries ultimately returns via the venous system. The venous system is
characterized by thin-walled vessels having smooth muscle layers that respond to
external stimuli. Venous contraction accentuates blood return to the heart. Nearly
80% of the total blood flow of the mesenteric microcirculation is contained within
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the microscopic veins. Because storage of blood occurs within the venous system,
vessels within this system are known as capacitance vessels.

Fluid Dynamics

Poiseuille’s equation states that flow within a vessel (in this case blood flow) is
equal to the change in pressure divided by resistance and is written as such:

Blood flow ¼ DP/Resistance

Resistance is affected by three main variables: Fluid viscosity, vessel length and
vessel radius. The relationship of these variables is demonstrated by the following
equation:

Resistance ¼ 8gL=pr4

In this equation, 8 and p are constants, η = fluid (blood) viscosity, L = length of
the vessel, and r = radius of the vessel (Fig. 13.5).

Practically speaking, since viscosity and blood vessel length do not readily
change, the main factor determining resistance to blood flow is the diameter of the
vessel. Therefore, despite the variety of factors interplaying to alter blood flow, the
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Fig. 13.3 The mesenteric microcirculation is comprised of three major components: microscopic
arteries and arterioles, capillaries and microscopic veins. Blood flow to the capillaries is regulated
by the precapillary sphincters
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most distinctive effects occur as a result of increasing or decreasing blood vessel
diameter, i.e. vasodilation or vasoconstriction, respectively. As the equation above
demonstrates, vasoconstriction and vasodilation have a profound effect on vascular
resistance. This becomes a clinically important factor in the setting of low
mesenteric blood pressure from systemic hypotension in which blood flow is
maintained at an adequate range by vasoconstriction.

The Intrinsic System

The intrinsic system autoregulates the mesenteric blood flow via the metabolic and
myogenic pathways.

Metabolic Pathway

This mainly describes the direct vasodilator effect on mesenteric blood vessels
caused by tissue hypoxia and accumulation of metabolic byproducts.

Oxygen Demand and Supply

The major variable regulating blood flow in the metabolic pathway is tissue oxy-
genation. As in most vascular beds in the body, tissue hypoxia causes an increase in
mesenteric blood flow via direct vasodilation. When tissue oxygenation is restored,
blood vessel diameter returns to the resting state. Augmented oxygen demand in the
mesentery occur when there is increased secretion, absorption, or motility of the
gastrointestinal tract. Conversely, factors such as temperature reduction causes a
decrease in tissue metabolism and oxygen demand, thus leading to vasoconstriction.

Oxygen supply in the mesentery may be pathologically low as a result of
decreased cardiac output or mesenteric ischemia.

Metabolic Byproducts

The accumulation of metabolic byproducts—especially CO2 and adenosine—leads
to vasodilation within the mesentery. During digestion, the transport of nutrients such
as glucose amino acids and free fatty acids from the intestinal lumen to the entero-
cytes lining the intestinal mucosa is an active process requiring oxygen. As a result of
energy metabolism required for many forms of nutrient absorption and other small
intestinal processes, lactic acid, CO2, hydrogen ions, prostaglandins, histamine,
adenosine and bradykinin, are produced. These products cause vasodilation via
relaxation of precapillary sphincters and a decrease in vascular resistance. This in
turn leads to an increase in blood flow allowing for improved delivery of oxygen to
the tissues. The production of these metabolites also results in local hyperemia. This
form of hyperthermia should not to be confused with reactive hyperemia, a transient
increase in blood temperature occurring after a period of occlusion of blood flow.
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Intraluminal Hyperosmolarity

The intraluminal fluid containing dietary-derived nutrients is hyperosmolar and has
a high sodium content. Sodium absorption leads to a high intracellular sodium
concentration. This in turn activates Na+/Ca2+ exchanger, increasing intracellular
Ca2+ concentration which in turn stimulates nitric oxide-mediated relaxation of
vascular smooth muscle. Mesenteric vasodilation is mediated via activation of nitric
oxide synthase (Figs. 13.6 and 13.7).

Myogenic Pathway

a. The myogenic pathway involves the phenomenon known as the Bayliss effect in
which vasoconstriction is produced by stretching of vascular smooth muscle cells
(Fig. 13.8). More specifically, an elevated intravascular pressure causes a reactive
stretching of vascular smooth muscle cells. This leads to depolarization of
mechanosensitive sodium (Na+) channels and subsequent activation of
voltage-gated calcium (Ca2+) channels. This allows the influx of calcium ions
triggering vascular smooth muscle contraction and vasoconstriction.

Adenosine and NO

Nutrient
Absorption

Na+Glucose

ATP

ADP

ADO

ADO

NO

CLUT 2

Epithelium
Nutrient absorption
produces metabolic

vasodilators

Endothelium

Vascular
smooth
muscle

cells

Lymph
drainage

Blood flow

A2a

A2a

A2b

A2b

A2a+ & A2b+ mediated
dilation & release of NO

(direct or indirect)

Fig. 13.6 A schematic representation of dietary factors in mesenteric vasodilation. Dietary
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such as adenosine and nitric oxide. This is a proposed mechanism for post-prandial mesenteric
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In contrast, a low intravascular pressure will lead to a reactive vasodilation,
restoring blood flow. This effect is based on the Law of Laplace which proposes
that smooth muscle tension is directly proportional to the intravascular pressure and
vessel radius. Hence, an increase in blood pressure leads to a decrease in vessel
radius (vasoconstriction) in order to maintain the same amount of tension.

Laplace’s equation: T ¼ p� r

T = smooth muscle tension, p = intravascular pressure and r = vessel radius.
In the setting of blood pressure fluctuations, the function of the myogenic

pathway is to maintain constant blood flow to the mesentery via vasoconstriction or
vasodilation.

Fig. 13.7 Feedback mechanisms involved in the regulation of mesenteric blood flow based on
nutrient absorption and metabolism
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Extrinsic System

The extrinsic system functions as an additional regulator of the mesenteric circu-
lation. It comprises central cardiovascular control, autonomic autoregulation, and
neurohumoral control.

Central Cardiovascular Control

The components of cardiac cardiovascular control include cardiac output, systemic
arterial blood pressure, venous return, and circulating blood volume. Any signifi-
cant change in one or more of these parameters will cause a resultant change in
mesenteric blood flow. For example, in cases with severe blood loss diminished
circulating blood volume and subsequent decrease in venous return will occur.
These factors produce a reduction of mesenteric blood flow.

Autonomic Neuro-Regulation

Sympathetic Nervous System (SNS) Stimulation

Postganglionic vasomotor fibers originate from the celiac, superior mesenteric, and
inferior mesenteric ganglia. These are distributed along the branches of the corre-
sponding mesenteric arteries. These terminate on vascular smooth muscle of
specific portions of the microcirculation (such as the microscopic arteries, arterioles,
venules, and microscopic veins). Physiological and pathological stresses, such as
exercise and hemorrhage result in potent stimulation of the sympathetic neurons.
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Stimulation of postganglionic sympathetic fibers cause the release of adenosine
triphosphate (ATP) and noradrenaline. The resulting transient vasoconstriction
leading to expulsion of blood from capacitance vessels and reduction of mesenteric
blood flow. Strangely, within minutes of prolonged stimulation, the resistance
vessels dilate leading to return to near-normal levels of flow. This is followed by a
third phase consisting of reactive hyperemia causing a transient increase in blood
flow. This triphasic pattern describes a phenomenon called “autoregulatory escape.”
It is believed to be caused by intrinsic metabolic mechanisms (see above) producing
an overriding of the sympathetic neurogenic constriction. The overall effect is
reduction in blood flow to the mesentery while maintaining adequate perfusion to
organs such as the brain, heart and lungs.

Parasympathetic Nervous System (PNS) Stimulation

The PNS has a less prominent role in controlling mesenteric blood flow. Activation
of the parasympathetic system occurs via innervation from the vagal and pelvic
nerves resulting in increases in intestinal motility and secretion. Thus, fibers from
the PNS do not have direct vasomotor effects. However, activation of muscarinic
receptors via acetylcholine triggers release of nitric oxide (NO). Stimulation of NO
receptors results in vascular smooth muscle relaxation which in turn produces an
increase in mesenteric blood flow. Activation of visceral muscle and secretory units
may also have an indirect effect of increasing mesenteric blood flow.

Neurohumoral Control

There are two main groups of vasoactive substances contributing to neurohumoral
control.

The first group includes classical vasoconstrictor agents of the body. They can
be endogenously released or exogenously administered as pharmacologic agents.

Catecholamines

These are released in response to stresses, such as strenuous exercise. They can also
be administered exogenously in cases of shock. Higher levels of catecholamines
cause an increase in vascular resistance in the same manner as sympathetic
activation.

Angiotensin II

The renin-angiotensin system is activated in response to reduction in the extra-
cellular fluid volume. This leads to increased production of angiotensin II, which in
turn causes a direct vasoconstriction of the mesenteric vasculature.
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Vasopressin

Loss of blood volume and hyperosmolarity result in the release of vasopressin
(anti-diuretic hormone) from the posterior pituitary gland. This leads to mesenteric
vasoconstriction and reduction of portal venous pressure.

The second group includes circulating paracrine and autocrine mediators. His-
tamine, bradykinin and prostaglandins (A, D, E and I) cause direct vasodilation as
mentioned above in the metabolic control section. Prostaglandin F2a, however,
causes direct vasoconstriction. In contrast to the direct effect of the aforementioned
vasoactive substances, the gastrointestinal peptides cholecystokinin, secretin, and
gastrin mediate an indirect vasodilatory effect through prompting gastrointestinal
motility. Those peptides are endogenously and locally released during digestion
(Table 13.1).

The algorithm in Fig. 13.9 summarizes intrinsic and extrinsic control mecha-
nisms of mesenteric blood flow.

Table 13.1 Endogenous vasoactive mediators of the mesenteric circulation

Constrictors Dilators

I. Vasoactive metabolites

#PCO2 "PCO2

"PO2 #PO2

"pH #pH
Lactic acid

Adenosine

Nitric oxide

II. Autonomic neuro-regulation

Sympathetic stimulation Parasympathetic stimulation

III. Neurohumoral control

Catecholamines (adrenaline and
noradrenaline)

Angiotensin II

Vasopressin

IV. Circulating paracrine and autocrine mediators

Constrictor prostaglandin (F2a) Dilator prostaglandins (A, D, E and I)

Histamine

Bradykinin

Gastrointestinal peptides (cholecystokinin, secretin
and gastrin)a

aGastrointestinal peptides indirectly mediate mesenteric vasodilation by promoting gastrointestinal
motility. Reused with permission from Matheson PJ, Wilson MA, Garrison RN. Regulation of
intestinal blood flow. J Surg Res. 2000;93(1):182–196. Copyright © Elsevier 2000
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Fig. 13.9 Summarizes the main classes of intrinsic and extrinsic control mechanisms of
mesenteric blood flow
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14The Role of the Mesentery
in Metabolic Syndrome and Diabetes
Mellitus

Natasha Shah, David H. Kruchko, and Eli D. Ehrenpreis

Introduction

Metabolic syndrome is a term that originated in the 1920s and has since been used to
describe an individual with multiple medical conditions including central obesity,
hyperglycemia, hypertension, and hypertriglyceridemia. These conditions can ultimately
increase an individual’s risk for Type II diabetes mellitus, cardiovascular disease and
overall mortality. Aging, stress, diet, a sedentary lifestyle, genetic predisposition and
systemic inflammation have been identified as causative factors for metabolic syndrome,
as outlined in Fig. 14.1. Systemic inflammation is the result of the release of C-reactive
protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor alpha (TNF-a).

A key finding of metabolic syndrome is central obesity as defined by an increase in
waist size due to augmented deposition of visceral adipose tissue. Visceral adipose tissue
consists of fat present in the mesentery and omentum. Visceral fat is distinguished from
subcutaneous fat by its location and association with pathophysiologic states. Increased
visceral fat has been associated with a greater risk of developing Type II diabetes
mellitus and cardiovascular disease and is a strong predictor of overall mortality in men.
In the setting of obesity, adipose tissue becomes dysfunctional and is characterized by
adipose hypertrophy and macrophage infiltration. These, in turn can lead to insulin
signaling impairment, and insulin resistance both of which increase the likelihood of
developing Type 2 DM (Fig. 14.2).
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Fig. 14.1 Flow chart for causative factors that all contribute to metabolic syndrome. Notably,
although these risk factors often occur simultaneously, there is no particular order and one can
occur without the other

Fig. 14.2 Obesity and resultant dysfunctional adipocytes produce pro-inflammatory markers such
as macrophages. In addition, vasculature injury with loss of arterioles and capillaries occurs in a
process known as vascular rarefaction. This local inflammation leads to cardiovascular disease
with a root cause that is traceable to central obesity and increased visceral fat. The left side of
Fig. 2 shows healthy adipocytes producing anti-inflammatory adipokines preventing the
progression of cardiovascular disease. Reused with permission from AHA Journals; Circulation
Research; https://www.ahajournals.org/doi/full/10.1161/circresaha.115.306885. Copyright ©Wol-
ters Kluwer
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The exact role of the mesentery in these disorders remains unclear. However,
several investigative studies have found associations between the mesentery adi-
pose tissue and metabolic syndrome. Yang et al., conducted a study where three
adipose depots (subcutaneous, omental and mesenteric) were obtained from obese
patients undergoing gastric bypass surgery. Using real-time polymerase chain
reaction (PCR), lipolysis was measured to determine adipocyte function. The
findings suggested that obesity-related genes in the mesenteric adipose tissue of
patients with diabetes were upregulated and could play a pivotal role in insulin
resistance in Type 2 diabetes and those with metabolic syndrome.

Pathogenesis

The mesentery is comprised of tightly packed adipocytes within a framework of
tissue. The mesentery is the single greatest contributor to visceral adiposity, and
thus is highly suspected to be a key regulator in the pathogenesis of these condi-
tions. The mesentery is no longer considered to be made up of “innocent bystander
cells” or a “passive energy depot” but studies have shown it to potentially be a key
organ that regulates inflammatory processes that can produce or worsen diabetes
and obesity.

Subcutaneous deposition of fat occurs when there is excess caloric intake with
limited energy expenditure. In this scenario, storage of triglycerides and free fatty
acids occurs. Fat accumulates outside of subcutaneous tissue in the viscera when it
is no longer able to store or generate new adipocytes. Inadequate storage results
from dysfunctional adipocytes being too large and inflamed to be deposited within
the proper visceral storage sites. The overflow of dysfunctional adipocytes into the
subcutaneous tissues is the initial step in central adiposity and resultant mesenteric
fat deposition (Fig. 14.3).

Visceral adipose tissue is made of a large number of adipocytes as well as nonfat
cells that make up the connective tissue matrix. Vascular and neural structures are
also present in visceral adipose tissue. Visceral adipocytes are larger compared to
adipocytes in subcutaneous adipose tissue, and thus can be more dysfunctional.
Abnormalities in visceral adipocytes enhances the development of insulin resis-
tance. Inability to store free-fatty acids (FFAs) and triglycerides (TGs) results in
their deposition in non-adipose tissue. The tendency for visceral adipocytes to have
an increased susceptibility to cellular dysfunction can be explained by the fact that
visceral adipose tissue contains a high proportion of inflammatory and immune
cells. Prolonged reactive inflammatory and immune response in the setting of
increased adipose tissue will eventually lead to fibrosis and scaring, thereby making
these visceral adipocytes more dysfunctional. Furthermore, the venous system of
visceral fat blood drains directly into the liver. This is hypothesized to allow for
increased free fatty acids to accumulate in the liver leading to hyperinsulinemia,
hypertriglyceridemia, and glucose intolerance (Fig. 14.4).
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Hypoxemia may also play a role in the alteration of adipocytes in obesity.
Hypoxemia leads to cellular hypertrophy and macrophage infiltration. In addition,
hypoxemia triggers the release of several cytokines and acute phase proteins. This
results in the combination of an inflammatory state, increased free fatty acid
deposition, and increased insulin resistance. Visceral adipose tissue secretes a large
number of cytokines including anti-TNF, IL-1, 6, 8, angiotensin II and plasminogen
activator inhibitor-1 in comparison to subcutaneous adipose tissue (Fig. 14.5). Also
see Chap. 11 Immunologic Function of the Mesentery.

Treatment

Studies have demonstrated that losing weight is associated with reductions in CRP
level and produces a greater reduction of visceral adipose tissue rather than sub-
cutaneous adipose tissue; (Fig. 14.6). Decreasing caloric intake and weight
reduction can prevent adipose tissue dysfunction and may thus prevent subsequent
its inflammatory consequences. Since visceral adipose tissue in the mesentery is
associated with inflammatory and immune cells, sensitivity to lipolysis, and insulin

Fig. 14.3 Components of visceral adipose tissue. The balance of nutrient and calorie intake
versus expenditure impacts whether or not adipocytes can perform at a normal physiologic level or
become hypertrophic and thereby dysfunctional. Following the pathway of healthy storage, the
preadipocytes affect the perivasculature and undergo mitosis to develop adipocytes with health
blood vessels. Furthermore, there are physiologic signals that help build the components of
adipocytes such as the connective tissue matrix and vasculature. These signals are listed as the
beneficial adipokines at the top of the figure. Following the unhealthy storage pathway, the
hypertrophy and resultant inflammatory state leads to fibrosis, inadequate oxygen delivery due to
damaged vasculature, and harmful signals leading to lipid deposition in the subcutaneous tissues
and surrounding viscera. The end result is an increase in the levels of glucose and lipids in
circulation and an unhealthy state of obesity due to dystrophic adipocytes. Reused with permission
from Nature Reviews, Molecular Cell Biology; https://www.nature.com/articles/s41580-018-
0093-z?WT.feed_name=subjects_stem-cells. Copyright © Springer Nature
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resistance a strong associated between the mesentery, obesity and diabetes is
suggested. Mesenteric adipose tissue-directed therapy holds promise in treating
these disease processes.

Fig. 14.4 The interplay of hormonal changes on obesity and resulting hyperinsulinemia resulting
in adipocyte proliferation. Obesity results in an increase in aromatase with increasing estrogen
levels while simultaneously leading to hyperinsulinemia. High insulin levels in the blood lead to
decreased synthesis of sex-hormone binding globulin (SHBG); which also increased estrogen
production. Increased levels of active estrogen increase cell proliferation and leads to unintentional
and harmful increases in the number of adipocytes in local tissue. Reused with permission from
ResearchGate; https://www.researchgate.net/figure/Hypothetical-mechanism-of-oncogenesis-as-
mediated-by-active-estrogen-in-hyperinsulinemia_fig6_251567860. Copyright © John Wiley and
Sons
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Fig. 14.5 Immunological changes within adipose tissue due to obesity. Local inflammatory
mediators as listed under the obese depiction of adipose cells play a large roll in adipocyte
hypertrophy and dysfunction. Certain cytokines have been identified to play a more pathogenic roll
in adiposity and obesity, such as IL-6, IL-8, and TNF- a. The end result of all of these cell lines
and inflammatory markers can be summarized by local tissue hypoxia due to inadequate tissue
blood flow and resultant hypoxia. Adipocytes can then rupture and release lipid components into
the blood stream and nearby tissue resulting in the release of damage-associated molecular pattern
(DAMPs). This results in the activation of stress kinase and remodeling of the extracellular
membrane. This ongoing inflammatory process in obese individuals results in fibrosis and scarring
in the local tissue. Adapted from Frontiers in Immunology; https://www.frontiersin.org/articles/10.
3389/fimmu.2018.00169/full. Copyright: © 2018 Trim, Turner and Thompson. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms. Abbreviations: CD, cluster of differentiation
marker; DAMP, damage-associated molecular pattern; ECM, extracellular matrix; IFN-c,
interferon gamma; Ig, immunoglobulin; IL, interleukin; iNKT-cell, invariant natural killer T cell;
MCP-1, monocyte chemotactic protein 1 (CCL-2); MIP-1a, macrophage inflammatory protein 1
alpha (CCL-3); PAI-1, plasminogen activator inhibitor 1; RANTES, regulated on activation,
normal T-cell expressed and secreted (CCL-5); Th cell, helper T cell; TNF-a, tumour necrosis
factor-a
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Fig. 14.6 Benefits of weight loss on adipocytes at a cellular level. This illustration
demonstrations the reduction in adipocyte diameter after weight loss that can also lead to
remodeling of the xtracellular matrix. This remodeling helps to resolve the stress that was initially
experienced by the adipocytes due to alterations in size and functionality. Weight loss also
encourages the growth of new adipocytes and provides an environment for optimal maturation.
Reused with permission from Nature; https://www.nature.com/articles/s41574-018-0148-4. Copy-
right © Springer Nature
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15Crohn’s Disease and the Mesentery

Eli D. Ehrenpreis

Introduction

The classical view of Crohn’s disease focuses on the gastrointestinal tract rather
than the mesentery. In this interpretation, the initiation and amplification of Crohn’s
disease occurs at the lumen of the bowel and the process extends into deeper layers
of the bowel wall. The relationship of the mesentery to this process is confined to its
proximity to the site of inflammation, and its function as a structural conduit for
blood and lymphatic vessels and the enteric nervous system. This view eliminates
the possibility that the mesentery functions as a cofactor in the pathogenesis of the
disease. By contrast, recent evidence suggests that the mesentery likely plays a
critical role in the integration of inflammation, healing, and autoimmunity and is a
probable factor in the pathogenesis of inflammatory bowel disease.

Animalmodels of intestinal inflammation have demonstrated that the interaction of
mesenteric adipocytes, fibroblasts and lymphocytes can result in intestinal inflam-
mation resembling Crohn’s disease. Translation of these data is likely to influence
disease management in the future. Resection of inflamed portions of the mesentery is
already being investigated in the surgical management of Crohn’s disease.

Mesenteric Immunity and Crohn’s Disease

Recent studies have focused on the interplay between mesenteric lymph nodes and the
pathogenesis of Crohn’s disease. The recruitment of T helper cells, also known as
CD4 + T cells, is largely dependent on proper mesenteric lymph nodes responses. In
normal immunology, mesenteric lymph nodes recruit CD4 + T cells and enhance
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intercellular communication by production of cytokines (e.g. interferon-gamma, or
c-interferon) and glycoproteins (e.g. interleukin-17, IL-17). In Crohn’s disease,
upregulation of c-interferon production occurs. Increased c-interferon may be
responsible formesentericfibrosis, fatwrapping, and transmural inflammation.Another
potential relationship between the mesenteric system and the pathogenesis of Crohn’s
disease is the mesenteric production of C-reactive protein (CRP). CRP production by
mesenteric adipocytes may be triggered by local inflammation and translocation of
bacteria from the intestinal lumen to mesenteric fat. Subsequent mesenteric fat hyper-
plasia may contribute to inflammatory responses in Crohn’s disease.

Lastly, appropriate food tolerance requires MHC molecules that are present on
the surface of CD4 + T cells. This system decreases the likelihood of inflammatory
states developing as a response to ingested food particles (See Fig. 15.1).

Intestinal
lumen

Epithelium

Mesenteric
lymph nodes

T cell

Dendritic cell

Food protein

B cell

Lymphatic
vessels

Peyer’s
patch

Fig. 15.1 Effect of food particle exposure on mesenteric lymph nodes. Food proteins arrive to a
Peyer’s patch via lymphatic channels. Here they are sampled for possible immune responses.
T cell proliferative response to benign food particles may involve a mild inflammatory response.
Food-containing dendritic cells (DCs) mediate systemic tolerance via further sampling in
mesenteric lymph nodes and circulate in efferent of the lymphatic channels
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Inappropriate presentations of MHC molecules by CD4 + T cells, can lead to
food hypersensitivity, inflammation and may have the potential to produce
autoimmune states such as inflammatory bowel disease. According to this model,
inflammation of mesenteric lymph nodes may occur after exposure to food-borne
peptides. The proximity of the lymph nodes that are scattered throughout the
mesentery and the adjacent gastrointestinal tract suggests that mesenteric lymph
nodes are a likely source for food-induced intestinal inflammation.

Crohn’s Disease and Fat Wrapping

Fat wrapping (also known as creeping fat) refers to inflamed and thickened
mesentery that is located in adjacent to parts of the small and large intestine that are
affected by active Crohn’s disease (Fig. 15.2).

The amount of fat wrapping correlates with the severity of local intestinal
inflammation. Intestinal edema, adipocyte hyperplasia and infiltration of the
mesenteric tissue with inflammatory cells are characteristic findings. Collagen
accumulation can produce local mesenteric fibrosis. Extension of this process to the
affected portion of the intestine is associated with development of intestinal stric-
tures. Fat wrapping of the mesentery is seen near separate areas (or skip lesions) of
intestinal inflammation while normal mesentery is seen at the intervening portions
of normal intestine (Fig. 15.3).

Similar changes occur on the microscopic level with blurring of the interface
between inflamed portions of the intestine and surrounding mesentery. Recent
evidence suggests that abnormalities in adipose tissue, adipocyte hyperplasia and

Fig. 15.2 Demonstration of fat wrapping in a surgically resected portion of the small intestine
from a patient with Crohn’s disease. A segment of active Crohn’s disease with luminal narrowing
is seen (arrowheads). Adjacent to the area of intestinal involvement, inflamed and thickened
mesentery is seen (arrows). Photographs courtesy of Dr. J Calvin Coffey
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fibroblast differentiation may produce an “outside in” phenomenon that are asso-
ciated with both inflammation and fibrosis of the intestine. B cells and innate
lymphocytes infiltrate mesenteric lymphatics in areas of fat wrapping. Bacterial
translocation and lymphaticslymphatics infiltration from the inflamed bowel wall
may initiate these events.

Imaging Studies of the Mesentery in Crohn’s Disease

Imaging studies demonstrate the relationship between the mesenteric and intestinal
activity in patients with Crohn’s disease. CT imaging in patients with Crohn’s
disease may demonstrate mesenteric edema with hypervascularity and stretching of
the mesenteric vessels, known as the Comb sign (Fig. 15.4).

Other CT findings include increased fat density, fibrofatty proliferation, and
mesenteric lymphadenopathy (Figs. 15.5, 15.6, and 15.7). Engorgement of
mesenteric vasculature and mesenteric edema are also seen (Fig. 15.8). Stenosis
and sacculation in the mesentery may also be seen on small intestinal radiography
(Fig. 15.9).

Radiographic images can demonstrate synchronicity between intestinal organs
and the mesentery, predicting disease activity and anatomical changes such as
fibrosis. For example, Sakurai et al. recently demonstrated that the findings of
mesenteric hypervascularity and enlarged mesenteric lymph nodes correlated with
endoscopically visualized mucosal ulceration. Gale et al. compared CT

Fig. 15.3 Fat wrapping association with skip areas in a surgically resected portion of the small
intestine from a patient with Crohn’s disease. Fat wrapping is seen adjacent to an area of inflamed
and narrowed small intestine (arrows) and also is seen in adjacent to a second affected area or skip
lesion(arrowheads) with a small area of normal small intestine in between the two affected areas.
Photographs courtesy of Dr. J Calvin Coffey
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enterography and MR enterography in 84 children and adolescents with active
Crohn’s disease. In the pediatric population, mesenteric inflammatory changes
including mesenteric hypervascularity, edema, fibrofatty proliferation and lym-
phadenopathy correlate closely with active mucosal Crohn’s disease.

Fig. 15.4 Abdominal CT
(sagittal view) of a patient
with active Crohn’s disease.
Stretching of the mesenteric
vessels, also known as the
Comb sign is seen (arrows).
Diffuse ileal involvement and
wall thickening is present
(arrowhead)

Fig. 15.5 Abdominal CT in
a patient with Crohn’s disease
demonstrating fibofatty
proliferation (asterisk)
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Fig. 15.6 Coronal MRI of
the abdomen in a patient with
Crohn’s disease
demonstrating fatty
proliferation and increased fat
density on a T2 imaging
(arrowheads)

Fig. 15.7 Abdominal CT
(coronal view) of a patient
with active Crohn’s disease in
the right lower quadrant of the
abdomen. Multiple small
lymph nodes (arrows) and
stretched, hyperemic
mesenteric vessels are
demonstrated
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Mesenteric Disorders that Are Associated with Crohn’s
Disease

Arterial and venous thrombi within the mesenteric vasculature and mesenteric
venous congestion are associated with Crohn’s disease. These may be complicated
by bowel ischemia and perforation. Small intestinal lymphoma is more common in
patients with Crohn’s disease and may present as a mesenteric mass with some
thickening of surrounding tissues.

Fig. 15.8 Axial view near
the level of the umbilicus
showing mesenteric edema
(large arrow) and engorged
mesenteric vasculature (white
arrow)

Fig. 15.9 Spot film of the
distal ileum on small
intestinal radiography. The is
a long segment stricture of the
distal ileum. A segment with
asymmetric sparing along the
non-mesenteric boarder
results in an area of relative
outpouching (black arrows).
This area of outpouching is
referred to as
pseudosacculation. Images are
courtesy of Dr. Abraham
Dachman
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Inflammatory Disorders of the Mesentery
and Inflammatory Bowel Disease

The most common primary inflammatory disorder of the mesentery is mesenteric
panniculitis (also known as sclerosing mesenteritis). (See Chap. 20 Mesenteric
Panniculitis). Mesenteric panniculitis shares common features with inflammatory
bowel disease, especially Crohn’s disease. Typically, patients with mesenteric
panniculitis have a waxing and waning clinical course, abdominal signs and
symptoms, fever and weight loss, and response to anti-inflammatory agents. Some
cases of mesenteric panniculitis have ileocolic involvement. Both conditions
demonstrate elevated CRP and erythrocyte sedimentation rates (ESR). As in
Crohn’s disease, inflammatory masses in mesenteric panniculitis can produce
obstructive signs and symptoms from extrinsic compression of the small intestine.

Longstanding inflammation in the mesentery may produce mesenteric fibrosis
and scarring, similar to fibrotic bowel seen in Crohn’s disease. A family history of
inflammatory bowel disease is seen in some patients with mesenteric panniculitis.
In addition, mesenteric panniculitis-like findings on abdominal imaging studies
caused by local mesenteric inflammation have been described in patients with
Crohn’s disease. Finally, both Crohn’s disease and mesenteric panniculitis are
treated with immunomodulating agents.
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16The Role of the Mesentery
in Pancreatic Diseases

Charles Broy, Chloe Lee, and Eli D. Ehrenpreis

Embryology of the Pancreas and Pancreatic Mesentery

Between the gestational ages of 30–47 days, the endodermal lining of the foregut
forms two outgrowths caudal to the developing liver. These are the ventral pan-
creatic bud and the dorsal pancreatic bud. Within each pancreatic bud, the endo-
derm develops into branched tubules that are attached to secretory acini, thus
forming the exocrine portion of the pancreas. The endocrine pancreas, including of
the islets of Langerhans, arise from stem cells at the duct branch points. These
develop into discrete islands of vascularized endocrine tissue within the par-
enchyma of the exocrine glandular tissue. During the seventh week of gestation, the
ventral and dorsal buds merge together to form a single organ. Within the newly
formed pancreas, the uncinate process of the head of the pancreas is derived from
the ventral pancreatic bud and the remaining portion of the head, body and tail of
the pancreas is derived from the dorsal pancreatic bud. It is during the process of
fusion of the ventral and dorsal pancreatic buds that heterotopic pancreas tissue
(pancreatic tissue in extra-pancreatic sites) is believed to occur. Exocrine function
of the pancreas begins after birth, while endocrine function, specifically the release
of hormones, can be measured after the 10th to 15th week of gestation.
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The embryology of the mesentery is closely intertwined with its attendant
organs. The dorsal mesentery of the upper abdomen develops synchronically with
the rapid and asymmetric development of the stomach. As the stomach and duo-
denum expand laterally, the lesser sac develops. The pancreas grows into this area
and is the part of the fusion of the mesogastrium with the dorsal peritoneum. The
dorsal mesentery later develops into the gastrosplenic and splenorenal ligaments.

Aside from its function as a conduit for blood vessels, nerves and lymphatics, the
mesentery has been shown to influence the normal function of adjacent organs and
can also be involved with the development of diseases within these organs. It is
probable that the mesentery has a role in normal pancreatic function as well as
pancreatic disease.

Pancreatic Diseases

The pancreas is a retroperitoneal organ with anatomic contiguity with other peri-
toneal organs in the abdomen including the mesentery. It is known that pancreatic
cancer as well as pancreatitis can spread via the portion of the mesentery known as
the transverse mesocolon. The root of the mesentery extends from the horizontal
portion of the duodenum to the iliac fossa, creating an avenue the spread of pan-
creatic cancer in the subperitoneum. In addition, fat necrosis and inflammation may
traverse from the mesentery from its mesocolic to small bowel mesenteric sites due
to their direct connection.

Acute Pancreatitis

While the initiation of acute pancreas involves the release of pancreatic digestive
enzymes, complications of pancreatic inflammation may occur from primary
responses within the mesentery. Multiple animal studies suggest that mesenteric
lymph has toxic factors that may be the prime driver of multiple organ dysfunction.
One study of hemorrhagic shock in male rats compared trauma from laparotomy to
no trauma with or without mesenteric lymph duct ligation. CD11b and CD18
expression was increased in rats with trauma but prevented by ligation of the
mesenteric lymph duct. Since these integrins increase myeloid phagocytic cells,
these data provide evidence that neutrophil activation and sequestration are carried
by the mesenteric lymph. MicroRNAs (miRNAs) regulate gene expression asso-
ciated with acute pancreatitis and are being studied as a clinical biomarker for the
disease. Blenkiron, et al performed a study in rats having three groups of control,
mild and moderate taurocholate-induced acute pancreatitis. Seven different miR-
NAs, comprising miR-375, -217, -148a, -216a, -122, -214, and -138, were
increased in the mesenteric lymph of rats with acute pancreatitis. The degree of
increase of these miRNAs also correlated with the severity of disease.
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Translocated bacteria may also function as a cofactor in these processes.
Vascular complications of pancreatitis including hemorrhage can affect local

organs including the mesentery. Computerized tomography (CT) of the abdomen in
patients with acute pancreatitis often demonstrate concomitant inflammatory
changes occurring in the mesentery (Fig. 16.1).

In one study of MRI findings in the transverse mesocolon, 40 patients without
pancreatic disorders were compared with 210 patients with acute pancreatitis. One
hundred and thirty patients (61.9%) with acute pancreatitis demonstrated involve-
ment of the transverse mesocolon portion of the mesentery. The grading of trans-
verse mesocolon effect was strongly correlated with the MRI severity index and the
APACHE-II score (r = 0.759 and 0.384 respectively).

Mesenteric Panniculitis Involving the Pancreas
and Pancreatic Panniculitis

Mesenteric panniculitis is a rare condition in which a mass-like lesion of the
mesentery or less organized “misty mesentery” occurs. Mesenteric panniculitis is
characterized by chronic inflammation and fat necrosis. It commonly involves the

Fig. 16.1 Necrotizing pancreatitis with mesenteric involvement. Decreased enhancement seen on
contrast-enhanced CT images in the head and neck of the pancreas indicate areas of necrosis (white
arrows). Mesenteric fat stranding and free fluid in the upper abdomen are common sequelae (black
arrows). Image is courtesy of Dr. Abraham Dachman and Dr. Justin Ramirez
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portion of the mesentery that is proximal to the small intestine. One retrospective
review of patients with mesenteric panniculitis that was performed at the Mayo
Clinic suggested an association between elevated IgG4 (with possible autoimmune
pancreatitis) and mesenteric panniculitis, but this finding has not been repeated in
other studies. Mesenteric panniculitis has also been described in the peripancreatic
region. (Also see Chap. 20. Mesenteric Panniculitis and Chap. 17 The Mesentery
and IgG4-Related Diseases).

Panniculitis can be a manifestation of a number of local and systemic diseases,
with erythema nodosum being the most common form of panniculitis. Panniculitis
has been divided into different etiologic subtypes that guide management: inflam-
matory, infectious, enzymatic destruction, traumatic, malignant and deposition
(Table 16.1). Systemic forms of panniculitis may at times also involve the
mesentery.

Symptoms of panniculitis depend on the area impacted, but the most common
presentations of these conditions are the development of painful, tender nodules in
the lower extremities. Pancreatic panniculitis (also known as enzymatic panni-
culitis) is an extremely rare disease and is most commonly associated with acute or
chronic pancreatitis. Pancreatic panniculitis may occur in 2–3% of patients with a
variety of pancreatic disorders. At present, little is known about the pathophysi-
ology of pancreatic panniculitis. One study that included 15 patients with necro-
tizing pancreatitis showed increased lipase in fat that was adjacent to the pancreas.
Furthermore, free fatty acid levels in visceral fat impact the severity of acute
pancreatitis. A direct effect of circulating pancreatic enzymes may be an important
factor in the development of pancreatic panniculitis. However, other factors are
needed for pancreatic panniculitis to occur, since acute pancreatitis in general is
characterized by elevated levels of lipase and amylase, and most patients do not
develop pancreatic panniculitis. Additionally, some causes of pancreatic panni-
culitis are not associated with elevated lipase such as pancreatic cancer. Other
potential factors leading to the development of pancreatic panniculitis include
trypsin activation and deposition of immune complexes.

Histopathology may reveal subcutaneous lobular fat necrosis with anuclear
adipocytes called ghost cells without vasculitis. Fat saponification and dystrophic
calcification may be present. Although these histologic findings can be pathog-
nomonic of pancreatic panniculitis, often histology evaluation results in an equiv-
ocal diagnosis.

Metastatic fat necrosis is a known entity that can involve the heart, joints, lung,
bone marrow and the mesentery. One case series describes six patients with
mesenteric panniculitis and pancreatic disease. The clinical and radiographic find-
ings in these patients mimicked primary pancreatic cancer. In this series, all patients
reported abdominal pain and three reported weight loss. The pancreatic
histopathology was typical for panniculitis with fat necrosis, lymphocytes, plasma
cells and rare eosinophils. Four of 5 of these patients had at least a partial response
to therapy which consisted of corticosteroids, tamoxifen, azathioprine, resection or
a combination of these.
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A series of two cases of patients presenting with pancreatic and a mesenteric
mass appearing to be pancreatic cancer was also published. These patients were
diagnosed with mesenteric panniculitis and both had resolution of their symptoms
with corticosteroid therapy.

A series of the imaging findings in 17 patients with mesenteric panniculitis
includes one patient with pancreatitis and pancreatic panniculitis.

Table 16.1 Causes of
Panniculitis

Enzymatic
Pancreatic
Alpha-1 antitrypsin deficiency
Inflammatory
Erythema nodosum
Erythema nodosum migrans
Erythema induratum
Steroid use
Systemic lupus erythematosus
Dermatomyositis
Connective tissue disease
Rheumatoid Nodules
Sarcoidosis
Vasculitis
Lipodermatosclerosis
Superficial Migratory
Thrombophlebitis
Deposition
Gout
Calciphylaxis
Hyperoxaluria
Malignancy
Lymphoma
Leukemia
Cytophagic Histiocytic (occurs
with benign disease or
subcutaneous panniculitis-like
T-cell lymphoma)
Infection
Bacterial
Mycobacterial
Fungal
Parasitic
Arthropod
Trauma
Blunt Trauma
Iatrogenic
Post Radiation Exposure
Cold Exposure

Reused with permission from Requena L, Sanchez Y.
Panniculitis. Part II. Mostly lobular panniculitis. J Am Acad
Dermatol. 2001;45(3):325-364. Copyright © Elsevier
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Heterotopic Pancreas

Heterotopic pancreas (HP) is defined as the presence of pancreatic tissue without
vascular or ductal connection to the orthotopic pancreas. It is a congenital anomaly
most commonly located in the stomach, duodenum and jejunum. HP may also be
present in the mesentery and mesenteric involvement was found in 3.8% in one
study of 184 consecutive histology-proven HP cases in China. It has been
hypothesized that HP occurs when deposits of pancreatic tissue are “dropped” into
the developing gastrointestinal system during fusion of the ventral and dorsal buds.
A study of the endoderm of chicken embryos, compared different concentrations of
cyclopamine, an inhibitor of the sonic hedgehog signaling pathway during devel-
opment, that causes birth defects to controls. Stomach and mesenchyme were then
isolated at stage 15 and cell cultures were studied. 1.0 microMolar cyclopamine
exposure produced signs of pancreatic tissue growth whereas control and exposure
to 0.1 microMolar cyclopamine showed no growth of pancreatic tissue. This study
suggests that the sonic hedgehog gene has a role in the development of HP.

HP is usually an incidental finding during surgery or autopsy and the majority of
patients with HP are asymptomatic. However, since HP is composed of pancreatic
tissue, pancreatic diseases can affect areas of HP as well. A variety of complications
of HP have been described (See Table 16.2).

On imaging studies including computerized tomography (CT) and magnetic
resonance imaging (MRI), HP appears as small, homogenous, well enhancing
lesions with an appearance that is similar to pancreatic tissue. However, imaging
studies may not be able to differentiate mesenteric HP from metastatic tumors or
lymphoma. In one series of 17 patient with surgically confirmed HP, only one was
correctly diagnosed as HP before surgery. In one case report, an MRCP scan was
used to make the diagnosis of HP.

Histological examination of areas of HP reveals similar elements of the ortho-
topic pancreas, including pancreatic ducts, islet cells and acini. No treatment is
recommended for asymptomatic disease while surgical excision is performed for
HP-associated malignancy or other complications of HP.

There are a few case reports describing HP in the mesentery. Kok et al. reported
a 58-year-old woman who presented with clinical suspicion of acute pancreatitis.
Imaging studies revealed a large lesion found to be HP in the small bowel

Table 16.2 Complications
of Heterotopic Pancreas

Cancer

Pancreatitis

Pseudocyst Formation

Abnormal Hormone Secretion

Bowel Obstruction

Intussusception

Common Bile Duct Obstruction

Gastrointestinal Bleeding
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mesentery. Endoscopic ultrasound-guided fine needle aspiration of the lesion
showed benign cells and inflammation characteristic of acute pancreatitis. Con-
servative treatment for one week helped to relieve the patient’s symptoms and
laboratory abnormalities. Exploratory laparoscopy was performed and excision of
the lesion revealed HP in the mesentery of the proximal jejunum. Histology con-
firmed the presence of pancreatic acini, ducts and islet cells.
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17IgG4-Related Diseases
and the Mesentery

Ahmed Khattab, David H. Kruchko, and Eli D. Ehrenpreis

Introduction

IgG4 is one of four subcomponents of IgG, or immunoglobulin G. IgG is the most
common immunoglobulin in the circulation, representing almost 75% of circulating
immunoglobulins in human blood. IgG is produced in plasma cells. The role of IgG
is to bind to foreign invaders such as bacteria, fungi, and viruses to prevent these
organisms from producing disease states. Of the four subgroups of IgG, IgG4
represents the lowest concentration in human serum. Tissue level of IgG4 is directly
related to the presence of acute inflammation. There is evidence to suggest that
IgG4 has a regulatory rather than a direct inflammatory effect, and with this model,
IgG4 has the physiologic function of protecting other molecules of the IgG sub-
classes. IgG4 produces a pathologic state when deviation from its physiologic
action occurs. In this setting, rearrangement of the antibody structure of IgG4
occurs across a labile disulfide bond (Fig. 17.1). The figure demonstrates
downward-facing red arrows that indicate the disulfide bonds. This is referred to as
the hinge region of the molecule. Occasionally, these labile disulfide bonds enable
inappropriate transformation of the IgG4 molecule, resulting in pathogenic IgG4
autoantibodies that inappropriately attack self-antigens.
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These disease states are referred to as IgG4-Related Disease, or IgG4-RD.
IgG4-RD are characterized by excessive inflammatory response leading to fibrosis.
For this reason, IgG4-RD are referred to as a fibroinflammatory conditions. Most
organs are potential targets of IgG4-RD, including the mesentery, and gastroin-
testinal (GI) tract organs, including the biliary tree and the pancreas.

Pathogenesis

Pathogenetic development of IgG4-RD can ultimately be summarized as lympho-
plasmacytic infiltration of IgG4+ plasma cells. The term lymphoplasmacytic indi-
cates a concentration of lymphoid cells and plasma cells. Interestingly,
IgG4-containing plasma cells may be confined to affected tissues and frequently
are not circulating in the blood; therefore, IgG4 levels may not be elevated when
measured in the peripheral blood. When local inflammation is present, lymphoid
cells are generally recruited along with the plasma cells. Specifically, regulatory T
(Treg) cells are most commonly associated with IgG4-RD as well as other
autoimmune diseases. Treg cells are responsible for secreting specific cytokines in

Fig. 17.1 Characteristic feature of Fab (Antigen-binding Fragment) arm exchange across the
disulfide bond of IgG4. The hinge region, (downward-facing red arrowhead), contains the disulfide
bond. These disulfide bonds are labile and thereby permit inappropriate splitting and exchange of
the Fab structure found in IgG4. This is what allows IgG4 molecules to transform from regulatory
to pathogenic antibodies. Reused from Kawa S. Immunoglobulin G4-related Disease: An
Overview. JMA J. 2019;2(1):11–27. Attribution 4.0 International (CC BY 4.0)

150 A. Khattab et al.



normal immune physiology. In IgG4-RD, dysregulation of Treg cells occurs with
associated inappropriate cytokines secretion, (see Fig. 11.4 in Chap. 11 Immuno-
logic Function of the Mesentery). The most notable cytokines secreted by Treg cells
are IL-4, IL-5, IL-10, IL-13, and TGF-beta. These cytokines play an important role
in the production and recruitment of eosinophils. This ultimately leads to eosino-
philic deposition in target tissues and organs. Peripheral eosinophilia and elevated
serum IgE levels also occur. IL-10 was found to have the most intimate relationship
with IgG4 production and this ultimately leads to local fibrosis via TGF-beta
expression. Local fibrosis can best be explained by the fact that TGF-beta is pri-
marily responsible for cell growth, proliferation, and apoptosis (cell death).
Therefore, if any of these three roles of TGF-beta are dysregulated, inappropriate
cell growth and proliferation and inadequate cell death follow.

Storiform fibrosis is a key histologic feature of IgG4-RD and is defined as
“swirling fibrotic tissue encasing cellular infiltrate in collagen fibrils.” When seen
on tissue biopsy, storiform fibrosis is highly suggestive, although not pathog-
nomonic, of IgG4-RD. Storiform fibrosis is commonly seen in Type I Autoimmune
Pancreatitis, an IgG4-RD affecting the pancreas.

Autoimmune pancreatitis (AIP) is the most well studied IgG4-RD of the GI tract.
AIP can present as an acute pancreatitis, but more often, it manifests as a more
insidious onset. It is estimated that AIP accounts for approximately 5% of all cases
of chronic pancreatitis. IgG4-related sclerosing cholangitis, has attracted recent
investigation, as have studies of the pathogenesis of retroperitoneal fibrosis and
other mesenteric manifestations of IgG4-RD. Human leukocyte antigen (HLA) ge-
nes have been implicated in the development of IgG4-RD. Specifically, HLA
subtypes DQB1_0401 and DRB1_0405 were found to be highly expressed in
patients with AIP as compared to healthy patients. Furthermore, AIP patients also
have higher levels of DQB1_0401 and DRB1_0405 expression compared to other
patients with chronic pancreatitis.

Non-HLA genes that are associated with AIP consist of single nucleotide poly-
morphisms (SNPs). SNPs have been increasingly found to have clinical significance
as it relates to the development, response to treatment, and prognosis of a variety of
diseases. The SNPs associated with AIP are CTLA-4_49A, Cytotoxic
T-Lymphocyte Antigen-4, and TNF-alpha promoter_863, a Tumor Necrosis
Factor-alpha promoter gene. Studies performed in Chinese and Japanese patients
have found these SNPS to be more highly expressed in AIP patients than in patients
without known disease. In terms of clinical significance, CTLA-4_49A was a marker
for a higher likelihood of relapse after seemingly adequate initial treatment of AIP.

Clinical Manifestations

IgG4-RD has been identified in virtually all organ systems. In most cases (60–90%)
it affects more than one system simultaneously by causing subacute painless
enlargement of the affected organs. As expected, clinical manifestations vary
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depending on the organ system involved and commonly include complications
secondary to compression of nearby structures. Thus, IgG4-RD should be con-
sidered in patients presenting with unexplained enlargement of one or more organs.
At the time of diagnosis, the patients are usually well and have no systemic
symptoms, especially fever. However, significant weight loss in the months pre-
ceding diagnosis is not uncommon. Due to an increased awareness of the IgG4-RD,
these more commonly being diagnosed as an incidental finding seen on imaging or
histopathology in otherwise asymptomatic patients.

IgG4-RD include type 1 autoimmune pancreatitis (AIP)*, sclerosing cholangitis*,
sclerosing mesenteritis*, Mikulicz disease, sclerosing sialadenitis, Inflammatory
orbital pseudotumor, chronic sclerosing dacryoadenitis, idiopathic retroperitoneal
fibrosis*, Chronic sclerosing aortitis and periaortitis*, and Riedel’s thyroiditis.

Because diseases with an (*) are closely related to the mesentery, they will be
discussed in more detail.

Type 1 Autoimmune Pancreatitis (AIP)

Type 1 AIP was the first identified form of IgG4-RD and is considered to be the
prototypical form. It accounts for approximately 5% of patients with chronic
pancreatitis. Almost all patients are older than 45 at the time of diagnosis. Type 1
AIP often presents with a pancreatic mass or painless jaundice and can therefore be
mistaken for pancreatic cancer. It has been estimated that 3–9% of patients who
undergo pancreatic resection are discovered to have had Type 1 AIP. Patients with
Type 1 AIP develop diabetes mellitus due to destruction of endocrine portions of
the pancreas. It is commonly associated with other IgG4-related conditions. Radi-
ologic features of AIP include a “sausage-shaped” pancreas with a surrounding halo
of edema around the organ. It is very difficult to distinguish AIP from pancreatic
adenocarcinoma on imaging. Some authors have suggested that diffusion-weighted
magnetic resonance (MR) imaging findings maybe more useful than CT in making
such a distinction.

IgG4-Related Sclerosing Cholangitis (SC)

IgG4-related SC is the second most common manifestation of IgG4-RD. Although
IgG4-related SC affects 60–80% of patients with type 1 AIP, it can occasionally
occur as an isolated manifestation. Because it leads to focal or diffuse bile duct wall
thickening IgG4-related SC tends to present as obstructive jaundice. The most
commonly affected segment is the intra-pancreatic portion of the common bile duct.
IgG4-related SC and primary sclerosing cholangitis have similar magnetic reso-
nance cholangiopancreatographic (MRCP) and endoscopic retrograde cholan-
giopancreatographic (ERCP) findings. Primary sclerosing cholangitis is usually a
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disease of young and middle age males while IgG4-related SC typically affects
middle aged and elderly me. IgG4-related SC exhibits a good response to gluco-
corticoid therapy.

Sclerosing mesenteritis (SM), mesenteric lipodystrophy and mesenteric panni-
culitis are terms that have been used interchangeably in the literature (Table 17.1).
There have been some case reports relating SM to IgG4-RD. However, to this date,
there is not enough evidence to determine this association (see Chap. 20 Mesenteric
Panniculitis).

SM likely represents a specific form of mesenteric panniculitis that is predom-
inated by fibrosis. As in other IgG4-RD, SM may present with weight loss fever and
malaise. In these cases, an abdominal mass can be palpated on examination, and
occurs in one-third to one-half of patients. Abdominal tenderness, distension, signs
of peritoneal irritation and ascites are less common. Some patients present with
bowel obstruction, obstructive uropathy or renal failure, chylous ascites, and vas-
cular occlusion. Laboratory findings include elevated erythrocyte sedimentation rate
and C-reactive protein. The natural history of SM associated with IgG4-RD has not
been fully established in the literature.

Table 17.1 Summary of terminology used to describe sclerosing mesenteritis among different
disciplines

Discipline Mesenteric
lipodystrophy

Mesenteric
panniculitis

Retractile
mesenteritis

Sclerosing
mesenteritis

Pathology Predominant fat
necrosis

Predominant chronic
inflammation

Predominant
fibrosis

Umbrella term for
any benign
fibroinflammatory
disease of the
mesentery with any
degree of fat
necrosis, chronic
inflammation and
fibrosis

Radiology Not frequently
used

Meets at least 3 of 5
criteria (i) Fatty
mesenteric mass;
(ii) Hyperattenuated
mesenteric fat;
(iii) Mesenteric
small (<10 mm)
lymph nodes;
(iv) Fat halo sign;
(v) Pseudocapsule

Both terms used
interchangeably
and are not clearly
defined. Often
describe more
aggressive disease
with signs of
obstruction or
encasement of
bowel or vessels

Clinical All 4 terms have
been used
interchangeably
throughout the
literature

From Danford CJ, Lin SC, Wolf JL. Sclerosing Mesenteritis. Am J Gastroenterol. 2019 Jun;114
(6):867–873. Copyright © Wolters Kluwer.
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Retroperitoneal Fibrosis, Chronic Sclerosing Aortitis
and Periaortitis

Retroperitoneal fibrosis (RF), chronic sclerosing aortitis and periaortitis are other
forms of IgG4D. It has been suggested that previously described “idiopathic” RF is
actually an IgG4-mediated disease. RF typically affects the infrarenal portion of the
abdominal aorta with the simultaneous involvement of the iliac arteries. Progressive
fibro-inflammatory changes in the distal aorta lead to obstructive uropathy. On
imaging, IgG4-related RF is seen as a soft-tissue mass encasing the abdominal aorta
and its branches. Hydronephrosis and hydroureter are not uncommon. As with AIP,
RP is responsive to glucocorticoid therapy. IgG4-related periaortitis, may lead to
aneurysmal formation and possible rupture.

Diagnosis of IgG4-RD

The diagnostic process of IgG4-RD begins by clinical recognition of the symptoms
and physical exam findings suggestive of the disease. Alternatively, these conditions
are suggested by incidental findings found on imaging studies. Biopsy findings are
the cornerstone of diagnosing IgG4-RD. These findings include lymphoplasmacytic
tissue infiltration of IgG4-positive plasma cells and lymphocytes in association with
storiform fibrosis. These findings are often accompanied by obliterative phlebitis and
tissue eosinophilia. IgG4 lymphoplasmacytic infiltrates are not specific to IgG4-RD.
They can be found in malignancies and autoimmune disorders. It is important to rule
out those disorders first as they are much more common than IgG4-RD. After the
diagnosis of IgG4-RD has been established, the extent of the disease should be
determined. Imaging of the chest, abdomen and pelvis via CT or MRI is highly
effective in achieving that purpose. Characteristic findings include diffuse and focal
organ infiltration and encasement by inflammatory and fibrotic tissue.

Treatment

The location, severity and duration of patient symptomology and clinical findings
determine the treatment regimen for IgG4-RD. Gastrointestinal disease (e.g.
mesentery, biliary tree, and pancreatic) often presents acutely and requires urgent
treatment. Treatment principles focus on reducing inflammation and host immune
response. The initial treatment focuses on glucocorticoid therapy, often adminis-
tered at high doses followed by a slow taper. However, some patients may not be
able to tolerate corticosteroids or may have ongoing symptoms and disease activity
despite corticosteroids. In these patients, other immunosuppressive agents are
administered and these treatments may be used in combination with glucocorti-
coids. Rituximab monotherapy is has shown to eliminate relapses within a
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six-month follow up period in over 75% of patients with a variety of IgG4-RD.
Other immunosuppressive agents that are commonly used (sometimes in combi-
nation with glucocorticoids) include mycophenolate, azathioprine,
6-mercaptopurine methotrexate, and cyclophosphamide. If a patient enters disease
remission, maintenance therapy is considered. The decision for use of maintenance
therapy focuses on prior history of relapsing disease and whether the patient’s initial
presentation resulted in severe organ damage. In Japan, AIP maintenance therapy
consists of low-dose glucocorticoids. If relapses occur, other immunosuppressive
agents are added to the treatment regimen.
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18Role of the Mesentery in Systemic
Inflammation Response Syndrome
(SIRS) and Multiple Organ Dysfunction
Syndrome (MODS)

Cindy G. Pulido and Eli D. Ehrenpreis

Introduction

The Systemic Inflammatory Response Syndrome (SIRS) is a nonspecific defensive
reaction that is stimulated by the presence of exogenous or endogenous insults.
The SIRS response is proposed to occur for the purpose of localizing and eliminating
malicious sources of injury, which in turn is designed to prevent further harm to the
organism. SIRS is initiated by a variety of pathologic states including ischemia, trauma,
infection, or a combination of these. The SIRS involves an intricate and more complex
reaction than expected to occur from acute phase responses and is characterized by
complex disturbances of homeostasis with many potential consequences. An overactive
SIRS response results in organ system compromise, producing SIRS shock and SIRS
related Multiple Organ Dysfunction Syndrome (MODS).

The extent of the SIRS response is determined by the balance between
pro-inflammatory and anti-inflammatory processes. The Compensatory
Anti-inflammatory Response Syndrome (CARS) is an immunologic phenomenon
that halts the inflammatory processes in order to restore homeostasis. The stimuli
that induce CARS are the same as those that influence SIRS, and both occur as
simultaneous processes.

Reversal of inflammation by the CARS response occurs by several means. These
include apoptotic reduction of lymphocytes and a decrease in the number of human
leukocyte antigen (HLA) receptors on monocytes. The stimulation of
anti-inflammatory cytokines production, (such as IL-10 and IL-4) that suppresses
the expression of TNF-a, IL-1, IL-6, and IL-8 are also involved in restraining the
development of a magnified protective response.
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Pro-inflammatory reactions rise to eliminate bodily insults. However, some-
times, the mechanisms leading to the development of the protective response often
cause harm to the host. CARS response and the anti-inflammatory reactions attempt
to restrain the damage while not delaying the elimination of the offensive source.
The consequences of SIRS and CARS can be damaging to the host due to lack of
effect restriction and exaggerated or poorly timed events (Fig. 18.1).

Pathophysiology

The inflammatory sequence involved in the development of SRIS is a multifactorial
process that integrates humoral and cellular responses. These include the partici-
pation of the complement cascade, and de novo generation and unrestricted pro-
liferation of pro-inflammatory and anti-inflammatory cytokines. SIRS, independent
of its etiology, has similar pathophysiologic manifestations. Bone et al. have
described a three-stage process leading to the development of SIRS (Table 18.1).

Fig. 18.1 SRIS and SRIS-related multiple organ dysfunction syndrome (MODS)
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MODS Pathophysiology

MODS is an unintended consequence of SIRS. The most common organs affected
by MODS are the central nervous system, heart, lungs, liver and kidneys. Processes
responsible for the development of SIRS-related MODS are shown in Fig. 18.2.

Mesenteric Lymph, SIRS and MODS

The mesenteric lymph is proposed to be an essential component in the development
of inflammatory conditions such as SIRS and MODS. Lymph flow from the
intestine occurs via a series of lymphatic vessels and nodes. Lymph coming from
the hindgut organs drains into the inferior mesenteric lymph nodes. Lymph from the
midgut organs and the inferior mesenteric nodes drains into the superior mesenteric
lymph nodes, and then empties into the pre-aortic lymph nodes.

The celiac and mesenteric lymph nodes (superior and inferior) occur around the
origins of their corresponding arteries. These structures meet each other to form
the intestinal lymph trunk, which enters the cisterna chyli, and in turn, drains into
the thoracic duct. The thoracic duct transports lymph and chyle from the abdomen
into the left brachiocephalic vein.

Table 18.1 Summary of the Relationship Between Inflammatory Interactions and the Develop-
ment of the Systemic Inflammatory Response Syndrome (SIRS)

Stages of SIRS development

STAGE 1 In response to injury/infection, the acute phase reaction leads to:
∙ Recruitment of inflammatory cells (macrophages, platelets)
∙ Acute phase mediator participation (TNFa, IL-1, IL-6, IL-8, CRP)
∙ Control of inflammatory response by endogenous anti-inflammatory products
(IL-10, PGE2, antibodies, cytokines receptor antagonists)

STAGE 2 Local cytokines are released into the circulation leading to enlarged
recruitment of cellular protective species:
∙ Stimulation of coagulation cascade
∙ Stimulation of complement cascade (C3a, C5a)
∙ Stimulation of nitric oxide production
∙ Vasodilation and increased vascular permeability

STAGE 3 Failure to control inflammation due to inability of homeostasis restoration
and persistent seeding of the inflammatory stimuli into the systemic
circulation leads to destruction rather than protection:
∙ Loss of capillary integrity (prostaglandins, leukotrienes)
∙ Maldistribution of microvascular blood flow
∙ Organ injury and organ dysfunction

Reference: Bone RC. Toward a theory regarding the pathogenesis of the systemic inflammatory
response syndrome: what we do and do not know about cytokine regulation. Crit Care Med 1996;
24(1):163–72
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Mesenteric lymph derives exclusively from the intestines with no contribution
from other organs and can reach the systemic circulation through the aforemen-
tioned lymphatic pathways. Mesenteric lymph also bypasses the portal circulation
and the liver. Intestinal lymph provides the opportunity for SRIS and MODS to
develop from failure of the intestinal barrier, translocation of intestinal bacteria,
portal bacteremia and the presence of endotoxemia (see Fig. 18.3).

Interventions Directed at Mesenteric Lymph

In vitro studies of exposure to shock-derived mesenteric lymph, have demonstrated
that cellular abnormalities (e.g. neutrophil activation, structural changes in the red
blood cell and endothelial dysfunction) can be associated with a systemic inflam-
matory response. Moreover, in vivo studies have shown that exposure to
shock-derived mesenteric lymph can lead to acute lung injury and cardiac
dysfunction.

Fig. 18.2 The Mechanisms Associated with the Development of Systemic Inflammatory
Response Syndrome (SRS)-Related Multiple Organ Dysfunction Syndrome (MODS)
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Targeting the mesenteric lymph has been the focus of several laboratory in-
vestigations of treatments for SIRS and MODS. Methods to prevent mesenteric
lymph from entering the systemic circulation have included mesenteric duct ligation
and vagus nerve stimulation.

Mesenteric Duct Ligation and the Inflammatory Response

Mesenteric duct ligation may have a preventative effect on the development of
SRIS and subsequent distant organ failure. A study on rats subjected to hemor-
rhagic shock was performed to examine the effects of mesenteric lymph duct
ligation on the renal tissue. Decreased disturbance of the microcirculation and the
oxygen consumption in the kidneys was seen following mesenteric ductal ligation.
This, in turn, resulted in an improvement in the derangement of energy metabolism,
one of the most important mechanisms for injury of the cell during shock.
Mesenteric duct ligation reduced hemorrhage-induced renal ischemia and limited
the reduction of renal ATP that occurred in rats without mesenteric duct ligation.

Despite favorable experimental results, application of this technique in the
clinical setting faces a number of limitations. Among these include anatomic

Fig. 18.3 Mesenteric lymph and the Development of SIRS and MODS. In SIRS and MODS,
pro-inflammatory factors and toxic intestinal factors reach the systemic circulation via mesenteric
lymph while bypassing the portal circulation and liver. Once in the system circulation, they
influence other splanchnic organs and induce a systemic response. This description of the process
implicates the mesenteric lymph, rather than portal vein blood, s the exit route of gut-derived
nonbacterial inflammatory markers. Reused with permission from Rivera ED, Coffey JC, Walsh D,
Ehrenpreis ED. The mesentery, Systemic Inflammation, and Crohn’s Disease. Inflamm Bowel Dis
2019;25(2)226–234. Copyright © 2019 Oxford University Press
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challenges in the performance of mesenteric ductal ligation in humans and lym-
phovenous communications between mesenteric lymph vessels and the thoracic
duct that would allow mesenteric lymph to bypass the ligation.

Vagal Nerve Stimulation (VNS)

Animal studies have also demonstrated that augmentation of the cholinergic
anti-inflammatory effects achieved by vagal nerve stimulation results in the limi-
tation of the inflammatory response following injury.

Adipocytes, SIRS and MODS

Multiple lines of evidence have now demonstrated that adipose tissue is a
metabolically active structure. Adipose tissue is the source of several hormones and
cytokines that are an integral part of numerous physiological processes, as well as
several disease states. Adipocytes are cellular elements now considered to contain
dynamic endocrine functions in their own right, with the ability to secrete several
biologically active proteins. These proteins, known as adipokines, exert their
functions through endocrine, autocrine and/or paracrine mechanisms. Adipokines
are also produced by the stromal vascular fraction within the adipose tissue. This is
comprised of preadipocytes, endothelial cells, fibroblasts, leukocytes and
macrophages.

Adipocytes also produce mediators of immunologic function such as adipo-
nectin, leptin, angiotensinogen and retinol-binding protein. Some adipokines,
including monocyte chemoattractant protein-1 and apelin, are produced by both
fractions, the adipocytes and the stromal elements (preadipocytes, endothelial cells,
fibroblasts, leukocytes and macrophages) (see Table 18.2).

Adiponectin, SIRS and MODS

The adipocyte-specific protein adiponectin circulates in high concentrations in
human plasma. It has anti-inflammatory, antioxidant, antiatherosclerotic and
vasoprotective effects and might be involved in the pathogenesis of the systemic
inflammatory response during sepsis. Adiponectin is the prototype of an
anti-inflammatory adipokine. Adiponectin is produced almost exclusively by adi-
pocytes. It has antioxidant, anti-atherosclerotic, vasoprotective and
insulin-sensitizing effects. On the other hand, it also has anti-inflammatory effects
which might also be involved in the pathogenesis of SIRS and SIRS related
Multiple Organ Dysfunction Syndrome (MODS).
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Table 18.2 Function of Adipokines

Adipokines Functions

Adiponectin ∙ Decreases oxidative stress in endothelial cells, therefore
exerts an anti-atherogenic effect

∙ Promotes insulin sensitivity by decreasing gluconeogenesis
in the liver and pancreatic b-cells apoptosis

∙ Inhibits lipolysis leading to increased triglyceride levels
∙ Exerts anti-inflammatory activity by inhibiting growth of
myelomonocytic progenitors, functioning of mature
macrophages and NK lymphocytes secretion of
inflammatory cytokines (IL-6 and CRP), stimulating
secretion of anti-inflammatory cytokines (IL-10)

Leptin ∙ Decreases appetite
∙ Increases energy stores
∙ Decreases thyroid hormones and female reproductive
hormones

∙ Improves insulin sensitivity
∙ Promotes hematopoiesis and lymphopoiesis by stimulating
proliferation of stem cells in bone marrow

∙ Exerts pro-inflammatory activity by stimulating secretion of
pro-inflammatory cytokines (IL-12, IL-18, IFN-c, TNF-a,
IL-1, IL-6) and production of free radicals and reactive
oxygen species by PMN leukocytes, having anti-apoptotic
effects on mature T cells; inhibiting anti-inflammatory
cytokines secretion (IL-10, IL-4)

Angiotensinogen ∙ Promotes systemic vasoconstriction
∙ Promotes the release of anti-diuretic hormone from
the pituitary gland

∙ Stimulates aldosterone production, resulting in
excretion of potassium and retention of sodium and water

∙ Promotes proinflammatory action and immune cell
infiltration

Retinol—Binding Protein
(RBP)

∙ Promotes pro-inflammatory action by inducing the
secretion of TNF-a, IL-6, MCP-1, IFN-c, IL-1b, IL-2,
IL-12, IL-10, and IL-8 in macrophages, as well as ICAM-1,
VCAM-1, E-selectin, IL-6, and MCP-1 in endothelial cells

∙ Stimulates cellular oxidative stress

Monocyte Chemoattractant
Protein—1 (MCP-1)

∙ Promotes recruitment of monocytes/macrophages and
lymphocytes into foci of active inflammation

Apelin (APLN) ∙ Antithrombotic effect by inhibiting thrombin and collagen
mediated platelet activation

∙ Vasodilator properties that leads to lowering blood pressure
∙ Insulin resistance
∙ Inhibits the release of vasopressin, which has a diuretic
effect

∙ Inhibits the production and release of reactive oxygen
species in adipocytes and therefore decreases cellular
oxidative stress
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Adiponectin’s anti-inflammatory effects are principally mediated by the negative
feedback of TNF-a, Interleukin-6 (IL-6) and C-reactive protein (CRP), all
well-known pro-inflammatory mediators. In the presence of endotoxemia,
down-regulation of adiponectin receptor mRNA results in the inhibition of several
processes affecting endothelial activation, leukocyte infiltration and chemotaxis.
Moreover, several studies have also reported a negative correlation between adi-
ponectin and Sequential Organ Failure Assessment (SOFA) score. Reduced levels
of adiponectin in critically ill patients upon admission to ICU, and higher levels of
adiponectin during recovery have aslo been described.

In a prospective study performed in the intensive care unit (ICU) at Children
Clinical University Hospital, Riga, Latvia, Tretjakovs et al. compared children
having SIRS, with and without sepsis, with healthy controls. Their data demon-
strated that serum adiponectin levels are decreased in patients that developed SIRS
compared to those that did not. Adiponectin levels were also significantly reduced
in patients suffering from life-threatening conditions and at higher risk of mortality.
The authors suggested that these data provided evidence that supports the use of
plasma adiponectin levels as a clinical biomarker in patients with SIRS.

In addition, when marked increases in pro-inflammatory substances occur,
levels of adiponectin are diminished. Some authors have suggested that the
development of therapies that stabilize or increase adiponectin levels may be useful
in severe inflammatory conditions such as SIRS and MODS.

Leptin, SIRS and MODS

Leptin is a cytokine secreted mainly by adipocytes. Measurement levels of leptin
have been shown to correlate with total amounts of body fat. Circulating leptin
levels serve as a measure for energy reserves and are postulated to direct the central
nervous system to adjust appetite and energy expenditure accordingly. Leptin is
also involved in neuroendocrine, metabolic, and immune functions.

Leptin acts as a pro-inflammatory mediator. Its secretion is stimulated by
lipopolysaccharides and acute secretion of pro-inflammatory mediators such as
TNF-a and IL-1. Leptin has a structural similarity to various cytokines. Moreover,
leptin specific receptors belong to the class I cytokine receptors on immune cells
such as monocytes, lymphocytes and neutrophils. This location of leptin-specific
receptors supports the idea that leptin exerts immune-modulating activity. Circu-
lating leptin levels may have a role as a clinical marker for the diagnosis and
prognosis of SIRS. In a prospective study performed in the intensive care unit
(ICU) at St. Spiridon University Emergency Hospital, Iaæi, Romania, Grigoras
et al. compared patients with postoperative SIRS after major elective abdominal
surgery with healthy controls. Their data demonstrated that serum leptin levels were
increased in patients developing SIRS. Leptin and other markers measured (IL-6
and CRP) had similar dynamics with different times that peak levels were present.
Peak IL-6 levels occurred at 6 h, peak leptin levels at 12 h and peak CRP at 24 h
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after surgery. The authors suggested that serum leptin may serve a useful marker for
the diagnosis and prognosis of critical illness in surgical patients.

CRP, Resistin and SIRS/MODS

CRP and resistin are plasma proteins whose circulating concentrations rise in
response to inflammatory processes. Besides being involved in the development of
inflammatory reactions, CRP is also involved in regulating glycemic and lipid
metabolism, while resistin is associated with the establishment of insulin resistance.
In the past, the liver was considered to be a unique source of CRP. Recent evidence
suggests that adipocytes are an extrahepatic source of CRPproduction in humans.
Resistin secretion takes place in several inflammatory cells including monocytes,
macrophages and is also produced by adipocytes and preadipocytes. Due to their
capability to yield pro-inflammatory products and therefore magnify acute phase
responses, all of the aforementioned cells are considered fundamental in the
development of SRIS and are potential cofactors in the development of MODS.

After the original initial insult, the development of SIRS involves the release of
TNF-a and IL-1. These cytokines promote the cleavage of the NF-jB inhibitor.
After NF-jB inhibitor removal, NF-jB can initiate the production of mRNA that
will induce the production of other pro-inflammatory cytokines. Macrophages and
T cells release IL-6. IL-6, in turn, stimulates adipocyte and hepatocyte secretion of
acute phase reactants, such as C-reactive protein (CRP) and resistin.

Overall, CRP and resistin are implicated in the generation of pro-inflammatory
cytokines. Furthermore, the balance established by inflammatory and the
counter-regulatory mechanisms (CARS) helps to determine a patient’s outcome
after an insult. The likelihood of developing SIRS and MODS is also dependent
upon balancing of these systems. Thus, these two mediators (CRP and resistin) are
an integral component of SIRS and MODS.

Fibrocytes, SIRS and MODS

Fibrocytes also have a role in the development of systemic inflammation and
autoimmune disorders. Human fibrocytes are hematopoietic-derived cells produced
in the bone marrow that migrate to the other tissues. Fibrocytes exist as a unique
population of circulating precursors of fibroblasts.

Fibrocytes may appear following a variety of injuries. They are first included in
the acute inflammatory response and later in the remodeling process. Fibrocytes
contribute to the establishment of the inflammatory reaction through the secretion of
pro-inflammatory cytokines. These allow defensive mechanisms to mount an
appropriate response to constraint the injury process. Moreover, fibrocytes con-
tribute to the fibrotic response by promoting extracellular matrix production and
connective tissue remodeling.
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Fibrocytes contribution to the inflammatory process is facilitated by TNF-a and
IL-1b (as well as endotoxin in some infectious cases). They secrete a variety of
pro-inflammatory cytokines (including IL-6, IL-8, IL-10, and TNF-a). These are
involved in the induction of leukocyte entry, survival, and retention during inflammation
as well as the recruitment of other cells that promote the expansion of the inflammatory
reaction. IL-6 production is associated with the translocation of the NF-jB transcription
factor, that was previously described to be related to SIRS development. Fibrocytes also
secrete products such as Connective Tissue Growth Factor (CTGF) and Transforming
Growth Factor Beta 1 (TGF-b1). These promote tissue remodeling by stimulating
extracellular matrix assembly by local fibroblasts. Pilling et al. have postulated that the
positive feedback loop involving signals from fibroblasts back to fibrocytes may lead to
the persistence of inflammatory and a maladaptive repair process. This mechanism may
account for the supporting participation of fibrocytes in the development of SIRS and
perhaps with the progression of SIRS to MODS.

Summary

Although inflammation is an essential host response, the onset and progression of
infection, trauma, and ischemia can lead to both pro-inflammatory and
anti-inflammatory reactions. A subsequent chain of events can result in the establish-
ment of SIRS and, in some cases, to MODS. Mesenteric components, including the
mesenteric lymph, adipocytes, fibrocytes and cytokines play a key role in regulating
pro-inflammatory and anti-inflammatory reactions that occur during the development of
SIRS and MODS. In the future, interventions directed at some of these mesenteric
components may represent therapeutic options for SIRS and MODS.
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19Mesenteric Hemorrhage

Ryan T. Hoff and Eli D. Ehrenpreis

Definition

Mesenteric hemorrhage is defined as bleeding occurring from any of the blood
vessels supplying the mesentery, including those also supplying the stomach, small
intestine, pancreas, and spleen.

Epidemiology and Risk Factors

Mesenteric hemorrhage may be related to trauma, infection, malignancy, or vas-
cular malformations, including rupture of splanchnic aneurysms. Mesenteric hem-
orrhage may be mild and limited to contusions or small hematomas, or severe with
hemodynamic instability and mesenteric devascularization.

Injuries to mesenteric vessels may occur during surgical procedures, including
during direct trocar entry prior to laparoscopy. CT guided biopsy of intra-abdominal
lesions, including pancreatic tumors and cysts, can lead to mesenteric hemorrhage.
Rupture of a mesenteric hematoma may occur following transcatheter aortic valve
replacement (TAVR), which can be life threatening if not identified early. Addi-
tional rare causes of mesenteric hemorrhage include labor, electroconvulsive shock
therapy, and endoscopic ultrasound guided fine needle aspiration of pancreatic
lesions. Mesenteric hemorrhage may occur immediately as an intraoperative com-
plication, or in a delayed fashion postoperatively.
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Rupture of aneurysms and pseudoaneurysms may cause mesenteric hemorrhage.
Aneurysms of the superior mesenteric artery (SMA) are usually related to infection,
whereas aneurysms of the branching arteries of the SMA are usually due to con-
genital or acquired medial defects. Compared with other visceral artery aneurysms,
aneurysms of the SMA have a high rate of rupture. Additional causes of splanchnic
aneurysms include infection, atherosclerosis, trauma, pancreatic or biliary tract
disease. Rupture of these aneurysms may occur spontaneously or secondary to
trauma.

In the absence of trauma or recent surgery, mesenteric hemorrhage may occur
spontaneously secondary to an incarcerated inguinal hernia, anticoagulant therapy,
or connective tissue disorders such as Ehlers-Danlos syndrome. Rarely, a mesen-
teric hematoma may form spontaneously as a complication of a Crohn’s disease
exacerbation. Acute myelogenous leukemia may present with massive mesenteric
hemorrhage. Amyloidosis may involve the mesentery, leading to hemorrhage and
hematoma formation.

Mesenteric hemorrhage may occur spontaneously, leading to abdominal apo-
plexy (also known as spontaneous hemoperitoneum), though this is very rare.
Historically, abdominal apoplexy has been associated with a high rate of mortality,
reported up to 40 percent. However, modern management and surgery have
improved outcomes (Table 19.1).

Table 19.1 Causes of
Mesenteric Hemorrhage

Iatrogenic Anticoagulation therapy

CT guided biopsy

Electroconvulsive shock therapy

EUS guided biopsy

Surgery

Transcatheter aortic valve replacement

Systemic
disorders

Acute myelogenous leukemia

Amyloidosis

Ehlers-Danlos syndrome

Crohn’s disease exacerbation

Local factors Abdominal apoplexy

Incarcerated inguinal hernia

Labor

Rupture of aneurysm or
pseudoaneurysm

Trauma
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Pathophysiology

Mesenteric hemorrhage occurs by several mechanisms, including direct injury to
blood vessels, inflammation leading to aneurysm and subsequent weakening of
vessel walls, and factors that inhibit normal coagulation of blood. Thrombocy-
topenia and coagulopathy (therapeutic or pathologic) may contribute. Mutations of
the type III procollagen gene may increase the risk in spontaneous mesenteric
hemorrhage.

Symptoms

Ruptured aneurysms present with abdominal pain, nausea, vomiting, and acute
anemia. Rarely, mesenteric hematomas may rupture into the small intestine, leading
to hematochezia. Large mesenteric hematomas may occlude segments of bowel,
leading to bowel obstruction. Patients with underlying coagulopathy or collagen
vascular disease may have bruising, or symptoms of overt bleeding.

Physical Findings

Findings on physical examination may include evidence of acute blood loss,
including hypotension, tachycardia and pallor. Shock may develop if blood loss is
severe. In the setting of trauma, physical exam findings may include
extra-abdominal injuries, such as laceration, ecchymosis, etc. In the event of bowel
injury and peritonitis associated with abdominal trauma, peritoneal findings,
including rebound tenderness and guarding may be present. Laboratory studies may
demonstrate an acute decrease in serum hemoglobin concentration or elevated lactic
acid.

Imaging and Diagnosis

Computed tomography angiography (CTA) of the abdomen provides helpful
information regarding the presence and anatomic extent of mesenteric hemorrhage
and serves as the imaging test of choice. CTA uses high-resolution datasets with
rapid acquisition times. These are performed at various time intervals after
administration of intravascular contrast material. This results in images obtained as
intravascular contrast is distributed throughout the circulation in the form of mul-
tiphasic studies. These in turn can be used to create three dimensional images that
provide great details of the vasculature. CTA is useful for identifying active
bleeding, which is imaged as extravasation of contrast material, while establishing
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the source of hemorrhage (See Figs. 19.1 and 19.2). Areas of acute mesenteric
hemorrhage are often heterogeneous and hyperattenuated on CT imaging and repeat
CTA scans can provide information on continued bleeding, thus guiding therapy. If
administered, contrast extravasation into the hematoma indicates ongoing bleeding.
The differential diagnosis of a possible mesenteric hemorrhage includes mesenteric
lymphangioma, abscess, and aneurysm.

Active bleeding into a hematoma may also be established with Technetium 99 m
labeled red blood cell scintigraphy. Acute hemorrhage often exhibits a CT density
of about 35 to 45 hounsfield units. If clots develop, then the density may increase to
70 to 90 hounsfield units. As the hematoma matures, this hyperattenuation grad-
ually decreases, due to breakdown and removal of proteins from red blood cells.
After 2 to 4 weeks following the initial hemorrhage, mesenteric hematomas may be
difficult to distinguish from other similar appearing fluid collections, including
abscesses.

Angiography is an endovascular procedure that provides visualization of the
mesenteric blood vessels and offers an opportunity for therapeutic intervention.
Digital subtraction angiography (DSA) involves the real time digital processing of
contrast enhanced fluoroscopic x-ray images, with removal of unwanted signals and
isolation of desired images. DSA serves as the reference standard for evaluating the
mesenteric vasculature and has demonstrated accuracy in post-pancreatectomy

Fig. 19.1 Coronal image from a CT angiogram shows a left upper quadrant hematoma (asterisks)
with a focus of contrast “blush” (arrow) indicative of active extravasation. There is also diffuse
ascites (A) throughout the abdomen
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bleeding. Active bleeding is demonstrated by the extravasation of contrast medium
(Fig. 19.3).

CTA scan is sensitive for identifying mesenteric injuries, including hemorrhage.
CTA is widely used due to its availability, high accuracy, and lack of procedure
related complications. Oral contrast can assist in evaluating for concurrent under-
lying injury to the bowel wall, which is particularly helpful in the setting of trauma.
However, CT imaging with only intravenous (IV) contrast (without oral contrast), is
76% sensitive for all gastrointestinal tract in injuries in trauma patients, and up to
91% sensitive for major injuries, including mesenteric hemorrhage. Oral contrast
may not be necessary in all patients with blunt abdominal trauma but may be useful
in select patients or as follow up to evaluate findings on initial CT imaging.

Blunt abdominal trauma can lead to mesenteric hemorrhage, which can be life
threatening. Active mesenteric hemorrhage can be diagnosed with multiphasic CTA
imaging, which shows extravasation of contrast material into the mesenteric during
the arterial or portal phase. Alternatively, contrast extravasation into the mesentery
that occurs during the equilibrium phase is usually well contained and amenable to
conservative treatment. Bleeding that results in the formation of a hematoma and
tamponade effect may not demonstrate extravasation of contrast and usually does
not require surgical intervention, unless abdominal compartment syndrome or

Fig. 19.2 Axial CT image again demonstrates the diffuse ascites (A) with layering hyperatten-
uating debris (asterisk) in the left paracolic gutter consistent with blood products. Images are
courtesy of Dr. Abraham Dachman
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bowel devascularization develops. Patients with significant extravasation of contrast
material observed on CTA imaging often present with shock or hemodynamic
instability. However, some patients with mesenteric hemorrhage may appear clin-
ically stable despite active bleeding, and CT evidence of ongoing mesenteric
hemorrhage can influence the decision to intervene surgically.

In about one third of cases of spontaneous mesenteric hemorrhage, no active
bleeding or source of bleeding is found. In patients with blunt abdominal trauma
and hemoperitoneum without a clear source of bleeding, mesenteric hemorrhage
should be considered.

Fig. 19.3 Digital subtraction angiography following superselective catheterization of a distal
splenic artery branch in the same patient shows irregular contrast blush (arrows) consistent with
active hemorrhage. Images courtesy of Dr. Abraham Dachman and Dr. Justin Ramirez
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Management

For small mesenteric hemorrhages, conservative therapy with monitoring is
appropriate. Often, small bleeds resolve spontaneously, with hemostasis achieved
via intra-abdominal tamponade. Minor bleeding, particularly bleeding from small
vessels and capillaries, may be controlled with vasopressin, which can limit blood
loss via vasoconstriction.

For moderate or severe bleeding involving large vessels, transcatheter
embolization is effective. This approach is particularly suited for hemodynamically
stable patients who have evidence of ongoing bleeding. Transcatheter arterial
embolization is an effective treatment for mesenteric hemorrhage and provides a
less invasive alternative to surgery for achieving hemostasis. If transcatheter
embolization fails to achieve hemostasis, the use of a hydrogel-coated
self-expandable coil may be useful. A transcatheter approach is appropriate in
cases with isolated hemorrhage, in the absence of additional injuries to the
mesentery and bowel. Where clinical suspicion for bowel perforation is high,
surgery is preferable. Since not all centers have the capability of transcatheter
intervention, transfer to a tertiary care center may be necessary. Intestinal infarction
may occur after embolization; however, this complication is rare. Severe bleeding
with hemodynamic instability that does not respond to resuscitation efforts requires
surgery.

Hemorrhage related to abdominal trauma is often associated with additional
injuries, which require surgical intervention. The indicated surgical procedures
depends on operative findings, but may include ligation of injured vessels, resection
of injured bowel, end-to-end anastomosis, etc. Blunt trauma that primarily leads to
active significant blood loss without other major visceral injuries, transcather
embolization may be considered. While most cases of vascular injury and mesen-
teric hemorrhage from laparoscopy require laparotomy with open repair, hemo-
dynamically stable patients may be treated laparoscopically.

Mesenteric hematomas that occur following EUS-FNA should be treated with
broad spectrum antibiotics, as the nutrient rich collection of blood easily becomes
infected by bacteria seeding through the needle tract.

Mesenteric hemorrhage secondary to Ehlers Danlos syndrome should be man-
aged with the minimal surgical intervention possible to achieve hemostasis.
Operative management in these patients is complicated by friability of vessels and
surrounding tissue, and poor wound healing (Table 19.2).

Table 19.2 Management of mesenteric hemorrhage

Mild bleeding Supportive care

Serial imaging

Antibiotics (if related to imaging guided biopsy)

Moderate to severe bleeding Transcatheter embolization

Surgical repair, ligation of vessels
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20Mesenteric Panniculitis

Eli D. Ehrenpreis

Definition and Nomenclature

Mesenteric panniculitis is an idiopathic, chronic inflammatory disease of the
mesentery. Characteristic for mesenteric panniculitis is the occurrence of degen-
eration and necrosis of mesenteric fat with associated chronic inflammation. In
some cases, fibrosis and scarring of fatty tissue within the mesentery occurs as a
primary or secondary manifestation of chronic inflammation. The presence of
fibrosis resulted in the name as “retractile mesenteritis” when mesenteric panni-
culitis was first described in the medical literature in 1924. Other names for the
disease have included sclerosing mesenteritis, mesenteric lipodystrophy, lobular
panniculitis, isolated (or mesenteric) Pfeifer-Weber-Christian Disease, mesenteric
fibrosis, mesenteric sclerosis, liposclerotic mesenteritis, mesenteric lipogranuloma,
xanthogranulomatous mesenteritis, and inflammatory pseudotumor. These names
denote the predominant features of the disease process in the mesentery, but do not
likely represent different conditions. For this reason, mesenteric panniculitis is the
preferred term for the disease.

Epidemiology

The epidemiology of mesenteric panniculitis has not been fully defined. Our group
reported that findings consistent with mesenteric panniculitis occurred in 359
(0.24%) from a total of 147,794 abdominal computed tomography (CT) examina-
tions performed over a five year period in a large community based medical system.
Of these, 100 patients (28%) had known malignancy or were later diagnosed with
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cancer. Male predominance of 2:1 has been reported in some studies. Mesenteric
panniculitis most often appears during the sixth and seventh decade of life. A few
cases of mesenteric panniculitis have been reported in children and adolescents.

Patients at Risk

Our experience suggests that patients with mesenteric panniculitis will frequently
have a personal or family history of other autoimmune conditions. The most
common of these conditions appear to be multiple sclerosis, psoriatic arthritis, and
Crohn’s disease.

Pathophysiology

Evidence is highly indicative that mesenteric panniculitis is an autoimmune dis-
order. Factors supporting this hypothesis include biopsy evidence of chronic
inflammation, systemic symptoms that are characteristic of other autoimmune
diseases and family histories of other autoimmune diseases. In addition, serum
inflammatory markers such as the erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) are often elevated in patients with mesenteric panniculitis.
Medications that alter immune responses appear to improve the symptoms of
mesenteric panniculitis as well. Because mesenteric panniculitis is associated with
abdominal surgery, trauma and some infectious illnesses, triggering factors are a
major occurrence in the disease. Mesenteric panniculitis may follow acute
inflammation, infection, or mesenteric ischemia. It is likely that these conditions
represent an exposure that produces a secondary autoimmune reaction.

Mesenteric abnormalities consistent with mesenteric panniculitis are associated
with neoplastic diseases. In our study, about 28% of patients with an abnormal CT
of the mesentery suggestive of mesenteric panniculitis had either a known history of
cancer or were newly diagnosed with cancer. The most common cancers with
mesenteric panniculitis like abnormalities on CT scan are lymphomas. Solid tumors
associated with mesenteric panniculitis include colon, renal and prostate cancers
(Table 20.1). Several cases of carcinoid tumor presenting as a mesenteric mass
resembling mesenteric panniculitis have been reported.

Although biopsies of abnormal regions of the mesentery may reveal the presence
of invasive tumor cells, often, these biopsies show characteristic histologic features
of mesenteric panniculitis without the presence of neoplasia (see Histology section
below). Because of this, our group and others have hypothesized that mesenteric
thickening and inflammation in cancer patients often represents a paraneoplastic
syndrome. This is supported by studies that show that the mesenteric process rarely
demonstrates uptake of fluorine-18 (F-18) fluorodeoxyglucose (FDG) on positron
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emitting tomographic (PET) scans. Mesenteric panniculitis-like lesions are gener-
ally stable in patients with cancer and may resolve following successful antineo-
plastic therapy.

It has also been suggested that mesenteric panniculitis belongs to a larger
spectrum of diseases in which inflammation and fibrosis affect multiple organ
systems of the body. Fibrosclerotic disorders that have been reported to occur with
mesenteric panniculitis include retroperitoneal fibrosis, Sjögren’s syndrome and
sclerosing pancreatitis. Elevated IgG4 has been implicated in some fibrosing forms
of mesenteric panniculitis. (See Chap. 17 IgG4 and Mesenteric Diseases).

Symptoms and Signs

The clinical presentation of mesenteric panniculitis is highly variable. Symptoms of
mesenteric panniculitis fall into several categories. In some patients, abdominal
pain is vague or in a location that cannot be explained purely by the presence of the
mesenteric mass. The pain is generally located in the middle portion of the abdo-
men but can be present in other areas of the abdomen or pelvis as well.

Table 20.1 Cancer types in patients with computed tomography (CT) findings consistent with
mesenteric panniculitis

Total patients N = 100

Lymphomas N = 36

Follicular 17

Diffuse large B cell 9

Small lymphocytic 3

Mantle cell 2

T cell 2

Other lymphomas (Burkitt, Hodgkin, Marginal zone B cell) 3

Other Neoplasms N = 64

Prostate 7

Renal cell 6

Lung 6

Chronic lymphocytic leukemia 5

Bladder 5

Endometrial 5

Breast 4

Colon 3

Rectal 3

Other (including carcinoid tumor) 20

Adapted from: Ehrenpreis ED, Roginsky G, Gore RM. Clinical significance of mesenteric
panniculitis-like abnormalities on abdominal computerized tomography in patients with malignant
neoplasms. World J Gastroenterol. 2016;22(48):10,601–10,608
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Alternatively, abdominal pain may be due to the mass-like effect of mesenteric
inflammation, and impingement or involvement of adjacent structures including the
small intestine. Another group of symptoms occur in the presence of chronic
inflammation and may include weight loss, fever, anorexia and fatigue. In other
cases, affected individuals may develop complications such as small bowel
obstruction or an acute abdomen. Small bowel obstruction may occur as a result of
fibrosing disease or from a mass-like effect. A small subset of patients develops a
rapidly progressive, fibrosing form of the disease with multiple areas of obstructive
small intestine. This group of patients have a very poor prognosis.

A large percentage of patients with mesenteric panniculitis have the unexplained
symptom of nausea. Other common symptoms include early satiety, and altered
bowel habits (either constipation or diarrhea).

Diagnosis

Mesenteric panniculitis is usually diagnosed when a “misty mesentery” or a
mesenteric mass is seen on a CT scan of the abdomen that is performed for the
evaluation of abdominal pain. Alternatively, the CT scan is performed as a general
workup in patients with known malignancy. The diagnosis of mesenteric panni-
culitis can be suspected and is included in the differential diagnosis in patients with
abdominal pain and systemic symptoms such as fever, night sweats and weight loss.

Physical Findings

A thorough examination to rule out peripheral lymphadenopathy or other signs of
lymphoma or solid neoplasms is necessary in all patients. Breast, gynecologic,
rectal and prostate examinations and appropriate screenings are required. The
abdominal examination is often nonspecific with ill-defined abdominal tenderness
present. In some patients a tender mass may be palpated in the middle portion of the
abdomen. Physical findings associated with intestinal obstruction may be present in
a small number of patients. Our group reported chylous ascites with associated
abdominal distension in a patient with mesenteric panniculitis, and this finding has
been described in several additional cases.

Laboratory Testing

Some patients will demonstrate elevated laboratory markers of inflammation such
as erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP). Our group
has demonstrated that decreases in these markers occur in patients with symp-
tomatic improvement after treatment with immune modulating medications.
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Anemia of chronic disease may occur in some patients. Tests that are indictive of
underlying malignancies may include elevated prostate specific antigen (PSA),
elevated serum tumor markers, iron deficiency anemia, etc.

Imaging

The initial diagnosis of mesenteric panniculitis is usually made by computerized
tomographic (CT) scanning of the abdomen. Abdominal CT is also commonly used
for patient follow up, although magnetic resonance imaging (MRI) offers another
means for follow up imaging without repeated radiation exposure to patients.
Characteristic findings on these imaging procedures in mesenteric thickening and
calcification. Mild cases are often referred to as showing a “misty mesentery”
(Fig. 20.1a and b).

A mesenteric mass originating from the mesenteric root that is loosely or more
definitively organized is often seen (Figs. 20.2 and 20.3). The mass is characterized
by fat enhancement and multiple soft tissue nodules. Enlargement and calcification
of mesenteric and pelvic lymph nodes are often seen. Because mesenteric panni-
culitis is not an invasive disorder, blood vessels within the mesentery appear to be
spared from the inflammatory mass. This is referred to as perivascular sparing or the
“halo sign” or “fat-halo sign” and is highly characteristic of mesenteric panniculitis
as opposed to neoplastic disease of the mesentery (Figs. 20.2 and 20.4).

Fig. 20.1 A and B Hazy increased attenuation in the mesenteric fat (ovals) surrounding vessels in
the mesenteric root gives the appearance of a “misty mesentery”. Displacement of loops of the
small intestine are seen due to a mass effect in B. Although characteristic of mesenteric
panniculitis, these are nonspecific findings seen in a number of disease processes including
inflammation, edema, hemorrhage or tumor infiltration
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Fig. 20.2 Abdominal CT (coronal view) showing hazy increased attenuation throughout the
mesentery with sparing around the mesenteric vessels. There are scattered prominent mesenteric
lymph nodes and a developing soft tissue mass (Arrow). Sparing of vessels by the mass (halo sign)
are also seen (Arrowhead)

Fig. 20.3 More advanced mesenteric panniculitis in a different patient shows a confluent
mesenteric mass with coarse calcifications
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Biopsies and Histologic Findings

Surgical biopsy and microscopic study of affected tissue is required to completely
rule out other conditions and to confirm a diagnosis of mesenteric panniculitis. Our
group recommends that biopsies are obtained using a laparoscopic approach.
Laparoscopy allows for full visualization of the lesion with adequate sampling of
multiple affected areas, including mesenteric lymph nodes. CT directed biopsies
have also been described in the literature. Laparoscopy or laparotomy reveals
mesenteric thickening, or a uniform appearing fatty mass. Hemorrhagic areas of the
mass may be present. Lymphadenopathy is often seen.

Histologic findings include chronic inflammation, fat degeneration and lipid
necrosis, a nonspecific and predominantly lymphocytic inflammatory infiltrate, and
fibrosis.

Fig. 20.4 Axial image from a patient with mesenteric panniculitis also showing perivascular
sparing, also known as the “fat-halo” (Arrows). Radiographic images are courtesy of Dr. Abraham
Dachman and Dr. Justin Ramirez
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Treatments

Medical

The goals of treatment for mesenteric panniculitis are reduction of mesenteric
inflammation and the control of symptoms of the disease. Recommended treatments
are generally based on case reports or small case series. Individuals with no
symptoms are not treated, but are regularly monitored with abdominal imaging.

For symptomatic patients, anti-inflammatory agents, especially corticosteroids,
are the usual initial treatment of choice. Other drugs that have been used to treat
mesenteric panniculitis include colchicine, azathioprine, cyclophosphamide,
infliximab and pentoxifylline. Our group has performed the only prospective
clinical trials of treatments for mesenteric panniculitis. These trials demonstrated
efficacy of both thalidomide and low dose naltrexone (LDN) as treatments for
mesenteric panniculitis. Thalidomide, a tumor necrosis factor alpha (TNF-a) inhi-
bitor improves symptoms and reduces blood levels of ESR and CRP in patients
with mesenteric panniculitis. LDN has immune modulating effects, mediated by
increased blood levels of enkephalins and endorphins. We have also found efficacy
of enteric coated budesonide in treating the disease (unpublished).

Tamoxifen and other hormonal therapies have been proposed to treat patients
with mesenteric fibrosis due to their anti-fibrotic effects. Unfortunately, serious side
effects may occur with these medications including the development of throm-
boembolic phenomena and secondary malignancies, and are thus recommended to
be avoided. Because of the rarity of mesenteric panniculitis, it is unlikely that
controlled clinical studies of medical therapies for this condition will occur in the
future.

Surgery

Other than for the purpose of obtaining a biopsy for diagnostic purposes, surgery
should be avoided in patients with mesenteric panniculitis. There is no role for
surgical debulking or attempted removal of the mesenteric mass for the purpose of
controlling or curing the disease. Small intestinal obstruction secondary to
mesenteric panniculitis is one potential indication for surgery.
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21PPP Syndrome: Pancreatitis,
Panniculitis, Polyarthritis

Eli D. Ehrenpreis

Definition

PPP Syndrome is a rare occurrence of extra-pancreatic complications of acute
pancreatitis., Panniculitis usually involves the fatty layers of the skin of the lower
extremities, but can be involve fatty tissue in any location in the body, including the
mesentery. Symmetric polyarthritis generally of the lower extremities is a charac-
teristic occurrence.

Epidemiology

Pancreatic panniculitis is purported to affect about 2–3% of patients with pancreatic
disease. About 40 cases of PPP Syndrome have been reported in the medical
literature. Only a few cases with mesenteric involvement have been described in the
medical literature.

Patients at Risk

This syndrome is generally described in male patients with a history of alcohol
abuse between the ages of 40 and 70 years old. It occurs in the setting of acute or
chronic pancreatitis. It has also been described in association with cancer of the
pancreas.
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Pathophysiology

Although the exact cause of this condition is unknown, it appears to be due to entry
of pancreatic enzymes into the systemic circulation. This in turn leads to an
inflammatory destruction of fat-containing organs including subcutaneous tissues,
bone marrow and the mesentery. Destruction of fatty tissue, primarily by pancreatic
lipase results in the development of fat saponification and necrosis. It is presumed
that joint inflammation occurs due to circulating inflammatory cytokines, although
some have proposed that deposition of antigen–antibody complexes contribute to
inflammatory lesions of the disease. Arthritis may also develop as a result of joint
infiltration by free fatty acids. Fistulation between a pancreatic pseudocyst and a
portion of the mesenteric venous system may be an important factor in the
development of the condition.

Signs and Symptoms

The clinical presentation of this condition is variable and dependent on the severity
of pancreatic disease, and the extent of involvement of other affected areas. Typ-
ically, patients will have abdominal pain related to acute and chronic pancreatitis.
The severity of abdominal symptoms may worsen with the subsequent development
of mesenteric fat necrosis and the development of an inflammatory mass of the
mesentery. Tender, deep erythematous nodular lesions of the skin are present.
These may open and extrude an oily brown or creamy material. An inflammatory
polyarthritis and interosseous fat necrosis are additional characteristics of this
condition, resulting in joint and bone pain. The consequences of severe pancreatic
disease is associated with a 25% mortality rate. Untreated disease can result in bone
marrow necrosis, scarring of the skin, septic arthritis, chronic debilitating arthritis,
and worsening chronic pancreatitis.

Diagnosis

The diagnosis of PPP syndrome is made on the basis of the triad of pancreatitis,
panniculitis and polyarthritis occurring simultaneously in an affected patient.
Typical physical findings, elevated serum lipase level and characteristic radio-
graphic and histologic findings confirm the diagnosis.
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Physical Findings

The presentation of this condition can be variable in severity. In general, patients
will have painful nodular lesions of the skin joint pain with effusions and physical
findings consistent with acute or chronic pancreatitis. A symmetrical inflammatory
polyarthritis may occur. The abdominal examination may reveal a tender palpable
mesenteric mass.

Laboratory Testing

Characteristic laboratory findings associated with acute and chronic pancreatitis
occur in this condition. However, cases described in the literature demonstrate
markedly elevated levels of serum lipase and other pancreatic enzymes.

Imaging

CT scan of the abdomen may reveal acute pancreatitis, pancreatic pseudocysts,
chronic pancreatitis and/or pancreatic cancer. When mesenteric involvement occurs,
the presence of a mass in the mesenteric fat will be detected. Joint disruption and
effusions as well as lytic lesions of the bone may be detected with radiography.
Bone marrow abnormalities including necrosis are detected with MRI.

Histologic Findings

Fat necrosis is seen in skin lesions and in biopsies of the mesenteric mass when
present. Loss of nucleation and partial destruction of the cell membranes of adi-
pocytes produces the characteristic “ghost cells” seen on biopsy. Analysis of fluid
removed from affected joints reveals the presence of inflammation and or sepsis.

Treatments

Medical

Treatment of pancreatic disease appears to result in improvement of the
extra-pancreatic complications associated with this condition. Chronic arthritis and
chronic pancreatitis may ensue. Nonsteroidal anti-inflammatory drugs and corti-
costeroids have been used to reduce associated inflammation and may be effective
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in controlling skin and joint manifestations of this condition. Use of octreotide and
plasmapheresis have been described in the literature.

Surgical

One case report described the stenting of a disrupted pancreatic duct and drainage
of a necrotic pancreatic cyst using endoscopic ultrasound and endoscopic retrograde
cholangiopancreatography. Partial pancreatoduodenectomy and resection of a
mesenteric fistula has also been described. Surgical drainage of pancreatic
pseudo-cysts may be beneficial. Total pancreatectomy has been described as
curative treatment.

Additional Comments

PPP syndrome is one of several complications of acute pancreatitis that may affect
the mesentery. Acute pancreatitis may also be associated with thrombosis in the
mesenteric veins or arteries.
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22Mesenteric Adenitis

Eli D. Ehrenpreis

Definition

Mesenteric adenitis (or mesenteric lymphadenitis) is a benign inflammatory con-
dition involving the lymphatic system located in the right lower quadrant of the
abdomen. It is an important entity in the differential diagnosis of patients presenting
with right lower quadrant pain. Mesenteric adenitis is defined by the presence of a
group of three or more lymph nodes in the right lower quadrant mesentery that are
5 mm or greater when other conditions are ruled out. Mild terminal ileum
inflammation may be present. Primary mesenteric adenitis is acute in onset and is
likely an infectious condition of origin. Secondary mesenteric adenitis occurs as a
complication of a variety of infectious and inflammatory disorders and can occur in
patients infected with human immunodeficiency virus (HIV).

Epidemiology

The complaint of abdominal pain makes up about seven percent of all emergency
room visits in the United States. Next to acute appendicitis, mesenteric adenitis is
the second most common cause of right lower quadrant of the abdomen pain. In the
past, mesenteric adenitis was diagnosed in patients undergoing surgery for sus-
pected appendicitis. With the addition of modern imaging techniques, mesenteric
adenitis is diagnosed in 2–16% of patients initially suspected of having acute
appendicitis.
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Patients At Risk

Primary mesenteric adenitis is most commonly seen in adolescent and young adult
patients with an average age of 25 years (range 5–44) years. Secondary mesenteric
adenitis is seen in patients belonging to high risk groups. These include patients
with celiac disease, diverticulitis, cholecystitis, Crohn’s disease, ulcerative colitis,
mesenteric panniculitis, pancreatitis, systemic lupus erythematosus and other con-
nective tissue. Patients infected with HIV may develop secondary mesenteric
adenitis from mycobacterium avium complex infection. In addition, HIV infected
patients are at risk for the immune reconstitution inflammatory syndrome (IRIS).
This occurs 3–12 months after initiation of treatment with highly active antiretro-
viral therapy (HAART). Due to an overall improvement of the immune system in
HIV-infected patients treated with HAART therapy, an increase in circulating
CD4 T cells results in the development of an inflammatory response to ongoing
infections with viruses (such as cytomegalovirus or herpes simplex), mycobacteria,
or fungal infections (such as Cryptococcus neoformans or Pneumocystis jerovecii).
IRIS may manifest as abdominal pain and abdominal lymphadenopathy.

Pathophysiology

It is hypothesized that mesenteric adenitis occurs when infectious organisms gain
entry to intestinal lymph nodes after invasion of intestinal lymphatics. A subsequent
inflammatory process is triggered within the lymph nodes, and the intensity of this
response varies according to the virulence of the invasive organism. Suppurative
lymph node inflammation and/or associated systemic involvement may occur.
Cultures of mesenteric lymph nodes and blood have demonstrated a number of
infectious causes of the condition (Table 22.1).

Symptoms

The classic presentation of primary mesenteric adenitis is the acute onset of fever
and right lower quadrant abdominal pain. Although the majority of patients in the
appropriate age group with these symptoms will have acute appendicitis, the
additional presence of diarrhea is more consistent with the diagnosis of mesenteric
adenitis. Signs and symptoms of an upper respiratory tract infection, other systemic
infectious illnesses and peripheral lymph node enlargement may also occur.
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Alan S. Putrus and Michael H. Piper. “Mesenteric Lymphadenitis”. https://
emedicine.medscape.com/article/181162.

Physical Findings

Fever and abdominal tenderness (particularly in the right lower quadrant) are
physical signs that occur in patients with either mesenteric adenitis or acute
appendicitis. Rebound tenderness and may be present in both mesenteric adenitis
and acute appendicitis. Rectal tenderness on the right or middle portion of the
digital rectal exam may occur, but does not help to differentiate between the two
conditions. Peripheral lymphadenopathy may be present in mesenteric adenitis. The
presence of other physical findings may identify causes of secondary mesenteric
adenitis.

Laboratory Testing

Leukocytosis is present in both mesenteric adenitis and acute appendicitis and
cannot be reliably used to differentiate the two conditions. A white blood cell count
(WBCs) of greater than 10,000/µL in present in more than of 50% of with
mesenteric adenitis.

Table 22.1 Organisms
associated with mesenteric
adenitis

Bacteria

Yersinia species (most common causative organisms)

Beta-hemolytic streptococcus

Staphylococcus species

Escherichia coli

Streptococcus viridans

Mycobacterium tuberculosis

Non-Salmonella typhoid

Bartonella henselae (Cat Scratch Disease)

Parasites
Giardia lamblia

Viruses
Coxsackieviruses (A and B)

Rubeola virus

Adenovirus (serotypes 1, 2, 3, 5, and 7)

Epstein-Barr virus (EBV)

Acute human immunodeficiency virus (HIV)
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Imaging

The initial purpose of performing imaging studies in the appropriate clinical setting
is to confirm or rule out the diagnosis of acute appendicitis and other causes of
acute abdominal pain. Abdominal ultrasound (US) and computerized scan of the
abdomen (CT) are complementary tests for identification of acute appendicitis. The
range of sensitivities of abdominal US for diagnosing acute appendicitis is between
71 and 94% and a specificity ranges 81 and 98%. Ultrasound criteria for the
diagnosis of appendicitis include an appendiceal diameter of > 6 mm, thickening of
the appendiceal wall and non-compressibility of the appendix. Appendiceal
inflammation can also be confirmed using Doppler imaging. Due to high sensitivity
and specificity, US is the initial imaging procedure of choice to rule out acute
appendicitis.

Abdominal CT may identify the presence of multiple lymph nodes in the right
lower quadrant that are characteristic of mesenteric adenitis (Figs. 22.1, 22.2, and
22.3). CT is more effective in diagnosing acute appendicitis and has a range of
sensitivity between 76–100% and a specificity range from 83–100%. CT criteria for
appendicitis include appendiceal enlargement (the range for normal diameter is
generally agreed to be between 6–9 mm), thickening of the appendiceal wall and
inflammation of the mesenteric fat that is adjacent to the appendix. It should be
noted that right sided abdominal lymph node enlargement may be present in
patients with acute appendicitis. CT imaging criteria for mesenteric adenitis
includes the presence of three or more lymph nodes with a maximal diameter of
5 mm or more in the right lower quadrant of the abdomen. Mild thickening of the
wall of the terminal ileum (� 5 mm) may also be present.

CT is also beneficial to identify etiologies for the occurrence of secondary
mesenteric adenitis. Imaging with abdominal CT is highly effective in identifying
other causes of acute abdominal pain in patients presenting with symptoms that are
initially suggestive of acute appendicitis such as cholecystitis, diverticulitis, ovarian
torsion and a perforated viscous. CT can also be used to identify other causes of
right lower quadrant pain that are in the differential diagnosis for mesenteric
adenitis including epiploic appendagitis, inflammatory bowel disease, Meckel’s
diverticulum, neutropenic colitis, right-sided diverticulitis, and omental infarction.

Treatment

Medical

Stabilization of the patient with adequate hydration is a mainstay of therapy for
mesenteric adenitis. Pain control may be required on a short-term basis. Use of
empiric antibiotics, with coverage for Yersinia enterocolitica is considered.
Ongoing observation with serial abdominal examinations by the medical and sur-
gical team may be needed if acute appendicitis or other causes of abdominal pain
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Fig. 22.1 Coronal CT image of a patient with mesenteric adenitis demonstrating enlarged
mesenteric lymph nodes. These are most prominent in the ileocolic distribution Associated
ileocecal thickening is also visualized (circle)

Fig. 22.2 Axial image from the same patient showing enlarged lymph nodes (arrows) anterior to
the right psoas muscle with thickening of the cecal wall
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have not been completely ruled out. Primary mesenteric adenitis is a self-limited
condition with a 1 to 7-day recovery period.

Surgical

Mesenteric adenitis does not require surgical management. When the appendix is
visualized and normal appearing using appropriate imaging, the diagnosis of acute
appendicitis is essentially ruled out. Under this circumstance, the patient may be
managed as a case of mesenteric adenitis. Expedited appendectomy is performed
when acute appendicitis is the most certain diagnosis results in better patient
outcomes.

Fig. 22.3 This additional coronal image in the same patient with mesenteric adenitis
demonstrates a normal caliber appendix that is partially filled with gas and oral contrast (arrow).
Images courtesy of Dr. Abraham Dachman and Dr. Justin Ramirez
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23Mesenteric Abscess

Ryan T. Hoff and Eli D. Ehrenpreis

Definition

A mesenteric abscess is organized infection occurring within the mesenteric organ
(peritoneal connective tissue that attaches the stomach, small intestine, pancreas,
and spleen to the abdominal wall). While abdominal abscesses may occur in any
location within the abdominal cavity, mesenteric abscesses are confined to the
mesenteric connective tissue.

Pathophysiology

Several physiologic mechanisms work to limit infections within the peritoneum and
mesentery. The integrity of the lining of the gastrointestinal tract serves as an initial
anatomic barrier, while secretory immunoglobulin A prevents pathogens from
adhering to the intestinal wall. Once translocation occurs, the majority of bacterial
organisms are removed via lymphatic drainage. Lymphatic blockage can occur as a
consequence of infections such as cellulitis and filariasis, deep vein thrombosis,
neoplasm and radiation injury. Damage and obstruction may result in the devel-
opment of infections and associated inflammation. Neutrophil infiltration enhances
local inflammation. This in turn promotes increased blood flow by dilation of local
vasculature.

As this suppurative inflammation continues, liquefactive necrosis occurs and
then forms an abscess. A mass of necrotic cells develops in the center, while an
outer margin of intact cells persists. The abscess may organize further and become
walled off as fibrin is deposited at the margins. The formation of an abscess helps to

R. T. Hoff � E. D. Ehrenpreis (&)
Department of Medicine, Advocate Lutheran General Hospital, 1775 Dempster St, 6 South, Park
Ridge, IL 60068, USA
e-mail: e2bioconsultants@gmail.com

© Springer Nature Switzerland AG 2021
E. D. Ehrenpreis et al. (eds.), The Mesenteric Organ in Health and Disease,
https://doi.org/10.1007/978-3-030-71963-0_23

203

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-71963-0_23&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-71963-0_23&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-71963-0_23&amp;domain=pdf
mailto:e2bioconsultants@gmail.com
https://doi.org/10.1007/978-3-030-71963-0_23


contain the extent of the infection, while the mesentery provides a means of
anatomically compartmentalizing the potential spaces of the peritoneum, thereby
limiting the spread of infection.

Any factors that promote bacterial translocation, including inflammatory bowel
disease, surgery, or trauma, increase the risk for developing a mesenteric abscess. In
addition, any host factors that impair immune function, including malignancy,
immunosuppressive therapies, malignancy, or diabetes mellitus may also increase
the risk of abscess formation. Increased age and malnutrition are additional risk
factors.

Epidemiology

The overall incidence of mesenteric abscess has not been reported. The vast
majority of mesenteric abscess occur secondary to an underlying disorder, injury, or
insult that compromises the integrity of the intestinal mucosa. Primary mesenteric
abscesses, i.e. abscesses that occur in the absence of any provoking event or
underlying condition, are exceptionally rare. Secondary causes of mesenteric
abscess include diverticulitis, appendicitis, Crohn’s disease, malignancy, and
trauma (Table 23.1). Small intestinal diverticula may become complicated by
diverticulitis and perforation, leading to mesenteric abscesses. A Meckel's diver-
ticulum may become occluded from enteroliths, parasites, malignancy, or peptic
ulcer related fibrosis. Such an obstruction may lead to Meckel's diverticulitis, with
perforation and mesenteric abscess formation. Severe peptic ulcer disease may
become complicated by perforation, leading to mesenteric abscess formation.
A mesenteric abscess may occur as a postoperative complication of abdominal or
pelvic surgeries, such as open radical hysterectomy. A mesenteric abscess as the
presenting finding of carcinoma has been reported. Conditions causing immunod-
eficiency, such as HIV/AIDS, increase the risk of opportunistic infections,
including mycobacterium avium complex and mycobacterium tuberculosis, which
may cause mesenteric abscesses. In immunosuppressed patients, Yersinia entero-
colitica infection of the terminal ileum may spread to lymph nodes, leading to
abscess formation. Infection with Enterobius vermicularis, also known as pinworm,
has been reported to cause mesenteric abscess, with a presentation similar to per-
forated appendicitis.

Crohn’s disease is of particular relevance to mesenteric abscess formation.
Inflammatory disease increases the risk of infection by compromising bowel wall
integrity, allowing penetration by bacteria to extraintestinal sites. Immunosup-
pressive agents and surgery also increase the overall infection risk. Postoperative
abdominal abscess occurs as a complication of peritoneal exposure to bacteria
during the operation, or secondary to anastomotic leakage. Tobacco use increases
the risk of both abscesses and fistulas in Crohn’s disease. Corticosteroids are also
known to increase the of intra-abdominal abscess in Crohn’s disease. Azathioprine
increases the risk of postoperative intra-abdominal infectious complications in
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Crohn’s disease. However, azathioprine does not appear to increase the risk of
intra-abdominal infection in non-operative Crohn’s disease. Vedolizumab, admin-
istered before or after surgery, does not appear to increase the risk of the risk of
post-operative abscesses in Crohn’s disease, although there may be an increased
risk of surgical site infections in patients treated with vedolizumab preoperatively.
In patients with Crohn’s disease with an intra-abdominal abscess, ongoing treat-
ment with a tumor necrosis factor alpha (TNF) antagonist is currently considered to
be safe. Ustekinumab does not increase the risk of post-operative infection when
compared with anti-TNF agents.

Symptoms

The presentation of mesenteric abscess varies by location and clinical context.
Symptoms may include fever, chills, sweats, and abdominal pain. Much of the
symptomatology is determined by the location involved. Perigastric abscesses may
cause early satiety, nausea and vomiting. Large abscesses of the small intestine may
cause a small bowel obstruction, leading to nausea, crampy abdominal pain, and
inability to pass flatus or stool. Perirectal abscesses may cause tenesmus.

Table 23.1 Causes of mesenteric abscesses

Iatrogenic Post-operative complication

Immune suppression AIDS/HIV related infections

Solid organ transplant recipients

Immunomodulating medications

Chemotherapy

Infectious Enterobius vermicularis (Pinworm)

Mycobacterium avium complex

Mycobacterium tuberculosis

Yersinia enterocolitica

Enterobius vermicularis (Pinworm)

Malignancy Carcinoma

Perforation, Leading to Abscess Appendicitis

Ileal diverticulitis

Jejunal diverticulitis

Meckel’s diverticulum

Collagen disorders, Ehlers Danlos Syndrome

Peptic ulcer

Trauma

Primary Idiopathic
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Physical Findings

Exam findings for mesenteric abscess may include fever, tachycardia, and a pal-
pable abdominal mass. The abdominal mass may be freely mobile, easily shifted
from side to side via palpation. If there is underlying Crohn’s disease, a perianal or
enterocutaneous fistula may be present. Additional systemic manifestations of
infection are often present, such as tachycardia and diaphoresis. In the setting of
bowel obstruction, abdominal distension may be observed. Mesenteric abscesses
may rupture, leading to peritoneal signs, with guarding and rebound tenderness.

Laboratory Testing

Laboratory results are nonspecific and represent the presence of underlying bac-
terial infection. Findings may include leukocytosis, bandemia, elevated inflamma-
tory markers (erythrocyte sedimentation rate and C reactive protein), and
procalcitonin. Blood cultures may be positive for a single organism, or multiple
pathogenic bacteria. Culture of drained purulent material, acquired via radiologic
guidance or surgery, is the gold standard for microbiologic diagnosis. Infectious
organisms may include gram negative rods such as Escherichia coli, anaerobic
bacteria such as Bacteroides fragilis and Peptostreptococcus species, or gram
positive cocci including staph aureus, streptococcus, and Enterococcus species.
Tuberculosis may be isolated in rare cases. When possible, a microbiologic diag-
nosis should be obtained, which also may provide sensitivities to antimicrobial
therapy. In most cases, abscesses are polymicrobial. In the setting of immuno-
suppression, staining with acid fast bacilli should be considered to detect my-
cobacterial infection.

Diagnosis and Imaging

Computerized tomography (CT) of the abdomen and pelvis is the imaging test of
choice in most cases of suspected mesenteric abscess. Images demonstrate a well
circumscribed mass containing fluid and surrounding inflammatory changes
(Fig. 23.1), which may contain pockets of air. Additional findings may include
thickening of the intestinal wall, intestinal dilation with air fluid levels, and enlarged
mesenteric lymph nodes. If intravenous contrast is used, the mass may be ring
enhancing.

Ultrasound provides the benefit of avoiding radiation but offers more limited
anatomic information. Plain film radiography may demonstrate evidence of
intra-abdominal abscess but is significantly less sensitive and specific than CT
imaging.
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Barium enema may demonstrate the presence of an intra-abdominal mass, with
bowel loop separation or displacement. In one series of patients with Crohn’s
disease, these findings on barium enema (suggesting a mass) indicated a mesenteric
abscess in one third of cases. The most common finding in these cases was the
presence of fibrofatty changes of the mesentery.

The presence of a mesenteric abscess observed on imaging should prompt
investigation regarding the likely etiology of this finding. Potential etiologies in-
clude Crohn’s disease and complicated jejunoileal diverticulitis. Additional diag-
nostic considerations include malignancy, foreign body related perforations,
traumatic hematomas, and medication induced ulcers. Depending on anatomic
location, the initial presentation of mesenteric abscess can be identical to acute
appendicitis. Complicated Meckel’s diverticular perforation should be considered,
particularly if gastrointestinal bleeding is present or if exploratory laparotomy is
performed which shows a normal appearing appendix. In women, the presentation
can be similar to ectopic pregnancy, pelvic inflammatory disease, tubo-ovarian
abscess, and hemorrhagic or ruptured ovarian cysts.

Treatment

In most cases, definitive therapy requires drainage of the abscess. Drainage may be
achieved either percutaneously with CT guidance or by a surgical technique.
Antibiotics should be administered, with a regimen directed at treating the most
likely causative organisms.

Fig. 23.1 Crohn’s abscess. Round, well-circumscribed fluid collection in the lower abdomen with
surrounding inflammatory changes compatible with a mesenteric abscess in this patient with a
prior diagnosis of Crohn’s disease (arrow)
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If complicated ileal or jejunal diverticulitis is suspected, surgery should be
pursued. Surgery may be laparoscopic or open and consists of resection of diseased
bowel followed by primary anastomosis. Percutaneous abscess drainage and
antibiotics may be considered in select patients with Ehlers Danlos Syndrome, as
these patients presents challenges in achieving successful surgical outcomes,
including poor wound healing, enterocutaneous fistula formation, and bleeding.
There is increasing interest in the use endoscopic techniques for drainage of
mesenteric abscesses. Endoscopic ultrasound guided drainage may be effective for
postoperative mesenteric abscesses.

Small mesenteric abscesses in Crohn's disease (less than 3 cm) may be treated
with antibiotics alone; this often leads to resolution. Abscesses greater than 3 cm in
patients with Crohn’s disease may benefit from percutaneous drainage. Percuta-
neous drainage and antibiotics are effective for the majority of Crohn’s disease
related abscesses. In the minority of cases that require surgery, percutaneous
drainage in advance may allow for sufficient healing that a primary anastomosis is
feasible at the time of operation, thus avoiding a multistep surgery with a diverting
ostomy.

Surgery is indicated if medical therapy and percutaneous drainage is unsuc-
cessful or additional abnormalities, such as congenital malrotation or fistula are
present. Risk factors that predict the need for surgery in patients with Crohn’s
disease include large multifocal and multiloculated abscesses, the presence of
colonic disease, and concomitant corticosteroid therapy. Amongst patients requiring
ileocecal or ileocolic resections for Crohn's disease, the presence of an abscess is a
risk factor for anastomotic-associated complications. Surgery for Crohn's-related
abscesses consists of exploration and evacuation of the abscess, irrigation and
debridement of the abscess cavity. Resection of diseased bowel is usually neces-
sary; however, excessive resection should be avoided to minimize the risk of short
bowel syndrome. Patients with an abscess in the setting of refractory pancolitis or
fistula formation may require a complete proctocolectomy with end ileostomy.
Additional surgical options for severe disease include segmental colectomy and
subtotal colectomy with ileorectal anastomosis; the choice of surgery depends
largely on the clinical context and the extent of disease.
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24Mesenteric Venous Thrombosis

Nyi Nyi Tun and Eli D. Ehrenpreis

Introduction

Mesenteric venous thrombosis (MVT) is the formation of a blood clot within the
mesenteric venous system, including the superior and inferior mesenteric veins or
their venous tributaries. The superior mesenteric vein is generally the site of
involvement of MVT. Thrombosis of the inferior mesenteric vein thrombosis is a
rare occurrence. The presentation of MVT may be acute, subacute or chronic, each
of these having different clinical patterns with possible overlap between the various
forms. MVT is one of the recognized causes of mesenteric ischemia which refers to
inadequate perfusion to meet the metabolic demands of visceral organs, (see
Chap. 26 Ischemic Enteropathy).

Epidemiology

MVT may present with symptoms including abdominal pain or may be an
asymptomatic incidental finding on abdominal imaging. Despite variation in the
literature, MVT is estimated to account for 5–15% of cases of acute mesenteric
ischemia. Compared to acute MVT, cases of chronic MVT are reported less fre-
quently, likely because of vague or absent symptoms in a large number of these
patients. MVT is the primary diagnosis for 1 in 5,000 to 15,000 hospital admissions
and approximately 0.1% of emergency surgical laparotomies for acute abdomen.
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Routine use of abdominal CT scanning has resulted in an increasing number of
diagnosed cases of MVT and has been responsible for improved survival in acute
MVT. The average age at presentation varies between 45 and 60 years with a slight
male predominance. The presenting age varies depending on the underlying cause
of MVT.

Anatomy

Mesenteric veins parallel their arterial counterparts and drain into the portal venous
system. The superior mesenteric vein (SMV) drains blood from the pancreas, small
intestine, and the proximal colon. Initially, blood returns through smaller venous
structures called the venae rectae. These coalesce to form ileocolic, middle colic
and right colic veins which as previously stated combine to form the superior
mesenteric vein. The superior mesenteric vein and the splenic vein join together to
form the portal vein (Fig. 24.1). The inferior mesenteric vein (IMV) drains blood
from distal colon and rectum. The IMV drains the tributaries of sigmoid and left
colic veins, as well as the rectal veins and eventually drains into the splenic vein
(Fig. 24.2).

Splenic vein

Jejunal veins

Ileal veins

Portal vein

Superior
mesenteric vein

Pancreaticoduodenal
veins

Middle colic vein

Right colic vein

Ileocolic vein

Fig. 24.1 Anatomic view of the superior mesenteric vein
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Pathophysiology

Venous thrombosis results from a combination of vascular endothelial injury,
hypercoagulability, and stasis of blood flow. These are classically known as Vir-
chow’s triad. As stated previously, MVT almost always involves the superior
mesenteric vein distribution whereas the inferior mesenteric vein distribution is
rarely involved for reasons which are not clearly understood. Acute MVT may also
involve more than one mesenteric vein as well as its branches. The occurrence of a
thrombus in a large vein increases venous pressure and vascular resistance within
the mesenteric venous bed. A reduction in perfusion pressure follows these pro-
cesses. Reduced venous flow and translocation of fluid into nearby tissues creates a
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Fig. 24.2 Anatomic view of the inferior mesenteric vein
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pathologic state wherein significant bowel wall edema, and hemorrhage of the
submucosa occurs. Depending on the degree of venous occlusion and the presence
or absence of collateral drainage, MVT can cause progressive changes to intestinal
tissue, leading in time to intestinal ischemia. In the most severe cases, intestinal
infarction may occur. Milder cases of MVT are characterized by intestinal ischemia
without infarction.

The presence of chronic MVT often produces dilated venous collaterals as a
consequence of elevated venous pressure. These dilated, pressure-filled veins carry
the risk of venous rupture and intestinal bleeding. Patients with chronic MVT may
also have concomitant portal vein thrombosis with subsequent portal hypertension.

Patient At Risk for MVT

There are a variety of conditions that predispose to the development of MVT
(Table 24.1). Since the initiating event involves the appearance of a clot within the
vascular system, any condition that accentuates the risk of coagulation will pre-
dispose to MVT. Prothrombotic disorders may be hereditary (such as Factor V
Leiden mutation, Protein C deficiency, Protein S deficiency and antithrombin III
deficiency) or acquired (as seen in a variety of malignant neoplasms). Hormonal
factors including pregnancy and use of oral contraceptive medications are potential
risk factors for MVT. Surgery, trauma and inflammatory disorders such as acute
pancreatitis, inflammatory bowel disease, and intra-abdominal infections also have
assocaitions with the development of MVT. Stasis within the mesenteric venous
system can occur in profound cardiac insufficiency, portal hypertension and
hyperviscosity (as seen in polycythemia vera and paroxysmal nocturnal
hemoglobinuria). A variety of other conditions including nephrotic syndrome and
hyperhomocysteinemia may also predispose to MVT. Up to 37% of cases of MVT
are classified as idiopathic with no discoverable predisposing factors. Notably,
inflammation and other local factors appear to contribute to clot formation in large
mesenteric veins, whereas hypercoagulable disorders are more likely to be
responsible for clot formation in smaller vessels such as venae rectae and venous
arcades.

Clinical Presentation

MVT can be acute, subacute or chronic and its signs and symptoms are often
nonspecific, making the initial diagnosis highly challenging. Yet early diagnosis is
crucial to increase survival in patients with MVT. The clinical features of MVT
depend on the location and acuity of clot formation within the mesenteric
vasculature.
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The most common symptom in acute MVT is abdominal pain. The symptom of
abdominal pain is reported in 91–100% of MVT cases. Like other causes of acute
mesenteric ischemia, acute MVT often presents with severe abdominal pain that is
out of proportion to the findings on physical examination of the abdomen.
Approximately 50% of patients have nausea and vomiting. Gastrointestinal
bleeding occurs in about 15% of patients and is characterized by the presence of
hematemesis, hematochezia, or melena. Occult blood in the feces is detectable in up
to 50% of the cases. About 75% of patients report having symptoms for more than
48 h before seeking medical attention. Some authors suggested that the arbitrary
duration of symptoms of acute MVT is less than 4-weeks. Although findings on
abdominal examination can be variable, the presence of peritoneal signs indicate
that the disease has progressed to bowel necrosis and infarction. In one study, 6–
29% of patients with acute MVT also manifest hemodynamic instability on
presentation.

Table 24.1 Conditions predisposing to MVT

A. Thrombophlia B. Inflammation C. Stasis D.
Idiopathic

Heritable Intraabdominal Cirrhosis

Deficiency of protein C or S or
antithrombin II

Pancreatitis Congenital
venous anomaly

Factor V Leiden mutation
Prothrombin gene mutation

Inflammatory bowel
disease

Heat failure

Sickle cell disease Trauma Congestive
splenomegaly

Acquired Surgery (most
commonly
splenectomy)

Hematologic conditions: Infection

Polycythemia

Myelofibrosis

Myeloproliferative disease

Monoclonal gammopathy

JAK2 mutation

Anti-phosphoidal antibodies

Paroxysmal nocturnal
hemoglobinuria

Disseminated intravascular
coagulation

Heparin-induced
thrombocyopenia and
thrombosis
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MVT can also present more insidiously with a subacute or chronic pattern.
Those patients can be asymptomatic or may present with only intermittent, non-
specific abdominal pain, likely as a result of the development of collateral circu-
lation to compensate for diminished flow in the affected large vessel.

Chronic MVT may also present with complications related to portal hyperten-
sion such as ascites or variceal bleeding.

Diagnosis

As no clinical features are specific for MVT, it is essential to have a high index of
suspicion to arrive at a timely, and potentially life-saving diagnosis. Given a sug-
gestive clinical presentation, thorough history taking can uncover further clinical
clues that increase the likelihood that MVT is present. This process, in turn, results
in further, appropriate diagnostic testing.

Imaging

Imaging studies play a major role to establish the diagnosis of MVT by revealing
the presence of thromboses within the mesenteric venous system.

Contrast-enhanced computerized tomography (CT) is the initial diagnostic
modality of choice for MVT. When present, MVT is characterized on
contrast-enhanced CT by the presence of a filling defect within a mesenteric vein
(Figs. 24.3, 24.4 and 24.5). Other findings on the CT scan include bowel wall
thickening, indistinct bowel margins, gas within bowel wall (pneumatosis intesti-
nalis) and the presence of a thickened mesentery (see Figs. 24.3, 24.4, 24.5 and
24.6). The sensitivity and specificity of contrast-enhanced CT scan for the diagnosis
of MVT are reported to be 93% and 100% respectively with positive and negative
predictive values of between 94 and 100%.

Magnetic resonance venography (MRV) is an excellent diagnostic tool for the
diagnosis of acute or chronic MVT with reports of 100 percent sensitivity and
specificity in some studies. It can also be used in patients with allergy to iodinated
contrast. However, contrast-enhanced CT scan is preferred over MRV because of
its widespread availability and shorter testing time unless contrast allergy precludes
its use.

In patients with an uncertain diagnosis of MVT with a non-diagnostic CT or
MRI where the suspicion remains high, catheter-based mesenteric angiography is
an appropriate study. Angiography also offers access for interventional measures
such as thrombolysis. Although Doppler ultrasound can be rapidly performed at the
bedside and is widely available, it is not as sensitive as CT and MRI and not able to
detect blood clots in smaller mesenteric vessels.
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Laboratory Findings

Although laboratory tests are neither sensitive nor specific for MVT, patients often
have abnormal laboratory findings such as leukocytosis, elevated lactic acid level
and metabolic acidosis with an increased anion gap. Increased mortality occurs in
patients with high serum lactic acid level, and metabolic acidosis, however normal
serum lactate and pH do not rule out MVT. D-dimer testing is not helpful as it can
also be increased in other infectious or inflammatory pathologic processes.

After confirmation of MVT, testing for hypercoagulability is recommended in
patients without known provoking conditions. Those tests will help predict asso-
ciated complications of the underlying hypercoagulable state and determine the
duration of anticoagulant therapy.

Treatment

The treatment of MVT involves nonoperative management alone or in combination
with interventional radiological options and surgery.

Fig. 24.3 Coronal CT image in a patient with history of ulcerative colitis demonstrates a filling
defect within the superior mesenteric vein (arrow) extending distally to the portosplenic confluence
and proximally into the jejunal and ileocolic tributaries. Perivascular hazy fat-stranding
(arrowheads), one appearance of “misty mesentery”, represents mesenteric edema from venous
congestion. With permission from Dr. Abraham Dachman and Dr. Justin Ramirez
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Fig. 24.4 Axial CT image from the same patient shows additional thrombus within the main
portal vein extending into the right portal vein (arrowheads). Inflammatory bowel disease confers
an in increased risk of venous thrombosis. With permission from Dr. Abraham Dachman and Dr.
Justin Ramirez

Fig. 24.5 Coronal CT image
in a different patient again
demonstrates a thrombus
filling defect within the SMV
(arrow) and ill-defined
peri-visceral fat stranding
(arrowheads). With
permission from Dr. Abraham
Dachman and Dr. Justin
Ramirez
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Nonoperative Management

In patients with MVT (acute or subacute) but no evidence of bowel infarction, the
mainstay of treatment is systemic anticoagulation combined with supportive
treatment. Supportive measures include bowel rest, nasogastric tube insertion for
bowel decompression, intravenous fluid administration and pain control. The
benefit of routine prophylactic antibiotics usage is not clear though they are
required if the suspicion is high for bowel ischemia, infarction, and peritonitis.

Anticoagulant therapy is administered without delay and is the cornerstone of
treatment. Anticoagulation limits thrombus progression, allows for venous
recanalization, promotes bowel perfusion and improves survival. Anticoagulation
therapy is initiated with either intravenous infusion of unfractionated heparin or
subcutaneous injection with low molecular weight heparin (LMWH). The latter
should not be used in patients who may undergo operative interventions or in those
with renal dysfunction. After stabilization of patient’s condition, anticoagulation is
transitioned to oral agents (vitamin K antagonist such as warfarin or non-vitamin K
oral anticoagulant, such as rivaroxaban). Anticoagulation for at least 3–6 months is
recommended for cases with provoked and reversible causes. Idiopathic cases and
those with hypercoagulable state usually require extended-duration anticoagulation.

Patients with chronic MVT may also benefit from anticoagulation assuming that
the benefit of long-term anticoagulation outweighs its risk. In cases of chronic MVT
presenting with gastrointestinal bleeding, anticoagulation is often withheld until
control of bleeding is achieved.

Fig. 24.6 Axial CT image
from the same patient
demonstrates bowel-wall
edema with associated
fat-stranding (arrowheads)
suspicious for bowel
ischemia. With permission
from Dr. Abraham Dachman
and Dr. Justin Ramirez
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Interventional Radiology Procedures

In patients with inadequate response to anticoagulation but without evidence of
bowel infarction, interventional radiology is indicated. These procedures are gen-
erally performed in specialized centers with available technical expertise. However,
these procedures are not a substitute for anticoagulation. According to some liter-
ature, catheter-directed fibrinolysis results in improvement of symptoms as well as
reduces the rate of bowel resection. However, bleeding is a serious complication of
catheter-directed fibrinolysis, and its reported rate is as high as 60%. Therefore,
candidacy for fibrinolysis needs to be carefully determined depending on potential
benefits and risks.

Catheter-assisted thrombectomy is considered as an option in cases of sizeable
venous thromboses for patients in whom use of thrombolytic agents is con-
traindicated. Thrombectomy is most effective in the setting of an acute thrombus.

Surgery

Surgery should be performed without delay when there is evidence of bowel
infarction or perforation. Surgical resection of necrotic bowel and anastomosis is
the standard procedure with open laparotomy preferred over a laparoscopic pro-
cedure. Determining the extent of bowel resection can be challenging as the dif-
ferentiation between viable and ischemic bowel is often difficult in the acute stage
of MVT. Some surgeons advocate the use of intraoperative Doppler ultrasound or
fluorescein infusion to assess bowel viability. Some authors recommend a con-
servative strategy to limit the extent of initial resection when there are areas of
bowel with questionable viability, followed by second-look surgery within 24–48 h
to reassess bowel viability as well as to determine the need of additional resection.
The intention of a conservative strategy is to minimize unnecessary bowel resec-
tion, short bowel syndrome and its long-term consequences.

Prognosis

Compared to other forms of acute mesenteric ischemia, acute mesenteric venous
thrombosis has a better prognosis. According to an extensive systematic review of
acute mesenteric ischemia cases, the overall mortality rate of MVT was 44%,
compared with 66–89% for arterial occlusive or nonocclusive ischemia. Early
recognition and treatment have led to improved survival in MVT cases. In rapidly
diagnosed and treated cases, some recent studies report mortality rates between 10
and 20% for acute MVT. Patients with intestinal infarction have a higher mortality
rate that is greater than 75%. Important prognostic factors for survival from MVT
also include age, the comorbidities predisposing to MVT and timing of diagnosis
and treatment.
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The prognosis of chronic MVT is related to the nature and severity of underlying
illness. 5-year survival rates have been reported as high as 78 to 82% (Table 24.2).
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Table 24.2 Prognosis and
mortality of MVT

∙ Prognostic factors

- Age
- Co-morbidities (e.g. malignancy, cirrhosis, portal
hypertension, gastrointestinal bleeding)
- Time to diagnosis and treatment
- Complications (e.g. intestinal infarction or perforation)

∙ The overall mortality rate of acute MVT = 44%
∙ Cases of early diagnosis and treatment = 10 and 20%
mortality
∙ Cases complicated with intestinal infarction >75%
∙ Prognosis of chronic MVT is variable depending on nature
and severity of underlying etiology. 5-year survival rates are 78
to 82%
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25Mesenteric Arterial Occlusion

Adib Chaus, Khaja M. Siraj, and Eli D. Ehrenpreis

Definition and Description of the Disease

Acute mesenteric arterial occlusion refers to the sudden onset of hypoperfusion to
the small intestine due to reduction or cessation in arterial inflow. Acute arterial
occlusion can be caused by embolic or thrombotic obstruction in the mesenteric
vessels. Abnormal blood flow from the Superior Mesenteric Artery (SMA) and its
branches are the most common cause of mesenteric arterial occlusion. It rarely
occurs as a result of abnormal blood flow in the Celiac Artery (CE) or Inferior
Mesenteric Artery (IMA) since both receive extensive arterial collateral circulation
from the SMA. There are two primary etiologies of mesenteric arterial occlusion—
embolism and thrombosis.

Epidemiology

Mesenteric arterial occlusion accounts for 0.01–0.1% of all hospital admissions in
the United States. The incidence has been increasing incidence with aging of the US
population. There is a slight predominance in women compared to men. The
median age at diagnosis is 70 years old. In a prospective study in 2003 on acute
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thrombo-embolic occlusion of the SMA, the estimated annual incidence was 5.3 per
100,000 persons in the general population. However, this was likely an underes-
timate. A study that investigated a population with a high autopsy rate of 87% in
Malmö, Sweden revealed the incidence of MAT to be 8.6 per 100,000 persons. This
population consisted of 23,446 clinical and 7569 forensic autopsies. The study
specifically looked at 997 patients in the clinical autopsy group and 9 patients in the
forensic autopsy group that were coded for bowel ischemia. 211 of 997 and 2 of 9
autopsies demonstrated thrombo-embolic occlusion of the SMA. Additionally, the
study also demonstrated increasing mortality with age.

Patients At Risk (See Table 25.1).

Any condition that increases the risk of arterial thrombosis or embolism from the
heart to the arteries can lead to acute mesenteric arterial occlusion. The risk of
embolism is higher in patients with aortic atherosclerosis, cardiac arrhythmias
(notably atrial fibrillation and atrial flutter), cardiac valvular disease, infective
endocarditis with systemic embolism, recent myocardial infarction, ventricular
aneurysm, and aortic aneurysm. Among those etiologies, a dislodged thrombus
from the aorta, left ventricle, left atrium, or cardiac valves are the most common
causes of mesenteric arterial occlusion.

Thrombotic occlusion occurs in patients with general risk factors for
atherosclerosis. Major risk factors for atherosclerosis include hyperlipidemia,
hypertension, smoking, insulin resistance, diabetes, obesity, lack of physical
activity, unhealthy diet, older age, and family history of early heart disease, chronic
inflammation. These patients may have prior history of atherosclerotic disease,
particularly coronary, cerebrovascular, and peripheral arteries. In these patients, any
clinical scenario that leads to low flow or hypotension can result in
acute-on-chronic arterial thrombosis.

Table 25.1 Risk factors for mesenteric arterial embolism and mesenteric arterial thrombosis

Risk factors

Mesenteric arterial embolism Mesenteric arterial thrombosis

Cardiac arrhythmias, especially atrial fibrillation Atherosclerosis

Severe cardiac valvular disease Advanced age

Recent cardiac surgery Aortic dissection

Infective endocarditis Severe dehydration

Vascular aortic prosthetic grafts proximal to SMA Recent MI

Advanced age Recent cardiac surgery

Low cardiac output Vasculitis

Fibromuscular dysplasia

Adapted from: Tryforos M. Acute Mesenteric Ischemia. In: Ferri FF, ed. Ferri’s Clinical Advisor.
Elsevier, 2019;53–55
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Anatomy

The celiac artery (CA), superior mesenteric artery (SMA), and the inferior
mesenteric artery (IMA) provide circulation to the foregut, midgut, and hindgut,
respectively. Acute thromboembolic occlusion most commonly affects the SMA.
The SMA supplies the distal duodenum, small intestine, and the large intestine to
the mid-transverse colon. Additionally, it supplies collaterals to both the CA and
IMA. The SMA originates approximately 1 cm distal to the CA and at an acute
angle compared to the CA. The branches of the SMA include inferior, anterior, and
posterior pancreaticoduodenal arteries, middle colic artery, right colic artery, ileo-
colic artery, jejunal and ileal branches. For additional details, see Chap. 4 Vascular
Anatomy of the Mesentery.

Pathophysiology

Arterial Embolism—An embolus in the mesenteric artery migrates from the left
atrium or ventricle, particularly in the setting of recent myocardial infarction (MI),
atrial fibrillation, or atrial flutter. An embolism may also originate from artificial
cardiac valves or the aorta. In mechanical valves, thromboembolic complications,
including systemic emboli, occur at a rate of 0.7–6% patient years. Thrombosis or
embolization from bioprosthetic valves is rare, except in the early postoperative
period due to lack of endothelialization of the suture zone, which requires a few
weeks to complete.

The gastrointestinal tract is the second most common destination for systemic
embolization from endocarditis, the most common site being the central nervous
system. The movement of a thrombus that has undergone arterial embolization will
terminate at points of previous stenosis, narrow anatomical diameter and branch
points. The SMA is highly susceptible because of its large diameter, acute takeoff
angle from the abdominal aorta and rapid taper that begins only a few centimeters
distal to its origin (Fig. 25.1). Due to this reason, the more proximal jejunal
branches are spared. Therefore, the more distant region from the collateral circu-
lation of the celiac and inferior mesenteric arteries, the middle segment of the
jejunum, is most often involved in ischemia (Also see Chap. 26 Ischemic
Enteropathy).

Arterial thrombosis—Atherosclerosis causes narrowing of the blood vessels,
ultimately leading to thrombosis in areas of severe narrowing. The most common
site of arterial thrombus in the mesentery is where the SMA and celiac artery
originate from the aorta. The acuity of this process determines the level of collateral
formation. Many of these of patients have a history consistent with chronic
mesenteric ischemia. In those who may have developed progressive atherosclerosis
over many years, collateral circulation from the celiac artery and inferior mesenteric
artery may have resulted.
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Arterial embolization has been shown to be a more common cause of MAT in
studies comparing arterial embolization to arterial thrombosis. In the previously
discussed Swedish autopsy study, the ratio of superior mesenteric embolus to
thrombus was 1.4:1. With thrombotic occlusions, location was more proximal than
embolic occlusions and intestinal infarction was more extensive.

Many factors are involved in leading to the atherosclerotic plaque being dis-
rupted (Fig. 25.2). Turbulent blood flow impacting the plaque and vessel wall stress
are some external factors affecting plaque stability. Inflammatory cell activity inside
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Fig. 25.1 Differing locations
of SMA atherosclerotic
thrombosis versus embolic
occlusion
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the plaque also has an impact on plaque stability. These include macrophages
secreting metalloproteinases, which can weaken the fibrous cap, secretion of
inflammatory cytokines that stimulate production of reactive oxygen species and
proteolytic enzymes, and recruitment of monocytes and T-lymphocytes by
chemotactic factors. Rupture of the fibrous cap due to these internal and external
forces exposes thombogenic material to the blood in the vessel lumen. This leads to
platelet accumulation then fibrin formation.

Signs and Symptoms

Arterial embolism—Patients with an acute embolic SMA occlusion classically
present with pain out of proportion to their physical examination, particularly of the
abdomen. The clinical triad associated with acute arterial embolism of the
mesentery includes the sudden onset of abdominal pain associated with nausea,
vomiting, and diarrhea, bowel emptying, with a clearly embolic source (such as
atrial fibrillation or infective endocarditis). Over 20% of embolic events can involve
multiple organs, therefore, a complete vascular examination in suspected acute
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Fig. 25.2 Pathogenesis of atherosclerosis and plague rupture
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mesenteric embolism should include an evaluation of the carotid arteries, as well as
the upper and lower extremities to look for evidence of synchronous embolism.

Arterial thrombosis—Patients that present with arterial thrombosis usually have
a prior history of atherosclerotic diseases involving the coronary, cerebrovascular,
or peripheral arteries. When patients with these risk factors present with acute
abdominal pain, the diagnosis of acute SMA thrombosis should be considered.
Acute superimposed on chronic occlusion of a preexisting atherosclerotic lesion
often results in a more insidious onset of pain, with collateral flow, which mitigates
the severity of ischemia. Symptoms of chronic mesenteric artery thrombosis include
postprandial abdominal pain, aversion to food, diarrhea, and weight loss.

In many patients, progressive atherosclerosis occurring over several to many
years may have resulted in collateral circulation to the SMA. Therefore, these
patients may or may not have symptoms of chronic mesenteric ischemia such as
chronic postprandial abdominal pain. Prior history of vascular disease or cardiac
diseases are important clues for differentiating thrombotic from embolic ischemia,
possibly influencing the choice of initial treatment.

Diagnosis

A high clinical suspicion is critical to the diagnosis of acute mesenteric arterial
occlusion. This is especially important in patients with known risk factors for
atherosclerosis and peripheral artery disease with or without chronic abdominal
pain and patients with risk factors for embolization (atrial fibrillation, valve disease,
recent MI). Rapid diagnosis is vital to prevent intestinal infarction. Imaging studies
are needed for definitive diagnosis. Abdominal computerized angiography (CTA) is
the diagnostic test of choice in these patients with a high clinical suspicion. CTA
may be able to delineate differences between an embolic versus thrombotic cause of
mesenteric ischemia. Thrombotic occlusion generally appears as a thrombus
overlying a heavily calcified lesion at the SMA ostium (Figs. 25.3 and 25.4).
Embolic occlusion is usually characterized by an oval-shaped thrombus in a
non-calcified artery, surrounded by contrast, in the middle and distal proximal
SMA. If CTA is equivocal, but clinical suspicion remains high, angiogram of the
mesenteric arteries may be required to confirm the diagnosis.

Physical Findings

The classically described physical examination in a patient with acute mesenteric
ischemia is occurrence of severe abdominal exam in a patient with a relatively
normal abdominal exam. In embolic events, there are differences in early versus late
presentations of mesenteric ischemia. Early in the course of presentation, the
presence of acute abdominal pain may represent reversible ischemia. This pain may
then decrease in intensity, followed by an increase in abdominal pain with signs of
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Fig. 25.3 Superior mesenteric artery thrombus. Sagittal CT angiogram image through the
superior mesenteric artery shows an occlusive thrombus (arrowheads) at the SMA origin with
eccentric calcification (high-density component). Contrast within the distal SMA is likely from
celiac axis collateralization

Fig. 25.4 Sagittal CT angiogram and 3D volume-rendered images from a different patient show
an eccentric, non-occlusive SMA thrombus (asterisk) distal to the SMA origin. Appropriate
window selection allows for clear differentiation between intraluminal contrast and calcified
thrombus. With permission from Dr. Abraham Dachman and Dr. Justin Ramirez
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peritonitis. The latter symptom represents irreversible ischemia. In a study of
mesenteric ischemia, 95% of patients presented with abdominal pain, 44% with
nausea, 35% with vomiting, 35% with diarrhea, and 16% with blood per rectum. If
the etiology is thrombotic, patients may also present with acute abdominal pain, but
progressive atherosclerosis in these patients may have resulted in collateral circu-
lation to the SMA leading to a less dramatic presentation. This population could
have long-standing postprandial abdominal pain, diarrhea, a fear of eating (sito-
phobia), and weight loss.

Laboratory Findings

Laboratory findings of mesenteric arterial thrombosis are neither specific or sen-
sitive; however, certain lab values may be helpful in diagnosis. More than 90% of
patients have an elevated leukocyte count and 88% have metabolic acidosis due to
elevated lactate levels, indicating systemic versus local hypoperfusion. Serum
lactate levels have a high sensitivity (91–100%), but a low specificity (42%),
therefore, normal lactate levels do not rule out early mesenteric ischemia. Lab
studies have shown that lactate produced in the porto-mesenteric venous circulation
can be effectively metabolized by the liver, leading to normal lactate levels.
D-dimer levels reflect ongoing clot formation and degradation via fibrinolysis.
D-dimer levels have also been found to be a highly sensitive early marker (sensi-
tivity approaching 100%), but D-dimer levels have a low specificity for mesenteric
arterial occlusion, since many conditions are associated with elevated D-dimer
levels. A normal D-dimer may exclude the diagnosis of SMA occlusion.
A prospective study that included 47 patients with the clinical suspicion for acute
mesenteric ischemia (AMI), was performed to determine if plasma D-dimer alone
could replace a biphasic CT with mesenteric CTA examination in these patients.
AMI was diagnosed in 28 of the 47 patients. The mean value of D-dimer testing
was significantly higher in those with AMI, with sensitivity of 94.7% and speci-
ficity of 78.6%, The sensitivity and specificity values of biphasic CT with
mesenteric CTA were 92.9% and 89.5% respectively.

Other nonspecific laboratory tests for MAT include intestinal fatty acid binding
protein (I-FABP), serum alpha-glutathione S-transferase (alpha–GST), and
cobalt-albumin binding assay (CABA). I-FABP is a small water-soluble protein that
is present in mature enterocytes, and abundant in the mucosa of the small bowel
from the duodenum to the ileum. I-FABP release into the bloodstream occurs
during intestinal injury. In a prospective study evaluating 208 patients with a
clinical suspicion of acute intestinal ischemia, vascular intestinal ischemia was
diagnosed in 24 patients and non-vascular ischemia in 62 patients. The levels of
most biomarkers (CRP, lactate, LDH, AST, D-dimer) were higher in those with
vascular ischemia than the other groups. However, I-FABP was best at diagnosing
vascular intestinal ischemia.
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Imaging

CT Angiography—Multidetector CTA, a form of high-resolution CT scan, which
allows for CT scanners to acquire multiple sections or slices with a thickness of
1 mm or smaller and increase the speed of the CT image acquisition. This scan,
performed with and without contrast in the arterial and portal venous phases
(triphasic protocol) is the recommended imaging technique. Three-dimensional
reconstruction of CTA images may be performed. CTA is useful for demonstrating
the presence arterial emboli and thromboses (Figs. 25.3 and 25.4). In advanced
irreversible ischemia, CTA finding include intestinal dilation and thickness,
decreased or absent visceral enhancement, pneumatosis intestinalis, and free
intraperitoneal air. (See Chap. 26 Ischemic Enteropathy).

Conventional Angiography—In patients with mesenteric embolization, angiogram
would demonstrate filling of the proximal SMA with no visualization of the distal
vessels. Patients with thrombosis may have collateral circulation due to long-standing
ischemia. Conventional angiography has the advantage of offering therapeutic and
diagnostic options. However, it is highly invasive and unsuitable for critically ill
patients. Additionally, it is not readily available and may delay surgical management.

MRI/MRA—In AMI, MRI findings are similar to those on CT. In comparingMRAs
to CTAs, CTA has higher spatial resolution and faster acquisition times. This allows for
better assessment of peripheral visceral branches of the IMAwith better accuracy. MRA
with contrast does allow the advantage of no radiation and lack of iodinated contrast
agents and therefore, can be used in children and in those with renal dysfunction.

Duplex ultrasound—Ultrasound is not considered an appropriate imaging
method for diagnosis of mesenteric arterial occlusion. It may show a thrombus or
absent flow in a particular vessel, but is also operator-dependent. It is able to
identify proximal vessel occlusions, but will not be able to detect distal occlusions.

Plain Abdominal Radiography—Signs on conventional radiography are late and
nonspecific, but include ileus, thickened bowel with or without edema, pneumatosis
intestinalis, and gas within the portal vein. Plain films were found to be completely
normal in 25% of patients in one study with those with confirmed mesenteric
ischemia. In this retrospective study, 23 proven cases of mesenteric infarction were
reviewed with comparison of abdominal CT and plain film findings. Criteria con-
sidered specific for bowel infarction on plain films were identified in seven (30%)
of 23 patients and comprised focally edematous bowel in six patients (26%) and
pneumatosis intestinalis in one patient (4%).

Treatment

Overview

For patients with mesenteric arterial thrombosis leading to mesenteric ischemia,
initial management should focus on active resuscitation and efforts to reduce
vasospasm, and prevent propagation of intravascular clot, and minimize reperfusion
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injury. Intravenous fluid resuscitation with crystalloids should be started promptly
to maintain intravascular volume and correct volume deficits. If there is no con-
traindication to anticoagulation, such as an active bleed as in ischemic colitis,
therapeutic IV heparin should be administered to limit thrombus propagation.
Broad-spectrum antibiotics should be started with focus on covering anaerobes and
gram-negative organisms. Common antibiotics include cefepime with metronida-
zole, pipercillin-tazobactam, or meropenem. If vasopressors are required, vaso-
constricting agents should be avoided to prevent exacerbation of mesenteric
ischemia. Vasopressors such as dobutamine, low-dose dopamine, or milrinone
should be considered to decrease the effect on mesenteric perfusion compared to
other vasopressors.

The goal of treatment is to rapidly restore intestinal blood flow. The specific
approach to treatment depends on whether the occlusion is embolic or thrombotic
(Fig. 25.5a, b). Other important clinical factors to take into account include
patient’s risk factors for intervention and clinical stability. Options for treatment
include surgical, endovascular, or a combined approach.

For patients who are poor surgical candidates with extensive infarction and no
meaningful recovery, a palliative approach may be appropriate.

In patients that are hemodynamically stable with no signs of advanced ischemia,
it may be appropriate to observe on anticoagulation if good collateral circulation is
seen on imaging. Frequent lab studies and serial physical exams should be per-
formed with low threshold for repeat imaging or intervention if symptoms progress.

Patients that are good surgical candidates with signs of advanced ischemia such
as peritonitis, free air, or pneumatosis, should be immediately taken for laparotomy.
While undergoing surgical exploration, bowel viability should be assessed. If the
bowel is viable, attempts at reperfusion with methods such as thromboendarterec-
tomy, mesenteric bypass, mesenteric stent should precede bowel resection.

For an embolic source for mesenteric occlusion, open surgical embolectomy is
traditionally performed with removal of the thrombus, direct visualization and
assessment for bowel viability. In mesenteric thrombosis, mesenteric bypass may be
the preferred option because a thrombectomy may not provide a long-term solution
for advanced atherosclerosis. Other surgical options for mesenteric thrombosis
include retrograde angioplasty and arterial stenting. For hemodynamically stable
patients with no signs of advanced ischemia, an endovascular approach may be
appropriate. For patients with acute embolism, options include percutaneous clot
aspiration or catheter-directed thrombolytic therapy. In patients with acute throm-
bosis, angioplasty/stenting is another reasonable option (see next section).

Surgical

Laparotomy—For patients with findings consistent with peritonitis, a laparotomy is
indicated to evaluate the extent of intestinal infarction. During the laparotomy,
appearance, pulsations, bleeding from cut surfaces, peristalsis is evaluated. The
intestinal tract is also assessed for impending or gross perforation. If bowel
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Fig. 25.5 Algorithms for management of acute embolic (a) and thrombotic mesenteric arterial
(b) occlusion. Reproduced with permission from: Morgan J, Raut CP, Duensing A, Keedy VL.
Epidemiology, classification, clinical presentation, prognostic features, and diagnostic work-up of
gastrointestinal stromal tumors (GIST). In: UpToDate, Post TW (Ed), UpToDate, Waltham, MA.
(Accessed on [Date].) Copyright © 2020 UpToDate, Inc. For more information visit www.
uptodate.com
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Fig. 25.5 (continued)
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perforation is evident, the segment that is affected is resected with reconstruction or
stoma formation until a second look laparotomy. Arterial revascularization is pre-
ferred and should precede bowel-resection in almost all patients, except when a
segment of bowel is clearly non-viable. If there is question of bowel viability,
perfusion should be restored and bowel viability should then be reassessed. For a
majority of patients, a second-look laparotomy after mesenteric revascularization is
performed, usually 24–48 hours after the initial laparotomy.

Surgical Revascularization

Open SMA Embolectomy—Arterial revascularization is preferred over resection.
When a laparotomy is performed, the SMA is exposed. A transverse arteriotomy is
then performed, a 3 or 4 Fr Fogarty catheter is introduced to embolectomy catheters
are then introduced to remove the clot. Restoration of pulsatile blood flow confirms
clearance of the thrombus after multiple passes are made and there is confirmation
of absence of additional thrombi. Confirmation can be done by angiography of the
SMA or transit time flow measurement. If neither are available, palpation of the
pulse distally in the mesentery can be performed.

SMA Bypass—Typically used in patients with arterial thrombosis due to
atherosclerotic disease. This is usually a vascular bypass graft that can originate
from the infrarenal or supraceliac aorta. Autologous reversed saphenous vein is the
preferred conduit to avoid intra-abdominal contamination from perforation or
infarction of the bowel. Pre-operative CTA can be used to guide decision-making
and can be used to determine sites with extensive atherosclerotic lesions. Bypass
from the infrarenal aorta to the SMA is the simplest procedure that can be per-
formed; however, the aorta is often heavily calcified and is therefore rarely per-
formed. The supraceliac aorta or the anterior common iliac artery may be used as
the inflow vessel.

Endovascular Procedures

An endovascular approach is considered in patients who are hemodynamically
stable with no signs of advanced ischemia. Options include aspiration embolec-
tomy, balloon angioplasty with stent placement, local pharmacologic thrombolysis.

Aspiration embolectomy—A catheter is passed into the ileocolic branch of the
SMA. An introducer is placed proximal to the embolus in the SMA with aspiration
with a smaller guiding catheter. Angiography is then performed and repeated
aspirations done to remove clots (Fig. 25.6).

Angioplasty with stenting—Stenting can be performed in an anterograde vs
retrograde fashion. In the antegrade approach, the catheter is introduced through the
aorta into the SMA. A balloon expandable stent is placed at the level of the stenosis.
Results are conformed by angiography and pressure measurements. A pressure
gradient of more that 12 mmHg would indicate the need for additional angioplasty
and/or stenting.
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If percutaneous access fails, laparotomy is performed with exposure of the SMA.
A retrograde approach with recanalization and stenting is an option for reperfusion.
The retrograde approach is performed with the device introduced distal to the
obstruction via the SMA. Periodic stent surveillance should be done using duplex
ultrasound or CT angiography, however, there are no specific guidelines for
post-intervention follow-up.

Local SMA thrombolysis—In patients with incomplete aspiration embolectomy
or distal mesenteric embolization, catheter-directed thrombolysis is an alternative.
Low-dose heparin (500 units/hour) is administered after an end-hole catheter is
advanced up to the clot or a multiple sidehole catheter is advanced through the clot.
Infusion should be stopped if progressive signs of ischemia occur. Arteriography is
repeated within the first four hours to assess for clot lysis. If this is not accom-
plished, abdominal exploration in the OR is indicated.

Transverse
incision

Embolus

Fig. 25.6 Aspiration
embolectoy of the SMA
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Medical Therapy

Medical treatment for those who survive after acute mesenteric arterial occlusion is
focused on improving long-term survival. For patients with an embolic source for
the occlusion, treatment should focus on the prevention of future embolic events.
For atrial fibrillation, therapy with novel oral anticoagulants or a vitamin k
antagonist is indicated. For patients with mesenteric arterial occlusion due to
atherosclerosis, antiplatelet therapy and stain is indicated, in addition to decreasing
risk factors such as tobacco use. A meta-analysis that studied the efficacy and safety
of intensive lowering of LDL cholesterol, looked at 170,000 participants in 26
randomized trials. This meta-analysis concluded that there a 10% reduction in total
mortality per 1.0 mmol/L reduction in LDL levels.

Prognosis

Mortality from acute mesenteric occlusion is high, even with aggressive treatment
approaches. In patients undergoing intervention for acute mesenteric arterial
occlusion, with open and endovascular treatment, perioperative mortality was 22%
with complications occurring in 68%. Additionally, mortality was similar for open
and endovascular approaches. Causes of death included, but not limited to,
intra-abdominal sepsis with multiorgan dysfunction, hemorrhage, and cardiac
causes. Complications for those who survived bowel resection develop short-gut
syndrome, requiring long-term parenteral nutrition.
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26Ischemic Enteropathy (Also Called
Mesenteric Ischemia)

Dorsa Samsami and Eli D. Ehrenpreis

Definition and Description of the Disease

Diminished small intestinal blood flow and its associated consequence are termed
either ischemic enteropathy or small intestinal mesenteric ischemia. This condition
can arise from a decrease in arterial or venous supply to the small intestine.

Classification and Terminology

There are a variety of classifications systems used to characterize decreased blood
flow of mesenteric vascular origin. For the purpose of this chapter, mesenteric
ischemia is divided by temporal occurrence (acute versus chronic) and the site of
diminished mesenteric blood flow (arterial versus venous). A variety of etiologies
of acute and chronic mesenteric ischemia are present. According to most classifi-
cation systems, mesenteric ischemia affecting the colon alone is termed ischemic
colitis (Table 26.1). Because of contrasting etiologies, presentations and treatments
for ischemic colitis, this chapter will focus on small intestinal disease caused by
diminished mesenteric blood flow. Further details regarding colonic disease are
presented in Chap. 27 Ischemic Colitis.

Acute mesenteric ischemia is characterized by the sudden disruption of blood
flow in the mesenteric vasculature and is associated with devastating clinical
consequences. Chronic mesenteric ischemia is characterized by a more insidious
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process due to the slow development of mesenteric arterial obstruction and the
abundance of collateral blood flow to the intestines. Late complications of
mesenteric ischemia include intestinal stricture and short bowel syndrome.

Acute ischemic enteropathy is a serious medical condition that may lead to
bowel infarction and sepsis with an overall morbidity and mortality approaching
50%. Because of its severity and potential for rapid and fatal consequences, early
diagnosis of ischemic enteropathy is of vital importance. Acute intestinal ischemia
may be result of either arterial or venous obstruction, while chronic mesenteric
ischemia is primarily due to atherosclerotic narrowing of and diminished blood flow
through the mesenteric arterial circulation.

Intestinal Vascular Anatomy

The arterial supply to the intestines is primarily from the superior mesenteric artery
and the inferior mesenteric artery. The superior mesenteric artery supplies the entire
small intestine except for the proximal duodenum. Both the superior and inferior
mesenteric arteries supply the colon. There is also an extensive collateral circulation
to the intestines. (See Chap. 4, Mesenteric Vascular Anatomy).

Epidemiology

Acute mesenteric ischemia is estimated to be the primary diagnosis for 0.1% of
hospital admissions. Mesenteric arterial occlusion is the cause in 1% of patients
presenting with an acute abdomen. Mesenteric artery stenosis occurs in as many as
10% of the population over 65 years of age. The majority of these patients are
asymptomatic, with chronic mesenteric ischemia accounting for about 5% of
intestinal ischemic events. The disparity between the occurrence of mesenteric
artery stenosis and the development of chronic mesenteric ischemia is due in part to
the extensive network of arterial collaterals. This network provides compensation
for diminished blood flow from stenotic mesenteric arteries.

Table 26.1 American
gastroenterological
association classification of
mesenteric ischemia

Acute mesenteric ischemia

Superior mesenteric artery thrombosis

Superior mesenteric artery embolus

Nonocclusive mesenteric ischemia

Superior mesenteric vein thrombosis

Focal segmental ischemia
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Patients at Risk

Risk factors for acute mesenteric arterial occlusion include any processes that are
associated with diminished mesenteric blood flow, intrinsic arterial or venous
thrombosis or increase the potential for mesenteric arterial embolism. These include
congestive heart failure, cardiac arrhythmia, valvular heart disease, infective
endocarditis, aortic atherosclerosis, acute myocardial infarction, aortic aneurysm,
and ventricular aneurysm. Patients with peripheral arterial disease, advanced age,
and low cardiac output are at increased risk of acute mesenteric ischemia. Other risk
factors include the use of vasoconstrictive medications and drugs of abuse, primary
and secondary causes of increased platelet concentration, and vasculitis, most
commonly polyarteritis nodosa.

Chronic mesenteric ischemia occurs in patients with mesenteric arterial
atherosclerosis. Risk factors for chronic intestinal ischemia include hyperlipidemia,
hypertension, smoking and diabetes mellitis. Symptoms present most commonly
between the ages of 50 and 70 in patients with pre-existing atherosclerotic disease.
Chronic mesenteric ischemia is more common in females. Specific etiologies of
acute mesenteric ischemia and their frequency of occurrence are shown in in
Table 26.2.

Pathophysiology

Between 25 and 35% of cardiac output is directed toward splanchnic blood flow,
the majority of which supplies the mucosal and submucosal layers of the intestine.
Multiple regulatory pathways are involved in the maintenance of adequate blood
flow to the intestines. These pathways may be viewed as having intrinsic compo-
nents involving local metabolic and myogenic functions and extrinsic components
involving neural and humoral regulatory systems, Decreased splanchnic blood flow
resulting from arterial or venous obstruction or dysregulation related to the afore-
mentioned pathways, all may result in the development of ischemic damage to the
intestine.

Table 26.2 Causes and approximate frequencies of acute mesenteric ischemia

Etiology Cause Frequency (%)

Arterial Superior mesenteric artery thrombosis 54–68

Superior mesenteric artery embolus 26–32

Nonocclusive mesenteric ischemia 10

Venous Superior mesenteric vein thrombosis 5

Focal segmental ischemia 5

Adapted from Brandt LJ, Feuerstadt P. Intestinal Ischemia. In: Gastrointestinal and Liver Disease.
10th ed. p. 2076–2101
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The majority of cases of acute intestinal ischemia result from blockage of blood
flow in the superior mesenteric artery. Pharmacologic causes of mesenteric ische-
mia are also shown in Table 26.3. Reduction in either arterial or venous blood flow
may result in the development of acute mesenteric ischemia, while chronic
mesenteric ischemia is generally caused by arterial narrowing. (See Chap. 25
Mesenteric Arterial Thrombosis and Chap. 24 Mesenteric Venous Thrombosis).

Acute Mesenteric Ischemia of Arterial Origen

There are several mechanisms resulting in the development of an acute decrease in
mesenteric arterial blood flow.

SMA embolus (SMAE): Although controversial, it is currently believed that
SMAE is the most common cause of acute mesenteric ischemia and is responsible
for 50% of cases. The origins of SMAE in these patients are thromboses in the left
atrium, left ventricle, cardiac valves and the abdominal aorta. Atrial fibrillation and
other arrythmias predispose to atrial emboli. Ventricular stasis and poor cardiac
output are associated with venous thrombi. Valvular heart disease, especially when
complicated by endocarditis, may be accompanied by valvular emboli. The SMA is
a relatively large artery and low takeoff angle (25–60 degrees), from the aorta. This
creates ideal condition for embolic obstruction, as emboli tend to become wedged
in areas of anatomic narrowing (Fig. 26.1). In general, embolic obstruction occurs
about 6–8 cm distal to the origin of the SMA, at a narrowed location near the
beginning of the middle colic artery. Emboli to other arterial systems are seen in
20% of cases and diminished circulation to other organs including the spleen, or
kidney may be seen.

Table 26.3 Physiologic and pharmacologic factors regulating mesenteric blood flow

Decrease blood flow by
splanchnic vasoconstriction

Increase blood flow by
splanchnic vasodilation

Humoral (endogenous and
exogenous) factors

Epinephrine (high dose) Epinephrine (low dose)

Norepinephrine (moderate to
high dose)

Norepinephrine (low dose)

Dopamine (high dose) Dopamine (low dose)

Phenylephrine Dobutamine

Vasopressin Sodium nitroprusside

Angiotensin II Papaverine

Digoxin Nitric oxide

Neural factors a-Adrenergic receptors b-Adrenergic receptors

Dopaminergic receptors

Adapted from Oldenburg WA, Lau LL, Rodenberg TJ, Edmonds HJ, Burger CD. Acute
Mesenteric Ischemia. A Clinical Review. Arch Intern Med. 2004;164(10):1054–1062
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SMA Thrombosis (SMAT)

Approximately 25% of acute intestinal ischemia of arterial origin are due to SMAT.
Thrombosis of the SMA occurs in patients with longstanding atherosclerotic
involvement and narrowing of the SMA. These patients may have chronic symp-
toms including sitophobia (fear of eating) and post- prandial abdominal pain,
although relative compensation for SMA narrowing takes place by the formation of
collateral blood flow. Decreased blood circulation in the SMA after cardiac

Fig. 26.1 Schematic representation of the abdominal aorta and inferior vena cava. The superior
mesenteric artery is shown having a very sharply angulated takeoff from the abdominal aorta

26 Ischemic Enteropathy (Also Called Mesenteric Ischemia) 243



decompensation from an acute myocardial infarction, congestive heart failure or
vessel dissection results in acute thrombus formation. In general, symptomatic acute
mesenteric ischemia develops when the celiac trunk and SMA are involved.

Nonocclusive Mesenteric Ischemia (NOMI)

20% of cases of ischemic enteropathy of arterial origin are due to NOMI. NOMI
occurs when constriction of the splanchnic bed occurs after an acute cardiovascular
event without the presence of an anatomic obstruction. It is most commonly seen in
critically ill patients with sepsis and markedly diminished cardiac output, in which
failure of normal autoregulation of mesenteric blood flow is present. A variety of
pharmacologic agents that reduce the reginal blood flow within the splanchnic
circulation may result in the development of NOMI. These include vasopressors
such as norepinephrine, epinephrine, vasopressin and phenylephrine, digitalis
(which diminishes splanchnic blood flow), vasoconstrictors such as cocaine and
sumatriptan as well as diuretic medications.

Focal Segmental Ischemia (FSI)

FSI refers to the development of damage to short segments of the small intestine as
a result of vascular compromise. Causes of FSI may be thrombotic, embolic,
traumatic and vasculitic. FSI may occur secondary to medications such as oral
contraceptives. It may also be seen with strangulated intestinal hernias.

Acute Mesenteric Ischemia of Venous Origen (MVT)

Approximately 10% of all cases of ischemic enteropathy result from mesenteric
venous thrombosis. The superior mesenteric vein is the most common site of
occurrence of MVT. A variety of conditions that are associated with hypercoagu-
lable states predispose to the development of MVT. These include neoplastic dis-
orders, cirrhosis of the liver, acute pancreatitis, and hereditary hypercoagulable
states including Factor V Leiden, prothrombin gene mutation, deficiencies of
anticlotting clotting (such as antithrombin, protein C and protein S), and elevated
levels of homocysteine or fibrinogen or dysfibrinogenemia. Acute MVT has an
expected 30% survival at 30 days and a poor longt-erm prognosis. For additional
information see Chap. 24, Mesenteric Vein Thrombosis.
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Chronic mesenteric ischemia: Chronic mesenteric ischemia is an insidious process
and is usually related to arterial occlusion from atherosclerosis. Additional causes of
chronic mesenteric ischemia include dissection of mesenteric vasculature, inflam-
mation of the vessels (vasculitis), fibromuscular dysplasia of the mesenteric vessels,
radiation-induced vascular injury, and chronic cocaine abuse (Table 26.4).

Since the development of mesenteric atherosclerosis is a slow process, collat-
eralization of mesenteric vessels occurs. This process results in clinical compen-
sation for loss of flow in vessels affected by atherosclerosis. Because of this
phenomenon, signs and symptoms of intestinal ischemia typically occur when at
least two and sometimes three arteries are affected.

Signs and Symptoms of Ischemic Enteropathy

The medical history usually does not provide enough information to secure the
diagnosis of acute ischemic enteropathy. Acute mesenteric ischemia and nonoc-
clusive mesenteric ischemia should always be considered in patients with rapidly
developing and diffuse abdominal pain. This is particularly true in patients with risk
factors for acute mesenteric ischemia including patients with cardiovascular disease
such as congestive heart failure or recent myocardial infarction, hereditary hyper-
coagulable states, vasculitis or the use of vasoconstricting medications including
cocaine. Patients with acute ischemic enteropathy present with abdominal pain that
is out of proportion to the physical exam. Associated symptoms may include
nausea, vomiting, fever, and gastrointestinal hemorrhage. As ischemia persists,
symptoms may evolve and the pain may temporarily disappear indicating that
significant bowel necrosis has occurred. The classic presentation of chronic
ischemic enteropathy is recurrent post-prandial pain. Signs and symptoms typically
appear when at least two arteries are affected. The pain is often described as dull,
crampy, located in the epigastric region, and occurring approximately one hour
after eating. Symptoms often resolve within a couple of hours. Patients often
develop food aversion (sitophobia) due to anticipation of post-prandial pain, thus
leading to weight loss.

Table 26.4 Causes of
chronic mesenteric ischemia

Causes of chronic mesenteric ischemia

Occlusion from atherosclerosis

Dissection of mesenteric vasculature

Inflammation of the vessels (vasculitis)

Fibromuscular dysplasia of the mesenteric vessels

Radiation-induced vascular injury

Chronic cocaine abuse
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Diagnosis

The diagnostic approach is largely dependent on the clinical presentation. If a
patient is hemodynamically stable, without signs of sepsis, the first recommended
imaging study is a contrast enhanced computerized tomogram (CT) or CT
angiography (CTA). Although a CT scan is a sensitive test, it can be negative in
early stages of bowel ischemia. If the CT scan is non-diagnostic and suspicion for
mesenteric ischemia remains high, the next diagnostic test would be a mesenteric
angiogram with arterial and venous phases. On the other hand, if a patient presents
with hemodynamic instability, plain abdominal films can be of utility to show free
air and other signs of advanced ischemia. If these signs are present, a laparotomy is
indicated.

Physical Findings

In early acute mesenteric ischemia, even in the presence of severe pain, the
abdominal examination may be normal or only mildly abnormal with minimal
abdominal distention and tenderness. This is why the term “pain out of proportion
to exam” has become a classic description of acute mesenteric ischemia. As
intestinal ischemia progresses and transmural bowel infarction develops, the
abdomen can become grossly distended, bowel sounds are diminished or absent,
and peritoneal signs can develop. There are a few other pertinent exam findings. For
instance, occult blood may also be present in the stool. A feculent odor of the breath
can also be observed with bowel ischemia. In addition, there can be non-specific
signs consistent with dehydration and shock that indicate a deteriorating clinical
course. On the other hand, physical exam findings for chronic mesenteric ischemia
are usually nonspecific. Due to the fear of eating from postprandial pain, these
patients can be undernourished and cachectic appearing. The abdominal exam is
soft and non-tender however may be slightly distended. An abdominal bruit is
commonly present but this is also a nonspecific finding.

Laboratory Findings

Laboratory values are typically non-specific. While abnormal laboratory findings
can support the diagnosis of acute ischemic enteropathy, normal laboratory values
should not exclude the diagnosis or delay further workup. The reason for this is
because most abnormalities only arise once ischemic enteropathy has progressed to
bowel necrosis. The most common findings for mesenteric ischemia include
leukocytosis, elevated amylase, phosphorus, and metabolic acidosis. Leukocytosis
can be moderate to markedly elevated, however 10% of patient have a normal white
blood cell count. Elevated lactic acid is 86% sensitive and 44% specific for acute
mesenteric ischemia. The specificity increases once other causes of lactic acidosis
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are ruled out such as shock and diabetic ketoacidosis. Elevated serum amylase has
been observed in 50% of patients. Studies have shown that the bowel contains high
concentrations of both organic and inorganic phosphate. When there is ischemia,
phosphate is released from the bowel, and elevated phosphorus has been observed
in 80% of patients. D-dimer can also be checked, as it is an early marker for
ischemia, increasing as early as 30 minutes after an ischemic event. While a normal
d-dimer can help exclude acute mesenteric ischemia, an elevated level is not
diagnostic as there are many other conditions that increase d-dimer levels.

Imaging

A plain abdominal radiograph is often the initial test ordered in patients with acute
abdominal pain however it has very little diagnostic role in mesenteric ischemia. Its
primary purpose is to rule out other diagnoses such as perforated viscus or a bowel
obstruction. Findings suggestive of mesenteric ischemia include presence of an
ileus, bowel wall thickening, as well and pneumatosis intestinalis. A plain radio-
graph can also show free intraperitoneal air, a late sign of ischemia indicating that
intestinal perforation has already occurred and that urgent surgical exploration is
required (Fig. 26.2).

For patients with suspected acute mesenteric ischemia who are hemodynami-
cally stable, a contrast enhanced CT scan, especially a CTA is performed. Findings
on CT that are associated with mesenteric ischemia include bowel wall thickening,
submucosal edema or hemorrhage, pneumatosis intestinalis, portal vein gas,
porto-mesenteric thrombosis, mesenteric arterial calcification, and mesenteric artery
occlusion. Findings consistent with intestinal infarction include discontinuous
mucosal enhancement and adjacent mesenteric stranding (Fig. 26.3).

Fig. 26.2 Anterior–posterior radiographic images of the abdomen show massive pneumoperi-
toneum with air under the right hemidiaphragm (white arrows) and lucent air outlining the small
bowel walls (black arrows). The latter finding is call Rigler’s sign
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CTA is the imaging modality of choice and should be performed without delay.
A meta-analysis of six studies published between 1996 and 2009 on the diagnostic
accuracy of multidetector CT in acute mesenteric ischemia showed a pooled sen-
sitivity of 93% and specificity of 96%. It is important to note that the CT angiogram
should not be performed with oral contrast. This is because oral contrast can
obscure the mesenteric vessels and bowel wall enhancement. Disadvantages of CT
include radiation exposure, the risk of contrast nephropathy, and allergic reactions
to iodinated contrast. CT angiography should still be performed in patients despite
renal failure as the consequences of delayed diagnosis outweigh detrimental renal
affects. If CT angiography findings are equivocal, catheter directed angiography
may be necessary.

MRA is a good option in in patients to avoid radiation exposure and for those
who cannot have iodinated contrast, however it takes significantly longer to per-
form. MRA additionally appears to be more sensitive at identifying venous
occlusions. By contrast, CT demonstrates better visualization of the IMA, the
peripheral splanchnic vessels, calcified plaques, and previously placed stents.

Duplex ultrasonography is another imaging modality used in the appropriate
clinical setting. It can identify occlusions in the celiac or superior mesenteric
arteries or arterial stenosis. Duplex ultrasonography has limitations based on body
habitus, presence of bowel gas, effects of respiration, and operator expertise.

Fig. 26.3 Coronal,
contrast-enhanced computed
tomography image shows a
dilated small bowel loop with
discontinuous mucosal
enhancement (arrows) and
adjacent mesenteric
fat-stranding suggestive of
small bowel infarction in this
patient with SMA thrombosis
(not shown). With permission
from Dr. Abraham Dachman
and Dr. Justin Ramirez
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Histologic Findings

Histological specimens demonstrate the pathophysiologic processes associated with
mesenteric ischemia, and may provide useful information regarding the extent and
severity of intestinal injury. Findings differ by temporal occurrence ischemia as well
as the site of diminished mesenteric blood flow. In the small intestine, ischemic
changes due to arterial insufficiency initially occur at the tips of the intestinal villi.
Early stages of injury show minor surface epithelial degeneration and mild
hyalinization of the lamina propria caused by leakage of plasma proteins from
injured capillaries. With further ischemic insult, the necrosis extends through the
entire length of the villi and starts to involve the bases of the crypts. “Crypt ghosts”
are empty spaces within the mucosa and represent remnants of intestinal crypts at
this stage. The submucosa is typically edematous and erythematous with engorged
veins. It is described as friable, and may have associated hemorrhage. The mus-
cularis propria is the last layer to be affected. As this layer undergoes necrosis, the
intestinal wall becomes thin, friable, and easily disrupted. Organizing thrombi may
be detected within blood vessels (Figs. 26.4 and 26.5).

Acute intestinal ischemia due to venous obstruction ultimately acts in a manner
similar to arterial insufficiency. However, it is differentiated by an initial phase that
is characterized by severe vascular congestion, hemorrhage, and marked tissue
edema. With progressive tissue insult, arterial flow ceases.

Chronic mesenteric ischemia has a histologically distinct appearance when
compared to acute causes of mesenteric ischemia. Chronic mesenteric ischemia is
characterized by fibrosis that usually involves all layers of the intestinal wall,
including the mucosa. Hemosiderin deposits may also be present. These indicate
previous episodes of hemorrhage. Chronic intestinal ischemia may also be char-
acterized by the presence of linear ulcerations and strictures.

Fig. 26.4 Granulation tissue,
ulcerations, and necrosis
extend into submucosa and
surrounding smooth muscle
fibers of muscularis mucosa.
There is a surface exudate of
neutrophils, fibrin, and
mucosal necrosis (H&E, 4x)
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Treatments for Acute Mesenteric Ischemia

Acute mesenteric ischemia is a medical emergency. Once the diagnosis is made,
intervention should be initiated without delay.

Medical

Initial management is focused on resuscitation and stabilization. This consists of
intravenous fluid management with crystalloids to correct volume deficits and
metabolic derangement and blood products. Fluid volume requirements may be
high due to significant capillary leakage. Early intubation should be considered in
unstable patients to improve oxygenation and allow for more aggressive fluids
resuscitation. Vasopressors should be avoided if possible as they worsen ischemia
by producing vasoconstriction. However, if necessary, dobutamine, low dose
dopamine, and milrinone all improve cardiac function and have been shown to have
less impact on mesenteric blood flow. Additionally, all patients with possible
intestinal ischemia should be started on broad spectrum antibiotics as early as
possible. This is because intestinal ischemia leads to loss of the mucosal barrier,
facilitating bacterial translocation.

Pharmacologic therapy for acute ischemic enteropathy typically consists of
papaverine, thrombolytics, and anticoagulants. Papaverine is a vasodilator that is
indicated to treat arterial spasm. Therefore, it is useful for all arterial forms of acute
mesenteric ischemia, and it is the only treatment for NOMI. Papaverine is usually
infused directly into the SMA resulting in an improvement of intestinal blood flow.

Thrombolytic agents have been shown to be beneficial in SMAE but they have
shown no benefit in SMAT. The infusion must be started within 8 hours of

Fig. 26.5 Organizing
thrombi in the blood vessels
(H&E, 20x) (Histology). With
permission from Dr. Ismail
Mohamed Ahmed Elbaz
Younes
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symptom onset. If symptoms do not improve within 4 hours, or if peritonitis
develops, then the infusion is stopped and surgical treatment should be initiated.

Heparin anticoagulation is the first-line treatment for MVT and early use has
been associated with improved survival. There are no studies that explore the use of
enoxaparin or another low molecular weight heparin as a substitute for heparin.

Surgical

If there are peritoneal signs on physical examination, this usually indicates bowel
infarction rather than ischemia alone. There is a significant reduction in survival in
these patients and emergency laparotomy is required. Goals for surgical interven-
tion in acute mesenteric ischemia include re-establishment of the blood supply to
the ischemic intestine, preservation of viable intestine, and resection of non-viable
organs.

Treatments for Chronic Mesenteric Ischemia

Medical

Medical therapy alone is usually reserved for patients who are asymptomatic or
those who are not good surgical candidates. In these patients, treatment consists of
long-term anticoagulation therapy with medications such as warfarin. Novel oral
anticoagulants have not been studied extensively for this indication.

Surgical

Traditionally, surgical repair has been the standard method of treatment for chronic
mesenteric ischemia. However, published success rates as well as decrease in
morbidity and mortality have shifted practices toward endovascular therapy as
primary treatment for chronic mesenteric ischemia.

Open surgical repair consists of several different procedures including transaortic
endarterectomy, direct reimplantation of the aorta, and anterograde or retrograde
bypass grafting. Two of the most favored techniques include anterograde or ret-
rograde bypass grafting. The anterograde bypass originates from the supraceliac
aorta and should revascularize multiple visceral arteries. Benefits of this technique
include reduction in kinking and turbulent blood flow, along with greater ease of
multivessel revascularization. However, this technique does increase the risk of
renal ischemic injury due to brief cross-clamping of the aorta above the renal
vessels. Retrograde bypass originates from either the infrarenal aorta or the iliac
arteries and it usually only revascularizes the SMA.

26 Ischemic Enteropathy (Also Called Mesenteric Ischemia) 251



Surgical revascularization has been shown to be successful in 84% to 94% of
patients with recurrence rates of 7–14%. Major complications include acute renal
failure (11%), bowel infarction requiring resection (8%), cardiac arrest (6%), res-
piratory complications (5%), myocardial infarction (5%), and gastrointestinal
hemorrhage (3%).

Endovascular repair includes angioplasty and/or stent placement within the
mesenteric vasculature. Technical success rates are high and reported to be from 90
to 100%. Relapse rates from restenosis are reported to be as high as 28%. These
require repeat endovascular intervention. Major complication rates of endovascular
repair are acute renal failure (6%), infarction requiring bowel resection (3%), and
acute myocardial infarction (3%). Review of the literature shows a better patency
rate with mesenteric artery stenting when compared to angioplasty alone. Stenting
eliminates the possibility of elastic recoil following conventional angioplasty.

Prognosis

Acute ischemic enteropathy has an overall mortality approaching 50%. The prog-
nosis is largely dependent on the mechanism of ischemia as well as treatment,
which explains the heterogeneity in numbers reported in the literature. Surgical
repair is considered to have high rate of technical success and can produce
symptomatic improvement in patients with chronic mesenteric ischemia. However,
these surgeries are associated with the significant morbidity and mortality rates of
38% and 13%, respectively. Weight loss and malnutrition, including low albumin
levels, are predictors of increased morbidity and mortality after major surgeries, and
these are common problems in patients with chronic mesenteric ischemia that
undergo surgical management. Endovascular repair has lower morbidity and mor-
tality rates of 20% and 3%, respectively.

Late deaths, defined as greater than 30 days following mesenteric revascular-
ization, are generally not related to ongoing mesenteric ischemia. A retrospective
review conducted by Tallarita et al. in 2013 evaluated long-term patient survival
and causes of death after open or endovascular revascularization for atherosclerotic
chronic mesenteric ischemia. A total of 343 patients were reviewed and there were
144 late deaths. Reported causes of late death included cardiac conditions (35%),
cancer (15%), pulmonary complications (13%), and mesenteric ischemia (11%).

Recurrent stenosis is a concern following mesenteric revascularization and
occurs in 5–15% of patients. For this reason, routine follow-up is important to
monitor for recurrence of symptomatic disease. It is recommended to have an initial
follow-up imaging study to establish a baseline for future comparison. The imaging
study of choice is a duplex ultrasound. It is repeated at three to six-month intervals
thereafter.
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27Colonic Ischemia (Also Known
as Ischemic Colitis)

Chloe Lee and Eli D. Ehrenpreis

Introduction

Colonic ischemia is a condition that results when blood flow to the colon is
compromised, causing an inability to maintain adequate colonic tissue perfusion
and nutrition. This physiologic dysfunction can lead to ischemic damage and
reperfusion injury, resulting in either reversible or irreversible damage. Although
most cases are self-limited, treatment for each patient should be tailored to severity
of presentation and associated risk factors.

Epidemiology

CI is the most frequent form of intestinal ischemia. The incidence of CI based on a
national insurance claims-based survey was estimated to be 17.7 cases per 100,000
person-years. CI occurs in adults of all ages but it is more common in women and in
the older population of patients in their sixties and seventies. However, younger
individuals may develop CI in settings of hypercoagulable states, drug-induced
conditions and collagen vascular diseases.
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Risk Factors

A variety of conditions are associated the development of CI (Table 27.1). Patients
of advanced age who have accompanying comorbid conditions are at especially
high risk of developing CI. Hypertension, diabetes mellitus, coronary artery dis-
ease, dyslipidemia, chronic obstructive pulmonary disease, congestive heart failure,
atrial fibrillation, and renal disease are comorbidities that are associated with the
development of CI. Notably, coronary artery disease and atrial fibrillation were
approximately twice as common in patients with right colon ischemia compared
with ischemia in other segments of colon. A variety of surgeries can result in
compromised arterial blood flow to the colon, including abdominal aortic aneurysm
repair, cardiopulmonary bypass and renal transplantation. Colonoscopy and barium
enema as well as a variety of medications and illicit drugs are other iatrogenic
factors that are associated with the development of CI. Patients with irritable bowel
syndrome (IBS) have been determined to have an increased risk for CI, possibly as
a consequence of excessive sympathetic activity in the mesenteric vasculature.
Severe constipation is a risk factor for CI and is also associated with a segmental
form of colonic ischemia termed stercoral ulcers. These are due to pressure on the
colonic wall and decreasing blood flow that is obstructed by hard stool. Throm-
bophilia is another risk factor for CI. Younger patients with CI should be evaluated
for hereditary coagulopathies such as Factor V Leiden mutation and deficiencies of
protein C, protein S and antithrombin III. Of interest, hematochezia and endo-
scopically diagnosed right sided IC has been described in long distance runners,
particularly in females. Pharmacologic agents including vasoconstrictors, psy-
chotropics, oral contraceptives, Type 1 interferon, 5-hydroxytrptamine-1 (5-HT1)
agonists, and illicit drugs are known causes of nonocclusive CI (Table 27.2).
Despite a long list of possible causes of CI, many patients with CI will have no
identifiable risk factors for the disease.

Pathophysiology

CI is caused by a sudden reduction in blood flow to the mesenteric vasculature and
subsequent decrease in oxygen to regions of the colon. The large intestine receives
its blood supply from the superior mesenteric artery and inferior mesenteric artery,
while the rectum has a dual blood supply that includes the inferior mesenteric artery
and the internal iliac arteries. The “watershed” regions of the colon include the
splenic flexure (Griffith’s point), the joining point where the blood supplies of the
superior mesenteric artery and inferior mesenteric artery meet and part of sigmoid
colon (Sudeck’s point), where the blood supplies of the inferior mesenteric arteries
and rectal arteries connect. These areas are at increased risk for ischemia due to
limited collateral blood flow (Fig. 27.1). Nonocclusive ischemia is the most com-
mon mechanisms for the development of CI. The degree of systemic perfusion and
collateral circulation determine the overall development of hypoxia and subsequent
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reperfusion. The most common etiologies of nonocclusive CI include sepsis,
hemorrhage and heart failure. During shock states, there is redistribution of blood
flow to the systemic circulation and away from the splanchnic circulation.
Hypoperfusion of the colon enhances the risk of ischemic injury due to increased
demand in setting of preexisting diminished circulation. It is thought that
renin-angiotensin axis is involved in the splanchnic vasoconstriction that occurs in
response to shock. Various medications are also known to cause vasospasms
leading to nonocclusive CI.

Traditionally, CI is also divided into gangrenous and non-gangrenous forms with
the latter accounting for 80–85% of cases. Gangrenous CI requires surgical inter-
vention. Further classification defines CI into Type I or II disease. Type I disease
refers to idiopathic, nonocclusive ischemia likely due to small vessel disease. These
patients are generally managed with supportive care. Type II disease is associated

Table 27.1 Medical risk factors for colonic ischemia

Occlusive disease Nonocclusive disease

Arterial Hypoperfusion state
Thrombosis Congestive heart failure

Cardiac emboli Pancreatitis

Cholesterol emboli Hypotension

Small vessel disease Shock

Diabetes Hemodialysis

Vasculitis Pharmacologic
Atherosclerosis Medications

Amyloidosis Illicit drugs

Rheumatoid arthritis Gastrointestinal
Radiation Irritable bowel syndrome (IBS)

Venous Constipation

Mesenteric venous thrombosis

Portal hypertension

Hypercoagulable state

Lymphocytic phlebitis

Surgical
Aortoiliac reconstruction

Cardiopulmonary bypass

Colectomy

Colonoscopy

Barium enema

Renal transplant

Modified from Washington, Christopher, and Joseph C. Carmichael. “Management of Ischemic
Colitis.” Clinics in Colon and Rectal Surgery 25.4 (2012): 228–235. Reused with permission
Copyright © Thieme
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with an identified etiology and usually followed by systemic hypotension,
decreased cardiac output or aortic surgery.

The left colon is the segment most affected with CI, and accounts for 32.6% of
patients with the disease. CI occurs in the distal colon 24.6%, right colon 25.2% and
entire colon 7.3% of the time. It has been shown that patients with right sided CI
have a poorer outcome than those with CI occurring in any other segments of the
colon. Figure 27.1 shows the watershed regions of the colon.

CI is usually a transient, self-limited condition. However, stricturing and pro-
longed colonic inflammation can occur as long-term complications of the disease.

Clinical Presentations

Clinical manifestations of CI are highly variable. In general, patients with CI
develop sudden lower abdominal cramping and the urge to defecate. This is often
accompanied by the passage of bloody diarrhea, usually within 24 hours of the

Table 27.2 Pharmacologic risk factors for ischemic colitis

Drugs

Moderate evidence
Constipation inducing drugs

Immunomodulator drugs (Antitumor necrosis factor-alpha, Type 1 interferon)

Illicit drugs (amphetamines, cocaine)

Low evidence
Antibiotics

Appetite suppressants

Chemotherapeutic drugs

Decongestants

Diuretics

Ergot alkaloids

Hormonal therapies

Laxatives

Psychotropic drugs

Serotoniergic drugs

Very low evidence
Digitalis

Kayexalate

Non-steroidal anti-inflammatory drugs (NSAIDs)

Statins

Vasopressors

Adapted from: Brandt, Lawrence. ACG Clinical Guideline: Epidemiology, Risk Factors, Patterns
of Presentation, Diagnosis, and Management of Colon Ischemia. AM J Gastroenterol 2015;
110:18–44. Copyright © Wolters Kluwer 2015
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onset of abdominal pain. Although blood loss in CI is usually mild, severe anemia
due to excessive hemorrhage can occur and are often associated with gangrenous CI
and/or fulminant pancolitis. Other nonspecific symptoms occurring in patients with
CI include fever, nausea, vomiting, anorexia and presyncope.

Relatively mild tenderness of the abdomen, sometimes at the region of the
affected segment of the colon is found on physical examination. Severe tenderness
with peritoneal signs suggests the presence of advanced disease, including

Left phrenic a.

Right phrenic a.

Celiac trunk

Pancreatico-
duodenal a.

SMA

IMA

IIA

Hemorrhoidal aa.
Superior

Middle
Inferior

Aorta

Splenic a.

Griffiths’ point

Arch of riolan

Marginal a.

Sudeck’s
point

Fig. 27.1 Watershed regions of the colon
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peritonitis. In addition, severe cases of CI can demonstrate signs of overwhelming
infection including high fever, tachycardia and hypotension.

In most patients, signs and symptoms of the disease are transient and
self-limited. More than half of the patients with CI have resolution of their
symptoms within 2–3 days. Later recurrences of CI are relatively uncommon and
are seen in 6.8–16% of patients. The rates of complicated CI are 14.3% for stricture
formation, 9.9% for gangrenous colitis and 2.5% for fulminant colitis.

Diagnosis

Because of the nonspecific nature of symptoms of CI, the large differential diag-
nosis for the common presentations of CI and the fact that CI is often idiopathic, a
high index of suspicion for mesenteric ischemia, including CI, should be enter-
tained in patients with abdominal pain and rectal bleeding. Nonetheless, estab-
lishing the diagnosis and severity of CI often requires an assessment of findings
from the medical history (including risk factors), physical examination, laboratory
testing, imaging and endoscopic evaluation of the colon. Computerized tomography
(CT) of the abdomen is frequently performed in patients with abdominal pain
and/or gastrointestinal bleeding. Colonoscopy is generally performed within
48 hours and can confirm colonic ischemia based on its typical appearance and
biopsy confirmation.

Laboratory Findings

Although laboratory studies are neither sensitive nor specific for CI, they can help
predict the severity of CI. Elevated white blood cell count, lactate dehydrogenase
(LDH) and decreased hemoglobin (Hgb) concentration occur commonly in patients
with CI. Serum levels of D-lactate may be a marker for CI. Severe cases of CI have
characteristic laboratory findings. These include elevated serum lactate levels, the
presence of metabolic acidosis, and a significant base deficit usually accompanied
by profound anemia. Since hematochezia with or without abdominal pain may be
infectious in origin, stool studies for culture, ova and parasite exam, and
Clostridium toxin assay are included in patient evaluation.

Imaging

Plain films of the abdomen can show “thumbprinting,” representing edema or
thickening of the bowel in early ischemia (Fig. 27.2). CT of the abdomen with
intravenous contrast is usually the imaging of choice with high suspicion for CI.
Findings may include colon wall thickening and luminal narrowing, although these
findings are nonspecific (Fig. 27.3).
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Fig. 27.2 AP abdominal
radiograph of a different
patient shows the plain film
appearance of
“thumbprinting” involving the
descending colon (asterisks)

Fig. 27.3 Coronal and axial
contrast-enhanced computed
tomography images with wall
thickening and irregular
luminal narrowing of the
transverse colon (oval),
indicative of a nonspecific
focal colitis. Colonoscopy and
pathology confirmed the
diagnosis of ischemic colitis.
With permission from Dr.
Abraham Dachman and Dr.
Justin Ramirez
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Contrast enhanced CT and CTA have high sensitivity and specificity for
assessing vascular occlusion as an etiology of CI, although it is generally not
required since most cases are due to non-occlusive disease. Presence of pneu-
moperitoneum and hepatic portal venous gas indicate bowel necrosis although
surgical manipulation can also cause such finding (Figs. 27.4 and 27.5). Pneu-
matosis intestinalis is a radiological finding of gas bubbles within the mucosa or
submucosa of the intestinal wall most commonly associated with bowel ischemia.
Mucosal disruption from bowel ischemia, systemic infection, or inflammation may
lead to the development of pneumatosis intestinalis. US and MRI are less used
imaging modalities in diagnosis of CI.

Colonoscopy

Colonoscopy with biopsy is the most accurate means of diagnosing CI. It provides
the means to directly visualize the abnormal colonic mucosa and allow tissue
collection for histology. Necrotic mucosa can be identified by the presence of a
dusky and/or cyanotic discoloration in affected segments of colon. If necrosis is
identified, immediate removal of the colonoscope, and consideration of rapid sur-
gery is required. Early colonoscopy (within 48 hours of presentation) is recom-
mended in most patients who are suspected to have CI.

The location of abnormal mucosa can also be determined. Severe and gan-
grenous forms of the disease may be identified and require immediate withdrawal of
the colonoscope. The presence of submucosal hemorrhage in the splenic flexure is a

Fig. 27.4 Axial computed tomography image demonstrates branching radiolucencies (circle)
within the hepatic parenchyma compatible with portal venous gas. Additional foci are present at
the periphery of the right hepatic lobe and adjacent to the middle hepatic vein and IVC. Incidental
note of contrast filled hiatal hernia (asterisk)
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characteristic finding on colonoscopy in patients with ischemic colitis (Fig. 27.6).
Other mucosal lesions including edema, erythema, pale regions and bluish hem-
orrhagic nodules. Frank bleeding may also be present. Biopsies demonstrate
mucosal and submucosal hemorrhage, edema, crypt destruction, and granulation
tissue.

Fig. 27.5 Coronal CT image of the same patient demonstrates the peripheral location of the portal
venous gas (oval). Imaged portions of hepatic flexure and descending colon (arrows) show marked
colonic wall and haustral thickening giving the appearance of “thumbprinting”. Note adjacent fat
stranding (asterisk) involving the hepatic flexure. With permission from Dr. Abraham Dachman
and Dr. Justin Ramirez

Fig. 27.6 Colonoscopy shows submucosal hemorrhage and mucosal edema in a patient with
colonic ischemia
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Histologic Findings

Histologic findings include mucosal and submucosal hemorrhage, edema, crypt
destruction, and granulation tissue. These changes can mimic histologic findings of
Crohn disease. Ghost cells, preserved cellular outlines without cell content, can be
pathognomonic for infarction in CI.

Treatments

Medical

Treatments of CI vary according to the severity of the disease (Table 27.3).
Based on previous studies, severity of CI is generally divided into mild, mod-

erate and severe forms. Patients with mild disease have typical symptoms of CI

Table 27.3 Ischemic colitis: classification of disease severity and management

Disease
severity

Criteria Treatment

Mild Typical symptoms of CI with a segmental colitis not
isolated to the right colon and with none of the
commonly associated risk factors for poorer outcome
that are seen in moderate disease

Observation
Supportive care

Moderate Any patient with CI and up to 3 of the following
factors:
Male gender
Hypotension (systolic BP <90 mm Hg)
Tachycardia (HR >100 beats/min)
Abdominal pain without rectal bleeding
BUN >20 mg/dl
Hgb <12 g/dl
LDH >350 U/I
Serum sodium <136 mEq/l (mmol/l)
WBC >15 cells/cmm (�109/l)
Colonic mucosal ulceration identified
colonoscopically

Correction of
cardiovascular
abnormalities
Broad-spectrum
antibiotic therapy
Surgical consultation

Severe Any patient with CI and more than 3 of the criteria for
moderate disease or any of the following:
Peritoneal signs on physical examination
Pneumatosis or portal venous gas on radiographic
imaging
Gangrene on colonoscopic examination
Pancolonic distribution or isolated right colonic
ischemia (IRCI) on imaging or colonoscopy

Emergent surgical
consultation
Transfer to intensive
care unit
Correction of
cardiovascular
abnormalities
Broad-spectrum
antibiotic therapy

Adapted from: Brandt, Lawrence. ACG Clinical Guideline: Epidemiology, Risk Factors, Patterns
of Presentation, Diagnosis, and Management of Colon Ischemia. AM J Gastroenterol 2015;
110:18–44. Copyright © Wolters Kluwer 2015
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without isolated right colonic disease. Moderate disease has other associated factors
(male patient, hypotension, tachycardia, abdominal pain without rectal bleeding,
blood urea nitrogen >20 mg/dl, Hgb <12 g/dL, LDH >350 U/l, serum sodium
<136 mEq/l, WBC >15 � 109/l or mucosal ulcerations. Severe CI is defined by
more than three of the above factors, peritoneal signs, pneumatosis on CT or
gangrene on colonoscopy.

Most cases of CI are mild and self-limited. If hospitalized, patients can be treated
with supportive measures with intravenous hydration, electrolyte correction and
bowel rest. There is currently no strong evidence to support the administration of
antibiotics in patients with mild CI, although they may be indicated in moderate to
severe disease. Animal models do demonstrate that antibiotics decrease bacterial
translocation during acute ischemia and reperfusion injury. Currently, the choice of
antimicrobial agents and optimal duration of therapy have not been established. Of
interest, some antibiotics are also associated with the development of CI. In severe
cases of CI, surgical intervention is required as mortality from necrotic bowel can
be as high as 100%. Acute indications for immediate surgery include peritoneal
signs, massive bleeding, fulminant colitis, and portal venous gas and pneumatosis
intestinalis on imaging. In addition, failure to respond to treatment within 2–
3 weeks with continued symptoms or a protein-losing colopathy may require
segmental colectomy. The type of surgical procedure depends on the affected region
of colon. Risk stratification should be considered prior to surgical intervention as
mortality post operation for CI may be as high as 37–47%.

Complications

CI is usually a self-limited condition which requires supportive treatment in most
cases. However, severe ischemia can cause inflammation which can develop into a
stricture or segmental ulcerating colitis. Ischemic strictures can be asymptomatic or
cause obstructive symptoms. For patients with symptoms, a repeat colonoscopy
may be required to visualize strictures or segmental colitis. Some strictures resolve
in one to two years but symptomatic strictures usually require segmental bowel
resection. Recurrent episodes of colonic ischemia associated with segmental colitis
may also require elective segmental resection. Unfavorable outcomes were more
frequent in isolated right colon ischemia compared with other regions of the colon
(40.9 vs. 10.3%).

Suggested Readings

1. Alpern MB, Glazer GM, Francis IR. Ischemic or infarcted bowel: CT findings. Radiology.
1988;166:149.

2. Bailey RW, Bulkley GB, Hamilton SR, Morris JB, Smith GW. Pathogenesis of nonocclusive
ischemic colitis. Ann Surg. 1986;203(6):590–9.

27 Colonic Ischemia (Also Known as Ischemic Colitis) 265



3. Salk A, Ehrenpreis ED. Ischemic colitis with Type I interferons used in the treatment of
hepatitis C and multiple sclerosis: an evaluation from the food and drug administration adverse
event reporting system and review of the literature. Ann Pharmacother. 2013;47:537–42.

4. Brandt L. ACG clinical guideline: epidemiology, risk factors, patterns of presentation,
diagnosis, and management of colon ischemia. AM J Gastroenterol. 2015;110:18–44.

5. Kontogianni A, Delakidis S, Basioukas P, Tsantoulas D, Tamvakis N, Demonakou M.
Ischemic colitis: clinical, endoscopic and histologic spectrum of 254 cases. Ann Gastroen-
terol. 2003;16.

6. Longstreth GF, Yao JF. Diseases and drugs that increase risk of acute large bowel ischemia.
Clin Gastroenterol Hepatol. 2010;8:49.

7. Luo CC, Shih HH, Chiu CH, et al. Translocation of coagulase-negative bacterial
staphylococci in rats following intestinal ischemia-reperfusion injury. Biol Neonate.
2004;85:151–4.

8. Midian-Singh R, Polen A, Durishin C, et al. Ischemic colitis revisited: a prospective study
identifying hypercoagulability as a risk factor. South Med J. 2004;97:120–3.

9. Mitsudo S, Brandt LJ. Pathology of intestinal ischemia. Surg Clin North Am. 1992;72:43.
10. Montoro M, Brandt L, Santolaria S, et al. Clinical patterns and outcomes of ischaemic colitis:

results of the working group for the study of ischaemic colitis in Spain (CIE study). Scand J
Gastroenterol. 2011;46:2:236–46.

11. Mosele M, Cardin F, Inelmen EM, et al. Ischemic colitis in the elderly: pre-dictors of the
disease and prognostic factors to negative outcome. Scand J Gastroenterol. 2010;45:428–33.

12. Smerud MJ, Johnson CD, Stephens DH. Diagnosis of bowel infarction: a comparison of plain
films and CT scans in 23 cases. AJR Am J Roentgenol. 1990;154:99.

13. Theodoropoulou A, Koutroubakis IE. Ischemic colitis: clinical practice in diagnosis and
treatment. World J Gastroenterol. 2008;14:7302.

14. Washington C, Carmichael JC. Management of ischemic colitis. Clin Colon Rectal Surg.
(2012);25(4):228–35. PMC. Web. 6 Oct. 2018.

266 C. Lee and E. D. Ehrenpreis



28Mesenteric Lymphangioma

Eli D. Ehrenpreis and Siddhartha Guru

Definition

Lymphangiomas are very rare, benign lesions that are a result of an abnormality of
thin-walled lymphatic structures. Lymphangiomas are characterized by an increase
in the number or size of lymphatic channels and lymphatic spaces, or the occur-
rence of large, partially organized cystic lesions. A very small number of cases
involve the portion of the mesentery that is proximal to the small intestine. They
appear as mass-like or cystic lesions on abdominal imaging.

Epidemiology

Lymphangiomas are rare lesions with fewer than 900 cases reported in the medical
literature. Of these, only 72 cases involving the mesentery adjacent to the small
intestine have been described. Lymphangiomas are most commonly found in the
soft tissues of the head and neck. These are most often diagnosed in children, with
50% occurring at birth and 90% before the age of 2. A 3:1 male to female ration has
been suggested for adult forms of mesenteric lymphangioma.
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Patients at Risk

Pediatric cases of lymphangioma are congenital, with no stated relationship to other
congenital disorders. Abdominal trauma, abdominal surgery, lymphatic obstruction
and radiation injury appear to be risk factors for the development of the acquired
form of mesenteric lymphangioma in adults.

Pathophysiology

Congenital lymphangiomas arise from abnormal embryonic development of lym-
phatic tissue. Lymphangioma occurrence may result blockage or arrest of normal
growth of the primitive lymph channels, failure of the primitive lymphatic sac to
reach the venous system, or inappropriate location of lymphatic vessels during
embryogenesis. In adult patients, lymphangiomas may occur after abdominal sur-
gery trauma, inflammation, or radiation injury.

Clinical Presentation

A variety of presentations of mesenteric lymphangioma have been described,
ranging from asymptomatic patients to an acute abdomen and bowel obstruction
from volvulus or intussusception. In a recently published series of six patients with
mesenteric lymphangiomas, all were diagnosed after acute presentations, but one
patient had a two-year history of abdominal bloating. Patients may develop
symptoms from a mass effect from compression of adjacent small bowel or other
organs. Fever, nausea, diarrhea and gastrointestinal bleeding have also been
described.

Physical Findings

In the head and neck, lymphangiomas present as painless, soft, and compressible
masses that have a slow rate of growth. In patients with mesenteric lymphangiomas,
abdominal tenderness and a palpable mass may be present on examination. Signs
and symptoms of intestinal obstruction can be seen in cases with volvulus or
intussusception. The acute abdomen presentation of lymphangioma can be con-
fused with appendicitis and a myriad of other causes.
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Laboratory

Complications of mesenteric lymphangiomas may be manifested by anemia,
leukocytosis, and a variety of biochemical abnormalities.

Histology

Lymphangiomas may be divided into three histologic subtypes: capillary (simple),
cavernous and cystic. The capillary lymphangioma are composed of small thin
walled lymphatic vessels and are usually located in the skin. Cavernous lym-
phangiomas are connected to nearby lymphatic spaces and are composed of various
sized lymphatic vessels and lymphoid stroma. Cystic lymphangiomas are charac-
terized by the formation of large cystic lymphatic spaces with collagen and smooth
muscle bundles lined by endothelial layers. These cystic lymphangiomas with lack
connections to adjacent normal lymphatics and major lymphatic vessels of the small
intestine.

Immunohistochemical testing with D2-40 on cystic wall endothelium confirms the
presence of lymphatic endothelial cells. Differentiation fromLymphangiomyoma and
multicystic mesothelioma is performed by testing for HMB-45 immunoreactivity and
staining for calretinin. Lymphangiomyoma has HMB-45 immunoreactivity and
mesothelioma will stain positive for calretinin, while both of these are negative in
lymphangioma. Cell that line the cystic walls of lymphangiomas may be
immunoreactive for factor VIII-related antigen.

Imaging

Abdominal radiography may be used to diagnose bowel obstruction, volvulus and
intussusception. Abdominal ultrasound and CT are the most commonly imaging
studies used to diagnose mesenteric lymphangioma and to differentiate it from other
disorders. Nonetheless, due to the rarity of mesenteric lymphangiomas, they are
often misdiagnosed when seen on standard imaging studies. Ultrasound may reveal
a multiloculated cystic mass or masses with thin internal septae. On CT scan,
mesenteric lymphangiomas present as unilocular or multilocular masses with
contrast enhancement of the cyst walls and septae. Cystic lesions are most often
homogeneous, but appear inhomogeneous if they contain proteinaceous fluid, blood
or fat components. Lymphatic vessels may be seen coursing between intralesional
locules (Figs. 28.1, 28.2, 28.3, 28.4 and 28.5).

Retroperitoneal lymphangiomas ae very uncommon and may present as non-
specificmasses or cystic lesions within the retroperitoneal space (Figs. 28.4 and 28.5).
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MRI may demonstrate hemorrhagic lesions with increased signal intensity on the
T2 images. Imaging studies cannot in themselves be used to diagnosis mesenteric
lymphangioma as their appearance may mimic other cystic lesions such as
teratomas.

Fig. 28.1 Coronal CT image from a pediatric patient demonstrates mesenteric lymphangioma. An
expansile intraperitoneal cystic lesion with thin enhancing septations (arrows) is seen. Note the
displaced gas filled bowel at the periphery of the lesion

Fig. 28.2 CT image from the same patient demonstrates discrete, large intraperitoneal cystic
structures displacing adjacent organs. Subtle increased attenuation within an anterior cystic
structure (asterisk) suggests a more complex fluid component such as protein or blood products
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Diagnosis

The diagnosis of mesenteric lymphangioma is diagnosed on histological exami-
nation and staining of tissue from excised lesions, (see Histology section above).

Fig. 28.3 Sagittal CT image
better demonstrates the
significant mass effect, nearly
filling the entire

Fig. 28.4 Axial CT image
from a patient showing a
retroperitoneal lymphatic
malformation in an adult
(oval)
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Immunohistochemical testing with D2-40 on cystic wall endothelium is done to
determine the presence of lymphatic endothelial cells. Which would be positive in
both lymphangiomyoma and multicystic mesothelioma hence are further differen-
tiated by testing using HMB-45 immunoreactivity and staining for calretinin. While
lymphangiomyoma will be positive with HMB-45 immunoreactivity and
mesothelioma will stain positive for calretinin. They are also immune reactive for
factor VIII related antigen.

Treatment

Medical

Although surgery is the mainstay of treatment for lymphangiomas, broad spectrum
antibiotics with symptomatic treatment with acetaminophen may be used as adjunctive
therapies. Intralesional injection therapy with OK-432, a lyophilized biological
preparation containing cells of Streptococcus Pyogenes su-strain treated with Ben-
zylpenicillin has demonstrated efficacy in children with head and neck lesions.

Surgery

Surgical excision is the treatment of choice for mesenteric lymphangioma. The
rationale for surgery is that lesions can increase in size and impact adjacent organs.
Complications of unresected mesenteric lymphangiomas include bowel obstruction,

Fig. 28.5 Axial T2-weighted MR image from the same patient demonstrates the septated, cystic
nature of the lesion. When discovered incidentally, as in this patient, the lesion is often
asymptomatic with little or no mass effect on adjacent structures. With permission from
Dr. Abraham Dachman and Dr. Justin Ramirez
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infection, hemorrhage and possibly malignant transformation. Following resection,
ongoing imaging is performed to exclude recurrences or residual lesions. Percu-
taneous catheter drainage and sclerotherapy has been performed as an alternative to
surgery in some cases.
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29Radiation-Induced Mesenteric Injury

Eli D. Ehrenpreis and Charles Broy

Pathophysiology of Radiation-Induced Tissue Injury

It is reasonable to expect that some damage to mesenteric tissue occurs during the
course of radiation therapy for solid tumors of abdominal organs and during
radiation therapy for lymphoma. Radiation deposits energy by changing neutral
atoms to ions. Adjacent anatomic structures that are exposed to therapeutically
administered radiation become innocent bystanders to these effects. In a biologic
environment, this causes activated oxygen species as well as irreparable damage to
DNA. The subsequent host response includes rapid inflammation around the area of
exposure. These insults can cause long-term injury and possibly cell death.
Unfortunately, ionizing radiation effects all cells within the area of exposure and not
just the area of desired treatment. Routine imaging and radiation therapy for cancer
most often uses both X-Rays (photons) and electrons. Other heavy particles (in-
cluding protons and neutrons) are also used. Although the repair process is more
efficient in normal cells than malignant cells, acute and chronic injurious affects to
normal tissue may occur.

The primary site of radiation-induced cellular injury is damage to double
stranded DNA. These effects are most pronounced in cells that exhibit rapid pro-
liferation and cellular regeneration. In the abdomen, the rapid turnover of epithelial
cells that form the inner lining and glands within the intestinal organs are most
sensitive to the damaging effects of radiation. Other cell types, including the
mesenchymal-derived cells contained within the mesentery, are more radiation
resistant. The mesentery is a continuous structure to which the abdominal digestive
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organs are directly attached. The mesentery then collectively connects the
abdominal organs to the posterior abdominal wall. Within the mesenteric structure
are vascular, lymphatic and biliary systems. The surfaces of the mesentery are lined
with mesothelial cells. The undersurface of the mesothelium of the mesentery is
made up of connective tissue and also contains some mesenchymal cells. The
components of connective tissue include fibrocytes, adipose cells, collagen fibers,
and elastin fibers. Lymphatic channels and capillaries coalesce into larger structures
within the mesentery. The mesentery also contains macrophages, lymphocytes and
polymorphonuclear neutrophils (PMNs). (See Chap. 3, General Anatomy of the
Mesentery and Chap. 7, Cellular Anatomy of the Mesentery). Most of these cell
types have a low rate of mitotic activity and are relatively resistant to radiation
damage.

Radiation exposure causes increased bacterial translocation, inhibition of blood
vessel hormones and alters mast cell function in the rat/mouse model. All irradiated
blood vessels show loss of smooth muscle, intimal fibrosis, accumulation of foam
cells and luminal narrowing. This causes vascular insufficiency that may lead to
ulcerations, injury-prone vessels and bleeding. Irradiation of connective tissue can
cause a loss of flexibility and increased stiffness.

The most important factors in the development of radiation injury to normal
tissue are total radiation dose, fraction size, duration and the volume of organs
irradiated. The use of combination chemotherapy and radiation therapy results in
improved response and survival for a variety of cancers and is a standard approach
in modern oncology. Chemotherapies are often specifically applied as radiosensi-
tizing agents in patients receiving radiation therapy. Concomitant chemotherapy
also enhances the risk of radiation injury. Although data is most robust for
5-fluorouracil-based chemotherapy, other agents including oxaliplatin and irinote-
can have been implicated in worsening radiation damage to the abdominal organs.
Others risk factors include vascular disease, inflammatory bowel disease, collagen
vascular diseases and previous injury to the mesentery (Table 29.1). The relative
effects of these risk factors on the development of radiation-induced injury to the
mesentery have not been studied.

Table 29.1 Risk factors for the development of radiation injury to normal abdominal tissues

Risk factors

Cell type Rapidly dividing cells (epithelial cells, glands)

Radiation Total radiation dose, fraction size, duration and the volume of irradiated
organs

Chemotherapy 5-fluorouracil, oxaliplatin, irinotecan

Medical
diseases

Vascular disease, inflammatory bowel disease, collagen vascular diseases
and previous injury to the mesentery
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Radiation-Induced Intestinal Injury-Enteropathy
and Colopathy

Radiation-induced injury to the small and large intestine occurs in acute and chronic
forms. Acute intestinal toxicity is a result of destruction and delayed regeneration of
the intestinal epithelium. These changes are characterized by dilation of intestinal
crypts and mild inflammation. Epithelial atrophy and mucosal ulceration are sub-
sequently followed by cellular regeneration and restoration of normal mucosa.
Clinical presentation of acute radiation injury of the intestine includes diarrhea,
nausea, and abdominal pain. The mechanism of chronic radiation enteropathy and
colopathy is complex and involves vascular inflammation, mucosal atrophy,
intestinal wall fibrosis, telangiectasia formation and vascular sclerosis. This can
present with deep ulcerations, gastrointestinal bleeding, altered motility, obstructive
symptoms, fistula formation, constipation, diarrhea from small intestinal bacterial
overgrowth, nutrient deficiencies from small intestinal malabsorption and intestinal
perforation.

Measures to prevent abdominal organ damage from radiation therapy include
displacement of the intestine away from the field of radiation, antioxidants, free
radical scavengers, dietary supplementation with glutamine. Research into cytokine
manipulation and modulators of endothelial function is ongoing.

The degree of involvement of the mesentery in the pathophysiology and clinical
manifestations of acute and chronic radiation-induced intestinal injury has not been
explored to date.

Medical Literature on Radiation and the Mesentery

Basic Research

Early studies in mice demonstrated that radiation of mesenteric vascular structures
produces increased cellularity of the arterioles and vascular permeability within
3 months changes, with a gradual recovery within a year. Vascular fibrosis, and
occasional luminal occlusion occurred after 18 months. Venous and capillary stasis
were described using a rat model. Acute vascular changes occur following con-
ventionally fractionated RT with mitotic cell death without apoptosis occurring in
endothelial cells. Larger fractional radiation doses may cause apoptotic endothelial
cell death. Rapid hydrolysis of water stimulated by radiation exposure, induces the
production of hydroxide, superoxide, and hydroxyl radicals. These, in turn have
been implicated in the development of endothelial vascular injury. A single study
showed that the production of free radicals in the mesenteric circulation occurred
following leukocyte activation and adherence. Using a macaque model, a recent
study demonstrated that mesenteric lymph nodes in radiated animals showed
reduced number of lymphoid cells immediately after radiation exposure. Subse-
quently, mesenteric lymph nodes also developed fibrotic changes, that were
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attributed to abnormal immunomodulatory cells and/or signaling molecules that
originated from portions of the intestine with radiation-induced injury.

Of interest, various studies have shown that mesenchymal stem cells can
attenuate the injurious effects of radiation on tissues of the lung, periosteum, heart
and brain.

A study using a rat model demonstrated that an immune-enhanced diet con-
taining arginine, omega-3-fatty acids and RNA fragments reduced bacterial counts
in mesenteric lymph nodes after radiation exposure.

Clinical Publications

There is a single published case of a desmoid tumor of the mesentery that devel-
oped nineteen years after abdominal radiation therapy for Hodgkins disease.
Mesenteric stranding was found to occur in a study of four patients with radiation
enteropathy that underwent magnetic resonance enterography. A single case of
inadvertent injection of Y90 microspheres throughout the mesentery that occurred
during a radioembolization (RE) procedure was reported. The patient was treated
with amofostine and survived the exposure.

Summary

There is a true paucity of information currently available on the overall effects of
abdominal radiation on mesenteric physiology and function. The relationship
between radiation-induced mesenteric injury and acute and chronic entropathy,
colopathy and proctopathy have yet to be explored.

Suggested Reading

1. Hall CR. Pathology of radiation effects on healthy tissues in the pelvis. In: Ehrenpreis ED,
Marsh R de M, Small W, editors. Radiation therapy for pelvic malignancy and its
consequences. N.Y.: Springer;2015.

2. Gunnlaugsson A, Kjellén E, Nilsson P, et al. Dose-volume relationships between enteritis and
irradiated bowel volumes during 5-fluorouracil and oxaliplatin based chemoradiotherapy in
locally advanced rectal cancer. Acta Oncol. 2007;46:937.

3. Sehdev A, Marsh R de W. Contribution of chemotherapy to the toxicity of pelvic irradiation.
In: Ehrenpreis ED, Marsh R de M, Small W, editors. Radiation therapy for pelvic malignancy
and its consequences. N.Y.: Springer;2015.

4. Song DY, Lawrie WT, Abrams RA, et al. Acute and late radiotherapy toxicity in patients with
inflammatory bowel disease. Int J Radiat Oncol Biol Phys. 2001;51:455.

5. Lin A, Abu-Isa E, Griffith KA, Ben-Josef E. Toxicity of radiotherapy in patients with collagen
vascular disease. Cancer. 2008;113:648.

6. Panés J, Granger DN. Neutrophils generate oxygen free radicals in rat mesenteric
microcirculation after abdominal irradiation. Gastroenterology. 1996;111(4):981–9.

278 E. D. Ehrenpreis and C. Broy



7. Parakkal D, Ehrenpreis ED. Medical management of radiation effects on the intestines. In:
Ehrenpreis ED, Marsh R de M, Small W, editors. Radiation therapy for pelvic malignancy and
its consequences. N.Y.: Springer;2015.

8. Atasoy BM, Deniz M, Dane F, Özen Z, Turan P, Ercan F, Çerikçioğlu N, Aral C, Akgün Z,
Abacioğlu U, Berrak Yeğen Ç. Prophylactic feeding with immune-enhanced diet ameliorates
chemoradiation-induced gastrointestinal injury in rats. Int J Radiat Biol. 2010;86(10):867–79.

9. Sabet A, Ahmadzadehfar H, et al. Survival after accidental extrahepatic distribution of Y90
microspheres to the mesentery during a radioembolization procedure. Cardiovasc Intervent
Radiol. 2012;35(4):954–7.

10. Feldmeier JJ, Hampson NB. A systematic review of the literature reporting the application of
hyperbaric oxygen prevention and treatment of delayed radiation injuries: an evidence based
approach. Undersea Hyperb Med. 2002;29:4.

11. Wegner HE, Fleige B, Dieckmann KP. Mesenteric desmoid tumor 19 years after radiation
therapy for testicular seminoma. Urol Int. 1994;53(1):48–9.

29 Radiation-Induced Mesenteric Injury 279



30Drug Induced Mesenteric
and Retroperitoneal Diseases

Sarah Burroughs and Eli D. Ehrenpreis

Definition

Nonocclusive mesenteric ischemia occurs as a sudden form of hypoperfusion of the
intestine that is not due to an arterial or venous mechanical blockage. Nonocclusive
arterial hypoperfusion is most commonly due to primary splanchnic arterial vaso-
constriction, with the majority of cases involving vasospasm of branches of the
superior mesenteric artery supplying the small intestine and proximal colon. Several
vasoconstricting medications and drugs of abuse have been associated with the
development of nonocclusive mesenteric ischemia (Table 30.1).

The pathophysiology of the various types of mesenteric ischemia, including
non-occlusive mesenteric ischemia are shown in Fig. 30.1.

Epidemiology

While nonocclusive mesenteric ischemia accounts for 5 to 15 percent of patients
with acute mesenteric ischemia overall, the incidence of drug-induced nonocclusive
mesenteric ischemia has not been determined. The occurrence of nonocclusive
mesenteric ischemia in hospitalized patients has declined due to the to the wide-
spread use of invasive hemodynamic monitoring, early correction of hypotension,
removal of pharmacologic and drugs of abuse, and the use of systemic vasodilators
in cardiac failure. Nonetheless the mortality for nonocclusive mesenteric ischemia
remains high, in part due to the complexity of establishing its diagnosis.
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Patients at Risk

Patients who are at risk of developing nonocclusive mesenteric ischemia include
those who are critically ill, such as those with cardiogenic shock or sepsis and
patients with a history of cardiovascular disease such as congestive heart failure,
coronary artery disease. Drug-induced causes of nonocclusive mesenteric ischemia
is associated with medications, or drugs of abuse that are known to produce
intestinal vasoconstriction, such as digoxin, alpha-adrenergic agonists, cocaine, or
methamphetamine.

Table 30.1 Medications and drugs of abuse associated with nonocclusive mesenteric ischemia

Medications and drugs of abuse associated with
nonocclusive mesenteric ischemia

Digoxin

Alpha-adrenergic agonists

Cocaine

Methamphetamine

Fig. 30.1 Pathophysiology associated with mesenteric ischemia. a Arterial thrombosis, b arterial
embolus, c nonocclusive mesenteric ischemia, d Venous thrombosis. Nonocclusive mesenteric
ischemia as shown in option C occurs via vasoconstriction
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Pathophysiology

The pathogenesis of nonocclusive mesenteric ischemia is related to the regulation of
cardiac and cerebral blood flow at the expense of the splanchnic and peripheral
circulation. The neurohormonal mediators, vasopressin and angiotensin, are often
putative agents in the occurrence of nonocclusive mesenteric ischemia. When
nonocclusive mesenteric ischemia is caused by medications or drugs of abuse, such
as cocaine and methamphetamine, the primary instigating factor is drug-induced
sympathomimetic mesenteric vasoconstriction, leading to a spectrum of secondary
effects ranging from mild intestinal injury to frank bowel infarction. A number of
mechanisms have been described in the development of mesenteric ischemia from
cocaine abuse. These include (1) direct action of cocaine on the endothelium
causing vasoconstriction, (2) increased norepinephrine and activation of nora-
drenergic receptors causing vasoconstriction, (3) accelerated atherosclerosis, and
(4) platelet aggregation leading to mesenteric thrombosis. Similar to cocaine and
methamphetamine, digoxin can also induce a vasoconstrictive effect on the
splanchnic circulation, thereby increasing risk of mesenteric ischemia.

Diagnosis, Physical Findings and Laboratory Findings

The diagnosis of nonocclusive mesenteric ischemia is based on clinical suspicion
comprised of patient risk factors and clinical signs and symptoms of mesenteric
ischemic injury. Both the severity and location of abdominal pain in the setting of
nonocclusive mesenteric ischemia are highly variable. Patients often report having a
rapid onset of severe abdominal pain out of proportion to their accompanying
physical examination. In about twenty five percent of patients with nonocclusive
ischemia, abdominal pain may be absent or may start with nonspecific symptoms
such as bloating, nausea, and vomiting. Progressive abdominal pain may then
occur. Initial abdominal examination may be normal or nonspecific. The presence
of peritoneal signs such as rebound tenderness and guarding occur when ischemia
develops and transmural bowel infarction ensues. Nonocclusive mesenteric ische-
mia is often concomitant with other disorders and clinical presentation resulting in
the masking of its symptoms. Because of this, necrosis and perforation may develop
before a definitive diagnosis can be established, adding to the urgency of making a
prompt diagnosis.

Laboratory studies can be nonspecific. Elevated white cell count, elevated serum
lactate, metabolic acidosis, and elevated hematocrit have all been shown to occur in
acute mesenteric ischemia.
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Imaging

Plain abdominal radiographs have a limited role in diagnosing mesenteric ischemia
and these are normal in 25% of cases. However, findings suggestive of all forms of
mesenteric ischemia include the presence of an ileus, bowel wall thickening, or
pneumatosis intestinalis. Computerized tomographic (CT) imaging of the abdomen
may also be nonspecific, but abdominal CT can be used rule out other causes of
acute abdominal pain. Findings consistent with acute mesenteric ischemia on
abdominal CT include focal or segmental bowel wall thickening, bowel dilation, or
mesenteric stranding (Also see Chap. 26, Ischemic Enteropathy).

Definitive imaging of nonocclusive mesenteric ischemia relies upon the
demonstration of narrowing or spasm of mesenteric vasculature. This can be
demonstrated on CT angiography or selective mesenteric arteriography as reduced
intramural vessel filling, reduction in mesenteric vessels, and irregularity of the
arterial branches of the mesenteric vasculature on vascular imaging.

Treatment

The goal of treatment of patients with nonocclusive mesenteric ischemia is to
restore intestinal blood flow. Removal of vasoconstrictive medications is a critical
aspect of this treatment. If necessary, other medical agents with limited inhibitory
effects on mesenteric perfusion may be indicated. These agents include dobutamine,
dopamine, and milrinone. Hemodynamic support, treatment of additional under-
lying causes, and intra-arterial infusion of vasodilators including papverine, pros-
taglandins, and nitroglycerine are also used. For patients with signs of advanced
bowel ischemia, abdominal exploration and possible bowel resection are indicated.
For patients suspected of having intestinal perforation surgical intervention should
not be delayed.

Prognosis

When compared with other forms of mesenteric ischemia, nonocclusive mesenteric
ischemia has the lowest survival with a mortality rates ranging from 70 to 90%.
This high mortality has been attributed to the severity of comorbid conditions that
contribute to the reduction of mesenteric perfusion, as well delay in diagnosis.
Several case studies have focused on the prognosis of drug- induced nonocclusive
mesenteric ischemia. Drugs such as methamphetamine and cocaine are associated
with a high risk of significant microvascular compromise and mesenteric ischemia.
Despite having fewer comorbidities, patients presenting with cocaine related
mesenteric ischemia have a relatively poor prognosis. In one study, 5 of 19 (26%)
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patients with cocaine-induced nonocclusive mesenteric ischemia died, with mor-
tality in these patients resulting from septic shock caused by extensive bowel injury.

Angiotensin Converting Enzyme (ACE)-Inhibitor Induced
Visceral Edema

Definition

ACE-inhibitors are widely prescribed medications for a hypertension, coronary
artery disease, heart failure, diabetes, and chronic kidney disease. Common side
effects of these medications include dizziness, headache, diarrhea, and dry cough.
ACE-inhibitors are also known to be the leading cause of drug-induced angioedema
in the United States and in some cases intermittent abdominal pain secondary to
intestinal angioedema.

Epidemiology

Angioedema from ACE-inhibitor therapy is relatively rare and occurs in 0.1 to
0.7% of recipients. However, because they are so commonly prescribed,
ACE-inhibitors account for 20 to 40% of all emergency department visits for
angioedema per year. Compared to the general population, patients of African
descent have a five times higher rate of occurrence of angioedema from
ACE-inhibitor therapy. The Omapatrilat Cardiovascular Treatment vs. Enalapril
(OCTAVE) trial was a prospective study which evaluated over 12,500 patients with
hypertension who were treated with enalapril, an ACE-inhibitor or omapatrilat, an
inhibitor of both neprilysin (neutral endopeptidase, NEP) and ACE. The rate of the
development of angioedema secondary to enalapril over a period of six months was
0.68%.

Patients at Risk

Potential risk factors for developing ACE-inhibitor angioedema include a previous
history of episodes of angioedema, (specifically those related to NSAID use), age
greater than 65 years, intake of aspirin or other NSAIDs, and smoking.

Pathophysiology

ACE-inhibitors prevent the enzyme ACE from metabolizing Angiotensin I to
Angiotensin II. Angiotensin II is responsible for inactivating bradykinin and acts as
a vasoconstrictor by stimulation of angiotensin I and II receptors. ACE inhibitors
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affect the signaling and the degradation of bradykinin, as they inhibit Angiotensin II
from inactivating bradykinin. This in turn stimulates the release of nitric oxide and
prostaglandins resulting in vasodilation as bradykinin levels increase. Increased
capillary permeability of the blood vessels may also occur (Fig. 30.2).

Signs and Symptoms

Angioedema is often described at asymmetric, nonpitting swelling most commonly
affecting nondependent areas of subcutaneous or submucosal tissues. Commonly
affected areas are the lips, tongues and face. Visceral angioedema involving the
mesentery that is associated with ACE-inhibitor use has also been described in a
few case reports and reviews. Signs and symptoms described in these cases include
diffuse abdominal pain, diarrhea, vomiting, anorexia and ascites. Angioedema

Fig. 30.2 Relationship between angiotensin II, ACE-inhibitors, and Bradykinin. Bold text: drugs.
Italicized text: enzymes. ACE: angiotensin-converting enzyme; BK: bradykinin; ARB: angiotensin
II receptor blocker. Modified from: Hurst M, Empson M. Oral angioedema secondary to ACE
inhibitors, a frequently overlooked association: case report and review. N Z Med J 2006; 119:
U1930
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associated with ACE-inhibitors may appear within a week of starting or increasing
medications, or after years of use.

Laboratory Findings

No definitive laboratory tests exist to diagnose ACE-inhibitor induced angioedema.
Obtaining a complement protein 4 level may be reasonable if there is clinical
suspicion that another cause of bradykinin-mediated angioedema could be present.
Monitoring for resolution of symptoms after discontinuation of ACE inhibitor
confirms the diagnosis.

Fig. 30.3 Angiotensin converting enzyme inhibitor (ACE)-induced angioedema: coronal view.
With permission from Dr. Abraham Dachman and Dr. Justin Ramirez

Fig. 30.4 a and b Angiotensin converting enzyme inhibitor (ACE)-induced angioedema: axial
views. With permission from Dr. Abraham Dachman and Dr. Justin Ramirez
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Imaging

Visceral angioedema can be appreciated on computed tomography. Findings
include dilated bowel loops, thickened mucosal folds, mesenteric edema, perihep-
atic fluid, ascites, or small intestinal “doughnut” or “stacked coin” appearance.
Most reported cases of ACE inhibitor-induced intestinal angioedema involve the
small bowel with circumferential thickening of the small bowel wall, ascites and
incomplete small bowel obstruction (see Figs. 30.3 and 30.4a, b).

Discontinuation of ACE-inhibitors is the primary treatment of ACE-inhibitor
induced angioedema. After discontinuation, angioedema usually resolves within 24
to 72 hours. H1 and H2 histamine blocker and, corticosteroids are commonly used
treatments for angioedema. In severe cases, intramuscular or subcutaneous epi-
nephrine is administered.

Drug Induced Retroperitoneal Fibrosis

Definition, Description, and Epidemiology

The retroperitoneum is the anatomical space that lies between the posterior parietal
peritoneum and anterior to the transversalis fascia. The organs within the
retroperitoneal space include the adrenal glands, kidneys, ureters, aorta, inferior
vena cava, pancreas, esophagus, ascending and descending colon, rectum, and anal
canal. The primary drug-induced disease in this region is retroperitoneal fibrosis.
Retroperitoneal fibrosis is a disease process characterized by progressive inflam-
mation and fibrosis of connective and adipose tissue in the retroperitoneal space.
This inflammatory process generally originates inferior to the level of the aortic
bifurcation near the sacral promontory and then covers the retroperitoneum with
extension bilaterally along the aorta and inferior vena cava. It was first known as
Ormond’s disease, in the idiopathic, likely autoimmune form, and is uncommon,
with an occurrence of 1 in 200,000 patients. With an overall male predominance of
2–3 to 1, retroperitoneal fibrosis usually presents in the fifth and sixth decades of
life.

Pathophysiology

Retroperitoneal fibrosis has been linked to paraneoplastic syndromes and may occur
as the result of severe retroperitoneal inflammation in acute pancreatitis. At least
two thirds of retroperitoneal fibrosis are considered idiopathic. However, several
medications have also been implicated as causes of retroperitoneal fibrosis
(Table 30.2).

Methysergide, an ergot derived prescription medication used for the prophylaxis
of migraine and cluster headaches, is a serotonin antagonist and has clearly been
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shown to be linked to the development of retroperitoneal fibrosis with lengthy use.
The estimated incidence of methysergide-induced retroperitoneal fibrosis is 1 in
5,000 treated patients. While the main mechanism is unknown, it has been
hypothesized that methysergide has profibrotic-reactive activities. In these patients,
methysergide enhances myofibroblast proliferation and overproduction of extra-
cellular matrix components such as collagen, fibronectin, tenascin,
glycosaminoglycans.

Other pharmacologic agents such as ergotamine, hydralazine, and
Beta-adrenergic blocking agents, (both nonselective and Beta-1 selective), have
also been implicated in the development of retroperitoneal fibrosis by similar
mechanisms.

Diagnosis, Physical Findings and Laboratory Findings

Presenting symptoms of retroperitoneal fibrosis are usually the result of gradual
compression of structures within the retroperitoneal space, especially the ureter. The
most common individual symptom of retroperitoneal fibrosis is a dull, constant pain
localized to the back or flank, radiating to the lower abdomen. Other symptoms
which may be present are nausea, diarrhea, fever, and weight loss, as well as
hypertension. Laboratory abnormalities may include leukocytosis, elevated ery-
throcytic sedimentation rate, and elevated alkaline phosphatase levels. As the dis-
ease progresses, and there is further compression of the retroperitoneal structures,
most commonly the ureters, azotemia, renal insufficiency, and possible renal failure
can be seen. Lymphatics and venous obstruction can also occur secondary to
compression and result in edema, specifically of the lower extremities. Arterial
insufficiency can be seen with symptoms such as leg claudication secondary to aorta
involvement. Rarely this disease process involves the duodenum, common bile
duct, or colon resulting in obstruction.

Imaging

CT scan is the imaging of choice for the diagnosis of retroperitoneal fibrosis.
Retroperitoneal fibrosis is seen as a periaortic soft tissue mass of variable thickness
that envelops the retroperitoneal structures with obliteration of the plane between
these structures and the adjacent psoas musculature (Figs. 30.5, 30.6 and 30.7).

Table 30.2 Medications
associated with drug induced
retroperitoneal fibrosis

Methysergide

Ergotamine

Hydralazine

Beta-adrenergic blocking agents
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Magnetic resonance imaging (MRI) is also being more frequently used to define
the staging clearly, particularly using T2-weighted imaging.

Intravenous pyelogram is also used to define retroperitoneal fibrosis. Classic
findings that have been described include delayed excretion of contrast material
with hydronephrosis, ureteral narrowing and medial deviation of the ureters at the
L4–L5 level, (as opposed to lateral deviation found in retroperitoneal neoplasms). It
is important to note, however, that medial deviation of the ureters is not a constant
finding in patients with retroperitoneal fibrosis.

Fig. 30.5 Coronal contrast-enhanced CT image demonstrates confluent soft tissue encasing the
infrarenal abdominal aorta and bilateral common iliac arteries (oval). The infrarenal IVC is
thrombosed (arrowheads)

Fig. 30.6 Axial CT image at the level of the bilateral common iliac arteries shows the
retroperitoneum completely replaced by abnormal soft tissue (oval) with additional thrombus in
the left gonadal vein (arrow)
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Histologic Findings

As the disease progresses, abundant collagen disposition and fibrous scarring
occurs. Grossly, it will appear as woody, white, and fibrous plaque. Microscopi-
cally, features include abundant lymphocytes, plasma cells, and macrophages
interspersed with fibroblasts and collagen bundles.

Treatments

The goal of treatment for patients with retroperitoneal fibrosis includes establishing
the diagnosis, relieving the obstruction, and preventing progression of the disease.

Medications that are causative for retroperitoneal fibrosis are discontinued. Corti-
costeroids, implemented in early, active inflammatory stage of retroperitoneal fibrosis,
have been shown to be effective.Other immunosuppressive drugs, such as azathioprine
and cyclophosphamide, also have been used with success. Symptoms caused by
venous obstruction are best treated nonoperatively, with elevation and elastic support
of the leg eventually resulting in the development of collateral circulation.

Surgical
Surgical management of retroperitoneal fibrosis involves removing obstruction,
often involving the ureter utilizing ureterolysis with intraperitoneal transposition of
the ureters. Other maneuvers described to prevent recurrence of the ureteral
obstruction include rapping the ureters in omental fat or interposing retroperitoneal
fat between the ureters and the fibrosis.

Prognosis

In patients with idiopathic retroperitoneal fibrosis without renal compromise and
effective ureterolysis, the prognosis is excellent with long-term success rates
exceeding 90%.

Fig. 30.7 Axial CT image at
the level of the kidneys again
shows abnormal
retroperitoneal soft tissue
encasing the aorta and IVC
(Asterix). Images courtesy of
Dr. Abraham Dachman
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Drug Induced Pancreatitis

Introduction

Acute pancreatitis is a condition in which the pancreas becomes inflamed and is
often clinically characterized as epigastric abdominal pain with elevated levels of
amylase and lipase. In some cases, inflammation of the mesentery may occur as a
consequence of acute pancreatitis (See Chap. 16, Pancreatitis). A number of con-
ditions are known to cause acute pancreatitis, with gallstones and alcohol abuse
accounting for most cases. Drug-induced pancreatitis is the cause of up to 2% of
patients with acute pancreatitis.

A number of medications have been associated with acute pancreatitis with
timing of onset varying, from immediately upon drug administration, to several
months. Since causative medications are usually identified in case reports and small
cases studies, the likelihood of evidence for causation is classified based on timing
of exposure and relationship to use and discontinuation of the drug (Table 30.3).
A listing of drugs demonstrating the greatest potential for causing acute pancreatitis
are shown in Table 30.4.

Varying mechanisms have been proposed for drug-induced pancreatitis. These
include an immunologic reaction as seen with sulfonamides, 6-mercaptopurine, and
aminosalicylates; ischemia as seen with diuretics such as furosemide and azathio-
prine; intravascular thrombosis as seen with estrogen; direct toxic effect as seen

Table 30.3 Classification
system for drug-induced acute
pancreatitis

Class Ia drugs

At least 1 case report with positive rechallenge, excluding all
other causes, such as alcohol, hypertriglyceridemia, gallstones,
and other drugs

Class Ib drugs

At least 1 case report with positive rechallenge; however, other
causes, such as alcohol, hypertriglyceridemia, gallstones, and
other drugs were not ruled out

Class II drugs

At least 4 cases in the literature

Consistent latency (>75 percent of cases)

Class III drugs

At least 2 cases in the literature

No consistent latency among cases

No rechallenge

Class IV drugs

Drugs not fitting into the earlier-described classes, single case
report published in medical literature, without rechallenge

Reused with permission from Badalov N, Baradarian R,
Kadirawel I, et al. Drug-Induced Acute Pancreatitis: An
Evidence-Based Review. Clin Gastroenterol Hepatol 2007;
5:648. Copyright © 2007 AGA Institute
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with diuretics and sulfonamides; and accumulation of toxic metabolites such as
valproic acid, didanosine, pentamidine, and tetracycline data has shown that the use
of prophylactic antibiotics plays a role in the management of acute pancreatitis.

Local complications that can arise from acute pancreatitis include necrosis,
pancreatic pseudocysts, and fluid collection. In patients who develop necrotizing
acute pancreatitis or pseudocysts, complications such as venous thrombosis,
although rare, can occur due to extrinsic compression or secondary inflammation.
This leads to mesenteric ischemia. Mesenteric edema and inflammation may occur
in the setting of acute pancreatitis as well.
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Part VI
Neoplasms of the Mesentery



31Primary Solid Neoplasms

Jasper B. van Praag, Robert C. Keskey, Eli D. Ehrenpreis,
and John C. Alverdy

Introduction

Primary tumors arising in the mesentery are relatively rare and are most often
detected incidentally by computerized tomography (CT). Because the mobility of the
mesentery permits these tumors to occupy a large anatomic space, mesenteric tumors
tend to grow to substantially large sizes. The most common symptoms and signs of
mesenteric tumors are nonspecific and include abdominal pain, weight loss, diarrhea,
and a palpable abdominal mass. Most primary neoplasms of the mesentery are
mesenchymal in origin and, in the majority of cases, are histologically benign. There
is, however, a wide variety of different types of mesenteric masses. This is due to the
many different cellular structures that make up the composition of the mesentery.
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Desmoid Tumor of the Mesentery

Symptoms and Signs

Symptoms and signs of desmoid tumors are abdominal pain, a palpable abdominal
mass or complications of the mass such as gastrointestinal bleeding, small bowel
obstruction, fistula formation, or bowel perforation.

Pathophysiology

Desmoid tumors are uncommon and make up approximately 3% of all soft tissue
tumors. Mesenteric desmoid tumors are locally aggressive proliferations of
fibroblasts and can be infiltrative, but do not metastasize. They are often large in in
size when discovered and commonly obstruct or damage local bowel loops, vas-
cular structures and/or the urinary tract. Their etiology is unknown, although
mesenteric desmoid tumors are often associated with Familiary Adenomateous
Polyposis (FAP) (Figs. 31.1 and 31.2).

Diagnosis

CT shows tend to show a well-circumscribed soft tissue mass with variable
attenuation and enhancement, it can demonstrate heterogeneous low attenuation
areas due to necrosis (Fig. 31.1).

Immunohistochemistry is needed for differentiation from other neoplasms.
Additionally, histologic diagnosis confirms the diagnosis of a desmoid tumor after
biopsy or removal. Histologically, desmoids are characterized by monoclonal
spindle-shaped proliferations in fibrous stroma (Fig. 31.2).

Treatment

The management of patients with mesenteric desmoid tumors is controversial as
current therapies have varying success. Surgical resection can be curative but is also
associated with significant morbidity and is associated with a high recurrence rate.
Therefore, surgery should be reserved for patients with intestinal obstruction or for
desmoid tumors that are symptomatic. These issues notwithstanding, complete
excision is often difficult. Adjuvant aggressive medical therapy with non-steroidal
anti-inflammatory agents (NSAIDs, e.g. sulindac), hormonal (tamoxifen) or cyto-
toxic chemotherapy (anthracyclines in combination with methotrexate and vin-
blastine) are most often used in lieu of surgery. Given the varying degree of
response rates and high level of recurrence, watchful waiting has been employed for
the initial management of desmoid tumors. Watchful waiting has been shown to
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Fig. 31.1 Contrast-enhanced axial CT images from a single patient with previously undiagnosed
Gardener syndrome. a shows show a well-circumscribed soft tissue mass with variable attenuation
and enhancement, it can demonstrate heterogeneous low attenuation areas due to necrosis (arrows).
b shows soft tissue attenuation in a stellate pattern within the mesenteric fat that is intimately
associated with small bowel loops (arrow). c shows innumerable polyps throughout the imaged
colon (arrows). dMost desmoid tumors will appear as well-circumscribed enhancing masses in the
mesentery or anterior abdominal wall, as it is a benign, non-inflammatory fibroblastic tumor
(asterix)

Fig. 31.2 Histology showing
fibromatosis—desmoid type
https://www.
pathologyoutlines.com/topic/
softtissuefibromatosisdeep.
html Accessed December 3rd,
2019. © Copyright
PathologyOutlines.com, Inc
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have a similar 5-year progression free survival as those treated with medical therapy
(49.9 vs. 58.6%). Given these findings, the European Organization for Research and
Treatment of Cancer and the Soft Tissue and Bone Sarcoma Group recommend
watchful waiting for 1–2 years with frequent MRIs to elucidate the biology of the
tumor.

Prognosis

Mesenteric desmoids are potentially life threatening. Because desmoid tumors are
rare, little is known about prognosis or management options for individual cases.
They have a fairly high recurrence rate of between 25 and 60% at 5 years following
treatment. Progressive disease tends to occur when tumor size is greater than 7 cm,
has an extra-abdominal location, and in patient that is more than 37 years old.

Primary Leiomyosarcoma of the Mesentery

Symptoms and Signs

Mesenteric leiomyosarcomas are mainly asymptomatic; however, when symptoms
and signs are present, they include abdominal distension, pain and a palpable
abdominal mass. When tumors infiltrate the gastrointestinal tract, they can cause
bleeding, obstruction and pain.

Pathophysiology

Leiomyosarcoma is a mesenchymal tumor arising from smooth muscle.
Leiomyosarcoma represents 5–10% of all newly diagnosed soft tissue sarcomas.
Most often these tumors arise from the smooth muscle within the uterus, gas-
trointestinal tract, or blood vessels. It is believed that mesenteric leiomyosarcomas
are derived from the smooth muscle of blood vessels within the mesentery. They
have a reported incidence of only 1:350,000, most commonly occurring in
middle-aged individuals. Infrequently these tumors produce neuron-specific
enolase.

Diagnosis

Due to its frequent asymptomatic character, these neoplasms are often detected after
metastases have developed. A solid mass can be found on ultrasonography and CT,
but findings are non-specific (Fig. 31.3). Diagnosis can only be confirmed by
histopathology and immunological staining. Pathologically, leiomyosarcoma
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exhibits high mitotic activity, usually atypical. Immunohistochemistry is positive
for a-smooth muscle actin, vimentin and desmin; and stains negative for CD117
and CD34 (Fig. 31.4).

Fig. 31.3 CT scna showing a leiomyosarcoma of the mesentery located in the left upper quadrant.
Source Varghese M et al. Metastatic mesenteric dedifferentiated leiomyosarcoma: a case report and
a review of literature. Clin Sarcoma Res. 2016;6:2. Copyright © Varghese et al. 2016. Open
Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons license, and indicate if
changes were made. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated

Fig. 31.4 Histology showing
a leiomyosarcoma. https://
www.pathologyoutlines.com/
topic/
softtissuefibromatosisdeep.
html. Accessed December
3rd, 2019. © Copyright
PathologyOutlines.com, Inc
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Treatment

Earlier detection using ultrasonography and CT, as well as complete surgical
resection, may improve long-term prognosis in patients with primary leiomyosar-
coma of mesenteric origin. Surgical excision with a wide margin of normal tissue is
most effective since adjuvant chemotherapy or radiotherapy have poor responses.

Prognosis

Patients with leiomyosarcoma of the mesentery generally have a poor prognosis,
also due to late diagnosis. The overall 5-year survival rate for this tumor is only 20–
30%, and complete primary surgical resection is critical for achieving the best
outcome. Conversely, recurrence can occur within 5 years, so that close and
long-term follow-up of such patients for 5 years or more, with particular attention
to the gastrointestinal tract, liver, and lung as sites of metastasis, is required.
Prognostic factors associated with leiomyosarcomas include size >5 cm, age
>62 years, high grade lesions and incomplete excision.

Primary Carcinoid Tumors of the Mesentery

Symptoms and Signs

Cases of primary mesenteric carcinoid tumors are extremely rare and symptoms
before diagnosis are palpable abdominal mass and non-specific abdominal pain.
These tumors can exhibit the so-called carcinoid syndrome, diarrhea and flushing
are the most prominent symptoms.

Pathophysiology

Carcinoid is used to refer to well-differentiated neuro-endocrine tumors of the
digestive tract. Mesenteric carcinoid tumors are slow-growing neoplasms that dis-
play neuroendocrine properties. They have varying degrees of fibrosis, calcification,
focal or diffuse neurovascular bundle invasion, and necrosis or lymph node
metastasis. In addition, liver metastases have been reported.

Diagnosis

Usually diagnosed by CT, mesenteric carcinoid tumors appear as a smooth-contoured
soft tissue mass surrounded by radial bands (Fig. 31.5). Primary mesenteric tumors are
diagnosed by exclusion of other conditions. Mesenteric carcinoids often (70%) have
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calcifications, in varying degrees. Metastatic Immunohistochemistry can show that the
tumor demonstrates positive staining for neuroendocrine markers. Biochemical
markers serum/urine 5-hydroxy indoleacteic acid (5-HIAA) and serum chromogranin
A are elevated in functioning carcinoid tumors and can be used for functional imaging
with somatostatin scan (Fig. 31.6a, b).

Treatment

No specific treatments for primary mesenteric carcinoid tumors are known. In
general, surgery of carcinoid tumors and their metastases is considered the only
curative treatment. Debulking might give relieve of symptoms due to secreted
endocrines or (intestinal) obstruction. Long-acting somatostatin analogues can also
be useful in the relief of symptoms. Other forms of treatment have not been proven
successful for these neoplasms.

Prognosis

Due to the infrequency of mesenteric carcinoid tumors, prediction of prognosis is
difficult. However, surgical resection of the tumor and/or its metastases are known
to prolong survival.

Fig. 31.5 A mesenteric soft tissue mass (arrows) with linear bands radiating in the surrounding
mesenteric fat is consistent with neuroendocrine tumor shown on contrast-enhanced axial and
coronal CT images
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Fig. 31.6 Coronal fused CT (a)/PET (b) image demonstrates a small markedly avid lesion in the
pelvis just to the right of midline (arrow). Maximum intensity projection (MIP) image
demonstrates this and two other smaller foci located more inferiorly(arrows). The radiopharma-
ceutical (Dotatate) is a somatostatin receptor antagonist, and it is therefore highly sensitive for
detection of neuroendocrine tumors (i.e., carcinoid). This agent is eliminated really and
physiologic activity is present in the kidneys, collecting systems, and urinary bladder on the
coronal maximum-intensity projection (MIP) image

Fig. 31.7 a Coronal contrast-enhanced computed tomography and axial T2-weighted magnetic
resonance imaging demonstrate an ill-defined, heterogeneously enhancing GIST (G) with a large
cystic component (asterisk). Additional heterogeneous soft tissue along the periphery of the lesion
is suggestive of peritoneal sarcomatosis and associated ascites (b). Layering T2-hypointense signal
(arrows) is indicative of necrosis with layering blood products. With permission from Dr. Abraham
Dachman, Dr. Scott Sorensen and Dr. Justin Ramirez
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Primary Liposarcoma of the Mesentery

Symptoms and Signs

Patients may present with complaints of gradual abdominal distention, palpable
abdominal mass, abdominal pain and weight loss.

Pathophysiology

As discussed above, soft tissue neoplasms are classified based on their tissue of
origin. The mesenteric variant is rare, but liposarcoma is a common mesenchymal
malignancy usually occurring within the retroperitoneum. These tumors are locally
aggressive, are composed of lipoblasts and can secrete substances such as
granulocyte-colony-stimulating factor (G-CSF) There are several histologic sub-
types that vary by histologic grade. The most common variant is the
well-differentiated (low-grade) liposarcoma. The second most common variant is
dedifferentiated liposarcoma. This tumor contains regions of non-lipogenic sarco-
matous tissue within a well-differentiated tumor. The dedifferentiated subtype of
liposarcoma can be associated with distant metastasis. Liposarcomas are usually
avascular to moderately vascular and can cause displacement of the major vessels.

Diagnosis

CT images show inhomogeneity, infiltration or poor margination and contrast
enhancement. The density of the lesion exceeds that of subcutaneous fat. The
enhancement on CT changes vary with the degree of histological grade.
Well-differentiated liposarcomas are hyperintense on T2-weighted MRI with min-
imal or no enhancement.

Treatment

Surgical resection with sufficient surgical margin is the treatment of choice.
Although the role of additional treatment is not clear, adjuvant therapy with
chemotherapy consisting of doxorubicin, cisplatin and ifosfamide might cause
shrinkage of tumor size.

Prognosis

The prognosis of mesenteric liposarcomas is unclear but appears to depend on the
degree of cellular differentiation. In general, prognostication and stage are based on
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both tumor size and its histologic grade. Obtaining clear margins during resection is
essential as these tumors have a high risk of local recurrence even after apparently
complete resection.

Primary Stromal Tumor of the Mesentery

Symptoms and Signs

Symptoms are generally non-specific. Signs of extra-gastrointestinal stromal tumors
(EGIST) of the mesentery include abdominal distension that gradually increases
with tumor development.

Pathophysiology

Gastrointestinal stromal (GIST) tumours are mesenchymal tumors that arise from
stromal cells, particularly interstitial cells of Cajal. EGIST of the mesentery are very
rare. EGIST generally originate from the omentum, peritoneum, and mesentery.
Based on histology and immunophenotyped stromal tumors of the mesentery are
identical to gastrointestinal stromal tumors. The tumors are CD117 (C Kit) and
CD34 positive mesenchymal neoplasms and are suggested to derive from
pluripotential precursor cells.

Diagnosis

On CT scan, mesenteric GIST is a well-defined lobular mass showing heteroge-
neous contrast enhancement with areas of hypodensity (See Fig. 31.7a, b). On
histological examination, spindle cells with eosinophilic cytoplasm are observed
and are CD117 positive, CD34 positive, vimentin positive, S100 negative, and
desmin negative (Fig. 31.8).

Treatment

The treatment of mesenteric stromal tumors is the performance of an en bloc
resection, especially when tumors are >2 cm in size. Given the high level of KIT
mutations, tyrosine kinase inhibitor drug treatment has been proven to prolong
survival. Imatanib can be given in both the adjuvant and neoadjuvant setting. In the
adjuvant setting, trials have shown a significant disease-free survival for GISTs
<2 cm. Adjuvant treatment has been shown to improve disease free survival and
should be administered for three years post resection in high risk GISTs. Whether
treatment should be continued longer than 3 years has not been determined. In the
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neoadjuvant setting, some studies have shown imatinib can be used to decrease
tumor size. This in turn can improve the ability to obtain negative margins and
decrease the morbidity of the surgery. In the setting of metastatic GISTs, imatinib
has become first line treatment. There is some question whether or not resection has
some benefit in the setting of metastatic GISTs.

Prognosis

For GIST tumors, prognosis is largely determined by location, size of the tumor,
and the mitotic rate (uniquely measured in GISTs). GISTs tend to have a high
recurrence rate, and EGIST arising from the mesentery tend to have less favorable
outcomes. Predictive models exist that are largely based on tumor size and mitotic
rate. These prediction models can be used to predict the need for adjuvant therapy
for imatinib. There is limited data on the prognosis of EGIST, given its low
prevalence. However, models may also be used to estimate risk. These include the
general understanding that mesenteric GISTs tend to have a poor prognosis.

Fig. 31.8 H&E staining of a GIST tumor demonstrating uniform spindle cells with elongated
nuclei and eosinophilic cytoplasm. Reused with permission Reproduced with permission from:
Morgan J, Raut CP, Duensing A, Keedy VL. Epidemiology, classification, clinical presentation,
prognostic features, and diagnostic work-up of gastrointestinal stromal tumors (GIST). In:
UpToDate, Post TW (Ed), UpToDate, Waltham, MA. (Accessed on [Date].) Copyright © 2020
UpToDate, Inc. For more information visit www.uptodate.com
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Summary

Primary tumors of the mesentery are rare and often present as incidental findings on
CT scan. All tumors should be aggressively worked up with biopsy if indicated.
Prognosis for tumors are dependent on the tumor biology, extent of disease and
completeness of resection. Adjuvant chemotherapy is needed in most cases.
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32Metastatic Diseases of the Mesentery

John C. Alverdy and Robert C. Keskey

Symptoms

As with other mesenteric masses, metastasis to the mesentery are initially indolent
and may be asymptomatic while they are small. When symptoms develop from
mesenteric masses, they may include the development of abdominal pain from
compression of vascular structures or intestinal obstruction. Other symptoms and
signs of obstructive symptoms may include nausea, emesis, abdominal distension,
constipation, and obstipation. As with any malignancy, there is also the propensity
to develop constitutional symptoms including fatigue and weight loss. In special
circumstances, the presence of a neuroendocrine tumor may result in the devel-
opment of carcinoid syndrome (represented by flushing and diarrhea). (See
Chap. 31, Mesenteric Neoplasms).

Pathophysiology

Metastasis to the mesentery occur most commonly from a small intestinal neo-
plasms that spread along mesenteric lymphatic channels. Mesenteric metastases are
seen in small bowel adenocarcinoma and more commonly in small bowel neu-
roendocrine tumors. Bulky mesenteric nodal disease can cause compression of
mesenteric vessels and result in the development of chronic intestinal ischemia or
bowel obstruction.
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Metastatic invasion of the mesentery can also occur in conjunction with
abdominal carcinomatosis. Peritoneal carcinomatosis occurs when either gastroin-
testinal (typically colorectal or gastric cancer), gynecological (ovarian cancer), or
primary peritoneal malignancies (mesothelioma, pseudomyxoma peritonei) dis-
seminate throughout the peritoneal cavity. Carcinomatosis occurring from gyne-
cological or gastrointestinal malignancies, occurs as a result of tumor penetration
through the serosa of the GI tract or cortex of the ovary. Carcinomatosis can involve
any surface throughout the peritoneal cavity including the mesentery.

Diagnosis

Metastatic disease from lymphatic spread of small bowel tumors is diagnosed in a
similar manner as other mesenteric masses using cross sectional imaging with
computerized tomography (CT), or magnetic resonance imaging (MRI) with or
without positron emission tomography (PET). Depending on the degree of lym-
phatic invasion, there may be some associated imaging signs of mesenteric ische-
mia associated with the metastatic lesions. The diagnosis of ischemia however
cannot be definitively until tissue is visualized, and resected or biopsied. Carci-
nomatosis can be difficult to detect on imaging and may require diagnostic
laparoscopy for definitive diagnosis. Some signs of carcinomatosis that may be
visualized on imaging studies include scalloping of the liver and spleen and the
presence of ascites. Occasionally, omental thickening can be detected as evidence
of disease localizing to the omentum (Fig. 32.1a, b).

Fig. 32.1 a CT showing peritoneal carcinomatosis. Irregular soft tissue of the omentum (*) and
nodular thickening of the mesenteric root (arrows). b CT demonstrating enhancing of soft tissue
nodules anterior to the liver and spleen (black arrows). With permission from Dr. Abraham
Dachman, Dr. Scott Sorensen and Dr. Justin Ramirez
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Treatment

For metastases to the mesenteric lymph nodes, resection of the mass along with
adjacent segment of bowel should be performed. In the setting of peritoneal car-
cinomatosis, cytoreductive surgery and HIPEC (intraperitoneal hypothermic
chemotherapy) have been found to provide survival benefit for some cases
depending on the extent of the disease and type of malignancy.

Malignant Bowel Obstructions and Palliative Care

When a patient is diagnosed with an intra-abdominal malignancy, goals of care
should be established with the patient and their primary decision makers. In this
setting, the main goals of treatment are to obtain symptomatic relief, especially in
the case of peritoneal carcinomatosis as the overall prognosis in these patients is
generally very poor. For mesenteric neoplasms, extra-luminal compression of the
intestine can result in bowel obstruction. Malignant bowel obstruction manifests as
nausea, vomiting, and abdominal pain. When a patient is diagnosed with malignant
bowel obstruction, the overall predicted survival is about 125 days, with 42%
patients dying within 90 days of surgical consultation.

Initial management of a malignant bowel obstruction from a mesenteric neo-
plasm should be nasogastric tube decompression to alleviate gastric distension from
a distal obstruction. By decreasing gastric distension, patients tend to have rapid
improvement in nausea. Placement of an endoscopic gastrostomy tube can be
considered for long-term management in these patients, especially when medical
therapy of nausea fails. Placement of a gastrostomy tube allows for periodic venting
and relief of gastric distension. Retrospective studies have demonstrated that
patients who have venting gastrostomy tubes have fewer hospital readmissions and
a lower rate of in-hospital deaths. Another consideration for palliative care in this
patient group is the performance of colonic stenting to help alleviate obstruction.
The performance of colonic stenting in individual patients is largely depend on the
anatomic location of the obstruction and the availability of skilled endoscopists.
Stenting offers a short-term solution to malignant obstructions; however, up to one
third of patients with colonic stents will develop recurrent obstruction and require
repeated intervention. Both endoscopic gastrostomy tubes and colonic stents have
significant potential complications but may provide a means for achieving end of
life goals.

The mainstay of pharmacologic management of malignant bowel obstruction is
anti-secretory therapy. Octreotide, a somatostatin analog is generally the first line
treatment for decreasing intestinal secretions. Randomized controlled trials have
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shown that somatostatin analogs are more effective at relieving symptoms in
malignant bowel obstructions than anticholinergic medications. Long acting depot
injections of somatostatin analogs can be considered for outpatient treatment. Some
anticholinergic medications that are also used include hyoscine, butylbromide, and
glycopyrrolate. These are thought to have fewer central nervous system side effects
than other anticholinergic agents. Glucocorticoids represents another adjunctive
measure for patients with mesenteric metastatic disease. However, there is limited
evidence regarding the efficacy of glucocorticoid therapy in this clinical setting.

Conclusion

Metastatic disease to the mesentery should be strongly considered in patients who
develop a mesenteric mass. Metastases to the mesentery occur from lymph node
drainage from adjacent small bowel malignancies or from peritoneal carcino-
matosis. In either case, depending on the extent of disease, surgical resection has a
significant potential role in patient management. Finally, palliative options are
available for patients with malignant bowel obstruction from mesenteric metastases.
These treatments should be considered to improve their quality of life.
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33Mesenteric Lymphoma

Emily Papazian, Robert C. Keskey, and John C. Alverdy

Symptoms and Signs

Mesenteric lymphoma commonly presents with abdominal pain and presence of a
palpable abdominal mass. Advanced stage disease presents with systemic symp-
toms including fever, night sweats and weight loss and may rarely result in com-
plications such as intestinal obstruction, perforation and hemorrhage. Mesenteric
lymphoma may also present with hepatosplenomegaly. Thus, evaluation of the size
and consistency of the liver and spleen should be evaluated along with the presence
of peripheral lymph nodes in staging of the disease.

Pathophysiology

Lymphoma is the most common solid mesenteric tumor. Lymphomas are broadly
categorized into two main subtypes: Non-Hodgkin’s lymphoma and Hodgkin’s
lymphoma. Non-Hodgkin’s lymphoma is usually of B cell origin. The disease is
often diagnosed with a peripheral lymph node biopsy and disease in the abdomen is
presumed to be due to systemic disease. Disease may be detected in mesenteric
lymph nodes in approximately 30–50% of patients with non-Hodgkin’s lymphoma,
of which 40–67% are large B cell tumors. Spread to the mesentery should espe-
cially be considered in patients with para-aortic disease.
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Diagnosis

Computerized tomography (CT) is used to identify the presence of mesenteric masses.
A typical radiologic finding in abdominal lymphoma is the “sandwich sign”, a con-
fluence of enlarged lymph nodes surrounding mesenteric fat and vessels (Fig. 33.1a).
On imaging, mesenteric lymphoma presents as a lobulated mass of homogenously
enhancing nodes that displaces the small bowel. Mesenteric lymphoma may more
rarely present as segmental “misty mesentery” on CT with hypermetabolism in
adjacent nodes on positron emission tomography (PET) (Fig. 33.1b). Mesenteric
disease is often accompanied by extensive retroperitoneal lymphadenopathy, which
may aid in diagnosis. Since imaging alone is not adequate for diagnosing mesenteric
lymphoma, tissue diagnosis is essential to obtain prior to treatment. Surgical biopsy
using a laparoscopic technique, or open laparotomy, may be used to differentiate
mesenteric lymphoma from other mesenteric masses, including mesenteric panniculitis
a benign, inflammatory disorder. CT guided biopsy of the mesenteric mass is another
consideration.

Treatment

Chemotherapy is the primary treatment indicated for mesenteric lymphoma. The
chemotherapy regiment usually consists of CHOP (cyclophosphamide, doxoru-
bicin, vincristine, and prednisone) with or without rituximab, (known as R-CHOP).

a b

Fig. 33.1 CT cross sectional imaging revealing a confluence of enlarged lymph nodes referred to
as the ‘sandwich sign’ (a). The image on the right is a CT scan showing the ‘misty mesentery’
which can be associated with lymphoma (b). With permission from Dr. Abraham Dachman, Dr.
Scott Sorensen and Dr. Justin Ramirez
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Prognosis

The revised International Prognostic Index may be used to stratify patients into risk
groups to predict survival. High tumor bulk is a poor prognostic indicator in follicular
lymphoma, the most common subtype of mesenteric lymphoma. A study of
early-presenting patients with mesenteric lymphoma demonstrated a ten-year survival of
54% in patientswith bulky disease and of 76% in patientswhodid not have bulky disease.

Summary

Diagnosis of mesenteric lymphoma may require a surgical biopsy. Treatment of
mesenteric lymphoma consists of systemic chemotherapy. High tumor bulk is a
negative prognostic indicator in mesenteric lymphoma.
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34Castleman Disease with Mesenteric
Involvement

Eli D. Ehrenpreis

Definition and Description of the Disease

Castleman disease (CMD) is the name given to a several types of benign, non-
neoplastic lymphoproliferative disorders. CMD most commonly involves a single
nodal group in the mediastinum. However, lymphoid involvement may also occur
individually in other sites or in multiple locations. When a single nodal group is
involved, the condition is called Unicentric CMD. If the disease assumes a form
that involves multiple nodal locations it is called Multicentric CMD. CMD with
mesenteric involvement is very rare.

Epidemiology

CMD in all forms is a very rare disorder. Unicentric disease restricted to one lymph
node grouping is usually seen in young and middle-aged patients with no gender
differences. To the present, 55 cases of CMD with mesenteric involvement has been
described in the medical literature.

Patients at Risk

Several cases of CMD have been described in patients with Sjogren’s Syndrome.
Other autoimmune diseases occurring in patients with CMD include rheumatoid
arthritis, systemic lupus erythematosus, myasthenia gravis, Evans’ syndrome,
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vitiligo, Graves’ disease, ulcerative colitis, celiac disease, immune-mediated
thrombocytopenia. Two cases of CMD have been reported in patients with
Crohn’s disease. POEMS syndrome (polyneuropathy, organomegaly,
endocrinopathy, M proteins, skin changes) has occurred in a number of patients
with CMD. Some patients with CMD and TAFRO syndrome (thrombocytopenia,
anasarca, fever, reticulin fibrosis, and organomegaly) have been described.

Cases of CMD have been reported as a complication of infection with the human
immunodeficiency virus (HIV). Other patients have developed CMD de novo
without the presence of underlying autoimmune diseases. It is presumed that the
risk of CMD with mesenteric involvement is similar to other patients with CMD.

Pathophysiology

Because a number of cases of CMD occurring in patients with autoimmune and
immunologically-mediated diseases, CMD is postulated to originate as an
autoimmune disorder. Reports of CMD in patients with HIV infection, suggests a
possible of a role of immunodeficiency in the development of CMD. It has now
been determined that symptoms experienced by patients with the plasma cell his-
tologic subtype of CMD are related to excessive production of IL-6 by affected
lymph nodes resulting in direct systemic overactivity of IL-6.

Signs and Symptoms

Patients with symptoms generally fall into two categories; those that develop
symptoms at the site of the lesion due to local mass effect, and those that develop
systemic symptoms. The severity and types of symptoms occurring in patients with
CMD depend on the location, muticentricity and histologic subtype of the disease.
In general, patients with unicentric disease, (especially if it is of the hyaline vascular
histologic subtype, see below) are asymptomatic or have mild symptoms, while
multicentric disease and plasma cell histologic subtype disease are associated with
more severe systemic symptoms. Typical systemic symptoms of CMD include
fever, night sweats, weight loss, fatigue and anemia. Signs and symptoms in
patients with CMD and mesenteric involvement that have been described in the
literature have included lack of symptoms, vague abdominal pain, nausea, acute
abdominal pain, obstructive symptoms and tenderness, the presence of a palpable
abdominal mass, and the signs and symptoms associated with systemic disease.
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Diagnosis

In asymptomatic patients, the diagnosis of CMD is generally based on an incidental
finding on imaging. The presentation of patients with CMD are dependent on
disease location, the presence of multicentricity and the histologic subtype.

Physical Findings

The physical examination in patients with CMD requires a thorough palpation of
the lymph node chains to assess the extent of muticentricity of the disease. Specific
physical findings are dependent on disease location, and the presence of multi-
centricity. Cases of CMD with mesenteric involvement that are described in the
literature have demonstrated normal examinations, abdominal tenderness and the
presence of a palpable abdominal mass.

Laboratory Findings

These are nonspecific. Anemia is a cardinal finding in multicentric CMD.
Hypoalbuminemia has been linked to a poorer prognosis of the disease.

Imaging

Some reported cases of CMD with mesenteric involvement have initially been
diagnosed on abdominal ultrasound. Small intestinal radiography with barium
contrast has been used to demonstrate extrinsic compression and displacement of
small bowel loops. Abdominal CT and MRI are the radiographic tests of choice to
identify and characterize CMD with mesenteric involvement. Findings on
abdominal CT and/or MRI that have been described in the literature include a
localized solid mass (some with calcification and various degrees of contrast
enhancement), a mass effect with small intestinal displacement, mesenteric nodal
enlargement, fascial thickening around the mass and satellite lesions. Pelvic and
retroperitoneal lesions have also been described. Hepatosplenomegaly may also be
present (Fig. 34.1a, b).

Histologic Findings

CMD can be classified based on two specific histologic subtypes. The most com-
mon of these is the hyaline vascular form of the disease, which occurs in 80–90% of
cases. Most of these cases are unicentric disease and present as a single mass on
imaging. On microscopic examination, excised specimens of the hyaline vascular
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subtype show a lymphoid tissue mass containing very large lymphoid follicles,
capillary proliferation and hyalinization. The plasma cell histologic subtype occurs
in the remaining 10–20% of cases. The plasma cell variant of CMD demonstrates
architecturally recognizable lymph node containing solid sheets of plasma cells in
various forms of differentiation. These patients generally have multicentric disease.

Treatments

Most treatments used for patients with CDM are based on individual case reports
and case series. Some patients with asymptomatic unicentric CMD may be moni-
tored without treatment. However, surgical resection is usually performed for
solitary mesenteric lesions, as enlarging and increasingly symptomatic mesenteric
masses have been described. Complete surgical excision is generally curative of the
CDA including cases with mesenteric involvement. Since multicentric CDA is
representative of a systemic lymphoproliferative disorder and carries a poorer
prognosis, treatment consists of anti-inflammatory and antineoplastic medications.
Reported treatments include rituximab, combination chemotherapy, autologous
stem cell transplantation, bortezomib, thalidomide, anakinra (an IL1-antagonist),
interferon-a, and all-trans retinoic acid.

Improvement of CMD symptoms and abnormal laboratory results following
administration of anti-IL-6 antagonists has been recently demonstrated. A recent
randomized, placebo-controlled trial of siltuximab, a chimeric monoclonal neu-
tralizing antibody against IL6, was performed in 79 patients with multicentric
CMD. In that study, sustained tumor and symptomatic responses occurred in 18
(34%) of 53 patients in the siltuximab group and none of 26 in the placebo group
(difference = 34.0%, 95% CI 11.1–54.8%, p = 0.0012).

Prognosis

Surgical resection of solitary lesions is curative of the disease. Recently, a retro-
spective analysis of 113 patients with CMD evaluated at the Mayo Clinic and
University of Nebraska was performed. This study demonstrated a 65% 5-year
overall survival in patients with multicentric disease and a 91% overall survival for
patients with unicentric disease. Other cofactors that influenced prognosis included
the presence of POEMS. Patients with multicentric CMD with POEMS syndrome
and no osteosclerotic lesions had the lowest overall survival (27%). The presence of
HIV infection is an additional confounding factor affecting prognosis of CMD. It is
assumed that similar prognostic indicators occur patients with CMD with mesen-
teric involvement.
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a b

Fig. 34.1 Castleman disease with mesenteric involvement. Contrast-enhanced axial (a) and
coronal (b) CT images showing numerous enlarged mesenteric lymph nodes (arrows),
hepatomegaly and mild (14 cm) splenomegaly. In themselves, these are non-specific findings.
This case was histologically-proven multicentric Castleman disease. With permission from Dr.
Scott Sorensen and Dr. Abraham Dachman
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35Mesenteric Resection in Upper
Abdominal Surgery

Sara Gaines and John C. Alverdy

Indications for Surgery

The mesenteric resection in upper abdominal surgery is directed toward the primary
pathology of the accompanying organ. The most surgical common procedure that
includes resection of the mesentery is small bowel resection. Mesenteric resection is
performed in these cases as an extension of treatment for ischemia, trauma, cancer,
ulceration, bleeding, obstruction, or Crohn’s disease (Table 35.1).

In acute mesenteric ischemia, the mesentery may show signs of edema, hem-
orrhage, and venous congestion. The presence of these findings is an indication for
exploration and possible resection of the mesentery. Trauma with suspected bowel
injury includes a thorough intraoperative exploration and a “running” of the small
bowel and the mesentery. Full thickness or multi segment small bowel injuries are
resected and repaired primarily. A mesenteric injury may be seen without an
accompanying small bowel injury. In this case, bowel viability dictates whether the
bleeding vessel in the mesentery is suture ligated or if bowel and mesenteric
resection is needed. Small, non-expanding mesenteric hematomas are not generally
explored.

Tumors of the small bowel require resection of the adjacent lymph nodes that are
embedded within the mesentery. In this setting, resection of the mesentery is
required for adequate oncologic staging. Patients with Crohn’s disease often
develop stricturing disease of the small bowel, segments of which may eventually
require resection. The mesentery in these patients is often thickened leading to
difficulties with traditional resection and ligation techniques. Also see Chaps. 39
and 40, Crohn’s Disease). Another common reason for resection of the mesentery is
for the creation of the roux limb in gastric bypass, gastrectomy, or pancreatico-
duodenectomy operations. The roux limb is the middle portion of the jejunum,
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usually 40–75 cm from the ligamental of Trietz, that is used to reestablish small
intestinal continuity after resection. This portion of the intestine is used due to the
long length of the associated mesentery which allows the limb to be proximally
attached without significant tension (Fig. 35.1a, b). Resection of the mesentery is
also required for the removal of mesenteric cysts and tumors. A full review of
mesenteric cysts and tumors can be found in earlier chapters of this book.

Table 35.1 Indications for
mesenteric resection

1. Removing adjacent small bowel: obstruction, ischemia,
trauma, bleeding, cancer, etc.

2. Removing a primary mesenteric neoplasm (associated
small bowel must be resected due to loss of blood supply):
Lymphoma, desmoid, GIST, etc.

3. Dividing the mesentery for creation of a roux limb: gastric
bypass, gastrectomy, whipple, etc.

Fig. 35.1 Roux limb
demonstrating resected
mesentery to allow release of
the limb for anastomosis
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Contraindications

Contraindications to mesenteric resection relate to contraindications for small bowel
resection. Absolute contraindications include poor blood supply to the ends of the
bowel for the anastomosis or unclear bowel viability after attempted revascular-
ization. Relative contraindications include peritoneal sepsis and hemodynamic
instability.

Description of Surgery

Small Bowel Resection with Adjacent Mesentery (Open
Approach, Hand Sewn Anastomosis)

The abdomen is entered through a standard midline incision. The abdomen is
explored in all four quadrants, and lysis of adhesions is performed in the area of
pathology only. The margins of resection are determined. The mesentery is scored
using electrocautery at the planned margins. A surgeon must ensure that the
mesentery encompasses only the vessels and lymph nodes (for oncologic staging if
required) related to the section of bowel that is to be removed (Fig. 35.2). A win-
dow is then made in the mesentery next the bowel at the margins. This can be done
with a right angle. A GIA stapler is then passed through the windows on either side
of the bowel. A blue (3.8 mm) load is typically used to divide the bowel. The
mesentery is then divided using electrocautery, suture ligation, or a harmonic
scalpel along the score lines. Division of mesentery in patients with Crohn’s disease
can be difficult due to its thickening from chronic inflammation. Vessel sealing
devices may not adequately provide hemostasis; therefore, overlapping clamps with
suture ligations should be used (Fig. 35.3). For a handsewn anastomosis, a 3-0 silk
is then used in an interrupted fashion to close the posterior layer (Lembert stitch).
The staple line is excised. The inner layer is then closed starting in the middle using
a 3-0 absorbable, double arm suture. Each arm closes the posterior inner layer in a
continuous fashion. After the corner, a transition stitch is performed from suturing
inside to outside to allow closure of the anterior layer. The outer anterior layer is
closed with a Lembert stitch. The mesentery is closed with 3-0 interrupted or
continuous silk to prevent internal herniation. The patency of the anastomosis is
confirmed by manual exploration. The anastomosis and mesentery is observed for
hemostasis. The abdomen is closed in a standard fashion.
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Fig. 35.2 Margins of small
bowel resection with adjacent
mesentery and accompanying
vasculature

Fig. 35.3 Small bowel
resection with thickened
mesentery performed with
suture ligation
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Complications

Early complications include mesenteric hematoma and anastomotic bleeding. Late
complications include bowel ischemia, prolonged ileus, anastomotic leak,
mechanical obstruction, wound infections, and enterocutaneous fistula.

Summary

Margins of a small bowel resection and mesentery must encompass relevant vas-
culature and lymph nodes. Status of the mesentery dictates bowel viability. It is
critical to ensure mesenteric hemostasis.
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36Mesenteric Considerations in Surgery
of the Colon and Rectum

Hermann Kessler, Mariane G. M. Camargo, and Kristen T. Crowell

Introduction

The mesentery is contiguous along the intestines from the esophagus to the distal
rectum. It has a different shape along the GI tract and provides suspension of the
intestines and encases the feeding blood vessels and draining lymphatics. In this
chapter we will describe the anatomic and functional aspects of the mesentery
which are important in surgical decision making in malignant and benign colon and
rectal resections.

Mesenteric Role in Diseases of the Colon and Rectum

Malignancy

The mesorectal plane, or the “Holy Plane”, was first described by R. J. Heald in
1984 and defined as the optimal plane for rectal cancer resection. Sharp dissection
along embryologic planes that separate the visceral (mesorectal) fascia off of the
surrounding parietal peritoneum provides a resected specimen containing the rec-
tum, lymph nodes, lymphatic vessels, and surrounding fat within the mesorectum
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en bloc. This technique revolutionized rectal cancer operations and began the
investigation into complete mesenteric resections.

Malignant lymphatic spread to mesenteric lymph nodes is an important mech-
anism for systemic spread. Lymph node drainage from colorectal adenocarcinoma
follows the supplying arteries. Therefore, in addition to adequate intestinal margins,
resection of the mesenteric lymph nodes en bloc with the tumor is a key factor in
principles of oncologic resections. Lymph node involvement in colorectal cancer is
a significant and even an independent prognostic indicator. When lymph nodes are
found to be positive, adjuvant treatment is recommended. An increased number of
resected lymph nodes more precisely defines pathologic staging and improves
survival. Guidelines recommend resection and pathologic evaluation of at least 12
lymph nodes in all colon and rectal cancer specimens.

In the 1990s W. Hohenberger transferred the principles of TME to the colon in
an attempt to improve colon cancer outcomes. He introduced central vascular
ligation (CVL) and dissection along embryologic planes with preservation of the
anterior and posterior peritoneum of the mesocolon and named the procedure
“Complete Mesocolic Excision” (CME). With this technique, outcomes in colon
cancer improved stepwise at his home institution, the University of Erlangen,
Germany. The 5-year local recurrence rate decreased from 6.5 to 3.6%, and the
5-year disease related survival increased from 82.1 to 89.1% Since that time,
multiple studies succeeded in reaffirming the relationship between anatomic-based
colon and rectal cancer surgery and improved outcomes.

Although TME dissection plane in rectal cancer is globally accepted, the
implementation of CME for colon cancer is far less prevalent. It is critical for the
surgeon to understand the anatomic planes to achieve the optimal resected speci-
men. Achieving this goal requires preoperative discussion with radiologists as well
as postoperative evaluation with the pathologist to provide surgical quality control
and feedback to improve the surgical techniques.

Benign Disease

Complete resection of the mesentery is not required in colon and rectal resections
for benign disease since there is no concern for systemic spread. Thus, in a pro-
phylactic colectomy or proctocolectomy for hereditary colorectal cancer, such as
familial polyposis syndrome or Lynch syndrome, performed to prevent cancer
occurrence, CME or TME is not required as long as the presence of cancer has been
ruled out prior to resection (Fig. 36.1). The resection margin may violate the
mesentery, and the resection plane can proceed close to the bowel wall, leaving
behind some of the mesentery.

Colon and rectal resections for inflammatory bowel disease (IBD) also do not
require an oncologic CME or TME. Ulcerative colitis is a disease of the intestinal
mucosa, and the mesentery has not been implicated as a factor in disease severity or
outcomes, thus complete resection of the mesentery is not indicated. Although not
ontologically required, during a proctectomy for IBD, the authors recommend
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dissecting in the avascular TME plane to avoid bleeding associated with dissecting
through the mesorectum. Crohn’s disease has a characteristic “fat wrapping” of the
mesentery onto the bowel serosa and thickening of the mesentery. When thickening
and foreshortening of the mesentery is extensive, vascular ligation can become
difficult and increase the blood loss, thus resections are classically performed close to
the bowel wall or at a central area of the mesentery apart from the diseased bowel

Fig. 36.1 Sagittal (a) and coronal (b) views comparing the dissection planes of TME versus close
rectal dissection. Reprinted with permission, Cleveland Clinic Center for Medical Art &
Photography ©2020. All Rights Reserved

Fig. 36.2 A tumor thrombus
is seen within a mesenteric
vessel that is only 0.1 mm
from the mesenteric surface
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where inflammation and thickening have not yet arrived. Suture ligation may be
required instead of vascular sealing devices, which more easily ligate vessels in
normal mesentery. Although, Crohn’s disease is conventionally defined a disorder of
the intestine itself, the contribution of hypertrophic mesenteric adipose tissue in the
disease process is under debate. Coffey and colleagues found that ileocolic resections
with a mesenteric excision had a lower rate of recurrence requiring surgery com-
pared to conventional resection next to the bowel wall (10% vs. 30%). More patients
were smokers in the conventional resection group, however, even in multivariate
analysis, mesenteric excision was an independent protective factor. A retrospective
study by de Groof et al. investigating proctectomy without restoration of intestinal
continuity in Crohn’s disease, found a significant increase in perineal wound com-
plications when the mesentery was resected close to the rectum compared to a TME
resection (59.5% vs. 17.6%). A secondary resection of the remaining mesorectum in
patients with nonhealing wounds resulted in a 75% healing rate. Additionally, the
re-resected mesorectum still expressed higher levels of the proinflammatory cyto-
kine TNFa mRNA, suggesting the remaining mesorectum created a persistent
proinflammatory environment even after resection of the diseased bowel. Further
studies are required to determine the optimal mesenteric resection for Crohn’s dis-
ease. These issues are discussed in other chapters in this textbook.

Colon Cancer Principles

In many Western Countries, the survival in rectal cancer has escalated to the extent
that it now exceeds that of colon cancer, due to the improvement in rectal cancer
treatment. There is a wide variation in colon cancer outcomes based upon location,
with concern that the surgical quality may be an important variable. One consistent
feature of colon cancer surgical treatment is removal of lymph nodes within the
mesentery along the feeding vessels. The choice of surgical resection is based upon
the location of the tumor. Each tumor has a unique anatomy and drainage, and
therefore the operation needs to be individually tailored. Adjuvant therapy can
improve outcome based upon lymph node involvement and tumor pathology, such
that an ideal mesocolic resection with an increased excision and pathologic eval-
uation of mesenteric lymph nodes can correctly guides which patients should
receive adjuvant therapy.

In Europe, CME and central vascular ligation (CVL) as proposed by Hohen-
berger have been introduced first. Sharp and careful dissection of the mesocolon’s
visceral plane from the retroperitoneal plane is mandatory to prevent spread of
potentially involved lymph nodes, tumor deposits, or micrometastases in the
mesocolon into the peritoneal cavity. Along with CME, ligating the named vessels
through CVL, also referred to as high vascular ligation, promotes maximal harvest
of regional lymph nodes including those at the root of the mesentery. If the peri-
toneal surface of the mesentery is penetrated, tumor cells may be disseminated
(Fig. 36.2). Achieving CME and CVL offer the most accurate staging along with
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significant survival advantage with decreased local recurrence rates and improved
5-year cancer-related survival rates.

The Stockholm colon cancer project was initiated from 2004–2007 focusing on
interdisciplinary exchange of knowledge and creating multidisciplinary teams.
Improvements targeted more appropriate staging by screening, daytime specialists
performing emergency surgeries, improved surgery by a more complete resection,
maximizing lymph nodes by increasing extent of resection and pathologic evaluation
of nodes in the specimen, and decreasing hospital and surgeon variability through
training and centralization. This project lead to an increase in specimens with >12
lymph nodes from 42.2 to 81.4%, and an increase in the mean number of lymph
nodes from 11 to 18. Overall survival was increased in all stages, and disease-free
survival also improved, which was most pronounced in stage III disease. Thus,
standardization of technique along with CME should be considered for all colon
cancer resections. Examples of resected specimens are shown in Fig. 36.3a and b.

a

b

Fig. 36.3 CME specimens
for carcinoma at the splenic
flexure (a) and ascending
colon (b)

36 Mesenteric Considerations in Surgery of the Colon and Rectum 339



In Japan, the “D3 lymphadenectomy” was described in 1977 and is now the
standard approach there and also in, China, Korea, and Taiwan. The lymph nodes
are described as epicolic and paracolic, D1, intermediate, D2, and central lymph
nodes along trunks of named arteries and veins, D3. This approach focuses more on
anatomic location of the lymph nodes rather than the embryologic dissection
planes, and the D3 lymphadenectomy is recommended in T2–T4 tumors and in
presence of lymph node metastases. Another difference between D3 lym-
phadenectomy in Asia and CME and CVL in the Western World is a shorter length
of resected intestine.

The length of resected bowel is largely based upon the goal to obtain adequate
lymph node resection. Initially published in 1983, Jinnai recommended that lymph
nodes 10 cm laterally from the tumor should be resected. Additional studies sup-
ported this finding and further characterized that the distance of metastatic lymph
node spread from the tumor increases with an increasing T stage. In a study of
pathological evaluation of resected specimens, in T1 tumors, lymph node metas-
tases were found up to 3 cm from the tumor, while in T3 and T4 tumors, metastatic
lymph nodes were found up to 7 cm from the tumor. Since T stage is difficult to
predict preoperatively, a proximal and distal margin of 10 cm is recommended to
resect all potentially positive lymph nodes.

Studies of Anatomy and Embryology

Surgical embryology and anatomy have a key function for optimized colon cancer
surgery. The primitive gastrointestinal tract in an embryo at 4–6 weeks (Fig. 36.4a
and b) is reduced to a single somatic tube with the visceral peritoneum directly
overlying the gastrointestinal tract and a second external layer, the parietal peri-
toneum which lines the body wall and associated organs including the retroperi-
toneal structures. The visceral peritoneum surrounds the somatic tube including the
mesentery containing the vessels from the aorta to the intestines. As the organs
grow, the primitive GI tube is divided into the foregut including stomach and
duodenum, the midgut with jejunum, ileum, ascending and transverse colon, and
the hindgut including left colon and rectum. The intestines grow and twist to
elongate. In some regions of the intestine, the visceral peritoneum fuses with the
parietal peritoneum to become fixed in specific areas. The transverse colon lies over
the duodenum in close proximity to the stomach, and the anatomy in this area
becomes more complex. The greater omentum attaches to the anterior transverse
colon creating the lesser sac. The mesentery in all of these connections is covered
by the visceral peritoneum which can be separated from the adjacent parietal
peritoneum to recreate the embryologic planes (Fig. 36.5). The ascending and
descending colon become fused to the parietal peritoneum lining the body wall
laterally and posteriorly the kidneys and ureters. Toldt’s fascia is a fusion of the
visceral peritoneum of the bowel mesentery and the parietal peritoneum of the
retroperitoneal structures. Gerota’s fascia is a distinct layer overlying the kidney
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and adrenal glands within the retroperitoneum. The correct dissection planes dis-
cussed later in this chapter should be between the visceral and parietal peritoneum,
rather than extending into the retroperitoneum to expose Gerota’s fascia.

Surgical Principles

Preoperative Vascular Anatomical Considerations

A part of the preoperative evaluation of patients with colon and rectal cancer is
staging of the disease in the context of involvement of the mesocolon and
mesorectum. Staging CT scans of the abdomen and pelvis with IV and PO contrast
are indicated for both colon and rectal cancer to identify distant metastases but can
also help identify vascular anatomy as well as potentially enlarged lymph nodes.
MRI has become the recommended modality to stage rectal cancer, which is most
useful in classifying T and N stages, and if adjacent structures are involved by the
tumor. MRI also helps determine whether preoperative radiation is indicated prior

Fig. 36.4 Embryologic gastrointestinal (GI) tube at 4–6 weeks of life, shown in cross section (a),
and sagittal view after further development (b). The GI tube is a central tube lined by visceral
peritoneum which wraps directly around the visceral organs. The parietal peritoneum is the outer
layer that lines the organs embedded in the body wall. There is a double layer of visceral
peritoneum allowing blood vessels to enter the GI tube from the aorta which will become the
mesentery. The parietal and visceral peritoneum join at the origin of the visceral arteries. Reprinted
with permission, Cleveland Clinic Center for Medical Art & Photography ©2020. All Rights
Reserved
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to surgical resection, which is recommended for T3–T4 cancers, any lymph node
involvement, and in cases where the tumor is close to the mesorectal fascia.

The preoperative identification of vascular anatomical variations can be helpful
at the time of the surgery. The anatomy of the left sided colonic arteries is relatively
simple although variations can occur (Fig. 36.6). The left colic artery (LCA) is
absent in only 5% of individuals. The origin of the first sigmoid artery is variable,
as it arises from the inferior mesenteric artery (IMA) as a separate artery (Type 1) in
41–58% of individuals, from the LCA (Type 2) in 27–45%, and at the angle
between the LCA and IMA (Type 3) in 9–15%. The number of sigmoid arteries
varies usually between one and five, with two (21–40%), three (32–50%), and four
(7–25%) as the most common numbers.

The right side of the colon derives from the midgut and is supplied by the
superior mesenteric artery (SMA). The ileocolic artery (ICA) is consistent, and
supplies the cecum, ascending colon and, through anastomoses with the SMA, the
terminal ileum (Fig. 36.7a–c). The anatomy of the middle colic artery (MCA) and
the right colic artery (RCA) varies. The MCA has more than one separate branch

Fig. 36.5 The fusion planes of the peritoneum during development. The mesentery of the
transverse colon fuses with the greater omentum. There is a continuously running plane from the
pancreas across the duodenum towards the transverse mesocolon which can be identified during
surgery to ‘turn back’ embryology. The ligament of Treitz is shown here as a duplication of the
mesentery on the aorta. Reprinted with permission, Cleveland Clinic Center for Medical Art &
Photography ©2020. All Rights Reserved
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arising directly from the SMA in 4–36% of cases. In a few cases a left branch of the
MCA might arise from the dorsal pancreatic artery or the IMA. The RCA is an
artery supplying the middle part of the ascending colon, arising from the SMA, and
running inferior to the avascular mesocolic window covering the duodenum.
However, the RCA is present as a separate artery in only 11–20% of cases.

Surgical Approach

The classic open approach utilizes a lateral-to-medial dissection for benign and
malignant disease, although a posterior and medial-to-lateral approach have also
been described. With the integration of minimally invasive surgery in colon and
rectal cancer, the development of the medial-to-lateral approach has become widely
adopted, but the lateral-to-medial approach is equally acceptable. There are a
variety of minimally invasive options for colon and rectal resections.
Laparoscopy enables an intracorporeal anastomosis while hand assisted surgery

Fig. 36.6 Variations in anatomy of inferior mesenteric artery (IMA). In type 1, the first sigmoid
artery (SA) branch arises directly from the IMA. In type 2, the SA arises from the left colic artery
(LCA). In type 3, the SA and LCA arise together at an angle from the IMA. Reprinted with
permission, Cleveland Clinic Center for Medical Art & Photography ©2020. All Rights Reserved
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facilitates entrance of a hand into the dissection field to assist with retraction and
additionally provides a potential extraction site for assistance with the anastomosis.
In laparoscopic assisted surgery, the dissection is laparoscopically performed, while
the anastomosis is performed through a mini-laparotomy under direct visualization.
More recently, robotic assisted surgery is becoming integrated into colon and rectal
resections. The surgical approach should not alter the surgical goals, to obtain a
complete resection including a complete lymph node resection, negative circum-
ferential margins, while preserving surrounding structures and preventing unnec-
essary complications. For simplicity, this chapter will focus on the description of
the open approach.

Surgical Management of Colon Cancer

Surgical principles of colon cancer resection are based upon lymph nodes in the
colonic mesentery and as described above, the technical details of lymph
node dissection within the specimen vary based upon location. It is globally
accepted that an increased number of lymph nodes improves survival, and the main
relevant vessels should be centrally ligated. The techniques currently practiced vary

Fig. 36.7 Variations of arterial supply to the right colon. a The ileocolic (ICA), the right colic
(RCA) and the middle colic (MCA) arteries originate independently from the superior mesenteric
artery (SMA). b The RCA originates from the ICA, and a common trunk of the MCA supplies the
hepatic flexure and the right two-thirds of the transverse colon. c The two main branches of the
MCA originate separately from the SMA, with the right branch of the MCA supplying the distal
part of the ascending colon and the hepatic flexure. Reprinted with permission, Cleveland Clinic
Center for Medical Art & Photography ©2020. All Rights Reserved
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from a traditional high ligation of the vessels and dissection of at least 12 lymph
nodes without specific considerations regarding the mesocolon, to CME and CVL
as refined techniques, and the D3 lymphadenectomy in mainly Japan. We describe
the CME and CVL technique in resection of colon cancer which focuses on sharp
separation of the colon and mesentery following the embryologic planes and
respects the completeness and quality of the preservation of surfaces of the
mesocolon.

Cecal and Ascending Colon Carcinoma

For right-sided cancer, or tumors located in the cecum and ascending colon below
the hepatic flexure, a right colectomy is the treatment of choice (Fig. 36.8). The
resection should include ligation at the origin of the ileocolic artery and right branch
of the middle colic artery, with lymph node removal along both vessels down to the
origin. If the right colic artery is present, the ligation should also be at the origin. To
enter the correct surgical plane between the retroperitoneal and visceral peritoneum,
retraction of the lateral peritoneal reflection allows for identification of the white
line of Toldt where parietal and visceral peritoneum are fused, and the initial entry
point should be away from the tumor to preserve the circumferential surgical

Fig. 36.8 Right
hemicolectomy. Reprinted
with permission, Cleveland
Clinic Center for Medical Art
& Photography ©2020. All
Rights Reserved
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margins. With careful traction on the ascending colon using a gauze, the mesocolon
is sharply dissected from the parietal peritoneum of the retroperitoneum, with care
to preserve the mesocolon. This dissection continues to mobilize the entire right
colon from the lateral and posterior attachments following the embryologic planes
cephalad. Medially, areolar tissue is centrally encountered and the duodenum and
pancreatic head are sharply mobilized off of the mesocolon and remain in the
retroperitoneum. To completely expose the central nodes, a Kocher maneuver is
recommended. The anterior surface of the superior mesenteric vein (SMV) is a
landmark and is exposed and the superior mesenteric artery (SMA) remains to its
left and further posterior.

Mobilization in this area should be performed with caution due to numerous
anatomic variations of the veins forming the gastrocolic trunk of Henle (GTH) or
the “bleeding point” (Fig. 36.9a–e). Proximally the anterior and superior

e

Fig. 36.9 Gastrocolic trunk
of Henle (GTH). The venous
drainage around the hepatic
flexure is highly variable
and bears high risk of
bleeding during surgical
dissection. Henle’s trunk
depicts the point of drainage
of the superior right colic vein
(SRCV), right colic vein
(RCV), right gastroepicolic
vein (RGEV) and the anterior
and superior
pancreaticoduodenal vein as
they form a trunk to enter the
SMV near the head of the
pancreas, many variations are
possible. The middle colic
vein (MCV) can also be in
close proximity (a–d).
Reprinted with permission,
Cleveland Clinic Center for
Medical Art & Photography
©2020. All Rights Reserved
This intraoperative picture
shows the veins (arrow) and
depicts that with inappropriate
traction the veins can be at
risk of injury (e)
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pancreaticoduodenal veins, the right gastroepiploic vein, right colic vein, and
superior right colic vein form the trunk of Henle; however, many variations are
possible as also right colic vein and middle colic vein (MCV) may flow to the
GTH. Most frequently, the middle colic vein has a separate mouth towards the
SMV. Also, the SMV itself may be split up into two branches: a jejunal and an ileal
one. Any transection of the GTH demands clarity of the anatomic situation in order
to avoid complications. In order to prevent bleeding, traction of the mesocolon in
this area must be done carefully during the separation of the mesocolon from the
pancreas and the duodenum. At least the right colic and superior right colic veins
should be ligated to gain full access to the SMV.

After full access, the vessels are ligated; the ileocolic artery and vein should be
identified and individually secured. The ileocolic artery may pass posterior to the
SMV in 40% of patients, thus the origin of the ileocolic vessels should be identified
to verify ligation of the artery at its origin and to avoid injury to the jejunal trunk.
All lymph nodes should be dissected with the specimen in this area including those
overlying the SMV at the root of the right mesocolon (Fig. 36.10a, b). If the right
colic artery is present (11–20%) it should be taken with high ligation. The middle

Fig. 36.10 CT scan of right
colon cancer with tumor
recurrence in
the central mesentery (white
arrow) in axial (a) and coronal
(b) views at root of
mesocolon likely from an
incomplete mesenteric
resection. The duodenum is
identified by a yellow arrow
showing the importance of
complete central resection to
prevent recurrence
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colic artery is identified and lymph nodes over the base should be removed en bloc.
After the right branch of the middle colic artery is ligated at the branching of the
middle colic artery, the dissection should continue through the mesentery toward
the proximal transverse colon. Omental resection beyond 10 cm from the tumor is
not required; omentum within 10 cm from the tumor can be dissected from the
proximal transverse colon. After the transverse colon is divided between the right
and left branch of the middle colic artery, the ileum is divided 5–10 cm proximal
from the ileocolic valve. In this manner, the entire lymphatic field is resected after
which an ileocolic anastomosis is performed.

Hepatic Flexure Carcinoma

Additional lymph node clearance is required for cancers at the hepatic flexure and
central transverse colon. Approximately 5% of lymph node metastases can be found
over the head of the pancreas or along the lower edge of the pancreas, and 5–8%
lymph nodes along the greater gastroepiploic arcade along the greater curvature of
the stomach if lymph node involvement is present. An extended right hemicolec-
tomy is required (Fig. 36.11). During the required resection, the greater curvature

Fig. 36.11 Extended right
hemicolectomy. Reprinted
with permission, Cleveland
Clinic Center for Medical Art
& Photography ©2020. All
Rights Reserved
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should be freed of lymph nodes along the right gastroepiploic vessels to retrieve all
possible lymph node metastases.

Fig. 36.12 Lymphatic drainage along the transverse colon which involves the gastroepiploic
arcade (a) and lymph nodes overlying the head and lower border of the pancreas (b). Reprinted
with permission, Cleveland Clinic Center for Medical Art & Photography ©2020. All Rights
Reserved
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The initial dissection is similar to the right hemicolectomy above, initially
incising into the lateral peritoneal reflection and continuing with sharp dissection of
the ascending colon from the retroperitoneum, Kocher’s maneuver, and identifi-
cation of the ileocolic vessels, SMV and gastrocolic trunk of Henle which is ligated
centrally. The dissection is then extended by entering the lesser sac. The right
gastroepiploic artery is freed from the greater curvature of the stomach removing
the nodes along the right gastroepiploic arcade (Fig. 36.12a, b). The right gas-
troepiploic artery is ligated just below the pylorus while preserving the gastro-
duodenal artery. The gastrocolic trunk of Henle is next ligated, again traction of the
mesocolon may tear veins in this region and should be performed with caution. The
ileocolic artery and vein are centrally ligated as described above. The middle colic
vein and artery can be approached by further proximal dissection along the SMV as
a landmark. The middle colic vein and artery are ligated near their respective
origins and transected. Following the transection of the ileum at about 5–10 cm
proximal to the ileocolic valve, the mesocolon is separated at the level of the ligated
vessels along the SMV while preserving autonomic nerves along the SMV and
SMA. The transverse mesocolon is then completely dissected from the lower
margin of the pancreas. Lymph node metastases may be present on the lower border
of the pancreas, therefore, these lymph nodes below the pancreatic edge should be
removed and included when performing central transverse mesocolic dissection;
these nodes should be left behind only for technical reasons if they are fixed or the
patient has a history of pancreatitis to avoid risk of severe postoperative pancreatic
complications. The colon is transected distally to the level of the left branch of the
middle colic artery but at least 10 cm from the tumor edge, and an ileocolic
anastomosis is created.

Transverse Colon Carcinoma

These tumors are treated by resecting at least the transverse colon, central ligation
of the middle colic artery, and resection of the neighboring lymphatic vessels. The
greater omentum with the gastrocolic ligament and the gastroepiploic arcade cor-
responding to the location of the tumor is resected again observing that a minimal
clearance of 10 cm needs to be kept. As an anastomosis of the ascending colon to
the descending colon is not recommended, the resection usually favors an extended
right or left hemicolectomy or a subtotal colectomy.

Splenic Flexure Carcinoma

Splenic flexure carcinoma is unique because of its borderline localization between
midgut and hindgut with bidirectional lymph node spread towards middle colic
vessels and inferior mesenteric artery. Thus, it can be treated by a left or right sided
approach, however, in most cases, an extended left colectomy is preferred. In order
to avoid complications with a transverse-descending colonic anastomosis, another
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option is subtotal colectomy with an ileosigmoid anastomosis. The targeted arteries
for resection are the middle colic and the left ascending colic artery along with the
accompanying pericolic and central lymph nodes. Lymph nodes along the greater
gastroepiploic arcade at the greater curvature of the stomach should be included as
well requiring mobilization of the gastroepiploic arcade off the greater curvature of
the stomach 10–15 cm opposite to the tumor site. This maneuver allows the
omentum to accompany the specimen. There are potential communicating arteries
along the inferior border of the pancreatic tail and splenic hilum, thus lymph nodes
in this region should be removed.

The dissection starts with the skeletonization of the stomach; the transverse
colon and gastroepiploic arcade are prepared and en-bloc resection of the gastro-
colic ligament and the omentum is planned. Following full separation of the
transverse mesocolon, the lesser sac is fully exposed, and the lymph nodes along
the lower edge of the pancreatic corpus and tail are also dissected with central
transection of the transverse mesocolon at its root. The ascending colon is mobi-
lized but the ileocolic vessels and lymphatic dissection off the SMV and right colic
vessels are not required. Central vascular ligation of the middle colic vessels is
crucial as it allows dissection of the central lymph nodes. Up to 4–6% of lymph
nodes at the root of the middle colic artery can be involved with carcinoma. Full
mobilization of the splenic flexure and the descending colon is performed along the
embryological planes. The descending colon is transected at least 10 cm distally to
the tumor and the lymph nodes around the IMA are removed. The left colic artery is
ligated at its origin along the IMA, and the IMV is ligated centrally at the lower
border of the pancreas. The complete mesocolon, transverse and adjacent colon,
omentum, and gastrocolic arcade are removed en-bloc as specimen.

Descending Colon Carcinoma

Carcinomas in the descending colon require a left hemicolectomy (Fig. 36.13) with
high ligation of the inferior mesenteric artery. Lesions located 10 cm away from the
splenic flexure do not necessitate removal of omentum or skeletonization. However,
splenic flexure mobilization is crucial for a tension-free anastomosis. The lateral
peritoneal attachment is sharply divided and the left mesocolon is dissected off the
retroperitoneum. Fatty tissue around the kidney, left ureter and gonadal vessels
remains covered by the parietal fascia. The omentum is mobilized from the left
transverse colon and the lesser sac is fully exposed. Subsequently, both layers of the
mesocolon are divided at the lower border of the pancreas and the integrity of the
mesocolon should be strictly preserved. The peritoneum over the aorta is opened to
achieve central access to perform central lymph node dissection around the IMA
which is divided at about 1 cm distally to its origin at the aorta. Injury to the
autonomic nerves in this area should be avoided. The IMV is transected centrally at
the lower border of the pancreas facilitating a tension-free colorectal anastomosis.
The colon is transected proximally at least 10 cm proximally and distally to the
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tumor, but due to the central ligation of the IMA, the distal resection margin should
be in the upper rectum for adequate perfusion of the colorectal anastomosis.

Sigmoid Carcinoma

The dissection planes are similar to those planes dissected when resecting a colon
carcinoma but the proximal colonic transection is in the descending colon. Splenic
flexure mobilization is again essential for a tension-free colorectal anastomosis. The
left peritoneal reflection is divided, and sharp dissection of parietal and visceral
planes is undertaken, leaving the left ureter, gonadal and iliac vessels safely below
the parietal plane. The visceral fascia over the aorta is opened to allow for creation
of a window at the base of the left mesocolon while preserving the autonomic
nerves; through this window, the IMA is ligated. Further cephalad dissection allows
us to ligate the IMV next to the duodenum. Proximal colonic transection occurs at
least 10 cm proximally to the edge of the tumor. For reasons of oncology and blood
supply, the distal transection is performed at the level of the upper rectum, at least
10 cm distally to the tumor. Partial mesorectal excision can be undertaken if
indicated. For distal sigmoid carcinomas, 5 cm of distal margin may be sufficient if

Fig. 36.13 Left
hemicolectomy. Reprinted
with permission, Cleveland
Clinic Center for Medical Art
& Photography ©2020. All
Rights Reserved
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the dissection extends to the rectum, in which the original dissection plane between
the visceral and parietal peritoneum is distally extended behind the mesorectum.

Total Mesorectal Excision Principles

The goals of the total mesorectal excision (TME) are to perform sharp dissection
along the definable tissue planes around the mesorectal fascia and remove an en bloc
specimen containing the lymph nodes along with the superior rectal and inferior
mesenteric arteries; the first step is a high ligation of the IMA. Lateral attachments of
the sigmoid are dissected along the white fusion plane of parietal and mesenteric
fascia, and the sigmoid colon is retracted medially. The retroperitoneal structures
including the left ureter and gonadal vessels are identified and preserved in the
retroperitoneum. The dissection is taken further cephalad and medial to mobilize the
left mesocolon off the parietal peritoneum. This mobilization permits identification
of the IMA that is dissected free of the peritoneal attachments. A high ligation on the
IMA is then performed within 1 cm of the origin off of the aorta. The dissection
proceeds more cephalad to identify the origin of the IMV at the ligament of Treitz,
and a central ligation of the IMV is performed at the lower border of the pancreas.

Next, the rectum and sigmoid are retracted cephalad and anterior to begin the
mesorectal dissection. The correct dissection plane appears as an areolar tissue
plane in between the mesorectal fascia and endopelvic fascia. The bulk of the
mesorectum lies posterior to the rectum where the mesorectal fascia is most
developed. Sharp dissection begins in this well-defined plane posteriorly and pro-
ceeds in a circumferential manner around the mesorectum, laterally on both sides,
then finally anteriorly.

During the dissection, the surgeon should anticipate the structures at risk of
injury. The superior hypogastric nerve plexus should be identified as these nerves
enter the pelvis anterior and lateral to the sacral promontory as the right and left
hypogastric nerves. Damage to nerves during proctectomy can lead to urinary and
sexual dysfunction. Posteriorly the presacral fascia overlies the presacral veins, and
the dissection should continue in the areolar plane between the mesorectum and
presacral fascia to avoid injury to these presacral veins that can cause extensive
bleeding if injured. Laterally as the dissection continues, the inferior hypogastric
plexus curves around the mesorectum and should be preserved. If the middle rectal
arteries are present, they should be divided with electrocautery; the middle rectal
arteries are usually found in 20% of patients. The anterior dissection separates the
rectum from Denonvilliers’ fascia (fusion of the lower peritoneal sac), separating
the prostate and seminal vesicles in men and the rectovaginal septum in women.
Additionally, anteriorly the parasympathetic nerves (Walsh bundles) may be at risk
if Denonvilliers’ fascia is violated. In tumors of the mid and lower rectum, to
complete the TME, the dissection must be continued to the level of the pelvic floor.
The distal clearance of the rectum should ideally be 2 cm from the distal edge of the
tumor. However, shorter margins may be acceptable depending on tumor factors
and if neoadjuvant therapy was administered. If an anastomosis is planned, a
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colorectal or coloanal anastomosis then completes the operation if not a stapled
rectal stump and end colostomy are created. If this distal margin cannot be
achieved, an abdominoperineal resection may be required.

Surgical Quality

The quality of the resected specimen was introduced in rectal cancer with com-
pleteness of the TME. In addition to the surgical quality to follow the complete
TME (Fig. 36.14), the pathologist must work in conjunction with the surgeon to
correctly evaluate and report the specimen quality. This evaluation and feedback to
the surgeon is key to assure optimal surgical treatment since the surgical quality is
related to oncologic outcomes. TME evaluation and report by the pathologist are
required to become accredited in the United States by the National Accreditation
Program for Rectal Cancer.

The evaluation of CME specimens was investigated by Quirke and colleagues by
a grading scale, and high quality specimens were associated with an overall survival
advantage. The planes of mesocolic dissection were graded: mesocolic plane
(mesocolon is resected entirely and intact), intramesocolic plane (mesocolon is
disrupted and so the plane of dissection is within the mesentery), and muscularis
propria plane (mesocolon is divided at the intestinal margin, with potential colonic

Fig. 36.14 Proctectomy specimen after resection. The shiny appearance of a complete TME is
visualized with intact mesorectal fascia (1). Partial TME with minor disruption of the mesorectal
fascia (2). Incomplete TME with disruption of the mesorectal fascia and narrowing or ‘waisting’ of
the specimen where the embryologic planes were violated (3)
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wall injuries); measurements were taken according to Fig. 36.15. The quality of the
surgical resection is key to provide optimal care for colon and rectal malignancies.

Surgical Complications

Postoperative complications associated with complete mesenteric excisions and
high ligations of vasculature may be due to dissection near important structures that
can inadvertently become injured. Resections that are performed close to the bowel
wall dissect through the mesentery, and the advantages include a lower bleeding
risk during distal ligation of vessels and lower risk of inadvertent injury of nearby
nerves or other organs. The evidence for complete mesocolic and mesorectal ex-
cision with high vascular ligation is convincing when resecting cancer to prevent
recurrence and prolong survival. When these resections are indicated, the surgeon
should understand the anatomy to provide adequate resection while preventing
injuries.

Due to the increased extent of dissection for CVL and CME, the operation time
on average is longer for a CME compared with standard surgery. During central
dissection during CME, venous structures are at increased risk, especially at the
trunk of Henle as well as the splenic and superior mesenteric veins. During ligation
of the ileocolic vessels, the first jejunal branches can be inadvertently ligated, thus
correct vascular identification is pertinent to preserve small bowel perfusion. Dis-
section of the duodenum and pancreatic head from the mesocolon is a crucial step,

Fig. 36.15 Right colectomy specimen with CME dissection. The ileocolic vessel is taken with
central ligation maximizing the distance from tumor to vascular ligation (A), and distance from
vascular ligation to nearest bowel wall (B). The length of colon (C) and cross-sectional area of the
mesentery (D) are measured as well
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and injury to the duodenum and pancreas especially in mobilization during right
colectomies has to be avoided. Mobilization of the splenic flexure can lead to injury
of the distal tail of the pancreas or spleen itself, thus meticulous dissection in the
correct plane and avoiding undue tension can help prevent these injuries.

During right colectomies, the right ureter should be identified if the retroperi-
toneal plane is violated. Injury to the right ureter should also be identified during
mobilization of the distal ileum from the lateral retroperitoneal attachments. The left
ureter is at risk during sigmoid colectomies and proctectomies and should be
identified in every operation. Additionally, during the TME dissection for rectal
mobilization, both ureters should be identified as they cross the pelvic brim. If a
rectal tumor is bulky or the disease process has obliterated the normal lateral planes
in the pelvis, the ureter should be identified laterally before they turn anteriorly to
enter the bladder. Ureteral stents can be considered to help with ureteral identifi-
cation during the operation.

Nerve injuries during proctectomy can be potentially avoided by careful iden-
tification of the sympathetic and parasympathetic nerves in the pelvis. The
hypogastric nerves derive from the superior hypogastric plexus that enters the
pelvis over the pelvic brim, identifiable as the right and left hypogastric nerves.
Ligation of these sympathetic nerves can lead to retrograde ejaculation in a male
and urinary incontinence. More distally in the pelvis, the inferior hypogastric nerves
travel lateral and anterior outside of the mesorectum and can be injured when this
dissection is too lateral, excessive traction is placed on the rectum, or during
ligation of the lateral stalks. Injury to these sympathetic nerves leads to erectile
dysfunction. Finally, during the anterior dissection, mixed sympathetic and
parasympathetic nerves lie anterior to Denonvilliers’ fascia, but if injured can result
in neurogenic bladder requiring self-catheterization and erectile impotence.

Additional structures to identify include the internal iliac artery, especially on the
left during the initial mobilization of the distal sigmoid colon and as the TME
dissection continues over the pelvic brim. Organs anterior to Denonvilliers’ fascia
should also be avoided during the anterior dissection, including the prostate and
seminal vesicles and the vagina.

Conclusion

When considering any colon or rectal resection, the surgical approach should be
first based upon the diagnosis, especially considering whether there is any risk of
malignancy. In benign diseases, an extensive mesenteric resection is not required
and usually allows an easier dissection plane through the mesentery, which is
associated with lower complication rate. Current studies are ongoing to determine
the extent of mesenteric involvement in Crohn’s disease and if a more extensive
mesenteric resection could improve outcomes and decrease recurrence rates.
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A more extensive resection of the bowel and complete resection of the mesentery
improve survival in malignant disease. For rectal cancer, there is global agreement
that the TME resection is the optimal surgical resection and includes the entire
mesorectum. The ideal mesenteric resection for colon cancer are under debate, but a
complete unviolated excision of the mesentery with the associated feeding vessels
and central lymph nodes provides an oncologic advantage to incomplete resections
through the mesentery. While clinical trials comparing mesentery to non-
mesentery-based surgery for cancer are not ethical, current data comparing the
outcomes of CME with CVL and D3 lymphadenectomy show similar favorable
outcomes. These techniques offer standardization of good quality colon cancer
surgery and may be the key to optimized survival in colon cancer surgery.
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37Mesocolic Resection in Colon Cancer

Felipe Quezada-Díaz, Winson Jianhong Tan, and J. Joshua Smith

Description of the Procedure

Resection of the mesocolon in colon cancer surgery requires dissecting the colon
with its complete envelope of mesentery along well-defined anatomical planes. This
type of mesocolon-oriented dissection has been expanded to the concept of com-
plete mesocolic excision, similarly to total mesorectal excision for rectal cancer.

The principle underlying mesocolon-oriented dissection is to mobilize the
mesocolon while keeping it intact, thus allowing central ligation of the vessels and
lymph nodes contained within. This maneuver increases nodal yield, which may be
associated with improved survival. To perform this dissection, the peritoneal
attachments must be opened in a very specific manner. The mesocolic excision
technique entails mobilization of the mesocolon and peritoneal attachments rather
than just bowel division. In contrast, colonic resections for benign conditions do not
require adherence to these principles, and the mesocolon can be resected without
consideration of the adequacy of resection margins.

Interestingly, even though the concept of mesocolic excision makes sense from
an oncological viewpoint, the technique was formally only relatively recently
described by W. Hohenberger and colleagues. In their 2009 publication, the authors
described their technique and reported outcomes based on data prospectively col-
lected from 1329 patients over a 24-year period. The rate of locoregional recurrence
was reduced from 6.5 to 3.6% and the 5-year rate of cancer-related survival
improved from 82 to 89% after adoption of complete mesocolic excision. This
report piqued the interest of the surgical community, and since then numerous case
series have been published describing outcomes after complete mesocolic excision.
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Indications

The standard patient who will undergo a mesocolon-oriented resection corresponds
to a pathological confirmed adenocarcinoma of the colon with no evidence of
distant metastasis.

Contraindications

There are no absolute contraindications to mesocolon-oriented resection. Fibrosis or
scarring from prior surgery involving the retroperitoneum may make the mesocolic
plane of excision challenging to delineate. Inadequate surgical training is a relative
contraindication, as the procedure entails close dissection along critical vascular
structures, and lack of familiarity with the structures in the retroperitoneum could
lead to surgical error. In addition, obesity increases the complexity of the procedure.

Preparation of the Patient

As with any preoperative planning for patients with colon cancer, proper clinical
staging is required. Suspicious lymph nodes should be identified to ensure that they
are incorporated within the extent of resection. In certain instances, the original
resection field may need to be modified to achieve this goal.

Either open or minimally invasive approaches can be used to perform complete
mesocolic excision. In open surgery, the mobilization of structures is aided by
manual and/or instrumental retraction. With a laparoscopic approach, achieving an
adequate amount of tension is more challenging due to the confined workspace.
A combination of strategic patient positioning and adjustment of the assistant’s
retracting instrument is crucial. It is important to guard against musculoskeletal
and/or peripheral neurological damage that may be potentiated by the extreme
positions into which the patient is placed during the dissection. With the robotic
platform, extreme positions can be avoided due the wider range of mobility of
wristed instruments.

In anticipation of the use of extreme positioning, the surgeon should take every
precaution to avoid causing injury. The use of anti-slip pads, padding of bony
prominences and scheduled repositioning of extremities, especially for patients at
high risk for compartment syndrome, should be part of standard intraoperative
positioning protocols.
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How the Procedure Is Performed

General Principles

Mobilization of the mesocolon is key regardless of the surgical approach. The
surgeon must be able to perform an en bloc mobilization of the mesocolon and part
of the small bowel mesentery without damaging the vascular structures and the
visceral peritoneal layer that contains the envelope surrounding the tumor and
suspected lymph nodes.

Opening the mesocolon is necessary to access the retroperitoneal plane
(Fig. 37.1a and b), especially in minimally invasive surgery. In mobilizing the
colon and mesentery, gentle traction should be used to avoid excessive bleeding,
which can make identifying the planes challenging. The use of energy devices can
be helpful, but dissection in the correct mesocolic plane is usually associated with
minimal bleeding, as this plane is avascular.

In open surgery, care should be taken to adequately expose structures in order to
avoid causing injury and dissecting in the wrong plane. Positioning of the patient is
less important than in minimally invasive surgery because structures can be man-
ually retracted for adequate tension and exposure, whereas laparoscopic and robotic
approaches rely more on optimal positioning of the patient and proper traction with
atraumatic instruments to avoid mesenteric tears or unrecognized enterotomies.
Special care should be taken if the patient is obese or has previous intra-abdominal
adhesions, because excessive traction may lead to mesenteric tears.

Control of the vascular pedicle can be achieved as the initial step (as initially
described by Turnbull) or after the mesocolon is completely mobilized. If a mini-
mally invasive procedure is used, we prefer to identify and isolate the vessels first
using a medial-to-lateral approach. It is important to remove all the surrounding
lymphatic tissue up to the origin of the supplying vessel (Fig. 37.2). In open
surgery, simple ligation and division of the mesenteric vessels between clamps is
preferred. In minimally invasive procedures, clips, energy devices or vascular
staplers can be used to divide vessels.

Fig. 37.1 Medial opening of the retroperitoneal tunnel to access the plane of mesocolon
dissection. a right colon; b left colon
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After the colon is fully mobilized from its peritoneal attachments, the margin of
resection should be identified. Margins of at least 10 cm on either side of the tumor
are recommended. It is crucial that the resected mesocolon include the principal
vessel supplying the colon segment containing the tumor, as this is where lymph
node metastasis occurs most commonly. The D3 dissection, developed in Japan,
involves central vascular ligation at the root of either the superior or the inferior
mesenteric vein, depending on the location of the tumor and uses the position of the
main vascular supply of the tumor—rather than a predefined distance from the
tumor—to define the limits of the bowel resection. This approach may result in
shorter specimens in terms of bowel length but a similar amount of mesocolon,
compared to using predefined resection limits.

For proper anastomosis, the mesocolon should be cleared from the resection
margins to facilitate visualization of the bowel wall without compromising the
blood supply. One way to assess blood supply is to rely on the identification of
mucosal bleeding after bowel division with a scalpel. Visualization of pulsatile
vessels at the remnant end of the transected bowel is another surrogate used to
assess the adequacy of vascularity. More recently, indocyanine green fluorescence
has been used to assess vascular perfusion.

The mesenteric defect can be closed using various techniques. In a complete
mesocolic excision, the mesenteric defect is usually wide, and we opt to leave it
open.

Specific Considerations

Right Colon
In open surgery, mobilization is frequently performed in a lateral-to-medial fashion.
A key aspect in mobilizing the right colon is the opening of the peritoneum at the
level of Toldt’s fascia. The initial peritoneal incision should be made just medial to
Toldt’s fascia to avoid a plane of dissection that is excessively deep. Dissection in

Fig. 37.2 Complete removal
of lymphatic tissue during left
mesocolic excision until the
root of the inferior mesenteric
artery (IMA) is reached
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the correct plane ensures clean separation between the envelope of the mesocolon
and the retroperitoneal fascia.

In a minimally invasive approach, a retrocolic tunnel is needed. This tunnel can
be created using a medial-to-lateral approach, usually right below the tension area
obtained from lateral traction of the ileocolic vascular pedicle. An alternative option
is the bottom-up approach, starting from the peritoneal reflection of the cecum in
the right lower quadrant. The duodenum and ureters should be identified before any
vascular division is performed (Fig. 37.3). The vessels should be divided as cen-
trally as possible using clips, energy devices or staples. For complete mesocolic
excision, dissection over the axis of the superior mesenteric vein and artery allows
accurate identification of the origin of the ileocolic vessels (Fig. 37.4). A central
vascular ligation requires the division of the veins of the gastrocolic trunk, with
possible preservation of the right gastroepiploic vein (Fig. 37.5).

Fig. 37.3 Identification of the duodenum is required, with complete en bloc separation of the
right mesocolon from the retroperitoneal plane

Fig. 37.4 Central ligation on
the right colon requires
identification of the ileocolic
vessels at the level of the
superior mesenteric vessels
(SMV). Here, the ileocolic
vessels run lateral to the vein
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Transverse Colon and Flexures
The transverse mesocolon converges from the flexures to the center vascular pedicle
defined by the middle colic vessels. In comparison with the right and left meso-
colon, the transverse mesocolon is more freely mobile yet anchored by the middle
colic vessels. The hepatic flexure and splenic flexure are sites of convergence
between the transverse and right mesocolon and between the transverse and left
mesocolon, respectively.

For proper mobilization of the flexures, the greater omentum needs to be
mobilized or resected. A precise anatomical strategy is critical for the surgical
approach, mainly due to the fact that the degree of adhesions to the anterior surface
of the transverse colon varies between patients and is related to the peritoneal
reflections of the flexures, which can make the dissection more challenging. The
separation of the omentum from the transverse colon opens access to the lesser sac
and enables central ligation of the middle colic vessels (Fig. 37.6). In open surgery,
superior traction of the greater omentum reveals the dissection plane, allowing
access to the lesser sac. In a minimally invasive approach, obtaining adequate
tension to identify the plane of dissection may be more challenging but can still be
achieved with appropriate retraction and countertraction of tissues.

Mobilization of the splenic flexure is one of the most challenging aspects of
minimally invasive colorectal surgery. For proper mobilization of the mesocolon of
the splenic flexure, identification of the inferior mesenteric vein at the level of the
angle (ligament) of Treitz is required. The plane just below the inferior mesenteric
vein is entered, and dissection proceeds superiorly as the mesocolon is lifted off the
retroperitoneum. The dissection should proceed until the mesocolon is lifted away
from the anterior aspect of the pancreas (Fig. 37.7). Once this phase of the dis-
section has been completed, the lateral peritoneal attachments of the left colon are
then incised and mobilization is performed in the lateral-to-medial direction until

Fig. 37.5 Complete mesocolic excision in right-colon surgery requires complete dissection over
the superior mesenteric vessels (SMV). The gastrocolic trunk runs directly above the pancreas
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the two planes meet. After mobilization is completed, vascular ligation can be
performed. The left colic artery and the left branch of the middle colic vessels
should be divided at their origin.

A complete oncological resection of the transverse mesocolon requires full
mobilization of the flexures. The root of the transverse mesocolon can be identified
by anterior traction of the mesocolon, which creates a fold separating the mesocolon
from the small bowel mesentery (Fig. 37.8).

Left and Sigmoid Colon
The lateral-to-medial approach to resection of tumors of the left colon and sigmoid
colon allows the surgeon to lift the mesocolon over the iliac vessels, the left ureter,
the left gonadal vessels, Gerota’s fascia covering the left kidney and the distal
pancreas—important structures that need to be identified and preserved during
dissection. The mesentery of the left side of the transverse colon is attached to the
inferior border of the pancreas. During the dissection, the intersigmoid fossa should

Fig. 37.6 Complete en bloc
mobilization of the transverse
mesocolon requires entering
the lesser sac and visualizing
the posterior aspect of the
stomach

Fig. 37.7 Complete
mobilization of the splenic
flexure requires lifting the
transverse and left mesocolon
directly above the pancreas
and retroperitoneum,
respectively
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be identified relative to the lateral peritoneal attachments in order to avoid injuring
the left ureter, which is in close proximity.

In a minimally invasive approach, the resection of the mesocolon starts with
identification of the inferior mesenteric vein at the level of the ligament of Treitz.
The medial-to-lateral approach commences beneath the inferior mesenteric vein as
the mesocolon is lifted over Gerota’s fascia, gonadal vessels and the ureter. The left
ureter is closely related to the inferior mesenteric vessels and should be identified
prior to vascular ligation. For central ligation of the inferior mesenteric artery, the
peritoneum is excised just above the left iliac artery until the identification of the
aorta and the root of the vessel. The vessel can be controlled using clips, an energy
device or a vascular stapler in case of calcified or large-diameter vessels.

Anatomical Variants and Typical Abnormal Findings

Anatomical variants in blood supply are often encountered during complete
mesocolic excision. Surgeons should be familiar with these variations to avoid
causing vascular injury during dissection.

The least-variable vessel in the right colon is the ileocolic artery. The right colic
artery is the most variable vessel, arising in 40% of patients from the superior
mesenteric artery. It is completely absent in 20% of patients. The middle colic
artery usually arises from the superior mesenteric artery but is also absent in 20% of
patients.

The inferior mesenteric artery is relatively constant, but the locations of its
branches can vary. In 45% of patients, the left colic artery and sigmoid artery have a
common trunk. The left colic artery is located lateral to the inferior mesenteric vein
at the level of the origin of the inferior mesenteric artery in 73% of patients.

Fig. 37.8 A fold between the
transverse mesocolon and
small bowel mesentery at the
level of the angle of Treitz
highlights the surgical plane
to follow for complete
mobilization of the transverse
mesocolon
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Excision of the mesocolon at the level of the splenic flexure is complex not only
due to the surrounding organs but also due to variations in vascular supply. The
three most important vessels for the splenic flexure are (i) the marginal artery, also
known as artery of Drummond (present in all patients), which runs proximate and
parallel to the edge of the colonic mesentery; (ii) the central arc of Riolan (present
in 18% of patients), which joins the middle colic artery with the left colic artery;
and (iii) the meandering mesenteric artery of Moskowitz (present in 11% of
patients), which runs through the base of the mesocolon just above the ventral edge
of the pancreas and connects the proximal segment of the middle colic artery with
the ascending branch of the left colic artery. During medial-to-lateral dissection of
the inferior mesenteric vein, injury of the arc of Riolan or the meandering
mesenteric artery may compromise blood supply to the descending colon.

With respect to venous drainage, mesocolic resection of the right colon with high
ligation encounters the most anatomical variations. Identification of the veins in the
gastrocolic trunk right above the head of the pancreas is vital. Variations of drai-
nage include a superior right colic vessel and a right colic vein that can drain to the
trunk. In 20% of patients, the gastrocolic trunk is absent.

Complications

Complication rates after complete mesocolic excision range from 11.6 to 30.6%.
A 2018 meta-analysis reported a pooled overall complication rate of 22.5%.
Although most studies have reported equivalent complication rates for conventional
excisions, the largest study thus far (University Hospital Erlangen) found higher
morbidity after complete mesocolic excision (21.3% vs. 17.2%). The only study
thus far to report the rate of intraoperative complications was a Danish population
study that compared outcomes between a hospital where complete mesocolic
excision was performed routinely and three hospitals where it was not performed
routinely. The rate of intraoperative injury to intra-abdominal viscera was signifi-
cantly higher in patients who underwent complete mesocolic excision (9.1% vs.
3.6%). Injuries to the spleen and the superior mesenteric vein accounted for the
majority of the reported injuries. Postoperative respiratory failure (8.1% vs. 3.4%)
and sepsis (6.6% vs. 3.2%) were also significantly higher in patients who underwent
complete mesocolic excision.

Outcomes

Complete mesocolic excision results in superior pathology specimens and higher
lymph node harvesting than does conventional surgery. However, oncological
outcomes benefits remain unproven as most studies report higher disease-free or
overall survival using only historical cohorts. In such studies, advancements in
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systemic therapy could explain the observed differences in survival. Several studies
have also demonstrated superior oncological outcomes after complete mesocolic
excision. However, the observed differences are confounded by variations in the
quality of surgery and medical care. No randomized trials comparing oncological
outcomes between complete mesocolic excision and conventional surgery have
been published. A randomized trial currently in progress in China is expected to be
completed in 2021.

Conclusion

Mesocolon-oriented cancer surgery, with its sound anatomical and oncological
rationale, produces high-quality resection specimens and may be associated with
better outcomes than conventional colon cancer surgery. Since randomized trials
face feasibility challenges, the best available evidence will likely come from
well-designed prospective cohort studies.
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38Mesenteric Resection in Rectal Cancer

Craig A. Messick

Description of Rectal Cancer and the Mesorectum

In the later part of the 1900s, rectal cancer gained national attention as outcomes in
the U.S. were significantly worse compared to European and Asian countries. Local
recurrence rates were roughly 25–30% following resection. As a result, increased
attention by the American College of Surgeons (ACS) and the Commission on
Cancer (CoC) in collaboration with the American Society of Colon and Rectal
Surgery (ASCRS) Society of Gastrointestinal and Endoscopic Surgery (SAGES),
Surgical Society of the Alimentary Tract (SSAT), the American College of Radi-
ology (ACR) and the College of American Pathology (CAP) set out to improve
outcomes in rectal cancer. This difficult task was assumed by numerous leaders in
rectal surgery and continues to evolve. There have been landmark changes to every
aspect of rectal cancer management including enhanced diagnostic modalities
addressing circumferential resection margin, extratumoral deposits and extramural
venous invasion (EMVI), imaging-based prediction of treatment response, stan-
dardized reporting systems using synoptic reporting methods, and tailored treatment
sequences including strategic consideration of short course (5 � 5) radiation
therapy and rejection (albeit with good intentions) of a one-size-fits-all radiation
administration treatment algorithm. These adoptions have already shown
improvement in local recurrence, long-term survival rates, and quality of life.

To understand rectal cancer, the magnitude of biological and environmental
influences that cause accumulated mutational or methylated events that ultimately
result in genetic change must be appreciated. But to understand rectal cancer
treatment, as complicated as it has become, one must truly appreciate the role of the
mesorectum. Its role is becoming increasingly clear, as decisions for wide local
excision (WLE), radical resection of the mesorectum, induction chemotherapy,
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multimodal chemoradiotherapy, or total neoadjuvant therapy with surgery last are at
least in part based upon spatial relationships (extent of the T stage) between tumor
location and the circumferential resection margin (CRM) at the mesorectal fascia.

Meso is the Latin term that means middle, as in a structure that lies between, or
in the middle, of two structures. For the colon, the meso-colon lies between the
bowel and the retroperitoneum or central vasculature (Fig. 38.1a and b). Regarding
the rectum, the meso-rectum is the lymphatic and blood-vessel laden fatty tissue
that is enveloped by its own fascia and lies between the rectal wall and the sur-
rounding pelvic structures (Fig. 38.2). Those pelvic structures are as follows:
anterior boundary, rectovaginal septum (females) or Denonvillier’s fascia (males),
lateral boundary, the endopelvic fascia or pelvic side walls, and posterior boundary,
Waldeyer’s fascia. Recognition of these structures, or boundaries, is essential when
performing radical proctectomy for rectal cancer. Its complete, or enveloped,
resection may not be necessary for a proctectomy when performed for benign
disease like Crohn’s disease (CD) or mucosal ulcerative colitis (MUC), but for
malignancies including adenocarcinoma or neuroendocrine tumors, complete
removal of all the fatty mesorectum containing all lymphatic tissue is the correct
operation; nothing less is acceptable.

The mesorectum is an embryologic continuum from the mesocolon and its
development has been proposed in several differing classical theories including the
sliding and regression theories. The regression theory purports that the bowels
outgrow the dorsal mesentery extending beyond its edges, and the sliding theory is
based upon the notion that the bowels migrate to their final locations and pull their
respective mesenteries with them. These and other theories were never adopted by
main stream anatomists and embryologists. Understanding key vascular origins and
suspension locations, a series of incomplete twists and the laying down of the
mesentery on the retroperitoneum, has been much more widely accepted and
reproduced. Recognition of these unique events affords rectal cancer surgeons an
opportunity to improve upon rectal cancer management based upon embryological
origins.

Indications for Surgery of the Rectum and Mesorectum

The American Joint Commission on Cancer (AJCC) and National Comprehensive
Cancer Network (NCCN) have set clear indications for surgical resection and
non-surgical management strategies for patients with rectal cancer. However, the
decision for surgical approach is substantially different based upon the primary
tumor’s T (depth of wall invasion) stage. Tumors that are T0 or deemed muscularis
mucosal invasion or carcinoma in situ (infrequent and better termed high-grade
dysplasia) can safely be considered as pre-malignant (non-invasive) and surgically
removed with polypectomy or endoscopic mucosal resection (EMR) or transanal
excision (TAE) via an operating proctoscope, or minimally invasive (TAMIS). One
consideration the surgeon must factor in the management strategy is the size of the
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Fig. 38.1 a This is an image of the posterior surface of the mesorectum. The dissection off of
Waldeyer’s fascia, when performed correctly, yields a smooth, glistening surface as is shown in
this image. The distal mesorectum (left side of the image) appears more lobular than smooth as this
is the case when the mesorectum is transected at an appropriate margin. b This is an anterior view
of the TsME resection. The taenia coli can be seen extending down onto the upper rectum, which
then fans out to encompass the entirety of the remaining rectum. A staple line is shown here at the
distal mesorectal resection margin
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lesion and location to the sphincter complex. Standard biopsies of the tumor when
performed via colonoscopy are diminutive and may not necessarily reflect the
complete pathology of the tumor. This likelihood is greater as the size of the tumor
increases. Polyps that are 30 mm in size and return with high-grade dysplasia,
harbor around a 30% chance of invasive disease not represented in the biopsy
specimen.

It is imperative to ensure the local T stage prior to local excision to rule out the
possibility of invasion beyond the submucosa, which should be avoided outright.
Rectal cancers that are proven to be T1, invasive into but not beyond the submu-
cosa, are amenable to full-thickness excision when surgically resected, and via an
endoscopic submucosal dissection (ESD), when performed by an advanced endo-
scopist. Though it remains controversial, transrectal ultrasound (TRUS) may be
most beneficial to delineate the tissue layers within the rectal wall for rectal cancers
within a finger’s reach due to the difficulties in differentiating tissue planes near the
anus on MRI. For completeness sake of T1 rectal cancer (without high-risk [HR]
features of LVI/PNI, poor differentiation or signet ring type histology) management
following TAE or ESD, the concern for depth of SM invasion, Haggitt’s levels,
SM1, SM2, SM3 all carry very low, but inherent, risks for synchronous mesorectal

Fig. 38.2 This figure shows an anterior to posterior view from the patient’s left side into the deep
pelvis. The self-retaining retractor arms are noted and there are two towels used to retract the
bowels. A blue vessel-loop is noted and encircles the right gonadal vein and ureter. The right
pelvic endopelvic fascia (sidewall) has been resected and both the right iliac and obturator lymph
nodes have been completely removed. The right internal iliac vein (blue) and artery branches
(red) are seen as well as the obturator nerve (yellow)
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lymph node (LN) involvement, ranging from 3 to 7%, representing historical
radical proctectomy data. Lastly, where it was once thought that a 2 mm negative
resection margin at the base was necessary, data has emerged that supports the same
outcomes for negative margin only resections. Thus, for patients whose low rectal
cancers are T1 and without high-risk features, wide local (transanal) excision
(TAE) is an acceptable alternative to radical resection, which remains oncologically
appropriate also given the risks disclosed to the patients.

Non-HR T2 rectal cancers are associated with a risk of LN involvement in
excess of 25–30% and thus except in unique circumstances precludes a TAE as an
appropriate surgical approach. The percentages for LN involvement in tumors with
HRF is even greater extending up to 40% at diagnosis. For these stage Ib rectal
cancers, resection extends beyond that of concern of the local tumor margins, but
rather to the all-important mesorectal LNs. A radical resection, as initially and
eloquently described by Dr. Bill Heald, involves precise attention to the details of
the mesorectal fascia. Though LNs are not always visible on imaging, surgeons
must understand that they may reside anywhere within the mesorectum, and dis-
section yielding a completely intact mesorectal fascia at the circumferential
resection margin (CRM) with a high, central vascular pedicle ligation, must be
performed (Fig. 38.3). Leaving a single LN behind serves only as an opportunity
for local recurrences and spells certain disaster for rectal cancer patients. An intact
CRM has become standard with a 5 cm distal mesorectal and mucosal margin for
radical resections in patients who do not receive neoadjuvant chemoradiotherapy
(CRT). For upper rectal tumors, the distal resection margin of 5 cm may not require
a total mesorectal excision (TME) to the pelvic floor muscles (levator ani), but

Fig. 38.3 This figure shows a complete and intact tumor specific mesorectal excision (TsME) and
includes the sigmoid to the middle rectum. The central vascular resection with high-ligation of the
IMA is noted with yellow mesenteric fat. The posterior surface of the mesorectum is smooth and
extends to the level of the staple line which is seen at the most distal (right side of image) aspect
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rather a modified, or tumor-specific mesorectal excision (TsME). Grading systems
have been suggested to assess the “completeness” of mesorectal fascial excision but
have been met with frustration as to precise definitions and leaves some degree of
interpretation by either the pathologist or surgeon; often in disagreement.

The current standard of care for T3 lesions is concurrent neoadjuvant
chemotherapy (oral administration) with long-course radiation in the US, though
there has been an uptick in the use of short course (5 � 5). The discussion of
long-course or short-course radiation is beyond the scope of this chapter, but suffice
it to say, short-course has become more common than before and may have an
increasing role in patients with oligo-metastatic disease who need immediate
control of the pelvis with radiation and yet maintain the benefit of systemic therapy
for their systemic disease, or as part of total neoadjuvant therapy (TNT). Still, it is
paramount to evaluate the mesorectal fascia at the CRM in T3 lesions. The depth of
tumor invasion for these tumors is completely through the wall of the rectum and
into the mesorectal fat. Recognition and precise measurement of the tumor to the
CRM is critical to the preoperative treatment plan and the operative strategy. The
“early T3” or rectal cancers that are T3 but >5 mm from the CRM, have been
studied on a national clinical trial [PROSPECT, NCT01515787] to evaluate the
efficacy and outcomes of chemotherapy alone (3 months Folfox as neoadjuvant
therapy without concurrent radiation) followed by surgery, and then 3 months of
adjuvant chemotherapy. This point emphasizes the all-important mesorectum, its
margin, and its relationship to the primary rectal tumor. As the US rectal cancer
outcomes were deemed poor, the introduction of both the neoadjuvant, CRT and
focus on an anatomic dissection of the mesorectum to circumferentially dissect free
the mesorectum from the endopelvic fascia ensuring the complete resection of the
mesorectal LN were instrumental in improved outcomes. The PROSPECT trial
should shed some light on the notion of mesorectal dissection as being adequate for
early T3 tumors; furthermore, delivery of CRT for T3 has been noted, but it has
been standard for TxN1 disease as well. This practice may be questionable when
the LN is free from the CRM. Careful consideration of CRT must be entertained for
rectal cancer patients whose mesorectal LN are abutting or sitting on the CRM. For
these LNs, CRT may make most sense, however, for mesorectal LN that are clear
from the CRM, perhaps reconsideration of chemotherapy alone makes most sense
as long as the surgeon can ensure a completely intact, circumferentially dissected
mesorectum.

Never before has management of rectal cancer been so individually tailored and
complicated to ensure the best and most oncologically sound operation. To say the
least, these patients are best managed by a multidisciplinary tumor board where
discussions for treatment are belabored and decided by all stakeholders involved in
the treatment team. After CRT has been delivered, the distal margin requirement
decreases to roughly 2 cm, but not universally agreed upon, and decisions for the
extent of distal mesorectal dissection and transection should be carefully considered
based upon post-treatment imaging. If LN are visible and remain abnormal, or
suspicious on post-treatment MRI, they should be included in the radical dissection
and TME/TsME. For tumors that are below the peritoneal reflection and T3 in
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nature, surgeons should strongly consider a TME to ensure the complete mesorectal
resection, leaving no potentially positive LN behind. Numerous colorectal fellows
have heard Dr. Ian Lavery say,

You only get one chance to [manage rectal cancer patients correctly] do it right, or if you
don’t, you end up chasing the patient’s recurrences the rest of their miserable lives.

When approaching patients with this understanding, surgeons absolutely cannot
assume the role of technician, rather, maintain their status as ‘captain of the ship’
advocating on behalf of our patients at all times ensuring the best possible onco-
logic outcomes.

For the most locally advanced rectal cancers, T4, make no mistake about it, the
involved organ identified at diagnosis must be included in the resection specimen
and appropriate planning starts at their initial visit regardless of what the
post-treatment images may suggest. T4 malignancies invade posteriorly into the
sacrum or anteriorly into the bladder, seminal vesicles, vas deferens and prostate in
males, and the uterus, cervix, or vaginal wall in females. Pelvic exentorative
operations, either total or modified/posterior exentorations) require a great deal of
local resources and an exhaustive conversation with these patients right from the
start to set appropriate expectations. It seems illogical and improper to rely on either
the medical or radiation therapies to “downstage” tumors that outright involve
adjacent organs/structures. Moreover, it is inappropriate to rely on adjuvant
chemotherapy to “clean up” what should have been surgically removed. With this
approach, and following neoadjuvant CRT, the anticipated tumor treatment effect,
regression, leaves a fibrotic scar in place of tumor. And whereas there may not be
gross tumor in that scar or the previously involved organ, a radical resection that
leaves even a single tumor cell behind is unacceptable and should never be con-
sidered when there is clearly a means to complete an R0 (margin negative by 2 mm)
radical resection. This discussion should be held with the patient and any sup-
porting family members who may need to assist with an extended recovery fol-
lowing such pelvic resections. When R1 resections are anticipated (or close
margin), data from the University of Texas MD Anderson Cancer Center has shown
that use of intraoperative radiation therapy (IORT) has similar results to that of an
R0 resection, yielding this option for tumors whose resectability is feasible, but
likely close on a margin: posterior along the sacrum, or lateral pelvis along the
obturator space. All other locations should be surgically resected en bloc and
reconstructed as appropriate. This extends to both simple coccygectomies and the
more complex sacrectomies with/out internal hemipelvectomies extending to above
S3 either unilaterally or bilaterally. Such operations often are extraordinarily
challenging involving orthopedic/neurosurgery, a complex plastics reconstruction
team, and a gifted anesthesia department as these cases often will pass through three
or more anesthesiology providers during the surgery or be spread over two days. As
these require such a magnitude of resources, such operations should be carefully
considered and likely best served at institutions who perform them routinely.
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Considering all these components to the rectal cancer patient, attention to the
mesorectum is paramount and decisions for treatment and what surgery to be
performed must be evaluated on case-by-case basis.

Contraindications of Surgery of the Rectum
and Mesorectum

There are relatively few absolute contraindications to surgery on the rectum and
mesorectum, generally related to surgeon and or resource availability. Facilities
where use of intraoperative radiation therapy (IORT) is not available should not
prevent surgeons from offering rectal cancer surgery, but when its use is anticipated
but not available, referral to a more appropriate center should be performed. This is
also the same for rectal surgeries that may require additional specialties to be
involved. Lastly, whereas it may seem straight-forward to perform pelvic surgery,
the careful and precise mesorectal dissection takes training and then, dedicated
constant practice. There is not a consensus of how many mesorectal surgeries are
required to be able to consistently perform TME surgery, but the fewer a surgeon
performs typically results in inadequate mesorectal dissections yielding a greater
percentage of incomplete mesorectums. That said, one can become proficient if the
practice continues with higher volume and surgeons are held accountable to their
dissections via photographs of their specimens. This notion of accountability has
been recognized by the ACS and CoC. Practice accountability and standardization
of rectal cancer surgery has been proposed and now administered by the National
Accreditation Program for Rectal Cancer (NAPRC). With the utmost positive
intentions for continuing to improve rectal cancer patients’ outcomes through
standardization and accountability, the program now offers accreditation for hos-
pitals where rectal cancer surgery is performed including both high and low-volume
centers. This patient-centric approach has already improved outcomes in other
cancers including breast cancer, through the development of the National
Accreditation Program for Breast Cancer (NAPBC). It is likely that such programs
will be more largely adopted across most of the common cancers as the results
speak for themselves.

There are far more relative than absolute contraindications, including patient
factors such as additional medical comorbidities as well as surgeon and or resource
availabilities. Patient medical comorbidities are real and should be heavily weighted
at all stages of any surgical planning. Optimization of known cardiopulmonary
disease is critical for minimizing 30- and 90-day perioperative mortality. As there is
absolutely no rush to get patients to resection other than for the mental challenge of
‘living with cancer’ during treatment, all known medical disease should demand
attention and optimization prior to surgery including cardiovascular, endocrine,
diabetes, thyroid, nutrition, renal, coagulopathy, obesity, anemia, smoking, and
cholesterol. There is a plethora of additional areas to focus, but clearly these need
up front attention. When patients need neoadjuvant therapy, this allows the surgeon
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many months of work with patients’ primary care providers (PCPs) to optimize
their disease allowing for optimal outcomes for rectal cancer surgery.

Pelvic dissection can be very challenging not only based upon body habitus but
also more challenging following radiation therapy. Waiting an extended period of
6–9 months to operate on the mesorectum following radiation can challenge even
the most skilled, experienced surgeon. The extensive fibrosis that develops fol-
lowing radiation can make the distinction between benign fibrotic scar and
malignant tumoral invasion very challenging. Posterior dissection beyond Wal-
deyer’s fascia in an irradiated field can be more than unnervingly bloody. Injury to
presacral veins or the internal iliac vessels in the lateral pelvic compartment can
quickly produce life-threatening hemorrhage. One potential preemptive strategy is
preoperative image review; another is the availability of blood and of sacral
thumbtacks. Intentional lateral dissection beyond the mesorectal plane may be
necessary to achieve and R0 resection and should be performed when necessary.
Both urologists and the gynecologic oncologists have significant experience dis-
secting in the lateral pelvic sidewall as they routinely perform extended lym-
phadenectomies along the internal iliac and obturator lymph node basins. Lack of
experience in this location should be only a relative contraindication and consul-
tation of such services who can provide the complete lymphadenectomy in the
lateral pelvis would be advised.

Technology has rapidly advanced and the robotics platform is purported to be
beneficial especially in the narrow pelvis. It may offer superior views of the anterior
mesorectal dissection in the low pelvis between the prostate in males and the
rectovaginal septum in women when the dissection to the pelvic floor is required.
Maneuverability under the pubis bone to see this extent of dissection is painstaking
during a traditional open approach even with use of deep pelvic retractors such as
the St. Mark’s or Bright-track retractors. Still, when required for the appropriate
distal dissection, the surgeon must achieve that level of dissection regardless of
means. There are now approximately 10 years of data emerging on use of a top and
bottom approach to total mesorectal surgery by using a transanal TME (TaTME)
surgical approach. The most commonly employed approach may combine laparo-
scopy in the abdomen and a synchronous TaTME operation. Both access methods
provide excellent distal mesorectal visualization. Learning curves are different for
both and require mentoring from surgeons skilled in their use. However, before the
advent of technology, rectal cancer surgery, including open TME resections were
adequately performed and must be in the wheelhouse of every surgeon who offers
rectal cancer surgery. Remember, the TME plane is the same no matter which
approach is used and its complete resection must be performed regardless of the
approach chosen for the operation. If and when the appropriate oncologic resection
is prohibited by technology, the surgeon must resort to a different approach to
ensure the oncologic appropriateness of the operation is completed.
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Surgical Management: Technique

Approach to the posterior mesorectal fascial plane should be started only once the
sigmoid has been freed from the left lateral pelvic side wall (open technique for
lateral to medial mobilization) and the posterior mesocolon dissected free from the
retroperitoneum (including left ureter and gonadal vein) up to and just proximal to
the origin of the inferior mesenteric artery. Once the posterior plane has been
correctly identified, the retroperitoneal structures protected and the vascular pedi-
cles ligated, then the distal dissection of the mesorectum can commence. The initial
steps previously outlined assist with delineation of the inferior hypogastric nerves
as they course from medial on the anterior aorta to the sacral promontory where
they begin to separate as part of the Posterior Waldeyer’s fascia. At that level, as
they begin to dive into the upper pelvis at the level of L5/S1 junction, they splay out
coursing laterally into the lateral pelvic sidewall and become congruent with the
endopelvic fascia. Once identified, the plane is just one cell layer onto the
mesorectum, nothing more, which yields dissection into the mesorectum, and not
one cell layer onto posterior Waldeyer’s fascia, which will either injure the
hypogastric nerves, or if deeper dissection is performed, invariably intense hem-
orrhage will ensue due to injury to the presacral veins. Extreme care must be taken
not to injure these veins as they are a low-pressure system and will produce
immediate and massive blood loss. They are extremely difficult to control as they
tend to recoil into the intervertebral spaces or the foramina. Careful preoperative
review of the imaging can serve as a useful guide to identifying these vessels and
where they course so as not to encounter them. These vessels course often across
midline of the sacrum posteriorly and wind around the posterior lateral aspects as
the pelvic inlet is further dissected. This dissection is best visualized by use of the
St. Mark’s deep pelvic retractors, lighted or not, as per operator’s preference. These
retractors have an angled tip that has a lip at the end that facilitates the ‘toe-in’
motion provided at the handle. When this flattened lip is retracted distally into the
mesorectum, the plane between the loose areolar connective tissue and the
mesorectum becomes distinctly clear and proper dissection posteriorly can easily
progress.

As further dissection continues, the loose areolar connective tissue often entices
the operator, or often assistant, to dissect in the ‘safe zone’ in the middle of the
tissue. However, this maneuver will invariably lead to dissection of the posterior
Waldeyer’s facia into the specimen as part of the mesorectum and ultimately lead to
vascular injury. Deeper dissection requires advancement from the #2 to #3 retractor
and facilitates posterior visualization to the deep pelvis where the sacrum begins to
change direction and curve back anteriorly. When this is encountered, often use of
the #4 is required to dissect completely to the pelvic floor, which is observed by
muscle fasciculation when touched by the electrocautery. Dr. Victor Fazio is
well-remembered for saying “the key to a great anterior dissection is a great pos-
terior dissection.” As much as possible, and as bearable, the posterior dissection
should be completed before the anterior dissection begins. For the deep male pelvis,
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initial dissection of the lateral stalks may be necessary to facilitate exposure for the
posterior deep pelvis. In order to appropriately dissect the lateral stalks, the pos-
terior mesorectum is retracted with the St. Mark’s retractor, and the rectum is
withdrawn under tension up out of the pelvis. As this is performed, the lateral stalks
can be seen and the dissection is easily completed using the cautery extension, and
sometimes requiring the extender for the extender, from deep to anterior. The
motion is directly anteriorly from deep to superficial and the mesorectum is dis-
sected free from the endopelvic fascia. This is then repeated on the opposite side.
When an adequate amount has allowed complete posterior dissection, then the
remaining lateral peritoneum and mesorectal dissection can continue. After this
portion is completed, the dissection ends anteriorly at the peritoneal reflection.

To begin the anterior dissection, the St. Mark’s pelvic retractors are again used,
but often, down-sizing to either the #2 or #3 is necessary as the tissues are no longer
elbow deep in the pelvis. As the peritoneal reflection and bladder are lifted ante-
riorly with the retractors, there is a visible indentation that separates the typically
much thinner mesorectum from the anterior Denonvillier’s facia in men. The same
retraction is applied for the dissection in women, however, the uterus is retracted
anteriorly, or the vaginal cuff if the uterus is surgically absent, and the same
indentation is appreciated. The peritoneum is scored with the cautery and then the
mesorectal fascia and the anterior structures can be easily dissected, again, making
full use of the St. Mark’s retractors. As this dissection continues, it is vital to
understand that the orientation of the mesorectum and rectum do not continue in a
posterior dive, rather, begin to course more anteriorly, lending the dissection under
the pelvis and symphysis pubis. Review of the sagittal pelvic imaging will confirm
this direction. It is often that with use of a lap sponge, the rectum is firmly grasped
or pressed down (key point) yet pulled out of the pelvis at the same time, to
facilitate exposure. This retraction requires much practice and is easier in women
than men, but positioning, dissecting, and repositioning will facilitate complete
dissection to the pelvic floor and the operator’s fingers can completely encircle the
distal rectum at the bare area where the mesorectum obviously thins to absent and
becomes intersphincteric. When the TME dissection continues too anteriorly or too
laterally, the vaginal cuff will be easily encountered, and a typical sign of dissection
too close to these structures is nuisance bleeding. When the bare area of the rectum
(all mesorectum has been dissected distally) is encountered, this is usually met with
great joy as this signifies the end of the dissection. It is worth noting that again,
careful review of the imaging will lead the operator in the deep, lateral pelvis just
prior to encountering the levator ani muscles of the pelvic floor, to a very wide
dissection and ensures the mesorectum is not ‘coned in’ on as the dissection to the
pelvis is completed.

Laparoscopic and robotic approaches have become more common place and
their use has been boasted by optimal visualization in the deep pelvis. Laparoscopic
approaches have been difficult to maneuver over the sacral promontory, it is pos-
sible and also requires careful consideration to port placement to achieve this.
Through use of the robotics platform, the 3D camera and multiple operator arms
including an additional assistant port facilitate this dissection with superior

38 Mesenteric Resection in Rectal Cancer 381



visualization during dissection. Robotics port placement is also of concern to
facilitate dissection to the pelvic floor and they must be aligned in a semi-circular,
pattern and often require “port burping” to dissection to the floor or intersphincteric
when necessary. An angled port placement here will be prohibitive for complete
dissection to the low pelvis and fully into the intersphincteric plane. Optimal port
placement is beyond the scope of this chapter and should be based upon patient
factors, tumor location, and comfort of the operator.

For TsME dissection, the mesorectal dissection should continue several cen-
timeters beyond or distal to the level of rectal transection. This will allow for
adequate mesorectal fat and lymph node inclusion and also facilitate a tension-free
anastomosis, critical for ensuring low anastomotic leak rates. When the appropriate
level is decided, the mesorectum can be safely dissected with an energy device if
laparoscopically or robotic approaches are performed. During an open operation, or
through a Pfannensteil incision, the mesorectum is scored and the dissection along
the lateral rectal wall to underneath the rectum can be safely dissected. If the
superior hemorrhoidal/rectal artery and vein are to be ligated prior to rectal tran-
section, they may be ligated with an energy device, or between clamps with suture
ligatures and ties, or hemolock clips as appropriate. Often the dissection of these
vessels is facilitated by early rectal transection leaving only the remaining
mesorectum for transection and vessel ligation, which can be easily performed as
just described.

Surgical Complications

Early

There are many potential complications that may occur during surgery for rectal
cancer or otherwise surgery that requires a complete mesocolic excision. During
dissection, the inferior hypogastric nerves that run parallel to the aorta may be
inadvertently encountered or even injured by energy devices or transected during
standard dissection. Careful consideration of their anatomical location may improve
injury rates, though it is often that they are not discovered to be injured until after
recovery. Injury to these (both) will result in the male patient’s inability to achieve
and maintain an erection. Though there may be a delayed recovery, if gain of
function has not occurred by 6–9 months, it is unlikely there will be further
recovery of function. Proper counseling during obtaining informed consent should
pay attention to this point especially in male patients; less is understood of the
hypogastric nerve function in females but regardless, care should be taken during
dissection.

In patients with central obesity, the visceral fat may be significant, and the IMA
may be densely covered in mesenteric fat. Meticulous dissection is key to dissecting
to the origin of the IMA and its complete skeletonization should be attempted to
ensure its ligation with ties, clips, or stapler (operator preference) are able to
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occlude and stay steadfast on the transected vessel end. Ligation and transection of
the major [named] vessels (specifically the IMA) by use of an energy device is
certainly documented. However, caution should be maintained during this
maneuver. Not all vessels are the same diameter, and a larger diameter vessel may
not hold the cauterized edge for an extended time period very well. Smaller vessels
may be ligated using such energy devices with impunity, but it only takes one
patient that requires emergent reoperation for active hemorrhage for a surgeon to
never ligate that vessel with such an energy device. Additional vessels that are
easily injured resulting in major immediate complications are the presacral vessels.
Though they are often not observed, careful review of the patient’s images pre-
operatively should steer the operator away from these low-pressure vessels. Injury
to these, especially without adequate visualization, will result in audible hemor-
rhage that will stop under direct pressure, but continue upon immediate release.
These are thin-walled, large sacral vessels that often retract into the sacral foramina
when injured rendering them nearly impossible to control. Maneuvers to control
bleeding include direct pressure or packing of the pelvis as an initial move to ensure
the anesthesia providers can be ready for massive infusion/transfusion as needed.
Use of multiple suction devices to provide visualization may be required and then
use of the cautery on a maximal setting and using an “arcing” technique may slow
or stop the bleeding. Another way to control this hemorrhage is suture ligation
using 4–0 or 5–0 prolene suture. Wide bites may be necessary and extreme care
must be taken not to put the suture under tension until the knot is tied down, or
further vascular injury will ensue and lead to further hemorrhage. When these
maneuvers are unsuccessful, a small plug of rectus muscles can be placed over the
vessel/area of hemorrhage, and then again, using the cautery on max setting and as
an arc without direct contact, the rectus plug is essentially welded to the site and
halts hemorrhage due to direct pressure. If further hemorrhage is encountered,
strong pelvic packing may be the last resort and close the abdomen to return to the
operation in a 24–48-hour period with additional operator assistance.

During IMA dissection, if improper identification of the left gonadal vein and
left ureter has not occurred, the left ureter may be incorporated into the IMA
transection, especially when MIS approach is made. To prevent this injury at this
location, the IMA must be completely skeletonized, especially on the posterior and
left sides. When the vessel is completely isolated, then the operator can be sure the
left ureter is maintained in the retroperitoneum and free from transection during
IMA ligation. As the dissection continues for both MIS and traditional open
approaches, the ureter is deeper in the retroperitoneum than the left gonadal vein,
and visualization of both structures will further decrease the chance of left ureter
injury. Often the gonadal vein is thin and look very similar to the ureter. As well,
the ureter may not vermiculate, to clearly reveal it as the ureter. The ureter should
be dissected off the posterior surface of the sigmoid mesentery as it crosses over the
common iliac artery and vein and begins its pelvic trajectory to the bladder in the
lateral pelvic compartment, outside the endopelvic fascia. When the ureter is injured
along its course adjacent to the iliac vessels, the repair is much easier than its
transection more proximally by the IMA. It should be clearly stated that when
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injury is identified, a urologist should be consulted for an optimal repair. If a
urologist is unavailable, then full bladder mobilization should suffice for a tension
free anastomosis (standard principle) with a primary re-implantation over a double-J
stent is sufficient. It is prudent to place an adjacent drain incase of anastomotic leak.
Suture here is critical and only an absorbable monofilament suture should be use,
and never a braded suture, absorbable or permanent, due to risk of stone formation
and chronic fibrosis leading to stricture. In the event a primary uretero-ureterostomy
is required, the ends require full mobilization and should be “freshened up” by Potts
scissors to remove any injured tissue. A spatulated, end-end anastomosis again is
fashioned in the same way over a stent and a drain is placed adjacent to collect any
urine leakage. Best outcomes are achieved when immediate identification and ureter
repair are made as opposed to delayed identification.

Lastly, following any gastrointestinal surgery where bowel is resected continuity
is restored, there is an inherent risk for an anastomotic leak. However, a leak
following any rectal surgery has perhaps greater consequences. Ileocolic anasto-
motic leak rates vary in the literature but are currently reported around 7%
according to NSQIP data. This seems tragically high, and for colorectal or coloanal
anastomoses, the rates are even higher up to 10–12%. Consequent to a leak in the
pelvis, overwhelming pelvic sepsis secondary to stool into the pelvis has disastrous
consequences including death, but to a lesser degree and still importantly, pelvic
floor dysfunction. It is well stated that a diverting stoma (loop colostomy or
ileostomy) does not prevent a leak but diversion helps prevent overwhelming pelvic
sepsis by minimizing the amount of stool in the pelvis. When leaks occur, reop-
eration is typically required for washout and control with diversion (if not previ-
ously diverted) and wide drainage for control.

To minimize the risk of leak, there are two fundamental principles: absence of
anastomotic tension and pulsatile blood supply to both ends. One way to help
ensure that this mandate is met is routine splenic flexure mobilization. An operative
approach that starts with the plan to mobilize the flexure instead of one that requires
it to be mobilized only after the anastomosis is perhaps under tension, provides a
much smoother and likely faster operation. Additionally, the approach for a high
ligation (open or MIS) with central mesenteric dissection should be performed for
all rectal cancer surgeries. This necessitates a complete mesocolic lymphadenec-
tomy onto the aorta and will facilitate adequate reach into the lower pelvis. To gain
additional length, especially for low pelvic or anal anastomoses, the IMV must be
ligated just lateral to the duodenum. Additionally, fully dissection of the transverse
mesentery off the inferior border of the pancreas will be necessary to complete the
splenic flexure mobilization. Lastly, complete dissection of the mesentery off the
para-aortic retroperitoneum facilitates reach of the descending colon into the distal
pelvis and even to be pulled through the anus for a hand-sewn anastomosis as
indicated.

Upon completing a colorectal anastomosis, it is appropriate to investigate the
integrity of the anastomosis and for any possible sign of a leak. Initial assessment
begins with the anastomotic rings, or donuts as they are frequently termed. Once the
safety has been put back on the stapler, the motion to remove the stapler from the
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rectum is critical, and often performed in such a way that puts additional radial
tension on the anastomosis. Given the stapler is curved and not linear, when the
hands are twisted, the functional end of the stapler will twist, moving the entire
anastomosis in a circle creating tension at the anastomosis. This can be avoided
quite easily, however. Instead of twisting the stapler using at the user’s wrists, the
hands of the user are moved around in a wide circle leaving the functional end of
the stapler in-line with the colon and rectum and subsequently decreasing the
unnecessary tension during stapler removal. The anvil is then separated from the
stapler and donuts can be assessed; if the proximal anastomotic donut is unable to
be removed without damage, the entire anvil and donut can be submitted to
pathology as one specimen. To avoid damage to the distal donut and disrupt the
rings, the surgeon should first withdraw the spike fully into the device and then
remove the white ring from the end of the device using a hemostat or other
instrument. Once removed, then the donut (tissue) can be safely removed from the
stapler end. If during these maneuvers the donuts are not intact, the anastomotic
leak rates have been shown to be higher than anastomoses with intact donuts.

Further evaluation of the anastomosis can then be performed using either flexible
or rigid sigmoidoscopy. The pelvis is filled with fluid, typically isotonic solution
(normal saline) but can also be sterile water (often used in cancer cases) and the
proximal colon is clamped by either atraumatic bowel clamps (Glassman’s) or
simply an operator/assistant’s fingers. The surgeon between the legs performs a
digital anorectal exam feeling for the height of the anastomosis (when palpable),
luminal patency, and any palpable defects if obvious. Following the digital exam,
the sigmoidoscope is inserted just proximally to the anorectal ring (top of the
levator ani) and gentle air insufflation can begin. Under direct visualization, the
scope is advanced just beyond the anastomosis. During this maneuver, when using
a rigid sigmoidoscope, it is prudent to always have suction available to assist with
optimal visualization. When completely visualized, the entire circular anastomosis
should be intact, with visible staples, and not hemorrhaging, though mild ooze may
be present and self-limited. Careful attention to anastomotic hematoma formation is
critical as the pressure and tension that develops can be enough to result in local
ischemia leading to anastomotic failure and subsequent leak. Rectal dogears that
were created if the distal rectal margin was transected using a stapler will also be
visible, however, there will be no dogears if a double purse-string anastomosis was
performed. Though this may be more difficult to perform, there are some data that
support that technique over a double stapled anastomosis. If a steady hemorrhage is
identified, the anastomosis can be revised if there is room, but conservative mea-
sures including an interrupted trans-anastomotic suture maybe used to control the
bleeding. If unable to perform from outside the bowel, then endoscopic means
should be considered. Endoscopic clips may be useful as well as injection with
epinephrine, however injecting epinephrine into a fresh anastomosis seems some-
what illogical as it may cause ischemia in addition to control of hemorrhage. If it is
only a mucosal hemorrhage, local intraluminal cautery can be easily used and very
beneficial.
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One last measure that has gained popularity to investigate the integrity of the
anastomosis is use of fluorescence angiography. Fluorescent dye can be injected
through a peripheral vein by the anesthesia providers. This travels to the gas-
trointestinal tract via arteries and then to capillaries. Sterile hand-held technology
during traditional open approaches and during MIS (robotic and laparoscopic)
surgeries will allow for visualization of the fluorescent dye in viable, or adequately
perfused, bowel walls. This requires only a matter of seconds to be distributed to the
entire bowel. Areas that are not fluorescent reveal inadequately perfused bowel and
those areas should be considered non-viable, or ischemic. If the anastomosis
appears to be ischemic, evidenced by lack of fluorescence, it should be taken down
and a more viable conduit provided for the anastomosis. Routine use of technology
may not be necessary if routine visualization of pulsatile bleeding from the marginal
artery is observed and no tension is appreciated at the anastomosis, though
recognition of their availability is critical to ensure the correct decisions are made.
Attention to all these details provides optimal patient outcomes and better long-term
function for patients.

Late

There are several very debilitating long-term, or delayed, complications that arise
from rectal surgery when the complete mesorectal envelope is dissected from the
endopelvic fascia. Injury to splanchnic nerves that reside around the anterior dis-
section planes, just below the seminal vesicles and prostate in males (too small to
see typically) have been associated with sexual dysfunction but differently than the
paired inferior hypogastric nerves. Injury to the splanchnic nerves at that level will
result in a retrograde ejaculation. This is disturbing for men when they have an
absent ejaculation, but it should be stated that from a functional standpoint, all other
sexual functions remain normal. The retrograde ejaculation returns to the bladder
instead of exiting the body through the urethra. It has been reported that recovery of
normal antegrade ejaculation can be achieved through normal healing time up to
9 months. After 9 months it is unlikely that further recovery of baseline function
will return.

A more significant late complication is bowel dysfunction. A great deal of
attention has been turned to quality of life aspects following rectal surgery. It
remains unclear as to when the expected post-operative bowel dysfunction that
immediately follows organ preservation turns into what has been collectively ter-
med the low anterior resection syndrome (LARS). A great deal of controversy
exists regarding LARS, its full spectrum of symptoms, treatment, and prevention,
but both clinicians and patients recognize it and patients suffer through it for many
months before any improvement is reached. A recent Delphi analysis aimed at
generating a consensus statement was completed and provided great insight into
LARS. Symptoms included unpredictable bowel function and stool consistency,
fecal urgency, fragmentation, stacking, difficulties emptying. However, when
patients develop these symptoms, they must be coupled with at least a consequence,
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as not all patients are bothered by their symptoms to the same degree and thus have
no difficulties with management. Consequences included significant time on the
toilet, a preoccupation with bowel function, social and sexual activity, inability to
appropriately perform work-related duties, and several others. Additionally, the
observed symptoms that patients experience require a significant impact on their
lives. Though the collective agreed upon symptoms are wide-ranging, not all
patients will develop all of them, and some patients may even only develop a few.
There is much to research regarding LARS and its development following organ
preservation surgery including the mesorectum.

Summary

Review all imaging prior to an operation that involves mesorectal dissection. CT
and MRI images provide meaningful data regarding metastatic disease, but they are
pivotal for correct surgical technique to provide appropriate oncological margins.
The images serve as a road map to getting in, successfully resecting the mesorectum
and getting out of the pelvis without injury to vital structures.

Know where normal anatomical structures are supposed to reside and prepare for
them during each move to ensure they are identified prior to injury. Injury pre-
vention is key to a great outcome and continuing the proposed surgical plan.

Recognition of the local T and N stage of patients with rectal cancer is vital to
ensuring they are treated with an appropriate use of neoadjuvant chemotherapy or
radiation. Knowing the precise T and N stage may spare patients unnecessary
treatment that is otherwise toxic and not beneficial. Recognition of the precise
tumor location within the upper, middle, or lower rectum is just as critical to
provide the patient with the best treatment.

Attention to surrounding anatomic structures is important to prevent organ injury
such as presacral vessels and the ureters. Their anticipation during dissection will
facilitate their being spared from injury during tedious dissection. But when injuries
occur, consultation with a urologist will provide optimal outcomes for the patients.

The approach to rectal surgery should be individualized to each patient and their
pelvises considered unique to the operator. This, combined with surgeons consid-
ering themselves as surgical anatomists, will lead them to be best prepared for the
subtle, but important, anatomical variances that exist between patients and facilitate
fewer complications and unanticipated inhibitors to the planned operative approach.
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39Mesenteric Resection in Crohn’s
Disease

Sherief Shawki and Steven D. Wexner

Introduction

While current armamentarium of medications play a substantial role in Crohn’s
disease (CD) remission and maintenance, still significant number of patients will
require operative intervention when their disease is refractory to medical treatment,
progress while on medications, develop complications or become end stage fis-
tulizing and/or stricturing disease.

Although CD is mainly an intestinal disease. However, recent interest in the
bowel mesentery in general, and especially in the extra-intestinal mesenteric
manifestations that is tightly coupled with intestinal pathological features drew the
attention to a potential role of the mesentery in CD. It has been proposed that the
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bowel mesentery has its own substantive anatomic entity, as well as physiologic
distinctiveness that it is no longer regarded as bystander tissue in human body.
Being highly involved and active in local and systemic inflammatory response
increased its recognition of centrality in homeostasis in disease process.

CD has a recurrent nature which results in a second surgical resection in about
40% of patients. It had been advocated that extended resection of the involved
mesentery, regardless of its role primary or secondary, as opposed to limited
resection may result in reduced recurrence of the disease. However, dealing with
CD mesentery is challenging and associated with risk of bleeding. The recurrent
nature also prompts bowel conservation resection. Some concerns exist related to
extended mesenteric resection and associated more bowel resection than needed.

This chapter will review the main aspects evaluating the involvement of the
intestinal mesentery in Crohn’s disease and assess whether the mesentery has an
independent net negative pathologic role in the disease process. Subsequently
technical aspects of mesenteric resection in CD will be discussed.

The mesentery had traditionally been considered a “bystander” in CD. However,
some authors have proposed that morphologic, and functional abnormalities in
mesenteric structures may contribute to intestinal inflammation in CD. This bidi-
rectional relationship could explain involvement of the mesentery in disease initi-
ation and conceptually to disease recurrence.

Gross Features of the Bowel and Mesentery in Crohn’s
Disease

Gross examination of both diseased intestine and its associated mesentery provides
increasing evidence that the mucosal and mesenteric diseases are topographically
correlated in Crohn’s disease. Where the disease is located in the intestine, there are
associated changes in the respective mesentery including increase in visceral adipose
tissues and fat wrapping. The creeping fat occurs whenmesenteric fat extends onto the
surface of the intestine. Themucosal ulcerations are usually confined to themesenteric
side of the intestinal lumen. These findings correlate with degree of disease severity.
At the margin of the diseased segment the mesentery changes in a graduated manner
back towards its normal pattern. A similar corresponding transition zone exists on the
intestinal lumen where the mucosal disease ceases. These changes occur immediately
opposite themesenteric transition zone. Thus, the topographic coupling of mesenteric
and intestinal disease points to a pathobiologic link.
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Histopathologic Features of the Bowel and Mesentery
in Crohn’s Disease

Similar to the gross coupling of pathological changes in both mesentery and
intestine, a similar correlation exists on the microscopic level where significant
mesenchymal abnormalities in the mesentery closely resemble those observed in the
submucosa. The histologic examination of the normal mesentery demonstrates a
contiguous surface mesothelium overlying the mesentery. Underneath, there is a
supportive connective tissue layer of variable thickness. This layer provides further
connective tissue septations that compartmentalize the mesentery. At the interface
between the mesentery and the intestines, the mesenteric connective tissue is
contiguous with the intestinal serosa. In fact, there are additional connective tissue
septations that further penetrate the underlying longitudinal muscular layer of the
intestine.

In CD, the diseased mesentery is characterized by hyperplasia of both ade-
pocytes and mesothelial cells as well as thickening of the connective tissue
framework. These changes continue to occur at the intestinal-mesenteric interface
and continues through the submucosa where there is a strikingly similar histologic
features including adipocyte hyperplasia and connective tissue thickening. This
bipolar pattern of mesenchymal abnormalities distribution might contribute to the
transmural nature of the condition. This suggests that the transmural features of
Crohn’s disease are contributed to from both within at the submucosa level and
from without at the mesentery level.

Mesenteric Adipose Tissue and Crohn’s Disease

Mesenteric fat hypertrophy and fat wrapping have been recognized as indicators of
severe Crohn’s disease. The effect of visceral fat on the postoperative course in CD
was studied. Mesenteric adipose tissue could contribute to intestinal and systemic
inflammation by secretion of cytokines and adipokines. Increased mesenteric fat has
been shown to correlate with CD activity and is associated with an increased risk of
postoperative recurrence, suggesting that mesenteric fat is involved in the disease
process of Crohn’s disease.

It had been demonstrated that in the mesentery of patients with Crohn’s disease,
there is an imbalance between CD3+ T cells and CD14+ myeloid cells with sig-
nificant deviation towards the myeloid population associated with an altered
proinflammatory phenotype of macrophages. The presence of these changes irre-
spective of a defunctioning stoma, suggests a mesentery-specific rather than a
reactive inflammation-induced phenotype.
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Preliminary data extracted from CD patients, who underwent ileocolic resection
or proctectomy, demonstrated a gradient in the mesentery where very few regula-
tory macrophages present surrounding the severely inflamed bowel, but increasing
proportions of these cells exist towards the normal resection margin and central
vasculature. This microscopic examination reflects a cutoff zone beyond which the
advantages of further extended mesenteric resection does not outweigh the disad-
vantages of tissue damage.

Lymphatic System, Mesenteric Lymph Nodes Granulomas
and Crohn’s Disease

Mesenteric lymph nodes, present along the entire gastrointestinal tract, receive
antigens from the bowel via lymphatic vessels. Another important function of this
mesenteric lymphatic system is to regulate the pressure of the interstitial fluid by
transporting excess fluid back into the circulation. This physiologic feature requires
patent lymphatic vessels and functioning nodes. Lymphatics are heavily involved in
immune cell–driven chronic intestinal inflammation by promoting immune cell
egress which is consistent with the speculation that lymphangitis may be a cause or
a consequence of CD.

The association between the presence of granulomas and the recurrence of CD
remains controversial. Non caseating granuloma, identified in between 9 and 60%
of patients with CD has long been considered as a histologic hallmark for CD.
While the prognostic significance of the granuloma remains unknown, many
investigators have attempted to link the presence of granulomas with postoperative
recurrence and disease severity.

One study aimed to assess the predictive value of the presence of granulomas in
MLN as well as in bowel wall for postoperative recurrence of CD. Surgical
pathology reports of patients who underwent index ileocolic resection were
reviewed and presence of granuloma in the bowel wall (29.4%) and in the
mesenteric lymph nodes (11.9%) was confirmed. The study found that the presence
of granulomas in the intestine per se was not associated with recurrence of CD.
However, the presence of granulomas in MLN was an independent predictor for
both endoscopic recurrence mesentery is thickened, edematous CD after the index
ICR and ICA.

There had been interest in correlation between lymphatics and CD. One of the
histologic features noted in CD is the obstructive lymphocytic lymphangitis and
increased lymphatic vessel density. Decreased lymphatic vessel density had been
also shown to be associated with a high risk of postoperative endoscopic recurrence
suggesting that perhaps the dysfunction of lymphatic flow in the gut is somehow
involved in recurrence of CD. The presence of granulomas in CD had been found to
be associated with abnormal lymphatic vessels.
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Based on these observations, granuloma formation within the mesenteric lymph
nodes may interfere with lymphatic flow. This problem may lead to obstructed short
segments of the regional lymphatics, which might be associated with segmental
intestinal diseases such as CD. Mesenteric adipose tissue alterations in Crohn’s
disease are associated with lymphatic system dysfunction.

The mesenteric adipose tissue transformations in CD seems to be associated with
the pathologic changes in the lymphatic system. This relation between mesenteric
adipose tissue hyperplasia and lymphatic system in CD has been explored. Dis-
ruption of lymphatic system including lymphangiogenesis, lymphatic vessel dila-
tion and obstructed lymphatic vessels and loss of tight junctions proteins have been
demonstrated. This cascade results in a reduction in lymphatic drainage. Further-
more, the lymphatic vessels were discontinuous and/or ruptured with resultant
leakage of antigens, digested lipids, and inflammatory cells into the mesentery
promoting adipose tissue proliferation. The locally release cytokines from leaking
lymphatics and irritated mesenteric adipose tissues further augments the inflam-
matory reaction in the mesentery.

Timing of Mesenteric Events in CD

Timing of mesenteric changes in CD in regards to the sequence of intestinal
pathologic events is crucial. Based on the “mucosa first” theory, and the traditional
believe that CD is mainly a luminal disease, then mesenteric alterations are sec-
ondary. However, there had been emerging radiographic data suggesting that
mesenteric changes may occur early in the disease process. MRI-based imaging
studies demonstrated some mesenteric abnormalities in the absence of endoscopic
mucosal disease. The detected abnormal mesenteric hypervascularity was found to
be predictive of subsequent development of CD.

Risk Factors for Recurrence and Extended Mesenteric
Resection

After surgical resection, factors associated with postoperative recurrence include
young age at diagnosis, penetrating disease type, tobacco smoking, extensive ileal
disease/resection, short time interval between diagnosis and need of first surgery.
Furthermore, the presence of family history of inflammatory bowel disease
(IBD) and active smoking at the time of the index ileocolonic resection (ICR) are
associated with an increased risk of the second ICR. However, the type and extent
of mesenteric resection had not been recognized.

One study aimed to correlate limited versus inclusive mesenteric resection and
rate of surgical recurrence during ileocolic resection in CD. Group A, n = 30,
underwent conventional ileocolic resection with a limited mesenteric resection and
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the mesentery was divided flush with the intestine. Group B, n = 34, on the other
side underwent corresponding mesenteric excision. Interestingly the cumulative
reoperation rates were 40% and 2.9% respectively, P = 0.003. The lymph node
yield was higher in group B, [12 vs. 2.4, P = 0.002], and indeed, surgical technique
was an independent factor in determining outcome. Furthermore, advanced
mesenteric disease predicted surgical recurrence. Based on the above discussion, it
seems that endoscopic and surgical recurrence of CD can be reduced by
mesenteric-based surgical strategies in this benign disease.

Mesenteric Resection in Crohn’s Disease

The normal, non-inflamed, mesentery is soft and easy to handle surgically, in both
the open and laparoscopic scenarios. Its vascular and avascular regions can be
identified and differentiated. Hence a safe resection with secured control of the
vascular pedicle and its arcades can generally be accomplished.

In CD, the mesentery is thickened, edematous, and stiff yet the tissues are very
fragile. Due to the severe inflammation there is high arterial inflow and venous
congestion associated with opening of the vascular collaterals. Collectively, is
challenging if not impossible, to differentiate vascular and avascular mesenteric
territories. Furthermore, in severely inflamed mesentery, the thickened tissues do
not only interfere with proper vascular control but also with secured ligation.
Because of these features, many surgeons tend to divide the mesentery flush with
the intestine avoiding digression into the body of the mesentery to reduce the risk of
intraoperative hemorrhage.

Occasionally, the mesentery will be foreshortened secondary to the chronicity of
inflammation. This results in altering the native anatomy, mainly bringing the main
blood vessels toward the specimen. Extreme caution should be exercised during
vascular control to avoid inadvertent ligation of main blood vessels at the base of
the mesentery. Should bleeding ensue, blind control by clamping mechanism may
result in injuring important nearby structures such as duodenum, ureters, or if it is in
small bowel mesentery the superior mesenteric bundle. In order to avoid such
dreaded situation, proper mesenteric mobilization should be achieved, and anatomy
of the specimen should be properly identified followed by deciding on the outline of
mesenteric resection.

Currently, the majority of index CD surgeries are laparoscopically conducted. If
the mesentery is not thickened, then mesenteric resection can be conducted
intra-corporeally or extra-corporeally. This step may be undertaken using energy
devices. However, avoiding usage of these devices in thick mesentery is advised for
the above-mentioned reasons.

In the settings in which the mesentery laparoscopic full mobilization followed by
extraction and mesenteric division may be preferred. The appropriate incision is
crucial for accessibility and proper vascular control. Caution should be exercised to
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avoid traction on the specimen as force may easily cause bleeding at the base of the
fragile easily torn mesentery, further complicating the situation.

In the bulky, fragile, and inflamed mesentery, where it is very difficult to dissect
around the mesenteric vessels and bleeding could easily occur, the author prefers to
use overlapping crushing technique using Kocher clamps. In this technique, a series
of Kocher clamps are placed on the body side of the resection line in an overlapping
fashion starting at the bowel transection point and heading to the base of mesenteric
resection. Kelly clamps are placed on the specimen side. After placement of the first
Kocher clamp, a larger size, and longer Kelly clamp is placed, on the specimen side,
so that its tip surpasses the Kocher clamp. The mesentery is divided with a scissors
to just before the tip of the Kocher. Subsequently, another Kocher is placed thus
overlapping the first one and extend beyond the tip of the Kelly clamp. Then
another Kelly clamp is placed. This process is continued until the mesenteric
resection point is reached safely. Then, the mesentery is secured with overlapping
suture ligature. These sutures include part of the tissues secured by the nearby
Kocher clamp. In this way, it is guaranteed that all blood vessels (main and col-
laterals) are secured with the least manipulation of the mesentery and avoid blind
penetration of the mesentery to place clamps.

Conclusion

It seems that there is a link between the mesentery and the intestine in CD. With the
evolution of the intestinal disease there are associated concomitant mesenteric
pathologic changes. These changes occur in a topographic relationship within the
distribution of the disease in the bowel.

While it is believed that any mesenteric changes are primarily protective,
emerging data are suggestive that mesenteric pathologic changes associated with
CD could potentially be pathogenic. Specifically, leaving a residual
diseased/inflamed mesentery could result in retained focus of inflammation acting
as the culprit for early post-operative CD disease recurrence.

However, the current situation of mesenteric events in the context of pathologic
evolution of CD and its recurrence remains under debate and further randomized
studies are currently underway to investigate its role in recurrence and whether
extended mesenteric resection in a way similar to oncologic resection is beneficial
and associated with decreased recurrence.
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40Mesenteric Resection in Crohn’s
Disease

Tara M. Connelly, Shoaib Ashfaq, and J. Calvin Coffey

Introduction

Until recently, the requirement for surgery in Crohn’s disease had remained largely
unchanged. In addition, the requirement for re-operation was unchanged.
Mesenteric-based surgical treatment strategies emerged and became the standard
approach in the management of colon and rectal cancer. The same has not occurred
for the management of conditions such as Crohn’s disease. The convention in
Crohn’s disease is to remove the intestine and leave the mesentery with which the
intestine was continuous.

In tandem with the development of mesenteric based surgical treatment strate-
gies in other areas of colorectal surgery, our understanding of the mesentery
improved significantly. It is now recognized that the mesentery is one structure and
that it connects all digestive organs with the rest of the abdomen. In turn the
complex of mesentery and abdominal digestive organs, linked across the mesentery,
determines the peritoneal landscape within the abdomen. This realization meant that
the mesenteric-based principles of colon and rectal surgery could be applied at all
levels of the abdominal digestive system. Together, these developments prompted
the inclusion of the mesentery during resections for Crohn’s disease, and an
assessment of the associated outcomes.

One of the most reliable measures of the success or failure of a treatment in
surgery is the requirement for re-operation. Rates of reoperation in Crohn’s are up
to 9% in the first three months after surgery. Lifetime postoperative recurrence rates
are up to 80%. In general, most people do not wish to undergo an operation. This
applies in particular to patients with Crohn’s disease as these are young patients, in
the prime of their lives, embarking on establishing independent careers. Crohn’s
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disease generally tends to affect people in that particular age bracket and so the rate
of surgery is a particularly reliable indicator of the stage of the disease.

A further point of importance is that surgery does not cure Crohn’s disease.
Following surgery, the pathobiologic process involved in the first instance
recommences. Patients develop symptoms and ultimately may develop complica-
tions. This means that the disease appears to recommence and then progress. The
best that we can hope for at the present is to slow or halt disease progression in the
postoperative period.

Inclusion of the Mesentery During Ileocolic Resection

Long-Term Outcomes

A recent study by our group included the mesentery as part of resections in patients
with Crohn’s disease of the ileocolic region. Outcomes in this group were compared
with patients in whom the mesentery had not been included in the resection. We
found that re-operation was required in 2.5% of this cohort of patients. This con-
trasts with a re-operation rate of 40% in patients undergoing a conventional
resection. This difference was statistically significant. Importantly, other factors
such as smoking can also influence the requirement for re-operation. When we
controlled for these factors in a multivariate analysis, the type of surgery (i.e.
whether the mesentery was included or not) was retained as a factor affecting the
rate of reoperation. This means that the surgical technique employed is an inde-
pendent predictor of the requirement for re-operation.

Short Term Outcomes

The next question to ask is is it safe to remove the mesentery? One could claim that
removal of the mesentery is a more radical operation than the conventional, because
more tissue is removed. Alternatively, one could conclude that it is less radical, as
one is detaching the mesentery along the embryological planes on which it was laid
down in the first instance. During the conventional operation one is disrupting the
intersection between the mesentery and the intestine, a zone that is highly vascular
and full of nerve endings and lymphatic channels. This does not apply during
controlled division of the fully mobilized mesentery.

We also examined the rate of short term complications after resection of the
mesentery and found that this was not increased in comparison to the rate seen after
conventional surgery. In addition, we noticed that some complications occurred at a
reduced rate in the group in which the mesentery was removed, compared with the
conventional cohort. This data suggests that the short term (i.e. postoperative)
complications associated with inclusion of the mesentery may be less than those
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seen with conventional surgery. This is potentially explained by the more embry-
ological and less disruptive nature of mesenteric resection.

Indications for Inclusion of the Mesentery During Surgery
for Crohn’s Disease

There are several phenotypes of Crohn’s disease. To date, our group has investi-
gated inclusion of the mesentery in most types (with exception of disease involving
the upper gastrointestinal tract). We found that it is possible to conduct this type of
surgery in patients with Crohn’s colitis, in those with small intestinal Crohn’s
disease, in patients requiring removal of the rectum (proctectomy) and in patients
who had an ileal pouch constructed that no requires excision.

These findings do not mean that the mesentery can be included in all surgical
cases. We have a cohort of patients who underwent emergency surgery and were
found to have disease so advanced it was not possible to remove the mesentery
without placing the patient’s life at risk. This is an unacceptable risk in a condition
in which mortality occurs at a very low rate. In these patients we re-routed intestinal
contents away from the diseased intestine, into an ileostomy. All patients recovered
well and achieved an excellent quality of life. However, leaving diseased intestine
is not recommended as symptoms will recur and worsen, and there is a risk of
developing a malignancy with prolonged inflammation. On that basis we performed
a staged repeat laparotomy in these patients and were able to remove the diseased
intestine at the second operation. We were also able to restore intestinal continuity
at the second operation. This means that mesenteric resection is not safe to conduct
in a subgroup of patients. In this subgroup, a staged approach to resection may be
more appropriate.

The Mesenteric Transition Zone

There are other means by which mesenteric manifestations of disease can be
exploited to aid in the surgical management of Crohn’s disease. For example, our
study examining removal of the mesentery also highlighted the mesenteric transi-
tion zone, the zone at which the mesentery changes from normal to abnormal. If the
resected specimen is opened and examined at this zone, one finds that mesenteric,
mural and mucosal disease all start and increase in tandem at this zone (Fig. 40.1).
This means that the surgeon can place the proximal intestinal incision just proximal
to where mesenteric changes commence and be sure that all mucosal disease will be
resected. The mesenteric transition zone is thus extremely important as it enables
the surgeon conserve as much intestine as possible, whilst simultaneously being
assured that all disease is being removed.
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Advanced Mesenteric Disease Predicts Increased Surgical
Recurrence

In addition, we also found that the extent to which the mesentery wrapped around
the circumference of the intestine (i.e. fat wrapping) predicted the likelihood of
postoperative progression requiring reoperation (Fig. 40.2). The greater the amount
of fat wrapping the greater the likelihood of a patient requiring re-operation (as-
suming they had undergone a conventional resection as their index procedure). This
finding means that patients can be identified who are increased risk of progressive
postoperative disease. This helps gastroenterologists in identifying those patients
who might benefit from adjuvant treatments.

Fig. 40.1 The mesenteric transition zone in Crohn’s disease. The zone at which the mesentery
changes from normal to abnormal is shown. The start of mesenteric, mural and mucosal disease are
demonstrated (Copyright J. Calvin Coffey)
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Discussion

The data regarding removal of the mesentery in Crohn’s disease can be considered
as preliminary which means that it requires confirmation by other investigators and
also further investigation. Early reports are emerging from other groups supporting
the observation that removal of the mesentery is associated with reduced recurrence
in Crohn’s disease (Fig. 40.3). In addition, data is emerging that removing the
mesorectum during proctectomy for Crohn’s disease (i.e. where the rectum is being
removed) is associated with improved outcomes.

Fig. 40.2 Fat wrapping in
Crohn’s disease. The extent of
fat wrapping on the bowel
surface correlates with
mucosal disease (Copyright
J. Calvin Coffey)

Fig. 40.3 Conventional versus mesenteric based small bowel resection for Crohn’s. The purple
lines demonstrate the traditional mesenteric sparing, ‘non-oncological’ Crohn’s small bowel
resection versus the novel mesenteric based excision
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Over the past years several studies that focus on the link between adipocytes,
lymphatics and intestinal inflammation have identified mechanistic cellular and
molecular signaling pathways that could explain the benefits being seen with
removal of the mesentery. Studies suggest variations in signaling pathways in
Crohn’s involved mesenteric adipose tissue. Supportive evidence has also emerged
in relation to another operation for Crohn’s disease that is also increasing in
acceptance. This is the Kono-S procedure. At first sceptics criticized inclusion of
the mesentery in resections for Crohn’s disease. They said that data related to the
Kono-S procedure (in which the mesentery is retained) indicates that the mesentery
does not have to be removed. However, a closer look at the Kono-S will demon-
strate that as part of the procedure, an intestinal anastomosis is created that is
circumferentially free of mesentery (and any inputs the mesentery may be generate).
As such, observations related to the Kono-S support those related to removal of the
mesentery.

Others who criticize removal of the mesentery cite reduced recurrence rates in
association with stricturoplasty (where the mesentery is retained). However, the
fundamental aim of stricturoplasty is to widen the lumen of the intestine. By so
doing the circumferential length of the intestine is increased. This means that the
zone where the mesentery intersects the intestine is altered relative to the remainder
of the circumference, thus altering the effects of mesenteric inputs. So, it can also be
argued that the benefits seen with stricturoplasty may also support a role for altering
mesenteric inputs.

The above findings signal that we are at an exciting time point in the surgical
management of Crohn’s disease. Some suggest that the recurrence rates associated
with new procedures are such that perhaps we should be considering introducing
these earlier in the treatment paradigm, rather than subjecting patients to many years
of medical treatments which interrupt their lives considerably and ultimately which
only serve to delay the inevitable requirement for surgery.

Conclusion

In conclusion, the mesentery may be safely included in resections in patients
undergoing surgery for Crohn’s disease. Early data indicate this is associated with
reduced rates of progression to requiring reoperation. These findings need to be
repeated by independent investigators and then compared with other conventional
resection (in which the mesentery is retained) before inclusion of the mesentery
becomes standard practice in the managing of Crohn’s disease. The findings also
point to the benefits of further investigation of disease features that are characteristic
of Crohn’s disease, i.e. fat wrapping and transmural disease.
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41Surgical Management of Intestinal
Volvulus

Ashley J. Williamson and John C. Alverdy

Definition and Clinical Features

Volvulus refers to the torsion or twisting of a viscera and mainly involves organs of
the intestinal track. Organs may twist along two directions: organo-axial (longitu-
dinally along the mesenteric axis) or mesentero-axial (perpendicular to the
mesenteric axis). Organo-axial volvulus is the most common type in the adult
population. Volvulus involves either the sigmoid colon or cecum in >95% of the
cases that occur in the adult population. Rare cases of small intestinal volvulus may
also occur. Gastric volvulus, a complication of large hiatal hernias generally seen in
the elderly, is beyond the scope of the current discussion. Symptoms of cecal and
sigmoid volvulus are consistent with large intestinal obstruction and include
abdominal pain, constipation or obstipation, nausea, and occasionally emesis.
Abdominal distension commonly is present. Physical examination often demon-
strates marked abdominal distension, varying degrees of tenderness, and an empty
rectal vault on digital rectal exam. The greatest concern in patients with intestinal
volvulus is compromise of the blood supply to the organ. Compromised blood flow
to the segment of affected bowel is related to the relative twisting and obstruction of
the blood vessels within the mesentery. Diminished blood flow in affected blood
vessels may lead to bowel ischemia, visceral perforation and death. In the United
States, intestinal volvulus is more common in elderly patients, particularly those
with medical co-morbidities, chronic constipation, and neurophysiological impair-
ment. Risk factors for intestinal volvulus are shown in Table 41.1.

Imaging is the most appropriate method for diagnosing intestinal volvulus.
Figures 41.1, 41.2 and 41.3 demonstrate imaging for cecal volvulus (Fig. 41.1) and
sigmoid volvulus (Figs. 41.2 and 41.3).
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Description of Surgery

Initial intervention for intestinal volvulus is largely dictated by the location of the
volvulus. In sigmoid volvulus, rigid or flexible endoscopy should be employed first
in order to evaluate the extent of ischemia of the mucosa. In the absence of mucosal
ischemia or colonic perforation, endoscopic detorsion is the initial treatment of
choice for sigmoid volvulus and is successful in more than 90% of cases. First,
rectal insufflation is performed and may result in detorsion. If the volvulus remains,
the endoscope is advanced to the area where the spiraled appearing mucosa reaches
a narrowed portion or apex. Gentle pressure is applied to this area, producing the
desired effect of release of trapped air and detorsion. A soft tube is then passed

Table 41.1 Risk factors for
colonic volvulus

Chronic constipation

Elderly patient

Frequent use of laxatives

Previous laparotomy

Anatomic predisopositions

Fig. 41.1 Supine view of the abdomen in a patient with acute abdominal pain. There is a saccular
dilated structure in the right mid abdomen (circle) corresponding to a dilated cecum. The cecum
should normally be located in the right lower quadrant (asterisk). There is a partial small bowel
obstruction. Dilated loops of small bowel are seen best in the left lower quadrant (arrow),
secondary to the volvulus. With permission from Dr. Abraham Dachman, Dr. Scott Sorensen and
Dr. Justin Ramirez
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beyond the site of torsion and left in position. Imaging is used to demonstrate locate
the position of the tip of the tube and to confirm the efficacy of the procedure.

The tube is left in place after endoscopic decompression in order to facilitate
bowel movement and preparation as indicated. Urgent surgical resection of the
sigmoid colon should occur in patients with signs or symptoms of sigmoid ischemia
or unsuccessful detorsion of the sigmoid volvulus.

Fig. 41.2 Sigmoid volvulus demonstrated on plain abdominal film. Pathognomonic coffee bean
sign outlined by white circle
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Cecal volvulus is most often managed operatively. Endoscopic techniques
produce a favorable result in only 12% of cases. Furthermore, the endoscopic
manipulation of cecal volvulus carries the risk for injury to bowel that is already
compromised.

Indications for Surgery

Cecal volvulus is an indication for urgent operative intervention. Signs and
symptoms of ischemia including peritonitis on physical exam and hemodynamic
instability are indications for surgery in patients with sigmoid volvulus. Laboratory
and radiographic findings suggestive of the requirement for surgery rather than
initial endoscopic decompression include leukocytosis, acute kidney injury, aci-
dosis, free air, bowel wall edema, free fluid within the abdomen and pneumatosis of
the bowel wall.

Fig. 41.3 Cecal volvulus demonstrated on plain film with volvulus outlined by white circle
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Contraindications

Endoscopic reduction should not be attempted in patients with signs of ischemia as
indicated above. Operative contraindications include patients who are unfit to
undergo general anesthesia, at which time a detailed goals of care conversation with
the patient and family must take place. Patients who are not operative candidates
may become candidates for endoscopic decompression.

Preparation of Patient

Upon initial concern for intestinal volvulus, patients should be urgently evaluated by
a surgical team. Often, patients require rapid rehydration and adequate IV access
should be obtained. Use of a nasogastric tube to decompress proximal dilation is often
performed. Electrolyte abnormalities are corrected prior to intervention as release of
torsion may result in the release of stored metabolites into the bloodstream. If there is
concern for ischemic compromise of the bowel, antibiotic coverage should be chosen
to cover gut flora. Accurate measurement of urine production during resuscitation and
treatment is performed following insertion of an indwelling bladder catheter.

How the Procedures Are Performed

In cases of cecal volvulus and sigmoid volvulus with signs and symptoms of bowel
compromise, the patient should be taken to the operating room for urgent bowel
resection. For sigmoid volvulus, patients are most often placed in the supine
position; however, a lithotomy position may be considered for ease of endoscopic
evaluation. Perioperative antibiotic prophylaxis is indicated given the risk of
infection. Most commonly, the procedure is performed as an open exploratory
laparotomy as compared to laparoscopy given the severe dilation of the bowel and
need to completely evaluate cause of intestinal volvulus (the lead point). The role of
minimally invasive laparoscopy in the management is currently under evaluation.
A midline incision is made with careful exposure of bowel, taking note of any
murky fluid, blood, or air present in the abdomen upon entry. Areas of ischemia or
perforation should be identified for segmental resection and bowel anastomosis to
areas of well perfused tissue. In general, necrotic bowel should be resected with
minimal manipulation and without detorsing in an effort to minimize the release of
endotoxins from necrotic bowel after detorsion. The bowel shall be explored in its
entirety in an effort to the extent of affected bowel or new diagnoses.

Operation for cecal volvulus involves the performance of laparotomy, bowel
exposure and exploration, and identification of non-viable bowel. Segmental
resection for the cecum is performed with the understanding that removal of the
ileocecal valve may have some long-term outcomes on bowel function.
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The most critical step in both operations occurs with the decision of whether to
reconnect the bowel with a primary anastomosis with creation of a defunctionalized
anastomosis with diverting loop, or an end ostomy. The most common operation
described for sigmoid pathology is the Hartmann’s procedure in which the sigmoid
colon is resected, a rectal stump is left in place, and an end colostomy is matured at
the skin to proximally divert the fecal stream. Diversion is favored in settings where
the bowel is edematous and friable, there is a size mismatch between proximal and
distal portions, or the patient is critically ill and requires a shorter operation.
Defunctionalize anastomoses involve the creation of an anastomosis, with proximal
loop colostomy diversion to eliminate passage of fecal material through the anas-
tomosis while it heals. The decision on which surgical approach is best should be
individualized for each patient and their clinical condition.

Specific operations for cecal volvulus involve either an ileocolonic anastomosis
or ileostomy. Surgical decision making is the same as described above, with the
understanding that ileostomies present a higher risk for dehydration and increased
maintenance with liquid stool being present when compared to colostomy.

Typical Abnormal Findings

Typical findings including a massively dilated large bowel with potential small
bowel dilatation. The bowel is often friable from edema, and rates of ischemia vary
with location. Cecal volvulus is at greatest risk for ischemia at the time of diagnosis,
with a reported rate of nonviable or gangrenous cecum occurring in up to 44% of
patients in medical literature reviews.

Alternatives to Surgery

If a sigmoid volvulus is able to be successfully reduced, it is recommended that the
patient been seen for follow up for an elective sigmoidectomy. These surgeries
involve removal of sigmoid redundancy in its entirety to reduce risk of recurrent
sigmoid volvulus. If the patients have megacolon (that may be primarily present or
may occur secondary to chronic constipation), a sub-total colectomy is considered.

Operative detorsion, or detorsion with fixation of the sigmoid to the abdominal
peritoneum (abdominal pexy) represents an alternative to other forms of operative
intervention. These procedures are viewed less favorably given their increased
recurrence rates of volvulus as compared to operative resections. Endoscopic fix-
ation or pexy onto the abdominal wall in patients unfit to undergo general anes-
thesia or a major operation have been described but the long-term outcome of this
procedure is not well known at this time.
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When viable bowel is present in patients with cecal volvulus, operative detor-
sion, detorsion with cecopexy, and cecostomy are potential alternatives to cecal
resection. Studies have evaluated cecopexy or detorsion alone in patients with cecal
volvulus and have been shown the development of fewer wound infections, mor-
tality rates of 10–13%, and recurrent volvulus in 12–13% of cases. Cecostomy
decreases recurrent cecal volvulus to approximately 14% of patients but overall
morbidity with this procedure is over 50%.

Outcomes

Largest trials report success rates of 60–95% of endoscopic detorsion for sigmoid
volvulus. Recurrent sigmoid volvulus during admission is reported in approxi-
mately 4% of patients, while long term recurrence noted in 43–75% of patients.

Operative resection remains the gold standard for cecal volvulus. Abdominal and
wound complications approach 28% in reviews of the procedure, whereas recurrent
volvulus after cecal resection is an exceptionally rare event.

Complications

Hartmann’s procedure and colonic resection with primary anastomosis remain the
two most common surgical approaches for these patients, with Hartmann’s proce-
dures traditionally occurring in patients who are more seriously ill. Due to their
performance in clinically compromised patients, Hartmann’s procedures are not
surprisingly found to have more postoperative complications and mortality when
compared to primary anastomosis operations (8% vs. 5%). Anastomotic leak is
reported in approximately 7% of cases of patients undergoing primary anastomosis.
Of note, creation of a colostomy creates an increased socio-economic burden on
patients. This includes the need for ongoing post-operative care and the purchase of
ostomy supplies. While dehydration is uncommon in patients with a colostomy
compared to those having an ileostomy, economic factors should be considered
procedure selection.

The presence of ischemia during cecal volvulus is an independent risk factor for
mortality when surgical resection is required. A cecal volvulus with evidence of
ischemia has reported rates of mortality between 31 and 44% given that patients are
often frail, elderly and present in emergent conditions.

Summary

While the Hartmann’s procedure has been traditionally viewed as a procedure with
high associated complications, more recent data suggest that it safe and effective in
complex situations such as sigmoid volvulus. Rapid diagnosis and treatment is
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critical in all patients with suspected intestinal volvulus. As many patients are frail
and elderly who present with volvulus, goals of care should be discussed with the
patient and their caregivers.
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42Embryologic Abnormalities
of the Mesentery

Sara Gaines, ThomasQ. Xu, Richard A. Jacobson, and John C. Alverdy

Background

Starting as early as week five of gestation, the intestines of the midgut undergo
three distinct events that are critical to normal intestinal fixation: (1) herniation of
the midgut intestinal loop into the umbilical cord, (2) reduction of the herniated
contents back into the abdomen, and (3) fixation of the intestines to the posterior
body wall. During these three events, counterclockwise rotation around a vascular
axis is completed followed by migration of the proximal and distal portions of the
midgut to their normal adult anatomic positions to fix the intestines on a
broad-based mesentery. As a result, the jejunoileal mesentery extends down obli-
quely from the ligament of Treitz to the ileocecal valve (Fig. 42.1). For additional
information, see Chap. 2, Embryology of the Mesentery.

Malrotations and Indications for Surgery

Embryologic abnormalities of the mesentery that require surgical intervention are
most commonly related to abnormal positioning of the bowel within the peritoneal
cavity resulting from failure of any of the above 3 steps. These abnormalities are
categorized under various forms of malrotation. Malrotation is thought to affect
1:500 live births with the majority becoming symptomatic within the first year of
life. Classic malrotation presents as bilious emesis in infancy from duodenal
obstruction or midgut volvulus, and it is usually associated with abnormal or absent
intestinal fixation by mesenteric bands. The bands, known as Ladd bands, fix the
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cecum to the posterior body which traps the duodenum leading to obstruction. The
duodenojejunal attachment is abnormally short which makes the gut prone to twist
counterclockwise around the superior mesenteric vessels leading a volvulus. An
upper GI series is the standard of care for diagnosis and will show a variation in the
normal positioning of the duodenojejunal junction (Figs. 42.2, 42.3 and 42.4). It has
a sensitivity of 96% to detect malrotation and 79% sensitivity for midgut volvulus.

Ascending
colon

Descending
colon

Ligament
of Treitz

Cecum

Fig. 42.1 Normal oblique fixation of the midgut mesentery at the ligament of Treitz to the cecum
in the right lower quadrant
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Fig. 42.2 This fluoroscopic image from a patient with malrotation is a single-contrast upper-GI
exam. The exam shows dense barium within the stomach and proximal small bowel loops in the
right upper abdomen (arrow) with a lack of the expected course of the duodenum to the ligament
of Treitz in the left upper quadrant (asterisk). Note that, by convention, fluoroscopic images have
the grey-scale inverted compared with regular X-ray

Fig. 42.3 Radiographs from
a different patient during a
small bowel examination
again demonstrate the atypical
course of the duodenum
(arrows) with duodenojejunal
junction positioned to the
right of midline. With
permission from Dr. Abraham
Dachman and Dr. Justin
Ramirez
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Mesocolic hernias may also occur when the right or left mesocolon fail to fix to
the posterior body wall. These hernias carry a risk of small bowel obstruction,
incarceration or strangulation. A less common cause of an embryologic mesenteric
abnormality relates to an intrauterine vascular accident leading to atresia of the
intestine and shortening of the mesentery. Intestinal atresia is caused by an ischemic
event early in the developing gut. In a rare variant known as the “apple peel”, there
is atresia of the proximal jejunum and absence of the distal SMA and mesentery.
The apple peel appearance results from a spiraling of the intestine around its vas-
cular supply (Fig. 42.5). Infants born with this condition may suffer from necro-
tizing enterocolitis shortly after birth.

Surgeries for Malrotations and Mesocolic Hernias

Malrotation or hernias that cause obstruction are treated with an urgent laparotomy
to reduce the chance of ischemic injury. Midgut volvulus that has progressed to
complete infarction is rapidly lethal. Malrotation is treated with the Ladd procedure.
The first step is to relieve the volvulus by rotating the bowel in a counterclockwise
direction (Fig. 42.4). The peritoneal attachments between the cecum and the

Fig. 42.4 A radiograph
obtained later in the
examination demonstrates
progression of barium
contrast into the remainder of
the small bowel (oval) which
is positioned entirely to the
right of midline.
Non-opacified, air-filled colon
(asterisk) can be seen within
the left abdomen. With
permission from Dr. Abraham
Dachman and Dr. Justin
Ramirez
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abdominal wall are then released. The duodenum is then completely mobilized
(Kocher maneuver) to divide any remaining attachments. An appendectomy is
performed prior to closing to avoid any potential confusion from acute appendicitis
in the future.

Right mesocolic hernias are treated with division of the lateral peritoneal
attachments of the cecum and right colon. Left mesocolic hernias are treated by
mobilization of the inferior mesenteric vein to allow reduction of the small bowel
from the hernia. The hernia is then closed to prevent recurrence.

Intestinal atresia that causes obstruction requires operative intervention to restore
continuity. The goal is to preserve as much of the intestinal length as possible. This
is achieved through short segmental bowel resection with end-end or end-oblique

Fig. 42.5 Ladd procedure demonstrating counterclockwise detorsion of midgut volvulus
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anastomosis. The apple peel jejunal atresia may require multiple serial anastomoses,
and the ileocecal valve is preserved if possible to allow for toleration of enteral
nutrition.

Complications

Complications include recurrence of the volvulus or duodenal obstruction. Small
bowel obstruction due to adhesions is thought to occur in 1–10% of patients fol-
lowing the Ladd procedure.

Summary

Malrotation that causes an intestinal obstruction is a surgical emergency; a high
index of suspicion is needed so as to not miss the diagnosis. Swift identification of
malrotation prevents extent of intestinal necrosis and unnecessary bowel resection.
Recurrence of volvulus or obstruction is rare with a technically complete Ladd
procedure.
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43Mesenteric Hernia

Richard A. Jacobson, Robert C. Keskey, and John C. Alverdy

Background

Defects in the mesentery capable of permitting small bowel herniation can be
congenital or acquired after surgery. Based on autopsy studies, congenital mesen-
teric defects exist in less than 2% of the American population. However, only a
fraction of these become symptomatic over the course of a lifetime. Congenital
hernias can occur through enlarged natural openings such as the foramen of
Winslow, or due to abnormal rotation and fusion of the peritoneum creating
paraduodenal fossae, pericecal folds, or spaces in the transverse or sigmoid
mesocolon (Fig. 43.1). Hernias occur in the foramen of Winslow in 8%,
paraduodenal (left and right) in 53%, transmesenteric in 8%, transomental in 1–4%,
pericecal in 13%, intersigmoid in 6% and supravesical and pelvic in 6%. A large
and growing portion of the population is at risk for mesenteric hernia through
surgically acquired defects, especially those undergoing a Roux-en-Y gastric
bypass procedure. Similar to congenital hernias, there are specific anatomic loca-
tions where internal hernias can occur following intestinal surgeries. In order to
appreciate where these hernias can arise, it is important to understand intestinal
anatomy following bypass surgery. In gastric bypass surgery, a gastric pouch is
created and anastomosed to a distal limb of jejunum, referred to as a ‘Roux’ limb.
The Roux limb is used to bypass 75–150 cm of small bowel before it is anasto-
mosed to the biliopancreatic limb; the proximal jejunum carries biliary and pan-
creatic secretions (Fig. 43.2). The areas at risk for the development of mesenteric
hernias are: (1) the space between the Roux limb mesentery and the transverse
mesocolon (Petersen’s space), (2) The mesenteric opening at the biliopancreatic
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limb, (3) The opening through the transverse mesentery when the bypass is retro-
colic (Fig. 43.3). Any patient who has had a bowel resection is technically at risk,
however this is particularly true following bariatric surgery since there is an
ongoing loss of mesenteric fat that occurs over a long time period. When mesenteric
hernias become symptomatic, they are more likely than to contain closed loop
obstructions than external hernia. This increases the likelihood that mesenteric
hernias will require operative intervention.

A

B

G

C

D

F

E

Fig. 43.1 Potential sites of internal hernias. A = foramen of Winslow, B = left paraduodenal,
C = right paraduodenal, D = transmesenteric hernia, E = pericecal hernia, F = transomental
hernia, G = intersignmoid hernia
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Proximal
anastomosis

Roux
(alimentary)
limb

Common channel

Distal anastomosis

Biliopancreatic
limb

Gastric
pouch

Fig. 43.2 Anatomy following Roux-en-y gastric bypass. The stomach is stapled to form a gastric
pouch. A piece of jujenum is anastomosed to the neostomach and forms the “Roux” or alimentary
limb. Of note, the roux limb can be placed overtop of the colon referred to as antecolic or through
the transverse mesocolon referred to as retrocolic. The proximal jejunum draining bile acids and
pancreatic enzymes is referred to as the ‘biliopancreatic’ limb and is connected to the Roux limb as
shown. The intestine distal to this connection is referred to as the common channel
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Clinical Presentation

Mesenteric hernias are considered internal hernias because they do not extrude
outside of the abdominal cavity. As with any internal hernia, patients with
mesenteric hernia present with a spectrum of clinical severity from asymptomatic
abnormalities incidentally detected to acute mesenteric ischemia. Symptoms are
typical of a bowel obstruction, including nausea, vomiting, abdominal pain and
bloating, and may resolve if the hernia spontaneously reduces. Internal hernias are
difficult to detect on physical exam as they lack an external bulge through the
musculature of the abdominal wall. Laboratory testing may disclose contraction
alkalosis after a prolonged obstruction and leukocytosis if the herniated bowel is
ischemic. Computerized tomography (CT) with and without intravenous contrast is
the imaging test of choice, as it can determine the location and type of hernia based
on its relationship to mesenteric vessels and provide evidence of bowel ischemia.

Retrocolic Antecolic

3

1
1

2
2

Fig. 43.3 Sites of potential internal hernias following bypass surgery. (1) Herniation of small
bowel between the roux limb mesentery and the transverse mesocolon (Petersen’s space), (2) The
mesenteric opening at the biliopancreatic limb, (3) The opening through the transverse mesentery
when the bypass is retrocolic
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Diagnosis

Patients with a surgical history who present with obstructive symptoms and
abdominal distention on physical examination should be evaluated for adhesive
small bowel obstruction (the most likely diagnosis) as well as internal hernia.
Patients without a surgical history should be evaluated for endoluminal causes of
obstruction such as gallstone ileus, bezoar, intussusception, inflammatory stricture
or neoplasm, however internal hernia should be considered in the differential
diagnosis as well [Beardsley Am J Surg]. In all the above cases, abdominal CT is
warranted and necessary to make the diagnosis. CT findings associated with in-
ternal hernias include: dilated small bowel consistent with obstruction, swirling of
mesenteric fat around the superior mesenteric artery known as the swirl sign,
strangulation of the superior mesenteric vein, and engorged mesenteric vessels and
edema. A CT scan of an internal hernia can be seen in Fig. 43.4a. A demonstrating
the worrisome swirl sign associated with an internal hernia following bariatric
surgery. Barium swallow can also be used to determine the presence and level of
obstruction. If fluoroscopic imaging is performed in the presence of an internal
hernia, clustering of loops of small bowel along with distended bowel proximal to
the site of obstruction are present (Fig. 43.4b).

a b

Fig. 43.4 Imaging of internal hernias. a Shows a CT scan demonstrating the presence of a
mesenteric swirl sign concerning for the presence of an internal hernia. Jens Brøndum Frøkjær
et al. The diagnostic performance and interrater agreement of seven CT findings in the diagnosis of
internal hernia after gastric bypass operation. Abdominal Radiology 2018. 43 (12): 3220–3226.
Reused with permission. © Springer Nature. b is a barium swallow showing an unusual clustering
of jejunum in the left upper quadrant. Courtesy of Dr. Abraham Dachman and Dr. Justin Ramirez.
Reused with permission
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Management

Confirmed symptomatic mesenteric hernias should be surgically repaired. Patients
with obstructive symptoms should be admitted to the hospital, given nasogastric
decompression, resuscitated and medically optimized for surgery. Those with
clinical, laboratory or radiographic evidence of bowel ischemia should proceed to
the operating room expediently. Repair can be performed open or laparoscopically,
depending on the history and specific condition of the patient.

Summary

Any patient with a previous Roux-en-Y reconstruction of the foregut who presents
with a bowel obstruction should be suspected to have an internal hernia-CT scan is
indicated. Inspection for swirling or spiraling or the mesenteric arteries about the
axial rotation of the gut can be subtle signs of an internal hernia. Rapid surgical
exploration is indicated when the diagnosis is suspected; this may result in a
negative laparoscopy or laparotomy, which is an acceptable outcome.
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44Surgical Management of Bands
and Adhesions

Ashley J. Williamson, Robert C. Keskey, and John C. Alverdy

Definition and Clinical Features

The intestine is fixed at two peritoneal reflections: the ligament of Treitz proximally
and the ileocecal fold, or ligament of Treves distally. Normal embryologic rotation
is required for the fixation of these points and orientation of the intestine.
Embryologic rotation may be arrested resulting in malrotation most commonly
diagnosed within the first year of life which is discussed in detail in another chapter.
Rarely, malrotation is diagnosed in adult patients and adhesions between the cecum
and duodenum (Ladd bands), or a narrow mesentery base are identified. By far the
most common cause of intestinal obstruction in Western world is adhesions caused
by previous surgery and scarring. Approximately 95% of patients who undergo
abdominal surgery will develop adhesive disease which is a result of normal
healing.

Unlike children, malrotation in adults may be asymptomatic or found inciden-
tally on imaging studies. If symptomatic, both mesenteric bands and adhesions will
present with symptoms of obstruction. Patients are likely to present with nausea,
bilious emesis, dehydration, decreased flatus or bowel movement, and abdominal
distension.

Description of Procedures

If malrotation in adults is suspected or diagnosed and the patient presents with an
indolent course, an elective Ladd procedure (Fig. 44.1) may be performed with
goal to broaden the base of the mesentery and reduce risk of volvulus. Obstruction
from surgical adhesive disease is attempted to be managed conservatively with
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nothing per mouth, nasogastric tube decompression, serial abdominal exams, and
hydration prior to operating as any operation will further disease.

However, in patients with signs of bowel ischemia or hemodynamic instability:
i.e. leukocytosis, acute kidney injury, peritonitis, or patients who do not improve
with nasogastric tube decompression, urgent operative evaluation with exploratory
laparoscopy or laparotomy is indicated based on surgeon comfort.

BA

DC

Fig. 44.1 Ladd’s Procedure: The bowel is detorsed in a counterclockwise fashion (a and b). The
Ladd bands are divided (c). The base of the mesentery is widened and the appendix is removed
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Indications for Surgery

The diagnosis of adult band or adhesive disease should be considered in patients
who present with indolent symptoms of intermittent bilious emesis, food intoler-
ance, failure to thrive and possibly chronic diarrhea (Table 44.1).

Patients with known abdominal surgical history presenting with small bowel
obstruction without symptoms of ischemia are likely candidates for initial conser-
vative management with nasogastric tube and rehydration. However, signs of
compromised bowel or hemodynamic instability require urgent operative inter-
vention. Further, patients whose abdominal tenderness does not improve or who are
unable to progress their diets with nasogastric tube decompression warrant explo-
ration in the operating room.

Specific indications for an elective adhesiolysis also include treatment of
infertility and recurrent pregnancy loss in patients with prior pelvic surgery. New
data is emerging for the use of adhesiolysis as treatment for chronic abdominal pain,
however this body of literature is still evolving.

Contraindications

Patients who have never gone an operation and have no known surgical history
require appropriate work up to indicate that scarring from adhesions is the cause of
their bowel obstruction. Although certainly possible in the “virgin” abdomen,
adhesive bowel obstruction is highly unlikely. Malignancy, hernias, and intestinal
malrotation should all be looked for in these patients by using multi-modality
diagnostic techniques and an operative evaluation to definitely rule out this diag-
nosis may also be warranted.

Laparoscopy has become more commonly practiced for abdominal exploration.
Relative contraindications for use of laparoscopy in these situations include ascites
and compromised cardiovascular status. Absolute contraindications include sur-
geon’s inability to completely assess the abdomen using this approach. Laparotomy
is utilized in these cases as an alternative.

Table 44.1 Indications for
surgery in the setting of
adhesive bowel obstruction

1. Signs of peritonitis: rebound, guarding, rigid abdomen,
diffuse tenderness

2. Concern for bowel ischemia: hypo-enhancement of
intestinal wall or free fluid on CT, pain out of proportion to
physical exam, leukocytosis, hemodynamic instability

3. Failure of conservative management: persistently elevated
NG tube output, persistent or worsening abdominal distension,
persistent lack of bowel function (obstipation/constipation)
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Preparation of the Patient

Nasogastric decompression, intravenous access and hydration, electrolyte repletion
and a detailed medical and surgical history are imperative in patients presenting
with obstruction secondary to suspected bands or adhesions. If the patients is stable,
obtaining outside operative reports are helpful, if not essential, to understand and
anticipate potential finding in the operating room.

How the Procedure is Performed

The Ladd procedure (Fig. 44.1) is performed for patients with suspected malrota-
tion and may be performed using a laparoscopic or open method. The initial
assessment for a volvulus is accomplished by eviscerating the bowel outside of the
abdomen and assessing for any twist in the mesentery or signs of ischemia-induced
bowel compromise. If a volvulus is present, the bowel is untwisted in a counter-
clockwise fashion. Any necrotic bowel should undergo resection. The surgeon will
perform a close examination of the bowel to look for any Ladd bands. Ladd bands
are fibrinous bands that are present between the duodenum and the cecum. If
present, are surgically divided. The duodenum is straightened for complete eval-
uation using a Kocher maneuver. The surgeon will also assess for any interme-
senteric bands or fibrous bands between other bowel loops. These have the capacity
to compress the blood supply in the mesentery. The bowel is investigated or “run”
in its entirety and these bands are divided. An appendectomy is also performed at
the time of this operation since the appendix is often in a different position than the
right lower quadrant and leads to a delay in diagnosis of acute appendicitis and
increased morbidity in patients with malrotation. The bowel is then placed in its
appropriate anatomic location, as the anatomy allows, and the abdomen is closed.

Exploration in an acute setting or for adhesive disease involves the performance
of either laparoscopic or laparotomy depending on the skill and preference of the
operating surgeon. The abdomen should be explored in entirety looking for evi-
dence of perforation. Other suggestions that a perforation is present include the
occurrence of murky fluid or rush of air upon entry to the abdomen. The bowel
should be examined in its entirety, with a thorough evaluation for any potential
bands or adhesions. Often lysis of these bands will result in resolution of the
symptoms. The viability of the bowel based on perfusion should be evaluated, with
resection of any necrotic bowel after lysis of adhesions. Compromised bowel
should be evaluated after lysis for resolution of perfusion. If it is unclear if the
bowel is viable after adhesiolysis, a temporary abdominal closure device may be
placed and a second look operation planned for 24–48 h from initial surgery. This
technique is used to assess need for bowel resection prior to closure of the
abdomen.
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Typical Abnormal Findings M

Adult malrotation with volvulus may be visualized on a barium enema when there
is evidence of complete obstruction at the level of the transverse colon and the oral
contrast tapers to a “birds beak” appearance (Fig. 44.2a and b).

Further, malrotation may be identified on abdominal CT scan which may show
the duodenum not crossing midline or the cecum no in the right lower quadrant.

Outcomes and Complications

Given the rarity of adult malrotation, there is often a delay in diagnosis and
increased morbidity. For instance, the erroneous diagnosis of more common sur-
gical diseases such as appendicitis and diverticulitis (that may not occur in the
expected location) can lead to delayed treatment. These patients are more likely to
experience advanced stages of adhesive small bowel disease prior to intervention.

It is estimated that 1% of all general surgery admissions and 3% of laparotomies
are secondary to adhesive disease. Each operation including a lysis of adhesions
operation predisposes the patient to more healing and adhesions. This must be
considered when deciding before the performance of semi-elective or elective
operations.

a b

Fig. 44.2 Axial (a) and coronal (b) CT images demonstrate sharply angulated small bowel loops
radiating to a single point (arrows) suggestive of tethering due to adhesive disease in this patient
who has h ad a prior laparotomy. Note the adjacent, fluid-filled proximal small bowel loops
indicative of small bowel obstruction. With permission from Dr. Abraham Dachman and Dr. Justin
Ramirez)
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In true cases of intestinal malrotation, morbidity rates remain high
post-operatively in adults and approach 60%. This high morbidity rate is generally
attributed to a delay in diagnosis. Most common complications of operations for
small intestinal adhesions and obstructive small bowel diseases include ileus (or
delayed return of bowel function), small bowel obstruction secondary to adhesive
disease in the future (15%), recurrent volvulus, and rarely short gut syndrome when
midgut resections lead to chronic malabsorption of nutrients, fluids and electrolytes.

Summary

Adhesiolysis in patients without prior surgery is rarely indicated unless the patient
fails non-surgical management or imaging indicates a specific cause. It is essential
that the past medical and surgical history of patients presenting with bowel
obstruction is clearly outlined. A review of all prior operative reports should be
obtained whenever possible. Prior to closing the abdomen, it is critical that the
mesentery is flattened out and that all the bowel is in its proper orientation (Sug-
gested Reading).
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45Mesenteric Trauma

Evan G. Wong and Joseph V. Sakran

Epidemiology

Bowel and mesenteric injuries are relatively rare but can have devastating conse-
quences. Following blunt abdominal trauma, these injuries can occur in isolation,
seen in about 1–2% of patients and associated with other injuries in around 10–15%
of cases. Mesenteric injuries are found in approximately 10% of laparotomies done
for trauma. Small bowel mesenteric injuries are 5 to 7.5 times more common than
colonic mesenteric injuries. Given the relatively low incidence, clinicians must
ensure to suspect mesenteric injuries in the right clinical context.

A landmark multi-institutional trial through the Eastern Association for the
Surgery of Trauma (EAST) demonstrated that a delay in diagnosis and intervention
was associated with a significant increase in morbidity and mortality. Delays as
short as 8 h were directly attributable to mortality. Further delays in surgical
intervention beyond 24 h were associated with a three-fold increase in death.

Early diagnosis and intervention for bowel and mesenteric injuries is therefore
crucial. The morbidity and mortality from these injuries are mainly attributable to
hemorrhage and sepsis, the latter from the associated bowel perforations. However,
early presentations can be subtle and diagnostic modalities notoriously lack sen-
sitivity. Injuries that lead to laceration of the mesentery may result in a contained
hematoma that could result in an atypical clinical presentation such as peritonitis.
Therefore, the clinical care team must maintain a high index of suspicion for these
potential injuries.
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Pathophysiology

Mesenteric injuries from penetrating trauma typically result from direct contact of
the object or missile’s entry into or through the abdominal cavity. In circumstances
where patients are injured with high energy weapons, the missile may result in a
blast effect that pulverizes the surrounding tissue. Gunshot wounds are also more
often associated with multiple intra-abdominal injuries. Although much attention is
often given to the size and type of the implicated object, any penetrating injury to
the abdomen could potentially injure the underlying structures, especially in the
context of prior surgery where adhesions could appose mesentery and bowel to the
abdominal wall.

Bowel and mesenteric injuries as a result of blunt abdominal trauma are most
commonly associated with motor vehicle collisions and bicycle-related handlebar
injuries. Crush injuries and falls from height are also well-described mechanisms.
The remainder of bowel injuries can be seen in unusual circumstances such as
contact sports or after the Heimlich maneuver.

These mechanisms lead to bowel and mesenteric injuries in a variety of ways,
including rapid increases in intra-abdominal pressure, shearing forces from an acute
acceleration or deceleration and compression against hard structures. For example,
the use of a seatbelt in a motor vehicle collision is associated with bowel perforation
and mesenteric injuries. The compression of the intra-abdominal structures by the
seatbelt leads to an acute increase in pressure and blowout of the contained bowel as
well as compression against structures such as the vertebrae. The rapid deceleration
of a vehicle further contributes to mesenteric injuries, most notably at fixed points
such as the Ligament of Treitz. These injuries can lead to mesenteric lacerations or
hematomas, or partial thickness or full thickness bowel injuries.

Diagnosis

Clinical Exam

The signs and symptoms of bowel and mesenteric injuries can be subtle. In a review
of nearly 3,000 patients who sustained blunt abdominal trauma, physical exam
lacked both sensitivity (53%) and specificity (63%) for the diagnosis of bowel
perforations.

While hemodynamic instability may be indicative of intra-abdominal hemor-
rhage, potentially due to a large mesenteric bleed, smaller lacerations or contained
hematomas may not present in the same manner. Initial evaluation of patients with
even bowel perforation may not present with the alteration in vital signs or physical
exam that clinicians often expect. The development of fever, tachycardia and/or
hypotension during the first 24 h following trauma should raise the suspicion of a
missed bowel injury.
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The presence of abdominal pain should alert the clinician to the possibility of a
bowel or mesenteric injury. However, the absence of pain upon initial presentation
does not exclude the diagnosis as a contained hematoma may not lead to peritoneal
irritation and even frank bowel spillage may take hours to manifest as peritonitis. In
addition, many trauma patients may be difficult to examine due to concomitant head
injuries or the need for intubation for airway protection. Nevertheless, a key
instrument in the diagnosis of mesenteric or bowel injuries is the monitoring of vital
signs and serial abdominal examinations, preferably by the same provider. An
increase in abdominal pain or development of peritonitis should be a warning for a
missed intra-abdominal injury.

The seatbelt sign is a pattern of ecchymoses across the neck, chest and/or
abdomen that mirror the position of the protective belt at the moment of the motor
vehicle collision. Its presence has classically been associated with a pattern of
injury, including blunt cerebrovascular injuries, sternal fractures, bowel and
mesenteric injuries, pancreaticoduodenal injuries and Chance vertebral fractures. As
such, the presence of a seatbelt sign should raise the suspicion of a bowel or
mesenteric injury. However, it is far from pathognomonic—with a reported sen-
sitivity of approximately 25%, and specificity of 85%. The presence of a seatbelt
sign in the absence of abdominal pain or tenderness is associated with a low-risk of
bowel and/or mesenteric injury.

Initial blood tests are often non-contributory, however an increasing leukocy-
tosis and lactatemia, along with a concerning abdominal exam, raise the suspicion
of missed internal injuries.

Late presentations of missed bowel and mesenteric injuries, weeks to months
after the trauma, have been reported in the literature. These often arise from con-
tained bowel perforations, which can present in a variety of ways such as
intra-abdominal abscesses. Mesenteric avulsions, often called “bucket handle
injuries” because of its characteristic resemblance to this object, may lead to
localized bowel ischemia and eventual stricture. Thus, one possible late presenta-
tion of a missed mesenteric injury is evidence of a partial bowel obstruction.

Diagnostic Peritoneal Lavage (DPL) and Focused Assessment
with Sonography in Trauma (FAST)

DPL has classically been described as a bedside diagnostic modality for
intra-abdominal hemorrhage or bowel injury. The presence of red blood cells points
towards hemorrhage whereas the presence of white blood cells, amylase, alkaline
phosphatase or frank food particulate is associated with bowel injury. DPL has a
high sensitivity but is associated with a significant false positive rate. For bowel
injury in particular, DPL has been shown to be superior to Computed Tomography
(CT). However, the use of DPL has significantly decreased over the years, and in
many centers not performed anymore. This change has been in large part secondary
to the increased use of ultrasound, specifically the FAST, and diagnostic
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laparoscopy. Therefore, DPL remains in the armamentarium of the trauma clinician
but the authors do not recommend its routine use at this time.

FAST has largely supplanted DPL in the evaluation of blunt abdominal trauma.
Less invasive, it provides a rapid point of care assessment of the presence of
intra-abdominal free fluid. However, its sensitivity is extremely user-dependent and
suboptimal for retroperitoneal injuries. In the evaluation for bowel and mesenteric
injuries, FAST does not provide an etiology for the free fluid and is not able to
distinguish physiologic from pathologic fluid. As such, the presence of free fluid on
FAST in the right clinical context should prompt further evaluation for bowel or
mesenteric injury. FAST therefore represents a bridge in the continuum of evalu-
ation rather than a definitive modality.

CT

In the patient with a suspicion of bowel or mesenteric injury without absolute
indications for immediate operative exploration such as hemodynamic instability,
peritonitis, or evisceration, a CT scan of the abdomen/pelvis should be performed
with intravenous (IV) contrast. Oral contrast is not necessary and often not feasible
given the emergent nature of the imaging required.

CT scans notoriously lack sensitivity for bowel and mesenteric injuries, with a
reported sensitivity of 45% and specificity of 95%. In a multi-institutional trial of
over 275,000 patients, Fakhry et al. found a 13% false negative rate for the
detection of small bowel injury with initial CT. Even with more modern CT
technology, a 2019 update of this trial evaluating blunt small bowel perforation
demonstrated that 4.2% of patients had a completely normal initial CT scan. There
is a vast amount of literature describing more subtle radiological signs in an effort to
increase its utility (Table 45.1). Overt signs of injury include an obvious mural
defect, free air or contrast extravasation, either from the bowel lumen or

Table 45.1 CT signs of
bowel or mesenteric injury

CT findings

Visible transmural defect

Extraluminal gas

Oral/intravenous contrast extravasation

Bowel thickening

Abnormal wall enhancement

Vascular thrombosis

Beading of mesenteric vessels

Mesenteric infiltration, fluid or hematoma

Intraperitoneal free fluid

Adapted from Bennett AE, Levenson RB, Dorfman JD.
Multidetector CT Imaging of Bowel and Mesenteric Injury:
Review of Key Signs. Semin Ultrasound CT MRI 2018; 39:363–
373
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vasculature. More subtle signs include the presence of intraperitoneal free fluid
without solid organ injury, thickened bowel, abnormal mural enhancement or
contained hematoma. The presence of a contained mesenteric hematoma should
alert the clinician to the possibility of an underlying bowel injury and the risk of
ischemia. Subtle but specific signs for mesenteric injury are vascular thrombosis,
mesenteric fluid or infiltration or beading of mesenteric vessels. Importantly, the
bowel and mesentery may even appear normal. Thus, a normal CT scan in a patient
clinically at risk for bowel injury should still prompt further monitoring.

Associated injuries should raise the suspicion of bowel and mesenteric trauma
(Table 45.2). Bladder injuries, perhaps as a correlate for other hollow viscera, are
associated with bowel trauma. In the same pattern as the seatbelt syndrome, anterior
wall hematomas, traumatic hernias, particularly of the anterior abdominal wall, and
Chance fractures have all been found to be associated with bowel injuries.

Operative Assessment

The use of laparoscopy in trauma has been significantly increasing during the past
few years. Its use has mirrored its increased utility during surgical training; how-
ever, proficiency with the technique is also an important limitation to the utility of
laparoscopy for diagnostic purposes. The surgeon should be facile at manipulating

Table 45.2 Injuries
associated with bowel and
mesenteric injury

Associated injuries

Abdominal wall hematoma

Traumatic hernia (anterior, lateral, diaphragmatic)

Solid organ injuries (liver, spleen kidney)

Closed head trauma

Hemothorax

Pneumothorax

Rib fractures

Pulmonary contusion

Retroperitoneal hematoma

Pelvic fracture

Femur fracture

Pancreaticobiliary injuries

Bladder disruption

Chance fractures

Anorectal trauma

Adapted from: From Frick EJ, Pasquale M, Cipolle M. Small
bowel and mesentery injuries in blunt trauma. J Trauma. 1999;
46(5):920–6 and Bennett AE, Levenson RB, Dorfman JD.
Multidetector CT Imaging of Bowel and Mesenteric Injury:
Review of Key Signs. Semin Ultrasound CT MRI 2018; 39:363–
373
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bowel in order to examine its entire length as well as its supplying mesentery. At
any point where the surgeon is not entirely confident in the sensitivity of the
exploration or suspicious of injury, the case should be converted to open laparo-
tomy. The increased use of laparoscopy in trauma over the years has led to a
decrease in negative trauma laparotomies in a select subset of patients.

One patient population that has particularly benefited from laparoscopy has been
victims of anterior abdominal stab wounds. The use of laparoscopy in this popu-
lation has led to a decrease in non-therapeutic laparotomies, hospital lengths of stay
and costs. Equally applicable for victims of blunt trauma, laparoscopy should be
considered in hemodynamically patients with a suspicion for bowel or mesenteric
injury but without another overt indication for laparotomy. The gold standard
diagnostic modality for bowel and mesenteric injury is an exploratory laparotomy.
As such, any patient in whom the clinical suspicion remains high despite negative
results from the previous modalities should undergo a laparotomy.

Grading

In order to provide a standard for defining bowel injuries, the American Association
for the Surgery of Trauma (AAST) has developed an injury scale based on tissue
loss and vascularity (Table 45.3). Specifically, for mesenteric injuries, a CT-based
grading system has been developed that is based off of the previously described CT
findings (Table 45.4). Finally, an intraoperative grading scale has also been
developed for grading of mesenteric injuries (Table 45.5). These grading scales
should be used to better communicate, study and manage both bowel and mesen-
teric injuries.

Table 45.3 AAST grading scale for small bowel injuries

Grade Type Description

1 Hematoma Contusion or hematoma without devascularization

Laceration Partial thickness, no perforation

2 Laceration Laceration <50% of circumference

3 Laceration Laceration � 50% of circumference without transection

4 Laceration Transection of the small bowel

5 Laceration Transection of the small bowel with segmental tissue loss

Vascular Devascularized segment

Adapted from the American Association for the Surgery of Trauma (AAST)https://www.aast.org/
resources-detail/injury-scoring-scale#bowel
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Predictive Variables

In the 2019 multi-institutional EAST study on blunt small bowel perforation, fac-
tors associated with an injury were sex, abdominal tenderness, distention, peri-
tonitis, bowel wall thickening, free fluid, and contrast extravasation.

McNutt et al. further developed a Bowel Injury Prediction Score (BIPS) com-
posed of three variables: white blood cell count > 17.0 � 109 cells/L, abdominal
tenderness and a CT grade of � 4. After a review of 380 mesenteric injuries, the
authors found a BIPS of 2 or more was associated with 19-fold increased odds of
blunt bowel injury. These findings have not been prospectively validated, given the
occasional subtle presentations of these injuries, and therefore further research in
this area is warranted.

Table 45.4 Proposed CT-based mesenteric injury scale

Grade Description

1 Contusion without bowel thickening or interloop collection

2 Hematoma <5 cm without bowel thickening or interloop collection

3 Hematoma >5 cm without bowel thickening or interloop collection

4 Contusion or hematoma (any size) with bowel thickening or interloop collection

5 Vascular or oral contrast extravasation, bowel transection or pneumoperitoneum

Adapted from McNutt MK, Chinapuvvula NR, Beckmann NM, Camp EA, Pommerening MJ,
Laney RW, West OC, Gill BS, Kozar RA, Cotton BA, Wade CE, Adams PR, Holcomb JB. Early
Surgical Intervention for Blunt Bowel Injury: The Bowel Injury Prediction Score (BIPS). J
Trauma Acute Care Surg 2015; 78(1): 105–111

Table 45.5 Proposed intra-operative mesenteric injury scale

Grade Hemorrhage Extent Bowel
viability

1 Hematoma/contusion Intact peritoneum Viable

2 Exposed vessels <1 cm peritoneal tear Viable

3 Active bleeding Gaping mesenteric fat Viable

4 Bleed/thrombus Defect through which daylight is visible Questionable

5 Bleed/thrombus Avulsion injury Non-viable

Adapted from Bekker W, Hernandez MC, Zielinski MD,Kong VY, Laing GL, Bruce JL,
Manchev V, Smith MTD, Clarke DL. Defining an intra-operative blunt mesenteric injury grading
system and its use as a tool for surgical-decision making. Injury, Int. J. Care Injured 2019; 50
(2019) 27–32
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Management

Concern for Injury

In patients at risk of mesenteric and bowel injury but without absolute indications
for operative exploration or clear signs of injury on imaging, observation with close
serial abdominal exams in a monitored setting is warranted. Ideally, these exams
should be performed by the same provider. In systems with multiple providers
within a 24 h period, the incoming provider should examine the patient with the
admitting provider. The patient should be kept fasting in preparation for a potential
intervention. Antibiotics are not indicated and may even mask clinical signs.

Any evidence of worsening abdominal pain, tachycardia, hypotension, fever,
tachypnea or desaturation should prompt a reassessment of the patient to determine
if operative exploration would be indicated. Serial lab results can also be helpful,
including an increase in white blood cell count, lactate or amylase. A decrease in
hemoglobin, although nonspecific, can suggest an uncontained mesenteric
laceration.

The optimal length of observation has not been well defined. Unnecessary
lengthier admissions are labor-intensive and costly; however, the early discharge of
a trauma patient with a bowel or mesenteric injury is unacceptable. Early evidence
suggested that most bowel injuries manifested themselves in the first 24 h of
admission. More recent literature suggests that an even shorter period of observa-
tion may be sufficient. For example, a review of 3,574 blunt abdominal trauma
patients revealed that those with intra-abdominal injuries exhibited signs or
symptoms and were diagnosed within 9 hours. All patients with an intra-abdominal
injury requiring an intervention were diagnosed within the first 60 min of presen-
tation. Currently, the authors advocate for an observation period of 24 h but this
may change as more research is published.

High Suspicion for Injury

Patients with gunshot wounds to the abdomen are at high risk of bowel and
mesenteric injury; unless the tracts are unequivocally tangential or isolated to the
right upper quadrant in a stable patient, they should prompt urgent operative
exploration.

As previously alluded to, patients with stab wounds to the anterior abdominal
wall without peritonitis and who are hemodynamically stable can be investigated
with multiple modalities. Local wound exploration is an option in the isolated stab
wound but may be difficult in the combative trauma patient and puts health care
providers at risk for needle stick injuries. Imaging with CT is fast becoming the
initial investigative test of choice. Radiographic signs as noted in Table 45.1, paired
with clinical data, helps with the decision of whether or not to take the patient to the
operating room. Initial surgical management with laparoscopy may be considered
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depending upon the skillset of the surgeon, particularly in the hemodynamically
stable patient with signs of intraperitoneal free fluid without solid organ injury.

In a review of 121 blunt abdominal trauma patients with bowel and mesenteric
injuries, the use of laparoscopy was associated with a significant shorter length of
stay and decreased rate of wound infections. Interestingly, conversion to laparo-
tomy was only required in 8.5% of cases and there were no differences in com-
plication rates between the laparoscopy and laparotomy groups.

Nevertheless, laparotomy remains the gold standard and is an acceptable initial
management for any trauma patient with a high index of suspicion for bowel or
mesenteric injury.

Intraoperative Finding

Once the decision is made to operate on the patient, the presence of a bowel or
mesenteric injury can be confirmed and graded according to the previously
described scales (Tables 45.3 and 45.5). Often, these injuries are encountered
intra-operatively associated with other pathologies such as solid organ or vascular
injuries that prompted the operative exploration in the first place.

Bowel wall contusions and hematomas (Grade 1 hematoma) should be explored
to ensure that there is no underlying bowel injury. Partial thickness lacerations
(Grade 1 laceration) and lacerations involving less than 50% of the bowel cir-
cumference (Grade 2) can be primarily repaired if closure does not lead to nar-
rowing of the lumen. Single and two-layer closures appear to be equivocal and are
at the surgeon’s discretion. More severe injuries (Grades 3–5) with evidence of
significant (>50%) disruption to the bowel wall, transection or devascularization
require resection. Primary anastomosis is warranted unless the patient’s physiology
or injury burden require a damage control approach. In that case, the patient can be
left in discontinuity with a plan for definitive management at a later time after
physiologic resuscitation.

Early evidence suggested that hand sewn anastomosis techniques were associ-
ated with fewer complications as compared to stapled techniques in trauma
patients, perhaps related to the underlying bowel edema. However, a recent AAST
multi-institutional trial evaluating both techniques in 595 patients across 15 insti-
tutions showed similar anastomotic failure rates and operative times.

Mesenteric injuries present as contained hematomas, active bleeding and avul-
sion injuries with bowel ischemia. As for Grade 1 small bowel injuries, hematomas
within the mesentery should be explored to exclude a concomitant bowel perfo-
ration. If the bowel is intact and viable, no further management is required. If a
distal mesenteric vessel is visible or actively bleeding (Grade 2–3), we advocate
simple suture ligation with close monitoring for bowel viability. With any avulsion
injury (“bucket handle”) or questionable bowel viability, the involved bowel seg-
ment should be resected. The patient’s physiological status and associated injuries
should guide the decision-making process for damage control surgery, which may
require the bowel to be left in discontinuity and the abdomen left open with a
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temporary abdominal closure device in preparation for a second look in the coming
days. If the mesenteric injury is isolated with clear demarcation in bowel viability in
a stable patient, we advocate primary anastomosis.

Bowel viability can be clinically assessed by color, palpable pulses and intact
peristalsis. Useful adjuncts include intra-operative Doppler of the distal mesentery
and indocyanine green-enhanced fluorescence angiography. There are case reports
of microvascular repairs of jejunal and ileal vessels in patients with extensive
avulsion injuries; however, ligation and resection remain the mainstays of
treatment.

Proximal Mesenteric Injury

Proximal mesenteric injuries are rare but devastating and represent some of the
most challenging injuries faced by trauma surgeons. They are often associated with
multiple other complex injuries, such as pancreaticoduodenal trauma, and patients
are often in extremis. The management of superior mesenteric vessels often requires
creative solutions as simple ligation can have dire consequences.

The AAST also describes an abdominal vascular injury scale. Specifically, for
mesenteric injuries, Grades 1 and 2 refer to unnamed mesenteric vessels and the
inferior mesenteric artery (IMA) or vein (IMV), respectively, all of which can be
ligated with impunity provided there is adequate collateral flow.

Grades 3 and 4 refer to superior mesenteric vein (SMV) and artery (SMA) in-
juries, respectively. SMA injuries can be further divided according to Fullen’s
classification based on anatomic zone and ischemia grade (Table 45.6).

Table 45.6 Fullen’s classification of superior mesenteric artery injuries

Anatomic classification

Zone SMA segment

1 Trunk proximal to first major branch

2 Trunk between pancreaticoduodenal and middle colic

3 Trunk distal to middle colic

4 Segmental branches

Ischemic classification

Grade Category Segments affected

1 Maximal Jejunum, ileum or right colon

2 Moderate Major segment, small bowel and/or right colon

3 Minimal Minor segment, small bowel or right colon

4 None None

Adapted from Fullen WD, Hunt J, Altemeier WA. The clinical spectrum of penetrating injury to
the superior mesenteric arterial circulation. J Trauma 1972; Aug;12(8):656–64
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Surgical options for the management of SMV injuries include ligation or primary
repair. A retrospective study of 51 SMV injuries revealed a survival rate of 47%,
with 59% of patients undergoing ligation, 31% primary repair and the remaining
10% exsanguinating before any operative intervention. Patients undergoing primary
repair had higher survival rates (63%) as compared to ligation (40%); however,
those undergoing primary repair also had less associated injuries implying a clear
selection bias. Thus, the authors concluded that ligation is safe in patients with
multiple other associated injuries.

The surgical management of SMA injuries includes ligation, primary repair or
the use of interposition grafts with either saphenous vein or polytetrafluroethylene
(PTFE) grafts. The specific management depends on extent and location of injury,
associated injuries as well as the patient’s physiological status.

A multi-institutional study of 250 patients with SMA injuries revealed an overall
mortality of 39%. Fullen’s classification of anatomic zones and ischemia grades as
well as the AAST abdominal vascular trauma scale correlated with mortality.
Patients were treated with ligation (72%), primary repair (22%), venous interpo-
sition (4%) and PTFE interposition (2%).

Patients treated with ligation had superior survival rates; however, a higher
proportion of these patients had more distal injuries whereas those treated with
primary repair were more likely to have proximal injuries. Complications included
bowel ischemia or infarction, short bowel syndrome, repair failure, thrombosis and
pseudoaneurysm.

Future Directions

Mesenteric trauma represents a particular challenge as the diagnosis can be difficult
based solely on clinical data and imaging, and even short delays in diagnosis are
associated with significant morbidity and mortality. Laparoscopy has an increasing
role in the diagnosis of mesenteric injuries, particularly in stable victims of anterior
abdominal stab wounds. The surgical management of these injuries centers around
the extent of hemorrhage and bowel viability. The management of proximal
mesenteric injuries is particularly challenging and is associated with significant
morbidity and mortality.

Given the need to detect mesenteric injuries early and to avoid non-therapeutic
laparotomies in those without them, much attention is currently being paid to
further clinical diagnostic methods. There is currently an ongoing multi-institutional
effort that is performing a prospective observational trial that aims to validate the
previously described BIPS method of detection of bowel and mesenteric injuries.
This study may be a useful adjunct to the armamentarium of clinicians in the
management of mesenteric injuries.
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46Mesenteric Cysts

Paul T. Hernandez and Nicole M. Saur

Cystic Tumors of the Mesentery

Cystic tumors of the mesentery are a diverse group of rare tumors that occur across
all ages and genders. Given the rarity of these tumors, with the cumulative inci-
dence of approximately 1 in 100,000 to 1 in 250,000 hospitalized patients, they are
often lumped under the catchall term “mesenteric cysts”. Though frequently treated
as a single entity, mesenteric cysts can be divided into six distinct groups based on
their histopathologic features or cell-type of origin, with each group of tumors
having a distinct epidemiology and biologic behavior. These groups include:
(1) cysts of lymphatic origin including lymphangioma, (2) cysts of mesothelial
origin including simple mesothelial cysts and multi cystic mesothelioma, (3) enteric
duplication cysts, (4) urogenital cysts, (5) cysts derived from germ cells including
mature cystic teratoma, and (6) post-traumatic/post-infectious pseudocysts. The
management of these lesions varies from observation to emergent surgery
depending on patient factors and the presence of and severity of symptoms.

Description of Condition

Mesenteric Lymphangioma

Lymphangioma are benign, congenital tumors characterized by the proliferation of
thin-walled lymphatic channels. It is hypothesized that lymphangiomas are formed
when primitive lymph vessels fail to connect with the remainder of the lympho-
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vascular system during embryonic development. Grossly, these tumors appear as
thin-walled, multiseptated cysts that contain serous to chylous lymphatic fluid. On
pathology, these tumors are characterized by dilated lymphatic channels and large,
irregular lymphatic spaces lined by bland epithelial cells and smooth muscle.
Among the cystic tumors of the mesentery, lymphangiomas are the most common.
The most common sites for lymphangioma are the head, neck, and axilla;
approximately 9% of lymphangioma occur in the peritoneal cavity. Less than 1%
occur in the mesentery, with the most common site being the mesentery of the small
bowel. Mesenteric lymphangioma may also involve the wall of the adjacent bowel.
Almost 90% of intraabdominal lymphangioma are diagnosed by 2 years of age.
Malignant transformation of mesenteric lymphangioma is exceedingly rare, but has
been reported in the literature (Fig. 46.1).

Simple Mesothelial Cysts

It is hypothesized that simple mesothelial cysts form when the mesenteric leaves
fail to fuse during development. The resulting tumor is a thin-walled unilocular cyst
filled with serous fluid. On histology, these tumors have a fibrous wall that is devoid
of a defined muscular layer and are lined by an attenuated layer of mesothelium.
While generally considered benign, there have been isolated reports of malignant
transformation in the literature. Mesothelial cysts have been described in all por-
tions of the mesentery from the ligament of Treitz to the mesorectum, but the most
commonly reported site is the ileal mesentery (Fig. 46.2).

Fig. 46.1 Left: Numerous dilated lymphatic spaces, sometimes filled with lymph (EE 5X). Inset:
focally lymphatic spaces are covered by plump endothelial cells (EE 20X). Right: Thin walled,
multiseptated cyst filled with serous fluid. Aprea, Giovanni, Francesco Guida, Alfonso Canfora,
Antonio Ferronetti, Antonio Giugliano, Melania Ciciriello, Antonio Savanelli, and Bruno Amato.
“Mesenteric Cystic Lymphangioma in Adult: A Case Series and Review of the Literature.” BMC
Surgery 13, no. Suppl 1 (2013): A4. https://doi.org/10.1186/1471-2482-13-S1-A4. Reused with
permission © Springer Nature
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Multicystic Mesothelioma

Multicystic mesothelioma of the peritoneum is a rare tumor that arises from the
epithelial and mesenchymal elements of mesothelial tissue. In contrast to malignant
peritoneal mesothelioma, which is an aggressive and universally fatal disease,
multicystic mesothelioma is considered benign and has an extremely low potential
for malignant transformation. The incidence of the disease is *0.15 per 100,000
cases annually. Unlike malignant mesothelioma which typically occurs in men and
has a strong association with asbestos exposure, multicystic mesothelioma has been
reported in both sexes but typically affects the pelvic peritoneum of premenopausal
women though involvement of the small bowel mesentery is possible. Involvement
of the mesocolon of the sigmoid and transverse colon are also well described.
Grossly, the tumor is characterized by its multicystic “bunch of grapes” appearance
with individual cysts that range in size from several millimeters to 20 cm and are
filled with thin serous or gelatinous fluid. Microscopically, the cysts are lined by a
thin layer of flattened cuboidal or hobnail mesothelial cells and are separated by
fibrous tissue. Multicystic mesothelioma has an association with previous surgery,
endometriosis and familial Mediterranean fever. Given the significant differences in
the biological and clinical behavior between malignant peritoneal mesothelioma
and multicystic mesothelioma, some hypothesize that multicystic mesothelioma is a
hyperplastic rather than neoplastic process. Nonetheless, multicystic mesothelioma
has a high propensity for local recurrence with 25–50% recurrence rates after
surgical resection, and while very rare, malignant transformation has been
described.

Fig. 46.2 Large thin-walled, unilocular cyst. Ousadden, Abdelmalek, Hicham Elbouhaddouti,
Karim Hassani Ibnmajdoub, Taoufiq Harmouch, Khalid Mazaz, and Khalid AitTaleb. “A Giant
Peritoneal Simple Mesothelial Cyst: A Case Report.” Journal of Medical Case Reports 5, no.
1 (December 2011). https://doi.org/10.1186/1752-1947-5-361

46 Mesenteric Cysts 447

https://doi.org/10.1186/1752-1947-5-361


Enteric Duplication Cysts

These developmental anomalies are cystic or tubular bowel-like structures situated
adjacent to the luminal GI tract. Like the adjacent bowel, duplication cysts are lined
by intestinal epithelium and have a well-defined outer layer of smooth muscle
complete with myenteric neural elements. Heterotopic gastric mucosa can also be
present in up to 50% of cases, especially in duplications of the ileum and the colon.

There are two morphologic types of enteric duplication cysts, cystic-type and
tubular-type. Cystic-type duplications, which make up the majority, are spherical in
shape and have no communication with the lumen of the adjacent bowel, though
they typically share a common wall and a blood supply with the adjacent segment
of intestine. Tubular duplications, which account for approximately 20% of the
cases, are often long and tubular and do typically communicate with the adjacent
bowel. While duplication cysts can occur anywhere along the GI tract from the
mouth to the anus, they are most frequently encountered in the jejunum and ileum
on the mesenteric side of the lumen.

There have been many proposed embryologic mechanisms for the formation of
enteric duplication cysts, and no mechanism has gained universal acceptance. The
split notochord hypothesis, which proposes an abnormal separation of the noto-
chord from the gut endoderm resulting in enteric duplication or diverticula, has
gained the most favor as this hypothesis also explains the 15% association of
developmental vertebral abnormalities with enteric duplications. As they are con-
genital tumors, the majority become symptomatic or are discovered incidentally
before 2 years of age.

Malignancy is rare, but can arise in enteric duplications. They occur most
commonly in colonic duplications as up to 67% of malignancies diagnosed in
duplication cysts occur in this location. Malignant transformation can also occur in
small bowel duplications, and is more common among duplications with hetero-
topic gastric mucosa.

Urogenital Cysts of the Mesentery

Urogenital mesenteric cysts are rare congenital tumors thought to arise from ves-
tigial remnants of the embryonic urogenital apparatus. On histology, these cysts are
lined by cuboidal to columnar epithelium. They may also demonstrate some ele-
ments of distinct pronephric, mesonephric, metanephric, or Mullerian differentia-
tion including various primitive renal elements and fallopian tube-like ciliated
epithelium. Grossly, the cysts are typically thin-walled and contain a mix of serous
fluid and adipose tissue (Fig. 46.3).
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Mature Cystic Teratoma

Mature cystic teratomas, otherwise known as dermoid cysts, are germ cell tumors that
arise from totipotent primordial germ cells. These tumors have a cyst wall lined by
flattened cuboidal epithelium and contain a mix of tissues derived from all three germ
cell layers including tissue of ectodermal (i.e. skin, hair follicles, sebaceous glands,
teeth), mesodermal (i.e. muscle, urinary), and endoderm origin (i.e. lung, gastrointesti-
nal) as well as liquid sebaceousmaterial.Macroscopically, these tumors are thickwalled,
septated cysts that contain a thick, fatty, gelatinous material as well as teeth and hair.

Teratomas can occur anywhere along the pathway of germ cell migration, most
commonly in the midline, from the cranium to the sacrococcygeal region. The most
common location is the sacrococcygeal region and the gonads, but there are numerous
reports of these tumors occurring in the small bowel mesentery, making mature cystic
teratomas an important entity in the differential diagnosis of a mesenteric cyst.

While the vast majority of these tumors occur in adult females, isolated cases
have been reported in male patients. Mature cystic teratomas are considered benign,
but malignant transformation occurs in 0.2 to 2% of these tumors with increased
risk of malignancy in patients 45 years and older and those with rapidly growing
tumors or tumors greater than 10 cm in diameter (Fig. 46.4).

Mesenteric Pseudocyst

Similar to the more common pancreatic pseudocysts, mesenteric pseudocysts are
fluid collections encased fibrous tissue without an epithelial lining. Mesenteric
pseudocysts are not associated with pancreatitis and are thought to occur secondary

Fig. 46.3 Cyst with fibromuscular wall covered by ciliated epithelium, of Mullerian type.
Mokhtari M, Kumar PV. Cytologic findings of urogenital mesenteric cyst. Arch Iran Med. 2013;
16(7):436–438. © 2021 The Author(s). This work is licensed under a Creative Commons
Attribution 4.0 License
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to trauma, infections, or prior surgery when a hematoma or abscess is formed in the
mesentery and not completely absorbed. As a result, the persistent cyst is often
filled with hemorrhagic contents and cellular debris.

Mesenteric pseudocysts occur most commonly in patients in their 40 s and are
reported more commonly in females than in males (Fig. 46.5a and b).

Presentation and Diagnosis

Cystic tumors of the mesentery have a wide spectrum of presentations. Approxi-
mately 40% of mesenteric cysts are discovered incidentally on physical exam, on
imaging, or during abdominal surgery for other indications. Of the remaining 60%
of patients, the majority present with chronic, non-specific symptoms including
mild abdominal pain, abdominal bloating, or abdominal distension. Only 5 to 10%
of patients will ultimately present with acute complications of their cysts.

Diagnostic Studies in Uncomplicated Mesenteric Cysts

The majority of cystic tumors of the mesentery are discovered incidentally on
abdominal imaging, physical exam, or in the setting on non-specific abdominal
symptoms. Ultrasound (US) and commuted tomography (CT) are the most com-
monly utilized imaging modalities in the diagnosis of mesenteric cysts. While less
commonly employed, magnetic resonance (MR) imaging can sometimes more
accurately describe the relation between the mass and the adjacent organs and soft
tissues or provide additional information regarding the nature of the cyst contents.

Fig. 46.4 Teratoma within the mesentery of the ileum. Pandya Jayshri et al. Mature mesenteric
teratoma in an adult male. Panacea Journal of Medical Science 2015; 5(3):161–163. Copyright
© 2015 by author(s) and Panacea J Med Sci. This is an Open Access article distributed under the
terms of the Creative Commons Attribution 4.0 International License (creativecommons.org)
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Physical Exam

When discovered on physical exam, a mesenteric cyst may demonstrate a triad of
findings first described by Paul Jules Tillaux in the late nineteenth century. Tillaux’s
triad includes (1) a fluctuant abdominal mass near the umbilicus that (2) is mobile
only from the patient’s right to left or left to right and (3) is dull to percussion but
encircled by zone of tympani representing the surrounding bowel.

Imaging

Each imaging modality for the evaluation of mesenteric cyst has its own benefits
and limitations. US has the benefits of being both widely available and cost
effective. Unlike CT, US does not emit ionizing radiation making it the study of

Fig. 46.5 a and
b Histopathology of the
pseudocyst wall showing
dense fibrous tissue with no
epithelial lining. Geng,
Jiun-Hung, Chun-Hsiung
Huang, Wen-Jeng Wu,
Shu-Pin Huang, and Yi-Ting
Chen. “Huge Retroperitoneal
Nonpancreatic Pseudocyst.”
Urological Science 23, no.
2 (June 2012): 61–63. https://
doi.org/10.1016/j.urols.2012.
03.002. Reused with
permission © Elsevier
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choice in children. US, however, is operator dependent and does not demonstrate
the relationship of the mesenteric cyst to adjacent organs as well as CT and MR.

While all varieties of mesenteric cysts share the common characteristics of being
well-defined, hypoechoic/hypoattenuating masses, subtle differences in the radio-
logic appearances of the different types of mesenteric cysts can facilitate the making
a pre-operative diagnosis.

Lymphangioma
By US, lymphangiomas appear as thin-walled, cystic, multiseptated/lobulated
mases that may contain internal echoes, sedimentation or fluid–fluid levels caused
by cellular debris.

On CT, mesenteric lymphangioma appear as cystic masses with Hounsfield units
(HU) ranging from water attenuation for cysts with predominantly serous contents
to fat attenuation for cysts with predominantly chylous contents. When performed
with intravenous contrast, the cyst wall may show enhancement. The fine septa,
readily appreciable by ultrasound, are usually less apparent on CT though there are
occasionally calcifications that form along the septa and revealing their presence.

For mesenteric lymphangioma, MR can provide additional information that can
further clarify the diagnosis. These tumors are hyperintense on T2-weighted ima-
ges, and their internal septae are much more apparent when compared to CT.
Typically, the cyst contents demonstrate high signal intensity on T1-weighted
images, and a comparison of in-phase and opposed-phase T1-weighted images can
demonstrate the fact that these tumors contain both a significant amount of fat and
water as expected in lymphatic fluid. This technique allows lymphatic cysts to be
differentiated from cystic masses that contain purely serous fluid and those that are
purely fat containing.

Mesothelial Cysts
By US, mesothelial cysts are similarly thin-walled and anechoic, but they typically
lack the septations and internal debris seen in lymphangiomas. These cysts often
demonstrate strong posterior acoustic enhancement. CT and MR demonstrate a
cystic mesenteric mass without a discernable wall or septations. The cyst fluid is
also different from that of lymphangiomas in that it has Hounsfield units by CT
closer to water than fat, and the fluid has low signal intensity on T1-weighted
images as compared to the high signal intensity in lymphangiomas.

Multicystic Mesothelioma
With a similar appearance to lymphangioma, multicystic mesothelioma appear as a
hypoechoic, multiloculated mass on US. CT commonly demonstrates a cystic mass
with homogeneous fluid attenuation and no calcifications. As with lymphangioma,
CT may or may not demonstrate the multilocular nature of the mass. On MR, these
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cystic lesions show low signal intensity on T1-weighted images and high signal
intensity on T2-weighted images without any solid components or enhancement.

Enteric Duplication Cysts
Ultrasonography of enteric duplication cysts classically demonstrates a
double-layered wall with an inner layer of hyperechoic mucosa and an outer layer
of hypoechoic muscle often referred to as the “gut signature”. When present in a
cyst the “gut signature” has a high specificity for an enteric duplication cyst, but in
many cases inflammation may obscure this classic sign (Fig. 46.6).

By CT, enteric duplications are flat, spherical or tubular tumors situated adjacent
to a loop of bowel. They can displace but show no evidence of infiltrating other
organs. As with the adjacent bowel, the wall of duplications generally demonstrates
mucosal enhancement with intravenous contrast. If distended with fluid at the time
of CT, cyst contents have Hounsfield units in the 0–20 range. MR imaging similarly
demonstrates a well-circumscribed, homogeneous, hypointense mass on
T1-weighted images. On T2-weighted images of the distended cyst contents are
hyperintense, though there may be variability in the signal due to associated
hemorrhage or mucous secretion. As with CT, gadolinium-enhanced MRI shows
enhancement of the cyst wall.

Fig. 46.6 Portions of the cyst wall show the characteristic double-layered appearance with
echogenic mucosa internally (arrows) and hypoechoic muscle externally. Di Serafino, Marco,
Carmela Mercogliano, and Gianfranco Vallone. “Ultrasound Evaluation of the Enteric Duplication
Cyst: The Gut Signature.” Journal of Ultrasound 19, no. 2 (June 2016): 131–33. https://doi.org/10.
1007/s40477-015-0188-8. Reused with permission © Springer Nature
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Barium studies, though less-frequently used, can show unique findings. Most
commonly these demonstrate a submucosal mass causing extrinsic indentation of
the adjacent bowel, but if the duplication communicates with the lumen, a spherical
or tubular structure filled with barium can be seen adjacent to the GI tract. This is a
finding with high specificity for this entity.

Tc 99 pertechnate scans can demonstrate the presence ectopic gastric mucosa in
enteric duplications with a sensitivity of up to 75%.

Mature Cystic Teratoma
Of the cystic tumors of the mesentery, mature cystic teratomas have the most
characteristic ultrasound appearance. Identification of a “dermoid plug” or echo-
genic mass of teeth, hair, or fat floating within the cyst is one specific finding. The
presence of a “dermoid mesh”, a mesh-like network of hyperechoic lines and dots
with in the cyst due to small hairs floating in the cystic fluid, and a “fat-fluid level”
or the interface of layering serous fluid and sebum allow the diagnosis of a dermoid
cyst by ultrasound with a positive predictive value close to 100% (Fig. 46.7).

Fig. 46.7 Dermoid mesh (a) and dermoid plug (b). Kite, Lauren, and Talat Uppal. “Ultrasound of
Ovarian Dermoids - Sonographic Findings of a Dermoid Cyst in a 41-Year-Old Woman with an
Elevated Serum HCG.” Australasian Journal of Ultrasound in Medicine 14, no. 3 (August 2011):
19–21. https://doi.org/10.1002/j.2205-0140.2011.tb00119.x. Reused with permission © John
Wiley and Sons
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Various imaging findings on CT have high specificity as well. CT demonstrates
a thick-walled cystic tumor with central fat attenuation and scattered areas of cal-
cification often representing teeth. Tufts of hair are also frequently identified on CT,
but the fat-fluid level seen on ultrasound is less frequently appreciated.

By MR, the sebaceous components of mature cystic teratoma have high signal
intensity on T1-weighted imaging though this signal is lost on fat-suppressed
T1-weighted sequences reflecting the macroscopic fat within the cyst.

Mesenteric Pseudocyst
By US, mesenteric pseudocysts are unilocular or multilocular cystic masses with a
hypoattenuating, fluid-filled center and varying amounts of intralesional debris. The
wall of these cysts is often very thick and lacks the “gut signature” seen in enteric
duplications. CT and MR show a thick-walled cyst with varying degrees of internal
septation and debris.

Endoscopy and Endoscopic Ultrasound

Traditional endoscopy is not considered a diagnostic modality of choice for cystic
tumors of the mesentery as only those cysts affecting the colon and very proximal
small bowel are accessible with traditional endoscopic techniques. Furthermore,
given the majority of cystic tumors of the mesentery, save communicating dupli-
cation cysts, do not communicate with the lumen of the bowel, endoscopy generally
demonstrates little more than evidence of extrinsic compression or a submucosal
tumor. Still, mesenteric cysts have been detected incidentally on screening endo-
scopies and when endoscopy is chosen as a diagnostic modality to investigate
vague abdominal symptoms. Adding endoscopic ultrasound to traditional endo-
scopy, however, has been shown to be effective in clarifying the diagnosis as this
modality provides the same information as traditional ultrasound often with higher
resolution.

Acute Complications of Mesenteric Cysts

Obstruction, Volvulus and Intussusception

Mesenteric cysts can result in bowel obstruction due to mass effect on the adjacent
bowel, intussusception, or intestinal volvulus. In the setting of intestinal volvulus,
patients may present with signs of intestinal ischemia including severe abdominal
pain, hemodynamic instability, leukocytosis, lactic acidosis, and peritonitis, in
addition to the bilious/feculent emesis and obstipation seen in uncomplicated
obstruction. Often, patients presenting with a mesenteric cyst causing obstruction or
volvulus will describe a history of intermittent obstructions and/or abdominal pains
in the past. CT in an obstructed patient demonstrates dilated loops of small bowel
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often with air fluid levels and a transition point at the site of compression by the
cystic tumor. Contrast enhanced CT in patients with intestinal volvulus classically
demonstrates whirling of the small bowel and mesenteric vessels around the
superior mesenteric artery with evidence of a closed-loop bowel obstruction. Fre-
quently, the mesenteric cyst is seen lodged in the pelvis where is acts as a point of
fixation, allowing volvulus to occur.

Ureteral Obstruction

Mesenteric cysts of any etiology can cause external compression of the ureter
resulting in hydronephrosis. Unilateral ureteral compression at the sacral promon-
tory is most commonly reported. Frequently these cysts are large enough to cause
symptoms of abdominal distension and pain though some patients may be
asymptomatic. In patients with normal renal function, unilateral ureteral obstruction
does not significantly elevate markers of renal insufficiency. Conventional urog-
raphy demonstrates ureteral obstruction and CT urography demonstrates ureteral
obstruction at the site of the compression by the cystic tumor (Fig. 46.8).

Cyst Rupture

Cyst rupture typically presents on a spectrum from focal, mild abdominal pain to
severe generalized abdominal pain and peritonitis often depending on the size and
etiology of the cyst. Ruptured, infected cysts and ruptured, hemorrhagic cysts pro-
duce the most severe symptoms. CT findings typically demonstrate free fluid in the
dependent portions of the abdomen. There may or may not be evidence of a residual
cyst depending on the presence of septations/loculations prior to cyst rupture.

Fig. 46.8 Mesothelial cyst arising from the jejunal mesentery causing L sided ureteral
compression and L sided hydronephrosis. El-Agwany, Ahmed Mohammed Samy. “Huge
Mesenteric Cyst: Pelvic Cysts Differential Diagnoses Dilemma.” The Egyptian Journal of
Radiology and Nuclear Medicine 47, no. 2 (June 2016): 373–76. https://doi.org/10.1016/j.ejrnm.
2016.01.008 Reused with permission © Elsevier
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Cyst Hemorrhage

Internal hemorrhage in an isolated cyst often results in severe, localized abdominal
pain due to internal pressurization of the cyst causing stretching and inflammation
of the overlying peritoneum. Significant bleeding leading to hemorrhagic shock is
very rare, but has been described, generally in the setting hemorrhage that results in
cyst rupture. Ultrasound and CT often demonstrate cystic masses with evidence of
layering hyperechoic or high attenuating blood products as well as evidence of
inflammation of the adjacent mesentery in the form of hyperechoic fat or high
attenuating fat.

Infected Mesenteric Cyst

All mesenteric cysts have the potential for spontaneous infection of the cyst con-
tents, but infected mesenteric pseudocysts are most commonly reported in the
literature. The most commonly reported infectious agents include Staphlococcus
aureus and Escheria coli though Streptococcus pneumoniae, Salmonella enteritis,
and Mycobacterium tuberculosis have also been implicated.

Infected non-ruptured mesenteric cysts most commonly present with abdominal
pain, fevers, focal tenderness to palpation, and leukocytosis. In the case of a
non-ruptured, infected mesenteric cyst, CT frequently demonstrates the cystic mass
with rim enhancement in the setting of intravenous contrast.

When infected mesenteric cysts rupture, the presentation is more acute. These
patients typically present with marker of a systemic inflammatory response
including tachycardia, significant leukocytosis, high fevers, and diffuse peritonitis.
Some patients may even demonstrate end organ dysfunction and shock.

Peptic Ulceration

Mucosal ulceration resulting in gastrointestinal hemorrhage and perforation has also
been described in the setting of enteric duplication cysts of the small or large bowel
that contain ectopic, acid-secreting gastric mucosa.

Patients presenting with perforation typically demonstrate the signs and symp-
toms classically associated with a perforated viscus including the acute onset of
severe abdominal pain, peritonitis, tachycardia and leukocytosis. CT in this setting
usually demonstrates some degree of free air and free fluid within the abdomen, and
the duplication cyst may be apparent.

The presentation of bleeding from mucosal ulceration due to heterotopic gastric
mucosa is often variable depending on the location of the cyst. Lesions associated
with the proximal small bowel often present with anemia and a history of melena,
while distal lesions, especially those in the distal colon and rectum, commonly
present with bright red rectal bleeding. For lesions in the colon and the very
proximal small bowel, traditional endoscopic techniques may be helpful in
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identifying and temporarily treating the site of and may demonstrate the connection
between the duplication cyst and the normal bowel. Bleeding caused by duplica-
tions in the jejunum and ileum are more challenging to localize. As these lesions are
typically out of the reach of traditional endoscopy, double balloon enteroscopy or
capsule endoscopy may be helpful. As with other etiologies of gastrointestinal
bleeding, CT angiography, mesenteric angiography and Tc99 tagged red blood cell
nuclear scan can identify active bleeding caused by duplication cysts. If an enteric
duplication cyst or with ectopic gastric mucosa is suspected, a 99m Tc pertechnetate
scan or “Meckel’s scan” can be performed to demonstrate the presence of ectopic
gastric mucosa with a positive predictive value approaching 100%. This study will
not, however, differentiate between duplication cysts and the more common
Meckel’s diverticulum.

Management

Indications for Surgery

Given the rarity of cystic tumors of the mesentery there is no definitive
evidence-based consensus on their management. The most common approach to
these tumors, regardless of etiology, involves urgent surgical management in all
patients presenting with acute complications, including elective resection in patients
whose cysts are symptomatic and in good surgical candidates whose cysts are
discovered incidentally.

The rationale given by most authors regarding the decision for surgery in the
asymptomatic patient is first to prevent these tumors from becoming symptomatic
or from causing acute complications, and second to prevent the rare event of
malignant transformation. Surgery is generally recommended for all types of me-
senteric cysts regardless of the presumed pre-operative diagnosis.

Contraindications to Surgery

In patients presenting with bowel obstruction, mesenteric ischemia, sepsis, or
peritonitis secondary to complications of a mesenteric cyst, urgent surgical man-
agement is essential and without contraindication apart from patient refusal. Among
symptomatic patients and patients whose cysts are discovered incidentally, surgery
should be recommended to those who are deemed low-risk surgical candidates.
Observation and serial imaging is reasonable in asymptomatic and mildly symp-
tomatic patients deemed moderate to high-risk, but given the rarity of these tumors
there is no consensus on the optimal interval of, duration of, or best imaging
modality for surveillance.

458 P. T. Hernandez and N. M. Saur



Surgical Options

For good surgical candidates, complete cyst excision is the recommended surgical
procedure for all varieties of mesenteric cysts as aspiration/drainage or marsupi-
alization results in significant rates of recurrence, precludes pathologic examination
of the entire cyst, and does not eliminate the risk of malignant transformation.

Both open and laparoscopic approaches to resection of mesenteric cysts have
been described. In most cases, mesenteric cysts can be carefully enucleated without
injuring the vessels of the mesentery, and this is particularly true in simple
mesothelial cysts, benign cystic mesothelioma, mature cystic teratoma, and uro-
genital cysts. To facilitate laparoscopic enucleation, many authors describe cyst
drainage prior to beginning dissection.

If the mesenteric vessels cannot be preserved, or if the tumor involves the wall of
the adjacent bowel as commonly seen in duplications and lymphangioma, a seg-
mental bowel resection with primary anastomosis should be performed.

While not common in clinical practice, some authors have advocated for the use
of hyperthermic intraperitoneal chemotherapy at the time of surgical resection of
benign multicystic mesothelioma given its relatively high recurrence rates of 25–
50% after surgical excision. While this has technique has been demonstrated to be
safe, there is currently no data to support that decreases the rates of recurrence as
compared to surgery alone.

For symptomatic patients who are poor surgical candidates, percutaneous drai-
nage of mesothelial cysts may provide temporary relief, and endoscopic internal
drainage of colonic duplications has also been described.

Summary

Mesenteric cysts are rare entities that can be discovered incidentally, present
symptomatically, or present acutely. If the presentation is subacute, imaging can be
utilized to classify the cyst type and plan for treatment. Cysts are generally excised
in fit patients to prevent the development of cyst-related symptoms or malignant
transformation. If the presentation is acute, the patient should be resuscitated and
taken to the operating room emergently and, if possible, the cyst should be resected
at that time.
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47Mesenteric Abscess

Sameh Hany Emile

Mesenteric abscess is a term that describes the collection of pus or infected material
between any of the several folds of peritoneum that envelop the intestine and
connect them to the posterior abdominal wall.

Description of the Condition

The pathogenesis of mesenteric abscess entails a wide spectrum of conditions.
Based on its etiology, mesenteric abscess can be broadly classified into primary and
secondary abscesses.

Primary abscess of the small bowel mesentery is quite rare. Dudely and
MacLaren attributed primary mesenteric abscess to diffuse suppurative mesenteric
adenitis in which the enlarged mesenteric lymph nodes develop small foci of
necrosis and suppuration. This condition may present with generalized peritonitis or
may have subtle course and is incidentally detected during laparotomy. Patients
with mesenteric abscess may also present with colicky abdominal pain that grad-
ually becomes more frequent and severe. Diarrhea associated with passage of
mucous with stool is another possible presentation of primary mesenteric abscess
due to irritation of the intestinal walls which results in increased intestinal peri-
stalsis. The majority of patients have toxemia manifested with high grade fever,
tachycardia, and dehydration.
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Nonetheless, Fraenkel questioned the presence of primary mesenteric abscess
and considered it a misnomer. He reported finding foreign bodies as fishbone and
rolled-up tomato skin in two cases of mesenteric abscess which suggested that the
inflammatory process was secondary to the presence of foreign body, and was not
an idiopathic process.

However, mesenteric abscess can also be secondary to a variety of causes
including inflammatory bowel diseases, particularly Crohn’s disease, Meckel’s
diverticulitis, tuberculosis, infected mesenteric cysts, complicated mesenteric ade-
nocarcinoma, and parasitic infestations.

Patients with Crohn’s disease can spontaneously develop abdominal or pelvic
abscess. The transmural inflammation of Crohn’s disease eventually results in
microperforations of the intestinal segment. Contained perforations lead to the
formation of abscess cavity, mostly at the ileocecal region. However, Crohn’s
disease-related abscesses have also been reported in the abdominal wall, psoas and
gluteus muscles, subphrenic space, and in the mesentery of the bowel.

Mesenteric abscess causing extrinsic compression of the bowel can actually be
common in Crohn’s disease. As Hokama and colleagues reported, the abscess
usually presents as a round, egg-sized, tender mass in either quadrants of the
abdomen accompanied by fever and leukocytosis in patients with Crohn’s disease.

Teeples and Tabibian described a case of Crohn’s disease-related mesenteric
abscess that presented with symptoms of bowel obstruction including progressive
abdominal distention, nausea, and feculent vomiting. Weight loss is another notable
manifestation of the disease. In contrast to the usual acute presentation, patients
with mesenteric abscess may present without fever, tachycardia, or other signs of
toxemia. Interestingly, some patients may have normal abdominal examination
apart from mild infraumbilical tenderness. The definitive diagnosis of mesenteric
abscess in patients with this subtle clinical picture can be only made by CT or MR
enterography which can clearly detect the air-fluid filled abscess cavity within the
mesentery, displacing the intestine.

Although uncommon, mesenteric abscess may be a consequence of inflamed or
ruptured Meckel’s diverticulum as has been reported in a few reports. In a report by
Duncan D, an otherwise healthy man complained of vomiting and central
abdominal pain that became localized to the right of the umbilicus and was mis-
diagnosed as having acute appendicitis. However, exploration revealed a 5-cm
mesenteric abscess with an inflamed Meckel’s diverticulum adherent to its posterior
surface. En-bloc resection of the inflamed diverticulum and the affected mesentery
was conducted and was followed by uneventful recovery. An explanation of this
highly unusual condition was made that prolonged fixation of the diverticulum to
the mesentery, probably caused by congenital adhesions, allowed stagnation of the
intestinal contents and formation of an enetrolith that became lodged inside the
diverticulum and initiated the acute inflammatory process.
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In another report by Wasike and Saidi in 2006, a young man presented with
symptoms and signs suggestive of acute appendicitis associated with elevated
leucocyte count and fever. High resolution spiral abdominal CT scan revealed an
abscess cavity within the small bowel mesentery of about 2.5 inches in size. On
exploratory laparotomy a perforated Meckel’s diverticulum was found adherent to
the mesentery and walled off with gangrenous ileal loops which were resected along
with the perforated diverticulum. This report highlighted the important fact that
complicated Meckel’s diverticulum may disguise as mesenteric abscess, and the
differentiation between the two entities is usually difficult, even after performing
abdominal CT scan.

Mesenteric abscess may also be secondary to tuberculosis. The incidence of
extrapulmonary tuberculosis has increased considerably with the growing numbers
of patients with human immune deficiency virus. While abdominal tuberculosis
mainly affects the terminal ileum and the cecum, cases of isolated mesenteric
tuberculosis have also been reported.

Many patients with mesenteric tuberculosis have asymptomatic pulmonary
tuberculosis. Swallowing the infected sputum leads to spread of mycobacterial
infection to the small bowel and subsequently to the mesenteric lymph nodes. As
the disease progresses, the mesenteric lymph nodes undergo caseation, forming
caseous granulomas that eventually develop into cold abscess.

Clinical presentation of mesenteric abscess secondary to tuberculosis may
include classical symptoms of tuberculosis such as loss of weight, loss of appetite,
night fever and night sweats. In addition, nonspecific symptoms as abdominal pain
and nausea may also be present. What makes the diagnosis even more difficult is
that many of these patients have no history of contact with tuberculosis patients,
have no pulmonary symptoms suggestive of tuberculosis, and have negative sputum
to acid-fast bacilli as Anand and Sushmita highlighted in their report. Vijaya et al.
found fibrocavitation in the lung in chest X-ray helpful in leading the diagnosis
whereas abdominal CT scanning may reveal an ileocecal or mesenteric mass.
Nonetheless, in some patients the diagnosis can be only made after laparotomy.

A more aggressive presentation of mesenteric tuberculosis can occur in the
setting of disseminated tuberculosis associating HIV infection as once described by
Pandit et al. The immune deficiency makes the patient more susceptible to acquire
pulmonary and extrapulmonary tuberculosis which follows a more aggrieve course
and disseminated pattern than the usual one. Abdominal CT or MRI scanning may
show multiseptated peripherally enhancing hypodense lesion in the mesentery,
suggestive of mesenteric abscess. CT-guided fine needle aspiration cytology
(FNAC) from the abdominal lesion may help conclude the diagnosis of mesenteric
tuberculous abscess after staining for acid-fast bacilli and doing PCR of the aspi-
rated pus.
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In addition to mycobacterium tuberculosis, patients with HIV can develop
mesenteric abscess secondary to mycobacterium avium infection which was once
reported by Mohar and colleagues. Mycobacterium avium is one of the most serious
opportunistic infections that commonly affects the lungs, yet localized mycobac-
terial lymphadenopathy or lymphadenitis can also occur. Intra-abdominal affection
by mycobacterium avium infection is very rare, however, once diagnosed it could
indicate a disseminated pattern of infection that warrants a combination of at least
two antibiotics including clarithromycin or azithromycin in addition to ethambutol
and/or rifabutin.

Mesenteric abscess may represent a secondary infection of a mesenteric cyst as
Kim et al. described in one report. Mesenteric cysts are collection of fluids between
the two layers. They can be categorized as true cysts with epithelial lining and
pseudocysts without an epithelial lining. True mesenteric cysts include chylolym-
phatic cyst which arise due to abnormal lymphatic development or degeneration of
lymphatics and lymph nodes; enetrogenous cyst due to sequestration of the
developing bowel into the developing mesentery; teratomatous or dermoid cyst; and
hydatid cyst. Pseudocysts also include traumatic cysts; cold abscess; and degen-
erating tumors.

Non-complicated mesenteric cysts are usually asymptomatic or may present with
Tillaux’s triad which involves a fluctuant swelling near umbilicus that moves freely
across but not along attachment of mesentery and is dull on percussion with a zone
of resonance around and a band of resonance across. Spontaneous infection of
mesenteric cysts is very rare and in most cases Escherichia coli is the causative
organism. Patients who develop infection of mesenteric cysts rapidly develop acute
abdomen with high grade fever and leukocytosis. Diagnostic modalities include
abdominal ultrasonography, CT scanning with contrast, and magnetic resonance
imaging.

One of the rarest presentations of mesenteric abscess reported in the literature is
primary mesenteric adenocarcinoma complicated with infection and abscess in the
mesocolon. In a case report by Luo and colleagues, a middle-aged male presented
with acute intestinal obstruction without specific findings in the abdominal CT scan.
Laparotomy revealed a 6 � 5 � 4 cm abscess in the mesocolon below the splenic
flexure. Marked hypermeia, edema, and induration of the left colon mesentery was
noted with significant tissue adhesions. Intraoperative frozen section analysis
revealed a primary mesenteric adenocarcinoma. Despite being a rare diagnosis, the
presence of a mesenteric neoplasm in the setting of mesenteric abscess should be
excluded by histopathologic diagnosis, particularly in high-risk patients.

Another rare cause of mesenteric abscess is parasitic infestation, namely by
thread worms or Enterobius vermicularis. Beeson and Woodruff assumed that
extra-intestinal deposition of ova of thread worms may result in mesenteric abscess
in children. An 11 year old child was operated on for acute appendicitis and during
the procedure a nodular patch of thickened tissue was found in the omentum
covering the appendix. Pathologic examination of the diseased tissue revealed that
Entrobius ova were the cause of the inflammatory process.
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Diagnosis of Mesenteric Abscess

Being an uncommon entity, the diagnosis of mesenteric abscess is usually difficult
and tends to be delayed. Patients with mesenteric abscess may have a suggestive
history of underlying diseases such as Crohn’s disease or tuberculosis. The clinical
presentation may vary according to the underlying pathology. Some patients pre-
sent with typical symptoms and signs of acute inflammatory process in the abdo-
men manifesting as acute abdominal pain and tenderness, high grade fever,
toxemia, and elevated leucocyte count and C-reactive protein. In contrast, other
patients may present with less pronounced, nonspecific symptoms such as loss of
weight and appetite, low grade fever, abdominal mass, and diarrhea.

Imaging studies play a crucial role in the diagnosis of mesenteric abscess; plain
abdominal X-ray may give a clue by showing air and fluid inside the abscess cavity.
Abdominal ultrasonography may demonstrate a well-defined cystic lesion inside the
bowel mesentery, with uniform low level internal echoes; however; it may not be
reliable in several cases in which the gaseous distention of the bowel can obscure
the examined field.

The investigation of choice for the diagnosis of mesenteric abscess, or intraab-
dominal abscess in general, is the contrast-enhanced CT scanning of the abdomen.
Compared with ultrasound, CT scan is more accurate and sensitive, less operator
dependent, and provides better anatomic details, especially for retroperitoneal
structures. The multidetector CT scan with three-dimension volume rendering has
proved to be more precise in evaluating neoplastic, infectious, and inflammatory
processes that affect the mesentery. Mesenteric abscess varies in appearance in CT
scan. While acute abscesses tend to have thin wall, chronic abscesses have much
thicker walls. The abscess may also appear as unilocular, multilocular or septate
cavity with infiltration of surrounding fat. Large mesenteric abscesses can produce a
mass effect, displacing the mesenteric vessels and neighboring structures. In
patients with Crohn’s disease, multiple necrotic mesenteric lymph nodes appear in
CT scan as suppurative non-caseating abscesses, which is known as disseminated
aseptic abscesses.

CT-guided FANC from the abscess cavity may confer further useful data for
establishing the diagnosis of mesenteric abscess. The aspirate is subjected to
thorough chemical and microbiological examination in attempt to decipher the
underlying cause of the abscess. Staining for acid-fast bacilli and PCR of the
aspirated contents may help reach the diagnosis of tuberculous mesenteric abscess.
However, in some cases the examination of the aspirate is negative to bacteria and
fungi, indicative of a condition named “sterile abscess syndrome”.

None of the reports of mesenteric abscess in the literatures used MRI for
diagnosis, perhaps because of its limited availability and high costs. However, MRI
is a useful tool for diagnosis of intra-abdominal abscess in general. Intra-abdominal
abscess, including mesenteric abscess, are detected as well-defined fluid collections
with rim enhancement and decreased signal intensity on gadolinium-enhanced,
T1-weighted images.
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Adjunct measures that may play a complementary role in identifying the etiol-
ogy of mesenteric abscess include barium studies and colonoscopy, particularly in
suspected Crohn’s disease. Hokama and colleagues reported a mesenteric abscess
close to the sigmoid colon as detected by CT scanning in a patient with Crohn’s
disease. Barium enema revealed irregular narrowing of the sigmoid lumen sec-
ondary to the inflammatory change caused by the extraintestinal lesion. Colono-
scopy showed an elevated mass with spontaneous drainage of whitish pus from the
inflamed mass.

Management of Mesenteric Abscess

The treatment of mesenteric abscess is mainly dependent on the underlying etiol-
ogy, hence accurate diagnosis is imperative for decision making. Some patients
respond well to medical treatment while others may need further intervention,
including percutaneous drainage and laparotomy.

Treatment of primary mesenteric abscess is by open or closed percutaneous
drainage and broad-spectrum antibiotics. However, this approach was refuted by
other investigators who assumed that the use of large bore drains would lead to
further complications and that primary closure of the mesentery after drainage of
the abscess without leaving a tube inside the abscess cavity could be a better
alternative.

Mesenteric abscess secondary to Crohn’s disease almost always represents a
contained microperforation. Hemodynamically stable patients would greatly benefit
of drainage of the abscess which allows resolution of the acute inflammation
associated with the septic process and enables limited, one-stage resection at a later
date.

CT-guided percutaneous drainage has replaced open drainage for most Crohn’s
disease –related mesenteric abscess. The approach of percutaneous drainage relies
on the location of the abscess; transgluteal, transabdominal, and perineal approa-
ches of drainage have been described in the literature. The size of the drainage
catheter depends on the viscosity of the material aspirated, but in all cases the
catheter should be large enough to ensure successful drainage. Improvement in the
general condition within two days indicates successful drainage; however; persis-
tent fever warrants repeating the CT scan to confirm that the catheter is in the proper
position. Culture of the aspirated material would reveal the most appropriate
antibiotic for the organism isolated, antibiotics are usually administered intra-
venously for less than seven days or until the fever subsides. Percutaneous drainage
is, however, not possible in multilocular abscess and those associated with fistula,
thus in these situations, open drainage by laparotomy would be necessary.

Following success of percutaneous drainage, which is defined as “resolution of
symptoms with collapse of the abscess cavity and avoidance of early surgery”,
patients are placed on mesalazine therapy. Some authors advocate the use of
Anti-tumor necrosis factor (TNF)-a after percutaneous drainage of mesenteric

466 S. H. Emile



abscess, nevertheless, the safety of (TNF)-a after percutaneous drainage has not
been well assessed.

Although it is unknown whether elective surgery is indicated in all patients with
Crohn’s disease or not, elective resection of the affected bowel loops is usually
indicated after full resolution of symptoms in order to avoid leaving a focus for
future abscess recurrence. There is no consensus on the timing of elective surgery
after successful drainage, most authors recommend waiting for 6–8 weeks. How-
ever, Poritz and colleagues were able to perform elective one-stage resection in
more than 80% of patients after only one week of successful drainage. The timing
of surgery essentially depends on the nutritional status of the patients and prior use
of steroid therapy, hence should be carefully tailored to each patient in light of
clinical and radiologic parameters.

Mesenteric abscess secondary to tuberculosis usually responds well to a full
course of anti-tuberculosis therapy for six to twelve months. Surgery is not war-
ranted in tuberculous abscess; however; since preoperative diagnosis is often dif-
ficult, many of these patients undergo surgical exploration and drainage of the
mesenteric abscess. In patients with associated HIV infection, antiretroviral therapy
along with antifungal treatment should be also administered to hasten the resolution
of mesenteric abscess.

If properly diagnosed, infected mesenteric cysts may be treated with CT-guided
percutaneous drainage with intravenous antibiotics according to the results of
culture of the aspirated pus. Unfortunately, many of these patients present with
acute abdomen that warrants surgical exploration, in such case surgical treatment
involves either resection of the affected bowel segment with primary anastomosis,
or complete enucleation of the infected cyst taking care to avoid rupture of the cyst
wall and compromising the bowel vascularity.

In the case of perforated Meckel’s diverticulum causing mesenteric abscess, the
optimal treatment is by surgical intervention and en bloc resection of the affected
ileal loops together with the perforated Meckel’s diverticulum with primary anas-
tomosis of the bowel ends. Mesenteric abscess on top of mesenteric adenocarci-
noma is an indication of radical resection of the affected bowel, but since most
adenocarcinomas are located at the root of the mesentery and tend to infiltrate major
mesenteric blood, radical resection of the tumor is not usually feasible, leaving
adjuvant chemotherapy and radiotherapy as the last resort.

Data on the use of laparoscopy in diagnosis and treatment of mesenteric abscess
are quite sparse. In a single report, Terashita et al. documented the case of an elderly
woman that presented with acute abdomen and fever with mild ascites and thick-
ening of the ileum in the abdominal CT scan. The authors used
laparoscopic-assisted surgery and found an abscess in the mesentery of the ileum
that was perforated causing generalized peritonitis, however, no perforations were
detected in the ileum. The authors made a diagnosis of ruptured idiopathic
mesenteric abscess that warranted resection of the affected ileal loops.
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Indications, Contraindications, and Challenges of Surgery
for Mesenteric Abscess

Indications for surgical intervention for mesenteric abscess include failure of per-
cutaneous drainage of Crohn’s disease-related abscess, elective resection of the
affected bowel segment within 6–8 weeks after successful drainage, rupture of
abscess with generalized peritonitis, infected mesenteric cyst not amenable to
drainage, small bowel obstruction caused by adhesions between the abscess and the
bowel loops, abscess secondary to perforated Meckel’s diverticulum, and abscess
on top of underlying mesenteric adenocarcinoma.

Relative contraindications for surgery for mesenteric abscess include unilocular
singular abscess that can be adequately treated with percutaneous drainage and
tuberculous mesenteric abscess with confirmed diagnosis by staining to acid-fast
bacilli or PCR.

It is worthy to highlight the technical challenges of surgery for mesenteric
abscess that may predispose to serious consequences. The acute inflammation
renders the affected mesentery very friable and vulnerable to injury and bleeding.
The dissection used for enucleation of the abscess may induce injury of the
mesenteric blood vessels, with subsequent hemorrhage and bowel ischemia that
may end with devitalization of a considerable segment of the intestine. In several
occasions the mesenteric abscess is associated with dense adhesions with the
intestine that are liable to injury during adhesolysis. Hence, gentle handling of the
bowel loops and the mesentery and meticulous dissection technique are crucial to
avoid inadvertent injuries. Finally, owing to the associated peritonitis and the effect
of surgical manipulations, abdominal adhesions and small bowel obstruction may
eventually ensue and add further morbidity.

Complications of Mesenteric Abscess

Complications of mesenteric abscess are also dependent on the underlying etiology.
Crohn’s disease-related mesenteric abscess may be associated with significant
stricture of the neighboring bowel segment, may perforate freely causing general-
ized peritonitis, or may cause fistula with a nearby organ.

Tuberculous mesenteric abscess may be a single manifestation of diffuse ab-
dominal tuberculosis affecting the peritoneum and the intestine. Patients with
immune deficiency are also liable to disseminated military tuberculosis that may
affect other organs in the body.

Small bowel obstruction can be a possible complication of mesenteric abscess
associated with significant tissue adhesions. Adhesive bands between the wall of
the abscess and the intestine may compress the underlying bowel and necessitates
emergency surgery and adhesolysis.
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Compromise of the bowel vascularity is another possible consequence of
mesenteric abscess due compression or thrombophlebitis of the mesenteric blood
vessels which may lead to gangrene of the bowel loop warranting emergency
resection.

Peritonitis that ensues rupture of mesenteric abscess can result in marked tox-
emia, septicemia, and eventually septic shock. Adequate resuscitation with intra-
venous fluids and antibiotics is crucial in patients with peritonitis before surgical
exploration to optimize their outcome.

Outcome of Mesenteric Abscess

Crohn’s disease-related mesenteric abscess is liable to recurrence after successful
drainage since the focus of disease is left in situ. Therefore, elective resection of the
affected bowel segment is indicated.

After complete course of anti-tuberculosis treatment, the related mesenteric
abscess tends to subside completely, nonetheless, chances of recurrence are still
possible in case the primary disease has relapsed.

The outcome of mesenteric abscess caused by infected cyst or perforated
Meckel’s diverticulum is usually good after proper surgical intervention with no
recorded recurrences since the primary pathology was eradicated.

Although very rare, mesenteric abscess on top of mesenteric adenocarcinoma
has a bad prognosis owing to the difficulty of radical resection of the primary tumor
and possibility of intraperitoneal metastatic disease that precludes curative resection
of the tumor.

Summary

Mesenteric abscess is an uncommon condition that can be a primary disease or
secondary to a variety of conditions. The most common type of secondary
mesenteric abscess is the Crohn’s disease-related abscess. Other causes include
tuberculosis, infected mesenteric cysts, and perforated Meckel’s diverticulum.
Diagnosis of mesenteric abscess is mainly made by abdominal CT scanning with
CT-guided FNAC to shed light on the underlying etiology. Treatment of mesenteric
abscess depends mainly on its etiology. Treatment options include medical treat-
ment with antibiotics, anti-tuberculosis drugs, and antifungal medications, and
CT-guided percutaneous drainage. Surgical treatments include drainage of the
abscess, enucleation of infected mesenteric cyst, and resection of the affected bowel
segment. Complications of mesenteric abscess involve free rupture and peritonitis,
fistula with nearby organ, disseminated intraperitoneal infection, bowel obstruction,
and bowel gangrene, in addition to the possible complications of surgery for
mesenteric abscess.
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Colonic Abscess

Definition and Incidence

Colonic abscess, also known as pericolic abscess, is a localized walled-off collec-
tion of pus and bacteria within or adjacent to the colonic wall. Relevant to
mesenteric abscess, colonic abscess is formed as a sequel to a small perforation
(microperforation) at the mesenteric side of the colonic wall, then the infection is
contained by pericolic fat and the mesentery. Therefore, the mesentery forms part of
the colonic abscess wall. Although there are no documented statistics on the inci-
dence of colonic abscess; it is considered an uncommon condition with an increased
incidence in patients older than 45 years.

Causes

A colonic abscess almost always indicates an underlying colonic perforation. While
large, uncontained perforations usually result in localized or generalized peritonitis,
smaller and contained perforations can lead to the formation of pericolic abscesses.

The common causes of colonic perforation include acute diverticulitis, inflam-
matory bowel diseases (IBD), namely ulcerative colitis, and advanced colon cancer.
Less commonly, acute or recurrent volvulus of the sigmoid colon can be associated
with colonic perforation and abscess owing to the increased tension and compro-
mised blood supply of the colonic wall.

Since complicated diverticular disease is by far the most common cause of
colonic abscess, both share the same risk factors. Patients who are more amenable
to develop complicated diverticulitis with pericolic abscess are elderly, those with
chronic constipation due to low dietary fiber and high intake of fat and red meat,
those with connective tissue diseases, and those with increased body mass index.
The pathogenesis of colonic abscess on top of acute diverticulitis entails increased
intraluminal pressure of the colon, associated with acute inflammation and focal
necrosis followed by an erosion of the diverticular wall which results in abscess
formation.

A multitude of bacteria can be involved in the formation of colonic abscess, most
of which are considered natural flora of the colon such as Enterococcus, Escherichia
coli, and Bacteroides. In addition, Klebsiella, Pseudomonas aeruginosa, and Sta-
phylococcus aureus can be also isolated from colonic abscesses.

Diagnosis

Most colonic abscesses are secondary to complicated diverticular disease of the
colon. Therefore, most patients with colonic abscess report a long history of chronic
constipation with or without recurrent episodes of acute pain in the left lower
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quadrant of the abdomen implying recurrent attacks of uncomplicated diverticulitis.
Although most attacks of acute diverticulitis tend to be uncomplicated, up to 20%
of patients may present with pericolic or intra-abdominal abscess in CT scanning.
Patients with colonic abscess secondary to IBD or advanced colon cancer may
report a history of altered bowel habits, bloody diarrhea, recurrent abdominal pain,
and weight loss prior to their presentation with an abscess.

On clinical examination, patients present with obvious physical signs of local-
ized peritonitis in the left iliac fossa that include tenderness, rebound tenderness,
and rigidity. A tender swelling may be felt in the left lower quadrant of the
abdomen. Many patients present with high fever and chills when a significant
amount of pus has been formed and entrapped within the abscess cavity. It has been
noted that the severity of symptoms is proportional to the extent of the disease and
size of the abscessA rare presentation of diverticular colonic abscess was reported
in a 72-year-old woman who presented with chronic refractory diarrhea and upon
assessment with CT scanning a large local air-fluid level within the culdesac area
was found. Afterwards, exploratory laparotomy revealed a large pelvic abscess
between the sigmoid colon and uterus.

Initial laboratory findings in patients with acute colonic abscess include leuco-
cytosis, although this finding may be absent in elderly, debilitated, or immuno-
compromised patients. Additional findings may include low serum hemoglobin,
especially in patients with underlying IBD or colon cancer, altered liver function
tests, and elevated C reactive protein. Blood culture may be indicated in severely ill
patients with marked toxemia and usually reveals persistent bacteremia with more
than one bacterial species isolated. Urine analysis may detect red or white blood
cells owing to the acute inflammation adjacent to the ureter or the bladder, or due to
colovaginal fistula.

The diagnostic modality of choice to detect and properly assess colonic
abscesses is abdominal CT scanning with contrast. CT scan can be useful in the
detection of the abscess, measurement of its size, identification of the underlying
cause, and assessment of the colonic wall and nearby structures. Inflammation of
the colonic wall with symmetric thickening and enhancement is usually observed
and diverticulae are recognized as outpouching of the colonic wall. Free air or fluid
in the peritoneal cavity indicates free perforation of the abscess wall and free air in
the bladder may imply a colovesical fistula.

CT scanning can also classify abscess into local (pericolic), pelvic, or dis-
tantDifferent cut-off levels have been used to define small and large colonic abscess
in CT scan. Mora Lopez et al. proposed a cut-off of 4 cm whereas Sallinen et al
suggested a cut-off of 6 cm to differentiate small from large colonic abscess as a
complication of diverticulitis.
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Treatment

Once the diagnosis of colonic abscess has been established, prompt treatment is
indicated to avoid the consequences of abscess rupture and peritonitis or fistulation
with a nearby organ, particularly the urinary bladder.

Treatment usually commences with non-operative management including
antibiotics and/or percutaneous drainage. While antibiotics are not routinely indi-
cated in in acute uncomplicated diverticulitis, aggressive intravenous antibiotic
treatment has been recommended by an expert panel as a first-line therapy when
pericolic extraluminal gas is present. Antibiotic regimens may involve a single
broad spectrum agent such as Meropenem, Imipenem-Cilastatin, and
Piperacillin-tazobactam or combined regimens such as cefepime+ metronidazole,
ciprofloxacin + metronidazole, or levofloxacin + metronidazole. The recommended
treatment duration is up to seven days or longer if adequate source control was not
achieved.

Antibiotic treatment is usually sufficient in small colonic abscess, measuring less
than 3 cm in size. However, larger abscesses may require further treatment with
percutaneous drainage. Percutaneous drainage is also indicated in patients with
small abscesses that did not improve with antibiotic treatment. Contingent upon
local resources, drainage is performed under ultrasound or CT guidance using the
Seldinger technique. CT guided drainage may be preferred when the abscess is
small or obscured by nearby structures. The route of drainage differs according to
the location of the collection. Access through the gluteal region, vagina, or rectum
through a safe window into the collection is attempted using a sterile technique then
a drain is placed inside the abscess cavity.

A systematic review found that failure of non-operative treatment of diverticular
colonic abscess was recorded in 20% of patients and one-quarter of patients who
initially had a successful non-operative treatment experienced recurrent attacks on
long follow-up. Overall, drainage was associated with higher success and less
recurrence than antibiotic treatment only.

Failure of non-operative treatment indicates emergency surgery which entails
resection of the affected colon segment with creation of end-colostomy (Hartmann’s
procedure). Delayed closure of colostomy is planned within six months, after
resolution of the acute inflammatory state. However, the difficulties encountered
during the reversal of Hartmann’s procedure may preclude closure of colostomy in
many patients. Therefore, a single stage operation of resection and primary anas-
tomosis has been suggested as an alternative to Hartmann’s procedure. Nonetheless,
acute surgery for colonic abscess should be considered as the last resort as it has a
substantially increased risk of mortality as compared to non-operative management
(12.1% versus 1.1%), according to the collective evidence.
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Conclusions

Colonic abscess is an uncommon condition that is secondary to complicated acute
diverticulitis of the colon in the majority of cases. Patients with colonic abscess
present with acute pain and clinical signs of peritonitis in the left iliac fossa.
Patients with large colonic abscesses may have high fever and chills. Diagnosis is
made by CT scanning and non-operative treatment with antibiotics and/or percu-
taneous drainage is usually sufficient in most patients. Emergency surgery is
indicated when non-operative management fails to improve the patients, yet it is
associated with a higher risk of morbidity and mortality.
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48Mesenteric Neoplasms

Rishabh Sehgal, J. Calvin Coffey, and Deborah S. Keller

Introduction

Traditional teaching has perceived the mesentery as a fragmented structure with
complex relationships to surrounding intraabdominal structures. This concept has
been indoctrinated into mainstream surgical and anatomical literature for over a
century. Recent research and formal appraisal of the mesentery has defined it as a
unique organ, continuous from the duodeno-jejunal flexure to the mesorectum.
Histological and electron-microscopic studies have expanded on the details of the
mesenteric organ, demonstrating it consists of a surface mesothelium and under-
lying connective tissue throughout. Fibrous septae divide adipocyte lobules within
the body of the mesocolon. Where in contact with the retroperitoneum, the
mesentery is the mesocolon, and two mesothelial layers are separated by a distinct
layer of connective tissue—Toldt’s fascia—separates both. Lymphatic channels are
evident both in mesenteric connective tissue and Toldt’s fascia. The new model of
the mesentery organ provides us with an opportunity to understand disease states
that involve the mesentery.

The rich network of lymphatics and close relationship of the mesentery to other
intra-abdominal structure, mean the mesentery is prone to a myriad of disease
states. When pathological process originate from the mesentery itself, and spread to
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involve adjacent structures, this is known as a primary mesenteropathy. In contrast
secondary mesenteropathies are diseases where the primary abnormality originates
outside the mesentery and indirectly involves the mesentery. Neoplasms of the
mesentery are rare and usually diagnosed incidentally on radiological imaging.
They encompass a heterogenous group of lesions ranging from benign cysts to
aggressive malignancies. They can arise from distinct cellular components of the
mesenteric organ, including the peritoneal surface, connective tissue, adipocytes,
lymph nodes, and blood vessels, with a wide spectrum of surgical management
options. In this chapter, we describe the major types of mesenteric neoplasms,
indications and contraindications for surgery, and the surgical management for
mesenteric neoplasms.

Description of Mesenteric Neoplasms

Tumors of the mesentery are rare neoplasms first described in the early twentieth
century. Since the initial description of mesenteric tumors, experience has accu-
mulated in treating these lesions, and a more complete picture has emerged of
diseases that manifest as mesenteric masses (e.g. lymphoma, desmoid tumors,
Castleman’s disease). Although uncommon, they are encountered in all age groups,
so an increased awareness of these tumors is important in the differential diagnosis of
abdominal masses and to aid in recognition and proper management (Table 48.1).

Anatomically, the mesentery spans the entire length of the intestine and consists
of fibrofatty, fanlike structure containing arterial, venous, lymphatic, and neural
structures in contiguity. The mesentery of the small bowel mesentery and portions
of the colon mesentery are mobile, while the ascending and descending colon
mesenteries are normally fixed against the retroperitoneum. The greater and lesser
omentum are also included in the classification of mesentery, and tumors of these
structures are generally deemed as mesenteric. According to this model, the vast
majority of mesenteric tumors originate in the small bowel or omentum.

Mesenteric tumors can be either cystic or solid. Cystic mesenteric masses affect
males and females equally with up to 60% involving the small bowel mesentery.
The estimated incidence of cystic mesenteric masses is approximately 1/100,000 in

Table 48.1 Mesentericopathies

Mesenteropathies

Primary Secondary Indeterminate

Crohn’s disease
Ischaemia
Mal or nonrotation
Volvulus
Internal herniation
Cysts
Schwannoma
Sclerosing mesenteritis
Epiploic appendagitis

Mesenteric adenitis
Appendicitis
Phlegmon
Metastatic disease
Desmoid tumor
Peritoneal carcinomatosis
Castleman’s disease
Lymphoma
Mesenteric cavitation syndrome

Adhesions
Diabetes mellitus
Atherosclerosis
Metabolic syndrome
Irritable bowel syndrome
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the adult population and 1/20,000 in the paediatric population. Up to 50% of cystic
mesenteric masses are cystic lymphangiomas. Lymphomas are the most common
solid primary mesenteric neoplasms. They affect 1 in 200,000–350,000 population,
with the B-cell subtype being most prevalent. Carcinoid tumors are slow growing
solid neuroendocrine neoplasms involving the gastrointestinal tract in 90% of cases.
Carcinoid tumors affecting the mesentery are mostly metastases. Mid-gut carcinoid
tumors involve the mesentery in 40 to 80% of reported cases. Intra-abdominal
desmoid tumors account for 8% of all desmoid tumors and usually involve the
small bowel mesentery. They are most commonly associated with Familial ade-
nomatous polyposis (FAP) (in 70% of cases) in which their incidence ranges from
4–32%. The remaining types of mesenteric tumors are rare and sporadically
mentioned in literature. In this work, we will describe the most common types of
mesenteric neoplasms, with attention to their diagnostic algorithm, surgical options,
indications and contraindications for surgery, and common complications
encountered.

Lymphoma

Solid primary tumours of the mesentery are rare. Lymphoma is the most common
malignancy involving the mesentery. The incidence ranges between 1 in 200,000 to
1 in 350,000 population and the majority present after 60 years of age.
Non-Hodgkin’s lymphoma accounts for the majority of cases, with up to 70% being
large B-cell neoplastic subtype. The mesentery can be the first site in which lym-
phoma arises. This is referred to as primary lymphoma. Mesenteric lymphoma may
also involve the small bowel by means of direct extension or displacement due to
the mass effect. They most commonly present with abdominal pain and a palpable
abdominal mass. They can remain asymptomatic (even when the tumor burden is
high) or they can present with systemic symptoms such as fevers, rigors, weight
loss and night sweats. The latter symptoms are suggestive of advanced disease.
They rarely cause bowel obstruction, perforation or gastrointestinal bleeding.
Rarely, mesenteric lymphomas occur in association with immune thrombocytope-
nia and dermatitis herpetiformis.

Early in the course of the disease, involved mesenteric nodes are small, soft and
discrete. As disease progresses, enlarged nodes develop and often coalesce and tend
to form a conglomerate mass. Ultrasound scanning helps in confirming the clinical
suspicion and allows for localization and biopsy of lesions. Computed tomography
(CT) has a greater sensitivity and provides more detailed spatial resolution and
ideally should be performed after ultrasound to further stage the disease. Bulky
retroperitoneal adenopathy can often accompany primary mesenteric disease. CT
may demonstrate a large, lobulated and “cakelike” heterogeneous mass displacing
small bowel and containing areas of necrosis (low attenuation); or, ill-defined
infiltration of mesenteric fat. Pathognomonic features of mesenteric lymphoma (on
CT) include a round well-defined homogenous mass encasing mesenteric vessels
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giving rise to the so-called ‘sandwich or hamburger sign’. In this sign, mesenteric
adipose tissue and tubular vascular structures represent the “filling,” whilst the
homogeneous soft tissue masses represent the “sandwich bun” (Fig. 48.1).

Differential diagnosis includes carcinoma, sarcoma, carcinoid tumor, tubercu-
losis, Whipple disease, lymphadenopathy associated with acquired immunodefi-
ciency syndrome, and inflammatory bowel disease. Although diagnosis of
mesenteric lymphoma can be obtained on radiologic findings alone, a tissue sample
is required for definitive diagnosis and treatment planning. Tissue may be obtained
laparoscopically or via open surgical means. Whilst the application of laparoscopic
methods to investigate and treat mesenteric masses represents an evolving area of
surgical care, the open approach may be safer, given proximity of masses to
mesenteric vessels. In patients whose disease must be distinguished only from that
requiring resection (i.e., lymphoma, mesenteric lipodystrophy), laparoscopy offers
considerable benefits as it avoids a full laparotomy incision.

Mesenteric lymphoma is treated by cytotoxic chemotherapy, with CHOP (cy-
clophosphamide, doxorubicin, vincristine, and prednisone) regimen, plus the
monoclonal antibody rituximab the gold standard for the management of diffuse
large B cell lymphoma. Although some cases are diagnosed following resection of
an uncharacterized mesenteric mass, surgical treatment is best used as a diagnostic
tool when the diagnosis is probable but uncertain. Moreover, surgery is reserved for
the management of any complications that may arise due to the presence of the
lymphoma. Rare cases of surgical resection combined with chemotherapy in
patients with bulky mesenteric diffuse large B cell lymphoma have been reported.

Fig. 48.1 CT image
mesenteric lymphoma.
Mesenteric lymphoma.
A large mass is seen
representing confluent
mesenteric adenopathy
(arrows) on both sides of the
mesenteric vessels. The
radiographic term for this
finding is the “sandwich
sign.”
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Desmoid Tumors

Desmoid tumors are clonal fibroblastic proliferations that arise from deep soft tissue
and are characterized by infiltrative growth and a tendency toward local recurrence
but an inability to metastasize. Desmoids can manifest as flat, fibrous, sheet-like
lesions or well defined and discrete masses (Fig. 48.2a–d). Desmoids account for
less than 3% of all soft-tissue sarcomas and 0.03% of all malignancies. The etiology
is unknown, however they are associated with familial adenomatous polypo-
sis (FAP), especially in patients with a mutation at the 3′ end of the 1440 codon of

a b

c d

Fig. 48.2 Contrast-enhanced axial CT images from a patient with previously undiagnosed
Gardener syndrome. a: shows soft tissue attenuation in a stellate pattern within the mesenteric fat
that is intimately associated with small bowel loops (arrow). b: shows innumerable polyps
throughout the imaged colon. c: Desmoids are benign, inflammatory fibroblastic tumors. They
appear as well-circumscribed enhancing masses in the mesentery (arrows). d: Desmoids may also
present as masses of the anterior abdominal wall (asterix)
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the APC gene, and trauma, developing within 5 years after abdominal surgery.
Their development following trauma is thought to arise from prolonged acute and
chronic inflammatory. They have an equal gender distribution and affecting adults
in their 30 and 40s. Desmoids affect the extremities, trunk, and abdominal cavity in
the majority of cases. Although only 5% of sporadic desmoids are intra-abdominal,
80% of patients with FAP-associated desmoids develop intra-abdominal disease
involving the small bowel mesentery. Patients with FAP and desmoid disease tend
to present with multiple but smaller lesions, whereas sporadic cases tend to present
with a solitary large lesion.

Mesenteric desmoids can be asymptomatic and diagnosed incidentally. They
may cause symptoms due to external pressure effect on the adjacent bowel, or by
impinging on the intestinal blood supply. Lesions that can extend retroperitoneally
leading to additional complications such as hydronephrosis. CT and MRI are the
main radiologic modalities used for investigating such mesenteric masses. Radio-
logically, mesenteric desmoids are represented by a soft-tissue mass, with dis-
placement of bowel loops and surrounding vasculature, with or without intestinal
involvement and serosal changes. The soft-tissue component is a dominant feature
that can mimic other solid tumors, including gastrointestinal stromal tumor (GIST),
lymphoma, carcinoids, or fibrosarcomas.

In the case of mesenteric desmoid tumors, medical management with Sulindac,
Raloxifene, and chemotherapeutic agents such as Methotrexate, Vinorelbine, Doxil,
and Adriamycin are used to slow growth and ameliorate obstructive symptoms.
Radiotherapy is not generally recommended for retroperitoneal or intra-abdominal
desmoids, due to their proximity to key intra-abdominal structures. Surgery is
indicated for treatment of complications such as bowel obstruction, enterocutaneous
fistula, and ureteric obstruction. For resectable lesions, wide local excision with
macroscopic negative margins is the standard. The resultant mesenteric defect is
usually closed to avoid internal hernias. Smaller desmoids at a distance from major
vascular trunks, can be safely resected with minimal complications. Contraindica-
tions to surgery are location at the root of the small bowel mesentery or near other
critical structures; in these cases proximity to critical small bowel blood supply may
render the mass unresectable. Palliative options include enteroenteric or enterocolic
bypass. These can be performed either laparoscopically or via an open approach.
Small bowel and multi-visceral transplant have been described as surgical options.
Although Chatzipetrou et al. reported more than 80% enteral independence and one
recurrence in patients who underwent intestinal transplantation for desmoid tumors
other transplant groups have reported very poor outcomes for transplantation with
respect to complicated intra-abdominal desmoids.
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Mesenteric Gastrointestinal Stromal Tumors

Gastrointestinal stromal tumors (GISTs) are mesenchymal tumors of the gastroin-
testinal tract arising from the ‘pacemaker cells’ that regulate peristalsis, i.e. the
interstitial cells of Cajal. GISTs account for less than 5% of all gastrointestinal
malignancies and most commonly affect adults in between ages 40 and 70 years.
Mazur and Clark were first to describe GIST as gastrointestinal tract nonepithelial
neoplasm that did not possess the ultrastructural characteristics of smooth muscle
cells, and immunohistochemical features of Schwann cells. Immunohistochemical
staining demonstrates expression of CD-117 (95%) and CD-34 (70%) protein and
mutations of C-kit and PDGFRA genes are frequent.

Primary GIST mostly occur as solitary lesions involving the stomach (60–70%)
followed by small bowel (20–25%). Less frequent sites include the colon, rectum,
esophagus and appendix (Fig. 48.3a and b). There are also sporadic reports of GIST
arising in the omentum, mesentery and retroperitoneum. They can be asymp-
tomatic, present as a palpable abdominal mass or as acute abdomen due to rupture.
Ultrasound and CT are the main diagnostic modalities used to asses stage. CT scan
features include well-defined lobular mass with heterogenous contrast enhancement
and areas of hypodensity.

Surgery remains the mainstay of treatment for resectable GISTs. Favourable
prognostic features include size less than five cm, complete resection (R0), absence
of perforation and low histological grade. Conversely size greater than five cen-
timetres, tumor necrosis, mitosis greater than 5/50 high power filed, positive

a b

Fig. 48.3 a and b: Mesenteric GIST. Coronal contrast-enhanced computed tomography and axial
T2-weighted magnetic resonance imaging demonstrate an ill-defined, heterogeneously enhancing
GIST (G) with a large cystic component (asterisk). Additional heterogeneous soft tissue along the
periphery of the lesion (oval) is suggestive of peritoneal sarcomatosis and associated ascites (A).
Layering T2-hypointense signal (arrows) is indicative of necrosis with layering blood products.
With permission from Dr. Abraham Dachman and Dr. Justin Ramirez

48 Mesenteric Neoplasms 481



resection margins, and distant metastasis are poor prognostic indices. The tyrosine
kinase inhibitor, imanitib mesylate, has been utilized in the adjuvant setting in
patients who present with very large sized tumors that are at high risk of disease
recurrence and metastatic spread. Overall the malignant potential of GIST varies,
with benign tumours having a 5-year survival of 95% in contrast to the malignant
type where it is 21%.

Mesenteric Carcinoid Tumors

Carcinoid tumors are rare neuroendocrine tumors that arise within the gastroin-
testinal tract in 90% of cases. Gastrointestinal (GIT) tract carcinoid tumors are
classified according to embryologic origin as foregut, midgut and hindgut tumors.
46–64% of GIT carcinoid tumors arise in the midgut and most midgut carcinoid
tumors originate in the terminal ileum, beyond the ligament of Treitz. Primary
mesenteric carcinoid tumors are rare, and while the mesentery is involved in 40
−80% of cases, the majority of carcinoid tumors in the mesentery are metastases.
As mid-gut carcinoid tumors secrete serotonin, patients can develop carcinoid
syndrome with flushing and diarrhoea (especially though not exclusively, when the
tumor has spread to the liver). Furthermore, carcinoid tumors can induce an intense
desmoplastic reaction leading to mesenteric scarring and shortening. This can
sometimes lead to intestinal obstruction, segmental portal hypertension, and chronic
mesenteric ischaemia.

Microscopically, typical carcinoid tumors have one of five growth patterns:
insular, trabecular, glandular, undifferentiated, or mixed. Most mid-gut carcinoids
have a mixed insular and glandular growth pattern, and express have synapto-
physin, chromogranin A, cytokeratins and neuron-specific enolase.

Before a diagnosis of primary mesenteric carcinoid can be made, involvement of
other sites that are more commonly affected sites must be out-ruled by performing
CT of thorax, abdomen and pelvis, colonoscopy, small bowel series and scintig-
raphy. Abdominal CT and an octreotide scanning may demonstrate a mesenteric
tumor and/or liver metastases. CT scan demonstrates a solitary mass with varying
degrees of fibrosis, calcification, focal or diffuse neurovascular bundle invasion.
A colonoscopy, small bowel series and surgical exploration of the abdomen can
confirm the diagnosis of mesenteric carcinoid.

Surgical excision is a mainstay of treatment for carcinoid tumors. For tumors
smaller than 2 cm without lymph node involvement, local segmental resection is
adequate. Tumors measuring more than 2 cm with regional mesenteric metastasis
and lymphadenopathy are associated with 80–90% incidence of metastasis.
Therefore, wide excision of the bowel and associated mesentery with lymph node
dissection is recommended. Moreover surgical debulking of local or metastatic
tumors is recommended in order to relieve symptoms and prolong survival.
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Mesenteric Liposarcoma

Sarcomas are a heterogeneous group of malignant tumors which arise from mes-
enchymal tissues. Liposarcoma is one of the most common histological variants
seen in adults. They can be subdivided into several histological subtypes including
well-differentiated, pleomorphic, round-cell, myxoid and dedifferentiated type. The
well-differentiated subtype are most common, have the highest fat content and are
also referred to as atypical lipoma. Myxoid lesions are the second most common
and are of intermediate-grade. They are associated with balanced chromosomal
translocation t(12,16). Pleomorphic and round-cell lesions are considered
high-grade and metastasize frequently. Approximately 75% of well-differentiated
liposarcomas develop in the deep soft tissue of the limbs, followed by 20% in the
retroperitoneum and inguinal area. Primary mesenteric liposarcoma is a rare entity,
with less than 30 reported cases in the literature.

Mesenteric liposarcoma more commonly affect males between ages 50 and
70 years. They carry low metastatic potential and are locally aggressive. They are
most commonly deep seated solitary masses located close to the root of the
mesentery. The majority are asymptomatic or present with a mobile abdominal
mass. However they can present with non-specific symptoms such as anorexia,
early satiety, and abdominal distension, and occasionally can cause subacute
intestinal obstruction or volvulus.

CT and MRI scan are the radiological investigations of choice. They provide
detail regarding tumor characteristics, size and relationship to adjacent structures.
Typical CT findings favouring a liposarcoma include inhomogeneous attenuation,
with evidence of significant amounts of soft-tissue within the fatty mass; infiltration
or poor margination; CT houndsfield units greater than the patients normal fats; and
contrast enhancement. Enhancement on CT changes according to the degree of
histological grade. It is reported that well-differentiated liposarcomas are hyperin-
tense on T2-weighted MRI, and that they demonstrate faint or no enhancement. CT
and MRI appearances of well differentiated liposarcoma, especially lipoma-like
tumors resemble those of fat, but those findings may be differentiated from other
types of tumors by their largely lipomatous appearance.

Surgery with wide local resection with adequate margins remains the mainstay
of treatment of localized mesenteric liposarcoma. Complete surgical resection at the
time of primary presentation is likely to improve long-term survival, as well as
distant recurrence-free survival, and positive surgical margins are the main pre-
dictors of local relapse. The role of radiotherapy and adjuvant chemotherapy for
high-risk patients remains unclear. Interestingly Ishiguro et al. demonstrated sig-
nificant tumor shrinkage by pre-operative chemotherapy using doxorubicin, cis-
platin and ifosfamide and that this facilitated a R0 resection. Trabectedin has
emerged as a favourable option for patients with advanced soft tissue sarcomas and
has been approved in the European Union as a second-line option for advanced
previously-treated soft tissue sarcomas.
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Prognosis depends on the histological subtype. In 1979, Evans reported that the
median survival for patients with the well-differentiated, myxoid, dedifferentiated
and pleomorphic types was 119, 113, 59 and 24 months, respectively.

Castleman’s Disease

Castleman’s disease is a rare benign lymphoproliferative disorders that affects
adults in the third and fourth decade of life. It was first described by the American
physician and pathologist Dr. Benjamin Castleman in 1956 when he described a
group of patients with large thymoma-like masses in the anterior mediastinum. The
aetiology is unknown, however it has been shown associated with the human
immunodeficiency virus (HIV) and human herpes virus 8 (HHV8). Moreover it has
been linked to several malignancies such as Kaposi’s sarcoma, non-Hodgkin’s
lymphoma, Hodgkin’s lymphoma and POEMS syndrome (polyneuropathy, orga-
nomegaly, endocrinopathy, M-protein, skin manifestation). Although Castleman’s
disease usually involves the mediastinum in 70% of cases, reports of extrathoracic
lesions involving the neck, axilla, shoulders, pelvis, pancreas, nasopharynx and
retroperitoneum have been described. Castleman’s disease involving the mesentery
is a rare.

Castleman’s disease can be classified into two histological types, hyaline type
and plasma cell type. The hyaline type is typified by the presence of small hyaline
follicles and intrafollicular capillary proliferation. This type accounts for more than
90% of Castleman’s disease cases, usually presents with localized disease (uni-
centeric) and is asymptomatic in the majority. The plasma cell type is less common
and usually presents with disseminated lymphadenopathy (i.e. multicenteric),
pyrexia, diaphoresis, weight loss, anaemia, elevated C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR) and hypergammaglobulinemia. However the
hyaline and plasma cell type can exhibit considerable and histologic overlap, thus a
so-called mixed variant of Castleman’s disease is occasionally seen.

Radiological investigations are nonspecific and not diagnostic. Abdominal
ultrasound can detect homogenous, hypoechoic mass like lesions that point towards
Castleman’s disease. The classic CT appearance of hyaline Castleman’s disease is
that of a solitary enlarged lymph node or localized nodal masses demonstrating
homogeneous, intense contract enhancement. Three patterns of disease have been
described; these include a solitary non-invasive mass (most common: 50% of
cases), a dominant infiltrative mass with associated lymphadenopathy (40% of
cases), and matted lymphadenopathy without a dominant mass (10% of cases). On
magnetic resonance imaging (MRI), lesions in hyaline vascular Castleman’s disease
classically exhibit heterogeneous T1 and T2 hyperintensity compared with skeletal
muscle. Prominent flow voids may be seen, identifying feeding vessels. MRI
enables assessment of the extent of disease as well as its relationship to adjacent
structures (although evaluation of calcification is limited.
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Due to lack of specific radiographic features for Castleman’s disease CT or
ultrasound-guided fine-needle aspiration of the mass lesion should be performed to
obtain an accurate tissue diagnosis. Solitary lesions or unicentric type Castleman’s
disease virtually always behave in a benign manner. Indications for surgery include
the presence of focal lesions suited to curative resections, or multicentric lesions, for
palliative resection or attempt for curative resection with multimodal medical and
chemotherapy. Surgical excision of focal mesenteric lesions is recommended and
associated with excellent prognosis. Recurrence of localised disease is rare after
complete surgical resection, but has been reported in patients after incomplete
surgical removal. Limited success with radiotherapy (30–45 Gy) and chemotherapy
has been reported. Multicentric Castleman’s disease carries a poor prognosis as the
disease is systemic. Management is controversial for multicentric lesions and is
largely considered multimodal encompassing surgery, chemotherapy, steroid ther-
apy, antiviral medication, or the use of antiproliferative regimens. In most cases,
diagnosis of mesenteric Castleman’s disease is confirmed only after resection and
histopathological examination of the specimen.

Cystic Lesions

Mesenteric cysts are benign intra-abdominal lesions first described in 1507 by the
Florentine anatomist Benevenni while performing an autopsy in an 8-year old boy.
This was followed by the first description of a chylous cyst by von Rotitansky in
1842. In 1852, Gairdner described an omental cyst. Tillaux described the first
successful surgical treatment of a mesenteric cyst in 1880. He was succeeded by
Pean in 1883, who described the first marsupialization technique for mesenteric
cysts. However, it was not until 1993 that Mackenzie reported the first successful
laparoscopic resection of a mesenteric cyst.

Mesenteric cysts have an incidence ranging from 1 in 100,000 in the adult
population and 1 in 20,000 in the pediatric population. They affect females more
than males the fourth decade of life. The majority of mesenteric cysts are single
however can be uni- or multi-locular. They are asymptomatic in approximately 45%
of cases and diagnosed incidentally during routine physical examination, during
abdominal surgery, or routine imaging. However they can present with a variety of
nonspecific symptoms such as abdominal pain, distension, palpable mass, nausea,
vomiting, change of bowel habit and weight loss. Up to one third of patients present
acutely due to complications from the cyst. These include intestinal obstruction,
volvulus, haemorrhage, infection or cyst rupture.

Mesenteric cysts range between 2 to 35 cm in size and the majority (50–67%) of
reported cases are in the small bowel mesentery. This is followed by 24–37%
located in the mesocolon and the remainder within the retroperitoneum. The
majority are solitary lesions however uni- and multilocular varieties exist. Most are
comprised of a single layer of columnar or cuboidal epithelial cells. The cyst fluid
can be chylous, serous, or haemorrhagic and associated with small bowel
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mesentery, mesocolon and trauma respectively. Mesenteric cysts can be classified
based on histological features into six subgroups: (1) cysts of lymphatic origin
(simple lymphatic cyst and lymphangioma); (2) cysts of mesothelial origin (simple
mesothelial cyst, benign cystic mesothelioma and malignant cystic mesothelioma);
(3) cysts of enteric origin (enteric cyst and enteric duplication cyst); (4) cysts of
urogenital origin; (5) mature cystic teratoma (dermoidcysts); and (6) pseudocysts
(infectious and traumatic cysts).

Ultrasound and CT are the main imaging modalities utilized characterizing
mesenteric cysts. Ultrasound has a higher sensitivity in characterizing the internal
nature of the cyst and can differentiate between septations, debris, and fluid levels.
CT will provide greater detail regarding location of the cyst and its relation to
surrounding structures. Mesenteric cysts carry a 3% overall malignant potential.
Majority of cancers developing out of mesenteric cysts are sarcomas with a few
cases describing adenocarcinomas. Poor prognosticators on radiological imagining
include rapid growing cysts that possess a solid component within the cyst.

Surgery with complete enucleation is the recommended treatment of choice for
mesenteric cysts. Older techniques such as simple aspiration and marsupialization
are associated with greater recurrence and infection rates. Depending on the asso-
ciation of the cyst to surrounding structures, an en-bloc resection incorporating
bowel may be necessary. While performing surgery either open or via the mini-
mally invasive approach it is recommended to abide to fundamental oncological
principles to prevent recurrence. In the setting of managing mesenteric cysts con-
servatively no clear consensus exists regarding follow-up. Several authors have
recommended frequent imaging for cysts that are bigger in size, possess a solid
component within the cyst and have a faster rate of growth as such would be
indicative of increased malignant potential and the risk of developing
complications.

The prognosis for mesenteric cysts is generally good as the majority are benign
and recurrence rates are low with a R0 resection. Recurrence is greater in those
cysts located in the retroperitoneum as they are more technically demanding to
excise due to their close proximity to great vessels, ureter and other organs.

Conclusions

With the new understanding of the mesentery as a unique continuous organ, we can
review the disease states that involve the mesentery. While rare overall, the basic
understanding of the primary lesions of the mesentery, their distinguishing features,
diagnosis and management options, is key to optimize management of mesenteric
neoplasms.
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49Mesenteric Artery Thrombosis
and Embolism

Salvatore Parascandola and Vincent Obias

Description of This Condition

Mesenteric vascular occlusive disease is a rare but potentially devastating condition,
characterized by intestinal hypoperfusion of the small intestine caused by complete
or partial obstruction of the mesenteric arteries. Mesenteric ischemia accounts for
roughly 1 in every 1000 hospital admissions in this country, with mortality rates
ranging as high as 50–75%. Untreated, acute mesenteric ischemia carries a mor-
tality of close to 100%. The most common causes of acute mesenteric ischemia
(AMI) are arterial embolism (40 to 50%) and arterial thrombosis (25 to 30%).

Anatomy and Pathophysiology

Perfusion to the gastrointestinal system is provided by three main mesenteric
arteries: the celiac artery (CA), the superior mesenteric artery (SMA), and the
inferior mesenteric artery (IMA) (Fig. 49.1). The CA, arising from the infradi-
aphragmatic suprarenal abdominal aorta, provides circulation to the foregut
(esophagus to duodenum), hepatobiliary system, and the spleen. The SMA, arising
just distal on the suprarenal aorta to the CA, supplies the midgut (jejunum to
mid-transverse colon). The IMA, which originates from the left lateral portion of
the infrarenal aorta, supplies the hindgut (mid-transverse colon to rectum). The
superior and inferior pancreaticoduodenal arteries provide collateral perfusion
between the CA and SMA, while the marginal artery of Drummond, arc of Riolan,
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and retroperitoneal meandering arteries form collateral networks between the SMA
and IMA. Due to this redundancy in circulation, chronic reduction of flow in one or
two mesenteric vessels is typically tolerated, provided sufficient temporal com-
pensatory perfusion by the uninvolved branches. Acute occlusion a main mesenteric
trunk, by contrast, can produce profound ischemia and necrosis in the absence of
collateral perfusion. Prompt recognition and treatment before the onset of irre-
versible ischemia are critical.

In embolic occlusion, emboli lodge at branch points distal to the middle colic
artery and early jejunal branches, sparing the SMA origin (Fig. 49.2). Risk factors
for those with embolic occlusion of the mesenteric arterial circulation include atrial
fibrillation, recent myocardial infarction, mitral valve disease, mural thrombus, or
left ventricular aneurysm. In the absence of well-formed collateral perfusion,
embolization results in a pattern of ischemia that compromises the majority of small
bowel and ascending colon while sparing the proximal jejunum and distal trans-
verse colon (Fig. 49.3a).

Thrombosis of the SMA is usually associated with systemic, pre-existing
atherosclerosis. Many of these patients have a history of chronic mesenteric
ischemia (CMI) including ‘food fear’, post-prandial pain, and weight loss. SMA
thrombosis is also seen in the setting of vasculitis, mesenteric dissection, or mycotic
aneurysm. Thrombosis typically occurs at the origins of visceral arteries, leading to
continuous intestinal involvement in the distribution of either the CA or SMA,
without sparing the proximal jejunum or colon (Fig. 49.3b).

Fig. 49.1 Sagittal CT
demonstrates the three major
arteries that supply the bowel,
celiac axis (asterisk), superior
mesenteric artery (white
arrow) and inferior mesenteric
artery (orange arrow). All are
visceral branches of the
abdominal aorta (+)
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Presentation

Patients with acute mesenteric artery occlusion may present with significant
abdominal pain that is out of proportion to a benign abdominal exam. In these
patients, high level of suspicion is key to early diagnosis. Nausea, vomiting, and
diarrhea may follow the onset of abdominal pain. Fever, guarding, and abdominal
tenderness are late findings, typically associated with bowel infarction. Patients may
be tachycardic and demonstrate melena or heme positive stools. History of
arrhythmia, prosthetic heart values, recent myocardial infection, or prior
embolization to other arterial trees should raise the suspicion of mesenteric emboli
in patients with acute onset of abdominal pain.

Thrombotic mesenteric occlusion may also present with sudden onset of severe
midabdominal pain that is out of proportion to the physical findings. However,
unlike patients with acute embolic occlusion, these patients often have a history
consistent with chronic mesenteric ischemia, which manifests as postprandial
abdominal pain leading to food avoidance and significant weight loss. These
patients may also demonstrate other sequelae of diffuse atherosclerotic disease e.g.
coronary or peripheral artery disease.

Fig. 49.2 Sagittal CTA scan
of a patient with acute
mesenteric ischemia
secondary to embolic
occlusion of the SMA (arrow)
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Laboratory Findings

Although laboratory findings are often insensitive and nonspecific for the diagnosis
of mesenteric artery embolism or thrombosis, though they can help substantiate
clinical suspicion. The majority of patients will have an abnormally elevated
leukocyte count. Metabolic acidosis with elevated lactate develops as a result of
anaerobic metabolism. While an elevated lactate can be seen in the setting of
decreased oral intake and dehydration, a lactate level of >2 mmol/l is associated
with irreversible intestinal ischemia. Additionally, elevated D-dimer is associated

Fig. 49.3 a Embolic occlusion of the superior mesenteric artery with jejunal-sparing ischemia.
b Mesenteric arterial thrombosis with continuous intestinal involvement in the distribution of the
SMA, without sparing the proximal jejunum or colon. Reused with permission. Copyright ©
Springer Nature
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with intestinal ischemia, reflecting ongoing clot formation and degradation by fib-
rinolysis. Elevated serum amylase and aspartate aminotransferase may also be seen.

Imaging Workup

Plain abdominal radiographs are typically the first test ordered in a patient with
acute abdominal pain. While they are helpful in ruling out other causes of
abdominal pain, they have a limited role in diagnosing acute mesenteric ischemia.
Plain films may demonstrate ileus and vascular calcifications, suggesting ischemia.
Such findings as bowel wall edema (thumbprinting), pneumatosis, pneumobilia, or
pneumoperitoneum may indicate infarction. Importantly, a negative radiograph
does not exclude acute mesenteric ischemia, as up to 25% of abdominal radiographs
will be normal.

Today, multi-detector CTA represents the most useful and rapid tool for the fast
and accurate diagnosis of AMI. In the presence of irreversible ischemia, CTA will
demonstrate intestinal dilatation and thickness, reduction or absence of visceral
enhancement, pneumatosis intestinalis, portal venous gas, or free intraperitoneal air
(Fig. 49.4a and b). Biphasic CTA is the diagnostic modality of choice and includes
the following steps: (1) Pre-contrast scans to detect hyper attenuating vascular
calcification, intravascular thrombus, and intramural hemorrhage, (2) arterial and
venous phases to demonstrate thrombus in the mesenteric arteries and veins,
presence of embolism or infarction of other organs, and abnormal enhancement of
the bowel wall, and (3) multi-planar reconstructions (MPR) to assess the origin of
the mesenteric arteries. Three-dimensional reconstructions generated from CTA
datasets can also provide valuable guidance for preoperative planning (Fig. 49.5).
For the diagnosis of AMI, a sensitivity of 93%, specificity of 100%, and positive

Fig. 49.4 CTA of the abdomen in a patient with embolism to the superior mesenteric artery
demonstrating a pronounced intrahepatic portal venous gas (red arrow) and b dilated, gas-filled
loops of bowel and transmural necrosis (orange arrow). Pneumatosis (white arrow), mesenteric
venous gas (white arrowhead), and fat stranding (asterisk) are seen
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and negative predictive values of 100 and 94%, respectively, have been achieved
with this imaging modality.

Catheter-based angiography is reserved for cases where the diagnosis is not
clear, endovascular interventions are contemplated, or further details of SMA
anatomy are required for SMA revascularization. Multiple views are needed for the
sufficient evaluation of the SMA and CA. Lateral views are used to assess the origin
of the CA and the SMA, while anteroposterior views allow for the evaluation of the
circulation of the distal CA and SMA. Selective catheterization of the SMA may
reveal a ‘meniscus sign’ at the branch points where emboli lodge.

Gadolinium-enhanced magnetic resonance angiography (MRA) avoids the risk
of allergic reaction and nephrotoxicity associated with iodinated CT imaging.
While MRA is helpful in diagnosing chronic mesenteric ischemia, in the setting of
acute ischemia, MRA and post processing are too time consuming for these criti-
cally ill patients. Given the consequences of a missed or delayed diagnosis, CTA
should be considered over MRA even in the setting of renal insufficiency.

Duplex ultrasonography has little value in the diagnosis of AMI. However, it is a
valuable noninvasive adjunct for follow up after surgical or endovascular revas-
cularization and can be used to assess patency and recurrence of disease. Endo-
scopy, colonoscopy, or barium radiography offer no useful information in the
diagnostic evaluation of acute mesenteric ischemia. Furthermore, if mesenteric
ischemia is considered, a barium enema is contraindicated as intraperitoneal
extravasation of barium can occur in the setting of intestinal perforation.

Fig. 49.5 3D CTA
reconstruction demonstrating
mid occlusion of SMA
(arrow)
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Treatment

Patients with acute embolic or thrombotic mesenteric ischemia warrant prompt fluid
resuscitation, correction of electrolyte imbalances, and systemic anticoagulation
with heparin to prevent further thrombus propagation. Empiric antibiotics should be
administered with regimens that cover gram-negative enteric flora and anaerobes.
Patients often present with organ dysfunction and require close hemodynamic
monitoring. While these patients may be hypotensive, vasopressors can exacerbate
ongoing intestinally ischemia, thus these patients should undergo fluid resuscitation
with isotonic crystalloid solution before initiation of vasopressors.

The goals of surgical therapy for acute mesenteric ischemia are (1) restoration of
arterial perfusion and (2) resection of non-viable bowel. Prompt laparotomy should
be done in any patient with peritonitis or evidence of threatened intestinal viability.
In embolic SMA disease, laparotomy may reveal intestinal ischemia from the
mid-jejunum to the ascending or transverse colon. Frankly necrotic or perforated
bowel should be resected and left in discontinuity prior to revascularization in order
to limit gross contamination. The SMA may be exposed in one of three approaches.
First, it may be exposed caudal to the inferior border of the by entering the lesser
sac (Fig. 49.6a). Second, the transverse colon may be lifted superiorly and a hor-
izontal incision made in the mesentery, exposing the SMA at the root of the small
bowel mesentery (Fig. 49.6b). Finally, the SMA can be exposed by dividing the
ligament of Treitz and peritoneal attachments and laterally mobilizing the fourth
portion of the duodenum laterally (Fig. 49.6c).

After systemic heparinization, proximal and distal control of the vessel is
achieved with vascular clamps, and a transverse arteriotomy is made sharply.
A balloon thromboembolectomy can then be performed with a 3-Fr or 4-Fr catheter
through the arteriotomy (Fig. 49.7). In the event the embolus has lodged more
distally at the jejunal and ileal branches, thromboembolectomy is best accomplished
with a smaller catheter (i.e., 2 Fr or 3 Fr), given the fragility of this vasculature. This
maneuver is repeated until the balloon is free of thrombus upon withdrawal and
pulsatile flow is restored. Following successful thromboembolectomy, the arteri-
otomy can be closed primarily using simple interrupted 5–0 or 6–0 monofilament
sutures or patched using cryopreserved vein. For repair of diminutive branch ves-
sels, vein patch angioplasty is preferred.

In patients with acute mesenteric thrombosis, ischemia typically involves a
heavily atherosclerotic proximal CA or SMA. In these patients, vascular bypass is
required for successful revascularization and typically requires single vessel
reconstruction in order to bypass the in-situ thrombosis. Autogenous or synthetic
materials may be used for the graft. Synthetic bypass grafts of 6–8 mm Dacron or
polytetrafluoroethylene (PTFE) are most often used given their availability, ease of
handling, and size match. In the setting of gross abdominal contamination and risk
of subsequent graft infection, saphenous vein and thigh femoral vein may be used.
Rifampin-soaked Dacron is another option, as vein harvest may be too time con-
suming in critically ill patients. Several options exist for graft orientation.

49 Mesenteric Artery Thrombosis and Embolism 495



a

b

c

Fig. 49.6 Exposure of the superior mesenteric artery through a. longitudinal midline incision in
the retroperitoneal tissue immediately inferior to the border of the pancreas. b. At the base of the
transverse mesocolon through a horizontal incision in the mesentery. c. Above the superior margin
of the duodenum by completely mobilizing the fourth portion of the duodenum after incising the
ligament of Treitz and the other peritoneal attachments. Reused with permission. Copyright ©
Elsevier
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Retrograde approaches are most often used. For retrograde bypasses, the proximal
anastomosis can be placed on the right common iliac artery (most common),
infrarenal aorta, or left common iliac artery and is performed in an end-to-side
fashion. The distal anastomosis on the SMA can be performed in an end-to-side or
end-to-end fashion. The graft is typically tunneled so that it forms a curve or “C
loop” between the proximal and distal anastomosis as it traverses caudal to
cephalad (Fig. 49.8).

In the cases of prohibitive anatomy, antegrade bypass from the supraceliac aorta
may be considered. The supraceliac aorta is exposed by mobilizing the left trian-
gular ligament of the liver and incising the median arcuate ligament and crus of the
diaphragm. Once the patient is systemically heparinized, the aorta is occluded. An

Fig. 49.7 Balloon thromboembolectomy through transverse arteriotomy in the superior
mesenteric artery. Reused with permission. Copyright © Elsevier

Fig. 49.8 Completed
retrograde bypass from the
proximal right common iliac
artery to the superior
mesenteric artery. Reused
with permission. Copyright ©
Elsevier
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arteriotomy is made in the aorta and anastomosis performed using 3–0 nonab-
sorbable, monofilament suture, and 5–0 sutures with felt pledgets. A limited
endarterectomy may be necessary. The distal anastomosis to the celiac artery and
superior mesenteric artery is constructed using an end-to-end and end-to-side
manner, respectively (Fig. 49.9).

After revascularization by thromboembolectomy or bypass, an assessment of the
viability of bowel must be performed and includes running the entire length of
bowel, assessing the color and peristaltic activity, and palpating the mesenteric
arcades. Adjuncts include Doppler interrogation of the mesenteric arcade, fluores-
cein injection with Wood’s lamp inspection, or perfusion fluorometry. Non-viable
bowel must be resected. In cases of questionable viability, a second-look procedure
in 24–48 h should be considered. Often the full extent of bowel viability is not
immediately obvious following initial vascularization. Additional non-viable bowel
resections should be performed at that time.

In patients with acute mesenteric thrombosis without evidence of bowel ische-
mia, successful cases of endovascular treatments for AMI have been reported.
Major drawbacks to endovascular approaches include inability to inspect the via-
bility of bowel both before and after revascularization and the prolonged time that

Fig. 49.9 Completed
antegrade bypass from the
supraceliac aorta to the celiac
axis and the superior
mesenteric artery. Reused
with permission. Copyright ©
Elsevier
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may be required to achieve successful thrombolysis. Given these limitations, purely
endovascular approaches may be used in select groups of patients. Percutaneous
mechanical thrombectomy, aspiration thrombectomy, and intra-arterial thrombol-
ysis, with or without adjuvant angioplasty and stenting, have been increasingly
described in recent literature. To perform an endovascular revascularization, vas-
cular access can be gained through a retrograde femoral approach or antegrade
brachial approach. Once an introducer sheath is placed, a lateral and anteroposterior
aortogram is performed to identify the origin of the CA and SMA. Next, systemic
heparin is given and guidewire placed across the lesion. Once wire placement has
crossed the lesion, the catheter is advanced and its position confirmed by angio-
gram. Thrombectomy, aspiration, or balloon angioplasty can then be completed and
a postangioplasty angiogram performed. If the completion angiogram demonstrates
incomplete angioplasty, placement of mesenteric stent is warranted. Involvement of
the orifice or proximal vessel should be treated with balloon-expandable stent
(Fig. 49.10a–d). To reduce vasospasm, an intra-arterial infusion of nitroglycerine or
papaverine can be used. Intra-arterial delivery of thrombolytic agents into the
thrombus is another potentially useful treatment modality in acute thrombotic
mesenteric ischemia.

Hybrid approaches to acute mesenteric ischemia offer the ability to examine the
abdominal viscera and control sepsis while employing less invasive mesenteric
revascularization techniques. After laparotomy, the SMA is exposed and a puncture
made in the vessel, though which retrograde guidewire access is gained. The SMA is
clamped to avoid distal embolization. The SMA lesion is then crossed and the
guidewire passed through brachial or femoral access, creating “through-and-through”
access. If thrombectomy is required, an arteriotomy in the SMA is made and Fogarty
balloon passed over the wire and into the aorta. Thrombectomy is performed and
completion and restoration of flow assessed. If thrombectomy is not required, no
arteriotomy is necessary. Using the through-and-throughwire, a stent can be placed in
either an antegrade or retrograde fashion (Fig. 49.11a–d).

Complications after endovascular repair include access site complications (he-
matoma, pseudoaneurysm, access artery thrombosis, retroperitoneal hematomas),
distal embolization during wire and catheter manipulation, and recurrent stenosis
requiring repeat angioplasty and stenting. A baseline duplex of the treated vessel
should be obtained before discharge, every 6 months for 1 year, and annually there-
after. Cumulative stent patency rate over 3 years is reported between 44 and 88%.

Outcomes

Postoperatively, all patients who undergo revascularization for acute mesenteric
ischemia require close monitoring. The postoperative course for these patients is
frequently complicated by the development of multiple organ dysfunction, which
likely accounts for prolonged hospitalization and is a leading cause of death.
Postoperative care often involves intensive care unit admission, prolonged
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endotracheal intubation, and parenteral nutrition. Coagulopathy and thrombocy-
topenia may be present and can be managed with platelets, plasma, or both.
Depending on the extent of necrosis and/or contamination, broad-spectrum
antibiotic therapy is typically required. In patients who underwent endovascular
revascularization, any new abdominal complaints should immediately raise suspi-
cion for missed intestinal non-viability.

The aggregate mortality rates in patients with acute mesenteric ischemia have
been historically reported as 54 and 74% in patients with acute embolism and
thrombosis, respectively. Risk factors for increased mortality include age greater
than 60 years, intestinal non-viability requiring resection, colon involvement, and
duration of symptoms before treatment.

Recently, there has been increasing utilization of endovascular techniques over
traditional laparotomy as the initial management in patients with AMI. Beaulieu and
colleagues conducted a review using the National Inpatient Sample database which
identified a significant increase in endovascular techniques from 2005 through 2009.
Their study reported that mortality, hospital length of stay, need for bowel resection,

Fig. 49.10 A malperfused area of the small intestine a macroscopically. bIn the SPY mode. c In
the ICG fluorescence mode. d In the Pinpoint semi-quantitative assessment mode. Reused with
permission. Copyright © Springer Nature
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and need for postoperative parenteral nutrition were reduced in those patients
receiving endovascular therapy compared to traditional open surgical revascular-
ization. A large study by Arthurs and colleagues compared traditional open surgery
versus endovascular revascularization in 70 patients with acute embolism or
thrombosis. In those who underwent endovascular therapy, technical success rate
was seen in 78% of patients. Endovascular therapy resulted in lower rates of acute
renal failure and pulmonary failure. They noted an overall mortality rate of 39% for
patients undergoing endovascular therapy vs 50% for traditional therapy. Notably, as
abdominal exploration was reserved for peritonitis or clinical deterioration, 31% of
patients who underwent endovascular revascularization did not require laparotomy.

Fig. 49.11 Endovascular balloon angioplasty and stenting in acute mesenteric thrombosis.
a Introducer sheath placed at the lesion. b Guidewire catheter placement across the lesion.
c Balloon angioplasty. d Stent placement. Reused with permission. Copyright © Springer Nature
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Though an uncommon disease, the physiologic consequences of acute mesen-
teric embolism and thrombosis are devastating. Early diagnosis and resuscitation is
critical for survival. In addition to prompt recognition, patient-specific and hybrid
management approaches may lead to a reduction in the historically high mortality
rates seen in this disease process.
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and David H. Kruchko

Introduction

Throughout this book, we have emphasized the recent recognition of the mesentery
as an independently functioning organ. The designation of the mesentery as a
“new” organ in the body encourages reinterpretation of the mesentery’s role in
health and disease. Redefinition of the mesentery from apportioned connective
tissue aggregates within the abdominal cavity to a fully integrated, operational
system allows us to investigate this “new” organ from basic and clinical research
standpoints. Future studies will provide a deeper understanding of the role that the
mesentery plays in healthy and diseased states. In turn, new investigative break-
throughs will translate into preventive and therapeutic advances. In this chapter, the
authors review selected fields of potential research on the mesentery related to their
specific areas of interest. These areas include genetics, clinical pharmacology,
imaging, mesenteric pathologic disorders, and surgical approaches to the
mesentery.
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Genetic Investigations and Mesenteric Disease

Improved understanding of mesenteric diseases will require additional research
involving comprehensive genetic profiling. Type I autoimmune pancreatitis (AIP) is
a disease of the mesentery that has been well studied in Japanese populations. AIP
research has identified strong genetic associations that will ultimately lead to
improved and more personalized future treatment options. However, less is known
about the genetic profile of other autoimmune mesenteric diseases, such as
mesenteric panniculitis. In order to elucidate key genetic components contributing
to these diseases, recently developed variations in next-generation sequencing will
be utilized. Techniques that could prove useful include those that specifically an-
alyze genetic expression (such as methylation sequencing). Understanding the
immunologic structure and function of the mesentery may be accomplished using
immune-repertoire sequencing.

Clinical Pharmacology

While mesenteric-based strategies are being developed in the surgical treatment of
the disease, medical therapeutics have lagged behind. Since we now understand that
the mesentery is an important component of health and disease states,
mesenteric-directed pharmacotherapy may hold the key to enhancing treatments for
diseases as diverse as adult onset diabetes, autoimmune disorders and the systemic
inflammatory response. For example, biologic therapies that interact directly with
cells within the mesentery that are responsible for the sampling and reaction to
ingested food-borne peptides could prevent or treat conditions such as Crohn’s
disease and food allergies.

At present, the clinical pharmacokinetic properties of the mesentery are
unknown. There are a variety of reasons for this knowledge void, the principle one
being that it is not possible to sample drug levels within the mesentery in vivo. This
limits the ability to optimize small molecule pharmaceuticals that concentrate
within the mesentery. Use of noninvasive methods to measure mesenteric drug
levels are anticipated for the future. These methods in turn hold the promise of
improving therapy for primary mesenteric diseases such as mesenteric panniculitis,
and the development of drugs that can be used to treat or prevent conditions in
which the mesentery plays an important role in their pathophysiology.

Mesenteric Panniculitis

Mesenteric panniculitis can be incidentally found by abdominal imaging studies.
These patients have undergone imaging studies for one of two reasons; they have
unexplained abdominal pain or they have imaging performed as part of a diagnostic
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evaluation in the setting of a known neoplastic disease. Future studies are antici-
pated that will better differentiate mesenteric panniculitis from mesenteric neo-
plasms, perhaps resulting in fewer patients requiring biopsies of lesions for a
definitive diagnosis. Furthermore, better longitudinal data when more patients have
been studied may allow for stratification of treatment and prognosis for individual
patients. Determining the specific components of immune dysregulation that are
pathognomonic of mesenteric panniculitis will allow for the optimization of treat-
ments for the disease. In addition, a better understanding of psychosocial factors
associated with rare diseases and specific occurrences related to the symptoms and
uncertain nature of mesenteric panniculitis at present has not been studied.

New and Future Developments in Mesenteric Surgery

Dr. Coffey has pointed out that a great deal of time is directed at accessing and
mobilizing portions of the mesentery prior to their actual resection. New surgical
instruments and techniques are anticipated to improve the processes of peritono-
tomy, mesofascial separation, and mesenterectomy. Some of these may include the
use of gas and hydrodissection. He also anticipated the possibility that mesofascial
separation may be performed with the assistance of a radiologist via radiologic
cannulation of the mesofascial interface. This technique may eventually be com-
bined with magnetic-based mobilization of the intestine, to allow for less invasive
forms of mesosigmoidectomy. New understanding the the anatomy of the
mesorectal region of the mesentery, in particular a clear demonstration of the
circum-mesorectal plane separating the entirety of the mesorectum from adjacent
structures may be helpful in maximizing performance of mesosigmoidectomy.

Inflammatory Bowel Disease

As has been discussed and debated in the chapters of this textbook, the role of the
mesentery in patients with Crohn’s disease remains unclear. Some surgeons feel
that the mesentery suffers inflammation as a result of intestinal involvement.
However, other surgeons feel that the mesentery in and of itself may harbor
abnormalities related to Crohn’s disease. Future research will hopefully help us
elucidate the role of the mesentery in remission and recurrence of Crohn’s disease
and based upon that knowledge guide both medical therapy and surgical resections.
In addition, pouchitis may well be related to mesenteric factors in either the small
bowel mesentery or in any retained presacral mesorectum on which the pouch is
resting. Our methods of pouch construction as well as preventative and therapeutic
measures for pouchitis might be contingent upon a better understanding of any role
of the mesorectum in ulcerative colitis and ulcerative proctosigmoiditis. It is the-
oretically possible that an inflamed mesentery may subsequently lead to
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inflammation of either the colon or the reconstructed pouch. Alternatively, it is
possible that inflammation within the mesentery or mesorectum prevent or make
more difficult the medical or surgical management of Crohn’s disease and mucosal
ulcerative colitis.

Radiologic Advances

Mesenteric and Bowel Injuries

Delay in the diagnosis of bowel and mesenteric injuries is relatively common and
increases the likelihood of morbidity and mortality. Use of multidetector computed
tomography (CT) has resulted in the identification of specific imaging findings of
bowel and mesenteric injury from penetrating and blunt trauma. Because these
findings may be subtle and occur in the setting of other complex injuries, future
work in improving the visualization of bowel and mesenteric injuries as well as
education of radiologists in the identification of these findings is anticipated to
produce timely diagnoses and improved outcomes in these patients.

Fluorescence Lymphangiography

Keller et al have used fluorescence lymphangiography to demonstrate a watershed
area in the ileocolic region. Fluorescence lymphangiography (also called lym-
phoscintigraphy) using intravenous indocyanine green enhances the visualization of
lymphatic channels in real-time. By highlighting sentinel lymph nodes, this tech-
nique holds promise for increasing the precision of mesenteric dissection during
bowel resection for colon cancer.

Use of Next Generation Technology to Advance Our
Understanding of the Role of the Mesentery in Human
Disease

Access to the mesentery via endoscopic fine needle aspiration, laparoscopy and
direct image-guided puncture are making mesenteric tissue harvest a non-morbid
practical advance in diagnosing disorders of the mesentery. Advances in im-
munohistochemistry, metabolomics, use of mass spectrometry, 16 s rRNA analysis
of microbial communities, CyTOF analysis of lymphocyte phenotypes, flow
cytometry, etc. can now be applied to procured mesenteric tissues. Use of tech-
niques such as single cell RNA-seq can now be applied to individual cell types
(i.e.fat cells, lymphocytes, macrophages, etc.) to be able to transcriptionally analyze
specific subsets of cells. In addition, dual RNA seq can be used to determine the
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transcriptome of both microbes and host cells to define the “interactome” that
characterizes specific mesenteric diseases. The future lies in properly applying these
techniques to advance our understanding of the mesentery as an independently
function organ in human disease.
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