Peritoneum and abdominal cavity

Introduction

The abdominopelvic cavity extends from the thoracic diaphragm to the pelvic diaphragm. The abdomen proper is separated from the pelvic cavity by the superior pelvic aperture (brim). 

Peritoneum and peritoneal cavity

The peritoneum is a transparent membrane that lines the entire abdominopelvic cavity. It consists of two layers. The parietal peritoneum is the outer most layer of the peritoneum and this invests the internal walls of the abdominopelvic cavity. The visceral peritoneum is the inner layer, which invests over abdominal viscera. Both layers are made of mesothelium, which is composed of simple squamous epithelium. 

The potential space between these two layers of peritoneal lining is called the peritoneal cavity, which contains a thin film of fluid called peritoneal fluid. This fluid functions to reduce the friction between the abdominal viscera hence allowing for shifting of contents during digestion. 

The organs of the abdominal cavity are classified either intraperitoneal or retroperitoneal. Intraperitoneal organs are ones, which invaginate into the peritoneal cavity during embryonic development much like the lungs in the pleural cavity. Retroperitoneal organs are ones, which are posterior to the peritoneal cavity (outside the peritoneal cavity). These organs have parietal peritoneum on their anterior surfaces. 

Development of gut and peritoneal cavity

Embryonic development involves the formation of the three germ layers ( ectoderm, endoderm, and mesoderm. Each of their embryonic tissues gives rise to a specific tissue type that we see in humans today.

Cavitation of lateral plate mesoderm (Langmans Pg. 91)

After the formation of the three basic embryonic tissues, the mesoderm thickens close to the midline forming the paraxial mesoderm. This is lateral to the notochord. Laterally the mesoderm is much thinner and this is called the lateral plate mesoderm. Due to the folding of the embryo, the formation of the neural tube (neural groove) we have splitting of the lateral mesoderm. The mesoderm continuous with the amnion is called the parietal mesoderm (somatic) and the one continuous with yolk sac is called visceral mesoderm (splanchnic). This splitting causes formation of a cavity between the layers ( called intraembryonic cavity which is continuous with the extraembryonic cavity. 

Folding of trilaminar disc creates foregut, midgut, hindgut regions of endoderm (Langmans Pg 270)
Due to the cephalocaudal folding (Fig: 13.1) of the embryo, the endoderm lining the yolk sac is incorporated into the embryo. This creates a tube like structure within the embryo – this goes on to form the adult gut. The folding at the cephalic end causes a small blind ended tube which is called the foregut. The caudal folding produces the hindgut. The mid gut is the portion connecting these two guts, and this is continuous with the yolk sac via a small duct like structure ( called vitelline duct. 

Derivatives of foregut

The derivatives of the foregut is supplied by the coeliac artery (or branches off), which comes directly off the aorta. These structures include: oesophagus, stomach, and proximal part of the duodenum, liver and pancreas. 

Derivatives of midgut

 The derivatives of midgut are supplied by the superior mesenteric artery (or branches off) which comes directly from the aorta. The structures that form part of this area of the gut include: distal duodenum, jejunum, ileum and large intestine close to left colic flexure. 

Derivatives of hindgut

The derivatives of hindgut are supplied by inferior mesenteric artery (or branches off) which comes directly off the aorta. The structures that form part of this gut area include the large intestine distal from left colic flexure. 

Development of mesenteries of gut

Mesenteries: These are double - layered peritoneum which are formed as a result of invagination of the abdominal organs. These provide attachment between the organs and posterior abdominal wall and provide a pathway for the neurovascular and lymphatic structures to communicate with the organ. These structures come from the abdominal wall. 

Organs that are covered entirely with the double-layered peritoneum are called intraperitoneal organs (stomach, liver) and those that are covered by peritoneum on only their anterior surface are called retroperitoneal organs (kidneys). 

Peritoneal Ligaments: These are double layered peritoneum that connects one organ to another or to the posterior abdominal wall. Mesenteries and ligaments are interchangeable terms. 

Intraperitoneal vs. Retroperitoneal Organs

The dorsal mesentery is a connection between the organs of the abdominal cavity and the abdominal wall. It provides a pathway for the neurovascular structures to pass through in order to supply the abdominal organs. Initially the foregut, midgut, and hindgut is attached to the abdominal wall but by the fifth week, the caudal regions of foregut, midgut and most of hindgut loose that attachment and form the dorsal mesentery. 

Intraperitoneal organs are ones that keep this double-layered peritoneum (stomach etc). Some organs have it initially but then lose it and these are called retroperitoneal, and the ones that never had it are called retroperitoneal. 

Ventral mesentery of foregut (Langmans Pg 271/2 Fig 13.3 + Pg 286, Fig 13.13)

The ventral mesentery of foregut is similar to the dorsal mesentery except that it exists only in the terminal part of the oesophagus, stomach and proximal duodenum. The dorsal mesentery extends all the way in the abdomen. 

The ventral mesentery has two parts. This is due to the growth of the liver in the mesenchyme, and as a result there is the lesser omentum (between the stomach and liver) and falciform ligament (between the liver and anterior abdominal wall). 

Gastrohepatic: Connects the liver and lesser curvature of stomach (membranous part of the lesser omentum)

Hepatoduodenal: Connects the liver to the proximal duodenum (this is where the portal triad is conducted)

Falciform: This is derived from ventral mesentery due to the ingrowth of liver within the mesenchyme. Connects the liver to the anterior abdominal wall. 

Dorsal Mesentery of foregut

The spleen develops into this and migrates to the left. The dorsal mesentery is split into three areas relating to the surrounding abdominal viscera. 

The dorsal mesogastrium is the dorsal mesentery, which is attached to the posterior stomach. The dorsal mesoduodenum is the dorsal mesentery which is attached to the duodenum and the dorsal mesocolon is the mesentery associated with the colon (large intestine). 

The dorsal mesogastrium (connection between stomach and dorsal mesentery) has three parts: greater omentum, gastrosplenic ligament, spleno-renal ligament. 

Greater Omentum: this is an extended peritoneal fold that extends from the greater curvature of the stomach and proximal part of duodenum and descends. After descending, it folds back and extends upwards attaching to the transverse mesocolon. 

Gastrosplenic Ligament: This is a ligamentous connection between the stomach and spleen, and it reflects onto the hilum of the spleen. 

Splenorenal Ligament: Provides connection between spleen and posterior abdominal wall. 

Greater omentum of dorsal mesentery

The greater omentum of dorsal mesentery extends from the greater curvature of the stomach downwards, hanging much like an apron. It then folds and moves upwards to attach to the transverse colon and its mesentery on the anterior aspect. 

Compartments of peritoneal cavity: greater and lesser sac

The peritoneal cavity is made up two major sacs. Most of the peritoneal cavity is made up of the greater sac. This is evident as soon as the abdomen is opened up. The lesser sac (omental bursa) is located posterior to the stomach and adjoining structures. 

The greater and lesser sac is communicating via the small opening called the epiploic foramen. The index finger can be inserted underneath the hepatoduodenal ligament (conduction of the portal triad) through the epiploic foramen into the lesser sac from the greater sac. 

Development of lesser sac of peritoneal cavity

The lesser sac develops as a result of the leftward migration of the spleen and the clockwise rotation of the stomach. This sac is located posterior to the stomach and adjoining structures and is covered by the lesser omentum (membranous portion called gastrohepatic ligament). 

Lesser Sac (omental bursa)

The lesser sac (for the nth time) is located posterior to the stomach and is governed by the lesser omentum (membranous portion called gastrohepatic ligament). The pancreas, left suprarenal gland, upper part of kidney is located posterior to this sac. 

Lesser Sac (omental bursa) – Clinical Correlations

The lesser sac has important clinical significance. As it is located posterior to the stomach, the posterior wall of the stomach is in contact with the sac. Thus any posterior ulceration of the stomach will cause fluid to pass into this sac. Also an injured pancreas or inflamed pancreas will cause pancreatic secretions to enter the lesser sac. This can cause a pancreatic pseudocyst. 

Also sometimes the loop of the small intestine will enter the epiploic foramen and go into the lesser sac. The boundaries of the epiploic foramen contain important vessels, hence surgical removal of the intestine is deemed dangerous. Thus the intestine could potential strangulate and cause significant amount of ischaemic damage. Thus the intestine is decompressed into its original location. 

Boundaries of the epiploic foramen (Moore Pg. 217)

The epiploic foramen is an opening, which allows communication between the greater and lesser sac. The anterior boundary is formed by the hepatoduodenal ligament (free edge of lesser omentum) and this contains the portal triad (hepatic artery, hepatic vein, and bile duct). The posterior relations are formed by the inferior vena cava and the right crus of the diaphragm (covered with visceral peritoneum). Inferiorly, we have the proximal part of the duodenum (superior part of the duodenum) and the portal triad. Superiorly, the foramen is bordered by the caudate lobe of the liver (covered with visceral layer of peritoneum). 

Subdivisions of greater sac: supracolic and infracolic compartments 

An incision across the abdominal cavity opens into the greater sac. The greater sac is further divided into two compartments, inferior and superior. The division line between these compartments is the transverse mesocolon. The supracolic compartment contains the stomach, liver and spleen. The infracolic compartment contains the small intestine, ascending and descending colons. The infracolic compartment is further divided into left and right infracolic spaces due to the mesentery of the small intestine. This runs almost along the median plane of the abdomen. 

Subphrenic spaces (Netter: Plate 270)

The subphrenic space is the large recess between the liver and the diaphragm. This contains the coronary ligament, which is the reflection of the parietal peritoneum over the inferior surface of the diaphragm and onto the superior surface of the liver as the visceral peritoneum. This joint of reflection is the coronary ligament. The falciform ligament forms due to the reflection of peritoneum from the diaphragm, thus forming a double-layered peritoneum covering. This extends inferior between the right and left lobe of the liver and forms the round ligament (ligamentum teres) that is the obliterated umbilical vein. 

Paracolic (para= “on either side”) gutters (sulci) and hepatorenal pouch

These are small grooves between the lateral aspect of the ascending/descending colon and the posterolateral abdominal wall. This allows for free communication between the infracolic and supracolic compartments. Sometimes excess peritoneal fluid accumulation occurs in this area causing ascites ( abdominal swelling. 

Development of midgut and hindgut (Langmans: Pg 289 Fig 13.24)

Why does herniation occur?

During embryonic development the mid gut is still connected to the yolk sac via the vitelline duct. This connection is later lost but in cases where it is not, it is called: iliel (Meckel’s) diverticulum. 

During this time the mid gut develops rapidly but the abdominal cavity remains the same size relatively speaking. This causes part of the small intestine to herniate into the umbical cord. Eventually this herniation returns to normal whereby the small intestinal loops return to the abdominal cavity. 

Development rotation of midgut (Langmans Pg 289 Fig 13.22, 13.23 etc)

As the small intestine grows longitudinally, it also rotates 2700 counter-clockwise around axis of the superior mesenteric artery. 

Overview of arteries of GI tract

Foregut derivatives are supplied by coeliac artery (or branches of), mid gut derivatives are supplied by superior mesenteric artery (or branches of), hind gut derivatives are supplied by inferior mesenteric artery (or branches of). 

Foregut: oesophagus, stomach, proximal duodenum, liver, and pancreas

Midgut: distal duodenum, jejunum, ileum and large intestine up until the left colic flexure

Hindgut: everything distal from left colic flexure

Overview of veins of GI tract (Netter: Plate 294)

The veins of the GI tract form a typical arrangement as described below:

The splenic vein is joined about 1/3 of the way by the inferior mesenteric vein. The inferior mesenteric vein gives off the left colic vein about 2-3 cms below the point of joint to the splenic vein. The splenic vein then empties into the hepatic portal vein. The vein below the level of the splenic vein is the superior mesenteric vein and is continuous with the hepatic portal vein. 

The splenic vein gives many inferior pancreatic venous branches, while the superior mesenteric vein gives off many intestinal venous branches. 

Overview of lymphatics of GI tract (Netter: Plate 296)

The coeliac and superior mesenteric lymph nodes drain into the intestinal lymph trunk. The inferior mesenteric nodes drain into the lumbar trunks. Together they form the cisterna chyli and form the thoracic duct, which empties into the left subclavian vein after passing posterior to the internal jugular vein.  

Overview of innervation of GI tract

This will be examined in more detail as we progress through each organ of the abdominal cavity. 

Basically the abdominal viscera is innervated by sympathetic innervation arising from T6/T7-L2. The coeliac ganglion is located about the level of T6-T9, the superior mesenteric ganglion is located about the level of T8/9-T11, whereas the inferior mesenteric ganglion is located around the T11/12-L2 area. 

Pain afferents

Pain from the foregut is referred to the epigastric region of the abdomen. 

Pain from the midgut is referred to the umbical region of the abdomen.

Pain from the hindgut is referred to the pubic (hypogastric) region of the abdomen. 

Imaging techniques to investigate the abdomen

Refer to the imaging atlas. Weir and Abraham: 128, 129 (1997 reference), 119, 125, 130, 133, 137. 

