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Abstract

Once thought of as an inert fatty tissue present only to provide insulation for the peritoneal cavity,
the omentum is currently recognized as a vibrant immunologic organ with a complex structure
uniquely suited for defense against pathogens and injury. The omentum is a source of resident
inflammatory and stem cells available to participate in the local control of infection, wound
healing, and tissue regeneration. It is intimately connected with the systemic vasculature and
communicates with the central nervous system and the hypothalamic pituitary adrenal axis.
Furthermore, the omentum has the ability to transit the peritoneal cavity and sequester areas of
inflammation and injury. It contains functional, immunologic units commonly referred to as
“milky spots” that contribute to the organ’s immune response. These milky spots are complex
nodules consisting of macrophages and interspersed lymphocytes, which are gateways for the
infiltration of inflammatory cells into the peritoneal cavity in response to infection and injury. The
omentum contains far greater complexity than is currently conceptualized in clinical practice and
investigations directed at unlocking its beneficial potential may reveal new mechanisms underlying
its vital functions and the secondary impact of omentectomy for the staging and treatment of a
variety of diseases.
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INTRODUCTION

The omentum has long been recognized as an important ally in the fight against
intraabdominal infections. Often referred to as the “guardian or policeman of the abdomen”
(1), it is commonly observed plugging a hole in a perforated appendix or adhering to other
bowel pathologies (Fig. 1). The seasoned surgeon often follows the omentum to identify the
source of intraabdominal sepsis and returns the omentum to the surgical field following the
definitive management of the pathology encountered. The omentum is also recognized for its
remarkable healing ability. Omental tissue and its properties have long been exploited in the
practice of surgery to buttress gastrointestinal anastomaosis, fill empty space, aid in
hemostasis, and provide soft tissue coverage for various vulnerable structures (2). Perhaps
the best-known example of this utility is the Graham patch for treating a perforated duodenal
ulcer. First described by Dr. Roscoe Reid Graham in 1937, the technique involves the
deliberate placement of a tongue of omentum as a definitive treatment over the focal area of
perforation (3). More recently, it has been suggested that the omentum has a role in the
spontaneous sealing of spontaneous intestinal perforation and focal necrotizing enterocolitis
in neonates, allowing a subset of patients to be managed with peritoneal drains without the
need for subsequent laparotomy (4). Additionally, the technique of free omental sheet graft
repair has been shown to be superior to other surgical interventions for typhoid enteric
perforation as evidenced by lower rates of enterocutaneous fistula and mortality (5). Despite
these remarkable features, the role of the omentum and the immunologic mechanisms
underlying the organ’s function remains to be fully understood. During recent investigations,
the omentum was discarded as an experimental variable during bariatric procedures as a
means to optimize weight loss (6), illustrating the view of the omentum as an unnecessary
pedicle of fat. Interestingly, this practice was aborted due to the lack of long-term clinical
benefit from omentectomy rather than a new appreciation for the omentum (7).
Contemporarily, another peritoneal structure, the mesentery, has gained significant attention
for its reclassification as an organ based upon its structure, function, and role in localized
and systemic disease (8). A recent review also highlighted some of the critical immunologic
roles that the omentum plays on a cellular level with specific attention to its role in
peritoneal tumor metastases. (9). In this context, we review the embryology, anatomy, and
histologic structure of the omentum with a specific focus on the immunology of the organ
and its role in the response to intraabdominal infection. We aim to enhance the reader’s
appreciation for this vibrant immunologic organ and underscore the mechanisms responsible
for its clinical utility.

EMBRYOLOGY

The embryology of the omentum is intimately connected to that of the stomach. The
omentum is derived from the dorsal (greater omentum) and ventral (lesser omentum,
falciform ligament) mesentery. Following a 90 degree, clockwise rotation of the gut tube and
stomach at approximately five to six weeks gestation, differential growth is responsible for
the size discrepancy between the greater and lesser curvatures of the stomach and their
corresponding relationships with the greater and lesser omentum (10, 11). The omentum
continues to organize and increase in length over the next seven to eight weeks and later
fuses with the transverse colon (12). A well-developed structure, readily identifiable as the
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greater omentum, is present at birth and can be seen in utero using prenatal ultrasound (13).
However, it continues to develop during the postnatal period reaching full development by
the age of eleven. Immunological units found within the omentum referred to as “Milky
spots” are the microscopic functional units of the omentum. They are first observed as small
clusters of macrophages at 20-weeks’ gestation in the developing fetus and there are
progressively increasing numbers of macrophages and lymphocytes throughout gestation.
The number of milky spots increases in number throughout the first year. Following this rise,
they progressively decrease in number with age (12, 14, 15). The differentiation and
development of macrophages within the milky spots is dependent on M-CSF production by
omental stromal cells (16). Milky spots may play a role in the maturity of the adaptive
immune system as well. For example, the fetal omentum has been speculated to be a source
of B-cell development analogous to the thymus (2, 17).

GROSS ANATOMY

The greater omentum is a two-leaflet hammock of fibro-fatty tissue that extends from the
greater curvature of the stomach to the transverse colon. It spans the width of the abdomen
laterally and reaches the pelvis inferiorly. It varies in size depending on the age of the patient
and the body habitus of the individual. It can be as large 36 cm in height, extending as far
caudally as the pubic symphysis, and as wide as 46 cm, covering up to 500 cm,
approximately the size of a textbook (2, 12). The greater omentum has remarkable mobility
within the abdominal cavity. This mobility is possible as a result of its smooth mesothelial
surface imparting a near friction-free interface with the peritoneum and visceral serosa (18).
As a result of its limited fixation, the omentum is free to migrate within the abdominal
cavity due to the effects of gravity, respiration, and peristalsis of visceral structures (2, 19).
The omentum has a rich blood supply that is formed by an anastomaotic arcade between the
celiac trunk and the superior mesenteric artery. The right gastro-omental artery is a branch of
the gastroduodenal artery as it descends from the common hepatic artery of the celiac trunk.
It joins the left gastro-omental artery, a branch of the splenic artery, along the greater
curvature of the stomach. This arcade receives input from the superior mesenteric artery via
the inferior pancreaticoduodenal artery. A varying number of epiploic vessels branch
perpendicularly from the gastro-omental vessels to perfuse the omentum (12). Angiogenic
factors and growth factors are produced in the omentum during inflammation (20, 21),
leading to a rise in blood vessel density, resulting in a dramatic increase in blood flow in
response to peritonitis (21, 22). The network of vessels and this physiologic response to
infection serves to support the immunologic and regenerative properties of the omentum and
provides a bridge between the peritoneal cavity and the systemic circulation.

HISTOLOGICAL FEATURES

The histology of the omentum is heterogeneous in nature and is composed of distinct
translucent and adipose-rich regions (18). These regions are similar in architecture with
several important differences. They are composed of a sandwich of submesothelial
connective tissue containing collagen and fibroblasts between two single-layer mesothelial
sheets. There are multiple fenestrations throughout this bilayer measuring up to 225 um.
(18), allowing the transit of small particles and cells between the peritoneal cavity and the
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anterior and posterior leaflets of the omentum. The mesenchymal cells are covered by
microvilli and contain vesicles along their apical and basal surfaces. The surface architecture
of the mesothelial cells increases in microvilli number and density in response to
inflammatory stimuli (23). Transport through the mesenchymal cell layer into the
submesenchymal connective tissue has been shown following the injection of radiopaque
substances into the peritoneal cavity (24). Once present in this layer of connective tissue,
substances may contact inflammatory cells and other immune mediators.

The adipose-rich region of the greater omentum is abundant with fat tissue in the
submesothelial layer. This area is also rich in blood vessels and important aggregates of
inflammatory cells commonly referred to as “milky spots” or “omentum-associated
lymphoid tissue.” They are composed mainly of macrophages, T and B cells with different
proportions and localized in an apparently orderly manner (Fig. 2). Similar spots have been
identified in the pleural cavity and various other locations throughout the peritoneal cavity
and pelvis (25, 26). They are arranged in variable configurations ranging from round to
irregular and are usually, though not always, perivascular in nature (27). Milky spots
measure approximately 0.3-3.5 mm? and have a density that decreases with age to 2 per
cm?. In the adipose-rich region, mesenchymal fenestrations overlie the milky spots allowing
for the transport of inflammatory cells (23, 28). They are the portal of entry into the
peritoneal cavity for immune cells in response to infection. Macrophages conglomerate
around a specialized postcapillary venule referred to as a high endothelial venule (25, 29)
with more immature cells located centrally with respect to mature macrophages (30).
However, avascular or so-called secondary milky spots exist as well (16). Most commonly, B
and T lymphocytes are also located periarteriolar, but they do not appear to organize into
lymphoid follicles (23, 25, 30). However, macrophages and B cells have been also been
observed to segregate to discrete regions within the milky spot with T cells interspersed
throughout (21). Autonomic nerve fibers (parasympathetic and sympathetic) similar to those
that innervate the visceral peritoneum, are also present in the omentum and traverse the
milky spots (30) and adult stem cells within the adipose-rich region of the greater omentum
(2, 25, 31). These undoubtedly contribute to the clinically relevant properties of this tissue
during healing and control of infection.

IMMUNOLOGICAL FUNCTION

Milky spots are dense conglomerations of immune cells interspersed throughout the adipose-
rich region of the greater omentum forming immunological units (Fig. 2). Milky spots are
composed of approximately a half million immune cells (32) distributed between
macrophages (approximately 1/3), and B and T lymphocytes, plus a few mast cells (2, 25,
30, 32). The proportion between immune cells within the omentum has been shown with
some degree of discrepancy by various reports (see legend in Fig. 2). They display a
phenotypic spectrum of omental and peritoneal macrophages that is dependent upon the
genetics, nutritional status, and tissue microenvironment (33). Thus, there are variable ratios
of macrophages and lymphocytes observed among individual milky spots (27). Additionally,
myeloid progenitor cells within omental milky spots are thought to be the source of
inflammatory cells in the peritoneal cavity (2, 34). Milky spots are hypothesized to be a
sight for extramedullary megakaryopoiesis and neutrophil myelopoiesis due to the presence
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of large megakaryocytes within these units in some species (35). Overlying milky spots, the
mesothelial cell layer is fenestrated and the basement membrane is absent (2), allowing for
the rapid egress of neutrophils from the circulation into the peritoneal cavity in response to
infection. Interestingly, the transmigration of neutrophils across high endothelial venules
within the omentum is more rapid than across conventional postcapillary venules. This
transmigration requires a unique combination of selectins and cellular adhesion molecules to
complete this process (36). Dysfunction of these molecules allows for the spread of infection
(22, 36). When these adhesion molecules are blocked with monoclonal antibodies,
neutrophil phagocytosis of bacteria is negatively affected, and bacterial counts within the
peritoneum are increased (22). However, a recent study has shown that the infiltration of
neutrophils into the peritoneum during inflammation is not impaired in absence of the
omentum suggesting that the existence of alternative routes for the translocation of these
cells into the cavity (37). Other inflammatory cells including B and T lymphocytes also use
high endothelial venules to traverse the peritoneal cavity (19, 38). Berberich et. al. (39)
demonstrated that this pathway was utilized by a subset of B2 lymphocytes in addition to an
alternative route to egress from the peritoneum and return to the systemic circulation via
parathymic lymph nodes. This observation suggests there is redundancy in the immune
surveillance of the peritoneal cavity. The number of milky spots increases in response to
infection similar to the vascular response to inflammation. Moreover, the reticular
connective tissue network within individual milky spots expands as well (21). Enlargement
of milky spots is accompanied by an increase in the cellularity of the peritoneal cavity
especially with respect to macrophages. There is also a rapid influx of neutrophils with
stimulation (21), which is followed shortly thereafter with a rise in the number of
macrophages within hours of the insult leading to milky spot saturation within a day (23).
Omental macrophages concentrate intraperitoneally injected foreign materials (16) and
display a phagocytic phenotype upon infection (21). B1 lymphocytes compose the dominant
fraction of B cells present in milky spots. They bind bacterial antigens and produce natural
antibodies; a significant contribution to the adaptive immune response (40). These cells
require specific intercellular signals for proper localization to the omentum and milky spot
formation. These signals actually require the presence of bacteria to stimulate high
endothelial venule endothelium and omental macrophages (41). Omental B-cells are similar
to systemic B lymphocytes with regard to their ratios of IgG to IgA differentiation and level
of somatic hypermutation (42).

ARE MILKY SPOTS SECONDARY LYMPHOID ORGANS?

While it is widely accepted that milky spots are an immune unit, there is debate regarding
their role as a perivascular infiltrate versus a secondary lymphoid organ due to the variant
structure from lymph nodes and spleen (43). The number and mass of milky spots increase
in response to intra-abdominal stimulation and decreases with age (20, 21, 25, 44). This
argues for their identity as a specialized lymphoid organ since inflammation typically
increases with age (32). CD4* and CD8" T cell clones are specifically primed to antigens
that have been retrieved from the omentum and peritoneal cavity. This observation indicates
that peripherally activated populations of T-cells circulate through the omentum and
peritoneal cavity to survey contributing to a secondary immune response (45). There is also
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a perceived paucity of follicular dendritic cells, which are specialized antigen-presenting
cells within the omentum. However, dendritic cells have been observed to be present in
milky spots possibly in an immature form in transit between the omentum and the peritoneal
cavity (19, 21, 45). Their presence makes an argument for the classification of milky spots as
a secondary lymphoid organ. Further, the humoral immune response of omental B cells in
splenectomized individuals to peritoneal infection is equivalent to that observed in those
with a full complement of secondary lymphoid organs (46). A robust humoral immune
response is generated following intraperitoneal antigen injection in mice completely devoid
of the spleen, lymph nodes, and Peyer’s patches (45), while milky spots are present in these
individuals devoid of secondary lymphoid organs. These observations indicate that perhaps
the omentum may serve as an alternative secondary lymphoid organ, suggesting that, while
milky spots may be distinct from conventional secondary lymphoid structures, they do
possess the ability to function as such.

Finally, while milky spots have a distinct histologic behavior in comparison to traditional
secondary lymphoid structures (21), the B-cell functions of isotype switching, affinity
maturation, somatic hypermutation, and immune response to systemic antigens occur within
milky spots (42) highlighting some similarities to the lymph nodes and the spleen.
Additionally, germinal follicle centers rapidly form in the omentum following
intraperitoneal viral inoculation (47). Thus, while they are structurally and functionally
distinct from the other secondary lymphoid structures, the argument has been made that they
are unique secondary lymphoid structures that play an important and evolving role in the
immune response to infection within the peritoneal cavity (45). Perhaps the omentum and
milky spots are structurally and functionally designed to serve the dual function of
mechanically isolating bacteria and limiting the spread of infection while simultaneously
mounting a humoral and cytotoxic immune response. This dual mission is evidenced by the
macrophage predominance in the structure of milky spots combined with the previously
described sophistication in the B cell response. Milky spots are structurally and functionally
distinct from other secondary lymphoid organs because they are involved in both the
response to infection and the gross clearance of the infectious source. They perhaps
represent a hybrid between innate and acquired immunity.

ROLE IN CONTROLLING INTRA-ABDOMINAL INFECTION

The best evidence that the omentum has a role in controlling intraabdominal infection is that
omentectomy has a detrimental effect on both animal and human studies (2, 37, 48, 49). Ina
rat model of peritonitis using cecal ligation and puncture (CLP), the absolute number of
macrophages isolated from the peritoneal cavity is increased following omentectomy (49).
This is in distinction to the observation that the number of macrophages isolated from
peritoneal lavage samples is significantly reduced in peritonitis due to alterations in the
coagulation cascade and cellular adhesion resulting in macrophage adhesion to the
peritoneum, which is referred to as “the macrophage disappearance reaction” (49). Agalar et
al. (50) observed that shortly following omentectomy in rats the cell counts, chemotactic
indices, and the ratio of macrophages to lymphocytes was negatively impacted. Similarly,
Uzunkoy et al. (51) found that bacterial growth in cultures obtained from mesenteric
lymphoid tissue and blood cultures in a model of peritonitis was elevated in rats that
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underwent omentectomy as compared to those in which the omentum was left intact.
Additionally, a recent study using a mouse model of intraabdominal sepsis (CLP) showed
that the absence of the omentum has a detrimental impact on mortality. The increase in
mortality was associated with a higher level of inflammatory cytokines including IL-6 and
IL-10 (37). This study is perhaps the most convincing evidence that the omentum plays a
significant role in the body’s response to intrabdominal sepsis.

In humans, when the omentum is purposefully removed in an effort to decrease adhesion
formation and limit subsequent bowel obstructions, a larger incidence of peritonitis has been
observed, whereas the rate of small bowel obstruction was unchanged (48), which has
resulted in a reduction in the practice of omentectomy. Evidence suggests that the omentum
can contribute to the management of infection and given the detrimental effect omentectomy
has upon outcomes related to intraabdominal infection, it raises the question of what is the
involved mechanism? Based on our existing knowledge, it is likely that it is manifested
through several mechanisms. First, the omentum has the ability to encapsulate areas of
infection and necrosis allowing for the clearance of pathogens and dead tissue (36, 52). Its
mobility allows the omentum to contact areas of localized injury. Due to its tremendous
surface area in combination with its limited fixation and mobility, the omentum is afforded
access to the vast majority of pathologies that can befall the abdomen. How exactly this
occurs remains poorly understood, but it has been suggested that tissue damage during
inflammation and peritoneal irritation alters the homeostasis of fibrin and thrombin
deposition and lysis allowing the omentum to adhere to and segregate infection and injury
(49). Second, the omentum is the major route of delivery for inflammatory mediators into
the peritoneum (21), which is critical in the control of infection (53). Although macrophages
can be delivered to the peritoneal cavity from a variety of other sources, the gross mobility
of the omentum along with its ability to adhere to damaged tissues provides a rapid influx of
concentrated inflammatory cells to rapidly deal with an infection, resulting from perforation,
in isolation from the remainder of the coelomic cavity. Phagocytic cells derived from other
sources do not possess gross mobility on this scale and are limited to migration on a
microscopic level. This observation suggests a survival benefit for the redundancy built into
the omental portal to the peritoneal cavity. Perhaps the leukocytes delivered to the abdomen
via alternate pathways are qualitatively limited in their ability to combat the gross spread of
infection despite being quantitatively similar due to the distinct source from which they are
derived.

Finally, the omentum has tremendous signaling and regenerative properties that may play a
fundamental role in improving the outcome from infection (2). The cellular components of
the omentum have the ability to trigger the production of inflammatory cytokines and
antimicrobial peptides (36). Paracrine signals conducted by nerve fibers traversing the milky
spots (30) could stimulate the central nervous system (CNS) and potentially influence the
hypothalamic pituitary adrenal axis (HPAA). Furthermore, the rich adipose tissue within the
omentum is likely to contribute to additional endocrine signals (26). Indeed, there is a
growing body of evidence demonstrating complex interactions between lymphoid structures
and adipose tissue (54-56). These signaling pathways in conjunction with the stem cells
present within the adipose-rich regions of the omentum (2, 25, 31) are likely vital in the
response to intraabdominal infection and in the regenerative properties of the organ.
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In summary, the omentum is the main avenue for the infiltration of inflammatory cells into
the peritoneum (21) and the absence of this portal results in the spread of infection and
peritonitis (36). The characteristics and organization of the immune response to infection are
altered by the absence of the omentum and omentectomy negatively impacts peritoneal
defense mechanisms (2). Consequently, the ability to limit the spread of infection and to
recruit inflammatory reinforcements from the systemic circulation is limited. This allows for
the spread of infection throughout the peritoneal cavity which can lead to generalized
peritonitis, extreme inflammation, and even death. Thus, the tremendous importance of the
omentum, a vibrant immunologic organ, cannot be overstated.

AREAS FOR FUTURE STUDY

Despite the important role the omentum plays in controlling intraabdominal infection, the
mechanism of how this remarkable organ accomplishes its function is still unclear. The
migratory nature of the omentum is well appreciated, yet the underlying processes are
vaguely described. In clinical practice, some patients physiologically compensate quite well
in the setting of peritonitis (ex. perforated appendicitis) in the short term whereas others
decompensate quickly. The study of omental migration and adhesion could shed light on
these observations. There is also considerable evidence suggesting that omentectomy results
in a state of immune compromise. However, omentectomy is routinely performed for
treatment of malignant processes involving the stomach, colon, and ovary both for
therapeutic and staging purposes (29). It is also commonly removed during the placement of
peritoneal dialysis catheters in the pediatric population to prevent catheter malfunction.
Research into the long-term consequences of these practices both clinically and
immunologically is warranted. Additionally, as previously highlighted, the number of milky
spots does decrease with age and the impact of this phenomenon has not been studied.

The role of the omentum in peritonitis is inferred from the observation of significant
populations of inflammatory cells found within milky spots, the ability for pathogens to
move beyond the peritoneal cavity following omentectomy, and the histologic organization
of the organ in relation to blood vessels, nerves, and adipose tissue. However, the details
surrounding the complexity of intercellular signaling and the interface between the local and
systemic responses are not described. Further investigations are necessary to illuminate
signaling pathways at play within the omentum.

CONCLUDING REMARKS

In summary, the omentum is an enigmatic immunologic organ uniquely suited for defense
against pathogens and injury within the peritoneal cavity. The microscopic functional unit of
the organ, the milky spot, is rich in macrophages and lymphocytes organized around a
specialized postcapillary venule allowing for the rapid influx of inflammatory mediators into
the peritoneal cavity in response to injury and infection. These functional units are widely
distributed throughout the adipose-rich regions of the organ and, along with a population of
resident stem cells, are largely responsible for the remarkable properties of infection control,
wound healing, and tissue regeneration that are widely appreciated and applied clinically.
Thus, the omentum is much more than visceral fat and peritoneal insulation. It is a versatile
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d mobile immunologic organ poised to guard against infection and inflammation within

the abdomen.
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Fig. 1.
Intraoperative photo of the human omentum (A) joining an inflamed appendix at the tip (B),

demonstrating its great capacity for tissue adhesion. Other organs within the picture
correspond to the cecum (C), and small bowel (D).
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Fig. 2.

Sc%eme displaying the different composition of immune cells within the Milky spots. Milky
spots are made up of a variety of immune cells, mainly macrophages, B and T cells with
different proportions and localized in an apparent orderly manner with B and T cells in the
center surrounded by macrophages. The relative composition of immune cells within the
Milky spots showed some degree of discrepancy between various reports. Thus,
macrophages have been reported to vary between 68 to 12%, T cells between 46 to 12% and
B cells between 29 to 10% (32, 14, 25).
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