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Gl Embryology
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Gl Embryology

AEndodermA Gl tract
Gl tract epithelium, glands
Many organs bud off: liver, pancreas, trachea

AMesodermA Surrounding structures
Stroma (Gl tract connective tissue)
Muscles
Peritoneum
Spleen
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Portions of Gl Traco}

AForegut
Celiac trunk
Mouth to Ampulla of Vater

AMidgut

SMA

Ampulla of Vater to transverse colon
AHindgut

IMA

Transverse colon to rectum
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Mesentery

A Double layer of peritoneum
A Suspends abdominal organs from cavity walls

AlIntraperitoneal organs
Enclosed by mesentery

A Retroperitoneal organs
Covered by peritoneum only on anterior wall
Lie against posterior abdominal wall
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Mesentery

ADorsal mesentery

Gut moves away posterior wall in development

Dorsal mesentery grows between gut and posterior wall
Covers most abdominal structures

AVentral mesentery

Only exists bottom esophagustomach, upper duodenum
Derived from septum transversum (mesenchyme tissue)
Liver grows into this mesentery

In adult: lesser omentum and falciform ligament
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Mesentery

Septum fransversum

v Aorta
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Falciform ligament of liver
Stomach

Lesser omendum

Umbilical vein
Intestinal V-shaped loop

Umbilical cord Mesentery

Wikipedia/Public Domain

BoardssBeyond.

STUDY SMARTER




Mesentery




Mesentery

AMesogastrium
AMesoduodenum
AMesocolon
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Omentum
, AOET 4 OADPOITT O

A Greater omentum
Hangs from greater curvature of stomach
Covers intestines
Formed from mesogastrium

AlLesser omentum
Between stomach and liver
Formed from ventral mesentery
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Foregut Development

A, Ol ¢ OAOAOo | £& AOI 1 Al OA
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ATracheoesophageal septum divides diverticulum

AMatures into separate trachea and esophagus

AAbnormal septum developmentd pathology
Esophageal atresia (closed esophagus)
Occurs whenseptum deviates posteriorly
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Esophageal Atresia

EA with TEF
Most Common

L R

P

Pure EA

Lewis Spitz.Oesophageaétresia. OrphanetJournal of Rare Diseases
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Esophageal Atresia

Clinical Features

AEsophageal atresia
Esophagus does not connect to stomach
Polyhydramnios (baby cannot swallow fluid)
Drooling, choking, vomiting (accumulation secretions)
Cannot pass NG tubeinto stomach

AFistula esophagush trachea
Gastric distension @ir in stomach on CXR)
RefluxA aspiration pneumoniaA respiratory distress
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Esophageal Atresia

Clinical Features

ATreatment: surgical repair

A Prognosis:
Sometimes residual dysmotility
GERD
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Midgut Development

Herniation

A About 61 week of development

AAbdomen temporarily becomes too small

AT OAOOET A tro@Euinbilicd dod A 6
O0EUOET I T CEA EAOTEAOQOETTO
Visible on fetal ultrasound!

A Reduction of hernia occurs by 12th week
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Omphalocele

A Persistence of normal herniation = omphalocele
Intestines covered by membrane outside body
O3EIPIA T1IDPDEAITTAAI Ad

A Liver does not herniate

Alf lateral embryonic folds fail A liver in omphalocele
Liver-containing omphalocele

AKey features:
Covered by peritoneum
Through umbilical cord

CDC/Public Domain
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Omphalocele

ANormal Gl function

AMany genetic defects
Trisomy 21 (Down syndrome )
Trisomy 18 (Edwards syndrome)
Trisomy 13

AMany associated conditions
Congenital heart defects (up to 50% babies)
Orofacial clefts
Neural tube defects
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Gastroschisis

A Extrusion of bowel through abdominal wall

A Exact mechanism unclear
Probably involves incomplete closure of abdominal wall

A Paraumbilical abdominal wall defect
Usually on right side of umbilical cord

ANot covered by peritoneum
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Gastroschisis

APoor Gl function
Often associated with atresia, stenosis

A Few associated defects
If GI function restored, good prognosis
Rarely associated with Down, other congenital disease
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Abdominal Wall Defects

Omphalocele Gastroschisis

Umbilical Defect Paraumbilical Defect

Covered by membrane Not covered by membrane

Many associated conditions | Few associated conditions

Normal GI function Poor GI function

Treatment for both: Surgical reduction/closure

BoardssBeyond.
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Midgut Development

Rotation

ADuring physiologic herniation, bowel rotates
AMidgut rotates around SMA

A Continues after return to abdomen

AResults in normal positioning of small bowel, colon
ACecum in right lower quadrant
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Malrotation

A Obstruction
A Cecum in midupper abdomen
A Peritoneal tissue (Ladd bands)
/A Duodenal obstruction

AVolvulus
A Small bowel twists around SMA
A Vascular compromised, ischemiaA obstruction
A Vomiting, sepsis (bowel necrosis)
A Abdominal distention, blood in stool
A Treatment: surgery

ALeft sided colon
A Anatomic variant

BoardssBeyond.

STUDY SMARTER

Wellcome Images/Wikipedia




Vitelline Duct Pathology

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

ABy week 5, connection with yolk sac narrows

091 1 E OOAI Ehd OOEOAI T ET A
ANormally, vitelline duct disappears by week 9
A PersistenceA congenital anomalies

- AAEAT 6 O A Hrapdtcomménp 1 Ol
Cysts, polyps
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- AAEA1 60 $EOAO
AMost common congenital Gl abnormality

APersistent remnant of vitelline duct
A Diverticulum of small bowel (ileum)

O/ OOPiT OAEET Cho O" Ol CET Co
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- AAEAI 60 $EOAO

AO4 O0O0OA AEOAOOEAOI Ol o
Containsall layers of bowel : mucosa, submucosa, muscular
Most diverticulum only mucosa/submucosa
Usually defect (hole) in muscular layer

A Often contains stomach tissue
(Ectopic gastric tissue 6
Origin unclear
Sometimes pancreatic tissue also

RazielWikipedia
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- AAEAI 60 $E
AUsually no symptoms

ACan present any age but 50% <10 years

A Often incidental discovery
Other imaging
Abdominal surgery for other reason
A Ectopic gastric tissue may secrete acid
Ulceration
Pain
Bleeding
A Potential cause of obstruction, diverticulitis
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- AAEAI 60 $EOAO

A2 01 A 1 £ ¢60
2 percent of population
Male-to-female ratio 2:1
Within 2 feet from the ileocecal valve
Usually 2 inches in size
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- AAEAI 60 $EOAO

A Diagnosis
Technetium scan
Tracer taken up by gastric cells in diverticulum
Also capsule endoscopy

ATreatment: Surgery
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Other Vitelline Duct Anomalies

A Cyst

Often discovered incidentally at surgery

ASinus

Cavity behind umbilicus

A Persistent duct
Intestinal discharge from umbilicus
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Atresia and Stenosis

A Atresia = closed/absent opening
A Stenosis = narrowing/obstruction

ACan occur anywhere in Gl tract
Duodenum most common
Colon most rare

A Polyhydramnios
ABilious vomiting
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Duodenal Atresia

A0 OT AAAT U A OAecdddlizadBA BT OOA
In early development, duodenum occludes
Due to endodermal proliferation of epithelium
Patency restored by recanalization

A Associated with Down syndrome
A Double bubble sign

Distention of duodenum stump and stomach
Tight pylorus in middle
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Jejunatlleal-Colonic Atresia

AVascular disruptionA ischemic necrosis of intestine
Necrotic tissue resorbed
Leaves blind ends of bowel
Reproduced in animals with arterial ligation
A Bowel distal to blind end may be curled
\pple peel atresia 6

Boards&Beyond_ PixabayPublic Domain
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Pyloric Stenosis

APylorus: Connection stomach®, duodenum
A Hypertrophy of pylorus = pyloric stenosis
AlIntestinal obstruction
Projectile h 6 -Bilibus vomiting (clear/yellow)
A Palpable mass
&AAT O T EEA OF 1 E OAumcadioom N Fundus

Incisura angularis

Pyloroduodenal
opening

Pyloric antrum
Sulcus intermedius

Pyloric part
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Pyloric Stenosis

A Often occurs as newborn (few weeks old)
A30% arefirst born children
AMore common inmales
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Spleen Embryology

A Arises fromdorsal mesodermal tissue of stomach
Not from endoderm!
Blood supply: celiac trunk (like stomach)

A Stomach rotationA spleen on left side

A Retained connection to stomach
Gastrosplenic (gastrolienal) ligament
Carries short gastric arteries, left gastroepiploic vessels
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Gastrointestinal
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Gl Tract

Salivary Glands
Parotid
Submandibular
Sublingual

; Pharynx
Oraleavy Tongile
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Esophagus

Pancreas

Liver
Gallbladder

Duodenun Stomach
Common Pancreatic
bile duct duct
Colon

Transverse colon
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Abdominal CT Scans




ominal CT Scans
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Abdominal CT Scans
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Abdominal CT Scans
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Abdominal CT Scans
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Intra versus Retroperitoneal

Alntraperitoneal Structures
Covered by mesentery (visceral peritoneum)
Stomach, appendix, liver, spleen
Small intestine: Bt part duodenum, jejunum, ileum
Colon: Transverse, sigmoid, part of rectum
Pancreas: Tall
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Intra versus Retroperitoneal

A Retroperitoneal Structures
Aorta, IVC
Kidneys
Small intestine: 29/3 ™ portions duodenum
Colon: ascending/descending, part of rectum
Pancreas: Head, body
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Retroperitoneal Bleeding

Blood visible on CT scan
Many causes
Often a complication of surgical procedures

|' H Boards&Beyond Zorkun / Wikidoc



Greater and Lesser Sac

A Peritoneal cavity divided into greater/lesser sac

A Greater sac
Entire width of abdomen
Diaphragm to pelvic floor
ALesser sac

Closed space
Behind liver, stomach, lesser omentum

A%DEDI T EA & OAI AT /1 AT OAI

Opening between greater/lesser sacs
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Greater and Lesser Sac

Superior layer of
coronary ligament

Bare area of liver

Inferior layer of
corgiary ligament
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Pectinate Line

Dentate or anocutaneous line

APart of anal canal

AAbove line
A Derived from hindgut
A Columnar epithelium
A Similar to digestive tract

ABelow line
A Derived from proctodeum (ectoderm)

A Stratified squamousepithelium
A Similar to skin

Prolapsing Internal  Internal Hemorroid
Hemorrhoid Pectinate Line

C Michael GibsonWikidoc
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Above Pectinate Line

ASuperior rectal artery
Branch ofIMA (like distal colon)

AVenous drainage:
Superior rectal veinA inferior mesenteric A portal system
May swell inportal hypertension

ALymph drainage:Internal iliac nodes
AVisceral innervation (no pain)

AlInternal hemorrhoids

AAdenocarcinoma (rare form of anal cancer)

Boards&Beyond.
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Below Pectinate Line

AlInferior rectal artery
Branch of internal pudendal artery (off iliac)

AVenous drainage to IVC
Inferior rectal A internal pudendal A internal iliac A IVC

ALymph drainage: Superficial inguinal nodes

A Somatic innervation (painful)

A External hemorrhoids

A Squamous cell carcinomas (more common anal CA)
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Imperforate Anus

AHindgut and ectoderm meet to form anus
A Absence of anal opening = imperforate anus

ACommonly associated withGU malformations
Renal agenesis
Bladder exstrophy

A Presentations:
Failure to pass meconium
Meconium from urethra or vagina (fistula)
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Gastrointestinal
Blood Supply
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Abdominal Aorta

e _____ Diaphragm

Celiac Trunk

SMA

Renals Testicular/Ovarian

_— IMA

Common lliac
External Ili

Internal lliac
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Celiac Trunk

Key Points

ASupplies foregut structures
A Esophagus, stomach, liver, gallbladder, spleen
A Part of duodenum, pancreas

AMain branches:
Common hepatic
Splenic
Left gastric
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Ce“aC Trunk Left Gastric

Major Branches

Common
Hepatic

Splenic
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Cel |aC Tru n k Left Gastric Short

Gastrics
Stomach

Splenic
Common
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Left
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Right
Gastroepiploic
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Perforated Ulcers

A Gastric ulcers common lesser curvature
Rupture A bleeding fromleft gastric artery

A Posterior duodenal ulcers
A Rupture A bleeding from gastroduodenal artery
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Short Gastric Arteries

AFive to seven small vessels
ABranches of splenic artery (celiac trunk)
A Supply fundus and upper cardiac portions stomach

AVulnerable to ischemia if splenic artery occluded
No dual blood supply

A Contrast with gastric and gastroepiploic
Supplied by dual sources
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Hepatoduodenal Ligament

A Connects liver to duodenum

A&T OT A 11 OALZOAA AT OAAO
A Contains:
Proper hepatic artery (branch of common hepatic)
Portal vein

Common bile duct
AOOET CI1 A6O | AT AOCOAO
Clamping of hepatoduodenal ligament

Used to controls liver bleeding
If bleeding continues: IVC or hepatic veins

SSSSSSSSSSSS
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Ce“aC Trunk Left Gastric

Major Branches

L. Hepatic
. Common
R. Hepatic )
. Hepatic
Cystic \

Proper
Hepatic
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Hepatoduodenal Ligament

hepatoduodenal
ligament
@ common bile duct

® portal vein
@® proper hepatic artery [

OlekRemeszZWikipedia
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SMA

Key Points

ASupplies midgut structures

A Distal duodenum, jejunum, ileum, cecum, appendix
A Ascending colon, first 2/3 of transverse colon

A Descends across pancreas head and duodenum
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SMA

Superficial Mesenteric Artery  middle Colic

Right
Colic

lleocolic
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Arcades and Vasa Recta

AArcades: Anastamoses afeal/ jejunal arteries
AVasa recta: Arteries extending from arcades

Wikipedia/Public Domain
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SMA Syndrome

A Rare cause obowel obstruction

ASMA courses over distal 1/3 of duodenum
Distal duodenum between aorta and SMA
Mesenteric fat keeps SMA away from duodenum

Alf pressed downwardsA obstruction

A Classic patient: Recent, massiwgeight loss
Fat pad shrinks
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IMA

Key Points

ASupplies hindgut structures
AlLast 1/3 transverse, descending, sigmoid colon
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IMA

Inferior Mesenteric Artery Left Colic

Sigmoid
Arteries




Dual Blood Supply Areas

Abdominal Collaterals

ACeliac trunkz SMA

A Superior and inferior pancreaticoduodenal arteries
A Supplies duodenum and pancreas

Inferior
Pancreaticoduodena

“‘t‘:‘;‘i

\ N

Superior
Pancreaticoduodenal

| Celiac SMA
Boards&Beyond.
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Dual Blood Supply Areas

Abdominal Collaterals

ASMAZIMA

A Marginal artery of Drummond
A Branches from middle (SMA) and left (IMA) colic arteries

Marginal Artery
of Drummond

L LR
¥

SMA

.
b
.
-
—
.
-
.
.
-

Ll
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Dual Blood Supply Areas

Abdominal Collaterals

AIMA 7 lliac

A Occurs in rectum

A Superior rectal (IMA) merges with middle rectal (iliac)
A Rectal ischemia from occlusion rare

Superior
Rectal

WA

Internal
lliac

RV AL
-/ ...." i

Middle
Rectal
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Intestinal Ischemia

AMesenteric ischemia
Ischemia of the intestines
Ischemia of small intestine is most severe
Often life threatening
Alschemic Colitis
Ischemia of the colon
May spontaneously resolve
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Mesenteric Ischemia

Causes

AEmbolism (most common)
Often cardiac origin
LV thrombus
LA appendage (atrial fibrillation)
Often affects jejunum (via SMA)

A Arterial thrombosis
Usually occurs at site of atherosclerosis
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Mesenteric Ischemia

Causes

AVenous thrombosis
Venous clotA resistance to flow out of mesentery
Hypercoagulable states, malignancy
ANon-occlusive ischemia
Under perfusion (shock)
Usually affectswatershed areas of colon
Often results in ischemic colitis
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Mesenteric Ischemia

Symptoms

AUsually sudden onset
AAbdominal pain, cramping
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Mesenteric Ischemia

Causes

APhysical exam:
O0AET 100 T &£ pOl T OOET 1
Usually mild tenderness

No rebound tenderness or peritoneal signs
Occult blood in stool

AlLabs:
w7 #

r ~ ~ r ~

m 1T AAOAOA AT A AAEAT OEO
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Watershed Areas

A Colon areas located between major vessels
A At risk for ischemia in shockhypoperfusion
A Often ischemic in ICU patient: hypotensiorgressors

A#1 Splenic flexure
Supplied by small branches
Marginal artery of Drummond very small
Splenic flexure vulnerable to under perfusion

A#2: Rectosigmoid junction
Supplied by narrow branches of IMA
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Chronic mesenteric Ischemia

Intestinal Angina

AUsually older patient with other vascular disease
PAD risk factors common (smoking, DM)

ARecurrent abdominal pain after eating
AFear of eating A weight loss

A Sudden worsening on top of history of recurrent pain
may suggest acute thrombosis
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Gastrointestinal
Tract
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Gl Tract

Salivary Glands
Parotid
Submandibular
Sublingual
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Digestive Tract Layers

AMucosa
ASubmucosa
AMuscular layer
ASerosa

Stomach 'y N RS . Muscularis Mucosa
Fundus ol A 7 \

Esophagus ——88

Submucosal Plexus
Circular Muscle layer
Myenteric Plexus

Pylorus

Longitudinal Muscle layer
Submucosa
Duodenum ——

Muscle layers

Rugae Serosa

Wikipedia/Public Domain
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Mucosa

A Epithelium: absorption of nutrients
ALamina propria

A Support

A Gastric glands in stomach

AMuscularis mucosa: motility e
g

Vein
Submucosal plexus
(Meissner's plexus)

Submucosa

Gland in mucossa

Duct of gland
outside tract

y Nerve
~__Myenteric plexus
(Auerbach's plexus)

Lymphatic tissue O Serosa:
Lumen el - Areolar connective tissue
‘ | . Epithelium
_ Muscularis:

~__—Circular muscle
~Longitudinal muscle

BoardS&Beyond_ Gorantek-en/Wikipedia
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Submucosa

AConnective tissue
AContains- AE OOT A O dsubmbdosal@iexus)
A Clinical correlation: Hirschsprung's disease

Vein
Submucosal plexus
(Meissner's plexus)

Glands in submucosa

Submucosa

Gland in mucossa

Duct of gland # Nerve
~__Myenteric plexus

(Auerbach's plexus)

¢ —_____ Serosa: o
= — Are?‘lalr connective tissue
» . Epithelium
Mucosa: -~ Muscularis: P
Epithelium " ~__—Circular muscle
Lamina propna/ . ~Longitudinal muscle

Muscularis mucosae

Gorantek-en/Wikipedia
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Muscular Layer

ALayers of smooth muscle
Inner circular layer
Outer longitudinal layer
At OAOAAAEGO Bl AgOO
Between layers
Abnormal in achalasia

Vein

]
i
/ Vil
\ \
J
' Nerve

Myenteric plexus
> Gl (Auerbach's plexus)
. xaj,yaz”x___ Serosa:
" Areolar connective tissue
~Epithelium

Submucosal plexus
(Meissner's plexus)

Submucosa

Gland in mucossa

Duct of gland
outside tract

Lymphatic tissue
Lumen

Mucosa: g g = __ Muscularis:
Epithelium & : "~ —Circular muscle
Lamina propria ¢ ~Longitudinal muscle
Muscularis mucosae

i Gorantek-en/Wikipedia
BoardssaBeyond




Serosa

A Surrounds Gl tract

ALayer of surface epithelial cells: mesothelium
Secretes lubricating fluid

A Retroperitoneal structures: adventicia
Loose connective tissue
Not lubricated (

Submucosal plexus
(Meissner's plexus)

Submucosa
Gland in muco ssa ;ﬂ:sentery
ery
Duct of gland Nerve

outside tract ~_Myenteric plexus

(Auerbach's plexus)

Lymphatic tissue = Serosa:
Lumen - - Areolar connective tissue
{ - N b . Epithelium
Mucosa: ; =g . Muscularis:

Epithelium & L 5 ~___—Circular muscle
Lamina propria 3 ~Longitudinal muscle
Muscularis mucosae
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Esophagus

Stratified squamous epithelium
Non-keratinized

Samir@enwiki/Wikipedia

kel Boards&Beyond
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Stomach

Cardial

Esophagus notch

Cardia

Angular
incisure

Pylorus

N

Duodenum

Pyloric

antrum
Indolences/Wikipedia
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Stomach

A Simple columnar epithelium
AGastric pits

AGastric glands
A Found in lamina propria
A Parietal cells
A Chief cells
/A Mucous neck cells
A G cells

o

Nephron/Wikipedia
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Stomach

Nephron/Wikipedia
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Small Intestine

Villi {
Mucosa { Peyers Patch
Submucosal Plexus Muscularis Mucosa
Lymph Vesssel
Submucosa Portal Venule
Artery
Circular Muscle

Mesenteric Plexus

Muscular Layer
Longitudinal Muscle

Serosa
Frank Boumphrey M.O. 2009

Boumphreyfr/Wikipedia
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Small Intestine
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Crypts, Villi and Microvilli

AVilli

Mucosa extensions into lumen
Increase surface area for absorption

A Crypts (of Lieberkuhn)

Contain goblet cells

AMicrovill

Microscopic extensions
Epithelial cell membrane
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Crypts, Villi and Microvilli

Electron Microscopy

m Boards&Beyond Wikipedia/Public Domain
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Plicae Circulares

AValves of Kerckring or Kerckring folds
AValvulae conniventes

AFolds ofmucosa and submucosa
AMost abundant in jejunum
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Goblet Cells

AFound in small and large intestine
AProduce mucinogeny mucous

Alncrease in number from duodenum to ileum
lleum has most

ANot normally found in stomach
Occur in stomach in setting of chronic inflammation (gastritis)
O)1 OAOGOET Al 1 AOAPI AOEAG
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Goblet Cells

Arcadian/Wikipedia

Wikipedia/Public Domain
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"OO0lI'l AO6O ' 1 Al
AOnly induodenum

AFound insubmucosa

AProduces alkaline (basic) fluid

A Protects from acidic stomach fluid and chyme
Av OEEAET AOO EI DPADPOEA Ol A

Boards&Beyond_ Jpogi/Wikipedia

STUDY SMARTER




0AUAOGO O0AOAEA

AMore lymph cells duodenuma, ileum
Found in lamina propria (mucosa)

Alnileum , lymph cells aggregat®y 0 AUAOG O DA

Found in muscularis mucosa/submucosa

$O1 AAT OF E "o0did
)1 AGI E 0AUADB!
Jejunum = Neither
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L acteal

ALymphatic channels within villi
Almportant for absorption of fats

Capillaries

Lymphatic vessel =8 — Capillaries

—- Lymphatic vessel

Swmall artery  Lymphatic plezus

Wikipedia/Public Domain
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Colon

AProduces lots of mucous

A Absorbs fluid and electrolytes
A Crypts without vill

A Lots of goblet cells

Boards &Beyond Ed Uthman/Flikr
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Haustra

A Pouchesof the colon
ACan be seen on imaging to identify large bowel

Left colic

Right colic
(splenic) flexure

(hepatic) flexure TRANSVERSE COLON

Taenia coli

| ) DESCENDING

ASCENDING
COLON P
lleum
lleocecal valve & : Sigmoid
= i flexure
Appendix SIGMOID COLON
Rectum

Anus

Blausen.com staff. "Blausen gallery 2014Wikiversity Journal of Medicine
DOI:10.15347/wjm/2014.010. ISSN20018762.
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http://www.worldcat.org/issn/20018762

Ulcers and Erosions

A Breakdown of Gl tract lining

A Dyspepsia, bleeding

AErosions: mucosa only

AUlcers: submucosa and muscularis mucosa
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Enteric Nervous System

ASubmucosal plexus (Meissner's plexus)
Controls secretion and blood flow

A- UAT OAOEA 1T AOOA bl AgOO

Major role is control of GI motility

Muscularis Mucosa

Submucosal Plexus
Lymph Vesssel
Submucosa Portal Venule
Artery

Circular Muscle

Mesenteric Plexus

Muscular Layer
Longitudinal Muscle

Frank Boumphrey M.D. 2008

Serosa
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Slow Waves

A Oscillating membrane potential of Gémooth muscle

A Originate in interstitial cells of Cajal

A- AT AOAT A bPiT OAT OEAT OOI T xI
AWhen near threshold, action potentials may occur

BENRY
Voltage
Tension M
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Action Potential
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Slow Waves

A Sets maximum number of contractions per time

A Characteristic for each part of Gl tract
Stomach: 3/min
Duodenum: 12/min
lleum: 8/min
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Liver, Gall Bladder,
Pancreas

Jason Ryan, MD, MPH
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Anatomy

Liver

RHD
LHD

CHD

Cystic duct

Common bile duct

Gall Bladder
Sphincter of Oddi

Ampulla of Vater

Pancreatic duct

FHD : Right hepatic duct
LHD: Left hepatic duct
CHD : Common hepatic duct

Pancreas

Duodenum

Boards&Beyond. Wikipedia/Public Domain
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Ampulla of Vater

AAmpulla = roman flask
A Biliary/pancreatic ducts merge
AEmpties into major duodenal papilla

ABile, pancreatic enzymes into duodenum uofmann coliestion/Giiozo

AHalfway along second part of duodenum
A Anatomical transition from foregut to midgut
A Point where celiac trunk transitions to SMA
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Major Duodenal Papilla
ABile, pancreatic enzymes into duodenum

Hepatic artery
Porial vein
Commaon bile-duct
Orifice of common
Lile-duct and pan-

4
ereatic duct Accessory pancreatic duck

Pancreatic duct

Wikipedia/Public Domain
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Sphincter of Odd

ACircular muscular (smooth) layer

A Surrounds major duodenal papilla

A Controls flow of bile, pancreatic enzymes
A Prevents reflux
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Sphincter ofOddi Dysfunction

ANarrowing of Sphincter ofOddi
A Can occur after pancreatitis, gallstone disease
ABiliary symptoms

Episodes ofRUQ pain

Possible abnormal LFTs, hyperbilirubinemia

A Pancreatic symptoms
Recurrent pancreatitis

A Potential therapies
Smooth muscle relaxants (Ca channel blockers, nitrates)
Endoscopic sphincterotomy
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Sphincter ofOddi Spasm

AMay be caused by opioids (i.e. morphine)
Smooth muscle contraction

AMeperidine (Demerol) used in acute pancreatitis

ANo clinical data that morphine leads to worse
outcomes or that meperidine is better
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Liver Lobules

Reytan/Wikipedia
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Liver Lobules

; umwmmwm T
Central vein ‘l%\é") (Al$ “7)% ‘:&V
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Connective —EEines “amamm
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Lobules leﬁ‘&lﬂvél) )
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Interlobular vein
(to hepatic vein)

Central vein Sinusoids

Plates of
hepatocytes

Portal venule
Portal arteriole
Bile duct

From portal vein
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Liver Lobules

ATwo blood supplies:
Portal veins (80%): deoxygenated blood from Gl tract
Hepatic artery (20%)

A One drainage vessel:
Hepatic veins: carry processed blood away from liver

ABile duct
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Portal Triad

STUDY SMARTER

Reytan/Wikipedia




Liver Lobules

Reytan/Wikipedia
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Liver Zones
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Liver Zones

AZone | (periportal )
Affected by viral hepatitis first

AZones Il centrilobular)
Furthest from blood supply
Most vulnerable to ischemia
Fat accumulation begins here in alcoholic liver disease
High concentration P450 enzymes in hepatocytes
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Pancreas

Pancreatic duct
Gallbladder

Lobules

Common bile duct

Accessory pancreatic duct

Duodenal papilla

Duodenum

BoardS&Beyond_ BruceBlaugWikipedia
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Pancreas Embryology

ATwo buds from foregut: Ventral and dorsal
Bud off from endodermal lining of duodenum (foregut)

AVentral bud

Part of head, uncinate process
Main pancreatic duct

A Doral bud
Rest of head
Body, tail, accessory duct

—3 stomach

——) dorsal

gall pancreas
bladder buds

ventral

JakobSuckale MicheleSolimena
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Pancreas

Secondarily retroperitoneal
Forms covered in peritoneum (intraperitoneal)
Later fuses with posterior wall A retroperitoneal

k] Boards&Beyond
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Annular Pancreas

ACongenital anomaly ofrentral bud
Initially composed of two separate pieces of tissue
Normally fuse
Can fuse around duodenum

ARing of pancreatic tissue that surrounds duodenum
A Can causdowel obstruction
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Pancreas Divisum

ADorsal and ventral ducts do not fuse

ATwo separate ducts
Accessory (dorsal) duct drains majority of pancreas
Second ventral duct persists

A Often asymptomatic
AMay cause pancreatitis
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Salivary Glands

Jason Ryan, MD, MPH
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Salivary Glands

AThree major glands
AAlso many tiny salivary glands throughout mouth
AAll produce saliva

/ :
3
Parotid gland

2 ,
Sublingual gland

Salivary Glands
Boards&Beyond_ BruceBlaugWikipedia
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Salivary Glands

A Submandibular gland
Floor of mouth
7EAOOT 1AGmodktO A O
A Sublingual gland
Floor of mouth .
A Parotid gland Submandib:;iér gland\‘ L
Behind the angle of the jaw r—

Below and in front of ears Sublingual gland
. Salivary Glands
Largest salivary gland W

BruceBlaugWikipedia
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Saliva 23@%
AMostly water (>90%)

AMucin, glycoproteins Martin Bréndli/Wikipedia
Lubricate food
Bind bacteria

AlgA antibody

ALysozymesA disrupt bacterial cell walls
ALactoferrin A prevent bacterial growth
A Proteins that protect teeth
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Saliva

Almportant for innate immunity
Protects against infectious agents

A, T OO | £ OAIl A ioféctions3 ET COAI

Dental carries (cavities)
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Saliva

ATwo important enzymes for digestion
1 Al UL AOA j AECAOOO AAOAT EUAOA
Lingual lipase (digests lipids)
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] -amylase

A Salivary amylase
Optimal pH >6
Inactivated in stomach

A Pancreatic amylase
Functional in small intestine
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Lipase Enzymes

ASalivary (lingual) lipase
Minor contributor to lipid metabolism in adults
More important in newborns (lower pancreatic enzyme levels)

A Pancreatic lipase
Main lipase for lipid digestion
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Salivary Electrolytes

ASalivary fluid produced byacinar cells
AModified by ductal cells

Centroacinar
cells

Public Domain/Wikipedia
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Salivary Electrolytes

Alnitial fluid similar to plasma (isotonic )
Same Na, Cl, K, Hg@oncentration

ADuctal cells (impermeable to water):
Remove Na, Cl

Secrete K, HCO(bicarb raises pHA protects against acid)
Na

K
Na
Cl S
>
>

HCQ
Boards&Beyo%d
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Salivary Electrolytes

A Saliva becomesypotonic from removal Na, ClI
Lower concentrations than plasma

A Saliva:higher concentration of K, HCO 5 than plasma
Na/ﬁ ‘ "
>

K
HCQ'
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Salivary Electrolytes

ACompositionvaries with flow rate

AHigher flow:
Less time for ductal modification
Fluid becomes more like plasma
Closer toisotonic with plasma
[Bicarb] goes up at high flow rates
More CO2 in glandular cell®y more bicarbonate
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Aldosterone

A Effects salivary glands similar to kidneys
Av A AAOIT OPOET I
Av + OAAOAOEIT I

Na__ﬁ
oo

K
HCQ"
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Regulation of Saliva

Alncreased by sympathetic AND parasympathetic
Not regulated by gastrointestinal hormones
Sympathetic: smaller effect
Parasympathetic: greater effect (major system)

A Activated by food smell, sight, etc.
AMuscarinic receptors (M1 and M3) important
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Regulation of Saliva

AMuscarinic antagonists
Causedry mouth
Atropine , Scopolamine

AMuscarinic agonists

Increase saliva production
Pilocarpine § OOAA EI 3EI COAT 60O OUI A
Cholinesterase poisoning A salivation
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Salivary Duct Stones

Sialolithiasis

A Obstruction of salivary flow
A Pain/swelling of gland

PGA/Wikipedia

AUsually aggravated by eating
AMost common in submandibular glands

ARisk factors:
Dehydration, diuretics
Anticholinergic medications

ATreatment: NSAIDs, hydration; rarely surgery
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Sialadenitis

Alnflammation of salivary gland

A Often secondary to obstructing stone
AMost often due toStaph Aureus

A Also often containsanaerobes

A Common treatment:
Nafcillin (Staph coverage)
Metronidazole or Clindamycin (anaerobes)

STUDY SMARTER




Mumps

Caused by RNA mumps virus
Largely prevented by vaccination (MMR)

Key feature:Parotitis
Often bilateral
Inflammation of parotid glands (facial swelling)

Wikipedia/Public Domain
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Salivary Tumors

AUsually present in the parotid gland
A Often present agacial swelling

A Most are benign
Mobile (not growing into other tissues)
Painless (not invading nerves)

AWhen pain present usually indicates invasive lesion
AMay involve facial nerve (paralysis)
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Pleomorphic Adenoma

Benign Mixed Tumor

AMost common salivary gland tumor
AUsually benign

Rarely can undergo malignant transformation
Often results in pain, facial nerve dysfunction

AMost common in superficial lobe of parotid gland
A Painless, mobile mass at angle of jaw
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Pleomorphic Adenoma

Benign Mixed Tumor

A Epithelial and stromal tissue cells
Epithelial: Glandular cells
Stromal: Cartilage, sometimes may see bone

Boards&Beyond KGH/Wikipedia
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Pleomorphic Adenoma

Benign Mixed Tumor

ARisk factors: Prior radiation
ATreatment: Surgery +/- radiation

A Can have local recurrence
Often has irregular margins
Tumor cells left behind after surgeryA recurrence
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{fAOOEEI 00O 40l
Papillary Cystadenomd.ymphomatosum
ASecond most common salivary tumor

AUsually occurs in parotid gland
AKey risk factor: Smoking (8x more common!)
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{AOOEEI 0O 401 |
Papillary Cystadenomd.ymphomatosum
AKey histological finding:

Cystsfilled with fluid

Cysts surrounded by dense lymphoid infiltrate
Lymph tissue can aggregate intayerminal centers

KGH/Wikipedia
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Mucoepidermoid Carcinoma

AMost common malignant salivary tumor
AKey risk factor: prior radiation

AOccur in parotids

Sometimes invade facial nervegdaralysis)
Can also cause pain

A Also commonly found in minor salivary glands
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Mucoepidermoid Carcinoma

AMixture of cells:
A Squamous (epidermoid) cells
A Mucus-secreting cells
A Intermediate hybrid cells

ﬁ' &“ 3
<3 ('g
BoardS&Beyond KGH/Wikipedia
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Hernias

Jason Ryan, MD, MPH
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Hernia

A Protrusion of organ through cavity wall
ACan lead to organ dysfunction, necrosis/infection

A Common in areas of discontinuity of abdominal wall
Inguinal canal
Esophagus
Umbilicus
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Femoral Vessels

Infrasternal notch

Pecloralis major

Serratus
andericr
Rectus abdominis

—Linea alba
Aponeurosis of
Obliguus externits

Muscular fibers of
Obliquus externus

— Anterior superior
tliac spine

= Inguinal ligament

Wikipedia/Public Domain Wikipedia/Public Domain
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Femoral Vessels

ALateral to medial
Nerve-artery-vein-lymphatics T
Ruperficial epigasiric vessels

DiAveld e

O6AT T OO0 OiI OEA
AFemoral triangle

Superior: Inguinal ligament

Medial: Adductor longus
Lateral: Sartorius

Great saphenows vein

Wikipedia/Public Domain
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Femoral Sheath

ATunnel of fascia
A Below inguinal ligament

A Contains femoral vein, artery, and ring
Does not contain nerve

Lal, fem. culun, nerve

Femoral nerve

Lwmbo-inguinal nerve

| Femoral artery

Femaral sheath

Femoral vein

Femoral ving
Lacunar ligament

Boards&Beyond | Wikipedia/Public Domain
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Femoral Ring and Canal

AOpening to femoral canal is femoral ring
Site of femoral hernias

A Component of femoral sheath
ALymph vessels and deep inguinal nodes

Lal, fem. culun, nerve

Femoral nerve
Lwmbo-inguinal nerve
| Femoral artery

Femaral sheath
Femoral vein

Wikipedia/Public Domain
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Inguinal Canal

ARuns across femoral vessels
ATestes descend through inguinal canal to scrotum

o

RIGHT INGUINAL CANAL ”'\
|orEsED ) R,

CREMASTER| S MWSCLE- - &

AND FASCIA i

INTERCOLUMMAR
FABCIA

CARTOS ™

SCGSILE
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BoardS&Beyond

STUDY SMARTER




Spermatic Cord

ATravels in inguinal canal
ADuctus deferens, arteries, veins, nerves

AThree fascial layers
External spermatic fascia
Cremasteric fascia
Internal spermatic fascia

Boards&Beyond.
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Inguinal Canal

APassage in abdominal wall
A Carriesspermatic cord in males
ARound ligament in females
A Entrance: Deep inguinal ring
AEXxit: Superficial inguinal ring
AFloor: Inguinal ligament
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Inguinal Canal

Deep/Internal
Inguinal Ring

Inferior
Epigastric
Vessels

Inguinal
Ligament

Rectus Abdominis
Muscle

Superficial/
External

Femoral Artery Inguinal Ring

Femoral Vein

_ Lateral Medial
Boards&Beyond



Inguinal Hernias

AThree types of hernias occur in inguinal region
Indirect inguinal hernias
Direct inguinal hernias
Femoral hernias
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Indirect Inguinal Hernia

AO) T AEOAAOI U6 OEOI OCE AAAI
Travel through inguinal canal
.1 0 OAEOAAOI U6 OEOI OCE A EITI
AOrigin lateral to epigastric vessels
A Follows path of descent of testes

Covered byall layers of spermatic fascia
Contrast with direct hernias (outer layer only)

A Congenital defect
Bowel protrudes through patentprocessus vaginalis
Should close after descent of testes
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Indirect Inguinal Hernia

Small bowel

Internal inguinal nng

External inguinal ring

Spermatic cord

Testes
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Processus Vaginalis

ATestes descend behingrocessus vaginalis

A Outpouching of peritoneum

ARemains open in newborn period

ABET OT A A1 T OA | O Al EOAOAOA
AReplaced by fibrous tissue

APart remains astunica vaginalis testis
Serous covering of testes
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Indirect Inguinal Hernia

Demographics

AMost common type of inguinal hernia
Males = 50% hernias are indirect
Females = 70% are indirect

AMore common in men
Men 10x more likely than women

ATypically occurs right side
Persistent processus vaginalis more common on right

ACommonly extend into scrotum
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Indirect Inguinal Hernia

Demographics

AUsually occurs in adulthood with risk factors
Heavy lifting
Straining (constipation)

ACan occur in newborns on mechanical ventilation




Indirect Inguinal Hernia

Key Points

AThrough internal and external inguinal rings

A Follows path of descent of testes (in men)
In women follows round ligament toward labiamajora

AlIn men, covered by spermatic fascialfree layers )
A Origin lateral to inferior epigastric vessels
AMost common type of inguinal hernia
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Direct Inguinal Hernia

AT xA1 AOI CAO OAEOAAOI U6 O
AProtrudes through( AOOAT AAAEG6 O OOEA
A Origin ismedial to epigastric vessels

AThrough external ring (not deep/internal)

A Covered by external spermatic fascia only

A Should never bulge into scrotum
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(AOOAI AAAEGO 4
Alnguinal ligament
AlInferior epigastrics

ARectus abdominis
AFloor: Transversalis fascia




Direct Inguinal Hernia

A Caused bytransversalis fascia breakdown
AWeakness in floor of inguinal canal

AUsually occurs in older men
9AAOO T £ OOOAOO 11 Al

Public Domain
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Femoral Hernias

AHernia through femoral ring
Medial to femoral vessels

A Bowel protrudes below inguinal ligament
Differentiates from both types of inguinal hernias

AMore common in women than men
But indirect most common type for both genders

AHigh risk of incarceration
Femoral ring is small opening

Femoral
Hernia
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Inguinal Hernias

Physical Exam

AMost hernias obvious on inspection
Bulge in the groin

A Coughing often increases size of bulge
Increased abdominal pressure with cough
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Inguinal Hernias

Complications

Alncarceration

Bowel trapped in hernia sac
#AT 11T 0 AA OOAAOAAAL
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Inguinal Hernias

Complications

A Strangulation
Blood flow cutoff
Bowel in hernia sac becomes ischemic/necrotic
Painful, red, swollen
Fever
Urgent surgery indicated
Femoral hernias in women
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Inguinal Hernias

Diagnosis

AUsually diagnosed clinically
AUltrasound/CT sometimes used

JamedHeilman/Wikipedia
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Inguinal Hernias

Treatment

AAIl treated surgically
APrimary closure
AMesh placement
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