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GI Embryology

ÅEndoderm ĄGI tract
ÅGI tract epithelium, glands

ÅMany organs bud off: liver, pancreas, trachea

ÅMesoderm Ą Surrounding structures
ÅStroma (GI tract connective tissue)

ÅMuscles

ÅPeritoneum

ÅSpleen
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Portions of GI Tract

ÅForegut
ÅCeliac trunk

ÅMouth to Ampulla of Vater

ÅMidgut
ÅSMA

ÅAmpulla of Vater to transverse colon

ÅHindgut
ÅIMA

ÅTransverse colon to rectum

Wikipedia/Public Domain



Mesentery

ÅDouble layer of peritoneum

ÅSuspends abdominal organs from cavity walls

ÅIntraperitoneal organs
ÅEnclosed by mesentery

ÅRetroperitoneal organs
ÅCovered by peritoneum only on anterior wall

ÅLie against posterior abdominal wall



Mesentery

Wikipedia/Public Domain



Mesentery

ÅDorsal mesentery
ÅGut moves away posterior wall in development

ÅDorsal mesentery grows between gut and posterior wall

ÅCovers most abdominal structures

ÅVentral mesentery
ÅOnly exists bottom esophagus, stomach , upper duodenum

ÅDerived from septum transversum (mesenchyme tissue)

ÅLiver grows into this mesentery

ÅIn adult: lesser omentum and falciform ligament



Mesentery
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Mesentery

OlekRemesz/Wikipedia



Mesentery

ÅMesogastrium

ÅMesoduodenum

ÅMesocolon



Omentum
,ÁÔÉÎȡ ȰÁÐÒÏÎȱ

ÅGreater omentum
ÅHangs from greater curvature of stomach

ÅCovers intestines

ÅFormed from mesogastrium

ÅLesser omentum
ÅBetween stomach and liver

ÅFormed from ventral mesentery



Foregut Development

Å,ÕÎÇ ȰÂÕÄÓȱ ÏÆÆ ÆÒÏÍ ÆÏÒÅÇÕÔ
ÅȰ2ÅÓÐÉÒÁÔÏÒÙ ÄÉÖÅÒÔÉÃÕÌÕÍȱȠ ȰÌÕÎÇ ÂÕÄȱ

ÅTracheoesophageal septum divides diverticulum

ÅMatures into separate trachea and esophagus

ÅAbnormal septum development Ą pathology
ÅEsophageal atresia (closed esophagus)

ÅOccurs when septum deviates posteriorly



Esophageal Atresia

Lewis Spitz. Oesophagealatresia. OrphanetJournal of Rare Diseases

EA with TEF
Most Common 

H-TypePure EA



Esophageal Atresia
Clinical Features

ÅEsophageal atresia
ÅEsophagus does not connect to stomach

ÅPolyhydramnios (baby cannot swallow fluid)

ÅDrooling, choking, vomiting (accumulation secretions)

ÅCannot pass NG tube into stomach

ÅFistula esophagus Ą trachea
ÅGastric distension (air in stomach on CXR)

ÅReflux Ą aspiration pneumonia Ą respiratory distress



Esophageal Atresia
Clinical Features

ÅTreatment: surgical repair

ÅPrognosis:
ÅSometimes residual dysmotility

ÅGERD



Midgut Development
Herniation

ÅAbout 6th week of development 

ÅAbdomen temporarily becomes too small 

Å)ÎÔÅÓÔÉÎÅÓ ȰÈÅÒÎÉÁÔÅȱ through umbilical cord
ÅȰ0ÈÙÓÉÏÌÏÇÉÃ ÈÅÒÎÉÁÔÉÏÎȱ

ÅVisible on fetal ultrasound!

ÅReduction of hernia occurs by 12th week



Omphalocele

ÅPersistence of normal herniation = omphalocele
ÅIntestines covered by membrane outside body

ÅȰ3ÉÍÐÌÅ ÏÍÐÈÁÌÏÃÅÌÅȱ

ÅLiver does not herniate

ÅIf lateral embryonic folds fail Ą liver in omphalocele
ÅLiver-containing omphalocele

ÅKey features:
ÅCovered by peritoneum

ÅThrough umbilical cord

CDC/Public Domain



Omphalocele

ÅNormal GI function

ÅMany genetic defects
ÅTrisomy 21 (Down syndrome )

ÅTrisomy 18 (Edwards syndrome)

ÅTrisomy 13

ÅMany associated conditions
ÅCongenital heart defects (up to 50% babies)

ÅOrofacial clefts

ÅNeural tube defects



Gastroschisis

ÅExtrusion of bowel through abdominal wall

ÅExact mechanism unclear
ÅProbably involves incomplete closure of abdominal wall

ÅParaumbilical abdominal wall defect
ÅUsually on right side of umbilical cord

ÅNot covered by peritoneum



Gastroschisis

ÅPoor GI function
ÅOften associated with atresia, stenosis

ÅFew associated defects
ÅIf GI function restored, good prognosis

ÅRarely associated with Down, other congenital disease



Abdominal Wall Defects

Treatment for both: Surgical reduction/closure



Midgut Development
Rotation

ÅDuring physiologic herniation, bowel rotates

ÅMidgut rotates around SMA

ÅContinues after return to abdomen

ÅResults in normal positioning of small bowel, colon

ÅCecum in right lower quadrant  



ÅObstruction 
ÅCecum in mid-upper abdomen

ÅPeritoneal tissue (Ladd bands)

ÅDuodenal obstruction

ÅVolvulus
ÅSmall bowel twists around SMA

ÅVascular compromise Ą ischemia Ą obstruction

ÅVomiting, sepsis (bowel necrosis)

ÅAbdominal distention, blood in stool

ÅTreatment: surgery

ÅLeft sided colon
ÅAnatomic variant

Malrotation

Wellcome Images/Wikipedia



Vitelline Duct Pathology

ÅIn early development, midgut open to yolk sac
ÅDoes not become enclosed like other portions of gut

ÅBy week 5, connection with yolk sac narrows
ÅȰ9ÏÌË ÓÔÁÌËȟȱ ȰÖÉÔÅÌÌÉÎÅ ÄÕÃÔȟȱ ȰÏÍÐÈÁÌÏÍÅÓÅÎÔÅÒÉÃ ÄÕÃÔȱ

ÅNormally, vitelline duct disappears by week 9

ÅPersistence Ą congenital anomalies
Å-ÅÃËÅÌȭÓ ÄÉÖÅÒÔÉÃÕÌÕÍ (most common)

ÅCysts, polyps



-ÅÃËÅÌȭÓ $ÉÖÅÒÔÉÃÕÌÕÍ

ÅMost common congenital GI abnormality

ÅPersistent remnant of vitelline duct

ÅDiverticulum of small bowel (ileum)
ÅȰ/ÕÔÐÏÕÃÈÉÎÇȟȱ Ȱ"ÕÌÇÉÎÇȱ



-ÅÃËÅÌȭÓ $ÉÖÅÒÔÉÃÕÌÕÍ

ÅȰ4ÒÕÅ ÄÉÖÅÒÔÉÃÕÌÕÍȱ
ÅContains all layers of bowel : mucosa, submucosa, muscular 

ÅMost diverticulum only mucosa/submucosa

ÅUsually defect (hole) in muscular layer

ÅOften contains stomach tissue
ÅȰEctopic gastric tissueȱ

ÅOrigin unclear

ÅSometimes pancreatic tissue also

Raziel/Wikipedia

https://fr.wikipedia.org/wiki/User:Raziel


-ÅÃËÅÌȭÓ $ÉÖÅÒÔÉÃÕÌÕÍ

ÅUsually no symptoms

ÅCan present any age but 50% <10 years

ÅOften incidental discovery
ÅOther imaging

ÅAbdominal surgery for other reason

ÅEctopic gastric tissue may secrete acid
ÅUlceration

ÅPain

ÅBleeding

ÅPotential cause of obstruction, diverticulitis



-ÅÃËÅÌȭÓ $ÉÖÅÒÔÉÃÕÌÕÍ

Å2ÕÌÅ ÏÆ ςȭÓ:
Å2 percent of population 

ÅMale-to-female ratio 2:1

ÅWithin 2 feet from the ileocecal valve

ÅUsually 2 inches in size



-ÅÃËÅÌȭÓ $ÉÖÅÒÔÉÃÕÌÕÍ

ÅDiagnosis
ÅTechnetium scan

ÅTracer taken up by gastric cells in diverticulum

ÅAlso capsule endoscopy

ÅTreatment: Surgery



Other Vitelline Duct Anomalies

ÅCyst
ÅOften discovered incidentally at surgery

ÅSinus
ÅCavity behind umbilicus

ÅPersistent duct
ÅIntestinal discharge from umbilicus



Atresia and Stenosis

ÅAtresia = closed/absent opening

ÅStenosis = narrowing/obstruction

ÅCan occur anywhere in GI tract
ÅDuodenum most common

ÅColon most rare

ÅPolyhydramnios 

ÅBilious vomiting



Duodenal Atresia

Å0ÒÏÂÁÂÌÙ ÄÕÅ ÔÏ ÆÁÉÌÕÒÅ ÏÆ Ȱrecanalization ȱ
ÅIn early development, duodenum occludes

ÅDue to endodermal proliferation of epithelium

ÅPatency restored by recanalization

ÅAssociated with Down syndrome

ÅDouble bubble sign
ÅDistention of duodenum stump and stomach

ÅTight pylorus in middle



Jejunal-Ileal-Colonic Atresia

ÅVascular disruption Ą ischemic necrosis of intestine
ÅNecrotic tissue resorbed

ÅLeaves blind ends of bowel

ÅReproduced in animals with arterial ligation

ÅBowel distal to blind end may be curled
ÅȰApple peel atresiaȱ

Pixabay/Public Domain



Pyloric Stenosis

ÅPylorus: Connection stomach Ą duodenum

ÅHypertrophy of pylorus = pyloric stenosis

ÅIntestinal obstruction
ÅȰProjectile ȟȱ ÎÏÎ-bilious vomiting (clear/yellow)

ÅPalpable mass
Å&ÅÅÌÓ ÌÉËÅ ȰÏÌÉÖÅȱ

Wikipedia/Public Domain



Pyloric Stenosis

ÅOften occurs as newborn (few weeks old)

Å30% are first born children

ÅMore common in males

Voiceboks/Wikipedia



Spleen Embryology

ÅArises from dorsal mesodermal tissue of stomach
ÅNot from endoderm!

ÅBlood supply: celiac trunk (like stomach)

ÅStomach rotation Ą spleen on left side

ÅRetained connection to stomach
ÅGastrosplenic (gastrolienal) ligament

ÅCarries short gastric arteries, left gastroepiploic vessels
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GI Tract

Wikipedia/Public Domain



Abdominal CT Scans



Abdominal CT Scans



Abdominal CT Scans



Abdominal CT Scans



Abdominal CT Scans



Intra versus Retroperitoneal

ÅIntraperitoneal Structures
ÅCovered by mesentery (visceral peritoneum)

ÅStomach, appendix, liver, spleen

ÅSmall intestine: 1st part duodenum, jejunum, ileum

ÅColon: Transverse, sigmoid, part of rectum 

ÅPancreas: Tail



Intra versus Retroperitoneal

ÅRetroperitoneal Structures
ÅAorta, IVC

ÅKidneys

ÅSmall intestine: 2nd/3 rd portions duodenum

ÅColon: ascending/descending, part of rectum

ÅPancreas: Head, body



Retroperitoneal Bleeding

ÅBlood visible on CT scan

ÅMany causes

ÅOften a complication of surgical procedures

Zorkun / Wikidoc



Greater and Lesser Sac

ÅPeritoneal cavity divided into greater/lesser sac

ÅGreater sac
ÅEntire width of abdomen

ÅDiaphragm to pelvic floor

ÅLesser sac
ÅClosed space

ÅBehind liver, stomach, lesser omentum

Å%ÐÉÐÌÏÉÃ ÆÏÒÁÍÅÎ ɉ/ÍÅÎÔÁÌȟ 7ÉÎÓÌÏ×ȭÓɊ
ÅOpening between greater/lesser sacs



Greater and Lesser Sac



Pectinate Line
Dentate or anocutaneous line

ÅPart of anal canal

ÅAbove line
ÅDerived from hindgut

ÅColumnar epithelium

ÅSimilar to digestive tract 

ÅBelow line
ÅDerived from proctodeum (ectoderm)

ÅStratified squamousepithelium

ÅSimilar to skin

C Michael Gibson/Wikidoc



Above Pectinate Line

ÅSuperior rectal artery
ÅBranch of IMA (like distal colon)

ÅVenous drainage:
ÅSuperior rectal vein Ą inferior mesenteric Ą portal system

ÅMay swell in portal hypertension

ÅLymph drainage: Internal iliac nodes

ÅVisceral innervation (no pain)

ÅInternal hemorrhoids 

ÅAdenocarcinoma (rare form of anal cancer)

C Michael Gibson/Wikidoc



Below Pectinate Line

ÅInferior rectal artery
ÅBranch of internal pudendal artery (off iliac)

ÅVenous drainage to IVC
ÅInferior rectal Ą internal pudendal Ą internal iliac Ą IVC

ÅLymph drainage: Superficial inguinal nodes

ÅSomatic innervation (painful)

ÅExternal hemorrhoids

ÅSquamous cell carcinomas (more common anal CA)

C Michael Gibson/Wikidoc



Imperforate Anus

ÅHindgut and ectoderm meet to form anus

ÅAbsence of anal opening = imperforate anus

ÅCommonly associated with GU malformations
ÅRenal agenesis

ÅBladder exstrophy

ÅPresentations:
ÅFailure to pass meconium

ÅMeconium from urethra or vagina (fistula)
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Celiac Trunk
Key Points

ÅSupplies foregut structures

ÅEsophagus, stomach, liver, gallbladder, spleen

ÅPart of duodenum, pancreas

ÅMain branches: 
ÅCommon hepatic

ÅSplenic

ÅLeft gastric



Celiac Trunk
Major Branches

Splenic

Left Gastric

Common
Hepatic



Celiac Trunk
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Perforated Ulcers

ÅGastric ulcers common lesser curvature
ÅRupture Ą bleeding from left gastric artery

ÅPosterior duodenal ulcers
ÅRupture Ą bleeding from gastroduodenal artery



Short Gastric Arteries

ÅFive to seven small vessels

ÅBranches of splenic artery (celiac trunk)

ÅSupply fundus and upper cardiac portions stomach

ÅVulnerable to ischemia if splenic artery occluded
ÅNo dual blood supply

ÅContrast with gastric and gastroepiploic
ÅSupplied by dual sources



Hepatoduodenal Ligament

ÅConnects liver to duodenum

Å&ÏÕÎÄ ÏÎ ȰÆÒÅÅ ÂÏÒÄÅÒ ÏÆ ÌÅÓÓÅÒ ÏÍÅÎÔÕÍȱ

ÅContains:
ÅProper hepatic artery (branch of common hepatic)

ÅPortal vein

ÅCommon bile duct

Å0ÒÉÎÇÌÅȭÓ ÍÁÎÅÕÖÅÒ
ÅClamping of hepatoduodenal ligament

ÅUsed to controls liver bleeding

ÅIf bleeding continues: IVC or hepatic veins



Celiac Trunk
Major Branches

Splenic

Left Gastric
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Hepatoduodenal Ligament

OlekRemesz/Wikipedia



SMA
Key Points

ÅSupplies midgut structures

ÅDistal duodenum, jejunum, ileum, cecum, appendix

ÅAscending colon, first 2/3 of transverse colon

ÅDescends across pancreas head and duodenum



SMA
Superficial Mesenteric Artery Middle Colic

Right
Colic

Ileocolic

Ileal and
Jejunal Arteries



Arcades and Vasa Recta

ÅArcades: Anastamoses of ileal/ jejunal arteries 

ÅVasa recta: Arteries extending from arcades

Wikipedia/Public Domain



SMA Syndrome

ÅRare cause of bowel obstruction

ÅSMA courses over distal 1/3 of duodenum
ÅDistal duodenum between aorta and SMA

ÅMesenteric fat keeps SMA away from duodenum

ÅIf pressed downwards Ą obstruction

ÅClassic patient: Recent, massive weight loss 
ÅFat pad shrinks



IMA
Key Points

ÅSupplies hindgut structures

ÅLast 1/3 transverse, descending, sigmoid colon



IMA
Inferior Mesenteric Artery Left Colic

Sigmoid
Arteries



Dual Blood Supply Areas
Abdominal Collaterals

ÅCeliac trunk ɀSMA
ÅSuperior and inferior pancreaticoduodenal arteries

ÅSupplies duodenum and pancreas

Superior
Pancreaticoduodenal

Inferior
Pancreaticoduodenal

Celiac SMA



Dual Blood Supply Areas
Abdominal Collaterals

ÅSMA ɀIMA 
ÅMarginal artery of Drummond 

ÅBranches from middle (SMA) and left (IMA) colic arteries 

Marginal Artery
of Drummond

IMA

SMA



Dual Blood Supply Areas
Abdominal Collaterals

ÅIMA ɀIliac 
ÅOccurs in rectum 

ÅSuperior rectal (IMA) merges with middle rectal (iliac)

ÅRectal ischemia from occlusion rare

Middle 
Rectal

Superior 
Rectal

Internal
Iliac



Intestinal Ischemia

ÅMesenteric ischemia
ÅIschemia of the intestines

ÅIschemia of small intestine is most severe

ÅOften life threatening

ÅIschemic Colitis
ÅIschemia of the colon

ÅMay spontaneously resolve



Mesenteric Ischemia
Causes 

ÅEmbolism (most common)
ÅOften cardiac origin

ÅLV thrombus

ÅLA appendage (atrial fibrillation)

ÅOften affects jejunum (via SMA)

ÅArterial thrombosis
ÅUsually occurs at site of atherosclerosis



Mesenteric Ischemia
Causes 

ÅVenous thrombosis
ÅVenous clot Ą resistance to flow out of mesentery

ÅHypercoagulable states, malignancy

ÅNon-occlusive ischemia
ÅUnder perfusion (shock)

ÅUsually affects watershed areas of colon

ÅOften results in ischemic colitis



Mesenteric Ischemia
Symptoms

ÅUsually sudden onset

ÅAbdominal pain, cramping



Mesenteric Ischemia
Causes 

ÅPhysical exam:
ÅȰ0ÁÉÎ ÏÕÔ ÏÆ ÐÒÏÐÏÒÔÉÏÎ ÔÏ ÅØÁÍȱ

ÅUsually mild tenderness

ÅNo rebound tenderness or peritoneal signs

ÅOccult blood in stool

ÅLabs:
Åᴻ7"#

Åᴻ ÌÁÃÔÁÔÅ ÁÎÄ ÁÃÉÄÏÓÉÓ



Watershed Areas

ÅColon areas located between major vessels 

ÅAt risk for ischemia in shock/hypoperfusion

ÅOften ischemic in ICU patient: hypotension, pressors

Å#1 Splenic flexure
ÅSupplied by small branches 

ÅMarginal artery of Drummond very small

ÅSplenic flexure vulnerable to under perfusion

Å#2: Rectosigmoid junction
ÅSupplied by narrow branches of IMA



Chronic mesenteric ischemia
Intestinal Angina

ÅUsually older patient with other vascular disease
ÅPAD risk factors common (smoking, DM)

ÅRecurrent abdominal pain after eating

ÅFear of eating Ąweight loss

ÅSudden worsening on top of history of recurrent pain 
may suggest acute thrombosis
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GI Tract

Wikipedia/Public Domain



Digestive Tract Layers

ÅMucosa

ÅSubmucosa

ÅMuscular layer

ÅSerosa

Boumphreyfr/Wikipedia
Wikipedia/Public Domain



Mucosa

ÅEpithelium: absorption of nutrients

ÅLamina propria
ÅSupport

ÅGastric glands in stomach

ÅMuscularis mucosa: motility

Goran tek-en/Wikipedia



Submucosa

ÅConnective tissue

ÅContains -ÅÉÓÓÎÅÒȭÓ ÐÌÅØÕÓ (submucosal plexus)

ÅClinical correlation: Hirschsprung's disease

Goran tek-en/Wikipedia



Muscular Layer

ÅLayers of smooth muscle
ÅInner circular layer

ÅOuter longitudinal layer

Å!ÕÅÒÂÁÃÈȭÓ ÐÌÅØÕÓ
ÅBetween layers

ÅAbnormal in achalasia

Goran tek-en/Wikipedia



Serosa

ÅSurrounds GI tract

ÅLayer of surface epithelial cells: mesothelium
ÅSecretes lubricating fluid

ÅRetroperitoneal structures: adventicia
ÅLoose connective tissue

ÅNot lubricated

Goran tek-en/Wikipedia



Esophagus

ÅStratified squamous epithelium

ÅNon-keratinized

Samir@enwiki/Wikipedia



Stomach

Indolences/Wikipedia



Stomach

ÅSimple columnar epithelium

ÅGastric pits

ÅGastric glands
ÅFound in lamina propria

ÅParietal cells

ÅChief cells

ÅMucous neck cells

ÅG cells
Nephron/Wikipedia



Stomach

Nephron/Wikipedia



Small Intestine

Boumphreyfr/Wikipedia

https://commons.wikimedia.org/w/index.php?title=User:Boumphreyfr&action=edit&redlink=1


Small Intestine

Wikipedia/Public Domain



Crypts, Villi and Microvilli

ÅVilli
ÅMucosa extensions into lumen

ÅIncrease surface area for absorption

ÅCrypts (of Lieberkuhn)
ÅContain goblet cells

ÅMicrovilli
ÅMicroscopic extensions

ÅEpithelial cell membrane



Crypts, Villi and Microvilli

Wikipedia/Public Domain

Electron Microscopy



Plicae Circulares

ÅValves of Kerckring or Kerckring folds

ÅValvulae conniventes

ÅFolds of mucosa and submucosa

ÅMost abundant in jejunum



Goblet Cells

ÅFound in small and large intestine

ÅProduce mucinogen Ąmucous

ÅIncrease in number from duodenum to ileum
ÅIleum has most

ÅNot normally found in stomach
ÅOccur in stomach in setting of chronic inflammation (gastritis)

ÅȰ)ÎÔÅÓÔÉÎÁÌ ÍÅÔÁÐÌÁÓÉÁȱ



Goblet Cells

Arcadian/Wikipedia

Wikipedia/Public Domain



"ÒÕÎÎÅÒȭÓ 'ÌÁÎÄÓ

ÅOnly in duodenum

ÅFound in submucosa

ÅProduces alkaline (basic) fluid

ÅProtects from acidic stomach fluid and chyme

Åᴻ  ÔÈÉÃËÎÅÓÓ ÉÎ ÐÅÐÔÉÃ ÕÌÃÅÒ ÄÉÓÅÁÓÅ

Jpogi/Wikipedia



0ÅÙÅÒȭÓ 0ÁÔÃÈÅÓ

ÅMore lymph cells duodenum Ą ileum
ÅFound in lamina propria (mucosa)

ÅIn ileum , lymph cells aggregate Ą0ÅÙÅÒȭÓ ÐÁÔÃÈÅÓ
ÅFound in muscularis mucosa/submucosa

Plainpaper/Wikipedia

$ÕÏÄÅÎÕÍ Ѐ "ÒÕÎÎÅÒȭÓ 'ÌÁÎÄÓ
)ÌÅÕÍ Ѐ 0ÅÙÅÒȭÓ ÐÁÔÃÈÅÓ

Jejunum = Neither



Lacteal

ÅLymphatic channels within villi

ÅImportant for absorption of fats

Wikipedia/Public Domain
Wikipedia/Public Domain



Colon

ÅProduces lots of mucous

ÅAbsorbs fluid and electrolytes

ÅCrypts without villi

ÅLots of goblet cells

Ed Uthman/Flikr



Haustra

ÅPouchesof the colon

ÅCan be seen on imaging to identify large bowel

Blausen.com staff. "Blausen gallery 2014".Wikiversity Journal of Medicine.
DOI:10.15347/wjm/2014.010. ISSN20018762.

http://www.worldcat.org/issn/20018762


Ulcers and Erosions

ÅBreakdown of GI tract lining

ÅDyspepsia, bleeding

ÅErosions: mucosa only

ÅUlcers: submucosa and muscularis mucosa



Enteric Nervous System

ÅSubmucosal plexus (Meissner's plexus)
ÅControls secretion and blood flow

Å-ÙÅÎÔÅÒÉÃ ÎÅÒÖÅ ÐÌÅØÕÓ ɉ!ÕÅÒÂÁÃÈȭÓ ÐÌÅØÕÓɊ
ÅMajor role is control of GI motility

Boumphreyfr/Wikipedia

https://commons.wikimedia.org/w/index.php?title=User:Boumphreyfr&action=edit&redlink=1


Slow Waves 

ÅOscillating membrane potential of GI smooth muscle

ÅOriginate in interstitial cells of Cajal

Å-ÅÍÂÒÁÎÅ ÐÏÔÅÎÔÉÁÌ ȰÓÌÏ×ÌÙȱ ÒÉÓÅÓ ÎÅÁÒ ÔÈÒÅÓÈÏÌÄ

ÅWhen near threshold, action potentials may occur

Voltage

Tension



Action Potential

Chris73/Wikipedia



Slow Waves 

ÅSets maximum number of contractions per time

ÅCharacteristic for each part of GI tract
ÅStomach: 3/min

ÅDuodenum: 12/min

ÅIleum: 8/min
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Anatomy

Wikipedia/Public Domain



Ampulla of Vater

ÅAmpulla = roman flask

ÅBiliary/pancreatic ducts merge

ÅEmpties into major duodenal papilla

ÅBile, pancreatic enzymes into duodenum

ÅHalfway along second part of duodenum

ÅAnatomical transition from foregut to midgut

ÅPoint where celiac trunk transitions to SMA

Hoffmann Collection/Clio20



Major Duodenal Papilla

ÅBile, pancreatic enzymes into duodenum

Wikipedia/Public Domain



Sphincter of Oddi

ÅCircular muscular (smooth) layer

ÅSurrounds major duodenal papilla

ÅControls flow of bile, pancreatic enzymes

ÅPrevents reflux



Sphincter of OddiDysfunction

ÅNarrowing of Sphincter of Oddi

ÅCan occur after pancreatitis, gallstone disease

ÅBiliary symptoms
ÅEpisodes of RUQ pain

ÅPossible abnormal LFTs, hyperbilirubinemia

ÅPancreatic symptoms
ÅRecurrent pancreatitis

ÅPotential therapies
ÅSmooth muscle relaxants (Ca channel blockers, nitrates)

ÅEndoscopic sphincterotomy



Sphincter of OddiSpasm

ÅMay be caused by opioids (i.e. morphine)
ÅSmooth muscle contraction 

ÅMeperidine (Demerol) used in acute pancreatitis 

ÅNo clinical data that morphine leads to worse 
outcomes or that meperidine is better



Liver Lobules

Reytan/Wikipedia



Liver Lobules

OpenStaxCollege



Liver Lobules

ÅTwo blood supplies:
ÅPortal veins (80%): deoxygenated blood from GI tract

ÅHepatic artery (20%)

ÅOne drainage vessel:
ÅHepatic veins: carry processed blood away from liver

ÅBile duct



Portal Triad

Reytan/Wikipedia



Liver Lobules

Reytan/Wikipedia
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Liver Zones

ÅZone I (periportal )
ÅAffected by viral hepatitis first

ÅZones III (centrilobular )
ÅFurthest from blood supply

ÅMost vulnerable to ischemia

ÅFat accumulation begins here in alcoholic liver disease

ÅHigh concentration P450 enzymes in hepatocytes



Pancreas

BruceBlaus/Wikipedia



Pancreas Embryology

ÅTwo buds from foregut: Ventral and dorsal
ÅBud off from endodermal lining of duodenum (foregut)

ÅVentral bud
ÅPart of head, uncinate process

ÅMain pancreatic duct

ÅDoral bud
ÅRest of head

ÅBody, tail, accessory duct

JakobSuckale, Michele Solimena



Pancreas

ÅSecondarily retroperitoneal
ÅForms covered in peritoneum (intraperitoneal)

ÅLater fuses with posterior wall Ą retroperitoneal



Annular Pancreas

ÅCongenital anomaly of ventral bud
ÅInitially composed of two separate pieces of tissue

ÅNormally fuse

ÅCan fuse around duodenum

ÅRing of pancreatic tissue that surrounds duodenum

ÅCan cause bowel obstruction



Pancreas Divisum

ÅDorsal and ventral ducts do not fuse

ÅTwo separate ducts
ÅAccessory (dorsal) duct drains majority of pancreas

ÅSecond ventral duct persists

ÅOften asymptomatic

ÅMay cause pancreatitis



Salivary Glands
Jason Ryan, MD, MPH



Salivary Glands

ÅThree major glands

ÅAlso many tiny salivary glands throughout mouth

ÅAll produce saliva

BruceBlaus/Wikipedia



Salivary Glands

ÅSubmandibular gland
ÅFloor of mouth

Å7ÈÁÒÔÏÎȭ ÄÕÃÔ Ąmouth

ÅSublingual gland
ÅFloor of mouth

ÅParotid gland
ÅBehind the angle of the jaw

ÅBelow and in front of ears

ÅLargest salivary gland
BruceBlaus/Wikipedia



Saliva

ÅMostly water (>90%)

ÅMucin, glycoproteins
ÅLubricate food 

ÅBind bacteria

ÅIgA antibody

ÅLysozymes Ą disrupt bacterial cell walls

ÅLactoferrinĄ prevent bacterial growth

ÅProteins that protect teeth

Martin Brändli/Wikipedia



Saliva

ÅImportant for innate immunity
ÅProtects against infectious agents

Å,ÏÓÓ ÏÆ ÓÁÌÉÖÁ ɉ3ÊÏÇÒÅÎȭÓɊ Ą infections
ÅDental carries (cavities)



Saliva

ÅTwo important enzymes for digestion
Åɻ ÁÍÙÌÁÓÅ ɉÄÉÇÅÓÔÓ ÃÁÒÂÏÈÙÄÒÁÔÅÓɊ

ÅLingual lipase (digests lipids)



ɻ-amylase

ÅSalivary amylase
ÅOptimal pH >6

ÅInactivated in stomach

ÅPancreatic amylase
ÅFunctional in small intestine



Lipase Enzymes

ÅSalivary (lingual) lipase
ÅMinor contributor to lipid metabolism in adults

ÅMore important in newborns (lower pancreatic enzyme levels)

ÅPancreatic lipase
ÅMain lipase for lipid digestion



Salivary Electrolytes

ÅSalivary fluid produced by acinar cells

ÅModified by ductal cells

Public Domain/Wikipedia



Salivary Electrolytes

ÅInitial fluid similar to plasma (isotonic )
ÅSame Na, Cl, K, HCO3

- concentration

ÅDuctal cells (impermeable to water):
ÅRemove Na, Cl

ÅSecrete K, HCO3
- (bicarb raises pH Ą protects against acid)
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K

HCO3
-

HCO3
-
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Cl



Salivary Electrolytes

ÅSaliva becomes hypotonic from removal Na, Cl
ÅLower concentrations than plasma

ÅSaliva: higher concentration of K, HCO 3
- than plasma

Na

Cl

K

HCO3
-
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-
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Salivary Electrolytes

ÅComposition varies with flow rate

ÅHigher flow: 
ÅLess time for ductal modification

ÅFluid becomes more like plasma

ÅCloser to isotonic with plasma

Å[Bicarb] goes up at high flow rates

ÅMore CO2 in glandular cells Ąmore bicarbonate



Aldosterone

ÅEffects salivary glands similar to kidneys

Åᴻ  .Á ÁÂÓÏÒÐÔÉÏÎ

Åᴻ  + ÓÅÃÒÅÔÉÏÎ
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Cl

K

HCO3
-

HCO3
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Regulation of Saliva

ÅIncreased by sympathetic AND parasympathetic
ÅNot regulated by gastrointestinal hormones

ÅSympathetic: smaller effect

ÅParasympathetic: greater effect (major system)

ÅActivated by food smell, sight, etc.

ÅMuscarinic receptors (M1 and M3) important



Regulation of Saliva

ÅMuscarinic antagonists
ÅCause dry mouth

ÅAtropine , Scopolamine

ÅMuscarinic agonists
ÅIncrease saliva production

ÅPilocarpine ɉÕÓÅÄ ÉÎ 3ÊÏÇÒÅÎȭÓ ÓÙÎÄÒÏÍÅɊ

ÅCholinesterase poisoning Ą salivation



Salivary Duct Stones
Sialolithiasis

ÅObstruction of salivary flow

ÅPain/swelling of gland

ÅUsually aggravated by eating

ÅMost common in submandibular glands

ÅRisk factors:
ÅDehydration, diuretics

ÅAnticholinergic medications

ÅTreatment: NSAIDs, hydration; rarely surgery

PGA/Wikipedia



Sialadenitis

ÅInflammation of salivary gland

ÅOften secondary to obstructing stone

ÅMost often due to Staph Aureus

ÅAlso often contains anaerobes

ÅCommon treatment:
ÅNafcillin (Staph coverage)

ÅMetronidazole or Clindamycin (anaerobes)



Mumps

ÅCaused by RNA mumps virus

ÅLargely prevented by vaccination (MMR)

ÅKey feature: Parotitis
ÅOften bilateral

ÅInflammation of parotid glands (facial swelling)

Wikipedia/Public Domain



Salivary Tumors

ÅUsually present in the parotid gland

ÅOften present as facial swelling

ÅMost are benign
ÅMobile (not growing into other tissues)

ÅPainless (not invading nerves)

ÅWhen pain present usually indicates invasive lesion

ÅMay involve facial nerve (paralysis)



Pleomorphic Adenoma
Benign Mixed Tumor

ÅMost common salivary gland tumor

ÅUsually benign
ÅRarely can undergo malignant transformation

ÅOften results in pain, facial nerve dysfunction

ÅMost common in superficial lobe of parotid gland

ÅPainless, mobile mass at angle of jaw



Pleomorphic Adenoma
Benign Mixed Tumor

ÅEpithelial and stromal tissue cells
ÅEpithelial: Glandular cells

ÅStromal: Cartilage, sometimes may see bone

KGH/Wikipedia



Pleomorphic Adenoma
Benign Mixed Tumor

ÅRisk factors: Prior radiation

ÅTreatment: Surgery +/- radiation

ÅCan have local recurrence
ÅOften has irregular margins

ÅTumor cells left behind after surgery Ą recurrence



7ÁÒÔÈÉÎȭÓ 4ÕÍÏÒ
PapillaryCystadenomaLymphomatosum

ÅSecond most common salivary tumor

ÅUsually occurs in parotid gland

ÅKey risk factor: Smoking (8x more common!)



7ÁÒÔÈÉÎȭÓ 4ÕÍÏÒ
PapillaryCystadenomaLymphomatosum

ÅKey histological finding:
ÅCysts filled with fluid

ÅCysts surrounded by dense lymphoid infiltrate

ÅLymph tissue can aggregate into germinal centers

KGH/Wikipedia



Mucoepidermoid Carcinoma

ÅMost common malignant salivary tumor

ÅKey risk factor: prior radiation

ÅOccur in parotids 
ÅSometimes invade facial nerve (paralysis)

ÅCan also cause pain

ÅAlso commonly found in minor salivary glands



Mucoepidermoid Carcinoma

ÅMixture of cells:
ÅSquamous (epidermoid) cells

ÅMucus-secreting cells

ÅIntermediate hybrid cells

KGH/Wikipedia



Hernias
Jason Ryan, MD, MPH



Hernia

ÅProtrusion of organ through cavity wall

ÅCan lead to organ dysfunction, necrosis/infection

ÅCommon in areas of discontinuity of abdominal wall
ÅInguinal canal

ÅEsophagus

ÅUmbilicus



Femoral Vessels

Wikipedia/Public DomainWikipedia/Public Domain



Femoral Vessels

ÅLateral to medial
ÅNerve-artery-vein-lymphatics

ÅȰNAVeLȱ

ÅȰ6ÅÎÏÕÓ ÔÏ ÔÈÅ ÐÅÎÉÓȱ

ÅFemoral triangle
ÅSuperior: Inguinal ligament

ÅMedial: Adductor longus

ÅLateral: Sartorius

Wikipedia/Public Domain



Femoral Sheath

ÅTunnel of fascia

ÅBelow inguinal ligament

ÅContains femoral vein, artery, and ring
ÅDoes not contain nerve

Wikipedia/Public Domain



Femoral Ring and Canal

ÅOpening to femoral canal is femoral ring
ÅSite of femoral hernias

ÅComponent of femoral sheath

ÅLymph vessels and deep inguinal nodes

Wikipedia/Public Domain



Inguinal Canal

ÅRuns across femoral vessels

ÅTestes descend through inguinal canal to scrotum



Spermatic Cord

ÅTravels in inguinal canal

ÅDuctus deferens, arteries, veins, nerves

ÅThree fascial layers
ÅExternal spermatic fascia

ÅCremasteric fascia

ÅInternal spermatic fascia



Inguinal Canal

ÅPassage in abdominal wall

ÅCarries spermatic cord in males

ÅRound ligament in females

ÅEntrance: Deep inguinal ring

ÅExit: Superficial inguinal ring

ÅFloor: Inguinal ligament



Inguinal Canal

Femoral Artery

Femoral Vein

Inguinal
Ligament

Rectus Abdominis
Muscle

Inferior
Epigastric 

Vessels

MedialLateral

Deep/Internal
Inguinal Ring

Superficial/
External

Inguinal Ring



Inguinal Hernias

ÅThree types of hernias occur in inguinal region
ÅIndirect inguinal hernias

ÅDirect inguinal hernias

ÅFemoral hernias



Indirect Inguinal Hernia

ÅȰ)ÎÄÉÒÅÃÔÌÙȱ ÔÈÒÏÕÇÈ ÁÂÄÏÍÉÎÁÌ ×ÁÌÌ
ÅTravel through inguinal canal

Å.ÏÔ ȰÄÉÒÅÃÔÌÙȱ ÔÈÒÏÕÇÈ Á ÈÏÌÅ 

ÅOrigin lateral to epigastric vessels

ÅFollows path of descent of testes
ÅCovered by all layers of spermatic fascia

ÅContrast with direct hernias (outer layer only)

ÅCongenital defect
ÅBowel protrudes through patent processus vaginalis

ÅShould close after descent of testes



Indirect Inguinal Hernia

Wikipedia/Public Domain



Processus Vaginalis

ÅTestes descend behind processus vaginalis

ÅOutpouching of peritoneum

ÅRemains open in newborn period

Å3ÈÏÕÌÄ ÃÌÏÓÅ ɉȰÏÂÌÉÔÅÒÁÔÅ ȰɊ ÉÎ ÉÎÆÁÎÃÙ

ÅReplaced by fibrous tissue

ÅPart remains as tunica vaginalis testis
ÅSerous covering of testes



Indirect Inguinal Hernia
Demographics

ÅMost common type of inguinal hernia
ÅMales = 50% hernias are indirect

ÅFemales = 70% are indirect

ÅMore common in men
ÅMen 10x more likely than women

ÅTypically occurs right side
ÅPersistent processus vaginalis more common on right

ÅCommonly extend into scrotum



Indirect Inguinal Hernia
Demographics

ÅUsually occurs in adulthood with risk factors
ÅHeavy lifting

ÅStraining (constipation)

ÅCan occur in newborns on mechanical ventilation

Daisydeee/Wikipedia



Indirect Inguinal Hernia
Key Points

ÅThrough internal and external inguinal rings

ÅFollows path of descent of testes (in men)
ÅIn women follows round ligament toward labia majora

ÅIn men, covered  by spermatic fascia (three layers )

ÅOrigin lateral to inferior epigastric vessels

ÅMost common type of inguinal hernia



Direct Inguinal Hernia

Å"Ï×ÅÌ ÂÕÌÇÅÓ ȰÄÉÒÅÃÔÌÙȱ ÔÈÒÏÕÇÈ ÁÂÄÏÍÉÎÁÌ ×ÁÌÌ

ÅProtrudes through (ÅÓÓÅÌÂÁÃÈȭÓ ÔÒÉÁÎÇÌÅ

ÅOrigin is medial to epigastric vessels

ÅThrough external ring (not deep/internal)

ÅCovered by external spermatic fascia only

ÅShould never bulge into scrotum



(ÅÓÓÅÌÂÁÃÈȭÓ 4ÒÉÁÎÇÌÅ

ÅInguinal ligament

ÅInferior epigastrics

ÅRectus abdominis

ÅFloor: Transversalis fascia 



Direct Inguinal Hernia

ÅCaused by transversalis fascia breakdown

ÅWeakness in floor of inguinal canal

ÅUsually occurs in older men
Å9ÅÁÒÓ ÏÆ ÓÔÒÅÓÓ ÏÎ ÃÏÎÎÅÃÔÉÖÅ ÔÉÓÓÕÅ ɉȰÁÃÑÕÉÒÅÄȱɊ

Public Domain



Femoral Hernias

ÅHernia through femoral ring
ÅMedial to femoral vessels

ÅBowel protrudes below inguinal ligament
ÅDifferentiates from both types of inguinal hernias

ÅMore common in women than men
ÅBut indirect most common type for both genders

ÅHigh risk of incarceration
ÅFemoral ring is small opening 

Femoral
Hernia



Inguinal Hernias
Physical Exam

ÅMost hernias obvious on inspection
ÅBulge in the groin

ÅCoughing often increases size of bulge
ÅIncreased abdominal pressure with cough



Inguinal Hernias
Complications

ÅIncarceration
ÅBowel trapped in hernia sac

Å#ÁÎÎÏÔ ÂÅ ȰÒÅÄÕÃÅÄȱ ÂÁÃË ÉÎÔÏ ÁÂÄÏÍÅÎȾÐÅÌÖÉÓ



Inguinal Hernias
Complications

ÅStrangulation
ÅBlood flow cutoff

ÅBowel in hernia sac becomes ischemic/necrotic

ÅPainful, red, swollen

ÅFever

ÅUrgent surgery indicated

ÅFemoral hernias in women



Inguinal Hernias
Diagnosis

ÅUsually diagnosed clinically

ÅUltrasound/CT sometimes used

James Heilman/Wikipedia



Inguinal Hernias
Treatment

ÅAll treated surgically

ÅPrimary closure

ÅMesh placement

Garrondo/Wikipedia


