SUMMARY TERMS-ABDOMINOPELVIC CAVITY
ABDOMINAL CAVITY:
Large intestines:

Cecum-first part of the large intestine; vermiform appendix extends from its base


Colon-2nd part of the large intestine that has 4 regions

Ascending colon-retroperitoneal; attached to posterolateral abdominal wall; continuous with the transverse colon at the hepatic (right colic) flexure

Transverse colon-intraperitoneal b/c it has supporting mesentery (transverse mesocolon); becomes continuous with the descending colon at the splenic (left colic) flexure

Descending colon-retroperitoneal; becomes continuous with the sigmoid colon

Sigmoid colon-located on the L. iliac fossa and supported by a mesentery (mesosigmoid); becomes continuous with the rectum at the level of S2 vertebra


Rectum-3rd part of large intestine; arises at S2 level; has no supporting mesentery

The large intestines can be distinguished from the small by the presence of: 1.)  taeniae coli-3 longitudinal bands which converge at the base of the appendix, 2.) epiploic appendages-fat-filled outpouchings, and 3.)  haustration-pouches which cause mucosal folds on the inner surface of the colon

Small intestines:
Duodenum-first part of the small intestine; 25 cm long; consists of 4 parts - first (superior) part which encircles the head of the pancreas, 2nd (descending) part, 3rd (horizontal) part, and 4th (ascending) part; all but the superior part is retroperitoneal

Duodenojejunal flexure-the ascending part of the duodenum emerges from the retroperitoneal space to become continuous with the jejunum (at L2 level); the suspensory ligament of Treitz attach to this and attaches the flexure to the peritoneum

Jejunum-2nd part of the small intestine; proximal 2/5th s of the small intestine


Ileum-3rd part of the small intestine; distal 3/5ths of the small intestine

Epiploic foramen (of Winslow)-allows communication between the greater and lesser peritoneal sac; located immediately posterior to the hepatoduodenal ligament of the lesser omentum; boundaries:


Superior-caudate lobe of the liver


Inferior-first part of the duodenum


Anterior-hepatoduodenal ligament


Posterior-peritoneum that covers the inferior vena cava

Folds:
Mesenteries-formed by folds or reflections of the peritoneum; attach organs to the posterior abdominal wall; also serve as conduits for nerves and vessels to pass to and from abdominal organs; the portion attached to the ileum and jejunum is 18-21 ft in length; the portion attached to the posterior abdominal wall in about 8-12 inches in length and runs obliquely from the L side of L2 vertebra towards the mecum

Peritoneal ligaments- formed by folds or reflections of the peritoneum; attach one organ to another; also serve as conduits for nerves and vessels to pass to and from abdominal organs.  In resection of parts of the GI tract, vessels in the peritoneal ligaments must be identified and preserved to retain the blood supply to the portion not removed.

Gutters-potential pathways for free blood, pus, gastric fluids, and gas to track from one abdominal space into another and to the pelvic cavity; there are 4 major spaces:

Right paracolic-on the right side of the ascending colon; forms communication between hepatorenal recess and the pelvic cavity

Left paracolic-on the left side of the descending colon; connects the left side of the abdominal cavity with the pelvic cavity

Right paramesenteric-enclosed space bordered by the transverse mesocolon, cecum, ascending colon, and root of the mesentery

Left paramesenteric-

Omentum:

Greater omentum-covers most of the viscera in the abdominal cavity; attaches to the greater curvature of the stomach, the transverse colon

Lesser omentum-extends from the abdominal part of the esophagus, lesser curvature of the stomach, and first part of the duodenum to the porta hepatis on the inferior surface of the liver; a combination of 2 peritoneal ligaments (hepatogastric and hepatoduodenal)

Organs:

Intraperitoneal-an organ which is surrounded by the peritoneum and has supporting mesentery (spleen, liver, transverse colon)

Retroperitoneal-an organ which is only partially covered by the peritoneum and has no supporting mesentery (pancreas, kidney, ascending and descending colon)

Peritoneum:


Parietal-lines internal surface of the walls of the abdominal and pelvic cavity


Visceral-covers surface of visceral organs

Rectus Sheath-formed by the aponeuroses and associated fascia of the 3 flat muscles.

At level of xiphoid process-only the aponeurosis of the external abdominal oblique is present and forms the superior portion of the sheath


From just above the umbilicus to the arcuate line:

Anterior rectus sheath-formed by external oblique and internal oblique   (ant.  Layer)

Posterior rectus sheath-formed by transversus abdominus and internal oblique (post. Layer)

Inferior to the arcuate line-all 3 aponeurotic layers pass anteriorly to the rectus muscle; the rectus abdominus lies against the transversalis fascia


Sacs:
Greater peritoneal sac- bounded between parietal and visceral peritoneum; communicates through the epiploic foramen (of Winslow) with the smaller, lesser peritoneal sac

Lesser peritoneal sac-largest recess of the peritoneal cavity; bounded anteriorly by the stomach, lesser omentum, and gastrocolic ligament and posteriorly by the peritoneum that covers the posterior abdominal wall; portions:


Superior recess-caudate lobe of liver projects into this recess

Splenic recess-to the left, it extends to the hilum of the spleen and is enclosed between the leinorenal ligament and gastrolienal ligament

Viscera:
Stomach-located mainly in the epigastrium and the L. hypochondrium; areas are the body, fundus, cardia, pyloric antrum, pylorus, lesser curvature and greater curvature (4x longer than lesser curvature)

Spleen-located deep in the L. hypochondriac between the stomach and the 9-11 ribs; receives the tail of the pancreas; has a diaphragmatic surface and a visceral surface; the anterior border of the spleen is notched which enables a MD to differentiate between splenomegaly and hepatomegaly

Pancreas-located at the L1-L2 vertebrae level; has a head, neck, body and tail; all parts except the tail lie in the retroperitoneal space; the tail passes within the lienorenal ligament and contacts the hilum of the spleen; the head rests within the C-curve of the duodenum

Liver-has 3 fissures - R. sagittal, L. sagittal and transverse fissures which divide the liver into 4 lobes:

Caudate-superior
Quadrate- inferior
Left
Right
Functionally and surgically, the caudate and quadrate lobes are considered to be a part of the left lobe.  Anatomically, they are part of the right lobe as defined by the attachment of the falciform ligament. 

ABDOMINAL DIVISIONS:
Quadrants- divided into 4 quadrants by a vertical plane through the linea alba and a horizontal plane through the umbilicus on the level of L3 vertebra;  RUQ, RLQ, LUQ, LLQ

Regions-divided into 9 regions by 2 vertical planes located in the midclavicular line, a superior horizontal plane located at L2 vertebra (subcostal plane), and an inferior horizontal plane located through the tubercles of the iliac crest at the L4 level; regions are epigastric, hypogastric, umbilical, hypochondriac (R. and L.),

Lumbar (R. and L.), and inguinal (R. and L.)

ARTERIES:
Anterior cutaneous arteries-branches of the superior and inferior epigastric arteries

Lateral cutaneous arteries of thoracoabdominal vessels-branches of T7-T12 posterior intercostals; pierce the external abdominal oblique muscle and overlying deep investing fascia along the midaxillary line and pass anteriorly in the plane of the superficial fascia

Epigastric-inferior and superior; enter the rectus abdominus muscle from the deep surface and anastomose near the umbilicus


Inferior-is a branch of the external iliac artery


Superior-is a terminal branch of the internal thoracic artery

Deep circumflex iliac arteries-main arteries that supply the abdominal wall

External iliac artery-branches are a main supplier for the abdominal wall

Superficial epigastric vessels-located in the superficial fascia; superficial branch of femoral artery

Superficial circumflex iliac vessels-located in the superficial fascia; superficial branch of femoral artery

Superficial external pudendal-superficial branch of femoral artery

Lumbar arteries-

Deferential (to vas deferens)-supplies the vas deferens

Testicular-surrounded by the pampiniform venous plexus within the spermatic cord

Abdominal aorta-this vessel is the direct continuation of the thoracic descending aorta.  Beginning at the aortic hiatus of the diaphragm at T12, the aorta is retroperitoneal throughout its length and ends by dividing into the common iliac arteries at L4.  It provides 3 ventral unpaired branches of large size (celiac, superior mesenteric, and inferior mesenteric).  It also has a number of paired branches to provide the abdominal wall and paired abdominal glands.  These are:

Inferior phrenic-pair of arteries arises immediately above the origin on the celiac trunk and supplies the diaphragm.  They also provide superior suprarenal arteries.

Lumbar- 4 pairs of arteries arise at the levels of L1-L4.  Their large posterior branches supply the spinal cord, cauda equina, and spinal meninges.

Middle suprarenal-this pair of arteries arises at L1

Renal-these large arteries arise at L1 to supply the kidneys.  They also provide inferior suprarenal arteries

Gonadal- these slender arteries arise at just below the renal arteries at L2

Median sacral-this small unpaired artery is the caudal continuation of the aorta.

Gastric arteries:
Right-located on the R. side of the lesser curvature of the stomach and anastomoses with the L. gastric artery; it is a branch of the proper hepatic artery; gives off gastric branches

Left-originates directly from the celiac trunk; runs on the L. side of the lesser curvature of the stomach and anastomoses with the R. gastric artery; gives off esophageal and gastric branches

Gastro-omental (gastroepiploic) arteries:

Right-a branch of the gastroduodenal artery; runs along the R. side of the greater curvature to anastomose with the L. gastro-omental; gives off gastric and omental branches

Left-a branch of the splenic artery and passes through the gastrolienal ligament to reach the L. side of the greater curvature of the stomach; anastomoses with the R. gastro-omental artery; gives off gastric and omental branches

Proper hepatic artery-arises from the common hepatic artery; lies within the hepatoduodenal ligament of the lesser omentum; part of the portal triad; supplies oxygenated blood to the liver; gives off the R. gastric artery and terminates as the R. and L. hepatic artery

Gastroduodenal artery-branch of the common hepatic artery; passes inferiorly, passes between the first part of the duodenum and the pancreas; gives off duodenal branches and terminates in the R. gastro-omental and the superior pancreaticoduodenal artery

Celiac trunk-short (1-2cm), thick unpaired artery that arises from the anterior aspect of the abdominal aorta at the level of the vertebral disc between T12; it was the artery of the embryonic foregut; it supplies the stomach, adjacent esophagus, proximal duodenum, liver, pancreas, and spleen; its branches are the common hepatic, splenic, and L. gastric arteries; it is also frequently the source of the dorsal pancreatic artery and the inferior phrenic; surrounded by nervous tissue (celiac plexus) and a pair of celiac ganglia.  It's main branches:

Common hepatic artery-one of the 3 major branches of the celiac trunk; it runs to the right and passes posterior to the duodenum; divides into the ascending proper hepatic artery and the descending gastroduodenal artery

Left Gastric-smallest branch of celiac trunk runs to the left to supply the lesser curvature of the stomach and esophagus; coursing between the layers of the lesser omentum, the artery eventually anastomoses with the right gastric artery

Splenic artery-it is the largest of the celiac arteries; arises from the celiac trunk and follows a tortuous course along the superior border of the pancreas; it supplies the pancreas, spleen and greater curvature of the stomach; it gives off pancreatic branches (which supply the body and tail of the pancreas), after it enters the lienorenal ligament it gives off the L. gastro-omental artery, and short gastric arteries as it passes to the hilum of the spleen

Superior mesenteric artery-This artery supplies all the small intestine except the proximal duodenum and the large intestine to the left of the colic flexure (derivative of the midgut); arises from the anterior aspect of the abdominal aorta, at the lower border of the L1 vertebra just below the celiac trunk and posterior to the neck of the pancreas; it descends over the left renal vein, uncinate process of the pancreas, and horizontal (3rd) part of the duodenum; the artery enters the root of the mesentery and follows an oblique course towards the right iliac fossa; gives off branches:

Middle colic artery- enters the transverse mesocolon; has R. and L. branches and supplies the proximal 2/3rds of transverse colon

R. colic artery-has ascending and descending branches that supply ascending colon; it is often a branch of the ileocolic or middle colic arteries or may be absent altogether 

Ileocolic artery-is the terminal branch of the superior mesenteric artery; has appendicular, anterior cecal, and posterior cecal branches which supply the appendix, ileum, cecum, and proximal part of ascending colon

Inferior pancreaticoduodenal artery-this artery passes to the right and divides into anterior and posterior branches.  These participate in forming anterior and posterior pancreaticoduodenal arcades with branches of the superior pancreaticoduodenal artery from the celiac trunk.  These arcades form important anastomoses between these two great branches of the aorta

Intestinal arteries-15-18 in number; pass between layers of mesentery to supply the jejunum and ileum by a series of anastomotic arterial loops (arcades); the number of arcades increases from the jejunum (1-2 layers) to the ileum (3-5 layers); small, straight vessels, the vasa recta, arise from the last arch to supply the intestine

Note: if occlusion of the superior mesenteric artery occurs slowly over several months, the involved bowel is nourished by blood from the inferior mesenteric artery by way of the marginal artery.

Inferior mesenteric artery-supplies the descending and sigmoid colons and the proximal rectum (derivatives of hindgut); arises from the anterior aspect of the abdominal aorta at the level of the L3 vertebra just below the 3rd part of the duodenum; it passes inferiorly and to the left of the aorta; gives off branches:

L. colic artery-divides into ascending and descending branches that supply the descending colon mainly but also distal 1/3 of the transverse colon 

Sigmoid arteries- there are 2-4; enter the root of the sigmoid mesocolon and supply the sigmoid colon

Superior rectal artery-terminal branch of the inferior mesenteric artery as it crosses the left common iliac vessels; passes into the pelvic cavity and supplies the rectum and superior portion of the anal canal; branches of this artery anastomose with terminal branches of the middle and inferior rectal arteries

Marginal artery of Drummond-an anastomosis of the ileocolic artery, R. colic artery, middle colic artery, L. colic artery, and sigmoidal arteries around the internal margin of the cecum and colon; begins at the ileocecal junction and ends on the rectum; the marginal artery also anastomoses with the intestinal arteries of the superior mesenteric on the R. side and with the superior rectal artery of the inferior mesenteric on the L. side; this helps to equalize blood supply in the large intestine when the flow is impeded through regular channels

DUCTS:
Common bile duct-lies within the hepatoduodenal ligament as part of the portal triad; receives bile from gallbladder via cystic duct and from the liver via common hepatic duct

Pancreatic ducts:

Main-begins in the tail of the pancreas and ends at the hepatopancreatic ampulla on the 2nd part of the duodenum

Accessory-begins within the head of the pancreas, superior to the main pancreatic duct and ends on the 2nd part of the duodenum

FASCIAE:
Superficial fascia- major site for fat deposits; below the umbilicus it can usually be divided into:

Camper's-fatty outer layer of superficial fascia; continuous inferiorly with the superficial fascia of the thigh; medial and inferior to the pubic tubercle in the male it changes as it continues over the scrotum and forms the dartos tunic which is highly infiltrated by elastic and smooth muscle

Scarpa's-membranous inner layer of superficial fascia; ends inferior to the inguinal ligament as it fuses with the fascia lata of the thigh; in the midline just superior to the penis it contributes to formation of the fundiform ligament of the penis; continues onto the perineum as Colles' fascia; rupture of the male urethra an lead to accumulation of urine between layers in the abdominal wall.  This is due to the continuity of the Scarpa's fascia with the superficial fascia of the perineum 

Transversalis-deep to the abdominal muscles; membranous sheet forms a lining for the entire abdominopelvic cavity and covers the deep surface of the transversus abdominus muscle

Cremasteric muscle and fascia-middle fascia layer of the spermatic cord; formed by the muscle fibers and aponeurosis of the internal abdominal oblique muscle; contraction of cremaster muscle retracts testis to a more superior position in the scrotum; this is a reflex action mediated by the genitofemoral nerve (L1-L2)

External spermatic-superficial fascia layer of the spermatic cord; formed by the aponeurosis of the external abdominal oblique muscle

Internal spermatic-deep fascia layer of the spermatic cord; continuous with the transversalis fascia; invests the components of the spermatic cord throughout the inguinal canal; become covered by the cremaster muscle and fascia in the middle of the canal; receive the external spermatic fascia only as they emerge from the superficial ring

LANDMARKS:
Anterior superior iliac spine
Costal margin
Iliac crest
Inguinal canal-cylindrical shaped space about 2 inches long that passes obliquely through the lowermost portion of the abdominal wall above and parallel to the inguinal ligament; openings are the superficial and deep inguinal rings


Anterior wall-formed by the aponeurosis of the external abdominal oblique

Posterior wall-formed by the transversalis fascia and conjoint tendon; potential weak area of abdominal wall; the inguinal ligament, rectus abdominus, and inferior epigastric vessels bound this area (inguinal triangle)

Superior wall (roof)-formed by arching fibers of the inferior borders of internal abdominal oblique and transversus abdominus muscle

Inferior wall (floor)-formed by inguinal and lacunar ligaments

Pubic symphasis-underlies the L1 dermatome

Pubic tubercle
Superficial inguinal ring-an triangular opening in the aponeurosis of the external abdominal oblique muscle superior to the pubic tubercle; exit for the inguinal canal through which the spermatic cord or round ligament passes to the scrotum or labia majora

Crus-lateral & medial to the superficial inguinal rings; are thickenings of the external abdominal oblique aponeurosis

Intercrural fibers-superior and lateral to the superficial inguinal ring; reinforce the anterior abdominal wall in this region and help prevent the crura from pulling apart

Deep inguinal ring-located above the midpoint of the inguinal ligament and just lateral to the inferior epigastric vessels; is the entrance to the inguinal canal; is a finger-like diverticulum of transversalis fascia

Note: protrusion of abdominal viscera through either inguinal ring constitutes an inguinal hernia:

Indirect inguinal hernia-follows the route normally taken by testis before birth i.e. traverses the deep ring, the inguinal canal, and the superficial ring; most common in young male patients

Direct inguinal hernia-protrudes directly through the abdominal wall in the inguinal triangle and passes through the superficial ring; most common in adult males

The frequency of inguinal hernias is similar in females and males

Umbilicus-located midway between the xiphoid process and the pubic symphysis; overlies the intervertebral disc between L3-L4; the dermatome around the umbilicus is innervated by T10

LINEA:

Arcuate line-slightly curved, inferior margin of the thickened portion of the rectus sheath

Above arcuate line-posterior layer of rectus sheath is formed by the aponeurosis of the transversus abdominus and the posterior layer of the aponeurosis of the internal abdominal oblique

Below the arcuate line- posterior layer of the rectus sheath is only composed of the thin transparent transversalis fascia 

Alba-runs vertically from the xiphoid process to the pubis symphysis; represents convergence of aponeuroses of the 3 flat abdominal muscles at the midline

Semilunaris-lateral to the rectus abdominus muscle on each side; represents the lateral border of the rectus sheaths (post.  And ant. Rectus sheath) which enclose the rectus abdominus muscle on each side

LIGAMENTS:
Falx inguinalis (conjoint tendon)-formed by the inferior part of the aponeurosis of the internal abdominal oblique and the transversus abdominus; inserts directly into the pecten of the pubis 

Fundiform ligament of the penis-formed by Scarpa's fascia

Inguinal ligament-runs between the anterior superior iliac spine and the pubic tubercle; is the inferior thickened border of the aponeurosis of the external abdominal oblique; laterally it provides attachments for the internal oblique and transversus abdominis muscles; medially the fibers flatten down and attach to the pectineal line of the pubis to form the lacuner ligament

Scrotal ligament-connects each testis to the wall of the scrotum; is a remnant of the gubernaculum

Round ligament of the uterus-remnant of gubernaculum b/c the ovaries remain in the pelvis; traverse the inguinal canals in a fashion similar to the spermatic cords and terminate in the labia majora (homologous to the scrotum)

Round ligament of the liver (ligamentum teres)-attaches to internal surface of the umbilicus; represents the obliterated umbilical vein, a remnant of fetal circulation

Falciform ligament of the liver-attaches to internal surface of anterior abdominal wall

Hepatoduodenal ligament-part of the lesser omentum; contains the portal triad (proper hepatic artery, portal vein, and common bile duct

Hepatogastric ligament-part of the lesser omentum

Gastrocolic ligament-part of the greater omentum between the transverse colon and the stomach

Coronary ligament of the liver-has 4 parts:


Hepatophrenic ligament-anterior part


Hepatorenal ligament-posterior part


Right triangular ligament

Left triangular ligament
LYMPHATIC VESSELS:
Para-aortic nodes- lymph nodes around the aorta that receive lymph from the kidneys, suprarenal glands, lower part of the abdominal wall, lower limbs, most of the pelvis viscera, and the testes and ovaries (both of which arise embryologically in the abdomen).  Efferent vessels unite for form left and right lumbar trunks.

Lumbar trunks-formed by the efferent vessels of the para-aortic nodes; they converge to form the cisterna chyli, which is the dilated distal portion of the thoracic duct

Cisterna chyli- distal dilated portion of the thoracic duct is formed by the convergence of the lumbar trunks.  The cisterna chyli receives lymph from the intestinal trunk

Intestinal trunk-formed by the union of efferent channels of celiac and superior mesenteric lymph nodes, dumps lymph into the cisterna chyli

MALE GENITALIA:
Dartos tunic-subcutaneous layer of the scrotum; contains large amounts of elastic and smooth muscle fibers; it is continuous with the Camper's fascia of the anterior abdominal wall; smooth muscles within the dartos tunic contract in response to cold causing a wrinkling of the scrotal skin

Ductus (vas) deferens-passes through the deep inguinal ring into the abdominal cavity; found posterior within the spermatic cord; has a hard, cord-like texture; it is supplied by the artery to the vas deferens (deferential artery); vasectomy is the bilateral ligation of the ductus deferens.   In vasectomy, the ductus deferens is exposed by an incision in the superior wall of the scrotum

Epididymis-located on the posterosuperior aspect of the testis; serves as a reservoir for the spermatozoa produced by the testis; has 3 regions-head (sup), body, and tail (inf); it is formed by the ductus epididymis which is continuous with the vas deferens

Medial scrotal septum-separates the scrotum into 2 compartments at the midsaggital plane

Mesorchium- line of reflection between the visceral and parietal layer of the tunica vaginalis; blood vessels, nerves, and ducts that travel in and out of the testis pass through this region

Raphe scrotum- embryological remnant of the line of fusion of the 2 fetal labioscrotal folds

Scrotum-pouch of skin of the perineum and anterior abdominal wall

Testis-covered by the tunica vaginalis except for the posterior surface (bare area)

Tunica vaginalis-serous membrane covering the anterolateral surface of each testis forming an enclosed sac; has a parietal and visceral layer; accumulation of fluid in the tunica vaginalis or a patent processus vaginalis is called a hydrocele

Coverings of Spermatic Cord:
A ligament called the gubernaculum first indicates the site of the future inguinal canal.  This ligament connects and guides the developing testis from the lumbar region to the scrotum.  As the testis descends, it is preceded by an evagination of peritoneum, the processus vaginalis, which carries extensions of the abdominal wall before it.  When the testes migrates through the inguinal canal, it is covered by these extensions, which become the coverings of the spermatic cord:

Skin in the scrotum corresponds with skin of the abdominal wall

Perineal fascia and dartos muscle corresponds with superficial fascia

External spermatic fascia corresponds with external oblique 

Cremaster muscle and fascia corresponds with internal oblique

Internal spermatic fascia corresponds with transversalis fascia

Areolar tissue in cord corresponds with extraperitoneal fat

Tunica vaginalis corresponds with peritoneum

MUSCLES:
External abdominal oblique- largest and most superficial of the flat muscles.


Origination:  lower 8 ribs


Insertion: iliac crest, pubic tubercle, and linea alba


Fiber orientation: medially and inferiorly

Muscle ends lateral to the linea semilunaris but its tendon continues as an aponeurosis which contributes to the anterior layer of the rectus sheath; the inferior thickened border of this muscle forms the inguinal ligament

Internal abdominal oblique- deep to external abdominal oblique muscle.


Origination:  iliac crest and inguinal ligament


Insertion:  Superior and middle fibers-lower 3 ribs and linea alba

Inferior fibers-arch downward to insert with the transversus abdominus muscle onto the pubis

Fibers run at right angles to those of external abdominal oblique; superior to the arcuate line the aponeurosis of this muscle splits and contributes to both the anterior and posterior layers of the rectus sheath; inferior to the arcuate line the entire aponeurosis of this muscle passes anterior to the rectus abdominus muscle

Transversus abdominis-deepest of the flat muscles.


Origination:  lower 6 costal cartilages, iliac crest, and inguinal ligament


Insertion:  linea alba and pubis

 Supplied by thoracoabdominal nerves and vessels (T7-T12) which run between the internal oblique and the transversus abdominus; the aponeurosis of the superior part of this muscle contributes to the posterior layer of the rectus sheath; the aponeurosis of the most inferior part of this muscle passes anterior to the rectus sheath to insert directly into the pectin of the pubis; joins lowermost fibers of the aponeurosis of the internal abdominal oblique muscle to form the falx inguinalis (conjoint tendon)

The 3 flat muscles above are lateral flexors and rotators of the trunk.  They also increase intra-abdominal pressure during defecation, urination, and parturition.

Pyramidalis-triangular shaped; lies anterior to the lower part of the rectus abdominis muscle; arises from the superior surface of the pubic ramus and inserts into the linea alba

Rectus abdominus-lies on either side of the linea alba.


Origination: superior ramus of the pubis


Insertion: xiphoid process and costal cartilage of ribs 5-7

Divided into segments by the tendinous intersections which attach the muscle to the anterior wall of the rectus sheath; innervated by the thoracoabdominal nerves that pass through the muscle and pierce the anterior layer of the rectus sheath; supplied by branches of the superior and inferior epigastric arteries which anastomose near the umbilicus (drained by epigastric veins); this muscle is a powerful flexor of the trunk

NERVES:
Iliohypogastric-arises from the lumbar plexus (L1); pierces the aponeurosis of the external abdominal oblique muscle 3-5 cm above the superficial inguinal ring; visible on the surface of the internal abdominal oblique; doesn't enter the rectus sheath; supplies the inferior part of the abdominal wall

Ilioinguinal-arises from the lumbar plexus (L1); emerges from the superficial inguinal ring and passes onto the surface of the spermatic cord (male) or the round ligament of the uterus (female) into the scrotum or labia majora; visible on the surface of the internal abdominal oblique muscle; lies on the anterior surface of the external spermatic fascia: supplies the inferior part of the abdominal wall; provides anterior scrotal or labial cutaneous nerves

Thoracoabdominal nerves-branches of T7-T12; supplies portions of both the thoracic wall and abdominal wall; these nerves run between the internal oblique and the transversus abdominis; visible on the surface of the transversus abdominus muscle; they enter the rectus sheath

Genitofemoral (genital branch)-found within the spermatic cord; arises from L1-L2; innervates the cremaster muscle; is usually located on the surface of the cremasteric fascia

Celiac ganglia-2 are found on either side of the celiac trunk (T12-L1); provides the autonomic nerve supply to the abdominal viscera supplied by the celiac trunk and its branches

Innervation of Abdominal Viscera-innervation of abdominal and pelvic viscera is from a large ganglionated plexus (the aortic plexus) that receives contributions from both parasympathetic and sympathetic sources.  The aortic plexus is a prevertebral plexus that extends along the length of the abdominal aorta (hence its mane) and the iliac arteries.   The fibers are:

Sympathetic-contributions are from:

Thoracic splanchnic nerves (greater, lesser, and least splanchnic nerves)- which originate from preganglionic sympathetic neurons in the intermediolateral cell columns at T5-T12 spinal cord segments

Lumbar splanchnic nerves-originate from preganglionic sympathetic neurons in the intermediolateral cell columns at L1-L4 spinal cord segments

Parasympathetic-contributions are preganglionic fibers from the vagus nerves and the pelvic splanchnic (S2-S4) nerves.  The parasympathetic fibers do not synapse in the ganglia but with ganglia within the walls of the viscera.

Several ganglia are associated with the aortic plexus and are named for arterial branches of the aorta with which they are anatomically associated.  These ganglia contain postganglionic sympathetic neurons.  The ganglion are:

Celiac ganglion-adjacent to the celiac artery; receives preganglionic fibers from the greater splanchnic nerves (T5-T9);  note: some greater splanchnic nerve fibers do not synapse in the celiac ganglion but continue as preganglionic fibers to synapse in the adrenal medulla

Aortacorenal ganglion-adjacent to the renal arteries; receives preganglionic fibers from the lesser splanchnic nerves

Inferior mesenteric ganglion-adjacent to the inferior mesenteric artery; receives preganglionic fibers from the upper two lumbar splanchnic nerves

Postganglionic sympathetic fibers follow the distribution of the arteries of which they are associated.  The fibers of the aortic plexus intimately associated with a named ganglion also take the name of that ganglion  (example: fibers of the aortic plexus associated with the celiac ganglion may also be called the celiac plexus).  Fibers of the aortic plexus between the superior and inferior mesenteric plexuses (and their associated ganglia) are called intermesenteric plexus.
Innervation of the Pelvis-autonomic innervation of the pelvis is via:

Superior hypogastric plexus-is the caudal continuation of the abdominal aortic and intermesenteric plexuses situated anterior to the lower part of the abdominal aorta and its bifurcation.  This plexus contains sympathetic and parasympathetic components but the nerve fibers are primarily sympathetic vasomotor and sensory.  Nerve fascicles of this plexus may unite inferiorly to form right and left hypogastric nerves.  The fibers are:


Sympathetic-contribution is from the lower 2 lumbar splanchnic nerves


Parasympathetic-minimal contribution is from S2-S4

Inferior hypogastric plexus-formed by the uniting of the right and left hypogastric nerves (sympathetic) and the pelvic splanchnic nerves S2-S4 (parasympathetic); provides innervation to the rectum, prostate, seminal vesicles (male), or the rectum and vagina (female) deep to the peritoneum.  As with other plexuses, the branches of the inferior hypogastric plexus pass with branches of the internal iliac artery to the smooth muscle of the pelvic viscera (rectum, urinary bladder, prostate, uterus, ovary, etc.)

Summary:  nerves to the thoracic, abdominal, and pelvic viscera travel along the vessels supplying that organ.

Preganglionic sympathetic (splanchnic) input to the abdominal and pelvic plexus-usually synapse on ganglion cells within these plexuses; postganglionic fibers subsequently distribute along vessels

Preganglionic parasympathetic fibers-generally do not synapse on postganglionic fibers of the plexus but rather distribute along vessels to synapse on postganglionic fibers in the walls of organ to be innervated

Pain:
Organs within the thoracic and abdominal cavity-pain fibers travel back to the spinal cord along precisely the reverse of the pathway that brought sympathetic supply to these organs.  Thus, pain returns to the same segment supplying the preganglionic sympathetic neurons for the organ.  Some organs have exceptions.

Pelvic organs (except uterus)-pain as a result of distention returns centrally with neurons carrying parasympathetic outflow (S2-S4)

Uterus-pain associated with dysmenorrhea travels with sympathetic fibers of the superior hypogastric plexus via the hypogastric nerves.   Transection of these nerves may reduce or eliminate this pain

Heart-referred pain is from T1-T5 spinal cord levels via cervical and thoracic cardiac sympathetic nerves.  Sensory nerves return pain to the same levels, which is perceived in the 1st-5th intercostal spaces and medial aspect of the upper limb

Gall bladder-referred pain is from T7-T9 spinal cord levels.  True visceral pain is perceived as a dull ache in the upper abdomen, but referred pain in the 7th-9th intercostal spaces.

Other Nervous Functions:

Bladder emptying-controlled by parasympathetic fibers of the pelvic splanchnic nerves.  Rectal surgery may injure these nerves and lead to retention of urine

Peristalsis of GI tract-controlled by parasympathetic fibers

Stomach acid secretion-vagal parasympathetic fibers stimulate acid secretion by parietal cells in the stomach.  Transection of the vagal trunks is frequently carried out to reduce excess formation of acid associated with peptic ulcer

PELVIC FOLDS:
Median umbilical fold-runs superiorly from the apex of the bladder to the umbilicus; formed by the underlying median umbilical ligament which is a remnant of the fetal urachus

Medial umbilical folds-pass from the pelvis to the umbilicus and cover the underlying medial umbilical ligaments which are remnants of the fetal umbilical arteries

Lateral umbilical folds-overlie the inferior epigastric vessels

VEINS:
Epigastric-drains the rectus abdominus muscle

Lateral cutaneous branches of thoracoabdominal veins; tributaries of the posterior intercostal and subcostal veins

Pampiniform venous plexus-surrounds the testicular artery in the spermatic cord and scrotum; the vessels converge to form a single testicular vein at the level of the deep inguinal ring; varicocele is a condition in which these veins become dilated and tortuous

Portal Vein-lies within the hepatoduodenal ligament as part of the portal triad where it lies posterior to the proper hepatic and common bile duct; originates at the union of the splenic and superior mesenteric veins posterior to the head of the pancreas; the portal vein receives all venous blood from the GI tract (except the lower portion of the anal canal), pancreas, and spleen and conveys blood to the sinusoids of the liver.  At the porta hepatis it divides into left and right portal veins.  There are no functionally competent valves in the portal vein or its tributaries.  The portal venous system communicates with the caval (systemic) venous system, which allows an alternate path for blood from the GI tract to still reach the heart.  Major portal-caval anastomoses are:

1.) Esophageal tributaries of the left gastric vein with esophageal veins of the azygos system


2.) Superior rectal veins with middle and inferior rectal veins

3.) Paraumbilical veins in the falciform ligament with superficial veins in the anterolateral abdominal wall

4.) tributaries of splenic and colic veins with the left renal vein

If there is an obstruction of portal circulation, which can occur in certain diseases of the liver, these anastomoses are very important.  The obstructed blood flow produces portal hypertension that causes the veins in the portal-caval anastomotic areas to dilate and become varicose.  Clinical manifestations of portal hypertension include varicosities of rectal veins (hemorrhoids), esophageal varices, and varicosities of cutaneous veins around the umbilicus (caput medusae).  Bleeding from esophageal varices is often severe and may be fatal.

Splenic vein-exits the spleen at its hilum and runs posterior to the tail, body, neck and head of the pancreas; the short gastric veins, L gastro-omental vein, and the inferior mesenteric vein all drain into the splenic vein; it joins with superior mesenteric vein to form the portal vein

Hepatic veins-and tributaries drain blood from the sinusoids into the inferior vena cava

Mesenteric veins-the inferior mesenteric vein (located to the left of the artery) joins either the splenic vein or the superior mesenteric vein posterior to the body of the pancreas; the superior mesenteric vein (located to the right of the artery) joins with the splenic vein to form the portal vein

Inferior Vena Cava-the largest vein in the body is formed by the union of the common iliac veins at the level of L5.  The inferior vena cava ascends the abdominal cavity to the right of the aorta and pierces the diaphragm through the vena caval foramen at T8.  Tributaries correspond generally with the arterial branches of the aorta except for those veins that empty into the hepatic portal vein.  Receives venous blood from:


Common iliac-formed by the union of external and internal iliac veins

Lumbar-4 pairs empty into vena cava

Renal-these large veins lie anteriorly to the renal arteries.  Due to the embryology of the inferior vena cava, the left renal vein is longer that the right, passes over the aorta, and receives the left gonadal and left suprarenal veins


Right Gonadal-the shorter right vein drains into the vena cava

Right suprarenal-the shorter right vein drains into the vena cava

Right inferior phrenic-only the right vein ends in the inferior vena cava.  The left inferior phrenic vein usually joins the left suprarenal vein

Hepatic vein-these veins are short trunks that open into the inferior vena cava just as it passes through the diaphragm

Note: the inferior vena cava is the major pathway of venous emboli from the lower extremity, pelvis, and perineum to the right heart and consequently to the lungs

