Liver, Gall Bladder, Pancreas, Duodenum and Spleen

Duodenum

The duodenum is the proximal part of the small intestine and extends from the pyloric junction to the duodenojejunal junction located at the acute angle of the duodenojejunal flexure. 

Surface anatomy of duodenum

The proximal 2 cm of the superior (1st) part of the duodenum has a mesentery and is mobile. This free part is known as the ampulla (duodenal cap) and its internal anatomy is distinct to the rest of the duodenum. This portion of the duodenum is intraperitoneal. 

The distal 3cm and remaining three part of the duodenum does not have a mesentery and is immobile because they are retroperitoneal. Thus the duodenum moves from a intraperitoneal position a retroperitoneal position.  

The duodenum is located mostly in the umbilical region. Quick course of each segment:

Superior (1st part): extends for about 5 cm and lies anterolateral to the body of L1 vertebra

Descending (2nd part): slightly longer (7 – 10cm) and descends inferiorly along the right borders of L1 to L3. 

Horizontal (Inferior part): is about 6 to 8 cm long and crosses the L3 vertebra

Ascending (4th part): is about 5 cm long and begins at left of L3 vertebra and ascends up until the superior border of L2 vertebra. 

Anterior Relations of duodenum

The duodenum runs superiorly and then inferiorly surrounding the head of the pancreas before becoming the ileum at the superior aspect of L2 vertebra. 

Thus we expect the duodenum to have many relations associated with it and these are as follows:

(Superior): 
· Peritoneum. (Note that the duodenum is covered with peritoneum anteriorly but posteriorly it lacks a peritoneum except at the ampulla region of the superior (1st part) part of duodenum. 

· Quadrate lobe of liver

· Gall Bladder

(Descending):

· Transverse Mesocolon, Transverse Colon

· Jejunal loops of small intestine

(Horizontal):
· SMA, SMV

· Jejunal loops of small intestine

(Ascending):

· Beginning of root of mesentery

· Jejunal Loops

Posterior Relations of Duodenum

(Superior):

· Portal TRIAD 

· Gastroduodenal artery

(Descending):

· Hilum of right kidney

· Renal vessels

· Psoas major

· Ureter

(Horizontal):

· Right psoas major

· Aorta

· Right ureter

(Ascending):

· Left psoas major

· Left margin of aorta

Development of duodenum

The duodenum represents the terminal part of the foregut and the cephalic part of the midgut. 

Pancreas (Moore: Pg 257)

The pancreas is an exocrine and endocrine gland lying completely retroperitoneally posterior to the stomach and duodenum (on the right) and spleen (left). The transverse mesocolon attaches to its anterior margin. The pancreas produces exocrine secretion (acinar cells) that enters the duodenum via the main and accessory pancreatic ducts. The endocrine secretions are glucagon and insulin in response to glucose levels in plasma, and cells comprising the islets of Langerhans produce these. 

The pancreas has four main parts. These are the head, neck (travels anterior to the superior mesenteric vessels), body and tail (usually has a superior projection). The uncinate process is the projection of the head inferomedially travelling posterior to the superior mesenteric vessels. 

Anterior Relations of Pancreas

Anteriorly, (posterior to anterior) ( we have the lesser sac (omental bursa), posterior wall of stomach, and transverse mesocolon. 

Posterior relations of Pancreas

Posteriorly we have: aorta, inferior vena cava, splenic vessels, renal vessels, bile duct (running in the hepatoduodenal ligament), spleen and left kidney. 

Development of Pancreas (Excellent Diagram: Fig 13.19 Pg 286 Langmans)

The pancreas is formed by the ventral and dorsal outgrowths of the foregut. The ventral outgrowth occurs near the bile duct whereas the dorsal bud forms lies in the dorsal mesentery. As the duodenum shifts to the right and forms the C shaping, the ventral bud moves dorsally and to the left along with the bile duct. Eventually, the rotation produces the ventral bud lying inferiorly to the dorsal bud. Later on, the duct systems of both buds fuse to form the duct system of the present pancreas. The main pancreatic duct enters the duodenum on the posteromedial aspect called the major papilla, while the accessory pancreatic duct enters into the minor papilla. The ventral outgrowth is now the uncinate process of the pancreas and also forms part of the inferior portion of the head of pancreas. 

Pancreatic ducts (Netter Plate 279)

There are two main pancreatic ducts. The principal pancreatic duct (Wirsung) begins at the tail of the pancreas and runs towards the parenchyma where it turns inferiorly to join up with the common bile duct. Together they form a short dilated duct called hepatopancreatic duct, which empties into the descending part of the duodenum (2nd part). This emptying part is called the major duodenal papilla. The accessory pancreatic duct drains uncinate process and the inferior part of the head of the pancreas. This opens into the duodenum at the summit of minor duodenal papilla. 

The sphincter of the pancreatic duct, sphincter of the accessory duct and the hepatopancreatic sphincter are all smooth muscle sphincter that control the release of bile and pancreatic juice into the duodenum. 

Blood supply of pancreas and duodenum (Moore Pg 261, Netter Plate 284)

The blood supply of the pancreas is largely derived from the many branches of the splenic vein travelling posterior to the stomach and along the superior border of the pancreas. There are 10 or so branches. The dorsal pancreatic artery is the first branch travelling inferiorly and then branching into the inferior pancreatic artery. This follows up the tail to form the artery to tail of pancreas. The other main branch off the splenic artery is the greater pancreatic artery travelling inferiorly to anastomose with the inferior pancreatic artery. 

The anterior and posterior superior pancreaticoduodenal arteries arising from the gastroduodenal artery mainly supply the head. It is also supplied by the anterior and posterior branches of the inferior pancreaticoduodenal artery coming from the superior mesenteric artery. The two anterior branches anatomise with each other. 

Duodenum (Moore Pg 241)

The duodenum has a similar blood supply to the pancreas. The anterior and posterior branches of the superior pancreaticduodenal artery supply the proximal part of the duodenum, prior to the entry of the bile duct –. The anterior and posterior branches of the inferior pancreaticoduodenal artery arising from the superior mesenteric artery supply the distal portion to the bile duct entrance. The anastomosis between the anterior branches of the superior and inferior pancreaticoduodenal arteries is evidence of anastomoses between the coeliac trunk and superior mesenteric artery. 

Lymphatics of pancreas and duodenum (Moore Pg 242, Moore Pg 261)

Duodenum: The anterior vessels drain into the pancreaticoduodenal lymph nodes located along the respective arteries, which drain into the pyloric nodes located along the gastroduodenal artery. The posterior vessels drain into the superior mesenteric nodes. Efferent vessels drain into the coeliac nodes. 

Pancreas: Most of the lymphatic vessels drain into the pancreaticosplenic nodes located along the splenic artery, and some vessels drain into the pyloric nodes located along the gastroduodenal artery. Efferent vessels from these nodes drain into SMN and coeliac. 

Innervation of the Pancreas and duodenum (Moore Pg 242, Moore 261)

Duodenum: both parasympathetic and sympathetic nerves innervate the duodenum. The parasympathetic nerve is the vagus nerve (Cranial N X). These are derived from the coeliac and superior mesenteric plexuses.

Pancreas: The innervation of the pancreas is from the vagus nerve and the thoracic splanchnic nerves entering through the abdominal diaphragm. They reach the pancreas by passing along the arteries of around the region from the SM plexus and coeliac plexus. 

Pain from the pancreas region is referred to the epigastric and umbilical regions (between T6-T10 vertebrae). Posterior abdominal pain is felt around T12-L2 (Soas muscle), and you tend to feel this when the posterior abdominal wall is inflamed. 

Spleen (Moore Pg 256 Netter Plate: 281)

The visceral relations of the spleen can be easily worked out by following the impressions of the spleen made by certain organs. Considering the left spleen: we see that medially we have the gastric impression made by the greater curvature of the stomach, posteromedial we have the renal impression made by the left kidney, and inferiorly we have the colic impression made by the left colic flexure. Thus the relations of the spleen can be easily worked out. 

Note that the tail of the pancreas also forms the medial relation of the spleen. 

Spleen (Moore Pg 256 Netter Plate: 281)

Posteriorly the spleen is related to the left 9th-11th ribs and separated from this by the diaphragm, the costodiaphragmatic recess (cleft like space between diaphragm and lower thoracic cage). The spleen is an intraperitoneal organ, entirely encapsulated by peritoneum except its hilum. 

The spleen is attached to the posterior wall of the stomach by the gastrosplenic ligament and attached to the left kidney by the splenorenal ligament. These ligaments contain splenic vessels and are attached to the medial aspect of the hilum of the spleen. 

Ligaments of the Liver (Moore 263 Netter: 270)

The liver has two main surfaces. The diaphragmatic surface is directly inferior to the diaphragm whilst the visceral surface is related to the viscera of the peritoneal cavity. Along the diaphragmatic surface runs the coronary ligament, which forms as a result of the peritoneal reflections (parietal to visceral). This ligament extends to the right tip of the liver to form the right triangular ligament. The falciform ligament and coronary ligament extend to the left side to forms the left triangular ligament. 

The diaphragm and liver is separated by a subphrenic recess. There is a portion of the liver, which is not covered by any peritoneum, is in direct contact with the diaphragm and this is called the bare area of the liver. The entry of portal triad is also not governed by visceral peritoneum. 

Surface anatomy of Liver (Moore Pg 263 Netter Plate: 270)

The liver lies in the right upper quadrant, mainly in the epigastric and right hypochondriac regions. It lives directly inferior to the diaphragm and can go superiorly as high as the 5th rib and xiphisternal joint. It lies between vertebral levels T9-L2. The upper portion finishes at level T9 whilst the right most tip extends as inferior as L2 level. 

Anatomical Lobes of the liver (Moore Fig 2.51 Pg 265, Netter: 270)

Anatomically the liver is divided into four loves. There are numerous variations for this lobar structure. The four main lobes are right, left, quadrate and caudate lobes. The right lobe is the largest and is separated from the left lobe by the falciform ligament which continuos as the ligamentum teres (round ligament ( obliterated fetal umbical vein). The quadrate lobe is situated on the visceral surface of the liver between the gall bladder and the round ligament. The caudate lobe is situated posteriorly between the fissure for ligamentum venosum and the inferior vena cava and has a caudate process extending into the right lobe of the liver. 

Ligamentum Venosum

This is the fibrous remnant of the ductus venosus which shunted blood from the fetal umbilical vein to the IVC. 

Ligamentum Teres

Obliterated fetal umbilical vein. 

Porta Hepatis with portal triad (Moore Pg 265 Netter: 270)

The porta hepatis is a transverse fissure across the liver between the quadrate and caudate lobes of the liver on the visceral surface. This contains the following:

· Hepatic portal vein

· Hepatic artery

· Hepatic nerve plexus

· Common bile duct

· Lymphatic vessels 

All of these structures are enclosed within the hepatoduodenal ligament which forms the free edge of the lesser omentum. The hepatoduodenal ligament extends from the porta hepatis to the lesser curvature of the stomach and the first 2 cm of the duodenum. The remaining sheet like part of the lesser omentum forms the hepatogastric ligament arising from the groove for the ligamentum venosum travelling to the lesser curvature of stomach. 

Segments of the liver

Similar to the lung and pleura, we find that branches of the portal triad supply different segments of the liver. We find that the left branches of the portal triad supply the lateral and medial part of the liver, covering the superior and inferior aspects. The right branches supply the anterior and posterior parts of the liver, each covering the superior and inferior aspects. Branches to the caudate lobe (situated between the fissure for ligamentum venosum and inferior vena cava). 

Relations of Liver

Diaphragmatic surface of liver:

· Costodiaphragmatic recess of pleural cavity, lungs and heart

Other relations:

· Diaphragm

· Right colic flexure

· Right kidney

· Right suprarenal gland

· Duodenum

· IVC

· Lesser omentum (lesser sac)

· Hepatoduodenal ligament

· Stomach

· Aorta

Development of liver (Langmans Pg 283 Fig 13.13 & 13.14)

The development of the liver occurs as a result of the liver bud penetrating the septum transversum during the third week of embryological development. The septum transversum is the mesodermal plate between the pericardial cavity and the stalk of the yolk sac (duodenum lies between this and septum transversum ( Fig 13.13 Langmans). As the liver bud proliferates the duct joining it to the lower foregut narrows forming the common bile duct. A small ventral outgrowth is formed by the bile duct and this forms the gall bladder. 

Gallbladder, hepatic/bile ducts (Moore Pg 272, Netter Plate: 276)

The gall bladder is a structure closely associated with the liver involved in storage of bile. The liver produces bile and this is conveyed by the biliary duct system. The bile canaliculi transmit bile to the interlobular ducts, and this eventually drains into the right and left hepatic ducts – draining the right and left lobes of the liver respectively. The right and left ducts unite to form the common hepatic duct. The common hepatic duct unites with the cystic duct arising from the neck of the gall bladder to form the common bile duct (or just bile duct) and this travels between the layers of the free edge of the lesser omentum ( called the hepatoduodenal ligament. 

The gall bladder (located in the gall bladder fossa on the visceral surface of the liver) is composed of a fundus, which forms the distal dead end portion and this is closely associated with the visceral surface of the liver. The body is the main component and this lies on the transverse colon, duodenum and visceral surface of liver. The neck is continuos with the cystic duct and is the mucosa is thrown into spiral folds that act as valves. 

The common bile duct (bile duct) transcends in the hepatoduodenal ligament and runs posterior the superior part of the duodenum and comes to lie against the pancreatic head. The duct then joins the main pancreatic duct, to form the dilated duct called hepatopancreatic duct (ampulla ( within the duodenum)), and this empties into the descending duodenum on the posterior aspect ( major duodenal papilla. 

Blood Supply to liver, gall bladder and ducts (Moore: Pg 265, Pg274, Pg 273 Netter Plate: 288)

Liver: The blood supply to the liver is derived from two major sources. The hepatic portal vein carries poorly oxygenated blood but nutrient rich blood from the GIT to the liver. The hepatic portal vein is formed by the unison of superior mesenteric vein and splenic vein posterior to the neck of the pancreas, but anterior to the IVC. This continuous up until the porta hepatis where it divides into two major branches supplying the two major lobes of the liver. The other major blood supply is from the hepatic artery (carrying highly oxygenated blood) arising from the coeliac artery (foregut derivative). The coeliac trunk gives rise to the common hepatic artery, which gives off the gastroduodenal and then becomes the hepatic artery proper. This then divides into right; middle and left hepatic arteries supplying their appropriate lobes. 

Gall Bladder: The gall bladder is supplied by the cystic artery arising from the right hepatic artery (which arises from hepatic artery proper). This travels in the cystohepatic triangle, which is formed, by the division of common hepatic duct and cystic duct from the bile duct. 

Ducts (Bile duct): The bile duct has three major blood supplies associated with the level of arteries in that region. The cystic artery supplies the superior part, the right hepatic artery supplies the middle part and the distal ends are supplied by the posterior superior pancreaticoduodenal artery and gastroduodenal artery (i.e.: gastroduodenal splits into anterior superior and posterior superior pancreaticoduodenal arteries)

Segmental arteries and end arteries: Basically when the portal vein and hepatic arteries split into their various branches to supply the lobes, these branches split further in unison such that eventually we have segmental arteries and veins. This supplies each of the segments of the liver, much like how the segmental bronchi enter their specific bronchopulmonary segments. Eventually these end up as dead end arteries and veins. 

Portal Vein

We now know that the portal vein brings in nutrient rich blood from the GIT but it is poorly oxygenated. This is okay because there is not muscles associated with the liver therefore we do not need highly oxygenated blood for oxygen download to occur. 

Just to reiterate, portal vein is formed by unison of SMV and SV (IMV ( left colic vein). 

Ligamentum Teres, Ligamentum Venosum (Moore Pg: 265, Netter: Plate 270)

Ligamentum Teres (round ligament) is the remnant of the obliterated umbical vein. This used to carry nutrient rich and highly oxygenated blood to the fetus. Ligamentum venosum is the remnant of the fetal ductus venosum, which used to carry blood straight to the IVC from the umbilical vein bypassing the liver. 

Portal Caval (Systemic) Anastomoses (Moore: 277 Netter: Plate 293)

There is a wide array of anastomoses between the portal system of veins and the systemic system of veins. This means that any obstruction in the portal system can be supplemented by the systemic system and thus is an important feature.

There are four main anastomoses locations within the portal caval system. 

Esophageal Veins: Recall that the left gastric artery gives off oesophageal branches that supply the lower 1/3 of the oesophagus. The veins also do the same, where the esophageal veins come off the left gastric vein. These veins drain both into the azygous veins accompanying the oesophagus, or the left gastric vein. Dilatation of these causes oesophageal varices. This is a point of portal caval anastomoses. 

Rectal Veins: Recall that the inferior mesenteric vein travels downward giving off sigmoidal veins, and rectosigmoid veins. Eventually this becomes the superior rectal vein which divides into right and left branches. Well we see that the inferior rectal veins drain into the inferior vena cava whilst the superior rectal vein continues as the IMV. Dilatation of these results in haemorrhoids. This is another point of portal caval anastomoses. 

Paraumbilical Veins: We know that the obliterated umbical vein forms the ligamentum teres. Running on either side of this is the paraumbical veins (part of the portal system) and these anastomose with the superficial epigastric veins (systemic circulations) of the anterior abdominal wall. Dilatation of these veins produces caput medusae (varicose veins running from the umbilicus). 

Colic Veins: We know that the left colic vein comes from the inferior mesenteric vein (portal system) and this anastomoses with the retroperitoneal veins (part of the systemic circulation). 

Lymphatics of liver (Moore Pg: 269, Netter Plate: 298)

There are two classes of lymphatics of the liver. One is the superifical lymph nodes located in the fibrous capsule of the liver and the deep lymphatics that accompany branches of the portal triad. 

Superficial lymphatics of the anterior aspects of the diaphragmatic and visceral surfaces and deep lymphatics accompanying the portal triads converge and drain into the hepatic lymph nodes located along the hepatic vessels. Efferent lymphatics from here drain into the coeliac nodes, which in turn drain into the chyli cisternae – dilated duct on the inferior aspect of the thoracic duct. 

Superficial lymphatics of the posterior aspects of the diaphragmatic and visceral surfaces drain to the phrenic lymph nodes, or they join with the deep lymphatics to drain into the posterior mediastinal lymph nodes. 

Some lymphatic drainage goes the parasternal lymph nodes. 

Innervation of the liver and gall bladder (Moore Pg: 269, Netter Plate: 309)

The liver is innervated by both sympathetics and parasympathetic nerves. These nerves are mainly derived from the hepatic nerve plexus located in the porta hepatis. The sympathetic fibres of this plexus is derived from coeliac plexus and parasympathetic fibres are derived from the anterior and posterior vagal trunks. 

Pain afferents: Pain afferents travel along sympathetics to T6-T9 (referred pain to epigastric region, and to the inferior angle of the scapula ( T6-T7)

Pain afferents ( irritation of diaphragm: this is picked up the phrenic nerve (travelling anterior to the root of lung ( a bit of revision here) coming from C3-C5, pain is referred to the shoulder region. 

