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BASIC A&P  
GASTROINTESTINAL SYSTEM 

 
Functions: 

x Ingestion (via mouth) 
x Mechanical breakdown 
x Propulsion – swallowing  

o Initiated voluntarily 
o Continued via peristalsis 

� Contractile waves of smooth muscle 
x Chemical Digestion 

o Molecular breakdown 
o Via enzymes + acids 

x Secretion (mucus/bile/alkaline) 
x Absorption 

o Passage of nutrients from GI into blood/lymph 
x Excretion/Defecation 

o Elimination of indigestible substances 
 
Oesophagus: 

- Macro Anatomy: 
o Approx 25cm long 
o Pierces the diaphragm at the oesophageal hiatus to enter abdomen 
o Sphincter: ‘Gastro-oesophageal’ / ‘Cardiac’ (Malfunction Æ GORD) 

- Histology: 
o Oesophagus: Stratified Squamous 
o Oesophago-Gastric Junction (Z-Line): Transition to Cuboidal Gastric Epithelium 
o Upper 1/3 = striated muscle 

o Lower 2/3 = smooth muscle 

 
 
Stomach: 

- Macro Anatomy: 
o See Picture 

- Histology: 
o Gastric Pits 
o Simple Cuboidal (Protected by Mucus & Alkaline Secretion) + Goblets  
o + Parietal Cells Æ Secrete Acid + Intrinsic Factor (for B12 Absorption) 
o + Chief Cells Æ Secrete Pepsinogen (Precursor to Pepsin Æ Digests Collagen) 
o + Endocrine Cells (G-Cells Æ Stimulate Parietal Cells; D-Cells Æ Inhibit G-Cells) 
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Duodenum: 

- Macro Anatomy: 
o C-Shaped part of SI from Stomach Æ Jejunum  
o “Hepatopancreatic Sphinct./Sphinct.of Oddi/Duodenal Ampulla/Ampulla of Vater” 

- Histology: 
o Microvilli & Crypts of Lieberkuhn  
o Simple Cuboidal + Goblet Cells + “Brunner’s Glands” Æ Secrete ↑↑Alkaline Mucus 

 
 

- Physiology 
o Motility: 

� Peristalsis – Oesophagus (5-10sec), Stomach (1-3hrs). 
x Combination of Segmentation & Pendular Contraction. 
x Segmentation 

o Contractions of circular muscle 
x Pendular 

o Contractions of longitudinal muscles 
o Shortens & lengthens tube. 

� Migrating Motor Complex – Small Intestines (7-9hrs) 
� Mass Movement – Large Intestines (25-30hrs) 
� Defecation Reflex – Rectum & Anus (After 40hrs) 

 
o Digestion Phases & Enzymes: 

� Mechanical Digestion: 
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x Chewing 
x Stomach 

� Chemical Digestion: 
x Saliva – Salivary Amylase (Simple Carb Digestion) 
x Stomach – Acid + Pepsin (Protein Digestion) 
x Liver – Bile (Fat Emulsification) 

x Pancreatic Amylase – (Carb Digestion) 

x Pancreatic Lipase – (Fat Digestion) 

x Pancreatic Proteases – (Protein Digestion) 

x Pancreatic Nucleases – (DNA/RNA Digestion) 

� Intestinal Absorption: 
x Fluid + Nutrients Æ Blood Vessels 
x Fluid + Fats Æ Lymph Vessels 

 
o Hormonal Control of  

� Gastric Acid Secretion: 
x Cephalic Phase  

o Gastric Secretion Before a Meal – Stimulated by taste/smell/thought: 
� G-Cells Æ Gastrin Secretion Æ  

x ↑Parietal-Cell HCl Secretion 
x ↑Cheif-Cell Pepsin Secretion 

x Gastric Phase 
o Food has entered & distended the stomach. 

� Distension of Stomach Æ Further Gastrin Secretion 
� Low Acidity Stimulates G-Cells Æ Gastrin  

x Intestinal Phase 
o Acidic Chyme enters Duodenum Æ Release of 3 local Hormones: 

� Secretin Æ Stimulates Pancreas Æ Bicarbonate Secretion  
� Cholecystokinin Æ Stimulates Gallbladder Æ Bile Secretion 
� Vasoactive Intestinal Peptide (VIP) Æ ↓Gastric Acid Production 
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� Gastric Emptying: 

x Regulated by the Duodenum  
x Fatty Foods/Alcohol/Caffeine/Smoking Æ Delayed Gastric Emptying 

 
o Maintaining Luminal Homeostasis & Integrity 

� ‘Attackers’: 
x Acid: Parietal Cells Æ HCl + Intrinsic Factor 
x Pepsinogen: Chief Cells Æ Pepsinogen Æ Pepsin  

� ‘Defenders’: 
x Mucous: Goblet Cells Æ Mucin Æ mucous ÆBarrier from Acid + Lubrication. 
x Tight Junctions: Prevents Leakage of Mucous/Acid & Infection. 
x High Cell Turnover: Stem-Cell Regeneration in Gastric Pits 
x Alkaline Fluid: Brunner’s Glands in Duodenum Æ Secrete Alkaline Fluid 
x Bile: Hepatocytes Æ Bile Salts (Emulsifiers) + Alkaline  
x Pancreatic Bicarb: Exocrine Pancreatic Cells Æ Bicarb Secretion Æ Neutralises 
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Anatomy: 
- Small Intestine: 

o Macro: 
� Duodenum – C-shaped 

� Jejunum – High surface area (plicae, villi & microvilli) – Nutrient Absorption. 

� Ileum – Lower surface area (fewer plicae, villi & microvilli) – Fluid Absorption  

� Ileo-cecal Junction/Valve: empties into Cecum of large intestine. 

 
o Micro: 

� Viliated Simple Columnar Epithelium + Goblet Cells + Basal Stem Cells

 
- Large Intestine: 

o Macro: 
� Ileocecal valve Æ Cecum + Appendix 
� Ascending Colon Æ Right Colic Flexure 

� Transverse Colon ÆLeft Colic Flexure 

� Descending Colon 
� Sigmoid Colon 
� Rectum Æ Anal Canal 
� NB: Teniae Coli – 3 ribbons of smooth muscle along the colon’s entire length 

� NB: Haustra – Sections slows down the movement of wastes 

o Micro: 
� Simple Columnar Epithelium + Goblet Cells 

�  
 
Physiology: 

- Motility: 
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o Small Intestine: 
� Peristalsis: “Migrating Motor Complex” 
� Initiated by pacemaker cells in smooth muscle layer 

x 12-14 contractions / minute 
x ÆInitiates peristalsis in duodenum Æ lasts for about 50-70cm then dies out. 
x Successive waves are initiated further along small intestines (Hence ‘migrating’). 
x Takes approx 2 hrs for waves to reach Ileocecal valve. 
x Process then repeats itself Æ sweeps food remnants, bacteria, etc. 

o Large Intestine: 
� Peristalsis: “Mass Movements” 
� Inactive most of the time 
� When presented with foodÆcolon becomes motile 
� Long, slow-moving, but powerful contractile waves. 
� Move over large areas of colon 
� 3x Daily 
� Force contents towards rectum 

o Rectum: 
� Defecation Reflex 
� Rectum wall stretches Æ initiates defecation reflex: 
� Force on anal canal signals brain – ‘the urge’ 
� Sigmoid-Colon & Rectum contracts + Internal Anal Sphincter relaxes 

- Secretions: 
o Mouth – 1500mLs: 

� Saliva 
o Stomach – 2500mLs: 

� Acid + Pepsin Solution  
� Mucous 

o Liver – 500mLs: 
� Bile (Bicarbonate + Bile Salts + Cholesterol) 

o Pancreas – 1500mLs: 
� Bicarbonate – Neutralises Acidity 
� Amylase, Lipase, Proteases, Nucleases 

o Intestines – 1000mLs: 
� Intestinal Juice – Slightly Alkaline 
� Duodenum (Brunner’s Glands): 

x Bicarbonate – Neutralises Acidity 
x Mucous 

o Colon - Negligible: 
� Mucous 

o NB: Plus 2000mLs Drinking Water, Total = 9000mLs 
- Absorption: 

o Intestines – 7000mLs 
� NB: VitB12 & Bile Salts – Absorbed by specific transporters in Terminal Ileum  

x (:. Malabsorption of these can occur in Ileal Resection) 
o Colon – 1500mLs 
o NB: 500mLs Faeces @ 80% water. 

- Defences: 
o Physical – Mucous, Mucosal Shedding, Constant Movement of Contents 
o Chemical – Lysozyme, Defensins, Mucosal IgA, B-Cells, T-Cells, Commensal Bacteria 
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Anatomy of Small Intestine: 

 
1. Duodenum – C-shaped 

2. Jejunum – High surface area – Maximum nutrient absorption (many plicae, villi & microvilli) 

3. Ileum – Lower surface area – Absorption of fluids (fewer plicae, villi & microvilli) 

4. Ileo-cecal Junction/Valve: empties into Cecum of large intestine. 

 
Intestinal Wall 
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Anatomy of Large Intestine: 
x Absorbs H2O from indigestible food 
x Temporarily stores waste 
x Eliminates semisolid faeces 

 
 

Important Structures 
x Ileocecal valve 

x Cecum 

x Appendix 

x Ascending Colon 

x Right Colic Flexure 

x Transverse Colon 

x Transverse Mesocolon 

x Left Colic Flexure 

x Descending Colon 

x Sigmoid Colon 

x Rectum 

x Anal Canal 
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x Unique Structures 

o Teniae Coli – 3 ribbons of smooth muscle along the colon’s entire length 

� Causes the large-intestine wall to form segments (Haustra) 

o Haustra – slows down the movement of wastes. 

� Aid in packing and compacting 

o Epiploic Appendages – fatty pouches of visceral peritoneum (purpose unknown) 
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Histology of Large Intestine & Rectum: 

 
 
Anatomy of Rectum & Anus: 

x Important Structures: 
o Levator Ani Muscle 

o Anal Canal 

o External anal Sphincter - voluntary 

o Internal anal Sphincter – involuntary 

o Anus 

www.regentstudies.com

www.regentstudies.com


  

www.regentstudies.com

www.regentstudies.com


MICROSCOPIC ANATOMY 
4 Layers of GIT Lining (Histology & Function): 

1. Mucosa 
x Folds (plicae) 
x Epithelium (simple columnar + goblet)  
x Lamina Propria (loose areola tissue) 
x Muscularis mucosae (smooth muscle) 
¾ Secretion of mucin, digestive enzymes 

& hormones 
¾ Absorption of nutrients & fluids. 
¾ Protection from: 

o Acid 
o Bacteria 
o Mechanical stresses 

2. Submucosa 
x Dense conn. Tissue 

x Nerves 

x Blood vessels 

x Glands 

¾ Vasculates & innervates GI tract wall 

3. Muscularus 
x Circular smooth muscle 

x Longitudinal smooth muscle 

¾ Responsible for peristalsis 

¾ Forms sphincters (valves) – control passage of food 

4. Serosa/Peritoneum 
x Areolar Connective Tissue 

x Mesothelium (single layered squamous epithelium) 

x (Dual layered peritoneum = mesentery) 

¾ Lubrication, vasculation, innervations & support of GI organs.  
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System: Gastrointestinal 
 
Overview: 

x The Alimentary Canal (9m approx) 
o Mouth 
o Pharynx 
o Oesophagus 

� 25 cm long 
� Stratified Squamous 
� Upper 1/3 = striated muscle 
� Lower 2/3 = smooth muscle 

o Stomach 
o Small intestine 

� Duodenum 
� Jejunum 
� Ileum 

o Large intestine 
� Vermiform appendix 
� Cecum 
� Ascending Colon 
� Transverse Colon 
� Descending Colon 
� Sigmoid Colon 
� Rectum 

o Anus 
x Accessory Digestive Organs 

o Teeth 
o Tongue 
o Salivary Glands 

� Parotid 
� Sublingual 
� Submandibular 

o Glandular Organs 
� Liver  
� Pancreas 

o Gallbladder 
 
Abdominal Cavity: 

x Boundaries: 
o Diaphragm of lungs (thoracic diaphragm) 
o Broad Ligament of Pelvis 

x Layers of Abdominal Wall 
o Skin 
o Superficial Fascia 

� Fatter Layer 
� Membranous Layer 

o 3 Muscle Layers – Separated by Deep Fascia 
� Deep Fascia 
� External Oblique Muscle 
� Deep Fascia 
� Internal Oblique Muscle 
� Deep Fascia 
� Transverse Abdominal Muscle 
� Trasversalis Fascia 

o Parietal Peritoneum 
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SURFACE ANATOMY: 
Abdominal Cavity: 

x Boundaries: 
o Diaphragm of lungs (thoracic diaphragm) 
o Broad Ligament of Pelvis 

x Muscles 

 
x Layers of Abdominal Wall 

o Skin 
o Superficial Fascia 

� Fatter Layer 
� Membranous Layer 

o 3 Muscle Layers ʹ Separated by Deep Fascia 
� Deep Fascia 
� External Oblique Muscle 
� Deep Fascia 
� Internal Oblique Muscle 
� Deep Fascia 
� Transverse Abdominal Muscle 
� Trasversalis Fascia 

o Parietal Peritoneum 
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x Regions: 

 
 

x Placement of Abdominal Organs 

 
 

x Placement of Accessory Structures 
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x Referred Pain: 
o Pain felt at a site away from the location of affected organ 
o Due to lack of dedicated sensory pathways from internal organs. 
o Pain is relayed to areas of skin and muscle instead. 
o Known as “viscera-somatic convergence.” 
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Embryonic Development of GIT: 
x Week 3:   

o 3 Primary Germ Layers: 
� Ectoderm 
� Mesoderm 
� Endoderm 

x Week 3 – 4: 
o   GIT develops from the Endoderm & Mesoderm: 

� Endoderm: 
x The epithelial lining of the primitive gut (alimentary tube) 

� Mesoderm: 
x The rest of the wall: 

o Submucosa 
o Muscularis Externa 

x Week 4 – 8: 
o Openings of GIT: 

� Mouth: 
x The end of the foregut merges with the ectoderm on the head of the embryo at 

the “stomodeum”. 
x Forms the oral membrane ʹ later breaks to form the mouth opening. 

� Anus: 
x The end of the hindgut merges with the ectoderm on the tail of the embryo at the 

͞proctodeum”. (procto = anus) 
x Forms the cloacal membrane ʹ later breaks through to form the anus. 

o Budding of Glandular Organs: 
� Salivary Glands - foregut 
� Liver - midgut 
� Pancreas ʹ midgut  
¾ Glands retain their connections, which later become ducts to GIT. 

o Stomach Appears 
� Different rates of growth causes rotation & greater/lesser curvatures 

  
 

o Respiratory Diverticulum 
o Dorsal TubeÆOesophagus 

� Rapidly lengthens with 
descent of heart & lungs 
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Anatomy of the Oesophagus: 
x Important Structures 

o Approx 25cm long 
o Pierces the diaphragm at the oesophageal hiatus to enter abdomen 
o Joins the stomach at the cardiac orifice 
o Sphincter: ‘Gastro-oesophageal’ / ‘Cardiac’ 

� Malfunction of this sphincter Æ heartburn 
x Histology: 

o Mucosa: 
� Epithelium 

x Upper 1/3 = stratified squamous 
x Lower 2/3 = simple columnar 

 
Anatomy of Stomach: 

x Histology: 
o Gastric Pits 

� Surface Epithelium 
o Gastric Glands 

� Mucous Neck Cells 
� Parietal Cells – HCl producers. 
� Chief Cells – Pepsinogen producers (protein digesting enzyme – when mixed with acid) 

 
 
Anatomy of Duodenum: 

x Important Structures: 
o Gallbladder 

� Cystic Duct 
o Hepatic ducts of liver 

� Common Hepatic Duct 
o Bile Duct 
o Pancreas 
o Pancreatic Duct 
o Major Duodenal Papilla 
o Jejunum 
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Anatomy of Small Intestine: 
1. Duodenum – C-shaped 
2. Jejunum – High surface area – Maximum nutrient absorption (many plicae, villi & microvilli) 
3. Ileum – Lower surface area – Absorption of fluids (fewer plicae, villi & microvilli) 
4. Ileo-cecal Junction/Valve: empties into Cecum of large intestine. 

 
 
Anatomy of Large Intestine: 

x Absorbs H2O from indigestible food 
x Temporarily stores waste 
x Eliminates semisolid faeces 
x Unique Structures 

o Teniae Coli – 3 ribbons of smooth muscle along the colon’s entire length 
� Causes the large-intestine wall to form segments (Haustra) 

o Haustra – slows down the movement of wastes. 
� Aid in packing and compacting 

o Epiploic Appendages – fatty pouches of visceral peritoneum (purpose unknown) 

 
 
Anatomy of Rectum & Anus: 

x Important Structures: 
o Levator Ani Muscle 
o Anal Canal 
o External anal Sphincter - voluntary 
o Internal anal Sphincter – involuntary 
o Anus 
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The Peritoneum: 
x The slippery serous membrane of the abdomio-pelvic cavity: 

o Visceral Peritoneum 
� Covers external surfaces of most digestive organs 

o Parietal Peritoneum 
� Lines the body cavity wall 

x Mesenteries: 
o Sheets of double-layered peritoneum 
o Connects digestive organs to the body wall 
o Contains blood vessels, nerves & lymphatics 
o Lesser Omentum 

� Lesser Curvature of Stomach 
o Greater Omentum 

� Greater Curvature of Stomach  
o Transverse Mesentery 

� Transverse Colon 
o Mesocolon 

� Ascending Colon 
� Descending Colon 

o Mesentery Proper 
� Jejunum 
� Ileum  

x Intra Vs. Retro – Peritoneal Organs: 
o Intra: Inside the peritoneal cavity & suspended by mesentery. 

� Stomach 
� Gallbladder 
� Jejunum 
� Ileum 
� Cecum 
� Transverse Colon 
� Sigmoid Colon 

o Retro: Posterior to (outside) the peritoneal cavity adhered to the dorsal abdominal wall. 
� Parts of duodenum 
� Most of pancreas 
� Ascending & Descending Colon 
� Rectum 
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Greater & Lesser Sacs 
x Greater Sac 

o Supracolic Compartment 
o Infracolic Compartment 

x Lesser Sac 
o Omental Bursa 

 

 
 

x Intra Vs. Retro ʹ Peritoneal Organs: 
o Intra: Inside the peritoneal cavity & suspended by mesentery. 

� Stomach 
� Gallbladder 
� Jejunum 
� Ileum 
� Cecum 
� Transverse Colon 
� Sigmoid Colon 

o Retro: Posterior to (outside) the peritoneal cavity adhered to the dorsal abdominal wall. 
� Parts of duodenum 
� Most of pancreas 
� Ascending & Descending Colon 
� Rectum 
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ABDOMINAL INFRASTRUCTURE 
The 3 Gut Segments: 

x Each give rise to specific gut structures during foetal development. 
x Structures derived from the gut proper develop as swellings/dilations of the primitive gut. 
x Gut-related structures develop as outpouchings of the primitive gut. 
1. Foregut: 

¾ Arterial Supply: Celiac Trunk. 
 

x Pharynx 
x Oesophagus 
x Stomach 
x Upper Duodenum 
x Respiratory tract (incl. Lungs) 
x Liver 
x Gallbladder 
x Spleen 
x ½ of Pancreas 

2. Midgut: 
¾ Arterial Supply: Superior Mesenteric Artery 

 
x ½ of Pancreas 
x Lower duodenum 
x Jejunum 
x Ileum 
x Cecum 
x Appenix 
x Ascending colon 
x 1st 2/3 of transverse colon 

3. Hindgut: 
¾ Arterial Supply: Inferior Mesenteric Artery 

 
x Last 1/3 of transverse colon 
x Descending colon 
x Sigmoid colon 
x Rectum 
x Upper anal canal 
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Arterial Supply of GIT: 
x Foregut: 

¾ Celiac Trunk 
x Midgut: 

¾ Superior Mesenteric 
x Hindgut: 

¾ Inferior Mesenteric 
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Venous Drainage of GIT 
x Foregut: 

1. Portal Vein Æ Liver 
2. Left Gastric Æ Portal 
3. Right Gastric Æ Portal 
4. Splenic Vein ÆPortal 

x Midgut: 
o Superior Mesenteric Æ Portal 

x Hindgut: 
o Inferior Mesenteric Æ Splenic Æ Portal 
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Lymphatic Drainage of the GIT: 
 

 
 Mesentric Lymph Nodes Lymph Nodes of Large Intestine 
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Innervation of GIT: 
x Extrinsic Innervation: 

o From Sympathetic Splanchnic nerves 
o From Parasympathetic Vagus (CNS) 

 
 

x Referred Pain: 
o Pain felt at a site away from the location of affected organ 
o Due to lack of dedicated sensory pathways from internal organs. 
o Pain is relayed to areas of skin and muscle instead. 
o Known as “viscera-somatic convergence.” 
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GI Motility & Function 
Motility 

x Keeps things moving 
x Food-matter must stay in specific places long enough Æ optimal digestion & absorption: 

o Oesophagus:   5-10s 
o Stomach:  1-3hrs 
o Small Intestine:  7-9hrs 
o Large Intestine:  25-30hrs Total: approx. 40hrs 

 
Categories of Motility: 

x Accommodation 
o Stretching – stomach 
o Smooth muscle relaxes 

x Tonic Contraction 
o Continual partial contraction of GI Tract 

x Peristalsis 
o Combination of Segmentation & Pendular Contraction. 
o Segmentation 

� Contractions of circular muscle 
o Pendular 

� Contractions of longitudinal muscles 
x Migrating Motor Complex – Small Intestines 
x Mass Movement – Large Intestines 
x Defecation Reflex – Rectum & Anus 

 
Motility Mechanisms In Specific Places: 

x Stomach 
o Peristalsis 
o 3 waves per minute 
o Waves move down body 
o Very intense waves at pylorus – mashes food into chyme (homogenous solution) 
o Usually each wave spits 3ml of chyme into duodenum 

x Small Intestine  
o Segmentation is the most common motion. 
o 12-14 contractions / minute 
o Peristalsis: Migrating Motor Complex 

�  Successive waves are initiated further along small intestines. 
� Hence the ‘migrating’ motor complex. 
� Takes approx 2 hrs for waves to reach ileocecal valve. 
� Process then repeats itself Æ sweeps food remnants, bacteria, etc. 

x Large Intestine 
o Inactive most of the time 
o Contractions are sluggish & short-lived 
o Mass Movements 
o Long, slow-moving, but powerful contractile waves. 

x Rectum 
o Faeces are forced into rectum by Mass Movements. 
o Rectum wall stretches Æ initiates defecation reflex: 
o Defecation Reflex 
o Sigmoid-Colon & Rectum contracts + Internal Anal Sphincter relaxes 
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Neural & Hormonal Regulation of: 
x Stomach Secretion: 

o Cephalic Phase  
� (Where gastric secretion is stimulated before food enters stomach) 
� The taste/smell/thought of food sends nervous impulses to medulla oblongata (in 

brainstem) 
� MedullaÆVagus Nerves ÆParasympathetic NeuronsÆstimulates HCl & Pepsin secretion in 

upper & middle stomach. 
x Also stimulates Gastrin secretion in lower part of stomach 
x GastrinÆbloodstreamÆfurther stimulates HCl & Pepsin secretion 

o Gastric Phase 
� Food has entered & distended the stomach. 
� Stimulated by: 

x Distension of Stomach: 
o Continued secretion of HCl & Pepsin & Gastrin 

x Gastrin (hormone): 
o Produced by G-Cells in stomach 
o Main function: stimulate parietal cells Æ spew out HCl 

x Low Acidity: 
o Stimulates gastrin acid production.  

o Intestinal Phase 
� Acidic chyme enters duodenum  
� Initially this stimulates intestinal gastrin secrection Æ encourages gastric gland secretion. 
� Shortly after, gastric secretion is inhibited via the enterogastric reflex: 

x Inhibits parasympathetic stimulation from medulla. 
x Activates sympathetic fibres Æ tightens pyloric sphincter + decreases gastric 

secretion. 
x Causes the release of 3 local hormones into blood Æinhibits gastric secretion: 

o Secretin 
o Cholecystokinin 
o Vasoactive Intestinal Peptide (VIP) 

 
x Gastric Emptying: 

o Normal: 
� Depends on contents of duodenum rather than contents of stomach. 
1. Acidic chyme enters duodenum 
2. Chemical & stretch receptors in duodenum wall Æ causes enterogastric reflexes. 
3. Reflexes inhibit acid & pepsin secretion 
4. Also prevents further duodenal filling by reducing force of pyloric contractions 

o Vomiting Reflex: 
� Caused by either: 

x Extreme stretching of stomach 
x Irritants (Bacterial toxins/Alcohol/Spicy foods/Drugs/etc) 

� Bloodborne molecules or sensory impulses Æ emetic centre of medulla. 
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Secretory Structures: 
x Salivary Glands: 

o Parotid 
� Enzyme: Alpha-Amylase (breaks down amylose – straight chain starch) 
� Anti-Microbial Agents 

o Submandibular 
� Mucous 
� Enzyme: Alpha-Amylase 

o Sublingual 
� Mucous 

x Stomach: 
o Mucosa:  

� Composed entirely of Goblet Cells 
� Secretes viscous mucous  
� Secretes HCO3- Æneutralises H+ ions in mucus gel (unstirred layer) 

o Gastric Pits: 
x Parietal Cells 

o Secrete HCl &  
x Chief Cells 

o Produce pepsinogen (inactive form of pepsin – a protease) 
o Pepsinogen + HCl Æ Pepsin 

x Enteroendocrine Cells 
o Release chemical messengers into interstitium. 
o Eg. Histamine, Seratonin, Gastrin 

x Duodenum – Brunner’s Glands: 
o Compound tubular glands  
o Secrete alkaline fluid & mucus  
o Helps neutralise acidic chyme from stomach.  

x Liver 
o Produces bile for absorption of fats. 
o Bile 

� Bile salts, phospholipids & emulsifiers 
x Pancreas (Exocrine) – secretes: 

o Bicarb – neutralises acidity 
o Pancreatic Amylase – hydrolyses starch Æmaltose + glucose 
o Pancreatic Lipase – hydrolyses fats Æfatty acids + monoglycerides 
o Proteases – proteolytic enzymes 
o Nucleases – hydrolyses nucleic acids (DNA & RNA) Æ nucleotides. 

x Intestine & Colon – Crypts of Lieberkuhn (intestinal crypts) 
o Epithelial Cells 

� Secrete intestinal juice: slightly alkaline mucous. 
o Goblet Cells 

� mucous 
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Carbohydrate Digestion: 
x Mouth: 

o Salivary α-Amylase: 
� Breaks down starch polysaccharidesÆsmaller chunks of a few units 

x Small Intestine Lumen: 
o Pancreatic α-Amylase: 

� Continues breakdown of starchÆeven smaller chunks 
x Small Intestine Brush Border: 

o Brush-Border Enzymes:  
� Membrane-bound 
� Act on Oligosaccharides & Disaccharides Æ Monosaccharides 

x Sucrase:  SucroseÆ Glucose + Fructose 
x Lactase: LactoseÆ Glucose + Galactose 
x Maltase: MaltoseÆ Glucose + Glucose 
x Isomaltase: MaltrioseÆGlucose + Galactose 

x Large Intestine:  
o Non-Starch-Polysaccharides & Resistant Starches escape enzymatic breakdown until now. 
o Microbial Enzymes: 

� Break down NSPs & RSs Æ short chain fatty acids. (SCFAs) + CO2/H2/Methane (Flatus) 
� SCFAs: Acetate/Propionate/Butyrate 

x SCFAs are absorbed into blood 

 
 
Carbohydrate Absorption: 

x Mouth 
o None  

x Stomach 
o None  

x Small Intestine 
Via Secondary Active Transport: 

o Apical GLUT 1: Glucose & Galactose GLUT 2: Basal 
o Apical GLUT 5: Fructose   GLUT 2: Basal 

  
x Large Intestine: 

o Diffusion: Short Chain Fatty Acids 
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Protein Digestion: 
x Stomach: 

o Chief cells – secrete pepsinogen  
o Parietal Cells – secrete HCl 
o Pepsinogen + HCl Æ Pepsin  (protease) [more specifically – an endopeptidase] 
o Pepsin: breaks peptide bonds in the middle of proteins Æ smaller polypeptides 

x Small Intestine: 
Proteases break large polypeptides Æ smaller polypeptides Æ single amino acids. 

o Pancreatic Proteases: 
� Trypsinogen Æ Trypsin (Zymogen [trypsinogen] is activated by brush border enzymes) 
� Chymotrypsinogen Æ Chymotrypsin   (activated by Trypsin) 
� Procarboxypeptidase Æ Carboxypeptidase (activated by Trypsin) 

o Brush-Border Proteases: 
� Aminopeptidase: - cleaves 1 amino acid at a time 
� Dipeptidase:  - cleaves 1 amino acid at a time 

 
Protein Absorption: 

x Single Amino Acids + some Di/Tri-Peptides 
x Absorbed mainly in Small Intestine: 

o By Enterocytes (absorptive cells of SI) 
o Via cotransport with Na+ ions. 
o Intracellular Peptidases continue breakdown of Di/Tri-Peptides 
o Basolateral transporters – A.As & Peptides ÆEnter capillary blood in villi. 

 
Digestion/Absorption of LIPIDS: 

x Emulsification: 
o Pre-treated with Bile-Salts  
o Bile Salts: Amphiphilic molecules – polar & non polar ends 

� Emulsify Large Lipid Droplets Æ tiny tiny droplets Æ High Surface Area  
� High S.A. = more access to lipases 

x Digestion: Lipases  
o Gastric Lipase: Stomach – Secreted by Chief Cells  
o Pancreatic Lipase: Pancreas – Secreted in Active Form 
o Mostly yields 1 MonoAcylGlyceride + 2 Free Fatty Acids 
o Rarely yields 1 Glycerol + 3 Free Fatty Acids 

x Absorption: Micelles 
o Monoglycerides + Fatty Acids: 

� Retain association with Bile Acids Æ Aggregate to form Micelles. 
� Micelles: aggregates of mixed lipids & bile acids suspended within chyme. 
� Micelles in contact with brush-border-membrane of Enterocytes release FAs & 

Monoglycerides Ædiffusesimple into Enterocyte. 
� FAs & Monoglycerides Æ Endoplasmic Reticulum Æ used to synthesise Triglycerides 
� Triglycerides Æ Golgi Apparatus Æ Packaged with Cholesterol+Lipoproteins Æ 

Cholymicrons (The lowest-density Lipoprotein) 
� Cholymicrons in Vesicles Æ transported to Basolateral Membrane Æ Exocytosed into 

Interstitium. 
� Interstitial cholymicrons Æ Lacteal (Lymphatic Vessel in Villus) Æ Lymphatic System Æ 

Blood 
o Cholesterol: 

� Absorbed in Small Intestine via specific transporter Æ enterocyte. 
� Cholesterol is incorporated into cholymicrons Æ Æ Æ shuttled into blood by process 

above. 
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Hepatobiliary 
Liver Structure: 

- General Structure: 
o Large Gland– 1.5kg 
o Wedge-shaped. 
o 2 Surfaces - Diaphragmatic & Visceral  
o 4 Lobes – Right, Left, Quadrate, Caudate (tail). 
o Dual Blood Supply: 

� Hepatic Artery 25% 
� Portal Vein 75% 

o All Blood From the Liver Æ Inferior Vena Cava 

 
o Hepatic Blood Supply 

� To Liver: 
x Hepatic Artery (From Celiac Trunk) – 20% - Oxygenated. 
x Hepatic Portal Vein (Drainage from GIT) – 80% - Nutriated; Deoxygenated.  

� From Liver: 
x Central Veins (In each Lobule) Æ Hepatic Vein Æ IVC  

o Microscopic Structure – Liver Lobules: 
� Portal Triad: 

x Bile Duct 
x Branch of Portal Vein 
x Branch of Hepatic Artery 

� Zones: 
x 1 – Peripheral (Closest to Portal Triad) 
x 2 – Middle  
x 3 – Centrilobular (Closes to Central Vein) 

  
- Biliary Tree: 

o Structures Within the Liver: 
� Hepatocytes secrete bile into Bile Canaliculi Æ Drain into Larger Bile Ducts 
� Many Bile Ducts converge Æ eventually ÆCommon Bile Duct. 

o Structures Exiting The Liver: 
� R & L Hepatic ducts of liver Æ Common Hepatic Duct 

x Æ Cystic Duct Æ Gallbladder 
x Æ Common Bile Duct 

� Pancreas Æ Pancreatic Duct 
� Common Bile Duct + Pancreatic Duct Æ Hepatopancreatic Ampulla. 
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Bile Composition: 
x H2O 
x Electrolytes 
x Bile Salts -Digestion & Absorption of Lipids 
x Phospholipids -Digestion & Absorption of Lipids 
x Cholesterol 
x Bilirubin 

 
Functions of Bile: 

x Critical for Digestion/Absorption of FATS in Small Intestine 
x Provides a medium for disposal of some bodily wastes: 

o Wastes secreted into bile  
� Eg. Endogenous: 

x Calcium 
x Cholesterol (Soluble in bile salts) 
x Steroid Hormones 
x Bilirubin 

� Eg. Exogenous: 
x Antibiotics  
x Metabolites of Drugs 

o Eliminated in Faeces....OR 
o Reabsorbed by Small IntestineÆbloodÆkidneysÆUrine.  

 
Bile Release: 

x Acidic, fatty chyme enters duodenum- 
o Stimulates Secretion of: 

� Secretin: 
x Stimulates bicarbonate ion secretion (pancreas) 
x Stimulates bile secretion (liver) 

� CCK (cholycystokinin): 
x Increases pancreatic enzyme secretion 
x Stimulates gallbladder contraction  
x Relaxes the hepatopancreatic sphincter (Sphincter of Oddi) 

� Vasoactive Intestinal Peptide: 
x Relaxes smooth muscle of stomach – slows gastric emptying 

x Bile is released into duodenum via hepatopancreatic sphincter (Sphincter of Oddi) 
 
EnteroHepatic Circulation (“IntestineÆLiver”): 

x Ie. Recycling of Bile Salts 
x 90% of bile salts are reabsorbed (in ileum) into blood. 
x Ileum venous bloodÆPortal VeinÆLiver: 

o Hepatocytes extract bile salts from blood 
o Bile salts are re-secreted into canaliculi. 

x Each bile salt molecule is reused approx: 18-20 times. 
o Ie. On average, bile salts are turned over every 18-20 meals. 
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Gallbladder: 
x Function: Storage & Concentration of Bile 

o Greenish-yellow fluid 
o Alkaline – neutralises stomach acid in duodenum 
o Composed of cholesterol, bile salts (emulsifiers) & metabolic wastes of liver (Incl. Bilirubin). 

x Regulation: Hormone = CCK Cholecystokinin: (“move the bile-sac”) 
o Secreted by duodenum Æ Contracts Gall Bladder & Relaxes Hepatopancreatic Sphincter 

� ÆCauses release of Bile & digestive enzymes 

 
 

Physiology: 
- Normal Bilirubin Metabolism: 

o Where Bilirubin Comes From: 
� Metabolism of Protoporphyrin, a Breakdown product of Heme in Haemoglobin in RBCs. 

o Spleen’s Role: 
� Primary organ of RBC sequestration & breakdown. 

o Process of Haemoglobin Breakdown & Bilirubin Formation: 
� Haemoglobin Æ Heme & Globin. 
� Heme Æ Iron & Protoporphyrin 
� Protoporphyrin Æ Biliverdin (Green) Æ Unconjugated Bilirubin (Yellow) 

o Bilirubin Metabolism: 
� 1. Unconjugated Bilirubin in Spleen is NOT Water-Soluble  

x :. Transported to Liver via Albumin Æ Uptake into Hepatocytes. 
� 2. Hepatocytes Conjugate Bilirubin with Sugar Residues Æ Water Soluble 
� 3. Conjugated Bilirubin is Excreted with Bile into Gut. 

x Most is Excreted as Stercobilin in Faeces. 
x Some is Reabsorbed but Excreted as Con-Bilirubin and Urobilinogen in Urine. 

o Jaundice: 
� Jaundice occurs when a fault in the above sequence Æ ↑↑Bilirubin in the Blood 

 
- Other Liver Functions: 

o Bile Synthesis 
o Protein Metabolism (Synthesis, Storage & Degradation[transamination]) 
o Carbohydrate Metabolism (Synthesis, Storage & Metabolism). 
o Lipid Metabolism & Transport (VLDL Synthesis, HDL Synthesis 
o Vitamin A production & storage 
o Makes Heparin – blood thinner (anti-clotting agent) 
o Drug Detoxification/Activation 
o Immunological Function (Kupffer Cells – Macrophages attached to endothelium) 
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Pancreas: 
- Anatomy  

o Elongated, Horizontal, Retroperitoneal 
o Head –Cupped by the Duodenum 
o Tail – abuts the spleen 
o Exocrine – Acinar Epithelial Cells + Duct Network  
o Endocrine – Islets of Langerhans + 4 Cell Types 

 
- Pancreas Physiology  

o 85% Exocrine (Acini): 
� Pancreatic Juice: 1. Membrane-Bound Vesicles of Zymogens in Epithelial Cells Æ 2. Active 

Secretion into Pancreatic Ducts Æ 3. Drains from the Main Pancreatic Duct Æ Duodenum: 
x Amylase  (Digests Carbohydrates) 
x Lipase    (Digests Fats) 
x Chymotrypsin  (Digests Protein) 
x Aminopeptidase (Digests Protein) 
x Elastase  (Digests Protein – Esp. Elastin) 
x Nuclease  (Digests Nucleic Acids) 
x Bicarbonate   (Helps neutralise acid) 

o 15% Endocrine (Islets): 
� Hormones – By 4 Different Cells in the Islets of Langerhans: 

x β-Cells  Æ Insulin (↓BSL)  
x α-Cells  Æ Glucagon (↑BSL)  
x δ-Cells  Æ 
x PP-Cells Æ 
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COMMON DISORDERS OF THE GASTROINTESTINAL TRACT: 
Disorders of the Upper GI Tract: 

- * GORD (Gastro-oesophageal Reflux Disease) 
o Definition: 

� = “Reflux of highly acidic gastric juices into oesophagus, leading to ↓Oesophageal 
Integrity” 

 
o Factors normally preventing GORD: 

� **Lower Oesophageal Sphincter Tone (Pic: Left = Good; Right = Bad) 
x NB: This is decreased in smoking. 

 
� *Gravity 
� Crura (The ring of muscle around the lower-oesophageal sphincter – supportive role to 

LOS) 
� The slight ‘kink’ where the oesophagus joins to the stomach. 
� Plasticity of Stomach Æ keeps Gastric Pressure Low. 
� Contraction/Relaxation Synchronisation (of Sphincter Muscles & Peristalsis) 

x Sphincter tone must be High at times of High Gastric Pressure. 
x However, The sphincter must also open to allow entry of food into stomach. 

 
� Gastric emptying Æ Keeps Gastric Pressure low. 

 
o Symptoms: 

� Common: 
x Heartburn 
x Regurgitation 
x Belching 
x Epigastric Pain 
x Chest Pain 
x Dyphagia 
x Acid Brash (Regurge of Acid or Bile) 

� Less Common: 
x Odynophagia (Pain on swallowing) 
x Globus (Sensation of a ‘ball’ in the throat) 
x Nausea 

 
o Diagnosis: 

� Usually based on symptoms 
� Tests include:  

x pH-Monitoring 
x Barium Series  
x Upper Endoscopy. 
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o Clinical Manifestations: 
� Reflux Oesophagitis 

 
� Chest Pain (sometimes mistaken for heart attack) 
� Hiatus Hernia – herniation of stomach through diaphragm. 

 
� Haematemesis (vomiting blood) 
� Iron deficiency 
� Coughing (if aspiration of acid into airway) 

 
o Potential Outcomes: 

� Oesophagitis (Inflammation of Oesophagus) 
 

� Oesophageal Ulcers 
� Stricture (From fibrous/scar tissue build-up Æ Ineffective Peristalsis) 
� Columnar Metaplasia (Change from Squamous Epithelium to Columnar 

Epithelium)  
x (Aka. Barrett’s Oesophagus) 
x NB: Columnar Metaplasia of the Oesophagus (Barrett’s) can develop into 

Oesophageal Adenocarcinoma (Cancer). 
� Oesophageal Cancer – Adenocarcinoma (Due to DNA damage from acid & free radicals) 

 
o Phase I Treatment – Lifestyle Modification: 

� Elevate bed-head 
� Avoid lying down for 3hrs after meals 
� Decrease fat intake (to Æ Increase Gastric Emptying) 
� Quit Smoking 
� Weight Loss (to Æ ↓Intra-abdominal Pressure) 
� Avoid Certain Foods (Caffeine/Chocolate/Spicy food/Alcohol/Citrus Fruits) 

o Phase II Treatment – Pharmacological (As Needed): 
� Antacids - (1st line in GORD). 
� Alginates - (Often Combined with Antacids) 
� NB: Antacids can affect the Pharmacokinetics of other Oral Drugs due to pH Change. 

o Phase III Treatment – Pharmacological (Scheduled): 
� H2 Histamine Receptor Antagonists - (↓Histamine-Mediated Acid Secretion)  
� Proton-Pump Inhibitor 

o Phase IV Treatment – Maintenance Therapy: 
� Lowest Effective Dose of H2 Antagonist or PPI. 

o Stage V Treatment – Surgery: 
� Nissen or Toupet Fundoplication – (Upper portion of stomach is wrapped around lower end 

of oesophagus Æ creates a ‘new’ valve to prevent reflux) 
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- Peptic Ulcer Disease: 
o Where does it Occur? 

� Duodenum 
� Stomach 
� Oesophagus (a result of GORD) 
� Margins of Gastrojejunostomy (Ie. Sometimes a side effect of surgery) 

 
o Aetiology: 

� Matter of imbalance of protective & Destructive factors: 
x Ie. Breakdown of protective mucosal barrier 
x Or. Excessive Chronic Exposure to Acid/Pepsin 

 
 

� Protective Factors: 
x *Thick Alkaline Mucus Lining & Epithelial Barrier: 

o From Goblet Cells: 
� Mucin Synthesis is stimulated by Prostaglandin 
� Mucin protein synthesized in Endoplasmic Reticulum 
� Mucin is added to water Æ mucus 

o Unstirred Layer of mucus (closest to stomach lining) is neutral. 

 
x *Prostaglandin: 

o Æ Stimulates Mucin Synthesis by Goblet Cells 
o Æ Inhibit Histamine-Mediated Acid Secretion by Parietal Cells. 

x *D-Cells 
o Detect H+ in the stomach lumen Æ Secrete Somatostatin 
o Somatostatin = Negative Feedback to the G-Cell Æ Inhibits Gastrin 

Secretion 
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� Destructive Factors: 
x *Acid: 

o Two Cell Model: Stimulated by Gastrin Æ ECL Cell Æ Parietal Cells via 
Histamine Æ Stimulates Hydrogen (Proton) Pump from Parietal Cells. 

 
x *Pepsin: 

o Digestive Proteolytic Enzyme Secreted by Chief Cells. 
x *NSAIDs – (Non Steroidal Anti-Inflammatory Drugs) – (Eg. Aspirin/Ibuprofen): 

o 15-20% of NSAID users develop gastric ulcer. 
o Why?? 

� NSAIDs Inhibit Cyclo-oxygenase (Æ↓Prostaglandin) Æ  
- ↓Prostaglandin-Mediated Mucin-Secretion from Goblet Cells; 
AND - ↓Inhibition of Parietal Cell Acid Secretion. 

x **Helicobacter Pylori: 
o Can burrow under the mucus layer (where the ph is neutral) Æ Survives 
o Also has an enzyme (urease?) which can neutralise the acid. 
o Love Columnar Cells  

 
x Stress (Zollinger-Ellison Syndrome): 

o = A Rare condition characterised by Treatment-Resistant Peptic Ulcers 
Resulting From ‘Gastrinomas’ (Acid-Secreting tumour) in the 
Pancreas/Duodenum Æ Peptic Ulcers in Duodenum. 

  
o Pathogenesis – Helicobacter Pylori: 

� Gastric Ulcer: 
x HP Æ Gastritis Æ Damage to Epithelial Layer Æ Exposure to Acid Æ Gastric Ulcer 

Æ ↓Antral D-Cells (&Somatostatin) Æ Decreased Inhibition of G-Cells Æ ↑ 
Gastrin Æ ↑Histamine-Mediated Acid Secretion by Parietal CellsÆ Potentiates 
Gastric Ulcer. 

� Duodenal Ulcer: 
x GORD Æ ↑Exposure to Acid Æ Gastric Metaplasia Æ Colonised by HP Æ 

Duodenitis Æ Duodenal Ulcer. 
 

- (Therapeutic Management of H.Pylori-Positive Peptic Ulcers:) 
o Proton Pump Inhibitors – (To reduce destructive acid) 
o Antibiotics – (To kill the H.Pylori) 
o A Mucosal-Protective Drug: Bismuth-Containing Preparation (“Bismuth Chelate”) 

� – (Toxic effects on H.Pylori, Inhibits Adherence to Mucosa, & Inhibits Bacterial Proteolytic 
Enzymes) 

� Also has Mucosal Cytoprotective Properties (See below) 
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- Nausea & Vomiting: 
o Control Mechanisms: 

� 3 Phases: 
x 1. Afferent Signals to Emetic Centre (From Noxious Stimuli) 
x 2. CNS send out efferent emetic signals 
x 3. Coordinated Respiratory & Abdominal muscle Contraction; & GI Smooth Muscle 

Relaxation Æ Vomiting. 
o NB The Vomiting Centres monitor Blood & Other Emetic Stimuli: 

� Stimulated by: 
x CTZ Æ Endogenous Toxins in blood  
x GI Tract (Ie. From Pharynx [gag reflex]/Stomach [if too full]) - (Via Vagus) 
x Labyrinth (Inner Ear) Æ Motion Sickness (Nausea) 
x Cortex & other Higher Centres (Ie. Senses/Emotions).  

o Central Vomiting Centres – In the Medulla Oblongata: 
� Chemoreceptor Trigger Zone (CTZ): 

x Sensory Stimuli 
x Blood-Brain Barrier is Semi-Permeable. 
x Senses Chemicals & other stimuli in blood (Toxins/Drugs/Uraemia/Infections/etc) 
x Relays Emetic Signals to the VC. 

� Vomiting Centre (VC): 
x The Integrative centre for Incoming Emetic Signals. 
x Coordinates Efferent Emetic signals Æ Respiratory/Abdominal Muscle Contraction 

AND GI-Smooth Muscle Reverse Peristalsis Æ Vomiting. 
o Agonists & Receptors: 

 
o Diagram: 

� Pain;Repulsive stimuli Æ Higher Centres Æ Vomiting Centre Æ Nerves to Somatic & 
Visceral Receptors. 

� Motion (determined by inner ear vs. Eye) Æ Directly stimulates vomiting centre  
� Endogenouus Toxins/Drugs Æ Absorbed into blood Æ Crosses BBB Æ CTZ Æ Stimulates 

Vomiting Centre. 
� Visceral Afferents (eg. Toxins/Stimuli from stretch of stomach/Pharynx) Æ Stimulates 

vomiting centre. 
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Disorders of the Lower GI Tract: 
- Diarrhoea: 

o Types: 
� Acute (a few days) 
� Chronic (4 wks+)  
� Episodic 

o Causes of Acute Diarrhoea: 
� Food Poisoning  
� Gastroenteritis 
� Various Tropical Diseases (Eg. Cholera/Typhoid) 
� Anxiety or Emotional Stress 
� Excess Alcohol 
� Medications (Eg. Antibiotics/Antacids/Antihypertensives/Antiarthritics)  
� Various Pathogens (Eg. Viruses/Bacteria - E.Coli, Cholerae, Salmonella/Parasites – Giardia) 

o Causes of Chronic Diarrhoea: 
� Coeliac (Gluten Intolerance) & Lactose Intolerance 
� Chronic Constipation (Æ Overflow Diarrhoea – Typically in Elderly) 
� Hormone Disorders (Eg. Diabetes) 
� Cancer (Eg. Bowel Cancer) 
� Inflammatory Bowel Diseases (Eg. Crohn’s Disease/Ulcerative Colitis) 
� Irritable Bowel Syndrome   

o Potential Risks With Diarrhoea: 
� *DEHYDRATION 
� Electrolyte Disturbances 
� Infections 

o Aetiology & Pathogenesis – 4 Major Mechanisms: 
� Osmotic Diarrhoea: 

x Disaccharidase Deficiency 
x Lactulose 
x Antacids 
x Primary Bile Acid Malabsorption 

� Secretory Diarrhoea: 
x Infectious: 

o Viral damage to mucosal epithelium 
x Enterotoxin Mediated: 

o Eg. Cholera 
x Neoplastic: 

o TUmor elaboration of peptides, Serotonin, Prosatglandins. 
� Exudative Diarrhoea (NB:Mech is actually osmotic) 

x Active inflammation Æ Mucus Blood & protein Æ ↑Osmotic Load 
x Infectious Æ Same diff. 

� Diarrhoea related to Motility Disturbances: 
x Fluid in colon 
x Fluid vs Colon absorptive capacity 
x See lecture 
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- Constipation: 
o Common Causes: 

� Chonic Laxative Abuse ÆLazy Bowel SyndromeÆ Constipation 
� Drug related (Eg. Opioids) 
� Pathological conditions (physical obstruction/diverticulitis/neurological) 

o See lecture for the rest!!! 
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Malabsorptive Disorders: 
- 4 Main Causes: 

o 1. Impaired Intraluminal Digestion: 
� Eg. Pancreatitis, Cystic Fibrosis, etc. 

o 2. Impaired Mucosal Cell Function: 
� Eg. Bacterial Infection, Disaccharidase Deficiency, Lactase Deficiency, Brush Boarder 

Damage. 
o 3. Reduced Functional Surface Area in Small Intestine: 

� Eg. Coeliac Disease: 
x Abnormal Sensitivity to Cereal Gluten 
x Leads to an Immune-Mediated destruction of Mucosa. 

� Eg. Crohn’s Disease: 
x Cause Unknown. 
x = Regional Inflammation of the Ilium.  
x Æ Formation of Fibrous Tissue, Reduction in Absorptive Area, 

Narrowing/Obstruction. 

 
o 4. “Latrogenic” – (“brought about by doctors, but not implying liability”): 

� Eg. Surgical Resection of Stomach or Small Intestine. 
� Eg. Loss of Motility Patterns/Absorptive Area 
� Æ Dumping Syndrome (Loss of Gastric Emptying) 
� Æ Short Bowel Syndrome (Severe Diarrhoea & Malabsorption)  
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Disorders of Accessory Digestive Organs: 
- Pancreatitis: 

o Differentiating between Acute or Chronic: (NB: Acute can be life-threatening) 
� Acute: 

x An Inflammatory Disorder Æ Oedema, Haemorrhage, & possibly Necrosis. 
x Vacuoles of Fat + Calcium (aka. “Soaps”) 
x Symptoms: 

o Upper Abdo Pain & Vomiting 
o Elevated Serum Amylase 

� Chronic: 
x Progressive Destruction of the Pancreas Æ Marked Decline in Pancreatic 

Function: 
o ↓Exocrine Functions: ↓Pancreatic Enzymes Æ Nutritional Malabsorption. 
o ↓Endocrine Functions: ↓Insulin & Glucagon Æ Diabetes Mellitis. 

x 3 Subtypes: 
o Chronic Calcifying Pancreatitis – Calcium plug blocks pancreatic ducts. 
o Chronic Obstructive Pancreatitis – Stenosis of pancreatic Sphincter. 
o Cystic Fibrosis-Related Chronic Pancreatitis – Destruction of Acinar Cells. 

o Common Causes: 
�  - Alcohol Abuse: 

x Alcohol is directly toxic to Acinar cells (The Exocrine cells which secrete digestive 
enzymes). 

x Sphincter of Oddi Dysfunction (Hepatopancreatic Sphincter) 
x Increases Ductal Permeability Æ Digestive enzymes permeate through the walls of 

the pancreatic ducts into the pancreas & surrounding Tissue Æ Inflammation Æ 
Pancreatitis. 

� - Biliary Tract Disorder: 
x Blockage of Sphincter of Oddi Æ ↑Intrapancreatic Ductal Pressure  

 
� - Primary Acinar Cell Injury: 

x Eg. Viruses, Drugs, Trauma. 
� - Inappropriately Activated Pancreatic Enzymes Æ Auto-Digestion: 

x Mechanism of Inappropriate Activation is Unclear 
x Hypothesis = Auto-Trypsinogen Activation Æ Trypsin: 

o Trypsin Æ Activates Pro-Enzymes Æ Active Enzymes Æ Auto-Digestion. 
o (Thus Trypsin-Activation Peptide (TAP) is a marker) 

o A 2-Stage Disease: 
� Stage 1 – Systemic Inflammatory Response Syndrome: 

x Cytokines & Vasoactive Mediators Released. 
x Failure to resolve Spontaneously (or with intervention) 

� Stage 2 – Complications Develop: 
x - In & around Pancreas – Cysts/Stones/Stenosis/Pancreatic Cancer. 
x - Elsewhere in the abdomen – Portal Hypertension 

o Pathogenesis: 
� Microvascular Leakage Æ Oedema 
� Lipolytic Enzymes Æ Fat Necrosis 
� Acute Inflammatory Reaction 
� Proteolytic Enzymes Æ Destruction of Pancreatic Tissue 
� Destruction of Blood Vessels Æ Haemorrhage. 
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o Diagnosis: 
� Main: Elevated Serum Amylase (Enzyme released into blood during inflammatory process) 
� Others: 

x Trypsin Activation Peptide (TAP) 
x Lipase 
x Aminotransferase 
x Alkaline Phosphatase (suggests Biliary disease)  

o Treatment: 
� Acute Pancreatitis: 

x Analgesia (Pethidine is best Æ Causes less Pancreatic Sphincter Spasms) 
x Replace Plasma Volume 
x Nutritional Support (Parenteral Nutrition – Via Naso-Jejunal Tube) 
x Antibiotic Prophylaxis  
x New Therapies – Inhibitors of Digestive Enzymes. 

� Chronic Pancreatitis: 
x Analgesia (Since Chronic Pancreatitis is an Inflammatory Process, NSAIDs are 

useful) 
o However, consider risk of gastric ulcers with NSAID use. 

x Manage Coincidental Bile-Duct Disease if Present 
x Low Fat Diet. 
x Treat Malabsorption by Replacing Digestive Enzymes (eg. Common in CF Patients) 
x Manage Diabetes with Exogenous Insulin. 
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Week	5	Gastro-Intestinal	Notes	

GI	Tract	Secretions	

	

Functions	of	Secretions	

• Proteins	

o Digestion:		 	 	 Enzymes	

o Protection/Lubrication:			 Mucin	

o Antimicrobial:	 	 	 Immunoblobulins	in	saliva	

o Hormonal:	 	 	 Peptide	hormones	

• Ions	

o Acid/Base	balance:	 	 Maintain	pH	

o Maintains	Osmolality:	 	 Maintains	concentration	of	dissolved	ions	in	lumen	(300mOsmols	J)	

o Electrochemical	Gradient:	 Facilitates	ion	transfers	into	&	out	of	the	cell	

• Water	

o Acts	as	solvent	

o Transport	medium	

o Needed	for	chemical	reactions	

o Maintains	Osmolality	

o Needed	for	consistency:		 For	–	ingestion/digestion/	&	excretion.	

	

Secretory	Structures:	

• Salivary	Glands:	

o Parotid	

§ Enzyme:	Alpha-Amylase	(breaks	down	amylose	–	straight	chain	starch)	

§ Proline-rich	proteins	

§ Anti-Microbial	Agents	

o Submandibular	

§ Mucous	

§ Enzyme:	Alpha-Amylase	

o Sublingual	

§ Mucous	

	

• Stomach:	

o Mucosa:		

§ Composed	entirely	of	Goblet	Cells	

§ Secretes	viscous	mucous		

§ Secretes	HCO3-	àneutralises	H
+
	ions	in	mucus	gel	(unstirred	layer)	

o Gastric	Pits:	

§ Produce	gastric	juice.	

• Mucous	Neck	Cells	

o ‘Neck’	regions	of	the	glands	

o Produce	a	thin	acidic	mucous	

• Parietal	Cells	

o Middle	regions	of	glands	scattered	amongst	chief	cells	

o Secrete	HCl	&		

o Intrinsic	Factor	–	binds	ingested	vitamin	B12	–	allows	it	to	be	absorbed.		

• Chief	Cells	

o Basal	regions	of	glands	

o Produce	pepsinogen	(inactive	form	of	pepsin	–	a	protease)	

o Pepsinogen	+	HCl	à	Pepsin	

• Enteroendocrine	Cells	

o Release	chemical	messengers	into	interstitium.	

o Eg.	Histamine,	Seratonin,	Gastrin	
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• Mucosal	Protection	Barrier:	

o Alkaline	Mucous	

o Cell	Arrangement	–	tight	junctions,	epithelia,	

etc	

o Cell	Turnover	–	every	5-7	days	

o Prostaglandin	(PGE2)	secretion:	

§ Increases	goblet	cell	secretion	–	

Mucus	+	HCO3	

§ Decreases	acid	secretion	from	

parietal	cell	

§ Increases	blood-flow	to	cells	
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• Duodenum	–	Brunner’s	Glands:	

o Compound	tubular	glands		

o In	the	area	of	the	duodenum	above	the	hepatopancreatic	sphincter.	

o Secrete	alkaline	fluid	&	mucus		

o Helps	neutralise	acidic	chyme	from	stomach.		

	

• Liver	

o Produces	bile	for	absorption	of	fats.	

o Bile	

§ Bile	salts,	phospholipids	&	emulsifiers	

o Gallbladder	

	

• Pancreas	(Exocrine)	–	secretes:	

o Bicarb	–	neutralises	acidity	

o Pancreatic	Amylase	–	hydrolyses	starch	àmaltose	+	glucose	

o Pancreatic	Lipase	–	hydrolyses	fats	àfatty	acids	+	monoglycerides	

o Proteases	–	proteolytic	enzymes	

o Nucleases	–	hydrolyses	nucleic	acids	(DNA	&	RNA)	à	nucleotides.	

	

• Intestine	&	Colon	–	Crypts	of	Lieberkuhn	(intestinal	crypts)	

o Paneth	Cells	

§ Secrete	defensins	(antimicrobial	agents)	&	lysozyme	(an	antibacterial	enzyme)	

§ Aid	in	intestinal	immune	defence	

o Stem	Cells	

§ At	the	bases	of	the	crypts	

§ Divide	rapidly	à	replace	the	various	cells	of	the	intestinal	wall.	

§ Migrate	up	the	villi	and	are	sloughed	off	every	few	days.	

o Epithelial	Cells	

§ Secrete	intestinal	juice:	slightly	alkaline	mucous.	

o Goblet	Cells	

§ mucous	
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Mechanisms	of	Secretions	

• Exportable	Protein	Secretion	

o Ribosome	transcribes	mRNA	àprotein	

o Ribosome	attaches	to	receptor	on	Rough	ER	via	Signal-Recognition	Particle	

o àdelivers	protein	into	Rough	ER.	

o Vesicles	of	protein	bud	off	from	Rough	ER	àsent	to	Golgi	

o Golgi	modifies	protein	à	sends	vesicles	to	apical	region	of	cell		

o Proteins	Exocytosed	OR	Fused	with	membrane	

o Eg.	Goblet	Cell	–	Mucin		
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• Ion	&	Water	Secretion	

o All	ion	transfers	in	&	out	of	cells	are	either:	

§ Active	transport,	

§ Down	a	concentration	gradient,	or	

§ Down	an	electrical	gradient	

o Ion	Transfer	often	causes	Water	Transfer	

o Na/K	ATPase		

§ Uses	ATP	to	set	up	concentration	&	electrical	gradients.	

§ Couples	to	secondary	transporters	to	transport	other	substances.	
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o Fluid	Secretion	of	Salivary	Glands	&	Pancreatic	Acini	

§ Aim:	to	move	water	into	the	lumen.	

§ Why:	because	saliva	&	pancreatic	juice	have	a	high	H2O	content	–	needed	as	a	medium	for	

solutes	(enzymes,	ions,	bicarb,	antibodies,	etc)	

1. Na/Cl/K-Cotransporter	imports	Cl	into	cell	via	the	Na	conc.	Gradient	set	up	by	Na/K-ATPase.	

2. Secretion	of	Cl
-
	into	lumen	(and	Na

+
	to	balance	electrical	charge)	

3. Luminal	ion	conc.	Increases	à	drags	H2O	into	lumen	via	osmosis.	

4. Ions	are	actively	reabsorbed	as	the	solution	travels	down	the	duct	–	but	not	H2O	

	

	
NB:	Na/Cl/K-Cotransporter	+	Na/K-ATPase	+	Luminal	Ion	Channels	

	

o HCO3	Secretion	of	Pancreatic	Ducts,	Brunner’s	Glands,	Bile	Ducts:	

§ Aim:	to	secrete	HCO3		

§ Why:	for	Acid	Neutralising	Properties	of	Pancreatic	Juice,	Duodenal	Mucosa	&	Bile.		

1. CO2	from	blood	diffuses	into	cell.	

2. H2O	in	cell	reacts	with	CO2	in	the	presence	of	Carbonic-Anhydrase	à	H2CO3	

3. H2CO3	dissociates	in	solution	into	H
+
	&	HCO3

-
		

4. H
+
	is	actively	removed	via	Na/H-Antiporter	via	Na	conc.	grad.	set	up	by	Na/K-ATPase.	

5. HCO3

-
	conc.	builds	up	in	cell	à	diffuses	out	through	ion	channel	into	lumen.	

6. Na	also	diffuses	out	to	balance	electrical	charge.	

	

	

NB:	Na/H-Antiporter	+	Carbonic-Anhydrase	+	Na/K-ATPase	+	Ion	Channels	
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o H
+
		Secretion	of	Parietal	Cells	in	Stomach:	

§ Mechanism	

• Stimulated	by	3	Chemicals:	Acetylcholine,	Gastrin	&	Histamine.	
• ACh	&	Gastrin	both	increase	intracellular	Ca

+
	concentrations	à	needed	for	

ProteinKinase	Activity.	

• Histamine	à	cAMP	à	Protein	Kinase	à	activates	H/K-ATPase.	

• H/K-ATPase	à	pumps	H
+
	ions	into	lumen.	

• H
+
	ions	supplied	by	Carbonic	Anhydrase	–	combines	CO2	+	H2O	à	H2CO3	à	H	+	HCO3	

• Remaining	HCO3

-
	ions	leave	cell	via	HCO3/Cl-Antiporter		

• HCO3/Cl-Antiporter	bring	in	Cl
-
		

	

§ Regulation	

• Stimulants:	Acetylcholine,	Histamine	&	Gastrin.	

- Acetylcholine	=	neurotransmitter	released	by	enteric	neurons.	

- Histamine	=	a	paracrine	released	by	ECL	(enterochromaffin-like)	cells.		

- Gastrin	=	a	hormone	released	by	G	cells,	endocrine	cells	in	the	gastric	epithelium.		

• Inhibitor:	Somatostatin	

- Somatostatin	=	paracrine/hormone	also	secreted	by	endocrine	D	cells	of	the	gastric	

epithelium.	
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www.regentstudies.com

www.regentstudies.com


	

§ Effects	of	Exogenous	Agents:	

• Omeprazole:	

o Proton-Pump	Inhibitor	

o Inhibits	the	source	of	H+
	à	most	efficient	&	effective.	

• Ranitidine:	

o Histamine	H2-receptor	antagonist		

o No	cAMP	à	stomach	acid	production	slows	

• Caffeine:	

o Blocks	the	phosphodiesterase	

• Pentagastrin:	

o Synthetic	gastrin-like	hormone.	

o Increases	gastric	secretion.	
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• Regulation	of	Stomach	Secretion	Ctd.–	3	Phases:	

o Cephalic	Phase		

§ (Where	gastric	secretion	is	stimulated	before	food	enters	stomach)	

§ The	taste/smell/thought	of	food	sends	nervous	impulses	to	medulla	oblongata	(in	

brainstem)	

§ MedullaàVagus	Nerves	àParasympathetic	Neuronsàstimulates	HCl	&	Pepsin	secretion	

in	upper	&	middle	stomach.	

• Also	stimulates	Gastrin	secretion	in	lower	part	of	stomach	

• Gastrinàbloodstreamàfurther	stimulates	HCl	&	Pepsin	secretion	
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o Gastric	Phase	

§ Food	has	entered	&	distended	the	stomach.	

§ Takes	approx	3-4hrs		

§ Stimulated	by:	

• Distension	of	Stomach:	

o Stretch	receptors	

o Distention	provides	positive	feedback	to	the	parasympathetic	reflex	

above	(via	the	medulla	oblongata)	

o Continued	secretion	of	HCl	&	Pepsin	&	Gastrin	

• Gastrin	(hormone):	

o Produced	by	G-Cells	in	stomach	

o Triggered	by	parasympathetic	nerves	+	partially	digested	proteins	+	

rising	pH	

o High	acidity	(pH<2)à	
-	
ve	feedback	

o Main	function:	stimulate	parietal	cells	à	spew	out	HCl	

• Low	Acidity:	

o Stimulates	gastrin	acid	production.		

o HCl	secretion	stimulated	by	a	combination	of:	

§ AcetylCholine	–	from	parasympathetic	nerve	fibres	

§ Gastrin	-	G-cells		

§ Histamine	–	ECL	Cells	in	response	to	gastrin	
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o Intestinal	Phase	

§ Acidic	chyme	enters	duodenum		

§ Initially	this	stimulates	intestinal	gastrin	secrection	à	encourages	gastric	gland	

secretion.	

§ Shortly	after,	gastric	secretion	is	inhibited	via	the	enterogastric	reflex:	

• Inhibits	parasympathetic	stimulation	from	medulla.	

• Activates	sympathetic	fibres	à	tightens	pyloric	sphincter	+	decreases	gastric	

secretion.	

• Causes	the	release	of	3	local	hormones	into	blood	that	inhibit	gastric	secretion:	

o Secretin	

§ Stimulates	bicarbonate	ion	secretion	(pancreas)	

§ Stimulates	bile	secretion	(liver)	

o Cholecystokinin	

§ Increases	pancreatic	enzyme	secretion	

§ Stimulates	gallbladder	contraction		

§ Relaxes	the	hepatopancreatic	sphincter	

o Vasoactive	Intestinal	Peptide	(VIP)	

§ Relaxes	smooth	muscle	

§ Stimulates	secretion	of	H2O	&	electrolytes	in	intestine	
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Water	Balance	in	GI	Tract	

		

• Ie.	Less	than	170mL	of	H2O	is	excreted	from	the	GI	per	day.	

• Therefore	the	rest	of	it	is	absorbed	into	the	bloodstream.	

	

• 	Water	Absorption:	

o Water	flows	by	osmosis		

§ Towards	the	hypertonic	solution		

§ Generally	H2O	follows	Na
+
	ions	(not	always)	

o Facilitated	by	aquaporins	–	channel	proteins	specific	to	water	

	

• Principle	Sites	of	H2O	Absorption:	

o Jejunum	

§ Na/K-ATPase	sets	up	negative	Na	conc.	grad.	within	cell.	

§ Na	causes	SGLT1	to	import	Na	&	Glucose.	

§ As	Na	flows	in,	H2O	follows.	

§ Basal	GLUT2	transporter:	Glucose	à	interstitium.		

§ Clinical	relevance:	for	treatment	of	severe	dehydration,	a	solution	of	Na	&	Glucose	
optimises	H2O	absorption.	

	

	

NB:	Na-Dependent	Glucose	Transporter	#1	+	GLUT2	+	Na/K-ATPase	
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o Ileum	

§ Na/K-ATPase	sets	up	negative	Na	conc.	grad.	within	cell.	

§ Draws	Na	through	Na/H-Antiporter	

§ 	H
+
	àlumen	

§ HCO3
-
	à	lumen	to	balance	electrical	charge	

§ Cl
-
	àcell	àinterstitium	to	balance	Na

+
.	

	

	
NB:	Na/K-ATPase	+	Na/H-Antiporter	+	HCO3/Cl-Antiporter	+	Ion	Channels	

	

o Proximal	Colon	

§ Na/K-ATPase	sets	up	negative	Na	conc.	grad.	within	cell	

§ Draws	Na	through	ion	channel	in	apical	membrane.	

§ Excess	K	leaks	back	to	interstitium	through	leakage	channels.	

	

	
NB:	Na/K-ATPase	+	Na	ion	channel	+	K	Leakage	Channel.	
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Week	4	Gastro-Intestinal	Notes	
GI	Motility	&	Function	

Principle	Functions:	
• Extract	Nutrients	

o Energy	
o Carbohydrates	
o Amino	acids	
o H2O	

• Excrete	Waste	Products	
o Indigestible	Stuff	
o Metabolic	wastes	

NB:	Gut	Functions	@	Approximately	90%	Efficiency!!	
	

How	Does	it	Achieve	This?:	
Motility	

• Keeps	things	moving	
• Food-matter	must	stay	in	specific	places	long	enough	à	optimal	digestion	&	absorption:	

o Oesophagus:	 		 5-10s	
o Stomach:	 	 1-3hrs	
o Small	Intestine:		 7-9hrs	
o Large	Intestine:		 25-30hrs	 Total:	approx.	40hrs	

• Involves	Contraction	&	Relaxation	of	Muscles	
o Contration:	

§ Mechanical	digestion	
§ Ensures	contact	between	digest	&	epithelium	
§ Propulsion	of	digest	
§ Restriction	of	movement	–	Sphincters.		

o Relaxation:	
§ Facilitates	accommodation	reflexes	
§ Essential	component	of	peristalsis	
§ Essential	component	of	swallowing	
§ Opening	of	sphincters	-	movement	

	
Categories	of	Motility:	

• Accommodation	
o Stretching	–	stomach	
o Smooth	muscle	relaxes	

• Tonic	Contraction	
o Continual	partial	contraction	of	GI	Tract	

• Peristalsis	
o Combination	of	Segmentation	&	Pendular	Contraction.	
o Segmentation	

§ Contractions	of	circular	muscle	
§ Follows	no	particular	pattern	–	happens	anywhere	&	anytime	
§ Mixes	GI	Contents	both	backwards	&	forwards	
§ Ensures	all	food	contacts	luminal	wall	à	absorption	

o Pendular	
§ Contractions	of	longitudinal	muscles	
§ Shortens	&	lengthens	tube.	
§ Similar	to	caterpillar	action	

o Similar	to	squeezing	a	tube	of	toothpaste.	
o Moves	forward	about	40cm	at	a	time.	

• Migrating	Motor	Complex	–	Small	Intestines	
• Mass	Movement	–	Large	Intestines	
• Defecation	Reflex	–	Rectum	&	Anus	
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Motility	Mechanisms	In	Specific	Places:	
• Oesophagus	

o Peristalsis:	Deglutition	(swallowing)	
§ Buccal	Phase	

• Voluntary	
• Tip	of	tongue	placed	against	hard	palate	
• Tongue	contracts	àforces	bolus	of	food	into	oropharynx	
• Food	stimulates	tactile	receptors	à	start	of	Pharangeal-oesophageal	phase.	

§ Pharyngeal-Oesophageal	Phase	
• Involuntary	–	controlled	by	swallowing	centre	in	medulla	of	brain-stem.	
• Once	receptors	are	activated,	respiration	is	inhibited:	

o Tongue	blocks	off	mouth	
o Soft	palate	blocks	off	nasopharynx	
o Larynx	rises	à	epiglottis	covers	its	opening	

• Upper	oesophageal	sphincter	relaxes	à	then	tightens	
• Peristaltic	contractions	move	bolus	down	oesophagus	
• Gastro-Oesophageal	sphincter	relaxes	à	food	into	stomach	à	then	tightens	

• Stomach	
o Peristalsis	
o Initiated	by	Cajal	cells	(pacemaker	cells	in	longitudinal	smooth	muscle	of	fundus)	
o Spontaneously	depolarise	&	repolarise	
o 3	waves	per	minute	
o Waves	move	down	body	
o Waves	gradually	increase	in	intensity	
o Very	intense	waves	at	pylorus	–	mashes	food	into	chyme	(homogenous	solution)	
o Usually	each	wave	spits	3ml	of	chyme	into	duodenum	

• Small	Intestine		
o Segmentation	is	the	most	common	motion.	
o Initiated	by	pacemaker	cells	in	longitudinal	smooth	muscle	layer	
o 12-14	contractions	/	minute	

	
o Peristalsis:	Migrating	Motor	Complex	
o Occurs	after	most	nutrients	have	been	absorbed.		

§ Duodenal	mucosa	releases	the	hormone	motilin.	
§ àinitiates	peristalsis	in	duodenum	à	lasts	for	about	50-70cm	then	dies	out.	
§ 	Successive	waves	are	initiated	further	along	small	intestines.	
§ Hence	the	‘migrating’	motor	complex.	
§ Takes	approx	2	hrs	for	waves	to	reach	ileocecal	valve.	
§ Process	then	repeats	itself	à	sweeps	food	remnants,	bacteria,	etc.	

• Large	Intestine	
o Inactive	most	of	the	time	
o When	presented	with	foodàcolon	becomes	motile	
o Contractions	are	sluggish	&	short-lived	
o Mass	Movements	
o Long,	slow-moving,	but	powerful	contractile	waves.	
o Move	over	large	areas	of	colon	
o 3x	Daily	
o Force	contents	towards	rectum	

• Rectum	
o Faeces	are	forced	into	rectum	by	Mass	Movements.	
o Rectum	wall	stretches	à	initiates	defecation	reflex:	
o Defecation	Reflex	
o Sigmoid-Colon	&	Rectum	contracts	+	Internal	Anal	Sphincter	relaxes	
o Force	on	anal	canal	signals	brain	–	‘the	urge’	
o If	defecation	is	delayed	voluntarily,	the	defecation	reflex	dissipates	within	a	few	seconds.	
o However	with	the	next	mass	movement,	the	defecation	reflex	initiates	again.	
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Neural	&	Hormonal	Regulation	of:	
• Stomach	Secretion:	

o Cephalic	Phase		
§ (Where	gastric	secretion	is	stimulated	before	food	enters	stomach)	
§ The	taste/smell/thought	of	food	sends	nervous	impulses	to	medulla	oblongata	(in	brainstem)	
§ MedullaàVagus	Nerves	àParasympathetic	Neuronsàstimulates	HCl	&	Pepsin	secretion	in	

upper	&	middle	stomach.	
• Also	stimulates	Gastrin	secretion	in	lower	part	of	stomach	
• Gastrinàbloodstreamàfurther	stimulates	HCl	&	Pepsin	secretion	

o Gastric	Phase	
§ Food	has	entered	&	distended	the	stomach.	
§ Takes	approx	3-4hrs		
§ Stimulated	by:	

• Distension	of	Stomach:	
o Stretch	receptors	
o Distention	provides	positive	feedback	to	the	parasympathetic	reflex	above	

(via	the	medulla	oblongata)	
o Continued	secretion	of	HCl	&	Pepsin	&	Gastrin	

• Gastrin	(hormone):	
o Produced	by	G-Cells	in	stomach	
o Triggered	by	parasympathetic	nerves	+	partially	digested	proteins	+	rising	pH	
o High	acidity	(pH<2)à	-	ve	feedback	
o Main	function:	stimulate	parietal	cells	à	spew	out	HCl	

• Low	Acidity:	
o Stimulates	gastrin	acid	production.		
o HCl	secretion	stimulated	by	a	combination	of:	

§ AcetylCholine	–	from	parasympathetic	nerve	fibres	
§ Gastrin	-	G-cells		
§ Histamine	–	ECL	Cells	in	response	to	gastrin	

o Intestinal	Phase	
§ Acidic	chyme	enters	duodenum		
§ Initially	this	stimulates	intestinal	gastrin	secrection	à	encourages	gastric	gland	secretion.	
§ Shortly	after,	gastric	secretion	is	inhibited	via	the	enterogastric	reflex:	

• Inhibits	parasympathetic	stimulation	from	medulla.	
• Activates	sympathetic	fibres	à	tightens	pyloric	sphincter	+	decreases	gastric	

secretion.	
• Causes	the	release	of	3	local	hormones	into	blood	àinhibits	gastric	secretion:	

o Secretin	
o Cholecystokinin	
o Vasoactive	Intestinal	Peptide	(VIP)	

	
• Gastric	Emptying:	

o Normal:	
§ Depends	on	contents	of	duodenum	rather	than	contents	of	stomach.	
1. Acidic	chyme	enters	duodenum	
2. Chemical	&	stretch	receptors	in	duodenum	wall	à	causes	enterogastric	reflexes.	
3. Reflexes	inhibit	acid	&	pepsin	secretion	
4. Also	prevents	further	duodenal	filling	by	reducing	force	of	pyloric	contractions	

o Vomiting	Reflex:	
§ Caused	by	either:	

• Extreme	stretching	of	stomach	
• Irritants	(Bacterial	toxins/Alcohol/Spicy	foods/Drugs/etc)	

§ Bloodborne	molecules	or	sensory	impulses	à	emetic	centre	of	medulla.	
§ Diaphragm	contracts,	cardiac	sphincter	relaxes	&	soft	palate	rises	to	block	off	nasal	passage.	
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Maintaining	Luminal	Homeostasis	&	Integrity	
• Secretion	

o Mucous	
§ Goblet	Cells	
§ Mucin	à	mucous		
§ Protects	stomach	lining	from	acid	
§ Lubricates	lining	–	less	scratching	+	nothing	gets	stuck	

o Acid	
§ Barrier	to	infectious	microbes	
§ Dissolves	solids	

• pH	Values:	
o Maintained	for	optimal	enzyme	function.	
o Mouth	pH:	 		 6.4	–	7.3	
o Stomach	pH:	 	 1.5	–	4		
o Duodenum	àRectum:	 7	–	8		

	
Specialised	Structures	

• Sphincters	
o Upper	Oesophageal		
o Lower	Oesophageal	
o Pyloric	
o IleoCecal		
o Internal	Anal	
o External	Anal	

• Pacemaker	Zones:	
o Set	basic	electrical	rhythm		
o Controls	rate	of	peristalsis	in	particular	areas.	

§ Stomach:		 	 3	per	min	
§ Duodenum:	 	 9-12	per	min	
§ Large	Intestines:		 2	per	hour	

• Temporary	Storage	Sites:	
o Mouth	
o Stomach	
o Colon	
o Rectum	

• Plicae,	Villi	&	Microvilli:	
o Increase	surface	area	of	absorptive	areas	
o More	effective	absorption	
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Week	6	Gastro-Intestinal	Notes	
Absorption	of	Carbohydrates	&	Proteins	

	

	
	

Carbohydrates:	
• Monosaccharides	–	single	sugars		

o Glucose	

o Galactose	

o Fructose	

• Disaccharides	–	2	sugar	units		
o 	Lactose	=	Glucose	+	Galactose		

o Sucrose	=	Glucose	+	Fructose		

o Maltose	=	Glucose	+	Glucose		

• Oligosaccharides	–	“a	few	sugars”	(up	to	10	units	–	incl.	Disaccharides)	
• Polysaccharides:	

o Starch	Polysaccharides	(α-1,4	linkage	or	α-1,6	linkage)	
§ Amylose	

§ Amylopectin		

§ Resistant	Starch	(impervious	to	digestive	enzymes	of	the	body)	

• Ends	up	fermented	by	microflora	of	Large	intestine.	

§ Glycogen*	(animal	“starch”)	

	

Amylose	 	 	 	 	 	 Amylopectin	

	
Glycogen	

	
	

o Non-Starch-Polysaccharides	(NSPs		-		β-1,4	Linkage)	
§ Soluble	Fibre	(non-cellulosic)	

§ Insoluble	Fibre	(cellulosic)	

§ RDI:	30g/day	
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Carbohydrate	Intake:	
• Approx	200-600g/day	
• About	50%	of	energy	needs	–	met	by	carbs.	
• Complex	carbs	–	best	for	slow-release	energy.	
• Energy	Content:	16kJ/g			 (measured	in	Joules)	

	
Carbohydrate	Digestion:	

• Mouth:	
o Salivary	α-Amylase:	

§ Breaks	down	starch	polysaccharidesàsmaller	chunks	of	a	few	units	
§ Requires	correct	pH	–	works	in	mouth	but	not	stomach	
§ From	parotid	&	submandibular	glands.	

• Small	Intestine	Lumen:	
o Pancreatic	α-Amylase:	

§ Secretion	stimulated	by	CCK		
§ (+	Secretin	stimulates	bicarb-secretion	à	neutralises	chymeàoptimum	pH)	
§ Continues	breakdown	of	starchàeven	smaller	chunks	

• Small	Intestine	Brush	Border:	
o Brush-Border	Enzymes:		

§ Membrane-bound	
§ Act	on	Oligosaccharides	&	Disaccharides	à	Monosaccharides	
§ Enzymes	are	multifunctional	–	ie.	2	Enzymes	in	1	(2	different	active	sites)	
§ Eg:	

• Sucrase:		 Sucroseà	Glucose	+	Fructose	
• Lactase:	 Lactoseà	Glucose	+	Galactose	
• Maltase:	 Maltoseà	Glucose	+	Glucose	
• Isomaltase:	 MaltrioseàGlucose	+	Galactose	
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• Large	Intestine:		
o Non-Starch-Polysaccharides	&	Resistant	Starches	escape	enzymatic	breakdown	until	now.	
o Microbial	Enzymes:	

§ Break	down	NSPs	&	RSs	à	short	chain	fatty	acids.	(SCFAs)	+	CO2/H2/Methane	(Flatus)	
§ SCFAs:	Acetate/Propionate/Butyrate	

• SCFAs	are	absorbed	into	blood	
	

Breakdown	Locations	of	Carbs	
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Carbohydrate	Absorption:	
• Mouth	

o None		
• Stomach	

o None		
• Small	Intestine	

Via	Secondary	Active	Transport:	

o Apical	GLUT	1:	Glucose	&	Galactose	 GLUT	2:	Basal	
o Apical	GLUT	5:	Fructose		 	 GLUT	2:	Basal	

	 	
• Large	Intestine:	

o Diffusion:	Short	Chain	Fatty	Acids	
	

NB:	approx	80%	of	carbs	absorbed	is	Glucose	

	
	

Glucose	Dynamics:	Blood-Glucose	
• Insulin	Dependent:	

o Fat	synthesis/deposition	

o Glucose	uptake	into	muscles	(glycogenolysis)	

o NB:	if	insulin	dependent	paths	are	blocked	(diabetes)	blood	glucose	increasesà	glucose	excreted	

through	urine.	

• Insulin	Independent:	
o Glucose	uptake	into	liver	(glycogenolysis)	

o Glucose	uptake	into	brain		-	fuel.		
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Glycaemic	Index	(GI)	
- A	measure	of	how	rapidly	a	carbohydrate	releases	glucose	into	the	blood	during	digestion.	

- High	GI	–	Quick	glucose	release	

- Low	GI	–	Slow	glucose	release		

	
	

Dietary	Fibre:	
• NSPs	

o Soluble	Fibre	
§ Non-cellulose	
§ In	fresh	fruit/vegetables/oats/seeds	
§ Increases	viscosity	of	intestinal	contents	
§ End	up	fermented	by	bacteria	in	colon		

o Insoluble	Fibre	
§ Cellulose	(plant	walls)	
§ Provides	bulking	to	colonic	contents.	
§ Keeps	people	regular	
§ Most	not	fermented	in	colon	

• *Starch	
o Resistant	Starch	(RS)	

§ Escapes	digestion	in	small	intestine	
§ Passes	through	to	large	intestine.	
§ Has	similar	effects	as	NSPs	

NB:	*starch	isn’t	strictly	a	‘dietary	fibre’,	but	RS	has	similar	effects	as	both	soluble	&	insoluble	fibre.	
	

Health	Outcomes	of	Dietary	Fibre	(or	lack	of):	
a.	 Constipation:	
	 i.	 Diet:	low	NSP	intake	

	 ii.		 NSP	promotes	regular	bowel	motion	(decrease	transit	time)	

- Increases	bacterial	biomass	à	increases	mass	of	stool	à	defecation	more	regular.	

	 iii.	 Low	NSP	increases	transit	time	à	increased	H2O	absorption	à	hard	stool	

b.	 Diverticular	Disease:	
	 i.		 Outward	protruding	pouch	on	wall	of	bowel	–	particularly	sigmoid	colon	

	 ii.	 Due	to	lack	of	NSP	(fibre)	in	diet	

	 iii.	 Common	in	high	meat,	low	fibre	diets.	

c.	 Short	Chain	Fatty	Acids	&	Health	of	Colonocytes:	
i.		 Product	of	fermentation	of	SCFAs	à	butyric	acid	à	preferred	fuel	for	colonocytes	à	keeps	them	

healthy	(generally)	

ii.	 NSPs	also	decreases	transit	time	à	less	contact	between	colonocytes	&	any	ingested	carcinogens.	

d.	 Colon	Cancer:	
i.		 Experiments	have	shown	that	bathing	colonocytes	in	butyric	acid	decreases	colon	cancer	growth	in	

culture.	

e.	 Management	of	Diabetes:	
	 i.		 Viscous	soluble	NSPs:	

	 	 -	decrease	rate	of	gastric	emptying		

	 	 -	dilutes	gastric	contents	–	ie.	Lower	sugar	conc.	of	chyme	à	slower	sugar	uptake	to	blood.		
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Proteins:	
• RDI:	approx	125g/day	
• Sources:	meats,	eggs,	dairy,	seeds,	nuts,	legumes......	
• Why	eat	proteins:		

o Proteins	consist	of	amino	acids	
o Some	“essential”	amino	acids	can’t	be	synthesised	by	the	body	àmust	be	ingested	
o Other	“non-essential”	amino	acids	can	be	synthesised	in	the	body.	

	
Protein	Digestion:	

• Stomach:	
o Chief	cells	–	secrete	pepsinogen		
o Parietal	Cells	–	secrete	HCl	
o Pepsinogen	+	HCl	à	Pepsin		(protease)	[more	specifically	–	an	endopeptidase]	
o Pepsin:	breaks	peptide	bonds	in	the	middle	of	proteins	à	smaller	polypeptides	

	
NB:	pepsin	is	secreted	as	a	ZYMOGEN.	Ie.	An	inactive	form	à	doesn’t	activate	until	it		

reacts	with	HCl	in	the	stomach	lumen.	That	way	it	doesn’t	digest	the	cells	that	secreted	it.		

A	ZYMOGEN	requires	a	biochemical	change	for	it	to	become	an	active	enzyme.	

	

NB:	newborns	lack	the	ability	to	digest	proteins	–	prevents	breakdown	of	IgA	antibodies	in	the	colostrum	

-	Protects	infant’s	GI	tract	from	infection	+	antibodies	endocytosed	into	bloodsteam	–	even	broader	immunity.	

			

• Small	Intestine:	
Proteases	break	large	polypeptides	à	smaller	polypeptides	à	single	amino	acids.	

o Pancreatic	Proteases:	
§ Trypsinogen	à	Trypsin	(Zymogen	[trypsinogen]	is	activated	by	brush	border	enzymes)	
§ Chymotrypsinogen	à	Chymotrypsin		 	 (activated	by	Trypsin)	
§ Procarboxypeptidase	à	Carboxypeptidase	 (activated	by	Trypsin)	

o Brush-Border	Proteases:	
§ Aminopeptidase:	 -	cleaves	1	amino	acid	at	a	time	
§ Dipeptidase:	 	 -	cleaves	1	amino	acid	at	a	time	

	
Protein	Absorption:	

• Single	Amino	Acids	+	some	Di/Tri-Peptides	
• Absorbed	mainly	in	Small	Intestine:	

o By	Enterocytes	(absorptive	cells	of	SI)	
o Via	cotransport	with	Na+	ions.	
o Intracellular	Peptidases	continue	breakdown	of	Di/Tri-Peptides	
o Basolateral	transporters	–	A.As	&	Peptides	àEnter	capillary	blood	in	villi.	
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Week	7	Gastro-Intestinal	Notes	
Liver	Function:	Lipid	Digestion	&	Absorption	+	Drug	Metabolism	

	

Bile	Salts:		
• Formed	in	liver	
• Bile	Acids/Salts	are	derived	from	cholesterol	
• Cholesterol	àBile	Salts:	

o Cholic	Acid	
o Chenodeoxycholic	Acid	

• Bile	Salts	are	Conjugated:	
o Amino	acids	added	on		

§ 75%	Glycine		
§ 25%	Taurine	(derivative	of	cysteine)	

o Bile	Salt	becomes	H2O	Soluble.	
	

Bile	Composition:	
• H2O	
• Electrolytes	
• Bile	Salts	 -Digestion	&	Absorption	of	Lipids	
• Phospholipids	 -Digestion	&	Absorption	of	Lipids	
• Cholesterol	
• Bilirubin	

	
Bile	Secretion	&	Transport:	

• Hepatocytes	secrete	bile	into	Bile	Canaliculus	
• Bile	flows	into	larger	Bile	Ducts	
• Many	Bile	Ducts	converge	à	eventually	àCommon	Bile	Duct.	
• Epithelium	of	Bile	Ducts	secrete	watery,	bicarbonate	rich	

solution.	
	
	
Bile	Storage:	

• In	Gallbladder	
• When	bile	isn’t	flowing,	it	backs	up	into	gallbladder	
• Gallbladder	dehydrates	(concentrates)	bile.	
• Bile	concentration	increases	by	5x	
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Bile	Release:	
• Acidic,	fatty	chyme	enters	duodenum-	

o Stimulates	Secretion	of:	
§ Secretin:	

• Stimulates	bicarbonate	ion	secretion	(pancreas)	
• Stimulates	bile	secretion	(liver)	

§ CCK	(cholycystokinin):	
• Increases	pancreatic	enzyme	secretion	
• Stimulates	gallbladder	contraction		
• Relaxes	the	hepatopancreatic	sphincter	(Sphincter	of	Oddi)	

§ Vasoactive	Intestinal	Peptide:	
• Relaxes	smooth	muscle	of	stomach	–	slows	gastric	emptying	

• Bile	is	released	into	duodenum	via	hepatopancreatic	sphincter	(Sphincter	of	Oddi)	
	
EnteroHepatic	Circulation	(“IntestineàLiver”):	

• Ie.	Recycling	of	Bile	Salts	
• 90%	of	bile	salts	are	reabsorbed	(in	ileum)	into	blood.	
• Ileum	venous	bloodàPortal	VeinàLiver:	

o Hepatocytes	extract	bile	salts	from	blood	
o Bile	salts	are	re-secreted	into	canaliculi.	

• Each	bile	salt	molecule	is	reused	approx:	18-20	times.	
o Ie.	On	average,	bile	salts	are	turned	over	every	18-20	meals.	

	

	
	

Functions	of	Bile:	
• Critical	for	Digestion/Absorption	of	FATS	in	Small	Intestine	
• Provides	a	medium	for	disposal	of	some	bodily	wastes:	

o Wastes	secreted	into	bile		
§ Eg.	Endogenous:	

• Calcium	
• Cholesterol	(Soluble	in	bile	salts)	
• Steroid	Hormones	
• Bilirubin	

§ Eg.	Exogenous:	
• Antibiotics		
• Metabolites	of	Drugs	

o Eliminated	in	Faeces....OR	
o Reabsorbed	by	Small	IntestineàbloodàkidneysàUrine.		

• NB:	Gallstones	–	precipitated	cholesterol	in	Cystic	Duct	due	to:	
o Excess	cholesterol	
o Insufficient	Bile	Salts	
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Digestion/Absorption	of	LIPIDS:	
• Average	Intake:	

o 60-100g/day	
• Composition:	

o 90%	Triglycerides	(TAGs)	
o 10%	Cholesterol/Cholesterol	Esters/Phospholipids/Fat-Soluble	Vitamins	A,D,E,K.	

• Emulsification:	
o Lipids	insoluble	in	H2O	
o Gastric	contractions	disperse	fat	‘pools’	evenly	amongst	chyme.	
o Fatty	ChymeàDuodenum	
o Pre-treated	with	Bile-Salts		
o Bile	Salts:	Amphiphilic	molecules	–	polar	&	non	polar	ends	

§ Emulsify	Large	Lipid	Droplets	à	tiny	tiny	droplets	à	High	Surface	Area		
§ High	S.A.	=	more	access	to	lipases	

	
	

• Digestion:	Lipases		
o Gastric	Lipase:	Stomach	–	Secreted	by	Chief	Cells		
o Pancreatic	Lipase:	Pancreas	–	Secreted	in	Active	Form	
o H2O	soluble	enzymes		
o Catalyse	Hydrolysis	of	Ester	bonds	between	the	Glycerol	Backbone	&	Fatty	Acids	of	Triglycerides.	
o Mostly	yields	1	MonoAcylGlyceride	+	2	Free	Fatty	Acids	
o Rarely	yields	1	Glycerol	+	3	Free	Fatty	Acids	
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• Absorption:	Micelles	
o Monoglycerides	+	Fatty	Acids:	

§ Retain	association	with	Bile	Acids	à	Aggregate	to	form	Micelles.	
§ Micelles:	aggregates	of	mixed	lipids	&	bile	acids	suspended	within	chyme.	

§ Micelles	in	contact	with	brush-border-membrane	of	Enterocytes	release	FAs	&	
Monoglycerides	àdiffusesimple	into	Enterocyte.	

§ FAs	&	Monoglycerides	à	Endoplasmic	Reticulum	à	used	to	synthesise	Triglycerides	
§ Triglycerides	à	Golgi	Apparatus	à	Packaged	with	Cholesterol+Lipoproteins	à	

Cholymicrons	(The	lowest-density	Lipoprotein)	
§ Cholymicrons	in	Vesicles	à	transported	to	Basolateral	Membrane	à	Exocytosed	into	

Interstitium.	

§ Interstitial	cholymicrons	à	Lacteal	(Lymphatic	Vessel	in	Villus)	à	Lymphatic	System	à	

Blood	
§ Blood-Borne	Cholymicrons	rapidly	utilized	throughout	the	body.	

o Cholesterol:	
§ Absorbed	in	Small	Intestine	via	specific	transporter	à	enterocyte.	

§ Cholesterol	is	incorporated	into	cholymicrons	à	à	à	shuttled	into	blood	by	process	above.	

§ Cholesterol	Homeostasis:	Balance	of	Synthesis/Absorption/Excretion(in	bile)	of	Cholesterol.	
	

	 	

	 	 	 	 	 	 	 Cholesterol	Recycling	
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FAT	ABSORPTION	&	THE	LIVER:	
• Chylomicrons	(Fat	Shuttles)	in	Lymph:	

o Travels	through	lymph	à		
o Muscle/Adipose	Tissue	à	
o Lipoprotein	LipaseàLiberates	Free	Fatty	Acidsà	
o Muscle/Adipose	Tissue	à	reconverts	FFA’s	à	Triglycerides.	
o Chylomicron	Remnants	(Empty	Fat	Shuttles)	àLiver	à	Dismantled	à	Glycerol	+	FFA’s	+	Cholesterol	+	Pi			

• Short	Chain	Fatty	Acids:	
o SCFA’s	à	absorbed	into	Blood	in	Intestinesà	transported	in	blood	by	Albumin	
o SCFA’s	add	to	breakdown	products	of	Cholymicron	Remnants	(Glycerol	+	FFA’s	+	Cholesterol	+	Pi)		

• Construction	of	VLDLs:	
o (Very	Low	Density	Lipoproteins	–	High	TAG	percentage)	
o Liver:		 Glycerol	+	FFA’s	+	SCFA’s	=	Triglycerides	(TAG’s)	
o Liver:	 Pi	+	FFA’s	+	SCFA’s	=	Phospholipids	(PL’s)	
o Liver:	 Cholesterol		-	remains	free.	

		
o Liver:	 Triglycerides	+	Phospholipids	+	Cholesterol	+	ApoLipoproteins	=	VLDLS		àà	Circulation	
o VLDLs	à	carry	(newly	synthesised)	Triglycerides	à	Adipose	Tissue	

	

	
	

• NB:	Olestra:	
o Fat	substitute	that	adds	no	fat,	calories	or	cholesterol	to	products.	
o Same	taste	&	feel	as	fat		
o Instead	of	a	Glycerol-backbone,	Olestra	has	a	Sucrose-‘backbone’.	
o Sucrose-backbone	holds	6-8	Fatty	Acids	(arranged	radially)	
o Sucrose-FA	bonds	can’t	be	broken	by	lipase	à	Olestra	molecule	stays	intactàtoo	big	to	be	absorbed	
o Downside:		Olestra	binds	fat-soluble	vitaminsàmalabsorption	of	vitamins	A,D,E	&	K.	

• Also	results	in	Stomach	Cramps/Fatty	Stools/&	Diarrhoea		
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Bilirubin	Metabolism:	
• 	Bilirubin:	

o Yellow	waste-product	of	Heme	catabolism	

o Powerful	cellular	antioxidant	

o Free	Bilirubin	=	Toxic	

o Conjugated	Bilirubin	=	H2O	Soluble	&	Non-Toxic.	

o 75%	bilirubin	in	body	–	from	haemoglobin	of	senescent	red	blood	cells.	

o Secreted	into	Bile	by	Hepatocytes.	

	

• Bilirubin	Formation	-		Spleen	(mainly):	
o Senescent	Red	Blood	Cells	à	Phagocytosed	by	macrophages	of	*Spleen,	Bone	Marrow	&	Liver	

§ Haemoglobin	is	released	à	broken	down	into	Heme	&	Globin	
§ Heme	-----Heme	Oxygenase----à	Biliverdin	+	Ferric-Iron	(Fe3+)	
§ Biliverdin	-----Biliverdin	Reductase---à	Bilirubin	(unconjugated	&	insoluble)	

o Unconjugated	Bilirubin	à	bound	to	albumin	in	bloodà	sent	to	Liver		
	

• Bilirubin	Processing	in	Liver:	
o Bilirubin	is	Conjugated	in	liver:	

§ Hydrophilicity	of	bilirubin	is	increased	by	esterification	of	1	or	both	of	its	carboxylic	acid	
side	chains	with	either	glucuronic	acid/xylose/or	ribose.	

§ Conjugated	bilirubinà	Secreted	into	Biliary	system(by	hepatocytes)	
• Excess	flows	into	blood	à	kidneys	à	urine.	

	

• Bilirubin	Processing	in	Large	Intestines:	
o Bilirubin	(in	bile)	secreted	into	small	intestineàlarge	intestine	

o Colonic	Bacteria	metabolise	Bilirubin	à	Urobilinogen	à	Stercobilinogen	àStercobilin	à	Faeces.	
			

Là	KidneysàUrine	
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Iron:	
• In	the	1

st
	step	where	Heme	is	converted	to	Biliverdin,	Iron	is	released.	

o Heme	-----Heme	Oxygenase----à	Biliverdin	+	Ferric-Iron	(Fe3+)	
o Fe3+	is	transported	in	blood	via	Transferrin	
o Tranferrin	à	Erythroblasts	in	Bone	Marrow	à	for	haemoglobin	in	new	Red	Blood	Cells	

					à	Hepatocytes	in	Liver	-	storage	
• Storage:	Liver:	

o Iron	is	stored,	mostly	in	the	liver,	as	ferritin	or	hemosiderin.	
o Ferritin=	protein	with	a	capacity	of	about	4500	iron	(III)	ions	per	protein	unit.	
o If	ferritin	iron	stores	are	full,	a	complex	of	iron	with	phosphate	and	hydroxide	formsà	hemosiderin		

	

Jaundice:	
• Yellowish	discolouration	of	skin,	whites	of	eyes	&	mucous	membranes.	

• Caused	by	Hyperbilirubinemia	(excess	bilirubin	in	extracellular	fluids)	
• Root	Causes:	

o Pre-Hepatic:	Anything	that	causes	hyper-hemolysis	(RBC	breakdown)	

o Hepatic:	Eg.	Hepatitis,	Hepatoxicity,	Alcoholic	Liver	Disease,	Hepatocyte	Necrosis.	
o Post-Hepatic	(Obstructive):	Blockage	of	drainage	of	bile	in	Biliary	System.	(commonly	gallstones)	

• Tests:	
o Enzymes	that	indicate	Hepato-Cellular	Injury	/	Inflammation:	

§ AST	
§ ALT	

o Biochemical	Markers	indicating	pathology	affecting	the	intra-	or	extra-hepatic	biliary	tree:	
§ Alkaline	Phosphatase	
§ γGT	

o Tests	that	may	reflect	synthetic	function	of	liver:	
§ Blood	Serum	albumen		
§ Blood	Urea		
§ Clotting	Factors.	
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Drug	Metabolism	&	PharmacoKinetics:	
• Drug	Absorption:	

o From	Adminstration	à	Systemic	Circulation	
o Ease	&	Rate	depends	on	Route	of	Administration:	

§ Oral	
§ Intravenous	(IV)	
§ Intramuscular	(IM)	
§ Rectal	
§ Intrathecal	(IT;	into	cerebrospinal	fluid)	
§ Subcutaneous	(SC)	
§ Intracerebroventricular	(ICV)	
§ Others......	

o Influences:	
§ pH:	Eg.	Oral	route	à	Stomach	pH	à	affects	whether	drug	is	in	dissociated	form	à	affects	

uptake.	
	

	

	

• Drug	Distribution:	
o Systemic	Circulation	à	Site	of	Desired	Action	
o Most	drugs	are	lipophilic	à	Enables	diffusion	through	membranes	à	target.	
o Where	does	the	drug	go?	–	May	be:	

§ Bound	to	circulating	proteins	
§ Associate	with	tissue	reservoirs	
§ Access	target	tissue/organ	(Receptors/Enzymes/Transporters/etc.)	
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• Drug	Metabolism	(BioTransformation):	
o Circulating	drug	à	Liver		
o (drugs	enzymatically	metabolised	not	only	the	liver)	
o (one	of)	Liver’s	role	is	to	remove	drugs/toxins/others	from	blood.	

	
o First-Pass	Metabolism:		

§ Orally	Administered	drugs	pass	through	intestines	+	liver	first;	before	site	of	action.	
§ Some	drugs	metabolised	in	liver;	Some	in	Intestines.	
§ Due	to	biotransformation,	Dose	≠	Amount	Available	to	Body	(Bioavailability)	

o Enzymes	in	liver	metabolically	alter	drugs	à	inactive/active/toxic/non-toxic	metabolites	
	

o BioActivation:	
§ Some	administered	drugs	are	‘pro’-drugs.	

• Administered	in	the	inactive	form	
• Relies	on	body	to	metabolise	them	into	active	agents.	

§ Some	administered	drugs	are	active,	but	their	metabolites	are	also	active.	
• Eg.	Codeine	–	good	for	cough	relief	

o Metabolised	to	morphine	–	analgesic	effects.	
o Toxification:	

§ Metabolism	creates	a	compound	significantly	more	toxic	than	the	drug.	
o BioInactivation:	

§ Termination	of	drug	action	by	creating	inactive	metabolites.	
o Detoxification:	

§ Terminate	toxin	action	through	creating	a	less	effective	metabolite/s.	
o Pre-Elimination:	

§ Most	drugs	are	lipophilic		
§ Therefore	must	be	converted	into	hydrophilic	metabolites	àelimination	by	urine.	

• Otherwise	lipophilic	compounds	will	be	reabsorbed	in	kidneys.	
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o Biotransformation	Pathways:	
§ Phase	I	

• Functional	Group	of	drug	is	Exposed	or	Added	to.	
o New	functional	groups	
o Interchange	existing	functional	groups	
o Expose	existing	functional	groups	

• Types	of	Phase	I	Reatctions:	

	
• NB:	Oxidation	Reactions	are	the	most	common.	
• NB:	Oxidation	Enzymes:	part	of	the	Cytochrome	P450	Mono-Oxygenase	family:	

o Present	in	all	tissues	except	skeletal	muscle	&	erythrocytes.	
o Enzymes	require	NADPH

+
	(from	FA.	Synthesis)	

§ Are	therefore	sensitive	to	nutritional	&	metabolic	disruption.	

	

o Other	Roles	of	Cytochrome	P450	Mono-Oxygenases:	
§ Synthesis:	

• Conversion	of	cholesterol	à	bile	acid	
• Hydroxylation	of	steroids	&	Vit.	D.	
• Conversion	of	Alkanes	à	Fatty	Acids	
• Conversion	of	FA’s	à	eicosanoids.	

§ Catabolism:	
• -of	Fatty	Acids	
• -of	Steroids	
• -of	eicosanoids	

	

§ Phase	II	(‘Conjugation’)	
• Drug/	Drug	Metabolite	is	conjugated.	

o Ie.	It	is	merged	with	an	endogenous	polar	compound.	
o Aim:	to	ensure	H2O	solubility	à	excretion	through	kidneys.	

	

• Types	of	Phase	II	Reactions:	
o Glucuronide	Conjugation	–	Most	Common	
o Glutathione	Conjugation	
o Amino	Acid	Conjugation	
o Sulphate	Formation	

o Acetylation	
o Methylation	

www.regentstudies.com

www.regentstudies.com


§ Factors	Influencing	Biotransformation:	
• Interactions	Between	Drugs:	

o Drug-induced	 alterations	 of	 liver-enzymes:	 (includes	 herbal	 medicines	 &	

natural	remedies)	
§ Ie.	Changes	in	expression	
§ Activity	
§ Competition	for	enzymes	

o Competition	for	metabolic	pathways	
• Genetics:	

o Some	people	vary	in	their	expression	of	the	Cytochrome-P450-Enzymes	
o May	alter	the	effectiveness	of	a	drug	(may	have	no	effect/may	overdose)	

§ Eg.	CYP2D6	is	absent	in	7%	of	Caucasians	à	no	response	
§ CYP2D6	is	hyperactive	in	30%	of	East	Africans	à	same	dose	=	toxic.	

• Disease	Status:	
o Compromised	organs:	

§ Liver	
§ Kidney	
§ Heart	
§ Vasculature	

o Viral	infections	can	alter	enzyme	activity	
o Bacterial	infections	can	produce	toxins	à	alter	drug	activity/metabolism.	

• Hormone	Status:	
o Oestrogen	can	affect	metabolic	enzyme	activity	

• Age/Gender:	
o Enzyme	expression	&	activity	changes	with	age.	
o Gender	differences	related	to	hormonal	status.	

• Diet:	
o Enzyme	activity	is	affected	by	some	foods	

	

	

	
• Drug	Elimination:	

o Circulating	drug/metabolites	à	OUT!	
§ Urine	
§ Sweat	
§ Faeces	
§ Exhalation	
§ Others...	

o Time	in	body	depends	on:	
§ Drug’s	‘half-life’	
§ Solubility	of	Drug	
§ Kidney	Function	
§ CardioVascular	Integrity.	
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Week	9	Gastro-Intestinal	Notes	
Nutrition	I	

	
Nutrition	Basics:	

• Optimal	Nutrition:	
o Where	the	body’s	REQUIREMENTS	=	SUPPLY	

	
• Food	provides	the	requirements	for:	

o Maintenance		
§ The	basic	requirements		
§ Indicative	of	Basal	Metabolic	Rate	(BMR)	
§ The	energy	the	body	expends	just	to	stay	alive.	

o Performance/Activity	
§ Extra	energy	expended	in	movement,	cognitive	&	digestive	function.	
§ NB:	Food	is	not	only	required	for	nutrients;	but	also	for	GI	System	“Exercise”	

	

	
	

• Administration	of	Nutrition:	
o Self:		 	 Eating	

	
o Enteral:		 Via	Nasogastric	Tube	à	directly	to	stomach/jejunum.	

	
o Parenteral:		 Via	a	Catheter	à	directly	into	venous-system	(eg.	Subclavian	Vein)	
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Dietary	Guidelines	for	Australians:	(NHRMC	’98)	
• Eat	a	Wide	Variety	of	Nutritious	Foods	
• Eat	Plenty	of	Breads,	Cereals,	Vegetables	&	Fruits.	
• Eat	a	diet	Low	in	Fat	(particularly	saturated	fats)	
• Maintain	a	Healthy	Body	Weight	
• Balance	Physical	Activity	with	Food	Intake	
• Encourage	&	Support	Breast-Feeding	
• Moderate	intake	of	Sugars/Sweet	Foods	
• Eat	Low-Salt	Foods	
• Limit	Alcohol	Intake	

	
• Nutrient-Specific	Guidelines:	

o Eg.	Eat	foods	containing	Calcium		(Especially	women)	
o Eg.	Eat	foods	containing	Iron	 		(Especially	women)	

	
• Formation	of	Dietary	Guidelines:	

o Research	à	
o Recommendations	à	

§ RDI	–	Recommended	Dietary	Intake	(for	specific	nutrients)	
§ NRV	–	Nutrient	Reference	Value	(measure	used	by	Canadians	&	United	States)	

o Core	Food	Group	Analysis	–	which	foods	have	which	nutrients	&	how	much?	à	
o Dietary	Guidelines	

	
	

The	Healthy	Food	Plate		 	 	 	 	 Healthy	Diet	Pyramid	
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Requirements:	
	
Energy:	

• The	biggest	nutrient	requirement	of	them	all.	
• Assumes:	if	energy	needs	are	met,	other	nutrient	needs	will	be	met	also	(not	always	the	case)	
• Basal	Metabolic	Rate	(BMR):	

o AKA	–	Resting	Metabolic	Rate	(RMR)	
o Energy	expended	when:	

§ Lying	Down	
§ Completely	at	rest	(mentally	&	physically)	
§ In	a	Thermo-Neutral	environment.	
§ In	the	Post-Absorptive	state	–	ie.	Not	digesting	anything	(digestion	uses	energy)	

• Food	Energy	Unit:	
o The	‘Joule’	(J):	

§ ‘Energy	used	to	move	a	1kg	object	1m	by	1Newton	of	Force.’	
§ Normally	in	kJ/MJ	
§ Rate:	Watts		(1W	=	1J/sec)	

o Old	Measure:	Calorie	=	4.184	J	
	
Food	Analysis/Breakdown	in	the	Lab:	

• 1.	Food	is	dehydrated	à	removes	the	H2O	component	=	Dry	Matter	(DM)	
• 2.	Food	is	incinerated	à	burns	off	organic	manner	(OM	–	containing	all	the	energy	in	the	food)	à	Ash	
• Ash	=	Carbon	+	Minerals.	

	
	
Harvesting	Energy	From	Food:	KNOW	

• Energy	in	foods	is	harvested	fairly	efficiently	by	the	body.	
• However,	there	are	energy	losses	along	the	way.	(Faeces,	Urine,	Methane,	Heat)	
• Gross	Energy	(GE):	

o Total	energy	content	in	a	certain	food.	
• Digestible	Energy	(DE):	

o Gross	energy	–	Energy	losses	through	Faeces.	
• Metabolisable	Energy	(ME):	

o The	energy	content	(in	a	food)	available	to	the	body	after	Digestion.	
o Ie.	ME	=	Gross	Energy	–	Faeces	–	Urine	–	CH4		

• Net	Energy	(NE):	
o NE	=	ME	–	Body	Heat	lost	to	the	surrounds.	
o The	energy	left	over	for	Maintenance	(BMR)/Movement/Reserve	(storage	–	fat/glycogen)	
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Energy	Contents	Of:	
• Energy	contents	of	foods	are	Expressed	as	Metabolisable	Energy.	
• It	is	measured	in	this	fashion:		 Energy	/Per/	Mass	of	Dry	Matter	(DM)	

o kJ/g	of	DM	
o MJ/kg	of	DM	

• CHO:	 	 16	kJ/g	DM	
o Dietary	Proportion:	55-60%		

• Proteins:	 17	kJ/g	DM	 (net	≈1.5xCHO)	 (NB:	Actual	=	23	kJ/g	DM	-	6	kJ/g	DM	lost	in	Metabolism)	
o Dietary	Proportion:	15%	

• Fats:		 	 37	kJ/g	DM	 (≈2.5xCHO)	
o Dietary	Proportion:	30%		

	

	

	
NB:	KNOW	Energy	Content	&	Dietary	Proportions	of	CHO/Proteins/Fats	

	
Importance	of	Consuming	CHOs/Proteins/Fats:	

• CHOs:	
o Mainly	for	energy.	
o Also	for	Dietary	Fibre	à	Faecal	Bulk/Regular	bowel	movements/Colonocite	Health	

• Proteins:	
o 9	of	the	20	Amino	Acids	are	Essential	(must	come	from	dietary	sources	–	body	cannot	synthesise)	

§ Histadine	
§ Isoleucine	
§ Leucine	
§ Lycine	
§ Methionine	à	Cysteine	
§ Phenylalanine	à	Tyrosine	
§ Threonine	
§ Tryptophan	
§ Valine	

• Fats:	
o Fat	cannot	be	completely	eliminated	from	the	diet.	
o Some	Fatty	Acids	are	essential:	

§ Eg.	Linoleic	Acid(Plant	Oils)	(OMEGA	6)	à	Arachidonic	Acid	(precursor	of	Prostaglandin)	
§ Eg.	Linolenic	Acid(Plant	Oils)	(OMEGA	3)	àEPA	&	DHA	

o Essential	Fat-Soluble	Vitamens:	
§ Vits.	A,	D,	E	&	K	
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• Minerals:	
o Important	Dietary	Minerals:	

	
	

• Vitamins:	
o Important	H2O	Soluble	Vitamins:	

§ Vit	B12	 FA	Metabolism	
§ Biotin	 FA	Metabolism	
§ Vit	C	

o Important	Fat-Soluble	Vitamins:	
§ Vit	A	
§ Vit	D	
§ Vit	E	
§ Vit	K	

	
Glycaemic	Index	(GI):		

• The	propensity	of	a	food	to	produce	an	increase	in	Blood	Glucose	Level	over	a	2hr	period.	
• Reference	is	Pure	Glucose	=	100%	of	the	area	under	the	graph	

o Foods	with	more	complex	carbohydrates	will	have	a	lower	GI	–	take	longer	to	digest	
• High	GI	Foods	à	Quick,	Short	Release	of	Energy	
• Low	GI	Foods	à	Long	Sustained	Energy	Release	

	
	

o Have	a	general	idea	of	the	GI	values	of	these	general	foods:		
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Week	10	Gastro-Intestinal	Notes	
Nutritional	Status	Assessment	

	
Malnutrition:	

• Excess/Deficiency	of:	
o Energy	
o Nutrients	

• Undernutrition:Deficiency	
• Overnutrition:		 	Excess	

	
Nutrition	–	What	Can	Go	Wrong:	

- NB:	Advanced	malnutrition	is	easy	to	recognize	(eg.	Obesity/anorexia)	due	to	the	appearance	of	physical	
complications	&	symptoms.	It	is	therefore	important	that	malnutrition	is	diagnosed	early	in	order	to	provide	
nutritional	support/dietary	advice	before	the	occurrence	of	complications.	

• Stages	of	Malnutrition:	
o Deficiency:	

§ Primary	Deficiency:	
• The	patient’s	diet	doesn’t	satisfy	the	needed	nutrients	or	contains	insufficient	

amounts.		
§ Secondary	Deficiency:	

• Where	the	patient’s	body	has	a	problem	with	digestion/absorption/processing	of	
nutrients	in	the	food.	

• Ie.	Diet	is	fine,	but	the	body	can’t	absorb/utilize	the	nutrients	available.	
	

Leads	to:	
o Declining	Nutrient	Stores	

	
Leads	to:	

o Change	in	Body	Function	
	
Leads	to:	

o Physical	Signs/Symptoms	
	

	
What	to	Assess	&	When:	
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Assessing	Nutritional	Status:	
Historical	Information:	

• Assessment	of	Dietary	History:	
o Food	Diary	
o 24hr	recall	
o Diet	History	
o Food	Frequency	Questionaire	

	
Biochemical	Tests:	

• (laboratory	tests)	
• Blood	&	Urine	Tests:	

o Most	common	
o May	directly	reflect	nutritional	status....OR...	
o May	show	things	that	may	have	an	impact	on	nutritional	status	in	the	future:	

§ Ie.	Electrolyte	Balance,	
§ Acid-base	Balance	(Acidosis/Alkanosis)	
§ Organ	Function	

o Limitations:	
§ Results	open	to	interpretation	
§ Hydration	levels	can	affect	results.	
§ Requires	multiple	tests	over	time.	
§ Levels	may	be	unrelated	to	nutrition.	

	

o Examples:	
§ Analysing	Protein-Energy	Malnutrition	(PEM):	

• Serum	Protein	Levels:	
o Examples:	

§ Albumin	
§ Transferrin	
§ Transthyretin	 	 	 (Binds	Thyroid	Hormone)	
§ Retinol-Binding	Protein	 	 (Binds	Vit.	A)	
§ Clotting	Factors	

o May	Reflect:	
§ Liver	Function	(liver	synthesizes	many	serum	proteins)	
§ Protein	Intake	
§ Protein	Distribution	[cellular	vs.	Blood]	
§ Protein	Utilisation		

o Test	Sensitivity:	
§ Depends	on	the	Halflife	of	the	protein.	
§ Ie.	The	shorter	the	t1/2	the	more	sensitive	the	test	=	better.	

	

• Total	Body	Protein	Level:	
o Nitrogen	Balance:		

§ Protein	intake	minus	nitrogen	in	faeces/urine	
o Urinary	Creatine:	

§ Conc.	of	creatine	in	urine	is	proportional	to	muscle	mass	
o Urinary/Blood	Urea:	

§ Increase	in	proteolysis	à	increase	in	urea.	
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Due	to:	
• Inadequate	Intake	 1o	
• Poor	Absorption	 2o	
• Abnormal	Metabolism	 2o		

OF:	

§ Analysing	Fat	Malnutrition:	
• Amount	&	Distribution	

o Lipoprotein	levels	[ie.	TAG,	Phospholipids,	Cholesterol]	
§ Chylomicrons		 (from	intestine)	
§ VLDLs		 	 (High	%	TAG;	Liver	à	Peripheries)	
§ LDLs	 	 (High	Cholesterol	%)	
§ HDLs	 	 (High	Protein	%)	

o Good	for	testing	for	Cardio-Vascular	Disease.	
	

§ Analysing	Glucose	Malnutrition:	(ie.	Type	2	Diabetes)	
• Blood	Glucose	Levels	 	 (Gives	a	‘snapshot’	for	that	instant	à	need	many)	
• Urinary	Glucose	Levels	 	 (indicates	elevated	blood-glucose	levels	[10+])	

o Conclusions:	Normal?/Impaired?/Diabetes?	
• Then	–	Glucose	Tolerance	Test	 	
• And/Or	–	Glycosylated	Haemoglobin	(HbA1c)	

o Sustained	elevated	blood-glucose	levels	causes	glucose	to	combine	with	
blood	proteins	–	ie.	Haemoglobin	à	Glycosylated	

o High	HbA1c	indicates	elevated	blood-glucose	levels	over	the	last	120	days.	
§ NB:	RBC	only	live	for	120	days	

	

	 	 		
	

§ Analysing	Mineral	&	Vitamin	Malnutrition:	
• Eg.	Nutritional	Anaemia:	Any	anaemia	resulting	from	a	dietary	deficiency	of	

materials	essential	to	red	blood	cell	formation:	
	
	
	
	
	
	

o Iron:		
§ Assessment:	
§ Haemoglobin	Levels	 (amt	of	Hb	in	RBCs)	
§ Haematocrit	 	 (the	%age	of	RBC	in	Blood)	
§ Serum	Ferritin	 	 (iron	store)	
§ Transferrin	Saturation	 (serum	iron/tot.	Iron-binding	capacity)	

o Folate:		
§ Assessment:	
§ Serum	Folate	
§ Mean	Corpuscular	Volume	 (Average	size	of	RBCs)	

o Vit.	B12:	
§ Assessment:	
§ Serum	Vit.	B12	
§ Schilling’s	Test	–	tests	for	malabsorption		

• Saturate	a	person	with	Vit.B12	injection.	
• Then	give	oral	radioactive	Vit.B12	
• Then	test	urinary	levels	of	the	‘marked’	Vit.B12.	

§ NB:	malabsorption	may	be	due	to	lack	of	intrinsic	factor	
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o Other	causes	of	Anaemia:	
§ Massive	blood	loss	
§ Infections	
§ Hereditary	(eg.	Sickle-cell)	
§ Chronic	Liver	disease	

NB:	Anaemia	=	Lower	than	normal	RBC	volume	And/OR	Haemoglobin	levels.	
	
Physical	Examination:	

• (Clinical	Assessment)	
	
Anthropometric	Tests:	

• “Body	measurements”	
• Growth	Charts:	

o ‘Growth’	shown	in	percentiles	(length/weight/height/etc.)	
o It’s	only	a	problem	when	someone	jumps	between	%ile	à	%ile	
o Ie.	A	boy	born	in	the	25th	%ile	would	be	expected	to	stay	in	the	same	%ile	throughout	his	

development.	(give/take	within	reason)	

	
	

• Skinfold	(Pinch)	Tests	
	

• BMI	–	Body	Mass	Index	
o Mass	(kg)	/	height2	(m)	

§ Underweight:	 <18.5	
§ Acceptable:	 18.5-25	
§ Overweight:	 25-30	
§ Obese:	 	 30+	

	
• Waist:Hip	Ratio:	

o Recommended:	
§ Men:	 	 0.8	
§ Women:	 0.9	
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Week	3	Gastro-Intestinal	Notes	
Macro-Anatomy	&	Functions	of	Accessory	Structures	of	GIT	

	
Surface	Anatomy	of	GIT	Accessory	Structures:	

	
	
Surface	Projections:		

Pancreas	&	Spleen	

	
Liver	

	
Billary	System	
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REVIEW OF HEPATOBILIARY... 
 
Anatomy: 

- Liver Structure: 
o General Structure: 

� Large Gland– 1.5kg 
� Wedge-shaped. 
� 2 Surfaces - Diaphragmatic & Visceral  
� 4 Lobes – Right, Left, Quadrate, Caudate (tail). 
� Dual Blood Supply: 

x Hepatic Artery 25% 
x Portal Vein 75% 

� All Blood From the Liver Æ Inferior Vena Cava 

 
o Hepatic Blood Supply 

� To Liver: 
x Hepatic Artery (From Celiac Trunk) – 20% - Oxygenated. 
x Hepatic Portal Vein (Drainage from GIT) – 80% - Nutriated; Deoxygenated.  

� From Liver: 
x Central Veins (In each Lobule) Æ Hepatic Vein Æ IVC  

 
o Microscopic Structure – Liver Lobules: 

� Portal Triad: 
x Bile Duct 
x Branch of Portal Vein 
x Branch of Hepatic Artery 

� Zones: 
x 1 – Peripheral (Closest to Portal Triad) 
x 2 – Middle  
x 3 – Centrilobular (Closes to Central Vein) 
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• Nerves:		
o Sympathetic	–	From	L	&	R	Sympathetic	Trunk	
o Parasympathetic	–	From	extensions	of	Vagus	Cranial	Nerve	
o Various	ganglion	&	plexuses.	

	
	

• Lymph:	
o Celiac	Nodes	
o Gastric	Nodes	
o Hepatic	Nodes	
o Cystic	Nodes	
o Pyloric	Nodes	
o Superior	Mesenteric	Nodes	
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- Biliary Tree: 
o Structures Within the Liver: 

� Hepatocytes secrete bile into Bile Canaliculi Æ Drain into Larger Bile Ducts 
� Many Bile Ducts converge Æ eventually ÆCommon Bile Duct. 

o Structures Exiting The Liver: 
� R & L Hepatic ducts of liver Æ Common Hepatic Duct 

x Æ Cystic Duct Æ Gallbladder 
x Æ Common Bile Duct 

� Pancreas Æ Pancreatic Duct 
� Common Bile Duct + Pancreatic Duct Æ Hepatopancreatic Ampulla. 

 
x Gallbladder: 

o Function: Storage & Concentration of Bile 
� Greenish-yellow fluid 
� Alkaline – neutralises stomach acid in duodenum 
� Composed of cholesterol, bile salts (emulsifiers) & metabolic wastes of liver (Incl. Bilirubin). 

o Regulation: Hormone = CCK Cholecystokinin: (“move the bile-sac”) 
� Secreted by duodenum Æ Contracts Gall Bladder & Relaxes Hepatopancreatic Sphincter 

x ÆCauses release of Bile & digestive enzymes 

 
 

- Referred Pain: 
o Liver: 

� R-Hypochondrium Æ R-Flank 
� R-Shoulderblade Æ R-Neck  (Due to Diaphragm Irritation) 

o Gallbladder: 
� R-Hypochondrium Æ R-Back 
� R-Shoulderblade Æ R-Neck  (Due to Diaphragm Irritation) 
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Physiology: 
- Normal Bilirubin Metabolism: 

o Where Bilirubin Comes From: 
� Metabolism of Protoporphyrin, a Breakdown product of Heme in Haemoglobin in RBCs. 

o Spleen’s Role: 
� Primary organ of RBC sequestration & breakdown. 

o Process of Haemoglobin Breakdown & Bilirubin Formation: 
� Haemoglobin Æ Heme & Globin. 
� Heme Æ Iron & Protoporphyrin 
� Protoporphyrin Æ Biliverdin (Green) Æ Unconjugated Bilirubin (Yellow) 

o Bilirubin Metabolism: 
� 1. Unconjugated Bilirubin in Spleen is NOT Water-Soluble  

x :. Transported to Liver via Albumin Æ Uptake into Hepatocytes. 
� 2. Hepatocytes Conjugate Bilirubin with Sugar Residues Æ Water Soluble 
� 3. Conjugated Bilirubin is Excreted with Bile into Gut. 

x Most is Excreted as Stercobilin in Faeces. 
x Some is Reabsorbed but Excreted as Con-Bilirubin and Urobilinogen in Urine. 

o Jaundice: 
� Jaundice occurs when a fault in the above sequence Æ ↑↑Bilirubin in the Blood 

- Other Liver Functions: 
o Bile Synthesis 
o Protein Metabolism (Synthesis, Storage & Degradation[transamination]) 
o Carbohydrate Metabolism (Synthesis, Storage & Metabolism). 
o Lipid Metabolism & Transport (VLDL Synthesis, HDL Synthesis 
o Vitamin A production & storage 
o Makes Heparin – blood thinner (anti-clotting agent) 
o Drug Detoxification/Activation 
o Immunological Function (Kupffer Cells – Macrophages attached to endothelium) 

 
Liver “Function” Tests – What they Mean: 

- Serum BIlirubin: 
o NB: Serum Bilirubin is almost always Unconjugated. 
o ↑Unconjugated Bilirubin = (Prehepatic Jaundice) 
o ↑Conjugated Bilirubin = (Posthepatic Jaundice) 

- Serum Albumin/Total Protein/Prothrombin Time: 
o (Measures of Liver’s Synthetic Function) 

� ↓Serum Albumin = Synthesis/function defect (Eg. Chronic liver disease) 
� ↓Total Protein = Synthesis/function defect (Eg. Chronic liver disease) 
�  ↑Prothrombin Time (In the presence of Normal Vit.K) = Indicates Liver Disease  

- Transaminases: 
o (Measures of Hepatocyte Injury) 
o AST (Aspartate Amino Transferase): 

� A Mitochondrial Enzyme found in Liver, Heart, Kidney & Brain. (Ie. Non-Specific) 
� ↑AST = Hepatocellular Injury/Inflammation (Leak into the Blood with Liver Cell Damage) 

o ALT (Alanine Amino Transferase) 
� A Cytosolic Enzyme found ONLY in Liver (Ie. More Specific to Liver) 
� ↑ALT = Hepatocellular Injury/Inflammation (Leak into the Blood with Liver Cell Damage) 

- ALP (Serum Alkaline Phosphatase): 
o (Measure of Bile Obstruction) 
o Enzyme found in Canalicular & Sinusoidal Epithelium of the Liver (Also Bone, GIT & Placenta) 

� NB: Non-Specific; but if ↑GGT as well, the ↑ALP is presumed to be Hepatic. 
o ↑ALP = Reflects Cholestasis (Ie. Bile Obstruction) (of any cause) 

- GGT (Gamma Glutyl-Transferase): 
o (Measure of Bile Obstruction/Alcohol Consumption) 
o Enzyme found in Liver (ad many other tisues) 
o ↑GGT (with normal ALP) = Reflects Alcohol Consumption  
o ↑GGT (with ↑ALP) = Reflects Cholestasis 
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Spleen	
• Size	of	fist	
• Notches	–	reminants	of	lobular	development	
• 3	Areas:	

o Gastric	
o Renal	
o Colic	

• Hylum	
• Sits	roughly	under	the	10th	rib.	
• Surrounded	in	peritoneum	
• Ligaments	to	stomach	&………….	
• Blood	Supply:	

o Splenic	artery	
o Splenic	vein	

• Lymph:	
o Celiac	Nodes	

• Nerves:	
o Celiac	Plexus	

	
Pancreas	

• Defines	the	foregut-midgut	junction	
• Elongated	&	horizontal	
• Head	–Cupped	by	the	Duodenum	
• Neck	–	just	anterior	to	Portal	Vein	
• Body	–	just	anterior	to	Aorta	
• Tail	–	abuts	the	spleen	
• Exocrine:	

o Pancreatic	Juice	
o Drains	from	the	centrally-located	Main	Pancreatic	Duct	
o Secretes	digestive	enzymes	into	duodenum	
o Enzymes	degrade	proteins,	fats	
o Also	secretes	bicarbonate	ions	

§ Helps	neutralise	acid.	
§ Environment	is	more	optimal	for	enzymes	

• Endocrine:	
o Secrete	Hormones	
o Insulin	+	Glucagon	
o Regulates	Blood	Sugar	Levels	
o Islets	of	Langerhans		

• Blood	Supply:	
o Pancreatico-Duodenal	Artery	
o Branches	of	Splenic	Vein	

àPortal	Vein	
• Lymph:	

o Celiac	Nodes	
o Pyloric	Nodes	
o Superior	Mesenteric	Nodes	

• Nerves:	
o Sympathetic	Fibres	
o Parasympathetic	Fibres	
o Various	ganglia	&	plexuses	
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Week	8	Gastro-Intestinal	Notes	
Metabolism	in	the	Liver	

	
Liver	Metabolism	Overview:	

	

	
	
Excretion	&	Detox:		

• Bile	Acid	Secretion	
• Bilirubin	Secretion	
• Excretion	of	Cholesterol	
• Drug	Detoxification	
• Drug	Excretion	
• Steroid	Hormone	Inactivation	
• Steroid	Hormone	Excretion	

	
Miscellaneous:	

• Iron	Storage	
• Vitamin	(A,	D,	E,	&	B12)	Storage	&	Metabolism	

	
Drug	Metabolism	–	See	Week	7	GIMN	Notes	for	full	details.	

• Phase	I	Reactions	–	Biotransformation:	
o Catabolic	
o Adds/Exposes	a	Functional	Group	
o Most	are	catalysed	by	CP450-Mono-Oxygenases	
o Occur	on	the	Smooth	ER	in	Hepatocytes	

• Phase	II	Reactions	–	Conjugation:		
o Anabolic	
o Drug	is	Merged	with	a	Polar	Compound	to	Increase	Solubility	à	excretion	through	kidneys.	

§ Glucuronide	Conjugation	–	Most	Common	
§ Others:	Glutathione/Amino	Acid/Sulphate/Acetylation/Methylation	

o Occurs	in	Hepatocytes.	
o Forms	Inactive,	Soluble	Products	
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Carbohydrate	(Glucose)	Homeostasis:	
• Glucose	is	Required	by:	

o Brain	
o Glycolytic	Cells:	

§ Eg.	Erythrocytes		
§ Eg.	Anaerobic	Cells	
§ Eg.	Muscles	

• 60%	of	Bodily	Carbohydrates	Reside	in	the	Liver.	
	

• After	A	Meal	à	Metabolism	(Times	of	Plenty):	
o Carbohydrate	Absorption	in	Small	Intestines	à	Blood	(Portal	Vein)	à	Increased	Blood-Glucose	
o Glucose	in	Bloodà	Increased	Insulin	àUptake	by	Liver	à	

§ Phosphorylation	(one-way	ticket)	by	High	Km	Glucokinase	à	Glucose-6-P	Accumulatesà		
• Activates	Glycogen-Synthase	+	Inactivates	Glycogen-Phosphorylase		

o Glycogenesis	Increases		
§ Insulin	Activates	Phosho-Fructo	Kinase	&	Pyruvate	Kinase	à	

• Free	Glucose	à	Glycolysis		(Doesn’t	Enter	TCA-Cycle)	
§ Decreased	Fructose-1-6-Bisphosphatase	Activity	à	Decreased	Gluconeogenesis	

	
• Gluconeogenesis	(Times	of	Scarcity):	

o From	Glycerol	(from	lipolysis)	
o From	Glucogenic	Amino	Acids	
o From	Lactate	(Anaerobic	Metabolism)		

	

	
	

• Fates	of	Glucose-6-Phosphate	(IN	LIVER):	
1. Glycogen	Synthesis:	

a. Stored	in	Liver	&	Muscle	
2. Fatty	Acid	Synthesis:	

a. Transported	&	Stored	away	from	Liver.	
3. Pentose	Phosphate	Pathway	àNADPH	àFA-Synthesis:	

a. Glucose-6-P	à	Ribose-5-P	+	2	NADPH	
b. NADPH	needed	for	FA-Synthesis	

4. Hydrolysis	to	Glucose:	
a. Hydrolysis	of	Phosphate	à	Releases	Glucose	à	Bloodstream	

5. (NB:	LIVER	RARELY	ENTERS	TCA-CYCLE	–	Only	high	CHO	diets)	
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Lipid	Metabolism:	
• Lipolysis:	

o Times	of	Scarcity	
o Oxidation	of	Triglycerides	à	Energy	

• Fatty	Acid	Metabolism	
o Fatty	Acid	Breakdown	àAcetyl-CoA	à	Ketogenesis	à	Ketones	in	blood	for	Brain	&	Heart....	
o NB:	Most	of	the	liver’s	ATP	requirements	comes	from	β-Oxidation	of	FAs	
o NB:	FAs	CANNOT	produce	Glucose.	Instead	they	produce	ketones.	

	

	
	

• Lipogenesis:	
o Times	of	Plenty	
o Metabolism	of	Carbs	&	Proteins	à	Increased	Substrates:	Acetyl	CoA	à	
o Activates	Acetyl-CoA-Carboxylase	à	Increases	Fatty	Acid	Synthesis	
o Free	Fatty	Acids	Accumulate	+	Glycerol-3-P	à	Triglycerides	

• Cholesterol	&	Phospholipid	Synthesis	
o Needed	constantly	

• Lipoprotein	Synthesis	
o 		

	
• Bile	Acid	Synthesis	

o See	previous	weeks	
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Lipid	Transport	-	Lipoproteins:	
• Made	of:		

o Amphipathic	Shell:	
§ ApoProteins	
§ Phospholipids	
§ Cholesterol	

o Hydrophobic	Core:	
§ Cholesterol	Esters	
§ Triglycerides	

	
	

• Types:	
o Chylomicrons		

§ Very,	very	Low	Density	Lipoproteins	
§ Synthesised	by	Enterocytes	of	S.	Intestine.	
§ Exocytosed	into	basal	interstitial	space	below	Enterocytesàlacteal	(lymph	vessel	in	villus)	
§ Transport	dietary	lipids	from	Intestine	à	Lymph	àLiver	
§ Apoproteins	target	chylomicrons	to	specific	tissues	

o VLDLs		
§ Very	Low	Density	Lipoproteins	
§ Synthesised	on	the	ER	of	the	Hepatocytes	of	Liver	
§ 90%	Lipid,	10%	Protein	
§ Export	Triglycerides	from	Liver	à	Peripheral	Tissues	
§ As	tissues	absorb	lipids,	VLDLs	become	‘denser’	à	LDLs	

o LDLs		
§ Low	Density	Lipoproteins	
§ Tissue	absorbs	more	lipids,	LDLs	become	‘denser’	à	IDLs	

o IDLs		
§ Intermediate	Density	Lipoproteins	
§ Fats	removed	à	HDLs	

o HDLs		
§ High	Density	Lipoproteins	
§ Synthesised	in	Liver	
§ Contain	little	triglyceride/cholesterol	
§ Mostly	Proteins	&	Esterified	(hydrophobic)	Cholesterol	
§ Disc-like	structures	
§ Role:	Pick	up	Lipids	from	Peripheral	Tissues	à	Liver	

• When	they	accumulate	with	TAG	&	Cholesterol,	they	expand	into	a	sphere.	
		

o NB:	The	higher	the	Fat	:	Protein	ratio	in	the	lipoprotein,	the	lower	the	density.	
o NB:	The	higher	the	HDL	:	LDL	ratio,	the	‘healthier’	the	person.	
o NB:	Cholesterol	&	Fat	are	absorbed	from	diet	&	transported	in	the	same	way	à	via	lipoproteins.	
o NB:	Free	Fatty	Acids	are	transported	by	Serum	Albumin	in	Blood	Stream.	
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Why	don’t	HDLs	have	a	source	of	ATP?	
• Cholesterol	esterification	in	cells	require	ATP.	
• But	in	HDLs,	a	fatty	acyl	group	of	lecithin	(in	the	hydrophobic	shell)	is	transferred	to	cholesterol	in	an	energy-

neutral	reaction	by	the	enzyme:	Lecithin:cholesterol-acyltransferase	(LCAT)	
	

	
	
What	type	of	molecule	is	lecithin	&	where	is	it	found?	

• A	Fatty	Acyl	Group	
• Found	in	the	hydrophilic	shell	of	the	lipoprotein.	

	
What	does	CETP	(cholesterol	ester	transfer	protein)	do?	

• Cholesterol	Ester	Transfer	Protein	
• Transfers	the	cholesterol	esters	from	HDLs	to	Chylomicrons,	VLDLs,	IDLs,	&	LDLs	

	
Steps:	

	
	
“Good”	&	“Bad”	Cholesterol:	
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• FA	Uptake	in	Tissues:	
o After	fatty	meal,	blood	is	loaded	with	chylomicrons	
o Fat	(in	chylomicrons)	transported	to	Adipose	cells	(storage),	Lactating	Mammary	Glands,	Muscle	&	

other	tissue	(energy)	&	also	the	Liver.	
o HOWEVER:	unlike	free	fatty	acids,	triglycerides	cannot	readily	pass	through	cell	membranes.	

§ Therefore	triglycerides	(in	chylomicrons)	must	first	be	hydrolysed	(by	lipoprotein	lipase)	in	
the	blood	capillaries		

• à	glycerol	&	free	fatty	acids	
§ The	liberated	FFAs	immediately	diffuse	out	of	the	chylomicron	à	adjacent	cells.	

	

	
	

• Factors	Determining	FA	Uptake	by	Tissues:	
o Lipoprotein	Lipase	Activity:	

§ lipase	activity	present	in	capillaries	of	that	particular	tissue		
§ Adipose/mammary	glands	–	rich	in	lipase	
§ Other	tissues	–	have	less	of	the	enzyme	in	the	capillaries.	

*NB:	capillary	lipase	=	lipoprotein	lipase*	
o Insulin:	

§ Causes	increases	in	the	amount	of	the	enzyme.	
o Glucagon:	

§ Causes	decreases	in	the	amount	of	the	enzyme.	
	

o Hormone-Sensitive	Lipase	IN	Adipose	CELLS:	(different	to	Lipoprotein	Lipase)	
§ Glucagon	-		 Acticates	
§ Epinephrine	-		 Activates	
§ Insulin	-		 Inhibits	
§ Ie.	After	a	meal	when	Blood-Glucose	is	high,	the	release	of	FFAs	must	be	inhibited.	
§ But	–	During	fasting,	Glucagon	in	blood	Activates	Lipase(Adipose)	,	releasing	FFAs.	

• NB:	FFAs	in	blood	–	bound	to	Serum	Albumin.	
	

• Chylomicron	Re-Uptake	into	Liver:	
o As	chylomicrons	circulate	the	body,	Lipids	are	removed	à	reduces	them	in	size	&	increases	density.	
o Eventually,	they	become	Chylomicron	Remnants	
o Ch-Remnants	are	taken	up	à	Liver	–	via	receptor-meditated	endocytosis.	
o Liver	destroys	them	&	liberates	left-over	Fat	&	Cholesterol	to	the	Hepatocytes.	
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• The	Liver:	TAG	Distribution,	Not	Storage:	
o The	liver	is	one	of	the	major	sources	of	blood	lipid	&	cholesterol	–	in	the	form	of	lipoproteins.		

§ (as	well	as	the	intestineàchylomicrons)	
o It	synthesises	triglycerides	(from	glucose	&	other	metabolites)	&	cholesterol,	plus	fats	from	

chylomicron	remnants.	
o It	then	exports	TAGs	&	cholesterol	in	lipoproteins	(VLDLs)	to	other	tissues.	
o However,	it	is	not	responsible	for	storage.	–	Actually,	a	‘fatty’	liver	is	pathological.	(Fatty	Liver)	

	

	
	

• Alcoholic	Fatty	Liver	–	Why?:	
o Metabolism	of	alcohol	produces	increased	amounts	of	NADH+		
o Increased	NADH	Inhibits	Fatty	Acid	Oxidation	
o Fatty	acids	reaching	the	liver	(from	dietary	sources	or	adipose	tissue)	reform	to	triglycerides.	
o Eventually	the	liver	fails	to	produce	the	apolipoproteins	to	export	the	fat	as	VLDLs	&	therefore	fats	in	

the	liver	accumulate.	
	

• 	The	‘Grocery-Bag’	Model	of	Lipid	Circulation:	
o Postulates	that	cholesterol’s	purpose	may	actually	be	as	a	structural	component	of	lipoproteins	

needed	for	TAG	transport	to	&	from	the	Liver.	
	
Cholesterol:	

• Cholesterol	is	absorbed	from	diet	&	transported	in	the	same	way	as	Fatsà	via	lipoproteins.	
• Excess	Cholesterol	is	Excreted	via	Bile	

	
• The	2	Major	Sites	of	Cholesterol	Synthesis:	

o Most	cells	of	the	body	are	capable	of	cholesterol	synthesis.	
o However	the	liver	&	the	intestines	are	the	most	active	cholesterol	synthesisers.		

	
• Cholesterol	Synthesis:	

o Synthesised	from	Acetyl-CoA	
o HMG-CoA	Reductase	is	a	major	enzyme	in	this	process.	
o Drugs	which	Inhibit	this	enzyme	are	useful	in	Treating	patients	with	High	Cholesterol.	
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Protein	Metabolism:	
• Synthesis:	

o Liver	is	the	major	Plasma-Protein	manufacturer.	(ie.	Blood-Proteins)	
§ Eg.	Albumin,	Coagulation	Factors,	Transferrin,	Globins	
§ Albumin:	

• Most	concentrated	blood-protein	
• Carrier	protein	for	Hormones,	Calcium,	Iron,	Magnesium,	Bilirubin,	FAs	&	Drugs.	
• Amino	Acid	Store	–	Most	abundant	&	mobile	source	of	Amino	Acids		

• Amino	Acid	Metabolism:	
o After	a	Meal	–	Times	of	Plenty:	

§ Amino	Acids	absorbed	into	blood	à	Liver	
§ AAs	Metabolised	for	production	of	energy	
§ Metabolism	of	AAs	to	either:		

• Pyruvate	
• TCA	Intermediates....or	
• Acetyl	CoA	

§ Protein	Synthesis	Increases	
§ NB:	Amino	Acids	cannot	be	stored,	except	as	protein.	

	

	
	

o Starvation	–	Times	of	Scarcity:	
§ Amino	acids	are	an	important	source	of	glucose	(Glucogenic)	
§ Some	AAs	form	ketone-bodies	and	are	Ketogenic.	
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• Urea	Synthesis	
o Urea	is	synthesised	to	remove	excess	Nitrogen.	
o Prevents	build-up	of	Ammonia	=	Toxic.	
o Eliminated	through	urine.	

	

	
	
	
	
	
Metabolism	Summary:	
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GASTROINTESTINAL Pathology: 
ANAL FISSURES 

 
ANAL FISSURES: 

- Anal Fissure = Crack/Tear in the skin of the anal canal. 
- Aetiology:  

o Over-Stretching of the Anal Mucosa: 
� In adults: Constipation/Prolonged Diarrhea/Crohn’s Disease/Post-partum/Anal sex.  
� Older adults: Relative Ischaemia. 

- Morphology:  
o 80% are Posterior 
o Extend Outwards from Anal Opening 
o May be Superficial or Deep 

- DDxs: 
o Crohn’s Ulcer 
o Syphilis 
o Herpes 
o Cancer 

- Clinical Features (In Order of Frequency): 
o ***Pain  
o **Bleeding 
o *Itch 
o Constipation  
o Discharge 

- Management: 
o Topical Moisturisers 
o If Chronic Æ Surgery Æ Lateral Internal Sphincterotomy 

  
 

 
 
 

www.regentstudies.com

www.regentstudies.com


MCCQE 2002 Review Notes General Surgery – GS25

ANORECTUM . . . CONT.

❏ external hemorrhoids = below dentate line
• plexus of inferior hemorrhoid veins ––> systemic circulation 
• not to be confused with a perianal skin tag = residual excess skin after thrombosis 

of prior external hemorrhoid
• dilated venules usually mildly symptomatic unless thrombosed, in which case they are very painful 
• usually present with pain after bowel movement 
• treatment

• medical therapy: dietary fiber, stool softeners, avoid prolonged straining
• thrombosed hemorrhoids resolve within 2 weeks
• hemorrhoidectomy when patient presents within the first 48 hours of

thrombosis, otherwise treat conservatively

ANAL FISSURES
❏ tear of anal canal below dentate line (very sensitive squamous epithelium)
❏ 90% posterior midline, 10% anterior midline
❏ if off midline: IBD, STDs, TB, leukemia or anal carcinoma
❏ repetitive injury cycle after first tear 
❏ spasm occurs preventing edges from healing and leads to further tearing
❏ ischemia may ensue and contribute to chronicity 

Etiology
❏ large, hard stools and irritant diarrheal stools
❏ tightening of anal canal secondary to nervousness/pain
❏ others: habitual use of carthartics, childbirth

Acute Fissure
❏ very painful bright red bleeding especially after bowel movement
❏ treatment is conservative: stool softeners, sitz baths

Chronic Fissure
❏ triad: fissure, sentinel skin tags, hypertrophied papillae
❏ treatment = surgery

• objective is to relieve sphincter spasm ––> increases blood flow and promotes healing
• lateral subcutaneous internal sphincterotomy at 3 o’clock position
• anal dilation (4 fingers)

❏ alternative treatment:  topical nitro – increases local blood flow, promoting healing
❏ botulinum toxin – inhibits release of acetylcholine (ACh), stops sphincter spasm

ANORECTAL ABSCESS
❏ infection in one (or more) of the anal spaces
❏ usually a bacterial infection of a blocked anal gland at the dentate line 
❏ E. Coli, Proteus, Streptococci, Staphylococci, Bacteriodes, anaerobes
❏ constant pain, may not be associated with bowel movement
❏ abscess can spread vertically downward (perianal), vertically upward (supralevator) or 

horizontally (ischiorectal)
❏ treatment: incision and drainage are curative in 50% of cases, 50% develop anorectal fistulas

• may also require antibiotics

Perianal Abscess
❏ travels distally in the intersphincteric groove 
❏ unremmiting pain, indurated swelling

Ischiorectal Abscess
❏ penetrate through the external anal sphincter
❏ in fatty fossa, can spread readily: necrotizing fasciitis, Fournier's gangrene
❏ pain, fever and leukocytosis prior to red, fluctuant mass

Intersphincteric
❏ between the internal and external sphincters
❏ fluctuant mass palpated in DRE

Supralevator Abscess
❏ difficult to diagnose, rectal mass and swelling detectable with exam under anesthesia

FISTULA IN ANO
❏ a connection between two epithelial lined surfaces, one must be the rectum or anus 
❏ an inflammatory tract with internal os at dentate line, external os on skin
❏ same perirectal process as anal abscess therefore usually associated with abscess
❏ other causes: post-op, trauma, arising from anal fissure, malignancy, radiation proctitis
❏ intermittent or constant purulent discharge from para-anal opening, pain  palpable cord-like tract
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GASTROINTESTINAL Pathology: 
ANAL FISTULAE 

 
ANAL FISTULAE 

- Aetiology: 
o “Cryptogenic” – Extensions of the Anal Crypts 

- Pathogenesis: 

o  
o (Inter-Sphincteric Route is Commonest!) 

- Clinical Features: 
o Pain  
o “Incontinence” 
o Discharge 
o Fever  

- Complications: 
o ANORECTAL SEPSIS 

- Diagnosis: 
o Clinical Examination 

- Management: 
o Surgical – (Fistulotomy) 
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GASTROINTESTINAL Pathology: 
APPENDICITIS 

 
APPENDICITIS: 

- Aetiology: 
o Idiopathic 

- Pathogenesis: 
o ‘Faecolith’ Æ Obstruction of Appendix Æ Stasis Æ Infection Æ Gangrene Æ Perforation 

- Morphology: 
o Inlarged, Inflamed Appendix 

- Clinical Features: 
o Symptoms/Signs: 

� Initially Peri-Umbilical Pain Æ Classically Moves to R-Iliac Fossa 
� Nausea/Vomiting/Anorexia/Diarrhoea(occasionally) 
� R-Iliac Fossa Pain/Tenderness/Guarding 
� Rovsing’s Sign: Pain > in RIF than LIF when LIF is Pressed. 
� Psoas Sign: Pain on Extension/Flexion/Internal Rotation of the Hip 
� Mcburney’s Sign: Deep tenderness at McBurney's point 
� Obturator Sign: Pain on Rotation of Hip 
� Referred Rebound Tenderness in L-Iliac Fossa (Most Painful in R-Iliac Fossa) 

- Diagnosis: 
o Ultrasound/CT – (Enlarged Thickened Appendix) 
o FBC – (↑WBC - Neutrophilia) 
o ↑ESR & CRP 

- Treatment: 
o Haemodynamic Stabilisation – (Fluids + Group & Hold) 
o Prophylactic Antibiotics – (Ampicillin + Gentamicin + Metronidazole) 
o **Appendectomy – (Open or Laparoscopic) 

- Complications: 
o Perforation 
o Sepsis 
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GASTROINTESTINAL Pathology: 
BOWEL OBSTRUCTIONS 
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GASTROINTESTINAL Pathology: 
CARCINOID SYNDROME 

 
CARCINOID TUMOUR OF THE INTESTINES  

- Aetiology: 
o Neuroendocrine Serotonin-Secreting Tumour 

- Pathogenesis: 
o Neuroendocrine Carcinoid Tumour Æ Secretes *Serotonin, Bradykinin, Histamine & Prostaglandin 

Æ Diarrhoea & Cardiac Complications 
- Morphology: 

o 3 Common Sites = Appendix, Terminal Ileum, Rectum. 
- Clinical Features: 

o Asymptomatic Unless Metastasis Æ Carcinoid Syndrome: 
� Hot Flushes 
� Chronic Watery Diarrhoea/Abdo Pain 
� R-Sided Cardiac Abnormalities – Pulmonary Stenosis or Tricuspid Regurgitation 
� Hepatomegaly  

- Diagnosis: 
o CT 
o Ultrasound - ?Liver Metastases 
o Echo – (Carcinoid Heart Disease - Valvular Disease) 
o Urine 5HIAA (Metabolite of 5HT/Serotonin) 

- Treatment: 
o Somatostatin Analogues (Symptomatic) Æ ↓Flushing/Diarrhoea 
o Tumour Resection 
o +/- Cardiac Valvuloplasty/Reapri 

- Complications: 
o Metastasis 
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HEPATOBILIARY Pathology: 
CHOLANGITIS 

 
ACUTE CHOLANGITIS: 

- Aetiology: 
o Choledocholithiasis 
o Bacterial Infection (E.Coli or Klebsiella) 

- Pathogenesis: 
o Biliary Stasis (Obstruction / Anorexia / TPN) Æ Ascending Infection From GIT (E.Coli) 

- Clinical Features: 
o Charcot’s Triad: 

� 1. Fever 
� 2. Jaundice 
� 3. Abdo Pain 

o Renold’s Pentad: 
� 1. Fever 
� 2. Jaundice 
� 3. Abdo Pain 
� 4. Hypotension 
� 5. Confusion 

- Investigations: 
o FBC – (↑WCC) 
o LFT – (Obstructive) 
o Amylase ↑ - (?Pancreatitis) 
o **Blood Cultures 
o **USS – (Stones in the Duct?) 

- Management: 
o **ERCP/MRCP – (To Confirm Diagnosis + Therapeutic Æ Stenting / Stone Extraction)  
o Antibiotics – (AGM – Ampicillin + Gentamicin + Metronidazole) 
o IV Fluids 
o (+/- Cholecystectomy) 

- Complications: 
o Sepsis 
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GS32 – General Surgery MCCQE 2002 Review Notes

BILIARY TRACT . . . CONT.

Figure 12. Roux-en-Y Choledochojejunostomy

Drawings by Myra Rudakewich

ACALCULOUS CHOLECYSTITIS
❏ acute or chronic cholecystitis in the absence of stones (5%)
❏ typically due to gallbladder stasis
❏ usually diabetic, immunosuppressed, post-op or in intensive care unit (ICU)
❏ etiology

• dehydration, prolonged fasting, TPN
• systemic disease (e.g. MOSF)
• generalized sepsis, trauma
• kinking or fibrosis of the gallbladder
• thrombosis of the cystic artery
• sphincter spasm with obstruction of the biliary and pancreatic ducts
• collagen vascular disease, DM, immunosuppressed

❏ treatment
• cholecystectomy or cholecystostomy

CHOLEDOCHOLITHIASIS
❏ stones in common bile duct (CBD)
❏ signs and symptoms

• 50% asymptomatic
• often have history of biliary colic
• tenderness in RUQ or epigastrium
• pale stool, dark urine
• intermittent chills, fever or fluctuating jaundice
• complications include biliary colic, cholangitis, pancreatitis, late benign biliary stricture, 

and biliary cirrhosis
❏ diagnostic investigations

• increased bilirubin (> 10), ALP, 5’-NTD
• leukocytosis often > 20 x 109/L
• U/S – intra/extra-hepatic duct dilatation, does not detect CBD stones
• endoscopic retrograde cholangiopancreatography (ERCP) (if no previous cholecystectomy) 

otherwise percutaneous transhepatic cholangiography (PTC) appropriate
• intra-operative cholangiography

❏ treatment
• antibiotics, NG tube (with abdo distention or vomiting), IV hydration
• if no improvement in 2-4 days then ERCP/PTC+sphincterotomy or

surgery with CBD exploration and laparoscopic cholecystectomy

ACUTE CHOLANGITIS
❏ mechanism: obstruction of CBD leading to biliary stasis, bacterial overgrowth, suppuration, 

and biliary sepsis - life threatening
❏ etiology

• choledocholithiasis (60%)
• post-operative stricture
• pancreatic or biliary neoplasms

❏ organisms: E. coli, Klebsiella, Pseudomonas, Enterococci, B. fragilis, Proteus
❏ signs and symptoms

• Charcot's triad (50-70% of cases): fever, jaundice, RUQ pain
• Reynold's pentad: Charcot's triad + mental confusion + hypotension leading to renal failure

❏ diagnostic investigations
• elevated WBC
• elevated liver enzymes (ALP mild increase AST,ALT) and conjugated bilirubin
• U/S shows stones in gallbladder +/– stones seen in bile ducts +/– dilated extrahepatic or 

intrahepatic bile ducts
❏ treatment

• immediate goal is to decompress the biliary tree
• initially hydration, electrolyte correction, broad-spectrum antibiotics
• urgent ERCP - diagnostic and therapeutic with papillotomy to remove stones
• if ERCP unavailable or unsuccessful, then PTC
• if ERCP, PTC unavailable, surgery to decompress CBD ––> T-tube

❏ prognosis
• suppurative cholangitis – mortality rate = 50%
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GASTROINTESTINAL Pathology: 
COELIAC DISEASE 

 
COELIAC DISEASE 

- = Allergic Inflammation of the Proximal Small Bowel due to Gluten. 
- Aetiology: 

o Immunological Sensitivity to Gluten and Prolamins in Wheat, barley & Rye. 
- Pathogenesis: 

o Allergy Æ Chronic Inflammation Æ Villous Atrophy & Crypt Hyperplasia 
- Morphology: 

o Primarily in Proximal Small Bowel  
o Villous Atrophy (Often Absence of Villi, with Flattened Mucosa) 

- Clinical Features: 
o Epidemiology: 

� Can Present at ANY Age (Peaks = Infancy, in 50’s) 
� F>M 

o Symptoms/Signs: 
� Fatigue, Malaise 
� Diarrhoea/Steatorrhoea/Constipation 
� Abdo Pain/Discomfort/Bloating 
� Weight Loss 
� Angular Stomatitis/Mouth Ulcers 

- Investigations: 
o ** Duodenal Biopsy - (Villous Atrophy) 
o Immunological Testing – (Anti-Transglutaminase Antibodies) 

- Treatment: 
o Vitamin Supplements (Vits, Iron, Folate, Ca, VitD) 
o **Gluten Free Diet for Life. 
o (Future Enzyme Replacement Therapy) 

- Complications: 
o Ulcerative Jejunitis (Fever, Abdo Pain, Perforation, Bleeding) 
o ↑Risk of GI Malignancies  
o ↑Risk of Inflammatory Bowel Diseases 
o Osteomalacia Æ Osteoporosis 

 
(A, B = Normal Histology; C, D = Coeliac Histology – NB: Flattened Mucosa & Villous Atrophy) 
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HEPATOBILIARY Pathology: 
CONGENITAL PANCREATIC ABNORMALITIES 

 
Pancreatic Divism: 

- Common Bile Duct & Pancreatic Duct FAIL TO FUSE 
o :. CBD exits through Ampulla of Vater 
o :. Pancreatic Duct exits through the Minor Sphincter ONLY – (Narrower & Shorter) 

- ÆÆ Predisposes to Chronic Pancreatitis 

 
Annular Pancreas: 

- Head of Pancreas Encircles the Duodenum ÆÆ Duodenal Obstruction 

 
Ectopic Pancreas: 

- = A Choristoma = benign tumour of Normal Tissue but in an Abnormal Location. 
- Exocrine (Acinar) Pancreatic Tissue Ouside the Normal Pancreas –  

o May be in Stomach/Duodenum/Jejunum/Meckel’s Diverticulum.  
o (<1cm mass) 

- ÆÆ Typically Asymptomatic; Malignancy is RARE. 

    
Pancreatic Cysts: 

- What? - Collections (pools) of fluid within the head, body, or tail of the pancreas 
- Aetiology: Congenital 
- Types: 

o Serous Cystadenoma 
o Mucinous Cystadenoma 

- Morphology:  
o Epithelial Lined  
o Micro: Epithelial Lined 
o Contents: Fluid Filled 

- Symptoms/Signs: 
o If Small Æ Asymptomatic 
o If Large Æ Abdo Pain/Back Pain/Jaundice (If Head.of.Panc)/Duodenal Obstruction 
o If Infected Æ Fever/Chills/Sepsis 

- Complications: May be Benign, Precancerous, or Cancerous. 
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GASTROINTESTINAL Pathology: 
CONSTIPATION 
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HEPATOBILIARY Pathology: 
CYSTIC FIBROSIS 

 
CYSTIC FIBROSIS (CF): 

- Aetiology: 
o Simple Autosomal Recessive CFTR Gene Mutation (Chromosome 7) 

� ≈1/25 people are carriers. 
- Pathogenesis: 

o CFTR – Encodes for Active-Chloride Channels (Which Normally Regulates [Salt] in Secretions) 
o Æ Thick, Salty Exocrine Secretions Æ Mostly Affects Lungs, Pancreas, Intestines & Skin. 

- Clinical Features: 
o Lungs: 

� Thicker Mucus & ↓Clearance Æ Frequent Lung Infections 
o Pancreas: 

� Obstructed Pancreatic Duct Æ Chronic Subclinical Pancreatitis Æ Pancreatic Failure 
o Intestines: 

� Poor Digestion & Malabsorption Æ Malnutrition  
o Reproductive Ducts: 

� Obstructed Vas-Deferens Æ Infertility 
o Sweat Glands: 

� Salty Sweat Æ Hyponatraemia if not replaced.  

  

x Crepitations (Crackling) & Rhonchi (Rattling/Whistling) – Heard through 

stethoscope 
- Investigation: 

o Spirometry – (Obstructive Pattern - ↓FEV1) 
o CXR – (Gas Trapping & Hyperinflated) 
o Genetic Testing – (Definitive) 

- Management: 
o Enzyme Replacement – (“Creon Forte”) 
o Salt Replacement – (Salt Tablets)  
o Fat-Sol. Vitamins – (ADEK) 
o Chest Physio – (Percussion, Postural Drainage) 
o Mucolytics - (Eg. DNAse Æ Destroys Extracellular DNA Æ ↓Mucous Viscosity) 
o Antibiotics for Recurrent Infections – (Tobramycin) 

- Prognosis: 
o 40yr Life Expectancy 
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GASTROINTESTINAL Pathology: 
DIVERTICULOSIS & DIVERTICULITIS 

 
DIVERTICULOSIS/DIVERTICULITIS: 

- DIVERTICULOSIS = “Presence of Diverticula” 
- DIVERTICULITIS = “Inflammation of Diverticula” 

 
- Aetiology: 

o Straining on Stool, Chronic Constipation, Age. 
o (Or Congenital - “Meckel’s Diverticulum”) 

- Pathogenesis: 
o Diverticulosis: Weakening in Intestinal/Colonic Wall + ↑Intraluminal Pressure (Ie. 

Straining/Constipation) Æ Herniation of Mucosa through the Weakening. 
o Diverticulitis: Faeces Obstruct the Neck of the Diverticulum Æ Stagnation Æ Bacterial Overgrowth 
Æ Inflammation Æ ÆComplications  

- Morphology: 
o Pouches/Pockets of bowel in the Intestinal Wall – (Typically in LIF) 

- Clinical Features: 
o 95% Asymptomatic 
o Rectal Bleeding Common  
o If Symptomatic Æ Intermittent LIF Pain + Erratic Bowel Habit. 
o If Diverticulitis Æ Severe LIF Pain + Fever (Like appendicitis, but on the Left), Tachycardia,  
o If Perforation Æ Peritonitis + Sepsis . 

- Diagnosis: 
o Colonoscopy 
o FBC 

- Treatment: 
o High Fibre Diet 
o Non-Perforated Diverticulitis Æ Antibiotics – (AGM – Ampicillin + Gentamicin + Metronidazole). 
o Perforated Diverticulitis Æ As Above + Surgery  

- Complications: 
o Rectal Bleeding – (Commonest) 
o Perforation Æ Sepsis 
o Generalised Peritonitis 
o Abscess  
o Fistulae into Adjacent Organs 
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GASTROINTESTINAL Pathology: 

DYSPHAGIA & ACHALASIA 

 

DYSPHAGIA – Symptom NOT Disease: 

- Definition = “Difficulty Swallowing” 
o NB: Odynophagia = “Painful Swallowing” 

- 4 Possible Sites: 

1) Oropharyngeal 

2) Oesophageal 

3) Gastro-Oesophageal 

4) Para-Oesophageal. 

- Differential Dxs: 

o With Solids Only  = Mechanical Obstruction – (Strictures/Tumours) 

o With Solids & Liquids  = ↓Motility – (Achalasia/Neural[Vagus Nv]) 

o With Liquids Only  = Pharyngeal Disorders – (Globus Pharyngeus) 

 

 

ACHALASIA: 

- Aetiology: 

o Unknown – Proposed: Autoimmune, Neurodegenerative, Viral.  

- Pathogenesis: 

o Vagus Nerve Dysfunction Æ Oesophageal Aperistalsis & Impaired Sphincter Relaxation. 

- Clinical Features: 

o Dysphagia - Long Hx, Intermittent, BOTH Liquids & Solids FROM THE ONSET.  
o Reflux – Particularly at Night Æ Can cause Aspiration Pneumonia 

o Chest Pain (Oesophageal Spasm) 

- Investigations: 

o Barium Swallow 

o Endoscopy 

- Management: 

o Palliative Treatment 
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HEPATOBILIARY Pathology: 
ENDOCRINE PANCREATIC TUMOURS 

 
Tumours of the Endocrine Pancreas (AKA: Islet Cell Tumours): 

- Majority are Benign 
- Treatment: 

o Monitoring 
o Surgery 
o Hormone Therapy (If not surgically viable) 
o Radiation Therapy/Nuclear Medicine/Radiofrequency Ablation  

 
Pancreatic Adenomas:  

- GASTRINOMA (Zollinger-Ellison Syndrome): 
o Pathogenesis: 

�  “Gastrinoma” Æ Secretes Gastrin Æ Hyperacidity Æ Peptic Ulcers 
o Morphology: 

 
o Clinical Features: 

� Abdominal Pain  
� Dyspepsia 
� Chronic Diarrhoea (Due to Inactivation of Pancratic Enzymes – Lipase, & Mucosal Damage) 

o Diagnosis: 
� Fasting Serum Gastrin  
� Endoscopic Ultrasound & CT (Tumour Imaging & Staging) 

o Treatment: 
� Proton Pump Inhibitors (Omeprazole) 
� Surgery – Remove Gastrinoma – 80% 5yr Survival 

o Complication: 
� Malignant Potential  

 
- INSULINOMA: 

o Aetiology: 
� Tumours of the pancreas that produce too much insulin 

o Pathogenesis: 
� Unregulated Insulin Production (even when your blood sugar drops too low) Æ 

hypoglycemia 
o Morphology: 

� Usually single, small tumors in adults. 
o Clinical Features: 

� Mild Hypoglycaemia Æ Anxiety, Tachycardia, Sweating, Hunger, Headache 
� Severe Hypoglycaemia Æ Seizures, Coma, even Death 

o Diagnosis: 
� BSL/Insulin Level 
� CT/MRI Abdo 
� Endoscopic Ultrasound 

o Treatment: 
� Surgery – Curable (Rarely Malignant)  
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- Multiple Endocrine Neoplasia (MEN) Syndromes (Types 1 & 2) 
o MEN1 – Wermer’s Syndrome: 

� NB: 60% of Wermer’s Pts have >2x of the Following: 
x Pituitary Adenoma Æ Bilateral Hemianopia 
x *Pancreatic Gastrinoma Æ Peptic Ulcer Disease 
x *Pancreatic Insulinoma Æ Hypoglycaemia  
x Parathyroid Adenomas Æ Primary Hyperparathyroidism 

� Aetiology: 
x Genetic Mutation in MEN1 Tumour Suppressor Gene. 

o MEN2 – Sipple’s Syndrome: 
� NB: ......% of Sipple’s Pts have: 

x 100% Medullary Thyroid Cancer – (Thyroid Hormone Secreting Tumour) 
x 50% Phaeochromocytoma – (Adrenaline Secreting Tumour) 
x 30% Parathyroid Hyperplasia/Adenoma – (PTH Secreting Tumour) 

� Aetiology: 
x Genetic Mutation in MEN2 Tumour Suppressor Gene. 
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HEPATOBILIARY Pathology: 
FAMILIAL LIVER DISEASES 

 
AUTOIMMUNE HEPATITIS: 

- Aetiology: 
o  (Association with other AI-Conditions – Ie. Pernicious Anaemia/Thyroiditis/Coeliacs/AHA) 

- Pathogenesis: 
o ÆInflammation Æ Progressive NecrosisÆ Fibrosis Æ Æ Cirrhosis.  

- Clinical Features: 
o Symptoms: 

� May be Asymptomatic – Incidental Diagnosis. 
� Or - Fatigue, Fever, Polyarthritis, Pleurisy. 

o Signs: 
� Jaundice 
� Signs of Cirrhosis – Striae, Ascites, Acne. 

- Lab Tests: 
o LFT – (↑↑ALT/AST) 
o ANA+ 
o Anti-Liver Antibodies 

- Treatment: 
o Corticosteroids – (Prednisolone) 
o Chemotherapy Drugs – (Azothioprine) 
o Liver Transplant if Treatment Fails 

- Prognosis: 
o 80% Remission (with Lifelong Steroids + Azothioprine) 

 
PRIMARY BILIARY SCLEROSIS (AKA: “Chronic, Non-Suppurative Destructive Cholangitis”): 

- **(NB: Primary BC– Due to Autoimmune; Secondary BC – Due to Chronic Biliary Obstruction) 
- Aetiology: 

o Autoimmune – Specifics Unknown  
- Pathogenesis: 

o Autoimmune – AMA’s & ANA’s present, but Pathogenesis is Unclear. 
o ÆChronic, Progressive Destruction of Intra-Hepatic Bile Ducts ÆÆCirrhosis 

- Clinical Features: 
o Signs/Symptoms: 

� Insidious Onset 
� Then (Cholestatic) Jaundice, Fatigue 
� Hepatomegaly 

- Lab Tests: 
o LFTs – (↑Bilirubin, ↑ALP & ↑GGT) 
o Autoantibodies (ANA+/AMA+) 

- Complications: 
o Chirrosis Æ Liver Failure 

- Treatment: 
o Supportive: 

� Ursodeoxycholic – (Improves Bilirubin & AST/ALT levels) 
� Corticosteroids – (Prednisone) 
� Fat-Vitamins Supps – (ADEK) 

o Liver Transplant – (Definitive) 
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GILBERT’S SYNDROME 
- Aetiology: 

o Familial/Genetic  
- Pathogenesis: 

o Benign 
o Deficiency in Enzyme involved in Bilirubin Glucoronidation (Conjugation). 
o Æ Conjugation is ≈30% of normal  
o Æ A Pre-Hepatic/Unconjugated Jaundice. 

- Morphology: 
o No Visible Disease 

- Clinical Features: 
o Signs/Symptoms: 

� Asymptomatic 
� Occasional Mild Jaundice (Associated with Fasting/Infection /Stress/Exertion). 

- Lab Tests: 
o ↑Bilirubin (Unconjugated) 
o All other LFTs are normal.  
o Normal Reticulocyte Count (Ie. No Haemolysis) 

- Treatment: 
o NO Treatment (Not necessary) 

 
 
 

HAEMOCHROMATOSIS – (Simplified): 
- Aetiology: 

o (Iron Overload in the Body Due to hyper-absorption iron): 
� Primary (Congenital – HFE Gene Mutation) 
� Secondary (Acquired – Transfusions/Supplements/Haemolysis) 

- Pathogenesis: 
o ↑ Excess Iron Æ Iron Deposition in Organs (Liver/Heart/Endocrine Organs/Joints/Skin) 

- Clinical Features: 
o Symptom Profile: 

� Initially Asymptomatic 
� Early Symptoms – (Fatigue, Arthralgia, Loss of Libido) 
� Later Symptoms – (Skin Bronzing, Abdo Pain, Hepatomegaly, Liver Cirrhosis, Heart Disease) 

o Long-Term Effects: 
� Arthritis/Liver Dis/Heart Dis/Impotence/Early Menopause/Bronze complexion/ Diabetes 

- Diagnosis: 
o Iron Studies - (↑Ferritin, ↑Transferrin, ↑LFTs, HFE Gene) 

- Treatment: 
o Venesection 
o ↓Iron Diet 

- Complications: 
o Liver  - Cirrhosis 
o Heart  - Cardiomyopathy 
o Endocrine Glands – Failure of gland: 
o Joints  - Arthritis (Iron Deposition in the Joints) 
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HEPATOBILIARY Pathology: 

GALLSTONES & CHOLECYSTITIS 

 

CHOLELITHIASIS – (“Biliary Colic”) (Biliary Pain for <3hrs): 

- Aetiology: 

o Mixed - 80% -  (Cholesterol + Ca+ + Bile + Blood) 
o Pure - 20% -  (**Pigment Only** / Cholesterol Only) 

 
- Pathogenesis – 4x Mechanisms: 

o 1. Supersaturation (Excess Cholesterol) &/Or Low Bile Salt to dissolve it. 
o 2. Calcium Microprecipitation  
o 3. Biliary Stasis Æ Mucus Traps Crystals Æ Aggregation 

o 4. Stone Growth 

- Morphology (Types): 

o Mixed    - Multiple, Faceted, Yellow-Grey, 20% Radio-Opaque 

� High % Calcium - 100% Radio-Opaque  
o Pigment Only   - Dark Brown/Black, Friable, Soft Stones, 50% Radio-Opaque 

o (Rare) Cholesterol Only - Yellow & Spiky 

     
- Clinical Features: 

o 80% Asymptomatic 

o 20% Symptomatic Æ Biliary Colic/Acute Cholecystitis/Chronic Cholecystitis. 
� Æ Severe, Colicky Upper-Abdo Pain Æ to R-Shoulder (OFTEN after a Fatty Meal) 
� Fat Intolerance Æ Clay Stools 

- Lab Tests: 

o ↑Conjugated Bilirubin (Extrahepatic Obstruction) 

o ↑Alk Phos 

- Management: 

o Nil By Mouth (Bowel Rest) 
o IV Rehydration 
o Analgesia 
o IV-ABs 

- Complications: 

o Cholangitis 

o Pancreatitis  
o Cholecystitis 
o Cholangiocarcinoma  
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CHOLECYSTITIS – Inflammation of the Gallbladder: 

- ACUTE CHOLECYSTITIS (Biliary Pain for >3hrs): 

o Aetiology: 

� Typically Females 
� 90% - Gallstones in Gallbladder Æ Blockage of Cystic Duct  

x (Risk Factors: Age, Female, Obesity, Rapid Weight Loss, Drugs, Pregnancy) 
� 10% “Acalculous Cholecystitis” (Absence of Gallstones) 

x (Risk Factors: Critical Illness/Sepsis, Major Surgery, Prolonged Fasting) 
o Pathogenesis: 

� 90% - Gallstones Æ Blockage of Cystic Duct Æ Bile Stasis & GB Distension 

x Æ 2o-Infection by Gut Organisms (E.coli) ÆInflammation of Gallbladder  
� 10% - Acalculous: In Severely Ill Pts, or Trauma Pts.  

x ÆProlonged Parenteral Feeding Æ Bile Stasis & GB Distension 

x Æ 2o-Infection by Gut Organisms (E.coli) ÆInflammation of Gallbladder  
o Morphology: 

� Large, Red, Swollen Gallbladder Æ RUQ “Mass” 

o Clinical Features: 

� Onset:  
x RUQ Colicky Pain Æ Radiating to R-Scapula – (*Worse with FOOD) 

x Nausea, Vomiting  
x + Fever, Tachycardia,  

� Later (Hours):  

x Severe, Constant RUQ Pain + Peritonitis (Rigidity/Guarding/Rebound) 

x Murphey’s Sign (Sudden halt of Inspiration) 
x RUQ Mass (Swollen Gallbladder) 
x Jaundice 

o Diagnosis: 

� ↑Alk Phos (Biliary Obstruction) 
� **Abdo Ultrasound (Definitive) 

� Or ERCP – (Good because Therapeutic as well) 

o Complications: 

� Acute Gangrenous Cholecystitis (↑↑Pressure Æ Vascular Compromise) 
� 2o-Infection can Æ Empyema 
� Gallbladder Perforation 
� 30% Require Surgery 

o Treatment: 
� Nil By Mouth (Bowel Rest) 
� IV Rehydration 
� Analgesia 
� IV-ABs 
� Cholecystectomy 

  

 

- RECURRENT/CHRONIC CHOLECYSTITIS: 

o Aetiology: 

�  “Biliary Gravel”- Thick Bile with many Small Gallstones. 
o Pathogenesis: 

� ÆPerpetual cycle of Bile Stasis Æ Stones Formation ÆObstruction Æ  
x ÆÆChronic Inflammation  
x ÆÆMild Transient Biliary Obstructions Æ RUQ Discomfort Following Meals. 

o Clinical Features: 

� Chronic Vague RUQ/Upper Abdo Discomfort Following Meals 

� Indigestion 

� Upper Abdo Distension 

o Management: 

� Cholecystectomy 
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GASTROINTESTINAL Pathology: 
GASTRIC CANCER 

 
GASTRIC & DUODENAL CANCERS: 

- (NB: “Fungating” = Lesion marked by Ulcerations and Necrosis) 
- Aetiology: 

o *90%  H.pylori Metaplasia Æ Gastric Adenocarcinoma (Glandular Neoplasm) 
o 5%  - MALT Lymphoma  
o Rare - Carcinoid, GI-Stromal Tumours (GIST), Etc.  

- Pathogenesis – Fungating Gastric Adenocarcinoma: 
o H.pylori Æ Chronic Gastritis Æ Metaplasia Æ Cancer 

- Morphology - Adenocarcinoma: 
o Adenocarcinoma 
o “Fungating" Æ Polypoid, Ulcerating Lesions with Heaped-Up, Rolled Edges.  

 
o Diffuse (“Leather Bottle”) Æ Fibrotic Scarring Æ “Leather Bottle Stomach”  

 
- Clinical Features: 

o Asymptomatic until Advanced Disease Æ :. Poor Prognosis. 
o Early Symptoms: Epigastric Pain, Nausea, Haematemesis, Weight Loss, Adenopathy, Anaemia.  
o Late Symptoms: Malignant Ascites/Jaundice, Symptoms of Brain/Bone/Lung Mets 

- Investigations: 
o **Gastroscopy + Biopsy – (Grading of Cancer) 
o **CT – (Grading - ?Metastatic) 
o Tumour Markers – (Monitoring Only) 

- Treatment:  
o Surgery – (Total Gastrectomy & Oesophago-Jejunostomy) 

� + Sentinal Node Resection  
� +/- Splenectomy 

o +/- Palliative Chemotherapy 
o +/- Palliative Radiotherapy 

- Prognosis:  
o POOR - <30% 5yrs Survival (with surgery) 
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GASTROINTESTINAL Pathology: 
GASTRINOMA (ZE SYNDROME) 

 
ZOLLINGER ELLISON SYNDROME (Adenoma/GASTRINOMA) 

- Aetiology: 
o Gastrin-Secreting Neuroendocrine Adenomas (“Gastrinomas”) in Pancreas/Duodenum/Stomach 

- Pathogenesis: 
o Gastrinomas In Pancreas/Duodenum Æ Secrete Gastrin Æ Hyperacidity & ↑Pepsin Secretion Æ 

Treatment-Resistant Peptic Ulcers (Gastric & Duodenal) 
- Morphology: 

 
- Clinical Features: 

o Abdominal Pain  
o Dyspepsia 
o PUD Æ Haematemesis 
o Ruptured Ulcer Æ Peritonitis / Shock / Death 
o Chronic Diarrhoea (Due to Inactivation of Pancratic Enzymes – Lipase, & Mucosal Damage) 

- Diagnosis: 
o Fasting Serum Gastrin  
o Endoscopic Ultrasound & CT (Tumour Imaging & Staging) 

- Treatment: 
o PPI – (Omeprazole) 
o Surgery – (Remove Gastrinoma – 80% 5yr Survival) 

- Complication: 
o Malignant Potential  
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GASTROINTESTINAL Pathology: 
GASTRITIS & PUD 

 
Background Info: 

- Protective Factors: 
o *Alkaline Mucus Layer Æ Mechanical Barrier 
o *Prostaglandin Æ Stimulates Mucin Synthesis by Goblet Cells 

- Destructive Factors: 
o **Helicobacter Pylori: 
o *Acid – (pH:2) 
o *Pepsin – (Digestive Proteolytic Enzyme Secreted by Chief Cells.) 
o *NSAIDs – (Non Steroidal Anti-Inflammatory Drugs) – (Eg. Aspirin/Ibuprofen): 

� 15-20% of NSAID users develop gastric ulcer. 
o Stress/Gastrinoma/Zollinger-Ellison Syndrome 

 
Helicobacter Pylori Background: 

- Common – 75% Prevalence in PUD Pts 
- Gram Neg Spirochete 
- Transmission: Oral Æ Oral, Faecal Æ Oral, Vertical 
- Colonises: 1st Part of duodenum > antrum > G-E junction.  
- Is a Class-I Carcinogen – (Ie. A Definite Carcinogen)  

 
GASTRITIS: 

- = Inflammation of the Stomach Lining 
- Aetiology & Pathogeneses: 

o Acute: 
� 15% Alcohol  
� NSAIDs Æ Inhibits COX Æ ↓Prostaglandin Æ Hyperacidity Æ Inflammation  
� Severe Burns Æ ↓Plasma Volume Æ Sloughing of Stomach Mucosa 

o Chronic: 
� **80% Bacterial – Helicobacter Pylori (Most Common)  

o Atrophic: 
� Autoimmune –Pernicious Anaemia – (Antibodies against Parietal Cell & IF Æ B12 Deficient) 

- Clinical Features: 
o Symptoms: 

� Abdo Pain 
� Dyspepsia 
� Bloating 
� Nausea/Vomiting  
� +/- Haematemesis (if PUD) 
� +/- Anaemia (If Pernicious B12 Deficiency) 

- Investigations: 
o **C13 Urea Breath Test – (H.Pylori) 
o Serology (IgG) – (H.Pylori) 
o H.pylori Faecal Antigen Test – (H.Pylori) 
o Endoscopy + Gastric Biopsy – (H.Pylori Microscopy + ?Gastric Cancer) 

- Treatment: 
o Conservative –(Avoid Precipitating Factors (Alcohol/NSAIDs)) 
o Antacids – (Mylanta) 
o PPIs – (Omeprazole) or H2-Antagonists - (Ranitidine) 
o H.Pylori Triple Eradication Therapy – (Clarythromycin + Amoxicillin +/- Metronidazole) 
o If Pernicious – (B12 Injections) 
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PEPTIC ULCER DISEASE: 
- Aetiology: 

o Either  -↑Attack (Hyperacidity, Zollinger Ellison Syndrome) 
o Or - ↓Defence (**H.pylori, Stress, Drugs [NSAIDs & Corticosteroids], Smoking) 

- Morphology: 
o Small, Single, Round, Punched out Ulcer 
o 90% in Duodenum or Lesser-Curve of Stomach. 
o NB: Healing Peptic Ulcers have Radiating Mucosal Folds due to scar contraction. 

 
- Clinical Features: 

o Burning Epigastric Pain; (Most Severe when Hungry. Relieved by Food)  
o Nausea & Vomiting 
o Anorexia & Weight Loss 
o Haematemesis/Melena 
o (Perforation Æ Acute Peritonitis) 

- Investigation: 
o Clinical History 
o Endoscopy + Biopsy – (Ulcer? H.Pylori?  Gastric Cancer?) 
o **C13 Urea Breath Test - (H.Pylori? The Best NON-Invasive Diagnosis) 
o Serology (IgG) – (H.pylori) 
o H.Pylori Faecal Antigen Test  – (H.pylori) 

- Treatment: 
o Conservative –(Avoid Precipitating Factors (Alcohol/NSAIDs)) 
o Antacids – (Mylanta) 
o PPIs – (Omeprazole) or H2-Antagonists - (Ranitidine) 
o H.Pylori Triple Eradication Therapy – (Clarythromycin + Amoxicillin +/- Metronidazole) 
o *Emergency Surgery – (If Haematemesis / Rupture / Peritonitis / CANCER)  

- Complications: 
o GI Bleeding Æ Anaemia 
o Perforation Æ Haemorrhage/Shock, Peritonitis, or Into Pancreatitis. 
o Pyloric Stenosis (Scarring) Æ Gastric Outlet Obstruction Æ Vomiting 
o **GASTRIC CANCER (NB: H.pylori Æ 6x Risk of Cancer) 

 
“CURLING’S ULCER” 

- = An Acute Peptic Ulcer of the Duodenum due to ↓Plasma Volume from Severe Burns. 
- Pathogenesis: 

o Severe Burns Æ ↑Fluid Lost &↓Plasma Volume Æ Sloughing of Gastric Mucosa Æ Peptic Ulcer. 
- Complications: 

o High Risk of Perforation/Haemorrhage :. High Mortality Rates. 
- Prevention: 

o Conservative: 
� TPN – (Total Parenteral Nutrition) 
� PPI – (Omeprazole) / H2RA – (Ranitidine) 

o Emergency Surgery – (If Haematemesis / Rupture / Peritonitis)  
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GASTROINTESTINAL Pathology: 
GASTROENTERITIS 

 
Bacterial Gastroenteritis (Food Poisoning):  

x TOXIGENIC DIARRHOEA (FOOD POISONING): 
• Aetiology: 

� Staph Aureus (Poor Food Handling) 
� Bacilis Cereus (Mostly found in cereal) 

• Symptoms: 
� Onset Within 4hrs 
� *Vomiting, *Stomach Cramps, Diarrhoea 

• Pathogenesis: 
� Toxigenic Diarrhoea – (NB: Some toxins are Heat Stable) 

• Diagnosis: 
� History + Clinical Course  
� Retrospective Epidemiology – Find Common Denominator. (Who ate what??) 
� Stool OCP if worried.  

• Treatment: 
� Supportive Treatment – (Fluid & Electrolyte Replacement) 
� Anti-Diarrhoeals Controversial – (Symptomatic; but ↓Toxin Expulsion) 

 
x ESCHERICHIA COLI – (“TRAVELLER’S DIARRHOEA”): 

o ETEC: (Enterotoxigenic E.Coli) 
� Produces Toxins: 
� Æ Traveller’s Diarrhoea 

o EIEC: (Enteroinvasive E.Coli) 
� Active Intestinal Invasion/Destruction 
� Æ Traveller’s Dysentery 

o EPEC: (Enteropathogenic E.Coli) 
� ÆSporadic disease in babies and children 

o EHEC: (Entero-Haemorrhagic E.Coli) – The Serious One: 
� Produce Verotoxin Æ Destroys Platelets & RBCsÆHAEMOLYTIC-UREAMIC SYNDROME  

x Æ Kidney Failure + Bleeding + Dysentery 
 

x SALMONELLA (“TYPHOID”): 
o Aetiology: 

� Salmonella typhi: 
o Pathogenesis: 

� Æ Dysentery  
� Can Æ Septicaemia 
� Also ÆFever – rose spots – delirium - perforation of bowel 

o Management:  Ceftriaxone +/- Ciprofloxacin 
 

x LISTERIOSIS (LISTERIA): 
o Aetiology: 

� Listeria Monocytogenes – (G-Pos) 
� (Soft Cheeses & Cold Deli Meats) 

o Risk to Pregnant Women & Immunocompromised 
 

x CHOLERA: 
o Aetiology: Vibrio Cholerae 
o Symptoms: Profuse Rice-Water Stools 
o Management:  Fluid Replacement 
o Prognosis: Self-Limiting 

 
x NB: DYSENTERIC ORGANISMS: 

o Salmonella, Shigella, Entamoeba Histolytica 
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VIRAL GASTROENTERITIS: 
x Aetiology: 

o 80% Norovirus (Adult Diarrhoea) 
o Rotavirus (Kid Diarrhoea <3yo) (Day-Care Centres!!!) 
o (Faecal-Oral Transmission) 

x Pathogenesis: 
o ÆDestruction of EnterocytesÆGastroenteritis 
o Æ Produces ‘Toxic Rotavirus Protein’ (NSP4) Æ Induces Chloride Secretion Æ Inhibits Water 

Absorption in gut. 
x Clinical Features: 

o Timeframe: 
� Incubation Period ≈ 2 days  
� Duration of Symptoms ≈ 6 days 
� Still infective for ≈ 2 days after symptoms subside. 
� (:. Any kid with vom/dia should stay home for >1wk to minimise transmission) 

o Symptoms: 
� Vomiting (projectile)  
� Diarrhoea 
� + Flu-Like Illness – (Fever, Irritability, Poor Feeding, Myalgia) 

x Diagnosis: 
o Clinical Diagnosis of Gastroenteritis 
o Definitive Diagnosis via Stool Sample 

� Enzyme Immunoassay 
� Or RT-PCR 

x Management: 
o Supportive Mx 
o FLUID REPLACEMENT! 

� “421 Rule”: 4ml/kg/hr (first 10kg) + 2ml/kg/hr (second 10kg) + 1ml/kg/hr (thereafter)  
o  Quarantine (Especially for Immunocompromised/Chemo Pts!) 
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GASTROINTESTINAL Pathology: 
GORD , BARRET'S & CANCER 

 
GORD – GASTRO OESOPHAGEAL REFLUX DISEASE, BARRETT’S OESOPHAGUS & OESOPHAGEAL TUMOURS: 

- Aetiology: 
o *Defective Lower Oesophageal Sphincter. 
o Risk Factors: 

� ↑Intra-Abdo-Pressure, Hiatus Hernias, Fat/Alcohol/Coffee/Choc/Spices 
- Pathogenesis: 

o Sphincter Incompetence Æ Chronic Regurgitation Æ Inflammation Æ (Metaplasia ÆDysplasia) 
o Æ Inflammation Æ Reflux Oesophagitis 
o Æ Gastric Metaplasia in Oesophagus Æ **Barrett’s Oesophagus 
o Æ Continued Irritation & Regeneration Æ Dysplasia ÆÆAdenocarcinoma (Cancer) 

- Morphology: 
BARRETT’S 
OESOPHAGUS: 

Endoscopic: Upward Migration of Squamo-Columnar 
Junction – Looks Darker Pink, Velvety & Inflamed with 
Irregular Border 

 
ADENO-CARCINOMA: 
(GORD/ Barrett’s) 
 

Endoscopic: Wet, Bulbous, Tumour Surrounded by 
Gastric Metaplasia (Barrett’s) 
(Lower 1/3 of Oesophagus) 

 
NB: SQUAMOUS CELL 
CARCINOMA 
(Smoking/ Alcohol) 

Endoscopic: Dry, Keratinized, Ulcerative Tumour 
(Upper 1/3 of Oesophagus) 

 
- Clinical Features: 

o Symptoms: 
� Heartburn (Retrosternal Burning Sensation) 
� Dysphagia  (Solids Æ Liquids) 

o Complications: 
� Bleeding/Perforation 
� Stricture/Obstruction 
� BARRETT’S OESOPHAGUS 
� MALIGNANCY Æ Progressive Dysphagia (Solids Æ Liquids), Weight Loss, Anorexia, 

Aspiration 
- Investigations: 

o Gastroscopy + Biopsy – (Grading from Barret’s Metaplasia Æ Adenocarcinoma) 
o CT – (Staging if Adenocarcinoma) 

- Treatment: 
o 1. Conservative – (Lifestyle Modification): 

� ↑Bed-head 
� Avoid Meals Within 3hrs of Bedtime 
� ↓Fat / Alcohol / Caffeine / Spices / Smoking 
� Weight Loss (to Æ ↓Intra-abdominal Pressure) 

o 2. Medical: 
� Antacids - (Mylanta). 
� Alginates - (Aluminium Salts) 
� H2 Histamine Receptor Antagonists - (Ranitidine)  
� Proton-Pump Inhibitor - (Omeprazole) 

o 3. Surgery: 
� Nissen Fundoplication – (Upper stomach wrapped around Oesophagus) 
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Toronto Notes - MCCQE 2002 Review Notes Gastroenterology – G5

ESOPHAGUS . . . CONT.

HEARTBURN (Pyrosis) (see GERD section)
❏ most common complaint

CHEST PAIN
❏ may be indistinguishable from angina pectoris, but not predictably elicited by exertion, 

and often occurs spontaneously
❏ most common esophageal cause of chest pain is GERD

ODYNOPHAGIA
❏ pain on swallowing
❏ causes – usually due to ulceration of esophageal mucosa

• infection - Candida, Herpes, CMV (common only in immunosuppressed, especially AIDS)
• inflammation/ulceration (ex. caustic damage)
• drugs: doxycycline, wax-matrix potassium chloride, quinidine, iron, vitamin C, various antibiotics
• radiation

GASTROESOPHAGEAL REFLUX DISEASE (GERD)
Definition
❏ reflux of stomach/duodenal contents severe enough to produce symptoms and/or complications; 

the most common condition affecting the esophagus

Etiology
❏ LES relaxes inappropriately( most common)
❏ low basal LES tone
❏ hypersecretion of gastric acid
❏ delayed esophageal clearance
❏ delayed gastric emptying from any cause 
❏ often associated with sliding hiatus hernia (see General Surgery Chapter)

Signs and Symptoms
❏ acid regurgitation (bitter taste)
❏ waterbrash (sudden hypersalivation)
❏ heartburn (retrosternal burning radiating to mouth)
❏ non-specific chest pain
❏ dysphagia (abnormal motility or esophagitis, reflux-induced stricture)
❏ pharyngitis, laryngitis (with hoarseness)
❏ respiratory (chronic cough, asthma, aspiration pneumonia, wheezing)
❏ symptoms aggravated by

• position (lying or bending)
• increase in intra-abdominal pressure (pregnancy or lifting)
• agents that decrease LES pressure (caffeine, fatty foods, alcohol, peppermint, cigarettes, nitrates, 

beta-adrenergic agonists, calcium channel blockers (CCB’s), theophylline, benzodiazepines, 
anticholinergics, morphine)

• foods that delay gastric emptying (alcohol, coffee, chocolate)

Investigations
❏ depends on questions being asked
❏ is reflux present? 

• 24-hour pH monitoring
❏ has relux damaged the esophagus?

• endoscopy
❏ is relux causing the symptoms?

• acid perfusion (Berstein) test 
❏ is stricture present

• barium swallow 

Management
❏ see Figure 2

Complications
❏ acid regurgitation ––> esophageal inflammation, ulceration and bleeding 

––> muscle spasm (DES) and/or stricture (scarring) 
––> increased risk of Barrett's esophagus (columnar metaplasia) 
––> increased risk of adenocarcinoma
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G6 – Gastroenterology Toronto Notes - MCCQE 2002 Review Notes

ESOPHAGUS . . . CONT.

GERD Symptoms

Typical Atypical chest pain
Red flag symptoms
(e.g. pharyngitis, laryngitis)

Phase I Endoscopy and/or motility study
Lifestyle modifications (LM)
• elevate head of bed
• partition meals into small portions
• diet modification (avoid foods

that aggravate symptoms) Esophagitis Normal
Over the counter products (OTC)
• antacids, alginic acid (Gaviscon)

No Response Response

Phase II • continue LM, OTC
• continue LM, OTC
• standard doses of H2 receptor

antagonists or prokinetics (domperidone) • 24 hour pH monitoring
• proton pump inhibitor (PPI) (omeprazole) • esophageal motility

if above therapy tried previously • look for other disease

No response in 4 to 8 weeks Response

• contine LM, OTC
Endoscopy • discontinue Phase II meds

• restart as needed

Erosive esophagitis Normal
with complications

Phase III • look for other conditions
• maintenance therapy with PPI for 2 to 3 • establish symptoms due to GERD

months high dose PPI or H2 antagonist • continue LM, OTC and try PPI
• if fail, then anti-reflux surgery 

(see General Surgery Chapter)
• Nissen fundlopication 

(see General Surgery Chapter)

Figure 2. The Three-Phase Management of GERD
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GASTROINTESTINAL Pathology: 
HAEMORRHOIDS 

 
HAEMORRHOIDS (Internal & External) 

- Aetiology: 
o Incompetent Valves in Rectal Vasculature 

- Pathogenesis: 
o Chronic ↑Intra Abdo Pressure (Eg. Chronic Constipation/Pregnancy/Asthma/Weight Lifting)  

� Æ Dilation of Lower Abdo Veins & Valves Æ Incompetent Valves Æ Haemorrhoids 
- Morphology: 

  
- Clinical Features: 

o Commonest Cause of MINOR Rectal Bleeding!! (>50%) 
o Internal Haemorrhoids Æ Painless Rectal Bleeding 
o External Haemorrhoids Æ Painful Rectal Bleeding 
o (+/- Itching) 

- Treatment: 
o 1st Line: ↑Dietary Fibre, ↑Fluids, Analgesia, Hygienic Maintenance, Rest. 
o 2nd Line: Surgery 

� Banding for Internal Haemorrhoids (Since Painless) 
� GA + Excision for External Haemorrhoids (Since Painful) 
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Week	9	

Infection,	Inflammation	&	Immunity	Notes	

Helicobacter	Pylori	–	The	Cause	of	Gastric	Ulcers:	

	
Background	on	Peptic	Ulcer	Disease:	

- Where	does	it	Occur?	

o Duodenum	
o Stomach	
o Oesophagus	(a	result	of	GORD)	
o Margins	of	Gastrojejunostomy	(Ie.	Sometimes	a	side	effect	of	surgery)	

	
- Aetiology:	

o Matter	of	imbalance	of	protective	&	Destructive	factors:	

§ Ie.	Breakdown	of	protective	mucosal	barrier	
§ Or.	Excessive	Chronic	Exposure	to	Acid/Pepsin	

	
	

o Protective	Factors:	

§ *Thick	Alkaline	Mucus	Lining	&	Epithelial	Barrier:	

• From	Goblet	Cells:	
o Mucin	Synthesis	is	stimulated	by	Prostaglandin	
o Mucin	protein	synthesized	in	Endoplasmic	Reticulum	
o Mucin	is	added	to	water	à	mucus	

• Unstirred	Layer	of	mucus	(closest	to	stomach	lining)	is	neutral.	

	
§ *Prostaglandin:	

• à	Stimulates	Mucin	Synthesis	by	Goblet	Cells	
• à	Inhibit	Histamine-Mediated	Acid	Secretion	by	Parietal	Cells.	

§ *D-Cells	

• Detect	H+	in	the	stomach	lumen	à	Secrete	Somatostatin	
• Somatostatin	=	Negative	Feedback	to	the	G-Cell	à	Inhibits	Gastrin	Secretion	
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o Destructive	Factors:	

§ **Helicobacter	Pylori:	
• Can	burrow	under	the	mucus	layer	(where	the	ph	is	neutral)	à	Survives	
• Also	has	an	enzyme	(urease?)	which	can	neutralise	the	acid.	
• Love	Columnar	Cells		

	
§ *Acid:	

• Two	Cell	Model:	Stimulated	by	Gastrin	à	ECL	Cell	à	Parietal	Cells	via	Histamine	à	
Stimulates	Hydrogen	(Proton)	Pump	from	Parietal	Cells.	

	
§ *Pepsin:	

• Digestive	Proteolytic	Enzyme	Secreted	by	Chief	Cells.	
§ *NSAIDs	–	(Non	Steroidal	Anti-Inflammatory	Drugs)	–	(Eg.	Aspirin/Ibuprofen):	

• 15-20%	of	NSAID	users	develop	gastric	ulcer.	
• Why??	

o NSAIDs	Inhibit	Cyclo-oxygenase	(à↓Prostaglandin)	à		
-	↓Prostaglandin-Mediated	Mucin-Secretion	from	Goblet	Cells;	AND	-	
↓Inhibition	of	Parietal	Cell	Acid	Secretion.	

§ Stress	(Zollinger-Ellison	Syndrome):	

• =	A	Rare	condition	characterised	by	Treatment-Resistant	Peptic	Ulcers	Resulting	
From	‘Gastrinomas’	(Acid-Secreting	tumour)	in	the	Pancreas/Duodenum	à	Peptic	
Ulcers	in	Duodenum.	

		

- Pathogenesis	–	Helicobacter	Pylori:	

o Gastric	Ulcer:	

§ HP	à	Gastritis	à	Damage	to	Epithelial	Layer	à	Exposure	to	Acid	à	Gastric	Ulcer	à	
↓Antral	D-Cells	(&Somatostatin)	à	Decreased	Inhibition	of	G-Cells	à	↑	Gastrin	à	
↑Histamine-Mediated	Acid	Secretion	by	Parietal	Cellsà	Potentiates	Gastric	Ulcer.	

o Duodenal	Ulcer:	

§ GORD	à	↑Exposure	to	Acid	à	Gastric	Metaplasia	à	Colonised	by	HP	à	Duodenitis	à	
Duodenal	Ulcer.	

	

- (Therapeutic	Management	of	H.Pylori-Positive	Peptic	Ulcers:)	
o Antibiotics	–	(To	kill	the	H.Pylori)	
o Proton	Pump	Inhibitors	–	(To	reduce	destructive	acid)	
o A	Mucosal-Protective	Drug:	Bismuth-Containing	Preparation	(“Bismuth	Chelate”)	

§ –	(Toxic	effects	on	H.Pylori,	Inhibits	Adherence	to	Mucosa,	&	Inhibits	Bacterial	Proteolytic	
Enzymes)	
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Background	on	Helicobacter	Pylori:	

- H.Pylori	Causes	Gastric	Ulcers	–	Discovered	by	Barry	Marshal:	
o Noted	spiral	bacteria	in	gastric	ulcer	biopsies.	
o Proposed	that	these	bacteria	cause	the	ulcers.	
o Fulfilled	Koch’s	Postulates	by	Drinking	H.Pylori	à	Gave	Himself	Gastric	Ulcers:	

	
	

- What	is	H.Pylori?	
o Gram	Neg.	Bacteria	
o Small,	Spiral-Shaped	Rod-like	Bacteria.	

	
o Has	an	‘Altered’	LPS	–	(Triggers	little	inflammation)	
o Produces	Urease	–	(Produces	Ammonia	to	Neutralise	Stomach	Acid)	

	
o Microaerophillic	–	(Ie.	Doesn’t	like	too	much	Oxygen)	
o Metabolically	Fastidious	–	(Grows	Slowly)	
o Is	a	Class-I	Carcinogen	–	(Ie.	A	Definite	Carcinogen)		

§ (Since	it	causes	Chronic	Inflammation	&	Chronic	Exposure	to	Reactive	Oxygen	Species	
àMetaplasia	&	Dysplasia	of	Gastric	Cells	à	Adenocarcinoma)	
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- Transfer	of	Infection:	
o Oral	à	Oral	
o Faecal	à	Oral	
o Mother	à	Child	(AKA:	“Vertical	Transmission”)	
o Contaminated	Food/Water.	

	
- H.Pylori	Infection:	

o Chronic	Infection	à	Ie.	Infected	for	Life.	
o Has	a	Global	Distribution:	

§ (Incidence	is	highest	in	less	developed	nations)	
§ (Infection	correlates	with	Low	SES)	
§ (Infection	rates	high	in	Elderly)	

o H.Pylori-Related	Diseases:	

	
	

- Adaptations	to	a	Hostile	Envirnoment	(&	Pathogenicity	Factors):	
o Adaptations:	

§ Can	Metabolise	Carbohydrates	(Ie.	Glucose)	
§ Has	Pyruvate	&	Fumerate	Pathways	
§ Can	produce	Urease	à	Neutralise	Stomach	Acid	

• (Hydrolises	Urea	à	Amonia	+	Bicarb)	
o Pathogenicity	Factors:	

§ pH	Modification	Ability	(Urease)	
§ Motility	(Flagellin	à	Powerful	Swimmers)	
§ Adherence	to	Epithelium	(Via	Adhesins)	–	(NB:	The	pH	is	less	acidic	@	the	epithelium)	

	
§ Type-IV	Secretory	System	à	Secretes	Cytotoxins	(Eg.	“CagA”	–	a	‘molecular	syringe’)	

• à	interfere	with	Epithelial	Tight-Junctions	à	Leaky	epithelial	barrier.	
• à	Also	induces	COX-2	expression	à	↑Prostaglandins	à	Inflammation	
• à	Also	Trigger	release	of	Inflammatory	Cytokines	
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- How	H.Pylori	Causes	Disease:	
o Gastric	Ulcer:	

§ HP	Colonise	the	Corpus	of	the	Stomach	à	Gastritis	à	Damage	to	Epithelial	Layer	à	
Exposure	to	Acid	à	Gastric	Ulcer	à	↓Antral	D-Cells	(&Somatostatin)	à	Decreased	
Inhibition	of	G-Cells	à	↑	Gastrin	à	↑Histamine-Mediated	Acid	Secretion	by	Parietal	

Cellsà	Potentiates	Gastric	Ulcer.	
o Duodenal	Ulcer:	

§ ↑Stomach	Acid	à	HP	Colonise	the	Antrum	of	the	Stomach	à	Gastritis	à↓Antral	D-Cells	
(&Somatostatin)	à	Decreased	Inhibition	of	G-Cells	à	↑	Gastrin	à	↑Histamine-Mediated	

Acid	Secretion	by	Parietal	Cellsà↑Duodenal	Acidity	à	Duodenal	Metaplasia	à	Colonised	
by	HP	à	Duodenitis	à	Duodenal	Ulcer.	
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- Diagnosis:	
o Gastric	Biopsy:	

§ Histology		
§ Culture	

o Serology:	
§ Gel	Electrophoresis		
§ -	Detects	Antibodies	against	H.Pylori	antigens.	

o C
13
	Urea	Breath	Test:	
§ Pt.	Drinks	a	C13	enriched	Urea	solution.	
§ Urease	secreted	by	H.Pylori	splits	the	C13-Urea	à	C13	is	encorporated	into	CO2.	
§ Detection	of	the	C13-labelled	CO2	in	Exhaled	Breath	indicates	that	the	urea	was	split	à	

Indicating	the	Presence	of	Urease	à	Hence	Presence	of	H.Pylori.	

	
	

- Treatment:	
o **Combined	Triple	Antibiotics	+	PPI.	

§ Proton	Pump	Inhibitors	–	(To	reduce	destructive	acid)	
§ **Antibiotics	–	(To	kill	the	H.Pylori):	
§ (NB:	Cure	rate	is	less	than	80%	-	Antibiotic	resistance	is	increasing	à	Push	for	vaccine.)	

o A	Mucosal-Protective	Drug:	Bismuth-Containing	Preparation	(“Bismuth	Chelate”)	

§ –	(Toxic	to	H.Pylori,	Inhibits	Adherence	to	Mucosa,	&	Inhibits	Bacterial	Proteolytic	Enzymes)	
		

- Progress	towards	a	Vaccine	Against	H.Pylori:	
o Works	in	some	animal	models.	
o Poor	Results	in	humans.	
o 100+	antigens	have	been	identified.	
o However	–	Protection	isn’t	due	to	antibodies.	(Ie.	We	Don’t	know	how	the	vaccine	works)	

§ We	do	know	that	CD4-T-Cells	are	implicated.	
o Take	Home	Message:		

§ Still	don’t	know	whether	a	Safe	Vaccine	is	Feasible.	
§ Post-Immunisation	Gastritis	is	an	issue.	
§ Little	evidence	of	Efficacy	in	Humans.	
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HEPATOBILIARY Pathology: 

HEPATITIS 

(NB: The link between Hepatitis, Cirrhosis & Hepatic Cancers): 

Hepatitis (Except A/E) Æ Cirrhosis Æ Hepatic Cancers 

 

 

Non-Viral Hepatitis: 

- ALCOHOLIC HEPATITIS (Alcoholic Liver Disease): 

o Aetiology: 

� “High Risk” Alcohol Consumption 

x Males >50std/week 

x Females >35std/week 

o Pathogenesis: 

� Ethyl-Alcohol Æ Metabolised to Acetaldehyde (Hepatotoxic) 
� Æ Severe Inflammation Æ Fibrosis! 

o Clinical Features: 

� Jaundice  
� Hepatomegaly  (Fatty Liver) 
� Splenomegaly  (If Portal Hypertension) 
� Dupuytren’s Contracture, Hepatic Flap, Truncal Ataxia 

� Wernicke/Korsakoff Syndrome – GIVE THIAMINE + B12 

� Delerium Tremens – GIVE DIAZAPAM 

o Investigations: 

� ↑AST/ALT 

� ↑GGT:ALP 

o Management: 
� Avoid Alcohol & Hepatotoxic Drugs 

� If Wernicke/Korsakoff Syndrome – GIVE THIAMINE + B12 

� If Delerium Tremens – GIVE DIAZAPAM 

� Fluid Management 

 

- PARACETAMOL-INDUCED HEPATITIS: 

o Aetiology: 

� Paracetamol Overdose 

o Pathogenesis: 

� Paracetamol = Directly Hepatotoxic & depletes Glutathione (conjugator) stores Æ ↑↑Free 
Paracetamol Æ Toxin-Mediated Centrilobular Necrosis 

o Clinical Features: 

� Acute Hepatitis – Jaundice, Confusion, ALOC 

o Lab Tests: 

� ↑AST/ALT (Necrosis) 
� ↑Bilirubin (Unconjugated) 

o Outcomes: 

� 1 Æ Acute Hepatic Failure Æ Death 

� 2Æ Spontaneous Recovery  
� 3Æ N-Acetyl Cystiene Æ Recovery 

o Management: 

� N-Acetyl Cystiene - (*A Precursor to Glutathione – A Conjugator for Paracetamol) 
x NB: Titrated to ~Paracetamol Dose on Nomogram 
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Viral Hepatitises – (A&E=Acute, B&D=Acute & Chronic, C=Chronic): 

- HEP A (Acute): 

o Aetiology: 

� Hepatitis A Virus (NB: The commonest Viral Hepatitis Worldwide)  
o Pathogenesis: 

� Faecal-Oral Transmission 

x 2-6wk Incubation  
� Virus is Directly Cytopathic to the Liver –  But Does NOT lead to Cirrhosis  

o Clinical Features: 

� NB: Acute Syx ONLY; No Chronic. 

x Viraemia Æ Fever, Malaise, Anorexia, Nausea, Arthralgia 

� Signs: 

x Jaundice (After 1-2wks)(Due to Intrahepatic Cholestasis) 
o Æ↑Conjugated Bilirubin Æ 

� ÆPale Stools 

� ÆDark Urine 

x +/- Hepatomegaly 

x +/- Splenomegaly 

x +/- Tender Lymphadenopathy 

x Rarely – Hepatic Encephalopathy & Death.  
o Investigations 

� LFTs – (Everything Raised) 

� Hep A Serology 

� Hep A PCR 

o Prognosis: 

� Usually Self-Limiting with Supportive Treatment Only. 
- HEP E (Acute): 

o (Very Similar to Hep A; But HIGH MORTALITY in PREGNANCY [20% Æ DIC in 3rd Trimester]) 
o Aetiology: 

� Hepatitis E Virus (A Herpesvirus) 
o Pathogenesis: 

� Virus is Directly Cytopathic to the Liver  

o Clinical Features: 

� Faecal-Oral Transmission (Incl. Vectors: Dogs/Pigs/Rodents) 
� Clinical Picture - (Same as Hep A) 

o Investigaitons: 

� LFTs – (Everything Raised) 
� Hep A Serology 
� Hep A PCR 

o Prognosis: 

� 1-2% Mortality (From Fulminant Hepatic Failure) 
� 20% Mortality in Pregnancy (From DIC in 3rd Trimester) 
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- HEP B (Acute/Chronic) 

o Aetiology: 

� Hepatitis B Virus  
o Pathogenesis: 

� Acute Hepatitis Æ Hepatocyte Injury is due to CD8-T-Cell Attack. 
x NB: IF Immunocompetent...Virus is Cleared Æ Recovery 

� 30% ÆChronic Active Hepatitis – (Immune Response is Sub-Optimal): 
x ÆChronic Inflammation Æ Fibrosis Æ EARLY CirrhosisÆHCC / Death 

� 70% ÆChronic Persistent Hepatitis - (Virtually NO Immune Response) 
x Æ Very little Inflammation :. Minimal Pathology Æ LATE Cirrhosis  
x NB: Sporadic Acute Episodes.  

o Clinical Features: 

� Transmission: 

x Horizontal - Sexual/Blood/Ingestion/Innoculation (HIGHLY INFECTIOUS) 
x & Vertical – MotherÆBaby (20% Chance)  

o Infected Mums Require Anti-HepB-IVIg + Oral Antivirals.  
� Vaccine Preventable – (HBsAg (Surface-Ag) Innoculation). 

x :. A pt with Anti-HBsAg, but no Anti-HBcAg, has been Vaccinated. 
x :. A pt with Anti-HBsAg, AND Anti-HBcAg, has been Infected. 
x Administered @ Birth, 2/4/6mths, & year 8. 

� Carrier State Exists if Acute Æ Chronic Persistent Hepatitis. 
 Symptoms: Signs: Lab Tests: Prognosis: 

Acute Hep B Non-Specific Viral: 
- Fever 
- Anorexia 
- Naus/Vom 
- Myalgia 

Jaundice (Conjugated) 
- Dark Urine 
- Pale Stools 
- Pruritis 

(+) HBsAg 
(-) Anti-HBsAg 
(+) HBcAg 
(+) Anti-HBcAg 
(+) HBeAg 
(-) Anti-HBeAg 
↑ AST/ALT/Bili 

>90% ÆRecover Fully 
<10% ÆChronic Hepatitis 

- 70% Æ CPH 
- 30% Æ CAH 

Immunity: Nil Nil (-) HBsAg 
(+) Anti-HBsAg = Immunity/Recovery 

(-) HBcAg 
**(-) Anti-HBcAg (If Vaccinated) 
**(+) Anti-HBcAg (If Previously Infected) 
**(+) Anti-HBeAg (If Previously Infected) 
Normal AST/ALT/Bili 

30%-CAH: 

(Active/ 

Replicative) 

Non-Specific Viral: 
- Fever 
- Anorexia 
- Naus/Vom 
- Myalgia 

Jaundice (Both Types) 
Small, Nodular Liver 
Signs of Portal HTN: 

- Telangiectasias 
- Caput Medusa 
- Ascites 
- Pedal Oedema 
- Splenomegaly 
- Gynaecomastia 

Hep. Encephalopathy 

(+) HBsAg 
(-) Anti-HBsAg 
(+) HBeAg 
(-) Anti-HBeAg 
↑ AST/ALT/Bili 

100% ÆCirrhosis 

↑Risk of Hepatocellular Ca 

(200x) 

70%-CPH: 

(Inactive/ 

Carrier) 

May be Asymptomatic None  (+) HBsAg 
(-) Anti-HBsAg 
(-) HBeAg 
(+) Anti-HBeAg 

Normal LFTs 

Carrier for Life 

Minimal Progression 
- LATE Cirrhosis 
- ↓Hepato-Ca. 

Sporadic Acute Episodes 
o Treatment: 

� IFNa 

� Long-Term Antivirals (Eg. Ganciclovir) (but remission rate ≈ only 20-40%) 
� + Maternal Prophylaxis – (Anti-HepB-IVIg + Oral Antivirals) 
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- HEP D – (Concomitant with Hep B): 

o Aetiology: 
� Hepatitis D Virus – CO-INFECTION with HEP-B. 

o Pathogenesis: 
� HDV is UNABLE to Replicate on its own; REQUIRES Hep-B.  
� Same as Hep.B – (Ie. Immune-Mediated Hepatocyte Injury) – But More Severe. 

x Æ Quicker Progression to Cirrhosis 
o Clinical Features: 

� Signs/Symptoms: 
x Indistinguishable from Acute Hep.B – (Ie. Non-Specific Viral Symptoms) 

o Diagnosis: 
� ↑AST/ALT 
� IgM Anti-HDV  
� IgM Anti-HBc 

o Complications: 
� ↑Risk of Fulminant Hepatitis - (As opposed to just Hep.B) 
� Chronic Hep.D Æ ↑Risk of Cirrhosis (70%) - (As opposed to just Hep.B) 
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- HEP C (Acute/Chronic) 

o Aetiology: 

� Hepatitis C Virus 

o Transmission: 

� Blood (Eg. IVDU): As little as 0.0001 mL of blood can transmit the infection 

� Body fluids (Eg. Sexual): (Incl. Cervical Secretions and Semen)  
� Vertical (Uncommon) 

o Pathogenesis: 

� Virus is NOT directly Cytopathic; Damage is due to Immune Response. 

� Æ Chronic, Low-Grade Inflammation Æ Eventually leads to Fibrosis Æ Cirrhosis 

o Clinical Features: 

� Symptoms: 

x 10% ÆAcute with Recovery – (Mild Viral Illness + Jaundice) 
x 90% ÆChronic with Extrahepatic & Intrahepatic Manifestations: 

o Asymptomatic for years (Usually Incidental Diagnosis)  
o May have Sporadic Mild Viral Illnesses + Jaundice  

x END STAGE (CIRRHOSIS): 

o 20-30% Æ Cirrhosis (within 10-30yrs) 
o 5% Æ Hepatocellular Carcinoma – (Hep C Directly inactivates P53)  

 
o Investigations: 

� Usually discovered on Routine LFTs – (Mildly ↑ ALT/AST) 

� Hep C Serology – ((+) Anti-HCV) 

� Hep C PCR – ((+) HCV-RNA) 

o Treatment: 

� Post-Exposure/Acute (Eg. Needlestick):  
x IFN 

x Ribavirin  

� Supportive Treatment: in established disease. 
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- Acute Hepatitis due to Other Infectious Agents: (NB: This is simply from the LIVER PERSPECTIVE!) 

o EBV (Epstein Barre Virus/Infectious Mononucleosis/Glandular Fever): 

� Morphology: 

x Acute Hepatitic Changes within 5days (Degeneration/Swelling/Necrosis/Inflamm) 
x *Periportal Inflammation with Large, Mononuclear Cells. 

� Clinical Features: 

x Common: 

o Mild Jaundice 

o Mild ↑AST/ALT 

x Uncommon: 

o Clinical Hepatitis 
 

o CMV (Cytomegalovirus): 

� Morphology: 

x Liver Biopsy: 
o Intranuclear Inclusions 

o Giant Cells 

� Clinical Features: 

x Particularly in Immunocompromised 

 

o Yellow Fever Virus: 

� Pathogenesis: 

x Virus causes Acute Hepatic Necrosis 

� Morphology: 

x Acute Hepatitic Changes (Degeneration/Swelling/Necrosis/Inflamm) 
x + Significant Necrosis 

� Clinical Features: 

x Jaundice 

x ↑↑AST/ALT 

 

o Herpes Simplex Virus: 

� Morphology: 

x Liver Biopsy – Massive Necrosis 

� Clinical Features: 

x Particularly in Immunocompromised, or Pregnancy 

x ↑↑AST/ALT 

x Treated with Aciclovir. 
 

o Toxoplasmosis (Parasite): 

� Clinical Features: 

x Similar Clinical Picture as EBV (Infectious Mononucleosis) 
o Ie. Mild Jaundice 

o + Mild ↑AST/ALT 
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GASTROINTESTINAL Pathology: 
HIATUS HERNIA 

 
HIATUS HERNIA: 

- Aetiology: 
o Weakness/Tear in the Diaphragmatic Hiatus 
o +/- ↑Intraabdominal Pressure 

- Pathogenesis: 
o 1. 95% - Sliding: 

� Gastro-Oesophageal Junction AND Stomach Slides through Hiatus Æ Above Diaphragm. 
� Æ Incompetent Lower Oesophageal Sphincter 
� 30% Prevalence >50yrs 
� Symptoms of GORD 

o 2. 5% - Rolling: 
� Part of the Fundus of the Stomach Prolapses through the Hiatus Æ Above Diaphragm Æ 

Alongside the Oesophagus Æ Can Strangulate/Twist the Oesophagus.  
� Æ Lower Oesophageal Sphincter Remains Competent. 
� Symptoms = Pain due to Oesophageal Strangulation/Twisting. 

- Clinical Features: 
o Symptoms: 

� Mostly Asymptomatic 
� GORD – (Heartburn, Reflux) 
� Relief when Upright 
� Pain due to Oesophageal Strangulation/Twisting 
� Shortness of Breath (Affect on Diaphragm) 
� Heart Palpitations (Irritation of Vagus Nerve) 

- Investigations: 
o Gastroscopy + Biopsy – (Rule out Barrett’s / Oesophageal Cancer) 
o Oesophageal Manometry – (Detects Sphincter Incompetence) 
o Barium Swallow / CT 

- Complications: 
o Barrett’s Oesophagus Æ Oesophageal Cancer 
o Strangulation of Stomach (in Rolling Hernias) Æ Ischaemia & Necrosis 

- Treatment: 
o Conservative – (Weight Loss, Dietary, Positional, Smaller Meals, No Alcohol/Caffeine) 
o Medical – (Antacids [Mylanta] + [Omeprazole] + Antiemetics [Metoclopromide]) 
o Surgery –(Nissen Fundoplication – Open/Laparoscopic) if Severe. 
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MCCQE 2002 Review Notes General Surgery – GS5

ESOPHAGUS 

HIATUS HERNIA (HH)

Sliding Esophageal Hernia - 90%  Paraesophageal Hernia - 10%

Figure 2. Types of Hiatus Hernia

Illustrations by Bryce Hough

Sliding Hiatus Hernia (Type I)
❏ herniation of both the stomach and the gastroesophageal (GE) junction into thorax
❏ > 90% of esophageal hernias
❏ risk factors: aging, weakening of musculofascial structure,

and increased intra-abdominal pressure (e.g. obesity, pregnancy)
❏ differential diagnosis: cholelithiasis, diverticulitis, peptic ulcer, achalasia, MI, angina, 

pancreatitis, gastroesophageal reflux disease (GERD), gastritis, pericarditis
❏ clinical presentation

• majority are asymptomatic
• GERD (heartburn 1 + 3 hrs post-prandial, chest pain, regurgitation)
• relief with sitting, standing, water, antacids

❏ complications
• reflux, esophagitis, chronic occult GI blood loss with anemia, 

ulceration, dysphagia, esophageal stricture, Barrett's esophagus, 
adenocarcinoma, aspiration pneumonia, bleeding

❏ investigation
• gastroscopy with biopsy ––> document type and extent of tissue damage, 

rule out esophagitis, Barrett's esophagus and cancer
• 24 hour esophageal pH monitoring ––> often used if atypical presentation, 

gives information about frequency and duration of acid reflux, 
correlation of symptoms with signs

• esophageal manometry ––> detects decreased lower esophageal sphincter (LES) pressure; 
may also diagnose motility disorder

• upper GI series or barium swallow
• CXR globular shadow with air-fluid level over cardiac silhouette,

visible shadow posterior mediastinum on lateral view
❏ treatment

• conservative
• stop smoking
• weight loss
• elevate head of bed
• no nocturnal meals (< 3 hrs prior to sleeping)
• smaller and more frequent meals
• avoid alcohol, coffee, fat

• medical
• antacids
• H2 antagonists (e.g. cimetidine, ranitidine)
• proton pump inhibitor (e.g. Losec, Pentaloc, Prevacid) x 8-12 weeks for esophagitis
• adjuvant prokinetic agents may play a role 

(metoclopromide, motilium)
• surgical (< 15%)

• Nissen fundoplication (laparoscopic or open) where fundus of stomach 
is wrapped around the LES and sutured in place

• 90% success rate
• indications for surgery

• complications of sliding hernia or GERD (especially stricture, 
severe ulceration, fibrosis, bleeding, Barrett’s)

• symptoms refractory to conservative and medical treatment

Esophagus

Peritoneal Sac

Diaphragm

Stomach
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GS6 – General Surgery MCCQE 2002 Review Notes

ESOPHAGUS . . . CONT.

Paraesophageal Hiatus Hernia (Type II) (see Figure 2)
❏ herniation of all or part of the stomach through the esophageal hiatus into the thorax 

with an undisplaced gastroesophageal (GE) junction
❏ <10 % of esophageal hernias
❏ clinical presentation

• asymptomatic
• heartburn/reflux uncommon (because normal GE junction)
• pressure sensation in lower chest, dysphagia

❏ complications
• hemorrhage
• incarceration, obstruction, strangulation, gastric stasis ulcer
• palpitations rarely

❏ treatment
• surgery in almost every case to prevent severe complications
• procedure: reduce hernia, suture to posterior rectus sheath (gastropexy), 

close defect in hiatus
• excellent results

Mixed Hiatus Hernia (Type III)
❏ a combination of Types I and II

ESOPHAGEAL CARCINOMA
❏ epidemiology

• 1% of all malignant lesions
• male:female = 3:1
• 50-60 years of age (onset)
• squamous cell carcinoma (SCC) 5x more common in blacks

❏ risk factors
• physical agents: alcohol, tobacco, nitrosamines, lye, radiation
• structural: diverticula, hiatus hernia, achalasia, GERD
• Barrett's epithelium (8-10% risk of adenocarcinoma, monitor every 1-2 years by endoscopy and biopsy)
• chronic iron deficiency (Plummer-Vinson syndrome)

❏ pathology
• upper 20-33%, middle 33%, lower 33-50%
• squamous cell carcinoma: 80-85% (esophagus)
• adenocarcinoma: 5-10% (GE junction) - associated with Barrett's esophagus

❏ differential diagnosis
• leiomyoma, metastases, lymphoma, benign stricture, achalasia, GERD, spasm

❏ clinical presentation
• frequently asymptomatic - late presentation
• often dysphagia, first solids then liquids
• weight loss, weakness, systemic symptoms
• regurgitation and aspiration (aspiration pneumonia)
• hematemesis, anemia
• odynophagia then constant pain
• tracheoesophageal (TE), bronchoesophageal fistula
• spread directly or via blood and lymphatics - trachea (coughing), 

recurrent laryngeal nerves (hoarseness, paralysis), aorta, liver, lung, bone, 
celiac and mediastinal nodes

❏ investigations and diagnosis
• barium swallow first - narrowing site of lesion (shelf or annular lesion) – localizes tumor
• esophagoscopy - biopsy for tissue diagnosis and resectability/extent of tumour
• bronchoscopy - for upper and mid esophageal lesions due to high incidence of spread to 

tracheobronchial tree
• CT scan (chest/abdomen): for staging - adrenal, liver, lung, bone metastases
• trachesophageal U/S 
• CXR, bone scan, LFTs -  for metastases staging (see Table 3)

Table 3. Staging of Esophageal Carcinoma

Stage Criteria Prognosis
(5 year survival)

I Lamina propria or submucosa 80%

II Extension to muscularis propria 33%

III Extension to regional nodes 15%

IV Distant metastases or involvement 0%
of continuous structures
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GASTROINTESTINAL Pathology: 
HIRSCHPRUNGS DISEASE 

 
HIRSCHSPRUNG’S DISEASE (“CONGENITAL AGANGLIONIC MEGACOLON”): 

- = Functional Large Bowel Obstruction due to Atonic Bowel. 
- Aetiology: 

o Congenital  
- Pathogenesis: 

o Section of Large Bowel is NOT Innervated Æ :. Paralysed/Atonic Æ Bowel Obstruction 
- Morphology: 

o Typically in the Descending Colon <30cm Long. (:. Distal Bowel Obstruction) 
o Atonic Section is Narrowed 
o Proximal Bowel is Dilated (Due to Functional Obstruction) 

- Clinical Features: 
o Presentation: 

� If Severe:  
x Presentation within 2-3days after Birth 
x ÆDelayed Meconium (>48hrs) Defecation @ Birth  
x Æ Abdo Distension 
x ÆVomiting  

� If Mild: 
x Presentation in Late Infancy 
x Æ Abdo Distension 
x Æ Constipation & Diarrhoea 

- Diagnosis: 
o Barium Enema 
o Anorectal Manometry (Used to measure contractility in the Anus & Rectum) 
o Rectal Biopsy - for Lack of Ganglion Cells 

- Treatment: 
o Surgery – Resection of Aganglionic Bowel & Reanastomosis of Normal Bowel to Anus. 

- Complications: 
o Enterocolitis 
o Death 
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GASTROINTESTINAL Pathology: 
INFLAMMATORY BOWEL DISEASES 

 
INFLAMMATORY BOWEL DISORDERS (CROHN’S DISEASE/ULCERATIVE COLITIS): 

- Aetiology: 
o Genetic + Autoimmunity (15% FamHx) 

Risk Factors Protective Factors 
*Smoking (For Crohn’s) 
Western Lifestyle (For Both) 

*Smoking (For Ulcerative Colitis) 
Appendectomy (For Ulcerative Colitis) 
Breastfeeding (For Crohns) 

- General Pathophysiology: 
o Genetic + Autoimmunity Æ Exaggerated Inflammation to Gut Flora Æ ↑↑Inflammation: 

 
- Common Features: 

Extra-Intestinal Manifestations Primary Sclerosing Cholangitis (Primary Biliary Cirrhosis) 
Arthritis 
Skin – Pyoderma Gangrenosum 
Eye Problems 

Common Intestinal Symptoms **Abdominal Pain/Severe Internal Cramps 
**Vomiting/Diarrhoea 
**Rectal Bleeding 

- Distinguishing Features: 
 Crohn’s Disease (CD) Ulcerative Colitis (UC) 

Location of Onset  Starts @ Terminal Ileum Starts @ Rectum. Spreads Proximally 
Location in GIT Anywhere in GIT (Mouth-Anus) Colon ONLY  

Anus Involvement YES  NO 
Distribution  Patchy (Skip Lesions) Continuous Area of Inflammation 

Inflammation Depth  Can be FULL Thickness Epithelial Lining ONLY 
Defecation Porridge-Like.  

Sometimes Steatorrhoea  
Mucous-Like. 

+Blood  
Tenesmus NO YES 

Fever YES NO 
Fistulae YES NO 

Weight Loss YES NO 
o Morphology: 

Crohn’s Disease Ulcerative Colitis 
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o Diagnosis: 
� Colonoscopy + Biopsy  

o General Treatment: 
� Corticosteroids – (Prednisone) 
� DMARDs – (Infliximab) 
� Or Chemotherapy Drugs – (Sulfasalazine / Azathioprine / Methotrexate). 
� Surgery – (Indicated in 75% of Crohn’s; & 20% of Ulcerative Colitis) 
� Yearly Colonoscopy Surveillance –(Colon Cancer) 

o Complications: 
� Toxic Megacolon – (Common in UC; Rare in Crohns Æ Dilation, Stasis & Gangrene) 
� Bowel Perforation – (Typically Crohns) 
� Fistulae – (Typically Crohns) 
� Anal Fissures– (Typically Crohns) 
� ↑Risk of Colorectal Cancer 
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GASTROINTESTINAL Pathology: 
IRRITABLE BOWEL SYNDROME 

 
IRRITABLE BOWEL SYNDROME/‘SPASTIC COLON’ 

- Aetiology: 
o Unknown – IBS = An ‘Umbrella Term’ / Diagnosis of Exclusion. 
o Triggers: 

� Stress/Anxiety/Depression 
� Pain 
� Autonomic Irregularities 
� Gut Hypersensitivity 

- Pathogenesis: 
o A Functional Disorder – NO PATHOLOGY! 
o NB: ANY RED FLAGS (Acute Onset/Anaemia/Fever/Blood/Wt Loss) SUGGEST OTHER PATHOLOGY.  

- Morphology: 
o NO PATHOLOGY! 

- Clinical Features: 
o Abdominal Pain/Discomfort/Bloating Related to Defecation 
o Chronic Duration >3mths 
o Alternating Bowel Habits (Diarrhoea or Constipation) +/- Tenesmus 

- Investigations – Normal 
o *Need to Exclude Other DDxs:  

� Stool OCP – (Parasites) 
� Stool Culture – (SI-Bacterial Overgrowth) 
� Allergy Testing – (Lactose Intolerance) 
� Duodenal Biopsy – (Coeliac Disease) 

o IF >50yrs – Colonoscopy – (Bowel Cancer) 
- Management: 

o Diet – Avoid Foods if Intolerant. Add Fibre 
o Anti-Diarrhoeals - (Loperamide) 
o Probiotics – (Yoghurts, Tablets, Etc) 
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GASTROINTESTINAL Pathology: 
ISCHAEMIC BOWEL 

 
ISCHAEMIC BOWEL: 

- Aetiology: 
o Mesenteric Thromboembolism – (Eg. AF, Atherosclerosis) 
o Aortic Dissection Æ Occlusion of Coeliac Trunk/SMA/IMA 
o Segmental Strangulation (Hernia/Volvulus) 

- Pathogenesis: 
o Mesenteric Thromboembolism Æ Mesenteric Ischaemia Æ Bowel Infarction 

- Clinical Features: 
o Early: 

� Rapid-Onset Severe Peri-Umbilical Pain.  
� Nausea & Vomiting 
� Forcefull Defecation 
� Haematochezia (If Large Bowel) 

o Later: 
� Peritonitis – (Guarding, Rigidity & Rebound Tenderness) 
� Abdo Distension 
� Absent Bowel Sounds 

- Investigations: 
o ECG – (AF) 
o Coags – (Hypercoaguability) 
o Abdo XRay – (Thickened Bowel Wall, Pneumatosis Intestinalis) 
o CT – (Definitive) 
o Mesenteric Angiogram – (Definitive) 
o ABG – (Metabolic Acidosis) 

- Management: 
o Reperfusion Reperfusion Reperfusion!! 

� Anticoagulation - (Warfarin with Heparin Cover) 
� Thrombolysis – (TPA) 

o Decompression: 
� NG-Tube Insertion 

o Antibiotics: 
� AGM – Ampicillin + Gentamicin + Metronidazole 

o Surgery – If Late Signs/Perforation: 
� Bowel Resection & Colostomy 

o (+/- B-Blockers – (Carvedilol)) 
o (+/- Digoxin (If AF)) 

- Complications: 
o Perforation 
o Sepsis 
o Lactic Acidosis 

LGIT - 70

Ischaemic Bowel:
¾ Ischemia: 
¾ Mesenteric artery thrombosis 

80% (Atherosclerosis), vein 
thrombosis. 10%. 

¾ Transmural(full) or mucosal 
(partial).

¾ severe abdominal pain, little 
tenderness. Sometimes the 
pain is accompanied by bloody 
diarrhea, abdominal distension, 

¾ Mucosal- Mild pain, nausea, 
vomiting, or anorexia. 

¾ Angiodysplasia: Tortuous 
dilations of submucosal and 
mucosal BV. Hamartoma.

¾ Hemorrhoids: Mesenteric 
Artery thrombosis
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HEPATOBILIARY Pathology: 
JAUNDICE 

 
JAUNDICE: 

- Definition: 
o Jaundice = “Icterus” = Yellow Pigentation of the skin/sclera due to EXCESS BILIRUBIN in the Blood. 
o 2 Types of Hyperbilirubinaemia: 

� Unconjugated (Prehepatic/Haemolytic) Hyperbilirubinaemia 
� Conjugated (Posthepatic) Hyperbilirubinaemia 

- Aetiology – Many Diseases Cause Jaundice: 
o Hepatitis – (Viral, Alcoholism, Cancer, Gall Stones, Cholangitis) 

- Pathophysiology: 
o Unconjugated Hyperbilirubinaemia (Pre-Hepatic/Haemolytic Jaundice): 

� Defective Upstream Conjugation.  
� Common Causes – (Haemolysis, Gilbert’s, Physiological Jaundice of Newborn) 
� LFT – (↑Unconjugated Bilirubin) 
� Clinical Picture – (PALE Urine; DARK Stools) 

o Conjugated Hyperbilirubinaemia (Cholestatic/Obstructive/Post-Hepatic Jaundice): 
� Defective Downstream of Conjugation  
� Common Causes – (Gallstones, H.Of.Pancreas Tumour, Primary Biliary Sclerosis, 

Sclerosing Cholangitis, Liver Tumours): 
� LFTs – (↑Conjugated Bilirubin) 
� Clinical Picture – (DARK Urine; PALE Stools) 

- Differentiating Between Causes: 
o Jaundice + Young + Malaise    Æ Hepatitis 
o Jaundice + Elderly + Weight Loss   Æ Carcinoma 
o Jaundice + Abdo Pain    Æ Biliary Obstruction (Gallstones) 
o Jaundice Epidemic     Æ Hep A Virus 
o Jaundice + Recent Shellfish Consumption  Æ Hep A Virus 
o Jaundice + Hx of IVDU/Injections/Tattoos  Æ Hep B/C Viruses 
o Jaundice + Sodomy/Prostitution   Æ Hep B Virus 
o Jaundice + Family Hx of Jaundice   Æ Gilbert’s Disease. 
o Jaundice + Fevers/Rigors    Æ Cholangitis or Liver Abscess. 
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HEPATOBILIARY Pathology: 
LIVER ABSCESSES & CYSTS 

 
LIVER ABSCESSES: 

- Aetiology: 
o Infection – Typically E-Coli (or other Anaerobes): 

� Intra-Abdominal Sepsis 
� Biliary Sepsis (in Elderly) 

- Pathogenesis: 
o Abscess formation 

- Morphology: 
o Pyogenic Abscess 

- Clinical Features: 
o Broad Spectrum – Asymptomatic Æ Acute Illness. 
o Symptoms: 

� Malaise, Fever, Rigors 
� Anorexia, Weight Loss 
� Vomiting 
� Abdo Pain 

o Signs: 
� Pt may be Septic, Jaundiced, and/or Febrile.  
� Tender, Enlarged Liver 

- Investigations: 
o ↑Alk/Phos 
o ↑Bilirubin 
o Blood Cultures + 
o Abdo USS – (Definitive) 
o Abdo CT – (Rule out HCC) 

- Treatment: 
o USS-Guided Aspiration. 
o Antibiotics – (Metronidazole + Gentamicin) 

- Prognosis: 
o If Single, good Prognosis. 
o If Multiple – 80% Mortality. 
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HYDATID DISEASE OF THE LIVER (“Hydatid Cysts”): 
- Aetiology: 

o Echinococcus Granulosus Infection (Parasite) 
� Spread by dogs and sheep.  

- Pathogenesis: 
o Cyst Formation (Single or Multiple) – Typically in Lower R-Lobe  

- Morphology: 
o 3-Layered Cysts: 

� Outer – Derived from Host 
� Intermediate – Laminated Layer 
� Inner – Germinal Layer that buds off “brood capsules” to form Daughter Cysts. 

- Clinical Features: 
o May be Asymptomatic 
o May have Dull Ache in RUQ  

- Treatment: 
o Albendazole (Antiparasitic) 
o Surgical Aspiration – (Fine Needle or Open Surgery). 
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HEPATOBILIARY Pathology: 
LIVER CANCERS 

 
HEPATOCELLULAR CARCINOMA – Primary Liver Tumour: 

- Aetiology: 
o EXTREME RISK in Chronic HepB & C 
o EXTREME RISK in Cirrhotics 

- Pathogenesis: 
o **1. Cirrhosis ALWAYS Precedes Hepatocellular Carcinoma: 

� Eg. Alcoholic/Viral Hepatitis/Haemochromatosis 
o Æ Malignant Neoplasm Formation 

- Morphology: 
o Single or Multiple. 
o Cells Resemble Hepatocytes 

- Clinical Features: 
o Symptoms: 

� Fever, Night Sweats 
� Anorexia, Weight Loss 
� RUQ Pain 
� Jaundice, Itch 

o Signs: 
� Hepatic Encephalopathy / Flap 
� Small, Nodular Liver (Cirrhosis) 
� Ascites 
� NB: Suspect HCC if you see these signs in a Cirrhotic. 

- Investigations: 
o ↑Serum a-Fetoprotein 
o LFTs – (Everything’s Raised) 
o FBC – (↑MCV?, Infection?, Haemolysis/Retics) 
o USS Liver – (Homogenous Mass)  

� +/- FNA & Biopsy – (For Grading) 
o CT/MRI – (Staging) 

- Treatment: 
o Surgery 
o NB: Chemo/Radio - Unhelpful 

- Complications - Metastasis: 
o - Via Hepatic or Portal Veins 
o - Via Lymphatics 
o Æ Bones & Lungs 

- Prognosis: 
o POOR – Average Survival 6mths. 
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LIVER METASTASES – Secondary Liver Tumours (Most Common): 
- Aetiology: 

o Metastasis from a Primary Tumour somewhere else. 
o Most Commons = Breast/Colorectal/Lung/Melanoma 

- Pathogenesis: 
o Cancer @ Distant Site Æ Haematological/Direct Seeding Æ Metastasis 

- Morphology: 
o Macro: 

� Multiple, Clearly-Demarcated Masses 
- Clinical Features: 

o Signs: 
� Fever, Night Sweats 
� Anorexia, Weight Loss 
� RUQ Pain 
� Jaundice, Itch 

o Symptoms: 
� Cachexia 
� Hepatic Encephalopathy 
� Fevers/Sweats 
� Nausea 
� RUQ Pain 

- Investigations: 
o CT – (Prognostic Purposes Only)  
o LFTs – (Everything Raised) 
o FNA – (If 1o Unknown – May be chemoresponsive) 

- Management: 
o Palliative Chemotherapy 
o Analgesia 
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CHOLANGIOCARCINOMA (Bile Duct Carcinoma): 
- = Malignant neoplasm of the Bile Ducts 
- Aetiology: 

o Risk Factors: 
� Bile Duct Cysts 
� Chronic Biliary Irritation: 

x Primary Sclerosing Cholangitis 
x Ulcerative Colitis 

� Hx of Parasitic Worm Infection 
o (NOT ass’d with Hepatitis or Cirrhosis) 

- Pathogenesis: 
o Malignant neoplasm of the Bile Ducts – May start anywhere along the Bile Ducts. 

� Æ Biliary Obstruction 
- Morphology: 

o  “Adenocarcinoma” 

   
- Clinical Features: 

o Signs/Symptoms: 
� Fever, Chills 
� Anorexia, Weight Loss 
� Posthepatic (Obstructive) Jaundice – (Jaundice, Dark Urine, Pale Stools) 

- Investigations: 
o ↑ALP/GGT; May have mild ↑ALT/AST 
o ↑Conjugated Bilirubin 
o CT – (Dx & Staging) 

- Treatment: 
o Surgery if Extrahepatic 
o If large, Liver Transplant 

- Prognosis: 
o Poor - 30% 5-year Survival 
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GALLBLADDER CARCINOMA: 
- Aetiology: 

o Chronic Cholelithiasis (Gallstones) 
- Pathogenesis: 

o Chronic Irritation/Inflammation of Gallbladder Æ Neoplasm 
- Morphology: 

o Adenocarcinoma 
- Clinical Features: 

o Females Common 
o Symptoms: 

� Vague Abdominal Pain 
� Anorexia 
� Weight Loss 

- Investigations: 
o LFT – (↑ALP/GGT) 
o CT – (Diagnosis & Staging) 

- Management: 
o Surgical Resection if <Stage 3. 
o Palliative Chemotherapy if Metastatic 

- Prognosis: 
o Typically Late Diagnosis Æ Poor Prognosis  
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HEPATOBILIARY Pathology: 
LIVER FAILURE & CIRRHOSIS 

 
FULMINANT HEPATIC FAILURE: 

- = Severe hepatic failure 
- Aetiology: 

o Complication of Acute Hepatitis - Many Causes: 
� Viruses – AB(D)E 
� Drugs – Paracetamol/Halothane/Antiepileptics/Ecstasy 
� Toxins – Amanita (Poison Mushrooms) 
� Wilson’s Disease 
� Autoimmune Hepatitis 

- Morphology: 
o Massive, Diffuse Necrosis throughout the Liver 

- Clinical Features: 
o Signs/Symptoms: 

� Jaundice 
� Small Liver 
� Signs of Hepatic Encephalopathy (Within 2wks) 
� Fetor Hepaticus 
� Fever, Vomiting, Cerebral Oedema 

- Investigations: 
o FBC – (?Aetiology) 
o LFTs – (↑Bilirubin, ↑ALT/AST) 
o Coags – (↓Coag Factors (Incl. Protrhombin & Factor V) 
o Liver USS 

- Treatment/Prognosis: 
o Treat Underlying Cause 
o Supportive Therapy.  
o If Coagulopathy – IV Vit.K, Platelets, Blood, or FFP.  
o Liver Transplant = Only Definitive Treatment 
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HEPATIC CIRRHOSIS 
- Aetiologies – Multiple Possible: 

o Toxins – Alcohol/Drugs   60-70% 
o Infectious - Chronic Viral Hepatitis 10% 
o Biliary Disease (Eg. Obstruction/PBC) 10%  
o Congenital – 1o Haemochromatosis 5% 
o Cryptogenic Cirrhosis   5% 
o (Others – Rare: Wilson’s [↑Copper], a1AT-Deficiency) 

- Pathogenesis: 
o (Cirrhosis = End-Stage of Diffuse Liver Disease Æ Liver Failure.) 
o CHRONIC Hepatocyte Injury Æ Necrosis Æ Nodular Fibrosis Æ Loss of Normal Function. 

- Morphology: 
o Macro: 

� Shrunken Liver 
� Nodules (Micro or Macro-Nodular depending on Aetiology) 
� Fibrous Septa 

- Clinical Features: 
o Signs & Symptoms: 

� Hepatic Encephalopathy (↑↑Ammonia in Bloodstream due to ↓↓Liver Breakdown) 
x Æ Forgetfulness/Confusion/Irritability 
x Æ Tremor/Asterixis (Due to ↓Proprioception) 
x Æ Seizures/Coma 

� Portal Hypertension: 
x Æ Caput Medusae, Oesophageal Varices, & Haemorrhoids 
x Æ Splenomegaly 
x Æ Ascites, Peripheral Oedema 

� Hyper-Oestrogen Secretion: 
x Æ Spider Naevi (on chest. >3 is significant) 
x Æ Gynaecomastia 
x Æ Palmar Erythema (↑Vascularity of hands) 

- Lab Tests: 
o ↓Serum Albumin 
o ↑Prothrombin Time 
o ↑ALT/AST – (Marked if decompensated) 
o ↓Sodium (Hyponatraemia 
o (NB: Test Serum Copper & a1-AT in Young Cirrhotics – [Screen for Wilson’s and a1-AT-Def]) 

- Treatment: 
o Eliminate/Treat Underlying Cause 
o Definitive Treatment = Liver Transplant. 

- Prognosis: 
o Irreversible 
o Death without Transplant 
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Signs & Symptoms of Acute & Chronic Liver Disease: 
- Acute liver Disease: 

o Symptoms: 
� May be Asymptomatic 
� If Viral: 

x Malaise 
x Fever 
x Anorexia 

o Signs: 
� May be An-Icteric (No Jaundice) 
� May be Icteric (Jaundice) 
� Hepatomegaly 
� If Cholestatic – Pale Stools (No biliverdin) & Dark Urine (High urobilirubin). 

- Chronic Liver Disease: 
o Symptoms: 

� May be Asymptomatic 
� Right Hypochondrial Pain (Hepatomegaly) 
� Abdominal Distension (Ascites) & Ankle Swelling (Fluid Retention) 
� Pruritis (Due to Jaundice) 
� Gynaecomastia, ↓Libido, Amenorrhoea (Endocrine Dysfunction) 
� Confusion/Drowsiness (Hepatic Encephalopathy) 

o Signs: 
� Jaundice 
� Fever 
� Loss of Body Hair 
� Compensated: 

x Spider Naevi on Chest 
x Gynaecomastia 
x Hepatomegaly/Splenomegaly (Portal Hypertension) 
x Clubbing 
x Duputren’s Contracture (Alcoholic Cirrhosis) 
x Xanthelasmas (Eyes) & Xanthomas (Hands) 
x Striae 
x Testicular Atrophy 
x Purpura 

� Decompensated: 
x CNS Signs of Hepatic Encephalopathy (Drowsiness Æ Coma, Hepatic Flap) 
x Ascites 
x “Caput Medusa” (Dilated Abdo Veins due to Portal Hypertension) 
x Peripheral Oedema 
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ASCITES: 
- Pathogenesis: 

o Cirrhotic Liver Æ 
� 1. Portal Hypertension Æ ↑Hydrostatic Pressure Æ↑Lymph Exudate  
� 2. Hypoalbuminaemia Æ ↓Oncotic Pressure Æ ↑Lymph Exudate 

o + Hepatorenal Syndrome: 
� Ascites formation Æ↓Intravascular Volume Æ ↑Aldosterone Æ ↑Fluid Retension Æ 

↑Intravascular Volume Æ ↑Hydrostatic & ↓Oncotic Pressure Æ ↑Lymph Exudate. 

  
 

PORTAL HYPERTENSION: 
- Pre-Hepatic: 

o Portal Vein Thrombosis/Occlusion Æ Backup into Mesenteric Veins 
- Intra-Hepatic: 

o Cirrhosis (Alcoholic/Viral/Biliary/Congenital) 
o Primary Biliary Cirrhosis 
o Schistosomiasis  

- Post-Hepatic: 
o IVC Obstruction Æ Backup into Hepatic Vein  
o Thrombosis in Hepatic Veins 
o Alcoholic Central-Vein Sclerosis (without Cirrhosis) 

 
 
HEPATIC ENCEPHALOPATHY (Hepatic Coma) 

- Aetiology: Azotaemia (↑↑Ammonia in Bloodstream due to ↓↓Liver Breakdown) 
o Æ Forgetfulness/Confusion/Irritability 
o Æ Tremor/Asterixis (Due to ↓Proprioception) 
o Æ Seizures/Coma 
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GASTROINTESTINAL Pathology: 
MALLORY WEISS TEAR 

 
Mallory Weiss Syndrome: 

- = Oesophageal laceration – (Longitudianl tear) 
- Aetiology: 

o ↑Intra-Abdominal Pressure (Eg. Coughing/Severe/forced vomiting) 
o Over Eating - Boerhaave syndrome (Pacific Islands)  
o Hiatas Hernia in 75%. 

- Pathogenesis: 
o ↑Intra-Abdominal Pressure Æ Tears Mucosa @ the Gastro-Oesophageal Junction Æ Minor 

Bleeding 
- Morphology: 

o Linear Mucosal Tear @ the Gastro-Oesophageal Junction 
- Clinical Features: 

o Dysphagia 
o Pain 
o Haematemesis  

- Diagnosis: 
o Endoscopy 

- Treatment: 
o Typically Self-Limiting 
o Rarely – Surgery. 

- Complication: 
o Minor Upper GI Bleeding  
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G28 – Gastroenterology Toronto Notes - MCCQE 2002 Review Notes

GASTROINTESTINAL BLEEDING . . . CONT.

MALLORY WEISS TEAR
Definition
❏ tear in gastric mucosa on lesser curvature near gastroesophageal junction (20% straddle junction, 

5% in distal esophagus)

Etiology
❏ due to rapid increases in gastric pressure (i.e. retching)
❏ most patients alcoholics

Signs and Symptoms
❏ hematemesis +/– melena, classically following an episode of retching

Management
❏ 90% stop spontaneously; NG (if needed) and replacement of lost volume
❏ if persistent: endoscopy with electrocautery or surgical repair

LOWER GI BLEEDING
Definition
❏ bleed distal to ligament of Treitz

Signs and Symptoms
❏ hematochezia (see Figure 8)
❏ anemia
❏ occult blood in stool
❏ rarely melena

Differential Diagnosis
❏ massive bleed: diverticulosis, angiodysplasia, occasional UGI site duodenal ulcer (DU), aortoenteric fistula
❏ intermittent bleed: hemorrhoid, colitis, anorectal lesions
❏ occult bleed: neoplasms, colon cancer
❏ systemic diseases (always consider in cases of UGI or LGI bleeding)

• blood dyscrasias (e.g. thrombocytopenia)
• coagulation disorders (e.g. disseminated intravascular coagulation (DIC))
• vascular malformations (e.g. Osler-Weber-Rendu syndrome)
• vasculitides (e.g. Henoch, polyarteritis)

RESUSCITATE

is bleeding upper or lower?
(clinically, NG tube or gastroscopy)

(lab: 8 BUN > 8Cr UGI bleeding)

lower                upper

sigmoidoscopy on unprepared bowel                             endoscopy

- bleeding hemorrhoids    
- structural lesion   bleeding               no specific bleeding
- colitis             site found             site found

no diagnosis           treat                

hospitalize                                     treat         bleeding           bleeding
stops              continues

bleeding stops   bleeding continues         bleeding continues
at rate < 0.5 mL/min        at rate > 0.5 mL/min

upper GI series  angiogram
colonic lavage         Tch99m labelled                      angiogram
to cleanse bowel,     red cell scan
then colonoscopy

Figure 8. Approach to Hematochezia
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GASTROINTESTINAL Pathology: 
MECKEL'S DIVERTICULUM 

 
MECKEL’S DIVERTICULUM: 

- Aetiology: 
o Congenital Malformation of the Small Intestine 

- Pathogenesis: 
o Defect in Embryogenesis Æ Single Diverticulum in SI just deep to the Umbilicus. 

- Morphology: 
o A “True” Diverticulum – Ie. All Layers 
o “Rule of Twos”: 

� 2cm Long 
� <2ft from Ileocaecal Valve 
� 2 Tissues – (Pancreatic & Gastric) 

- Clinical Features: 
o “Rule of Twos”: 

� 2% of Population  
� Presents at 2yrs old 

o Presentation @ 2yrs Old: 
� Majority are Asymptomatic 
� Initially: Malena 
� Then: Severe Upper Abdo Pain (Small Bowel Obstruction/Volvulus/Intussusception)  
� May present like Appendicitis 

- Complications: 
o Bleeding, Peptic Ulceration, Infection, Torsion, Ischaemia, Necrosis, Herniation, Obstruction.  

- Diagnosis: 
o Clinical Dx 
o Ultrasound/CT 

- Treatment: 
o Surgery 
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GASTROINTESTINAL Pathology: 
MISCELLANEOUS GI TUMOURS 

 
GISTS – GI STROMAL TUMOURS (AKA: LEIOMYOMAS): 

- (Smooth Muscle/Mesenchymal Tumours) – (Can Occur in GIT/Liver/Peritoneum/Lungs) 

- Macro: Mesenchymal/SM Popypoid or Solid Mass 

- Micro: Mixed Stromal Elements (Ie. Smooth Muscle “Spindle Cells”/Neuronal/Mixed) 
- Some Malignant Potential 

 
MELANOMA: 

 
INTESTINAL LYMPHOMA 

- MALT Lymphoma 

CARCINOID TUMOUR (ALREADY COVERED) 
- Neuroendocrine Serotonin-Secreting Tumour of the Enterochromaffin Cells 

- 3 Common Sites = Appendix, Terminal Ileum, Rectum. 
- Asymptomatic Unless Metastasis Æ “Carcinoid Syndrome”: 

o Hot Flushes 
o Bronchoconstriction/Cyanosis 
o Watery Diarrhoea/Abdo Pain 
o Cardiac Abnormalities – Pulmonary Stenosis or Tricuspid Regurgitation 
o Hepatomegaly  

 
SQUAMOUS CELL CARCINOMA (PERI ANAL): 

- Rectum & Anal Canal 

 

BASALOID CARCINOMA: 
- Rectum & Anal Canal 

- Like BCC of Skin appearance 

- Tumour Grows Down – Locally Invasive (But NOT Metastatitc) 

- Micro: Palisading (Ie. Linearly Arranged Cells – Like a Palace Wall) Cells around Tumour Nests. 
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GASTROINTESTINAL Pathology: 
OESOPHAGEAL VARICES 

 
OESOPHAGEAL VARICES (Due to Portal Hypertension): 

- = Engorged Veins in Lower Oesophagus 
- Aetiology: 

o Portal Hypertension: 
� Prehepatic – Portal Vein Thrombosis 
� Intrahepatic – Cirrhosis 
� Posthepatic – Hepatic Vein Obstruction) 

- Pathogenesis: 
o Portal Hypertension Æ Porta-Systemic Shunt Æ Varices of Lower Oesophageal Veins 

- Morphology: 
o Like Varicose Veins, but of the Oesophagus (Tortuous, Engorged Veins) 

- Clinical Features: 
o Hematemesis 
o Malena  
o Anaemia – (Dyspnoea, Dizziness, Light-Headed, Syncope) 
o Cirrhotic Symptoms: 

� Jaundice 
� Confusion   
� Hepatic Flap 
� Small, Nodular Liver 

o Alcoholic Symptoms: 
� Intoxication 
� Dupuytrens Contraction  

- Investigations: 
o LFTs – (↑Transaminases, ↓Albumin, ↑ALP/GGT) 
o FBC – (Anaemia) 
o B12/Folate – (Deficiency if Alcoholic) 
o UEC – (Electrolyte Disturbances) 
o **Endoscopy – (Definitive Dx) 

- Management: 
o Thiamine Replacement + B12/Folate 
o PPI – (Omeprazole) 
o +/- Surgery – (Endoscopic Band Ligation) – If Severe or Active Bleeding 

- Complications: 
o Rupture Æ Massive GI-Bleeding Æ  Shock / Death 
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GASTROINTESTINAL Pathology: 
OESOPHAGITIS 

 
OESOPHAGITIS: 

- Aetiology: 
o Oesophageal Infections – Immunocompromised Æ Candida/Herpes/CMV 
o Allergic Oesophagtitis – Food Allergy 
o GORD 

- Morphology: 
o Candida Æ Characteristic White Plaques 

 
o Eosinophilic Æ Mucosal Furrowing, Thickened Mucosa, Plaques of Surface Exudate 

 
- Clinical Features: 

o Dysphagia 
o Heartburn 
o Oesophageal Pain 

- Investigation: 
o Endoscopy + Biopsy MCS 
o FBC + Diffs – (Eosinophilia if Allergic) 
o HIV Screen 

- Management: 
o If Candida – (Oral Fluconazole) 
o If Allergic – (Inhaled Fluticasone / Budesonide) 
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HEPATOBILIARY Pathology: 

PANCREATIC CANCER 

 

PANCREATIC ADENOCARCINOMA (Exocrine/Ductal Tumour): 

- Aetiology: 

o Risk Factors – (Smoking, Alcohol, Chronic Pancreatitis, Diabetes, Familial Syndromes) 

- Pathogenesis: 

o Carcinogenesis Æ Adenocarcinoma Arises from Exocrine Glands  

- Clinical Features: 

o 60% - Head of Pancreas Æ Presents with Syx of CBD Obstruction (Eg. Jaundice) 

o Typically in Older Age (60-80yrs) 

o Signs/Symptoms: 

� NB: Asymptomatic until Advanced Diasease 

� Pain – Mid Epigastrium Æ Back 

� Obstructive Jaundice 

� Steatorrhoea 

� Palpable Gallbladder (Courvoisers Sign) 

� Migratory Thrombophlebitis (Trousseau Syndrome) 

� Diabetes 

� **Anorexia & Weight Loss 

� **Extreme Fatigue 

� **Depression 

- Investigations: 

o CT / USS 

o CEA (Carcino-Embryonic Antigen) – (Used to Monitor Treatment). 

- Treatment: 

o Surgery  - (“Whipple Procedure” if H.O.P. Tumour; of Distal Pancreatectomy if Tail) 

o Palliative Chemotherapy 

 

- Complications: 

o Metastases 

o Obstructive Jaundice 

 

- Prognosis: 

o Very Poor – Advanced @ Diagnosis  

o 25% 1yr Survival; 5% 5yr Survival 
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HEPATOBILIARY Pathology: 
PANCREATITIS 

 
ACUTE PANCREATITIS: 

- Aetiology: 
o 50% - Gallstones (Cholelithiasis) Æ Ampulla/Common Bile Duct Obstruction 
o 40% - Alcohol Abuse  
o 10% - Infections/Metabolic(↑Ca[hyperparathyroidism], DKA, Uraemia, Pregnancy)/ 

Trauma/Ischaemia/Duodenal Ulcer/Scorpion Venom/Drugs/Unidentified 
- Pathogenesis: 

o Autodigestion of Pancreas Æ Reversible Inflammation Æ +/- Necrosis  
o Can Æ ‘Systemic Inflammatory Response Syndrome’Æ 

� ÆShock 
� ÆAcute Renal Failure 
� ÆAcute Respiratory Distress Syndrome 

- Clinical Features – Acute Medical Emergency: 
o Signs/Symptoms: 

� Epigastric/Abdo Pain – Precipitated by Large Meal OR Alcohol 
� Peritonitis – (Guarding + Rigidity) 
� Vomiting 
� If Haemorrhage Æ Hypotension & Shock Æ Grey Turner’s & Cullen’s Signs  

 
o Local Complications: 

� Pancreatic Abscess/Infection 
� Pseudocysts 
� Duodenal Obstruction  

o Systemic Complications: 
� Jaundice 
� DIC (Diss.Iv.Coag) 
� ARDS (Resp. Distress) 
� Acute Renal Failure 

- Diagnosis: 
o 1. Rule out Other Causes of “Acute Abdomen” 

� #Appendix/#Diverticulitis/#Peptic Ulcer/#Cholecystitis/Isch.Bowel/ Bowel Obstruction. 
o ↑Serum Amylase  (Within 24hrs) 
o ↑Serum Lipase  (After 72hrs/3days) 
o FBC – Neutrophil Leukocytosis 
o ↑Alk Phos (If Biliary Stasis) 
o ↑Bilirubin 
o (ERCP/MRCP if Indicated)  
o !!NOT Biopsy!!! – HAZARDOUS.  

- Prognosis: 
o 80% - Self-Limiting with Supportive Treatment 
o 20% - Life Threatening & 1/More-Organ Failure (Requires ICU) 

- Treatment: 
o Supportive – (NBM, Fluids, Electrolytes, Analgesia) 
o Aggressive – If Severe Pancreatitis +/- Organ Failure: 

� ICU Admission 
� +/- Prophylactic Antibiotics (If Necrosis) 
� +/- Surgery (Rarely)  
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CHRONIC PANCREATITIS 
- = “Repeated Bouts of Mild-Moderate Pancreatitis with Exocrine Atrophy & Fibrosis” 
- Aetiology: 

o **Alcohol Abuse 
o Also...Biliary Disease/Hypercalcaemia/Pancreatic Divism/Familial Pancreatitis/Cyst.Fibrosis. 

- Pathogenesis: 
o Chronic Alcoholism/Other Æ Ductal Obstruction Æ Autodigestion of Pancreas Æ Pancreatitis  

- Clinical Features: 
o Signs/Symptoms: 

� Intermittent Pain 
� Weight Loss 
� Steatorrhea 
� Jaundice 
� Secondary Diabetes 

o Diagnosis: 
� 1. Rule out Other Causes of “Acute Abdomen” 
� ↑Serum Amylase  (Within 24hrs) 
� ↑Serum Lipase  (After 72hrs/3days) 
� FBC – Neutrophil Leukocytosis 
� ↑Alk Phos (If Biliary Stasis) 
� ↑Bilirubin 

o Complications: 
� Progressive Destruction of the Pancreas Æ ↓↓Pancreatic Function: 

x ↓Exocrine Functions: ↓Pancreatic Enzymes Æ Nutritional Malabsorption 
x ↓Endocrine Functions: ↓Insulin & Glucagon Æ Diabetes Mellitis 

� Pseudocysts 
� Duct Obstruction 
� Pancreatic Cancer 

o Treatment: 
� Supportive – (NBM, Fluids, Electrolytes, Analgesia) 
� Aggressive – If Severe Pancreatitis +/- Organ Failure: 
� Manage Bile-Duct Disease if Present 
� If Pancreatic Failure – (Creon Forte + Insulin) 
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GASTROINTESTINAL Pathology: 
PARASITIC GUT INFECTIONS 

 
PARASITIC GUT INFECTIONS (Protozoa & Helminths): 

x Transmission: 
o Faecal-Oral – (Ingestion of Dormant Cysts in Contaminated Food/Water)  

x Diagnosis: 
o Stool Samples (Looking for cysts) under Direct Microscopy 
o Antigen Testing 

x Prevention: 
o Boiling Water to Eliminate Cysts 
o Good Hygiene 
o Avoiding Faecal Contact 

x Examples: 
o GIARDIA: 

� Pathogenesis:  
x Not Toxigenic; Rather, it covers the brush border Æ Malabsorption 

� Diagnosis: 
x Cysts in Stools 

� Complications: 
x Chronic Infection 
x Malabsorption  

o Æ Malnutrition 
o Æ Fatty Stools 

� Treatment: 
x Metronidazole 

o CRYPTOSPORIDIUM: 
� Transmission: 

x Ingestion of oocysts (Contaminated Drinking Water/Public Pools) 
x Can survive Chlorination 

� Pathogenesis is mostly unknown. 
x Possibly induces inflammatory response Æ Disrupts absorptive surface 
x Damages Villi Æ Crypt Cells Replicate faster to replace them Æ Immature cells in 

the villus Æ Poor absorption. 
� Treatment: 

x Nitazoxanide (Normally Self-Limiting if Immunocompetent) 
� Long term Effects: 

x AIDs patients don’t recover Æ Chronic Infection 
� Diagnosis: 

x Cysts in Stools 
o ENTAMOEBA HISTOLYTICA - (The Amoebic Dysentery): 

� Transmission: 
x Ingestion of oocysts (Faecal Oral) 

� Pathogenesis:  
x Intestinal Invasions Æ Ulcerations Æ Dysentery (Bloody Diarrhea) 

� Diagnosis: 
x Cysts in Stools 

� Management: 
x Metronidazole 

   

www.regentstudies.com

www.regentstudies.com


HELMINTHIC INFECTIONS 
x (NB: Clinically most important group are the ‘soil transmitted helminths’) 
1. Infection via swallowing infected eggs 

a. Ascaris lumbricoides (roundworm) 
b. Trichuris trichiura (whipworm) 

2. Infection via Active skin penetration 
a. Strongyloides stercoralis (threadworm) 
b. Ancylostoma duodenale (hookworm) 

- Management: 
o Albendazole 
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GASTROINTESTINAL Pathology: 
PILONIDAL SINUS 

 
Pilonidal Sinuses/Cyst/Abscess: 

- = a cyst or abscess near/on the natal cleft of the buttocks that often contains hair and skin debris 
o (NB: Pilonidal = "nest of hair") 

- Aetiology:  
o Ingrown Hair/Excessive Sitting/Excessive Sweating 

- Clinical Features: 
o Very Painful. Men>Women.  
o ++Adolescents. 

- Management: 
o Excision 
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GASTROINTESTINAL Pathology: 
POLYPS & COLON CANCER 

 
COLONIC TUMOURS – General Information: 

- (NB: 98% of Neoplastic Colonic Tumours are Adenocarcinomas) 
- Aetiology – Risk Factors for Colonic Neoplasia: 

o Age (50yrs +) – 90% of CRC is diagnosed over age 50yrs. 
o Pre-Existing Polyps – Most are Benign; Others (Adenomas) can become Malignant. 
o Genetics/FamHx–  (HNPCC & FAP are best known) – 80-100% Lifetime Risk of Cancer 
o Inflammatory Bowel Disease – Eg. CROHN’S DISEASE or ULCERATIVE COLITIS: 
o Diet – (High Fat/Low Fibre /Low Calcium/Low Folate) 
o Smoking 

- Sporadic Vs. Inherited: 
o >95% Sporadic CRCs – (Typically LEFT/Descending (Distal) Colon  - (↑Toxin/Carcinogen Exposure)) 
o <5% Inherited CRCs – (Typically RIGHT/Ascending (Proximal) Colon) 

- General Pathogenesis: 
o Mutation (Inherited/Sporadic) Æ Cell-Cycle Dysregulation ÆDysplasiaÆCarcinoma 

- Clinical Features: 
o Asymptomatic in Early Stages. 
o Alternating in Bowel Habit  
o Change in Stool Shape – (Eg. Thin, Ribbon-like Stool) 
o Cramping/Colicky  Pains/Discomfort/Bloating 
o Rectal Bleeding – (NB: Detected by a ‘Faecal Occult Blood Test’ [FOBT]) 

� Left Sided (Sporadic) Ca: Frank GI-Bleeding 
� Right Sided (Familial) Ca: Occult Bleeding, Anaemia 

o Red Flags – Anorexia, Fever, Night-Sweats, Weight Loss, Fatigue, Anaemia 
- Complications: 

o Perforation, Peritonitis, Abscess, or Fistula 
o Metastasis Æ Death 

- Investigations: 
o Faecal Occult Blood Test 
o Colonoscopy – (Polypectomy/Biopsy) 
o Imaging – CT/PET/Barium Swallow 
o Genetic Testing – (IF FamHx) 
o FBC – (Anaemia) 

- Management: 
o Colonoscopic Polypectomy/Biopsy – (Grading) 
o CT/PET/MRI – (Staging) (TNM or “Duke’s A-D”) 

 
o Bowel Resection & Colostomy 
o Targeted Therapy – Cetuximab/Panitumumab (Anti Epi.Growth.Fac.Receptor Ab.) 
o +/- Chemotherapy 
o +/- Radiotherapy 

- Prevention: 
o Screening -  FOBT or Regular Colonoscopies (1-2yrs) if ‘At Risk’, Polypectomy  
o Diet -   ↓Fat, ↑Fruits/Veg, ↑Unprocessed Fibre, ↑Calcium. 
o Lifestyle -  ↑Physical Activity, ↓Alcohol, øSmoking 
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Colonic Tumours Specifics – POLYPS = Most Common: 

 
 

- 90% = Non-Neoplastic Polyps (Low Malignant Potential): 
o HYPERPLASTIC POLYPS: 

� Most Common Non-Neoplastic Polyps 
� Descending Colon 
� Macro: Multiple, Small, Sessile (No Stalk – cf. ‘Pedunculated’) polyps. – “Nipple-Like” 
� Micro: Deeper Crypts, ++Goblet Cells (:. ++Mucous Secretion), No Dysplasia. – “Saw-Tooth” 
� Benign 

 
 

o HAMARTOMATOUS/JUVENILE POLYPS: 
�  “Hamartomas” = Non-Malignant; Grows at the Same Rate as Surrounding Tissues  
� Common in Peutz-Jegers Syndrome – (Autosomal Dominant) 
� Macro: Large, Irregular,  
� Micro: Dilated Glands, Normal Cells; Abnormal Arrangement, No Dysplasia 
� Benign, BUT can Æ Obstruction 

 
 

o INFLAMMATORY POLYPS/PSEUDOPOLYPS 
� In Inflammatory Bowel Disease (Crohn’s/Ulcerative Colitis)  
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- 10% = Neoplastic Polyps (High Malignant Potential): 
o ADENOMAS: 

� (Pedunculated): 
x 90% - ‘Tubular’:  - Look like Smooth Mushrooms 

x <10% - ‘Tubulovillous’: - Mixed Morphology 
� (Sessile): 

x <1% - ‘Villous’:  - Wart-like Appearance 

 
 

o 98% - ADENOCARCINOMA OF THE COLON 
� May start as Adenomas (Sporadic) or as Heriditary (HNPCC/FAP). 
� Epidemiology:↑Western, ↑Elderly, 2nd Most Common Internal Malignancy. 

 
 

o <1% - HERIDITARY NON-POLYPOSIS COLON CANCER – (HNPCC): 
� Autosomal Dominant Æ 70-80% Lifetime Risk of Cancer 

x ÆA Few Adenomatous Polyps (With Cancerous Potential) 
� HNPCC Also Increases Lifetime-Risk of many other Non-Colonic Cancers. 

x (Ie. CRC/Endometrial/Gastric/Ovarian/Intestinal/Ureter/Renal Pelvis) 
� “Amsterdam II Criteria” – To meet a Diagnosis of HNPCC: 

x 1. 3+ Relatives with HNPCC  

x 2. >1 Relative must be 1st-Degree of the other 2. 

x 3. FamHx spans >2 Generations 

x 4. >1 cases diagnosed @ <50yo. 

  
 

o RARE 1% - FAMILIAL ADENOMATOUS POLYPOSIS – (FAP): 
� Autosomal Dominant Æ THOUSANDS of Adenomatous Polyps Æ 100% Risk of Cancer 

x NB: ≈90% are benign; but there’s too many to cut out. 
� FAP Also Increases Lifetime-Risk of many other Non-Colonic Cancers. 

x (Ie. CRC/Endometrial/Gastric/Ovarian/Intestinal/Ureter/Renal Pelvis) 
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GASTROINTESTINAL Pathology: 
PSEUDOMEMBRANOUS COLITIS 

 
PSEUDOMEMBRANOUS COLITIS 

- Aetiology: 
o Antibiotics  
o Clostridium Difficile Overgrowth (Directly Cytotoxic) 

- Pathogenesis: 
o Clostridium Difficile – (Normally Controlled by Commensal Bacteria) 

� Antibiotics kill Commensal Bacteria Æ C.difficile Overgrowth Æ Produce Enterotoxins 
� Inflammation Æ Forms a Fibrous Pseudomembrane 

- Morphology: 
o Mucosal Inflammation, Ulceration & Bleeding 
o Pseudomembranes – Fibrous Sacs full of Purulent Debris. They adhere strongly to Mucosa. 

- Clinical Features: 
o  Symptoms: 

� Onset Usually within 2days of taking Antibiotic; Persists for 2wks after ceasing Antibiotic. 
� Fever 
� Abdo Cramps 
� Profuse Watery Diarrhoea (<10x/day) 
� Haematochezia 

- Diagnosis: 
o Colonoscopy – (Pseudomembrane, + Screen for DDx [Crohns/UC/Cancer]) 
o Stool Sample – (Clostridium Difficile Assay) 

- Treatment: 
o Stop Causative Antibiotic 
o Anti-Clostridial Antibiotic - (Metronidazole / Vancomycin) 
o Pro-Biotics 
o + Supportive Rehydration/Electrolytes 

- Complications: 
o Dehydration/Electrolyte Imbalance 
o Perforation 
o Toxic Megacolon 
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GASTROINTESTINAL Pathology: 
RADIATION ENTERITIS 

 
RADIATION ENTERITIS 

- Aetiology: 
o Chronic Radiotherapy Side Effect 
o (NB: Often Pelvic Irradiation :. Ileum & Rectum are Most Common) 

- Pathogenesis: 
o >40Gray of Radiation Æ Damages the Intestine  

� Æ Muscle Fibre Atrophy 
� ÆIschaemia & Ulcerative Changes 
� Æ Fibrotic Strictures Æ Obstruction 

- Morphology: 
o Muscle Atrophy 
o Ulcerative Changes 
o Fibrotic Strictures 

- Clinical Features: 
o Acute Sx – Nausea, Vomiting, Diarrhoea, Abdo Pain. (Improves within 6wks of Radiation) 
o Chronic Sx – Symptoms for >3mths.   

� Primarily Pain due to Obstruction. 
� Malabsorption may occur 
� Bowel Frequency, Tenesmus 

- Treatment: 
o Symptomatic (Self-Limiting) 
o Surgery ONLY for Obstruction/Perforation. 

- Complications: 
o May Æ Chronic Irritable Bowel Syndrome 
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GASTROINTESTINAL Pathology: 
RECTAL BLEEDING DDX 

 
GI BLEEDING: 

- A common problem – most people will have some form of GI bleeding during their life time! 
- Can be Trivial/life-threatening 
- May be painful or painless 
- Underlying pathology may or may not be serious  
- Terms: 

o Haematemesis  
� Vomiting blood – may be fresh or denatured (dark) 
� Can be VERY SERIOUS 
� Usually Implies bleeding from the Stomach 
� Priority = Get Large-Bore IV Access & Cross-Match Blood type (Because people can bleed 

out very quickly from the stomach) 
o Haematochezia  

� Rectal Bleeding 
� The passage of bloody stools 
� Major implies Upper GIT Bleeding 
� Minor implies Lower GIT Bleeding  

o Melaena  
� black tar-like stool (usually  from upper GI bleeding) 
� Usually implies Upper GIT Bleeding 

- Occult (Hidden) GI Bleeding: 
o GI tract bleeding may result in occult blood loss   (occult = hidden)  
o An important cause of Chronic Anaemia  
o Detected by testing stool for ‘faecal occult blood’  
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MAJOR RECTAL BLEEDING: 
- = “IF the Pt Requires Resuscitation as a Result” – (Ie. Tachy, Hypotensive, Pale, Dyspnoea, ALOC) 
- Commonest Aetiologies - Upper GI-Bleeding: 

o Peptic Ulcer 
o Duodenal Ulcer 
o Oesophageal Varices 

- Also Some Lower GI: 
o Diverticulosis  (50%) 
o Angiodysplasia  (35%) 
o Colorectal Cancer (15%) 

o  
- TIP: Colour of Blood Determines Rate of Bleeding, & Often its Location: 

o Eg. Frank Blood = Massive Bleeding, Or More Distal Origin. 
o Eg. Blackened Blood = Slower Bleeding, Or Stomach/Oesophageal Origin. 

 
MINOR RECTAL BLEEDING: 

- = “IF the Pt is Haemodynamically Stable” 
- Commonest Aetiology – Lower GI-Bleeding: 

o Haemorrhoids  (54%) 
o Fissure   (18%) 
o Fistulae   (7%) 
o Cancer/Polyp  (6%) 

o  
 
Management: 

- FBC – (↓Hb, ↑Retics, ↓Platelets, ↑/↓MCV)  LFTs – (?Alcoholic Liver Disease) 
- Coags – (↑PTT)      EUCs 
- PPI – (If ?PUD) 
- G&H & X-Match if Severe!! + IV Fluids 
- Endoscopy/Colonoscopy – (Definitive) 
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HEPATOBILIARY Pathology: 

SECONDARY LIVER DISEASES 

 

Other Random Liver Disorders: 

- REYE SYNDROME: 

o Aetiology: 

� Disease of Childhood (4-12yrs) 
� Aspirin + Viral URTI’s: 

o Pathogenesis: 

� Unknown Path Î Acute Encephalopathy & Liver Failure 

o Morphology: 

� Fatty Liver & Hepatomegaly 

� Cerebral Oedema & Encephalopathy 

o Clinical Features: 

� Symptoms: 

x Persistent Vomiting 

x Lethargy/Irritability/Aggression/Confusion 

x Seizures/Coma 

x NO jaundice. 
o Treatment: 

� No Specific Treatment – Only Supportive  
o Prognosis: 

� Most make full Recovery. 
o Complications: 

� Severe Brain Damage 

� Respiratory Arrest 
� Multi-Organ Failure 

 

- TOXAEMIA OF PREGNANCY (AKA: PRE-ECCLAMPSIA/ECCLAMPSIA): 

o Aetiology: 

� Pregnancy 

o Pathogenesis: 

� Placental Vasoconstrictors Æ Endothelial Dysfunction in Blood Vessels Æ HTN 

o Clinical Features: 

� Pre-Eclampsia:  
x Hypertension (>140/90) 
x Proteinuria  
x Oedema (Face & Hands) 

� Eclampsia: 

x SEIZURES 

x Stroke/Coma/Death 

o Complications: 

� Poor Foetal Growth 

� Fulminant Hepatic Failure (Hepatocellular Necrosis) 
� HELLP Syndrome – Haemolysis, Elevated Liver Eenzymes, Low Platelets  

x Æ Jaundice, Epigastric Pain, Vomiting. 
o Treatment: 

� Supportive = Bedrest 

� Anti-Hypertensives – (Labetalol) 
� Vasodilators – (Magnesium Sulfate, Nifedipine)  

� Antenatal Corticosteroids – (Betamethasone) 

� **Definitive = Birth (Early Induction of Labour) 
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- NUTMEG LIVER (AKA: Congestive Hepatopathy): 

o Aetiology: 

� Congestive Heart Failure (RH-Failure) 
o Pathogenesis: 

� R-Heart Failure Æ IVC Venous Stasis Æ Chronic Passive Congestion of Liver 

x Æ Hypoperfusion Æ Necrosis 

x Æ Congestion Æ Haemorrhage 

o Morphology: 

� Macro: 

x Mottled Appearance (Nutmeg) 
� Micro: 

x Centrilobular (zone 3) Congestion (Haemorrhagic – RBCs) 
x Centrilobular (Zone 3) Necrosis 

o Clinical Features: 

� Symptoms: 

x Often Asymptomatic (Detected incidentally via LFTs) 
x RUQ Pain (due to stretching of liver capsule) 

� Signs: 

x Hepatomegaly (Firm, Smooth Liver Edge) 
x Ascites (Due to Portal Hypertension), Pedal Oedema 

x Juggular Venous Distension 

x Jaundice (Unconjugated – due to 1. Hepatocellular Dysfunction, 2. Haemolysis, & 3. 
Biliary Canalicular Obstruction.) 

x Hepatic Encephalopathy 

� Lab Tests: 

x ↑AST/ALT 

� Outcomes: 

x If Severe/Chronic Æ Fibrosis Æ “Cardiac Cirrhosis” 
x Rarely, Fulminant Liver Failure. 
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- BUDD-CHIARI SYNDROME: 

o Aetiology: 

� Venous Outflow Obstruction of the Liver (Occlusion of the Hepatic Vein) Due to: 
x Hypercoagulability (Eg. Polycythaemia) 
x Thrombophilia 

x Leukaemia  
x Compressive Tumour 

o Pathogenesis – (Similar to Nutmeg Liver/Congestive Hepatopathy): 

� Occlusion of the Hepatic Vein Æ Portal Hypertension & Hepatic Congestion 

x Æ Hypoperfusion Æ Necrosis 

x Æ Congestion Æ Haemorrhage 

o Morphology – (Similar to Nutmeg Liver/Congestive Hepatopathy): 

� Centri-Zonal Congestion & Haemorrhage 

� Centri-Zonal Fibrosis & Cirrhosis 

� **NB: Caudate lobe is spared due to Independent Blood Supply & Drainage 

o Clinical Features: 

� Signs/Symptoms: 

x Abdominal Pain 

x Nausea/Vomiting 

x Hepatomegaly 

x Ascites 

x Negative Hepatojugular Reflux 

x Signs of Portal Hypertension 

� Treatment: 

x Treat underlying Cause. 
x Liver Transplant if Chronic/Fulminant. 
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SPECIFIC SURGICAL NOTES: 
ACUTE ABDOMEN 

 
Clinical Evaluation of a Pt with an “Acute Abdomen”: 

- Conditions Requiring Laparotomy: 
o Organ Rupture (Spleen/Aorta/Ectopic)  

� Æ Shock 
o Peritonitis (Perf’d PUD/DUD/Diverticulum/Appendix/Bowel/Gallbladder) 

� Æ Prostration, Shock, Lying Still, Tenderness (Guarding/Rebound/Percussion), Abdo 
Rigidity, No Bowel Sounds.  

- Conditions NOT Requiring Laparotomy: 
o Local Peritonitis (Diverticulitis, Cholecystitis, Salpingitis, Appendicitis) 

� ÆLying Still, Tenderness (Guarding/Rebound/Percussion), Abdo Rigidity 
o Colic 

� Æ Restlessness, Regularly Waxing/Waning Pain. 
- Tests to Perform: 

o U&E, FBC, Amylase, LFT, CRP, ABG, Urinalysis 
o Erect CXR (look for Air under Diaphragm) 

- Immediate Priorities: 
o Resuscitation Before Surgery!! – NB: Anaesthesia compounds shock!! 

- Differentials: 

 
 

 
 
Clinical Features of Intestinal Perforation: 

- Severe Abdominal Pain 
- Referred Shoulder Pain (Diaphragm Irritation) 
- Haemorrhage Æ Shock  
- Sepsis Æ Fever, Shock 
- Peritonitis Æ Pain, Guarding & Rebound Tenderness 
- Pancreatitis 
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- Abdominal Pain: 
o A very common reason for patients to come to the Emergency Department 
o We will focus on the GIT causes of Abdominal Pain: 

� Almost endless! 
� Think of an organ then apply the ‘surgical sieve’ 

x Infection 
x Trauma 
x Neoplasia 
x Haemorrhage 
x Toxins/Drugs 

o 3 Types of Abdominal Pain: 
� 1. Visceral (‘Colicky’) Pain: 

x Pain Arising from abdominal viscera 
o Typically due to Pressure 
o Typically Diffuse Pain (Poorly localised – often, but not always, felt in 

periumbilical region) 
o Fluctuating in Intensity (Comes & Goes) 

x Transmitted by autonomic nerve fibres  
x Often associated with nausea and autonomic symptoms (e.g. sweating) 
x Pts tend to move around a lot (Can’t get comfortable) 

� 2. Somatic/Parietal Pain: 
x Pain due to Inflammation/Irritation of the Parietal Peritoneum 

o Typically Very Localised 
o Sharp Pain (Hurts to Move, Cough, Breathe) 
o Irritated by Movement 

x Usually implies involvement of the (parietal) peritoneum 
x Transmitted via somatic nerves 
x Well localised  

� 3. Referred Pain: 
x Pain referred to one location from pathology in a different location 
x Usually associated with Embryonic Dermatome Origins of the Affected Structures  
x Eg. Diaphragmatic Pain felt at the Shoulder Tip 
x Beware of extra-abdominal pain referred to the abdomen 

o Eg. Myocardial ischaemia/Infarction: 
�  Inferior Infarcts often o Epigastric pain  

o Eg. Testicular pathology  
� Eg. Testicular Torsion o hypogastric pain  
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x Assessing Pain: 
o Pain Qualities: 

� Poorly defined or well localised  
� What does the pain make you do? 

x If Move around (can’t get comfortable) – Somatic 
x If Can’t move – Visceral  

� Waxing and waning (typical of colicky pain) 
x Pain comes & goes 
x Usually an obstruction of something 

� Constant – sharp or dull 
x Sharp implies peritoneal pain 
x Dull implies Visceral Pain 

� Exacerbating or mitigating factors (e.g. movement) 
x Better when you eat? 
x Worse when you eat? (Eg. Gastric/duodenal ulcer) 
x Worse when you move? 

� Progression from visceral to parietal as pathology progresses (e.g. appendicitis: 
x Begins as Visceral 
x Æ Irritates Peritoneum Æ Somatic/Parietal Pain  

o What does the patient do? 
� Visceral Pain - Colic- can’t get comfortable, moves around. 

x Biliary colic 
x Renal colic 

� Parietal Pain - worse with movement, tend to keep still 
x Bleeding or infection 

o Radiation? 
� Where does the pain go? 

 
Potential Sources of Pain in Each Abdominal Quadrant: 
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Continue Reading For Bonus  
Supplementary Study Materials… 
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