Mesenteries derived from the Foregut

I. Overview

A. Peritoneum 

a. Parietal : a serous membrane on the body wall of the peritoneal cavity

b. Visceral: a serous membrane enclosing the initial gut tube and covering the developing gut organ.

B. Peritoneal Cavity = Greater Omental Sac

C. Mesentery: the portion of visceral membrane that extends from a membrane-encapsulated organ to the body wall or to another organ

a. Dorsal mesentery: mesentery specifically extending from the organs to the posterior abdominal wall

b. Ventral mesentery: mesentery extending from the organs to the anterior wall

i. Only remains at the distal end of the esophagus, the stomach, the most proximal segment of the duodenum and between the liver and body wall and diaphragm.

ii. Boundaries: foregut, developing diaphragm, ventral body wall, and umbilical cord

D. Mesenteries are really two-layered membranes due to the fusion of the right and left splanchnic mesoderm during embryonic folding.

a. Vessels (arteries, veins and lymphatics) and nerves traveling to and from the organs are between these two layers.

II. Ventral Mesentery

A.  Adult derivatives (all contact the liver)

a. Falciform ligament

b. Coronary ligament
c. Lesser omentum
B. The liver grows between the two layers of the ventral mesentery. 

C. Falciform ligament

a. the reduced portion of the ventral mesentery between the ventral body wall, developing diaphragm, liver and umbilical cord.  

b. The umbilical margin containing the umbilical vein, two smaller umbilical arteries, and some small paraumbilical veins.  

c. Postnatally, the large umbilical vein collapsed and is now called the ligamentum teres hepatis

D. Lesser omentum

a. The ventral mesentery extending from the liver to foregut

b. it is subdivided into: 

i. hepatogastric ligament

ii. hepatoduodenal ligament

1. the inferior edge contains the bile duct, hepatic proper artery and portal vein

c. The lower border will form the upper margin of the omental foramen into the lesser peritoneal sac after rotation of the stomach

E. Bare area of the liver

a. The area of the liver in contact with the septal part of the developing diaphragm 

b. this area is NOT covered by any peritoneum

c. The peritoneum surrounding this area and extending from the liver to the diaphragm is: 

i. ant/post coronary ligaments 

ii. R/L triangular ligaments 

iii. Posterior edge of the falciform ligament

III.  Dorsal Mesentery

A.  Components

a. Dorsal Mesogastrium or the Greater Omentum

b. Dorsal Mesoduodenum

B.  Dorsal Mesogastrium

a. Lesser peritoneal Sac (LPS)

i.  peritoneum lining a new cavity contained in the right side or the dorsal mesogastrium

ii.  communicates with the greater peritoneal sac via the omental foramen

b. The spleen forms between the layers of the dorsal mesogastrium

c. The tail of the pancreas expands between the spleen and dorsal body wall (within the dorsal mesogastrium)  

d. The dorsal mesogastrium will fuse with the parietal peritoneum over the left kidney on the dorsal body wall

e. Splenorenal ligament:  suspends the spleen to the posterior body wall adjacent to the left kidney

f. Gastrosplenal ligament:  portion between the spleen and stomach

C.  Greater Omentum

a. large fold of mesentery draped over the developing transverse colon

b. creates an inferior extension to the lesser omental sac  

III.  Summary list of key mesenteries and their specializations (pg 61) 

A.  Peritoneum

1. mesenchymal-derived serous sac invaginated by abdominal viscera and forming the covering layer of the viscera

2. moist surface allows easy movement of viscera over each other

3. invaginated parts of the peritoneal sac not directly covering but attached to organs have special names

a. mesenteries

b. mesocolon

c. omenta

d. ligaments 

e. fold

B.  Derivatives from Ventral mesentery of foregut

1.  Lesser Omentum

a.  Hepatogastric Ligament

b.  Hepatoduodenal Ligament

2.  Other Ligaments Involving the Liver

a.  Falciform Ligament

b.  Coronary Ligament

c.  R/L Triangular Ligaments

C.  Derivatives from Dorsal mesentery of Foregut

1.Greater Omentum 

a.  Gastrosplenic Ligament

b.  Gastrocolic ligament

2.  Splenorenal Ligament

3.  Phrenicocolic Ligament

D.  Derivatives from Dorsal Mesentery of Midgut

1. The Mesentery

2. Transverse Mesocolon

a. Phrenicocolic ligament

E. Derivatives from Dorsal Mesentery of Hindgut

1.  Sigmoid mesocolon 

Organs Derived From the Foregut

I. Esophagus

a. Formation

i. Upper 1/3

1. made up of striated muscle derived from branchial arches

2. parasympathetic innervation from nerve of arch IV-cranial nerve X (vagus nerve)

ii. Middle 1/3

1. made up of both striated and smooth muscle

iii. Lower 1/3

1. made of smooth muscle developed from adjacent splanchnic mesoderm

2. sympathetic innervation from thoracic splanchnic nerves

b. Location and Structure

i. C6 - T10 

ii. Passes through the diaphragm at T10

iii. Cardiac sphincter

1. located where the esophagus meets the stomach

2. is physiologic rather than anatomical

c. Vasculature

i. Thoracic contribution

1. arterial branches from the inferior thyroid artery and aorta (major contributor) 

2. venous branches via inferior thyroid, azygos, and hemiazygos

ii. Abdominal contribution

1. arterial branches from the left gastric artery (major contributor) and left inferior phrenic from aorta

2. venous branches via azygos and left gastric vein (major contributor) 

a. important for collateral circulation

d. Innervation

i. Esophageal plexus : mixture of para and sym. Nerves

1. Parasympathetic: 

a. R/L vagus nerves

2. Sympathetic

a. greater thoracic splanchnic nerve

b. thoracic sympathetic trunk (T6- T10)

e. Clinical Notes

i. Hiatal Hernia

1. most common type has the gastroesophageal junction protruding upwards into the thorax via the esophageal hiatus in the diaphragm

2. part of the stomach may herniated as well

3. mimics substernal pain associated with a myocardial infarct

a. sitting up will lessen the pain

ii. Esophageal varices (dilated veins)

1. occurs with portal vein hypertension
a. high pressure occurs in the portal vein draining the abdominal organs to the liver

2. blood leading to the portal vein is shunted through collateral circulations (left gastric vein)

3. the danger is rupture of the varices under stress and then profuse hemorrhage

iii. Achalasia (relaxation)

1. results from dysmotility or abnormal contractions at the lower esophagus

2. upper esophagus hypertrophies and dialates

3. patients have recurrent vomiting, often leading to malnutrition

II. Stomach

a. Formation

i. Dilation of foregut just caudal to esophagus

ii. Greater and lesser curvature form due to difference in growth rate of the gastric tube

iii. Position of the stomach is due to a 90( rotation

iv. Attaches to posterior body wall by dorsal mesentery and ventral wall via ventral mesentery

b. Location

i. LUQ

ii. Left Hypochondrium

iii. Epigastric region

c. External

i. Fundus

1. portion rising above the gastroesophageal junction

2. contains mucus cells

ii. cardia: area around the gastroesophageal junction

iii. body

1. major portion of gastric bag distal to fundus

2. contains parietal and chief cells

iv. pylorus

1. distal end of stomach containing three regions

a. pyloric antrum

i. external notch at the inferior end of the lesser curvature indicates the start

ii. primary location of gastrin G cells

b. pyloric canal

c. pyloric sphincter

i. true anatomic sphincter

ii. controls the emptying into the duodenal bulb

2. contains hormone secreting cells

v. lesser curvature

vi. Greater curvature

d. internally

i. rugae:  raised mucosal ridges 

1. criss crossed in fundus and body

2. linear in pyloric antrum

e. Arterial supply: celiac trunk  (3 branches)

i. Left gastric

1. fundus

2. lesser curvature

ii. Common Hepatic

1. pylorus

2. distal greater curvature 

3. distal lesser curvature

4. body

iii. Splenic Arteries

1. fundus

2. proximal greater curvature

3. proximal lesser curvature

4. body

f. Veins

i. Splenic Vein

ii. Superior Mesenteric Vein

iii. Portal Vein

g. Innervation

i. Sympathetic

1. thoracic splanchnic nerves

2. Celiac plexus

ii. Parasympathetic

1. gastric branches derived from vagal trunks leaving the esophageal plexus

h. Relations of the stomach

i. Anteriorly

1. left hemidiaphragm 

2. body wall

ii. Posteriorly 

1. spleen, gastrosplenic ligament and splenorenal ligament

2. lesser omental bursa

3. pancreas

4. left kidney and supra renal gland

5. transverse mesocolon and colon

i. Clinical Notes

i. Gastric ulcers:  hyperacidity that causes inflammation and ulceration of mucosa

1. Peptic ulcers are 4 times less frequent than in the duodenum

2. Not severe: give histamine blockers to reduce acid secretion

3. Severe:  

a. Selective vagotomy in distal region of stomach

b. Bilroth I: Antrectomy (removal of antrum) and vagotomy

c. Bilroth II:  Antrectomy and vagotomy with proximal stomach reattached to the jejunum instead of the duodenum

ii. Herniation of fundus and/or cardia

iii. Carcinoma

1. most frequent in pyloric region

iv. Gastric bubble

1. trapped air filling the lumen between btwn stomach contents and stomach wall

2. bubble towards the right side could indicate an enlarged spleen

v. Referred pain is generally to the Epigastric region

III. Spleen

a. Formation

i. Arises from mesenchymal cells, NOT endoderm
ii. Sandwiched between layers of dorsal mesentery of stomach

b. Location

i. LUQ

ii. Hypochondrium region

iii. Internal to left ribs 9-11

c. Externally

i. Smaller than a fist

ii. Lateral surface is “diaphragmatic surface”

iii. Medial surface 

1. contains the splenic hilum
2. receives the tail of the pancreas within the layers of its splenorenal ligament
3. attached to the stomach through the gastrosplenic ligament
d. Vasculature

i. Splenic artery is from celiac trunk

ii. Splenic vein is a principle tributary of the portal vein

e. Innervation:  splenic nerve plexus
i. Celiac plexus

ii. Left celiac ganglion

iii. Right vagus trunk

f. Relations of the spleen

i. Pedicle is medially related to tail of pancreas
ii. Lateroposterior to the greater curvature of the stomach
iii. Anterolateral to the left kidney
iv. Superior to left colic flexure
v. Medial to the diaphragm
vi. Left costodiaphragmatic recess is between spleen and lower ribs

g. Clinical Notes

i. Hemorrhage: with a severe blow to the left hypochondrium it is the most likely organ to be injured

ii. Radiographic visualization of the portal vein

1. inject dye into the celiac trunk which is carried into the splenic artery, then spleen, then splenic vein, then portal vein which is then viewed

iii. Palpate: can palpate for enlarged spleen (splenomegaly) under the left subcostal margin

iv. Needle Biopsy: done at rib 10

IV. Duodenum

a. Basic information

i. Is first subsection of the small intestine

ii. Is shortest, widest, and least mobile part of the small intestine

iii. 25 cm or 10” in length

iv. connects the pylorus of stomach to the jejunum

v. Glands secrete several substances

1. Secretin

2. cholecystokinin-Pancreozymin

3. alkaline mucus

b. Formation

i. Transition region for organs derived from the foregut and midgut

1. proximal half forms from the distal foregut

2. distal half forms from the proximal midgut

ii. The ventral mesentery connects the duodenum to the liver via the hepatoduodenal ligament

c. Location

i. Umbilical region

ii. Medial L/R UQ

iii. Retroperitoneal 

1. except for the first inch of the first part

d. Externally

i. Has four parts

1. the fourth part is stabilized by suspensory muscle of the duodenum (Ligament of treitz)

ii. widens at the duodenal-jejunal angle to ease passage of contents

e. Internally

i. Smooth Plicae circulares, internal mucosal folds

ii. Major duodenal papilla: raised mucosal fold surrounding the opening of the hepatopancreatic duct

1. closely approximates the junctional zone between the foregut and midgut

iii. Hepatopancreatic duct receives the distal ends of the common bile duct and the greater pancreatic duct

f. Vasculature

i. Arteries

1. secondary branches of the celiac trunk
2. superior mesenteric artery

ii. Veins

1. splenic

2. superior mesenteric

3. portal 

g. Ducts

i. Common bile and pancreatic

ii. These join to form the hepatopancreatic duct which enters the second part of the duodenum

h. Peritoneum

i. Transverse mesocolon attaches anteriorly across the second part of the duodenum.  

1. important landmark for subdividing lymphatic drainage paths between foregut and midgut organs

ii. hepatoduodenal ligament attaches the duodenal bulb to the liver and contains the portal triad 

i. Innervation

i. First and second parts innervated by branches from celiac plexus of ANS

j. Relations of the duodenum

i. All four parts are related directly and posteromedially to the pancreas

ii. First part:  duodenal bulb
1. level of L1

2. posterior to the gall bladder and quadrate love of liver

3. anterior to the common bile duct and portal triad, IVC and gastro duodenal artery
iii. Second part:  descending part
1. level of L1-2
2. posterior to transverse colon and mesocolon and small intestine

3. anterior to hilum of R kidney

4. Lateral to head of pancreas, pancreatic and bile ducts
iv. Third part:  horizontal part
1. level of L3
2. posterior to SMA and SMV
3. inferior to pancreatic head and uncinate process, the SMA and SMV

v. Fourth part:  ascending part

1. level of L3-1

2. posterior to start of the root of the mesentery and the jejunum

k. Clinical Notes

i. Duodenal ulcers

1. most frequent area of occurrence is in the duodenal bulb

2. any posteromedial perforating duodenal ulcer will affect the pancreas

ii. Cholecystitis: severe inflammation of the gall bladder

1. can lead to inflammatory spread to the first part of the duodenum causing ulceration

iii. Visceral referred pain is usually to the umbilical region with overlap into the epigastric region

V. Pancreas

a. General info

i. Endocrine function:  secrete glucagons and insulin into the blood

ii. Exocrine function: responds to stimuli from the duodenum and stomach and secretes enzymes via the pancreatic duct into the duodenum

b. Formation

i. Pancreatic buds grow from the duodenum near the separation of the foregut and midgut

ii. The dorsal and ventral buds grow into their respective mesenteries

1. most of pancreas is retroperitoneal
2. ventral bud gives rise to the uncinate process

3. dorsal bud gives rise to the head, body and tail

4. main pancreatic duct forms from both the dorsal and ventral ducts

iii. The liver and gall bladder are developing at same time near the duodenum.  This leads to a relationship between them and the pancreas

1. the “liver connecting stalk” (bile duct) is carried with the ventral pancreatic duct during the rotation process

2. these are also together at the entry point into the duodenum

iv. Errors in development:  annular pancreas
1. ventral bud develops as a bi-lobe mass

2. each lobe wraps around the duodenum during rotation and strangulates it

3. this leads to various degrees of duodenal blockage, complete blockage is called duodenal stenosis
c. Location

i. General: 

1. retroperitoneal

2. posterior to the stomach and transversely along the posterior wall

ii. Orientation

1. Head is medial and adjacent to the curvature of the duodenum

2. Tail is directed superiorly to the left and adjacent to the pedicle of the spleen

iii. Regions

1. umbilical

2. epigastric

3. L hypochondrium

d. Externally

i. Subdivisions 

1. uncinate process, head, neck, body and tail

ii. 5-6 “ long

e. Internally

i. Central (main) pancreatic duct:

1. travels along the long axis of pancreas from the tail to the head to meet with the common bile duct

ii. Hepatopancreatic duct: 

1. central pancreatic duct and the common bile duct join to form  the hepatopancreatic ampulla which enters the duct

2. enters the second part of the duodenum at the major duodenal papilla

iii. Sphincters: regulate flow of bile and pancreatic juice

1. pancreatic duct sphincter: distal end of the main pancreatic duct

2. hepatopancreatic sphincter ( sphincter of Oddi): in the hepatopancreatic ampulla

f. Arteries, veins and lymphatics

i. Arteries

1. celiac trunk

2. superior mesenteric

ii. Veins

1. splenic 

2. superior mesenteric

3. portal vein

iii. Lymphatics

1. celiac nodes

2. superior mesenteric nodes

3. pyloric nodes

g. Innervation

i. Sympathetic

1. celiac and superior mesenteric plexuses

ii. Parasympathetic

1. posterior vagal trunk

h. Relations of the Pancreas

i. Uncinate process

1. located posterior to the SMA and SMV
2. located along the posterosuperior border of the third part of the duodenum

ii. Head

1. lies medial to the curvature of the duodenum

2. anterior to the gastro duodenal artery and the bile duct

iii. Neck

1. located anterior to the SMA and SMV
2. anterior to where the SMV and splenic vein join to form the portal vein

iv. Body

1. splenic artery runs along the posterosuperior border

2. splenic vein runs along the posterior surface

3. anterior to the left kidney

v. Tail

1. extends between the layers of the splenorenal ligament and the hilum of the spleen
vi. Other

1. Root of the transverse mesocolon attaches to the anterior surface

2. posterior to the stomach

3. the anterior peritoneum is also part of the posterior wall of the lesser omental bursa 

i. CLINICAL NOTES!!
i. Pancreatitis

1. one cause is with Splenic vein thrombosis where the inflammation is due to the enlargement of the vein

2. obstruction in hepatopancreatic duct due to a gallstone

a. stone is lodged in distal end of pancreatic duct causing enzyme backup

b. stone is passed through the bile duct and may leave an incompetent sphincter allowing chyme to enter the pancreas

ii. Carcinoma

1. symptoms

a. secondary jaundice of the eyes

b. epigastric region pain that wraps around to the posterior area of back

2. a large mass in the head of the pancreas can compress the bile duct

3. Murphy’s sign is symptomatic for gall bladder pathology: tenderness when pressing in the right costal margin

VI. Liver

a. General Info

i. Largest gland in the body

ii. Has many metabolic activities 

1. stores glycogen

2. secretes bile

iii. connected to GI tract by the bile duct

iv. located mainly in the RUQ

b. Formation

i. Hepatic diverticulum arises as an endodermal bud on the ventral surface of the distal foregut

1. grows between layers of the septum transversum

2. sprouts two new buds forming the L/R lobes of liver

a. these contain the blood filled sinusoids of the liver

ii. Diverticular stalk between the liver buds and primitive gut give rise to the gall bladder and cystic duct.  The remaining stalk turns into the bile duct 

iii. Umbilical vein in fetus is surrounded by ventral mesentery connecting the body wall and the fetus.  This is called the falciform ligament in the adult

iv. The Ligamentum venosum is the remnant of the ductal shunt for blood in the fetus called the ductus venosus

c. Location

i. RUQ beneath the diaphragm

ii. R hypochondrium and epigastric region

iii. Gall bladder is under the visceral surface of the right lobe, lateral to the liver’s Quadrate lobe

d. Externally

i. The superior, lateral and anterior surface contact the inferior surface of the diaphragm: liver’s diaphragmatic surface
ii. The inferior base of the liver is in contact with the digestive organs and is called the visceral surface
iii. 4 lobes

1. R/L are separated by the falciform ligament

2. Caudate lobe is bounded laterally by the fossa for the IVC and medially by the fissure for the ligamentum venosum

3. Quadrate lobe is inferior to the caudate lobe and lies between the gall bladder and the fissure for the ligamentum teres 

iv. Bare area 

1. lacks visceral peritoneum

2. superioposterior surface adjacent to the diaphragm

3. Coronary ligament: extension fo the peritoneum between the liver and the diaphragm

4. L/R Triangular ligaments:  lateral extensions of the coronary ligament

v. Subphrenic recess: cul-de-sac of peritoneum located between the anterior surface of the liver and the diaphragm

vi. Hepatorenal recess: cul-de-sac of peritoneum located between the visceral surface of the liver and the posteriorly related right kidney

1. fluids can collect in this pocket because it is the lowest trough in the peritoneal cavity when a person is supine

vii. Visceral surface

1. right lobe contacts the R kidney, hepatic flexure of the colon and second part of the duodenum and gall bladder

2. left lobe contacts the esophagus and the stomach

viii. Porta hepatis  is the area between the the caudate and quatrate lobes

1. location for passage of the portal triad : portal vein, hepatic artery and bile duct
e. Internally

i. Functional lobes

1. different than the anatomical lobes

2. determined according to the independent blood supply to each

3. L functional lobe includes the left lobe, caudate and quadrate lobes

f. Vasculature:  mostly located in the hepatogastric ligament

i. Arteries

1. celiac trunk  at the level of L1

a. common hepatic

b. proper hepatic

c. right and left hepatics

d. porta hepatis of the liver

ii. Veins 

1. Portal vein carries the venous return of the abdominal organs to the liver

2. Liver’s venous return in via 3 hepatic veins emptying into the IVC

g. Innervation

i. Parasympathetic

1. left vagal trunk:  the hepatic branch and hepatic plexus

ii. Sympathetic

1. greater thoracic splanchnic nerve (t7-9):  celiac plexus and hepatic plexus

iii. Referred pain would present at level of T7-9 dermatomes

h. Lymphatics: 

i. Liver to the hepatic nodes to the celiac nodes around the celiac trunk

ii. To the intestinal trunk to the lumbar trunk to the cisterna chili and into the thoracic duct

i. Clinical Notes

i. Portal hypertension: increased venous pressure in the portal vein due to resistance of blood flow through the liver

1. causes are classified: 

a. pre-hepatic: partial occlusion in the portal vein

b. intra-hepatic: intrinsic liver disease

c. post-hepatic: occlusive pathology in the venous drainage of the liver

2. 3 key portal-caval anastomotic links

a. esophagus: can cause life threatening hemmorrhage

b. anal canal: vein distension can cause hemorrhoids
c. anterior abdominal wall in the umbilical region: produce a snake-like radial pattern called caput medusae  

ii. Inflammation of the liver: due to infection that can lead to erosion through the dense liver capsule into the abdominal cavity producing pleuritis or empyema

iii. Metastatic cancer of the liver: resulting from deposition of spreading cancerous cells that originated in the GI tract

VII. Gall Bladder

a. General Info

i. Non-vital organ

ii. Concentrates and stores the liver’s bile

b. Formation :An expansion of the diverticular stalk 

c. Location: in the gall bladder fossa of the liver lateral to the quadrate lobe

d. Externally: composed of a fundus, body, neck, and cystic duct that joins the common hepatic duct

e. Internally: spiral mucosal folds in the duct are thought to act like a valve in response to hormonal stimuli

f. Vasculature and innervation

i. Arteries

1. celiac trunk to the common hepatic to the proper hepatic to the cystic artery

ii. Veins: 

1. cystic vein to the right branch of the portal vein

iii. Parasympathetic

1. left vagal trunk to the hepatic branch to the cystic plexus

iv. Sympathetic

1. Greater thoracic splanchnic (T7-9) to the celiac plexus and cystic plexus

g. Clinical Notes

i. Biliary colic: with blockage of the duct will get referred pain in the RUQ

ii. Cholecystitis: inflammation 

iii. Gall stones: make from bilirubin metabolites, cholesterol or calcium salts

1. can obstruct the gall bladder

2. can obstruct the common duct or the hepatopancreatic duct

3. when passed can stretch the sphincters making them less useful to regulate the flow of bile and pancreatic enzymes

Derivatives of the Midgut and Hindgut

I. Derivatives of the Midgut

a. Organs: 

i. Small intestine

1. distal half of the duodenum

2. jejunum 

3. ileum

ii. Large intestine

1. cecum and appendix

2. ascending colon

3. proximal 2/3 of the transverse colon

b. Formation

i. Begins as the upper region of the yolk sac

ii. Creates a u-shaped primary intestinal loop through rapid elongation

iii. The superior mesenteric artery (SMA) develops in this loop and supplies all of the midgut derivatives

c. 3 stages of midgut differentiation

i. Umbilical Herniation
1. the primary intestinal loop protrudes into the extra embryonic coelom

2. proximal limb of the loop (future jejunum and ileum), extending from the duodenum to the yolk stalk, grows rapidly and forms coils

3. the distal limb of the loop (future cecum, ascending and transverse colon) mostly grows in length and the cecal diverticulum forms

4. the midgut begins to rotate 90( around the central axis: SMA

ii. Return to abdominal cavity

1. elongating growth and more rotation, 180(,  giving the adult gut configuration

2. this places the distal 2/3 of the duodenum behind the SMA

3. this places the transverse colon anterior to the SMA

iii. Fixation of the mesenteries  

1. results in the final fixed position of the mesenteries of the GI tract

2. this is the fusion of mesentery to the posterior abdominal wall

3. accounts for the INTRAperitoneal and RETROperitoneal  locations of abdominal organs

d. Mesenteries and fixation

i. Duodenal fixation 

1. occurs when the right side layer is pressed to and fuses with the parietal peritoneum of the dorsal wall

2. this fixes the duodenum and head of the pancreas posterior to the mesentery making these organs retroperitoneal

ii. jejunal-ileal mesentery is called The Mesentery
1. the line of attachment of its base is called the root of the mesentery
2. the mesentery extending from the posterior body wall to the small intestine is mobile and fan shaped

iii. ascending colon is similar to the duodenum and is thus retroperitoneal

iv. Transverse Mesocolon is the peritoneum that completely surrounds the transverse colon

v. Gastrocolic ligament is the part of the greater omentum that attaches the stomach to the transverse colon

II. Small Intestine

a. General info

i. Composed of the jejunum and ileum

ii. Specialize in absorption rather than digestive activity

iii. Jejunum is the proximal 40% and ileum is distal 60%.   No anatomical or functional boundary exists between the two parts 

b. Location

i. Jejunum lies mostly in the umbilical region

ii. Ileum lies mostly in the hypogastric and inguinal region

c. Externally

i. Peritoneum covers both segments of the intestine and extends from the intestine to the dorsal body wall.  This mesentery is called the mesentery.  The line of attachment to the body wall is called the root of the mesentery.  (L2)

ii. SMA and SMV pass through the Root and give off 10-12 branches reaching the intestine

d. Internally

i. Folding differences in the mucosa help to distinguish the jejunum from the ileum

ii. Intrinsic nerve plexuses of the gut are layered between the longitudinal and circular layers of smooth muscle

e. How the jejunum and ileum differ

	Feature
	Jejunum
	Ileum

	Wall
	Thicker with more muscle
	Thinner with less muscle

	Mucosal folds
	Numerous and deep
	Shallower and smoother surface

	Arterial arcade pattern
	Simple branching with a long vasa recta to the gut
	Intricate and dense with a short vasa recta to the gut

	Fat deposition
	Variably less
	More

	Peyer’s patches
	Few
	Many

	Barium radiography
	Splotchy barium due to mucosal folds
	Even spread of barium due to smooth wall of gut


f. Neurovascular supply

i. Artery: SMA to intestinal branches

ii. Vein: intestinal veins to SMV to portal vein
iii. Lymphatic: peripheral nodes to central SM nodes on up to the thoracic duct

iv. Sympathetic innervation: Greater and lesser thoracic splanchnic nerves (T9-10) to celiac and aroticorenal plexuses to SM plexus
v. Parasympathetic innervation: R vagal trunk to celiac branch to SM plexus  

g. Relations of the small intestine

i. Dudoneal-jejunal junction lies posterior to the transverse colon in the lower LUQ

ii. Ilio-cecal junction lies anterior to the R sacroiliac joint in the RLQ

iii. Coils of the ileum hang in the upper part of the pelvic cavity

h. Clinical Notes

i. Meckel’s Diverticulum
1. outpocketing of the ileum

2. Rule of 2

a. Present in 2% of population

b. 2 inches long

c. located 2 feet proximal to the ileocecal junction

ii. Malrotation of the gut: lack of descent and growth of the cecum so it remains located just inferior to the liver

iii. Volvulus: Twisting of the intestine around the mesentery leading to obstruction of the supplying arteries

iv. Cancer: very low incidence

v. Regional enteritis (Crohn’s Disease): unusual inflammation of the gut with genetic overtones implied

III. Derivatives of the Hindgut

a. Derivatives: 

i. Large intestine

1. distal 1/3 of transverse colon

2. descending and sigmoid colons

3. rectum

ii. anorectal canal

1. superior part of anal canal

iii. urinary systems

1. lining of most of the urinary bladder and urethra

b. General info

i. Arterial supply is from the IMA

ii. Primitive hindgut extends from developing transverse colon to the endodermal layer of the cloacal membrane

IV. Large Intestine

a. General info

i. Includes the cecum, appendix, ascending, transverse and descending colon, sigmoid colon, rectum and developmentally the upper anal canal

ii. Derived from the midgut and hindgut

iii. Primary function is reabsorption of water and electrolytes, CHO absorption and permitting a population of bacterial flora to exist

iv. The rectum is a storage reservoir for feces

b. Formation

i. The primitive hindgut attaches to the posterior wall by a dorsal mesentery and elongates and differentiates during the period that the midgut forms.

ii. The descending colon becomes retroperitoneal during fixation of organs and mesenteries

iii. The sigmoid colon is formed because it formed more rapidly than the other segments causing it to curve

iv. The Sigmoid mesocolon is the mobile mid-portion of the mesentery attaching to the sigmoid colon

v. The rectum is devoid of a mesentery

c. Location: Runs from the RLQ to the RUQ to the LUQ and finally to the LLQ

d. Externally

i. external longitudinal muscle is present in 3 longitudinal bands – Taenia Coli- 

ii. the segmental appearing sacculation of the large intestine are called Haustra
iii. the indenting grooves between the haustra are the sulci
iv. Epiploic Appendages are polyp-like fatty appendages hanging from the outer serosa surface 

e. Internally

i. The internal appearance mirrors the external surface except for the epeploic appendages

ii. The ileocecal valve locates the point of entry of the ileum into the cecum

1. when feces fills the cecum it pinches close the ileum preventing reflux

f. Vasculature

i. Artery

1. SMA

2. IMA

ii. Vein: portal system

g. Innervation

i. Parasympathetic

1. promotes digestive activity and GI emptying

2. branches of the vagal trunk for proximal 2/3

3. sacral parasympathetic outflow from S2-4

ii. Sympathetic

1. promotes GI retention and decreased GI blood flow

2. Thoracic splanchnic nerves and celiac plexus up to descending colon

3. lumbar splanchnics for descending colon and beyond

h. Relations of the large intestine

i. Cecum, transverse and sigmoid colon are intraperitoneal

ii. Ascending and descending colons are retroperitoneal

iii. Appendix opens into the cecum

iv. Ascending colon  lies lateral to the ureter and gonadal vesselsand anterior to the quadratus lumborum muscle

v. Hepatic flexure is the bend where the ascending colon becomes the transverse colon.  Located between the R lobe of the liver and the R kidney

vi. Left side of the transverse colon
1. anterior to the lesser peritoneal sac (omental bursa) and pancreas and has few blood vessels

2. good route for surgical access into the lesser sac and pancreas 

3. Greater omentum drapes over the T colon and attaches posteriorly to it and anteriorly to the stomach

vii. Splenic flexure: the bend where the transverse colon turns into the descending colon

1. just inferomedial to the spleen

2. attaches to the diaphragm via the phrenicocolic ligament

viii. descending colon lies lateral toe the left side ureter and gonadal vessels and anterior to the L kidney

i. Clinical Notes

i. Location of high frequency and percentage of pathology in the GI tract

ii. Appendicitis: sequenced as fecal blockage of the appendix’s lumen with subsequent vascular congestion, ischemia and bacterial growth, infection and then wall rupture

1. initial pain is dull and in the umbilical region (referred pain)

2. Later pain is sharp and localized to the RLQ due to the direct irritation of the escaping pus (pain is direct, not referred)

iii. Diverticulosis is development of blind pouches off of the colonic wall that become inflamed and potentially can rupture

iv. Ulcerative colitis is chronic inflammation and destruction fo the mucosa; lining that manifests as chronic diarrhea and abdominal pain

v. Congenital Megacolon is an enlargement of the large colon due to functional obstruction just distal to the enlargement.  The cause is absence of ANS plexus in a region and therefore weak muscular contractions

vi. Digital rectal examination of some pelvic organs can be palpated through the anal canal

III. Anorectal Canal

a. Urorectal septum
i. Mesodermal septum between the allantois and hindgut

ii. This grows caudally as well as infolding from the L and R

iii. The new ventral cavity is the urogenital sinus while the dorsal cavity forms the rectum and anal canal
iv. Fusion of the urorectal septum with the cloacal membrane divides the membrane into the urogenital membrane and the anal membrane    

b. Proctodeum 
i. Proliferation of mesenchyme around the anal membrane creates an ectodermal proctodeum or anal pit
ii. Ectoderm  from the pit lines the lower 1/3 or the anal canal
iii. Endoderm from the hindgut, lines the upper 2/3s of the anal canal
c. Venous Drainage:  reflects the canal’s dual origin

i. Upper canal
1. drains into the internal rectal plexus

2. then into the Superior rectal vein  

3. then into the IMV

4. Similar to the drainage of other abdominal organs

ii. Lower canal
1. drains into the External rectal plexus

2. then into the Inferior rectal vein
3. then into the Internal pudendal vein and on into the iliac veins to the IVC

4. Caval systemic circulation
iii. Anastomoses
1. there are anastomoses between the internal and external rectal plexus at the pectinate line
2. pectinate line is the junction in the anal canal between the upper 2/3 and lower 1/3

3. With portal hypertension, can get collateral circulation through the anal canal which can cause hemorrhoids

