Abdomen

I. Anterior Abdominal Wall

a. Superficial to deep layers of wall

i. Skin – skin of scrotum wrinkled b/c of underlying dartos musculature
ii. Superficial fascia
1. fatty layer of camper – has small blood vessels and nerves, doesn’t extend into scrotum or penis; contains superficial epigastric vein in area b/t umbilicus and inguinal region
2. membranous deep layer of scarpa – lies superficial to aponeurosis of external oblique, mainly composed of fibrous tissue; continuous with superficial perineal fascia and dartos fascia (surrounds shaft of penis and scrotal sac)
scarpa’s fascia ends inferiorly by being attached to the fascia lata of thigh and so things below scarpa can’t move into thigh; can move laterally, superiorly and inferiorly into scrotal sac/labia majora

iii. External oblique – origin = external surface of lower ribs
iv. Internal Oblique – insertion = inferior surface of the lower ribs
v. Transversus abdominus – origin = interior surfaces of lower ribs
vi. Fascia transversalis

vii. Extraperitoneal fatty areolar tissue 

viii. Peritoneum

b. Muscles

i. 3 flat muscles (external and internal obliques and transverses) reinforced by rectus abdominis which is enclosed in sheath formed by aponeuroses of 3 flat muscles; linea alba = whitish groove in midline of abdominal wall, formed by interlacing fibers of aponeuroses from right and left side
c. Innervation of abdominal wall

i. Via ventral rami of lower 6 thoracic nerves (anterior cutaneous nerves are terminal twigs of these rami)
1. T 7,8,9 – region superior to umbilicus
2. T 10 – skin around umbilicus
3. T 11, 12 and L1 – region inferior to umbilicus
d.  Male/Female Abdominal Structures

i. Male
1. testes in scrotum—special outpouching of anterior abdominal wall
2. scrotum = skin and superificial fascia (no fat)
3. each testis connected to intrapelvic structures via ductus deferens
4. ductus deferens and associated nerves and vessels = major components of spermatic cords
5. spermatic cords traverse abdominal wall via inguinal canal
6. inguinal canal is where intestines can herniated into
ii. Female
1. inguinal canal is small
2. has round ligament of uterus (corresponds in position to spermatic cord)
e. Landmarks and surface anatomy

i. xiphisternal junction – inferior end of the body of sternum
ii. costal margin – upturned ends of costal cartilages 7 to 10
iii. pubic symphisis – marks lowest limit of ant abdominal wall in median plane
iv. pubic crest – extends laterally from symphysis
v. pubic tubercle – lateral end of pubic crest
vi. inguinal ligament – stretches from pubic tubercle to anterior superior iliac spine
vii. anterior superior iliac spine – anterior end of the iliac crest
viii. tubercle of the crest – most lateral point of the crest 
f. Inguinal Region

i. Inguinal canal traverses anterior abdominal wall, runs parallel to and just superior to medial half of inguinal ligament; b/t superificial ring (opening in aponeurosis of external oblique) and deep ring (opening in transversalis facia) through arches formed by three flat muscles; inferior boundary = inguinal ligament

ii. Spermatic cord passes thru canal in males; round ligament in females

iii. Aponeurosis of external oblique forms first and most superficial arch-traversed by spermatic cord

1. superficial ring- subcutaneous

base = pubic crest and 

sides = medial (superior) crus – portion of aponeurosis attaching to pubic bone 

   crest medial to pubic tubercle

lateral (inferior) crus – portion of aponeurosis attaching to pubic tubercle 

via inguinal ligament

2. intercrural fibers – lateral to apex of triangular gap, prevent crura from spreading 

      apart

iv. inguinal ligament – forms free inferior border of aponeurosis of external oblique; attaches 

        to ASIS and to pubic tubercle

v. inguinal nerve – branch of L1, emerges from superficial ring lateral to spermatic 

   cord/round ligament sends sensory twigs to external genitalia and medial   

   aspect of thigh

vi. Inguinal hernias

1. Direct inguinal hernia – outward bulging of a sac whose walls composed of peritoneum, extraperitoneal fat and fascia transversalis, if this hernial sac protrudes medial to the inferior epigastric vessels, condition = direct inguinal hernia

2. indirect inguinal hernia – enlarged or congenitally patent inguinal canal = potential channel through which abdominal viscera may protrude through inguinal canal, located lateral to inferior epigastric vessels


g. Internal oblique and its contribution to the inguinal canal

i. Forms second arch of arcade = deep inguinal ring; internal oblique contributes to cremaster muscle which connects internal oblique to spermatic cord
ii. Conjoint tendon – aponeurosis of internal oblique and transverses abdominis that join together as they insert into the pubic crest and pectin pubis medial to the inguinal canal
h. Transversus abdominis and  its contributions to the inguinal canal

i. Contributes to third and deepest arch of the arcade
i. Deep Inguinal Ring and transversalis fascia
i. Under transverses abdominus is transversalis fascia  which is the internal investing layers which lines entire abdominal wall, somewhat transparent and under this is peritoneum

ii. Deep inguinal ring = internal opeining of the inguinal canal

j. Rectus Abdominis

i. 3 times as wide superiorly as it is inferiorly
ii. Insert into cartilages of ribs 5-7
iii. Inferiorly muscle arises from pubic symphysis and body of pubis
iv. On anterior surface of inferior part of rectus abdominis is triangular muscle = pyramidalis (fxnlly unimportant)
v. Encased in rectus sheath which is made up of apneuroses of three flat muscles
vi. Rectus sheath attached to rectus abdominus at three points called tendinous insertions
vii. Anterior branches of spinal nerves T7-12 pierce rectus sheath laterally

viii. Posterior surface of inferior half has LARGE inferior epigastric vessels; posterior surface of superior half has smaller superior epigastric vessels

ix. Arcuate line – on posterior side of rectus sheath, halfway b/t pubic symphysis and umbilicus; inferior epigastric enters sheath at this line
Inferior to the arcuate line, only the tranversalis fascia lies posterior to the rectus abdominus (no sheath); superior to the line the internal oblique aponeurosis splits and forms the posterior part of the sheath with the transversus aponeurosis and with the external oblique aponeurosis forms the superior portion of the rectus sheath

x. Linea alba – formed by decussating fibers of aponeuroses of R and L flat abdominal muscles

k. Features of posterior portion of abdominal wall
i. Falciform ligament – spans space b/t anterior abdominal wall and liver

ii. Ligamentum teres – in inferior free margin of falciform ligmant; is the obliterated umbilical vein which carried oxygenated blood from placenta to fetus

iii. Median umbilical ligament = obliterated allantoic duct (urachus) in midline ascending from apex of bladder

iv. Medial umbilical ligament = obliterated umbilical artery, one on each side of median umbilical ligament

II. Scrotum, Spermatic Cord and Testis

III. Peritoneum and Peritoneal Cavity

a. Peritoneum

i. Thin, translucent serous membrane
ii. Lines walls of abdominal cavity = parietal peritoneum

iii. Forms completely closed sac = peritoneal cavity (in females, uterine tubes open into peritoneal cavity)
iv. Organs that invaginate into peritoneal sac invested in peritoneum; outer investment = visceral peritoneum

v. Retroperitoneal organs – remain behind peritoneum and just covered in front by peritoneum (urinary system)
vi. Two layers of peritoneum attached to each of two curvatures of stomach – lesser omentum attached to lesser curvature and greater omentum attached to greater curvature
vii. Mesenteries – two layers of peritoneum that sling intestine from posterior abdominal wall; vessels and nerves travel to and from intestines b/t the two layers 
viii. All other double layers and folds of peritoneum = peritoneal ligaments

b. Abdominal Cavity and Viscera

i. Greater Omentum—attached to caudal border of greater curvature of the stomach; spread out like apron anteriorly over transverse colon and extends inferiorly to cover portions of SI; has mobility and can wrap around inflamed areas to prevent spread of infection
ii. Diaphragm—forms roof of abdomen
iii. Liver – divided into left and right lobe by falciforum ligament which connects liver to the diaphragm and to anterior abdominal wall in median plane; also has quadrate and caudate lobes

1. largest organ in male and non-pregnant female, weighs 1.2-1.6kg; R lobe 6 times larger than L lobe

2. diaphragmatic surface –contact with diaphragm, extensive, convex and smooth

3. visceral surface—contact with viscera, concave and irregular

· right sagittal fossa-posteriorly forming groove for IVC and shallow bed for gallbladder

· left sagittal fissure-carries ligamentum venosum posteriorly  and ligamentum teres inferiorly

· transverse fissure = porta hepatis

4. porta hepatic—posterior surface, “doorway” to liver thru which vessels, ducts and nerves enter/exit

5. hepatoduodenal ligament – b/t the two peritoneal layers of this ligament are the structures that pass to porta hepatic: hepatic artery, portal vein, bile passages, autonomic nerves and lymphatics

6. Inferior vena cava—lies along dorsal surface of liver and pierces diaphragm
7. omental foramen = opening into omental bursa (lesser sac) anterior to which is hepatoduodenal ligament

· Omental bursa: inferior recess posterior to stomach, superior recess in median plane b/t liver an posterior aspect of diaphragm, peritoneal attachments of spleen = boundaries of the lesser sac

8. attachments of liver: falciform ligament separates R and L subphrenic recesses b/t diaphragm and R/L lobes of liver; peritoneal reflections from liver onto diaphragm leave irregular uncovered area-peritoneal reflections are called coronary ligament or hepatorenal ligament; left triangular ligament attaches left hepatic lobe to diaphragm; inferior to hepatorenal ligament is a potential peritoneal space-hepatorenal recess (pathological fluids can accumulate here; abscess formation common in subphrenic recess which could penetrate diaphragm and enter pleural cavit) 

iv. Gallbladder—attached to visceral (inferior) surface of liver; reaches beyond sharp inferior border of liver

1. has four contact relations-liver, duodenum, colon and anterior abdominal wall

v. Bile Passages 
1. Bile duct within hepatoduodenal ligament – connected to gall bladder via cystic duct;

Feeds into common hepatic duct which branches into short R and L hepatic ducts that feed into the liver

2. Passes through wall of descending duodenum and has own sphincter—choledochus; opening of common bile duct into duodenum occurs at major duodenal papilla covered by hood-like plica
3. main pancreatic duct joins the terminal portion of the bile duct at sphincter of heptopancreatic ampulla
4. presence of substantial network of autonomic nerves—celiac ganglia
5. hepatic lymph nodes – around bile duct and portal vein

vi. Stomach—long and convex greater curvature; shorter and concave lesser curvature connected to lesser omentum

1. longitudinal ridges inside along lesser curvature

2. pyloric antrum and canal

vii. Spleen—lies posterior to stomach in contact with diaphragm; connected to left part of lesser curvature of stomach by two layers of peritoneum

1. splenorenal ligament-stretches from spleen to left kidney from dorsal area of spleen

2. gastrosplenic ligament – b/t greater curvature of stomach and spleen

3. two ligaments suspend spleen b/t kidney and stomach forming a pedicle that transmits blood vessels to and from the hillus of the spleen

4. hilus-exit/entry of splenic vessels

5. visceral surface contacts: gastric, renal, pancreatic and colic

viii. Pancreas – lies posterior to stomach,

1. branches of splenic artery feeding into it 

2. gastroduodenal artery also goes to pancreas and forms superior anterior and posterior pancreaticoduodenal arches which supply proximal part of duodenum and pancreas with blood from celiac trunk 

3. branches from the SMA form the anterior and posterior inferior pancreaticoduodenal arteries

4. main pancreatic duct goes to duodenum at major duodenal papilla, joining with terminal portion of common bile duct

ix. Celiac trunk
1. hepatic artery proper – left of bile duct; comes from celiac trunk which originates from abdominal aorta immediately inferior to diaphragm

2. at first part of duodenum-common hepatic artery branches into gastroduodenal artery and hepatic artery proper
3. Branches of hepatic artery:
· Right gastric artery-to lesser curvature of stomach

· Left hepatic artery-to left lobe of liver

· Right hepatic artery-to R lobe of liver

· Cystic artery-to gall bladder, usually arising from right hepatic artery

4. Branches of celiac trunk
· Common hepatic artery – see above

· Splenic artery – follows along superior border of pancreas to hilus of spleen; contributes branches to body and tail of pancreas; short gastric branches to fundus of stomach; lymph nodes along course of splenic called pancreaticosplenic nodes

· Left gastric artery – goes to lesser curvature of stomach and anastomoses with R gastric artery to form arterial arch along lesser curvature

5. Gastroepiploic arteries

· R gastroepiploic artery – arises from gastroduodenal artery and follows greater curvature of stomach
· L gastroepiploic artery—branches from splenic artery and follows greater curvature of stomach
x. Portal Vein and tributaries

1. Splenic vein—inferior to splenic artery
2. Splenic vein feeds into portal vein
3. superior mesenteric vein – largest tributary of portal vein, feeds into portal vein at same point as splenic
4. inferior mesenteric vein—drainage point might be at splenic vein or superior mesenteric vein or may join portal vein at junction of splenic and superior mesenteric
5. gastric and esophageal veins—carry blood from esophagus and lesser curvature of stomach to portal vein
xi. SI—jejunum and ileum = mobile coils; duodenum = first part of SI and attaches to pylorus of stomach; SI empties into cecum of LI

1. duodenum has 4 parts: superior, descending, inferior, and ascending (4th part)

2. first part is mobile and attached to liver via hepatoduodenal ligament; lesser curvature of stomach and duodenum = attachment site of lesser omentum which has two parts—hepatoduodenal ligament and hepatogastric ligament 

3. duodenum is C-shaped and molded around head of pancreas

4. inside: major duodenal papilla and plica that covers it; plicae circulares-pronounced folds of mucosa

5. duodenum terminates at duodenojejunal junction—which is where immobile duodenum ends and mobile jejunum begins; junction held in place by suspensory ligament of duodenum which is a fibromuscular ligament arising from right crus of diaphragm, descending and crossing over 

6. Jejunum and ileum: jejunum = proximal 2/5 of mobile SI and ileum = distal 3/5; jejunum has plicae circulares, ileum has very few

7. root of mesentery of mobile part of SI stretches diagonally across posterior wall from duodenojejunal to ileocecal junction

xii. LI – R side = ascending colon

        Superior = transverse colon

        L side = descending colon and then sigmoid colon

        Rectum and anal canal

1. appendix attached to cecum – extends inferiorly beyond ileocecal junction into right iliac fossa; opens into cecum inferior to ileocecal orifice

2. ascending colon – has no mesentery-attached to posterior abdominal wall; ascends to liver and makes right-angle bend (right colicflexure)

3. transverse colon—extends transversely from right colic fixture to left colic flexure which is attached to diaphragm via phrenicocolic ligament which is also shelf for spleen; transverse colon mesentery connected to inferior border of spleen; greater omentum also adherent to transverse colon

4. descending colon—descends to pelvic brim, smaller than ascending colon, attached to posterior abdominal wall

5. sigmoid colon--has long mesentery and lots of freedom for movement

6. rectum—only partially covered by peritoneum

7. outer longitudinal muscular coat of LI concentrated into three narrow bands—teniae coli which begin at appendix

8. teniae coli cause formation of sacculations called haustra; internally crescentic mucosal folds called plicae semilunares
9. appendices epiploicae = small bags of fat that hang from colon throughout its length

xiii. Peritoneal gutters
1. right lateral (paracolic) gutter-to right of ascending colon—may conduct fluid from omental bursa via hepatorenal pouch in pelvis

2. left lateral gutter (paracolic) – left of descending colon; closed cranially by phrenicocolic ligament

3. gutter to right of mesentery-is closed cranially and caudally

4. gutter to left of mesentery-opens widely into pelvis

xiv. Superior and Inferior Mesenteric Vessels
1. Superior Mesenteric Artery (SMA) – arises from abdominal aorta; supplies: duodenum, jejunum, ileum, cecum with appendix, ascending colon, and half of transverse colon

2. superior mesenteric plexus of nerves-at origin of sma

3. superior mesenteric nodes-located near point of origin of SMA; mesentery also contains lots of nodes

4. Superior mesenteric vein – to R of SMA; drains same area that SMA supplies

5. both vessels branch and go in b/t two layers of mesentery:

· Intestinal arteries—15-18 arteries to jejunum and ileum; arteries unite to form loops from which straight terminal branches arise (vasa recta) and pass into ileum and jejunum

· Ileocolic artery—passes to R of iliac fossa; supplies cecum and appendix; anastomoses with ileal branches and with R colic artery

· Right colic artery—arises from either SMA or iliocolic artery; supplies ascending colon

· Middle colic artery—supplies right half of transverse colon
· Tributaries of superior mesenteric vein correspond to branches of SMA

· Branches also go to head of pancreas and 3 distal portions of duodenum; form the anterior and posterior inferior pancreaticoduodenal arteries

6. Inferior Mesenteric Artery (IMA) –unpaired vessel, arises from abdominal aorta superior to aorta bifurcation; supplies: left half of transverse colon, descending colon, sigmoid colon, greater part of rectum; origin of artery surrounded by inferior mesenteric plexus; branches:

· Left colic artery: supplies descending colon and left half of transverse colon, anastomoses with middle colic artery

· Sigmoidal arteries: four branches that form arches

· Superior rectal artery: supplies proximal part of rectum, divides into a R and L branch that decineds on either side of rectum

· Branches of inferior mesenteric vein corresponds to branches of IMA, feeds into portal vein, accompanied by lymph nodes that drain into inferior mesenteric nodes around root of IMA

IV. Posterior Abdominal Structures

a. Retroperitoneal space—space b/t parietal peritoneum and the muscles and bones of posterior abdominal wall: kidneys and ureters, paired suprarenal glands, aorta, IVC, and abdominal portion of bilateral sympathetic trunks
b. Kidneys—lie lateral to vertebral column at levels of T12 to L3
i. Embedded in perirenal fat or adipose capsule—mostly to lateral and posterior of kidney; renal fascia encloses kidney and fatty capsule—anterior layer runs with renal vessels and posterior layer blends with fasciae of two muscles of posterior abdominal wall: quadratus lumborum and psoas. Kidneys are not rigidly fixed to posterior abdominal wall
ii. Right Kidney-inferior part was in contact with right colic flexure; 3/4 of ventral surface covered in parietal peritoneum and was in contact with visceral surface of liver; medial border in contact with descending portion of duodenum
1. Right renal vein-runs from IVC to hilus of right kidney
2. Right renal artery

iii. Left Kidney-at middle of ventral surface, in contact with tail of pancreas and inferior to this area was in cntact with left colic flexure
1. Left renal vein-from IVC to hilus of left kidney; branches: left testicular/ovarian vein, venous channels from left suprarenal gland
2. Left renal artery—feeds into renal hilus, usually divides into two branches before entering kidney with fine branches to ureter and suprarenal gland; accompanied by autonomic nervous fibers
iv. Left Renal Pelvis and Ureter—at most posterior part of hilus
1. ureter-crosses psoas major muscle; runs obliquely posterior to ovarian vessels; superior portion of the right ureter runs lateral to IVC
v. Vessels

1. Male: testicular vessels cross ureter; left testicular vein drains into L renal vein and right testicular vein drains into IVC; R and L testicular arteries originate directly from the aorta, inferior to the origin of the renal arteries
2. Female: ovarian vessels  cross external iliac vessels close to ureter
