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Hepatobiliary Diseases
Objectives
1. Describe the gross anatomy of the liver and the components of a portal tract
2. List at least 3 normal functions of the liver 
3. Contrast the common types of viral hepatitis in terms of their transmission and likely clinical outcome 
4. Describe the pathophysiology of cirrhosis 
5. List at least 2 complications of cirrhosis and at least 5 causes 
6. Contrast the histologic features of the types of alcohol-induced liver injury and their clinical outcomes 
7. Distinguish pathological features of NAFL and NASH 
8. Explain the difference between grading and staging of NASH (and chronic liver disease in general) 
9. State the inheritance pattern and pathologic substrate for the 3 major hepatic metabolic and storage diseases discussed 
10. Define intra and extrahepatic cholestasis 
11. State at least 1 risk factor for and histologic feature of PBC and PSC 
12. Provide a classification of liver tumours
Anatomy & Histology
· Liver weighs 1200-1500 g in avg adult 
· 2 main lobes: right and left lobe
· Dual blood supply to liver  blood is derived from the hepatic artery (celiac artery) and from the portal vein 
· Bile leaves liver via right and left hepatic ducts  both ducts join  form the common hepatic duct  joins the cystic duct  forms the common bile duct (CBD) 
· Bile flow out of the liver
· Bile leaves via right and left hepatic ducts
· Right and left hepatic ducts form common hepatic duct
· Cystic duct (which is draining the gallbladder) joins the common hepatic duct to form the common bile duct (CBD)
· CBD is joined by pancreatic duct just before entering duodenum at ampulla of Vater 
· Ampulla of Vater is guarded by the sphincter of Oddi 
· Histology of the liver
· Liver is divided into hexagonal lobules
· Central vein is at the centre of each lobule
· Central vein joins the hepatic veins 
· Portal tracts (branch of hepatic artery + portal vein + bile duct) at each corner of lobule
· Lobules contain the parenchyma (functional tissue)
· Consist of anastomosing (connecting) sheets or cords of liver cells (hepatocytes) 
· b/w cords are vascular sinusoids 
· arterial and venous blood enters liver via hepatic artery and portal veins, flows thru sinusoids (washing over hepatocytes), and then exits thru central veins into hepatic veins and vena cava 
Function
· Liver has 5 categories of functions
1. METABOLIC
· Glucose and lipid metabolism 
· Excess blood glucose is stored in liver as glycogen 
· Glucose released into blood via glycogenolysis 
· AA converted to glucose via gluconeogenesis 
· Fasting  liver converts f-acids to triglycerides which are secreted as lipoproteins 
2. SYNTHETIC 
· Most serum proteins (except iG) synthesized in liver
3. STORAGE
· Important storage site for glycogen, triglycerides, iron, copper, lipid-sol. Vitamins 
4. CATABOLIC
· Endogenous substances (hormones, serum proteins, etc) are catabolized by liver to maintain balance 
· Exogenous substances such as drugs are catabolized by liver
5. EXCRETORY
· Main excretory product is bile
i. Bile is important for fat absorption in small intestine 
Viral Hepatitis
· Viral hepatitis: inflammation of the liver caused by viruses 
· Viruses that exert sole effect on liver
· Viruses that produce liver damage as part of systemic infection (several other organs/systems affected) 
	Hepatitis A
	-mild or asymptomatic hepatitis 
-virus is spread by fecal-oral route (person-person or via contaminated food or water) 
-high rate with oro-anal sex 
-Diagnosis via serology
-anti-HAV IgM  indicative of current infection
-anti-HAV IgG  indicative of past infection
-illness is usually mild, self-limited 
-protracted or relapsing hepatitis can occur on occasion 
-very few patients develop fulminant hepatitis (massive necrosis of liver parenchyma + atrophy)
-chronic hepatitis is extremely rare 
-no carrier state 

	Hepatitis B
	-high carrier rate in South-East Asia 
-HBV (hep B) is present in all body fluids except feces
-spread via parenteral routes and close contact; incl. sexual activity 
-Transplacental (vertical) spread also occurs 
-at risk: blood transfusions and blood product recipients, IV drug abusers, health care workers, and those on hemodialysis, practisers of oro-anal sex 
-Diagnosis via serology
-HBSAg (surface antigen) is the first marker to appear in blood
-followed by HBEAg (E antigen), HBcAb (core antibody), HBEAb (E antibody), and HBSAb (surface antibody)
-use presence and timing of serum markers to provide clinical info
-persistence of antigens for longer than 6-4mo indicates chronic disease
-surface antibody normally persists for life and protects HBV (basis for vaccine)
-Outcome of infection
-subclinical disease with clearing of the virus and complete recovery (most)
-acute hepatitis (approx. 25%)  most recover, 1% death
-chronic hepatitis (approx. 5-10%)  1% recover, 20% cirrhosis, 3% carcinoma
-asymptomatic carrier state (5-10%)
-hepatocellular carcinoma

	Hepatitis C
	-accounts for majority (80-90%) of parenterally transmitted, post-transfusion, and sporadic hepatitis in the general population
-similar transmission to that of Hep B
-majority of cases from parenteral transmission
-commonest source from populations engaged in IV drug abuse and related practice
-needle stick transmission less efficient than HBV
-most patients have subclinical disease, small number have acute, self-limiting disease
-fulminant (full necrosis) hep is rare
-majority (80%) will develop chronic hepatitis
-progression usually takes many years, measured in decades
-carriers of Hep C are more common than carriers of Hep B
-cirrhosis occurs in 20% of chronic patients
-200X risk of developing hepatocellular carcinoma 
-diagnosis via serology
-presence of anti-HCV antibodies
-PCR to detect viral RNA
-no vaccine 

	Hepatitis D
	-virus is important modifier of both acute and chronic hepatitis B
-HDV is defective virus that can only replicate in presence of HBV
-virus is transmitted parenterally
-clinical presentation depends on whether virus acquired with hep B (co-infection) or after hep B (super-infection)
-acute or chronic forms 





Cirrhosis
Cirrhosis: diffuse process in which there is deposition of fibrous tissue (fibrosis) and conversion of normal architecture into regenerative nodules
ETIOLOGY
· Infections (HBV, HCV, schistosomiasis)
· Drugs and toxins (alcohol, methotrexate, amiodorone, etc.)
· Metabolic (NAFLD/NASH, hemochromatosis, Wilson’s disease, alpha-1-antitrypsin deficiency)
· Autoimmune (primary biliary cirrhosis)
· Biliary obstruction (calculi, sclerosing cholangitis)
· Vascular (veno-occlusive disease, Budd-Chiari syndrome)
· Cryptogenic
· Miscellaneous (neonatal hepatitis syndromes)
PATHOGENESIS
· Three mechanisms: cell death, fibrosis, regeneration
· Cell death
· Usually the initiating factor
· Occurs continuously over long period of time to induce cirrhosis
· Usually via alcohol and drugs
· Fibrosis 
· Repair mechanism that follows cell death
· Can be initiated w/o cell death and inflammation
· Regeneration
· Completes reparative process
· Hormonally influenced (insulin, glucagon)
· Influenced by cytokines and polypeptide growth factors
COMPLICATIONS
· Severe adverse consequences of cirrhosis
· Mechanical effect with abnormal shunting of blood
· Functional effects with failure to perform normal physiological functions of liver
· Abnormal blood flow
· Leads to portal hypertension w/ secondary dilation of veins at base of esophagus (esophageal varices)
· Varices can rupture  leads to hematemesis (vomiting blood)
· Portal hypertension  leads to splenomegaly (spleen enlargement) and ascites (fluid accumulation in abdominal cavity)
· Parenchymal insufficiency
· Manifests with impaired protein synthesis, inadequate deactivation of drugs and hormones, jaundice, clotting abnormalities, and hepatic encephalopathy
· Hepatocellular carcinoma can occur as a late complication
Alcoholic liver disease
· Three major forms of alcoholic liver disease: steatosis, alcoholic hepatitis, and cirrhosis
· Steatosis: fatty change due to deranged lipid metabolism
· Earliest manifestation of alcoholic liver injury
· Disappears 2-4 weeks after abstinence
· Macrovesicular
· Alcoholic hepatitis: form of hepatitis with triad of steatosis, inflammation, and presence of Mallory bodies in liver cells
· Cirrhosis: most often due to alcohol in Western world and caused by persistent hepatitis 
· Steatosis is associated with few symptoms or signs of liver disease
· Patients with alcoholic hepatitis have non-specific symptoms with elevated aminotransferases, alkaline phosphatase, and jaundice
· Hepatocellular carcinoma develops in 5-15% of patients with alcoholic cirrhosis
Fatty liver disease
· Up to 25% of the population are affected 
· Fatty liver disease is the hepatic expression of the metabolic syndrome 
· Increase in prevalence has occurred in association w/ increasing obesity rates 
· Two types: non-alcoholic fatty liver, non-alcoholic steatohepatitis 
· Non-alcoholic fatty liver (NAFL)
· Steatosis 
· Usually macrovesicular (may be mixed with microvesicular) 
· Zone 3 or diffuse
· Quantified as <5%, 5-33%, 33-66%, or >66%
· No hepatocellular injury
· Non-alcoholic steatohepatitis (NASH)
· Steatohepatitis
· Steatosis
· Hepatocyte ballooning
· Inflammation (lobular and or portal)
· Mallory denk bodies (protein aggregates of twisted-rope structure in cytoplasm of hepatocyte)
· Fibrosis 
· Graded (classified) by: the amount of inflammation and damage
· Staged (how far along) by: the amount of fibrosis 
· Not all patients with NAFL progress to NASH + cirrhosis (10-20% will)
· 15-25% of patients with NASH progress to cirrhosis
· Risk of cirrhosis increases if other liver disease is also present 


Metabolic disorders concerning the liver
Hemochromatosis
· Definition: condition of iron overload  caused by inherited disorders of iron metabolism
· Cause: mutations in several genes
· Point mutation at position 282 of HFE gene
· Homozygous for C282Y  lifelong excessive iron absorption  inc. body iron
· Mechanism: Deposition of iron in cells and tissues  multi-organ failure  cirrhosis, cardiac failure, diabetes, athropathy (joint tissue iron deposition), skin discoloration (bronze diabetics) 
· Homozygous C282Y  increased incidence of HCC (higher than cirrhosis on its own)
· Diagnosis: evaluate serum iron and transferrin (iron transport protein) saturation levels; estimate tissue iron stores; PCR for HFE mutation
· Treatment: removal of iron via phlebotomy 
Non-inherited iron overload disorders
· Definition: condition of iron overload secondary to parenteral administration 
· Cause: dietary iron excess, patients with hematological disorders receiving repeated blood transfusions
Alpha-1-Antitrypsin deficiency 
· Alpha1-AT is a protein involved in inhibiting proteinase digestion
· Alpha1-AT is synthesized in the liver
· Alpha1-AT deficiency is inherited as an autosomal recessive trait 
· Abnormal protein accumulates in the liver
· Consequences: chronic hepatitis and cirrhosis usually in childhood; emphysema predisposition in adulthood
Wilson’s disease
· Definition: autosomal recessive disorder of copper metabolism, copper accumulates in liver and other organs
· Consequences: hepatitis and cirrhosis; copper deposition in organs; degenerative neurological disease from copper in brain
Cholestasis 
Definition: impaired excretion of bile, from hepatocytes into bile canaliculi (bile ducts), within the intrahepatic biliary passages, or from bile ducts within the liver into extrahepatic ducts
· Leads to hyperbilirubinemia (the increased amount of bilirubin, RBC breakdown matter, in blood)
· Hyperbilirubinemia clinically manifests as jaundice or as pruritus (itching) due to deposition of bile salts in the skin
· Two types: intrahepatic and extrahepatic cholestasis
Extrahepatic cholestasis
· Definition: obstruction of large bile ducts outside the liver or within the porta hepatis (deep fissure in the inferior surface of the liver through which all neurovascular structures except hepatic veins leave)
· Etiology: 
· Gallstones in common bile duct
· Tumors – primary neoplasms anywhere w/I the duct system down to the ampulla or metastases in lymph nodes at the hilum
· Congenital abnormalities – atresia, choledochal cyst
· Strictures – following biliary tract surgery, sclerosing cholangitis 
· Rarer causes – parasites, heterotopic pancreatic/gastric mucosa (tissue outside normal location), annular pancreas (second part of duodenum is surrounded by ring of pancreatic tissue) 
Intrahepatic cholestasis 
· Definition: obstruction of intrahepatic biliary passages or failure of bile secretion within the liver
· Etiology:
· Congenital/familial: newborn jaundice, AAT deficiency, Crigler-Najjar, Dublin-Johnson
· Acquired: viral hepatitis, drugs/toxins, sepsis, passive venous congestion, primary biliary cirrhosis, primary sclerosing cholangitis, liver tumors
· Primary Biliary Cirrhosis: 
· Autoimmune disorder 
· Cytotoxic T-cells destruct the bile duct
· Leads to cirrhosis
· Peak incidence in 40-60 age group
· 9X more common in females than males
· Diagnosis via serology: antimitochondrial antibodies in serum of patients
· Treatment: immunosuppressive agents, transplantation 
· Primary sclerosing cholangitis:
· Inflammatory and fibrosing process
· Narrowing and obstruction of intrahepatic and extrahepatic ducts
· Chronic obstruction  cirrhosis
· 2/3 of patients have ulcerative colitis
· Increased incidence of cholangiocarcinoma 
· Common in men 30-40 age group
Liver neoplasms
· Lesions arise from hepatocytes and from bile duct cells = “liver tumors”
Neoplasms
Epithelial 
· Benign 
· Liver cell adenoma: predominant in women due to oral contraceptive steroids 
· Bile duct adenoma
· Malignant
· Majority are metastatic
· Hepatocellular carcinoma
· Most common primary malignant tumor of liver
· Patients die w/I weeks or months
· Lowest incidence in West, high in South-East Asia and tropical Africa
· Hep B and C and cirrhosis are predisposing factors
· Cholangiocarcinoma
· Arises from bile duct epithelium
· Hepatoblastoma
Non-epithelial
· Benign
· Hemangioma: most common benign tumor of liver, proliferating vascular spaces
· Malignant
· Angiosarcoma
· Rhabdomyosarcoma 
Non-neoplastic lesions
· Cysts: infectious or may be part of widespread cystic disorder
· Focal nodular hyperplasia
· Nodular regenerative hyperplasia
· Hamartomas
1. I found a study that does show that white people tend to view black people as more likely to be superheroes. I could not find a study that could link that association with a negative consequence in academia. I could argue that society tends to view men as more aggressive and violent, but would that justify me in making the claim that men are therefore disadvantaged in academia specifically? 
2. The author made a statement that POC must outperform white folks, and did not back it up with any argument, logic, or statistical evidence. If the purpose of this article was to raise awareness in people who do not quite understand this plight, should she not have provided argument and reason to back up her claims? My argument is that POC do not have to outperform in order to get a seat at elite institutions, and my evidence is that of affirmative action. Furthermore, wouldn’t you agree that Trump must deal with substantially more scrutiny by the media with compared to Obama? 
3. There is research that shows that on average white people have to score 310 points higher on the SAT than black people for admission to Harvard, the most elite academic institution. Does affirmative action therefore not favor POC with lower or mediocre performance (perhaps indirectly)? 
4. I would argue that any action towards increasing the representation of POC in academic institutions could be labelled as tokenism in this regard (i.e. without rational argument, statistic, fact) it’s almost a matter of perspective. 
5. See #2. 

Hypertension
Definition
· BP is measured as two numbers:
· Systolic: top number  BP at contraction of the heart
· Diastolic: bottom number  BP at relaxation of heart
· Hypertension: BP of 140/90 and greater
Prevalence
· 25% of the population is hypertension
· 50% of hypertensive Canadians know they are hypertensive
· 16% of hypertensive Canadians have adequate BP control
BP Regulation
· BP = cardiac output   x   peripheral vascular resistance 
· Cardiac output: depends on heart rate and stroke volume 
· The volume pumped with each contraction
· Peripheral resistance: controlled by the balance of constricting and dilating humoral and neural factors on blood vessels 
· How does the kidney play a role in BP regulation?
· Drop in BP  kidney releases renin  renin activates angiotensin  vasoconstriction
· Kidney regulates sodium balance  influence on blood volume
Primary HTN
· “essential” or “idiopathic” HTN
· Accounts for 90% of cases
· Prevalence increases with age
· Unknown cause  multifactorial combination (genetic + environment)
Secondary HTN
· Disease that results in HTN secondarily
· Almost any renal disease can result in HTN (kidney is important in BP reg)
· Endocrine diseases: resulting in elevated hormone levels  increase in BP 
· Hyperthyroidism  excess hormone  HTN
· White-coat hypertension: patient nervous and stressed when having BP measured in medical setting  when checked in relaxed setting it is normal
Effects of HTN
· In small arteries (arterioles): 
· Hyaline arteriosclerosis: walls thicken, lumens narrow
· Large arteries:
· Accelerated atherosclerosis
· Vascular damage in kidney, heart, organ
· Why is HTN a silent killer?
· Doesn’t cause symptoms until damage has occurred
· Asymptomatic for many years
· Kidney damage
· Nephrosclerosis
· Damages glomerulus  renal failure
· Heart damage
· Contributes to coronary atherosclerosis and all its ischemic heart complications 
· Increases workload of the heart  adapts over time via hypertrophy  eventually heart can no longer compensate  congestive heart failure
· Brain 
· HTN-induced arteriosclerosis affects small arteries supplying base of the brain
· Brain vessels rupture  hemorrhagic stroke
· HTN accelerates atherosclerosis of large arteries supplying brain  ischemic stroke 
Atherosclerosis and it’s sequelae 
Definition: systemic disease affecting large and medium-sized arteries
· Characterized by formation of atheromas (fibrofatty plaques) which narrow artery lumens
· This results in ischemia (blood flow reduction) and damage/necrosis to downstream organs
Pathogenesis: early lesion is called fatty-streak  progresses and develops into mature lesion (fibro-fatty plaque) 
Response to injury hypothesis
· Explains plaque development as chronic inflammatory response resulting from injury to the endothelial lining of the artery 
· Damage  endothelial dysfunction  platelets and monocytes adhere to lining  release growth factors and cytokines  recruitment + migration of smooth muscle cells and fibroblasts  collagen is produced  macrophages (monocytes) engulf lipid + cholesterol  raised plaque
Risk Factors
· Big three: smoking, hypertension, elevated blood cholesterol
· Modifiable factors, relative risk multiplies with each
· Diabetes mellitus (modifiable factor)
· Age, sex, family history, ethnicity (non mod)
· Obesity, low socioeconomic class, type A personality, stress, elevated blood homocysteine level
· Protective factors: moderate alcohol consumption 
Manifestations of atherosclerosis
· Major sites of atherosclerotic ischemic injury and therefore clinical disease: 
· Heart (angina pectoris, myocardial infarction, chronic heart failure, sudden cardiac death)
· Brain (ischemic stroke)
· Extremities (claudication, gangrene)
· Kidneys (chronic kidney failure)
Atherosclerotic coronary artery disease
· Heart receives blood supply via coronary arteries (originate from aorta beyond aortic valve)
· Three branches:
· Left-anterior descending (LAD) branch
· Supplies anterior of left ventricle
· Left circumflex branch
· Supplies lateral of left ventricle
· Right coronary artery (RCA)
· Supplies right ventricle + posterior wall of left ventricle 
· Coronary atherosclerosis begins in 20s; slowly progressive; does not manifest until later in life
· 70% reduction in coronary artery lumen area leads to ischemic damage (necrosis)
· Epidemiology
· Leading cause of death
· Overall global burden of IHD on the rise, mortality rate in Western society has been declining
· Angina Pectoris
· Chest pain resulting from myocardial ischemia
· Blood flow reduction usually due to coronary atherosclerosis
· At least one coronary artery w/ fixed severe stenosis 
· Vasopasm (muscular vessel constriction) can contribute to further narrowing
· Does not lead to necrosis of heart muscle (duration and magnitude not long enough)
· Can predict angina with myocardial blood flow demand (exercise, stress)
· Episodes resolve w/ rest or nitroglycerine 
Myocardial infarction (MI)
· Pathogenesis
· If myocardium (muscle tissue) is ischemic for 30-40 min  it begins to die  MI
· MI’s are precipitated by formation of a thrombus on luminal side of coronary artery plaque 
· Causes complete or near-complete occlusion of vessel 
· Diagnosis
· Clinical symptoms – prolonged chest pain (angina like) from heart to jaw or left arm, nausea, sweating
· ECG changes
· [bookmark: _GoBack]Elevated levels of cardiac enzymes such as troponins and cardiac muscle creatine kinase 
· Treatment
· Prompt administrating of thrombolytic drug
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