Superior and posterior mediastinum; and Abdominal wall, inguinal region, hernias

Divisions of the mediastinum

The mediastinum is divided into two parts vertically. These are the superior mediastinum located above the transverse thoracic plane at the level of the sternal angle and at the junction of the IV disc between T4-T5. The inferior mediastinum is located just below the sternal angle and ends at the superior surface of the diaphragm. 

The inferior mediastinum is further divided into three parts namely: anterior, posterior, middle. The middle mediastinum is governed by the pericardium of the heart. 

Superior and Posterior Mediastinum (Arteries – Moore 147pp)

Arch of Aorta

The arch of the aorta lies just after the ascending aorta. It begins at the level of the sternal angle posterior to the 2nd right sternocostal joint and ascends anterior to the right pulmonary artery and bifurcation of trachea. Its apex is reached on the left side of the trachea and esophagus as it lies over the root of the lung. It ends as the thoracic aorta just posterior to the 2nd left sternocostal joint.

Its three main branches are (from right to left): Brachiocephalic Trunk (Splits into right common carotid and right subclavian arteries), Left Common Carotid, Left Subclavian. 

Descending Thoracic Aorta

The thoracic aorta is the continuation of the arch of the aorta. It begins at the inferior border of T4 and descends in the posterior mediastinum from T5-T12. The thoracic aortic plexus (an autonomic nerve plexus) surrounds the thoracic aorta as it descends posterior to the esophagus, pericardium and root of lung. It terminates at the aortic hiatus (inferior border of T12), piercing the diaphragm muscle to become the abdominal aorta. 

It gives rise to many branches along the way and these include: bronchial arteries (supplying lung tissue and trachea), esophageal arteries (supplying the esophagus), and posterior intercostals arteries (supplying the intercostals muscles from T3-T11 spaces)). Other branches include: pericardial arteries (supplying the pericardium of the heart), mediastinal branches (supplying the lymph nodes of the posterior mediastinum), subcostal (entering the abdomen).

Systemic Veins

Summary: The internal jugular veins join up with subclavian to form brachiocephalic veins, which join up to form superior venae cavae

Posterior to the SC joints, the internal jugular vein and subclavian vein unite to the form the brachiocephalic veins. At the level of the inferior border of the 1st right costal cartilage the brachiocephalic veins unite to the form the superior venae cavae. The left brachiocephalic vein is nearly twice as long as it moves across from the left side to the right side, anterior to the roots of the three main branches of the arch of the aorta. The right brachiocephalic vein receives lymphatic drainage from the right lymphatic duct whereas the left brachiocephalic vein receives lymph from the thoracic duct. The superior venae cavae continues until the level of the 3rd costal cartilage where it enters the right atrium.  

Nerves (Vagus is always posterior to root of lung. Moore 146pp)

Right Vagus: The right vagus nerve (Cranial Nerve X) enters the thorax anterior to the right subclavian artery where it gives off a right recurrent laryngeal nerve. This hooks around the subclavian artery and passes between the trachea and esophagus to supply the larynx. The vagus nerve then descends posterior to the brachiocephalic veins, SVC and root of lung where it breaks up into many branches contributing to the pulmonary plexus of the lung. It leaves this as a single nerve and travels to the esophagus where again it breaks up to form branches that contribute to the esophageal plexus. As it descends, it also contributes to the cardiac plexus. 

Left Vagus: The left vagus nerve travels in the neck posterior to the left common carotid artery. It enters the mediastinum between the left common carotid and left subclavian artery. When it reaches the left side of the arch of the aorta it diverges posteriorly from the left phrenic nerve and as it reaches the inferior border of the arch it move medially to give off the left recurrent laryngeal nerve. This ascends in the groove between the trachea and esophagus to supply the larynx. The left vagus nerve then travels posterior to the root of the lung to contribute to the pulmonary plexus, and more inferiorly to the esophageal plexus of nerves. 

Phrenic is always anterior to root of lung. Moore 145pp)

The phrenic nerves enters the mediastinum between the origin of the brachiocephalic veins and the right subclavian artery and pass anterior to the root of the lungs (Important in distinguishing between phrenic and vagus nerves!).

Right Phrenic: The right phrenic nerves travels between the right subclavian artery and the origin of the right brachiocephalic trunk and travels on the right side of this trunk, SVC, pericardium and over the right atrium. It travels along the right side of the IVC and pierces the diaphragm to supply the muscle.

Left Phrenic: The left phrenic nerve descends between the left common carotid and left subclavian arteries and reaches over the left surface of the arch of the aorta anterior to the vagus nerve. It then passes descends superficially to the left atrium and travels anterior to the root of the lung to pierce the diaphragm just left of the pericardium.

The paravertebral sympathetic trunk passes laterally to the vagus nerve and gives off many splanchnic nerves (namely: greater, lesser etc) that supply a lot of the abdominal viscera.

Azygous System of veins

The azygous system of veins provides communication between the IVC and SVC. The azygous vein forms a collateral pathway between these two great vessels and travels along the right side of the inferior 8 vertebral bodies. It arches over the superior aspect of the root of the lung to join the SVC. The posterior intercostals veins drain here. In addition to this it communicates with the vertebral venous plexus which drains the back, vertebrae and structures in the vertebral canal. It also receives blood from bronchial, mediastinal and esophageal veins. 

The hemiazygous system of veins travels along the left side of the vertebral column up to T9 vertebrae and crosses to the right posterior to the aorta to join the azygous vein. It drains the inferior three posterior intercostals veins, inferior esophageal veins and small mediastinal veins. 

Trachea and Esophagus

Ask Derek about what this means, and what he wants us to know for this section. 

Abdomen

The abdominopelvic cavity consists of the abdominal cavity and pelvic cavity. It is lined by a thin serous membrane called the peritoneum. The superior portion of it is the abdominal cavity. The superior boundary of the abdominal cavity is bounded by the thoracic diaphragm and this reaches up to the 4th costal cartilage. Inferiorly, the boundary of the abdominal cavity is the superior aspect of the pelvic inlet (superior pelvic aperture). 

The abdominal cavity contains most of the digestive organs, spleen, part of the urogenitial organs such as the kidneys and ureters.

Abdominal Quadrants

Anatomically the abdomen can be split up into four main regions. These are taken as the regions formed by taking planes through the umbilicus (belly button). These are (clockwise), right upper, right lower, left lower and left upper.

9 regions of the abdomen

Planes taken are the following:

· Subcostal plane: plane taken across the inferior border of the 10th costal cartilage
· Transtubercular plane: a horizontal line passing through the iliac tubercles and the body of L5 vertebra; tubercles are 5cm posterior to ASIS.
· Midclavicular plane: this passes from middle of clavicle to the midinguinal points (midpoint joining the ASIS and pubic tubercle ( inguinal ligament)
Regions: 
epigastric or epigastrium (central region above the stomach)



Umbilical (central region around umbilicus)

Pubic  or supra pubic regions (hypogastric) ( (just below the umbilicus, hypo means below)



Left hypochondriac (left of epigastric)



Left lumbar (below left hypochondriac)



Left inguinal (below left lumbar)



Right hypochondriac (right of epigastric)



Right lumbar



Right inguinal


Anterolateral abdominal wall (Moore Page 178)

During surgery you might need to cross the following layers of the anteroabdominal wall:

· Skin

· Superfiscial fascia (mainly composed of fat – Campers fascia)

· Deep layer of fascia (Scarpa’s layer)

· Three layers of abdominal muscles 

· Traversalis fascia (deep fascia)

· Endoabdominal fascia (extraperitoneal fat)

· Parietal peritoneum and visceral peritoneum (on organs)

The three abdominal muscle layers run in three different directions similar to the muscles that govern the intercostals spaces. 

The superfiscial fascia of the abdominal wall is separated into two layers. A thick fatty superifiscial layer called Camper’s fascia and a more membranous layer overlying the deep fascia called the Scarpa’s layer. Past this layer is the three abdominal muscle layers (namely: external oblique, internal oblique, transversus abdominis). Underlying this layer of muscle is the traversalis fascia and is relatively membranous. Underlying this is the parietal peritoneum which is separated from the transversalis fascia by a layer of variable fat called endoabdominal (extraperitoneal fat) fascia. 

Muscles of the anteroabdominal wall (Moore Page 180)

There are three muscles layers of the anterolateral abdominal wall. From superifiscial to deep these are: external oblique, internal oblique and transverses abdominis. 

External oblique abdominal muscle (compress and support abdominal viscera, flex and rotate trunk): 

The is the most superficial muscle. Its fibers run infero-medially (think of hand in pocket). It is supplied by thoracoabdominal nerves (inferior six thoracic nerves) and subcostal nerve. The fibers attach to the pubic crest (just medial to the pubic tubercle), anteriorly to the linea alba and inferiorly to the anterior half of the iliac crest. Anteromedially, this muscle’s fibers become aponeurotic and becomes part of the rectus sheath. 

Internal Oblique abdominal muscle (compress and support abdominal viscera):

This is the next layer of muscle part of the anterolateral abdominal wall. It is supplied by the thoracoabdominal nerves (ventral rami of inferior six thoracic nerves) and the first lumbar nerve. The inferior fibres run horizontally at the level of the ASIS and the other fibres run obliquely upward superior to this level and obliquely downward inferior to this level. Their fibres become aponeurotic at the mid clavicular contributing to the formation of the rectus sheath

Transversus Abdominis muscle (compress abdominal viscera and flex trunk):

This forms the inner most layer of the anterolateral abdominal wall. Their fibres run largely traversomedially, although the inferior fibres run parallel to those of the internal oblique muscles. This muscle is supplied by the thoracoabdominal nerves (ventral rami of the inferior six thoracic nerves) and first lumbar nerves. Their fibres become aponeurotic on the anterior aspect to contribute to the formation of the rectus sheath. 

The main functions of all three muscles is to compress and support the abdominal viscera, sometimes flex and rotate the trunk

Rectus abdominis muscle:

The rectus abdominis muscle is the major muscle on the anterior aspect of the abdominal wall. It is three times as wider superiorly than inferior, and thinner superiorly than inferiorly. Most of this muscle is enclosed within the rectus sheath (contributing fibres from three muscle layers of the anterolateral abdominal wall). It is supplied by the thoracoabdominal nerves (ventral rami of the inferior six thoracic nerves). Traversely the rectus abdominis muscle is broken up into three areas by tendinous intersections. 

Rectus sheath:

The rectus sheath is a fibrous thickening of the fibres coming from the muscles governing the anterolateral wall of the abdomen. These fibrous thickenings interweave and form this sheath which mostly encloses the rectus abdominis muscle. The superior 3/4 of the INTERNAL OBLIQUE aponeurosis splits into two layers at the LATERAL borders of the rectus abdominis muscle (anterior and posterior lamina). The anterior lamina joins the aponeurosis of the external oblique muscle, and the posterior lamina is fused with the aponeurosis of the tranversus abdominis muscle. The fibers of the anterior and posterior lamina join up along the median plane to form the thickened sheath called linea alba. 

The inferior ¼ of the rectus abdominis muscle does not have a posterior layer of the rectus sheath. This is because all three aponeurosis (with regards to their respective muscles) pass anterior to the rectus abdominis. Thus the rectus abdominis muscle is in direct contact with the transversalis fascia. 

The arcuate line is line demarcating the margin where the posterior layer of the rectus sheath disappears along the inferior ¼ of the rectus abdominis muscle. 

Nerves of abdominal wall

The neurovascular plane runs between the second and third layers of the muscles of the abdominal wall. I.e.: between the internal oblique and tranversus abdominis muscle layers.

The skin and muscles of the anterolateral abdominal wall are supplied mainly by:

· Thoracoabdominal (previously known as inferior intercostals nerves) – anterior abdominal (cutaneous) branches of ventral rami of inferior six thoracic nerves (T7 – T11).

· Subcostal nerves (T12)

· Iliohypogastric and ilioinguinal nerves coming from first lumbar segment (L1)

· The cutaneous innervation comes from anterior and lateral cutaneous branches of the thoracoabdominal nerves.

Reflex (Moore Page 189)

The abdominal wall is the only protection offered to some of the abdominal viscera. Thus sometimes examining the reflex gives an indication of the level of injury the wall has suffered. The surgeon strokes horizontally, and lateral to medial. If the wall is injuried or diseased then there will be a very quick reflex of the abdominal muscles. IN obese people, this may not be sometimes felt due to the extra layers of FAT!

Guarding 

Guarding is when the muscles of the anterolateral abdominal wall are rigid during a physical examination. This cannot be suppressed. The muscles are undergoing spasms and as a result we have guarding. (think as if muscles are guarding against any injury). This is most often noticed during inflammation of the peritoneum (peritonitis) therefore causing person to have an acute abdomen. 

Arteries of the abdominal wall (Netter: Pl. 238, Moore Pg. 188)

The two main arteries that supply the anterior abdominal wall are the superior and inferior epigastric vessels. The superior epigastric is a direct continuation of the internal thoracic artery (which also gives off the musculophrenic artery). It travels in the posterior layer of the rectus sheath (superior ¾) and supplies this muscle superior to the umbilicus. At the umbilical region, it anastomises with the inferior epigastric artery. The inferior epigastric artery branches off from the external iliac just superior to the inguinal ligament, and travels on the superior aspect of the transversalis fascia before anastomising with the superior epigastric arteries. It supplies the lower 1/3 of rectus abdominis and it enters this muscle just below the arcuate line.

Some other arteries include the superficial circumflex iliac and superficial epigastric arteries. These arise from the femoral artery and great saphenous vein, both running in the superficial fascia (one along the inguinal ligament and the other towards the umbilicus). The anterior and collateral branches of the posterior intercostals arteries in the 10th and 11th intercostals spaces, and also branches of the musculophrenic arteries arising from the internal thoracic vessels. 

Veins of the abdominal wall (Netter: Pl. 239, Moore Pg. 

The veins of the abdominal wall provide anastomises between IVC and SVC. The paraumbilical veins provide for the portal – caval anastomises, hence excessive drinking causes portal hypertension. The paraumbilical veins provide a collateral pathway in the event of a block in the portal vein. 

Lymphatics of the abdominal wall (Moore Pg. 189)

There are two brands of lymphatics here. The superificial lymph nodes accompany the superficial abdominal arteries. Those lymphatics superior to the umbilicus drain mainly into the axillary lymph nodes and some drain into parasternal nodes. Those below the umbilicus drain into superficial inguinal lymph nodes. 

The deep lymphatic vessels accompany the deep veins and drain into the external iliac nodes, common iliac nodes, and lumbar (lateral aortic ( lateral to the aorta) nodes.

Internal aspect of anterolateral abdominal wall (Moore Pg 191)

 The posterior aspect of the anterolateral abdominal is covered by parietal peritoneum and contains many folds that contain remnants of vessels that carried blood to and from the fetus. There are five main folds, two on each lateral side and one along the median plane. 

Median umbilical fold: this extends from apex of the bladder to the umbilicus and covers the median umbilical ligament, which is the remnant of the urachus (allantoic stalk, connects the fetal bladder to the umbilicus). 

Two medial umbilical folds: This is located lateral to the median umbilical folds, covers the medial umbilical ligaments which are remnants of the fetal umbilical arteries. 

Two lateral umbilical folds: This fold is located just lateral to the medial umbilical folds and this covers the inferior epigastric vessels. 

The fossa lateral to each umbilical poses a significant clinical case ( hernia. 

Inguinal Region (Moore Pg 193) 

The inguinal region (groin) is one of important areas associated with the lower limbs. This site is commonly associated with hernias due to the weakness in the anterolateral abdominal wall, which is due to the descent of the spermatic cord/round ligament of uterus through this canal. 

Inguinal Canal

The inguinal canal is an oblique passage just superior to the medial half of the inguinal ligament and it contains the descending spermatic cord/round ligament of uterus. 

Inguinal ligament

The inguinal ligament runs in this run, between the ASIS and pubic tubercle. This ligament is simply a thickening of the free end of the aponeurosis of the external oblique muscle, contributing to the anterolateral wall of the abdomen. The lacunar ligament is an extra fibrous part of the inguinal ligament that attaches to the pectineal line of the superior pubic ramus (pectineal ligament). 

Inguinal region peritoneum

Deep Inguinal Ring: The deep inguinal ring is the out pouching of the transversalis fascia about 1.25 cm superior to the midpoint of the inguinal ligament and lateral to the inferior epigastric vessels. This is the beginning of the inguinal canal, marked by the evagination of the transversalis fascia that continues in the inguinal canal as the internal spermatic fascia. The deep inguinal ring allows structure like: spermatic cord/round ligament of uterus, and their associated vessels to descend into the pelvic area. 

Superficial Inguinal Ring: The superificial inguinal ring is a small slit like opening between the diagonal fibers of the aponeurosis of the external oblique, located superolateral to the pubic tubercle, through which the spermatic cord (males) or round ligament of uterus (females) exits the inguinal canal. The lateral and medial margins of the exital opening is called a crura. The lateral crus is attached to the pubic tubercle while the medial crus is attached to the pubic crest. The intercrural fibres, which run between the two crus are there so that the split does not widen. 

Femoral Sheath: The femoral sheath is a prolongation of the transversalis and iliopsoas fascia and extends over the proximal parts of the femoral vessels. It does not cover the femoral nerve. The lateral compartment is made up of the femoral artery. The intermediate compartment is made up by the femoral vein. The medial compartment is made up by the femoral canal, smallest opening in the femoral sheath. The femoral sheath is continuous with the tunica adventitia of the femoral vessels inferiorly. 

Walls and boundaries of the inguinal canal (Moore Pg 193) 

Anterior Wall: Mainly the fibres coming from the aponeurosis of the external oblique provide this wall. Lateral part contributed by fibres coming from internal oblique. The external oblique muscle also provides fibres contributing to the external fascia of the spermatic cord. 

Posterior Wall: This wall mainly made up from traversalis fascia, the conjoint tendon, merging of pubic attachments of internal oblique and transverse abdominal aponeuroses, contributes medial aspect of posterior wall. 

Roof: The roof is mainly contributed by arching fibres of the internal oblique, and transversus abdominis. 

Floor: formed by the in-curving inguinal ligament that forms a trough – which is reinforced by lacunar ligament – attaches from pubic crest to the pectineal ligament (following pectineal line) of the superior pubic ramus. 

Transversus abdominis: roof of inguinal canal, conjoint tendon (merging of internal oblique, transversus abdominis contributing to the transverse abdominal aponeuroses). 

Internal Oblique: roof of inguinal canal, conjoint tendon and lateral part of anterior wall

External oblique: inguinal ligament (floor of canal), lacunar ligament, anterior wall of inguinal canal, superficial inguinal ring, external spermatic fascia. 

Coverings of spermatic cord and layers of scrotum, testes

Anterior Abdominal Wall

Superficial fascia

Ext. oblique

Int. oblique

Transversalis fascia

Peritoneum

Spermatic Cord

External spermatic fascia (a derivative of transversalis fascia)

Cremasteric muscle + associated fascia

Internal spermatic fascia

Scrotum

Superificial fascia (called dartos fascia)

External Oblique

Int oblique

Transversalis

Tunica vaginalis

Tunica albuginea

Femoral, Direct and Indirect Inguinal Hernia (Moore Pg. 205)

Any hernia occurs due to the protrusion in the parietal peritoneum and protrusion of an organ through this abdominal cavity weakness, therefore traversing to another site in which it does not belong.

Indirect inguinal hernia (has same fascial coverings as spermatic cord): 

An indirect inguinal hernia is the most common abdominal hernia. It leaves the abdominal cavity lateral to the inferior epigastric vessels to enter the deep inguinal ring. This type of hernia has a hernial sac by a persistent processus vaginalis and all three fascial coverings of the spermatic cord. The protruded organ traverses the entire inguinal canal, exiting through the superficial inguinal ring and commonly enters the scrotum. 

Direct inguinal hernia:

A direct inguinal hernia is a little different to its counterpart. It leaves the abdominal cavity medial to the inferior epigastric artery and protrudes through a relative weakness in the posterior inguinal canal. It has a hernial sac formed by the transversalis fascia, and it traverses until the most medial part of the inguinal canal (near the superficial inguinal ring). Here it protrudes through the inguinal triangle which is govered superolaterally by the inferior epigastric vessels, medially by rectus abdominis and inferiorly by inguinal ligament. This type of hernia almost never enters the scrotum. 

Femoral hernia (Moore Pg 548):
The femoral ring is a weakness in the anterior abdominal cavity and this is where a femoral hernia originates. Uncommon in males. The abdominal viscera protrudes into this ring, often the loop of the small intestine. The hernia appears inferolateral to the pubic tubercle and is bounded laterally by the femoral vein and medially by the reflection of inguinal ligament ( lacunar ligament. 

The hernia descends into the saphenous opening, into the subcutaneous tissue. A femoral hernia can appear inferior to the inguinal ligament and inferolateral to the pubic tubercle whilst an indirect inguinal hernia is superior to inguinal ligament and may enter the scrotum. 

Inguinal Triangle

Bounded superolaterally by the inferior epigastric vessels, medially by rectus abdominis and inferiorly by inguinal ligament. 

