Liver
· Intro

· Blood passes through the liver allowing hepatocytes to detoxify blood

· Lecture Outline – “Injuries and findings” are NOT diseases 

· Hepatic Portal System

· All blood from abdominal viscera (from lower esophagus to rectum) drains through hepatic portal circulation to liver

· if you eat any toxins, the liver has first pass at them, before systemic exposure

· Spleen and the pancreas also drain to the liver

· Kidneys do NOT drain to liver 

· Right and left and common bile ducts drain bile from liver
· Liver constitutively makes bile which is stored in the gallbladder
· BUT bile is only released into duodenum when we eat 

· Pancreas: produces digestive enzymes that are released into duodenum after eating 

· Sphincter of Oddi controls release (when it opens, everything is allowed passage)  

· General Liver Lobule Architecture

· Portal triad (4 constituents) 

· Hepatic artery: brings in fresh blood 

· Hepatic portal vein: blood from GI tract 

· Bile duct: brings bile out of the liver 

· Lymphatics: bring lymph out of the liver towards portal triad 

· Red blood (O2) and blue blood (de-O2) mix, mixed blood drains into the sinusoids, drain into central vein ( hepatic vein ( inferior vena cava 

· ~30 seconds for blood to make it to central vein (very slow) = gives hepatocytes time to clear toxins 

· Kupffer cells: macrophages of liver, phagocytose foreign, damage, or dead material

· Central Vein and Portal Triad
· Liver gets 25% of Cardiac output, 20% goes through kidney (about 50% of blood is getting filtered at rest) 

· 80% of the blood enters liver from hepatic portal vein 

· 20% of blood enters through hepatic artery 

· Reticular fibers: connective tissue of our solid organs (e.g. liver) – compare these with fibrosis

· Hepatocyte Function (glucose, protein)

· Liver takes glucose and stores it as glycogen after meals (reduces post-meal hyperglycemia) 

· if haven’t eaten in a few hours, liver breaks down glycogen and releases glucose 

· if person has liver failure, then individual will become hypoglycemic between meals 

· After meal: take up amino acids, deliver to hepatocytes for synthesis of plasma proteins (except for antibodies which are made by plasma cells); also make lipoproteins - LDL cholesterol is made by liver

· Some protein is stored in hepatocytes (amino acid storage) 

· Reserve of amino acids in liver (liver can store a day’s worth of amino acids) 

· Hepatocyte Function (bile)

· NOTE: the term bile can refer to either bile acid specifically, or the general secretion of the liver that travels through the bile ducts

· Liver makes bile (bile salts = bile acids) 

· Bile acids/salts (bile acid and bile salt are the same thing – salts have Na+ attached, acids have H+)
· Bile salts are used to emulsify fats, and are negatively charged (after the Na+ or H+ is removed)
· Bile is very similar to cholesterol (start with cholesterol & modify it) 

· Released into bile canaliculi: gap between two cells ( bile duct ( gallbladder ( duodenum 

· In duodenum, it helps digest fat, working as an emulsifier 

· In ileum we reabsorb bile, blood from ileum goes to liver and we reabsorb the bile, reprocess, and recycle it 

· Hepatocyte Function (bilirubin)

· Bilirubin is result of broken down heme coming from RBCs, as well as from any protein that contains heme 

· Hemoglobin = globular protein plus heme (globular protein is broken down and we recycle the amino acids)

· Heme = iron and porphyrin ring: 
· we recycle iron and breakdown the porphyrin to( biliverdin ( bilirubin 
· unconjugated bilirubin is lipophilic, and therefore we can’t get rid of it in the kidney.  Thus, we need to get it to the liver (it binds to albumin in the blood), in the liver hepatocytes attach a glucuronic acid to it (conjugation) 
· [glucuronic acid looks a lot like glucose (which is very water soluble)]

· Conjugation: adding to water soluble molecule to a lipid soluble molecule
· bilirubin becomes water soluble (conjugated bilirubin) 

· Hepatocyte releases it into bile canaliculi and ultimately, into duodenum.

· Bilirubin is component that gives feces dark color 

· Some gets reabsorbed in colon, kidney can get rid of it because it is water soluble (can make your urine dark) 

· Fibrosis and Cirrhosis
· Fibrosis: inflammation - macrophages activate, stimulating fibroblasts to lay down collagen 

· lots of collagen in liver (blue stain): get fibrous bands around pieces of liver               forming nodules; impairs blood flow through liver and liver function

· Laboratory Evaluation of Liver Disease

· ALT and AST 
· enzymes within hepatocyte 

· shouldn’t have it in blood (if so, indicative of hepatocyte/liver damage) 

· the more hepatocyte damage you have, the higher these numbers are elevated 

· Serum bilirubin: not water soluble until conjugated by liver 

· there are two types we test for: direct (conjugated) and total (conjugated + unconjugated), amount unconjugated = total - direct
· AP/ALP/ALKP and GGT 
 

· released if cells along biliary tract are damaged

· found in cells lining bile ducts  

· high numbers are indicative of bile duct damage 

· AP is also found in bone, and can be a marker of bone breakdown

· Albumin
· liver makes albumin; if liver is failing, will not be synthesized

· decreased albumin and decreased total protein: liver damage 

· if all numbers are correct except albumin: check the urine, it might be a kidney problem 

· prothrombin time: measures clotting time 

· liver makes clotting factors, as well as things that break down clots (such as plasminogen) 

· if liver is failing, patient will usually have increased clotting time, but liver might still be making clotting factors but may no longer be making fibrinolytic factors, so patient gets more clotting 

· coagulopathy: problem with either too much clotting or not enough 

· Serum ammonia 
· liver deaminates amino acids and sticks them together to form urea

· if liver is damaged, liver unable to do this and ammonia is released (BAD = can lead to encephalopathy) 


· ammonia can cross blood-brain barrier 

· Consequences of Liver Disease

· Jaundice: turning yellow from bilirubin 

· Hypoglycemia: between meals liver controls glucose liver, if liver is failing glucose starts to fall 

· Fetor hepaticus: if some toxins not removed by liver, find another way out; one of those ways is lungs (breath “smells like death”) 

· Hypogonadism: liver gets rid of steroid hormones, estrogen is problem without proper liver clearance ( hypothalamus regulates its release ( decreased LH & FSH
· Gynecomastia: steroid hormones are lipophilic (kidney can’t get rid of them) have to get rid of them in the liver (estrogen is the culprit; need liver to get rid of them, end up with hypogonadism because body thinks it has plenty of hormones) 

· obese, alcoholic males getting breast cancer, fat converts testosterone to estrogen, a failing liver is not clearing estrogen ( breast development 

· Palmar erythemia: red palms – blamed on estrogen
· Spider angiomas (telangiectasia): red dilated capillaries – failure of capillary sphincter – blamed on estrogen
· Depression (added to list)

· ppl with liver failure have psychological problems (hepatic encephalopathy) 

· Hepatic Portal Hypertension

· All blood from the abdominal organs is draining through the liver

· If blood can get through liver, blood is going to back up

· ascites: fluid accumulation in abdomen 

· blood trying to escape through other routes
· hemorrhoids (rectum)
· esophageal varices (lower esophagus)
· caput medusae (umbilicus) 
· Life threatening Complications

· Build-up of ammonia and other toxins can cross blood brain barrier ( encephalopathy 
· Hepatorenal syndrome: if liver stops working, few days later kidneys stop working (nothing wrong with them, still has blood flow) 

· if fix liver, kidneys come right back 

· doesn’t work the other way; if kidneys fail, liver doesn’t stop working 

· Jaundice
· If eyes are yellow: jaundice 

· If skin is yellow: they may just have yellow skin (e.g. Bart Simpson, even Homer doesn’t have jaundice – surprisingly)
· Can occur because of build up of conjugated or unconjugated bilirubin 

· if breaking down RBCs too fast, result in build-up of bilirubin secondary to hemolytic disease (e.g. hemolytic disease of the newborn) 

· unconjugated bilirubin NOT cleared by kidney (insoluble in water), these numbers can get really high 

· Conjugated bilirubin CAN be excreted by kidney ( dark urine, light/pale stool 

· Cholestasis

· Unable to move bile 

· If passage gets clogged, bile gets blocked… get damage to hepatocytes because of build-up in the canaliculi 

· Biliary atresia: bile duct doesn’t form all the way – results in liver failure – seen in young children
· Hepatic Failure
· Can lose 80-90% of liver function before you get liver failure 

· Can have acute (or fulminant) hepatic failure

· sudden onset (e.g. acetaminophen overdose) 

· Cirrhosis and Portal Hypertension
· Blood pressure (venous) increasing, trying to find way out around rectum, umbilicus, and lower esophagus

· Cirrhosis itself doesn’t cause hepatomegaly - impaired blood flow out of the liver will result in hepatomegaly 

· Cirrhosis and Portal Hypertension
· Caput medusae: blue-green lines on out of umbilicus 

· green because blue (deoxygenated) blood mixed with yellow bilirubin build up (jaundice) 

· Liver & Gallbladder Diseases 

· NOTE: hepatitis = “inflammation of the liver” (you can have nonalcoholic hepatitis, alcoholic hepatitis, viral hepatitis, etc.)
· Viral hepatitis: inflammation of liver secondary to viral infection 

· Does it have a carrier state? 

· Asymptomatic infection (virus is living in host but not causing problems) 

· Acute viral: one day fine, few days later bad 

· Chronic: infection and inflammation are continuous 

· Hepatitis A & E
· Transmitted through oral – fecal routes 

· Occurs in places with poor infrastructure, e.g. bad sewage systems 

· Not really present in US unless have traveled to other country 
· vaccine for Hep A, not for Hep E
· Hepatitis B, C, & D
· Hep B definitely causes cancer 

· Hep C causes cancer 

· Sex or needle stick transmission (in USA)
· Hep B usually transmitted from mother ( child in China
· Vaccine for Hep B, no vaccine for Hep C 

· Hep D can only exist in conjunction with Hep B 

· if exposed to someone with D then you are exposed to both at same time 

· Hepatic Steatosis (Fatty Liver)
· Fat inside hepatocytes 

· Liver will be enlarged 

· Liver can take up the alcohol but CAN’T get rid of the fat, and it builds up in liver (reversible: stop drinking and everything goes back to normal) 

· however, this is an inflammatory process, and therefore you get collagen laid down… if persists, can develop cirrhosis 

· Alcoholic Liver Disease
· Nodules formed by collagen deposition 

· severe alcohol intake can also cause hepatitis 

· Acute hepatitis secondary to excessive alcohol intake 

· elevated AST and ALT 

· Hemochromatosis (Hereditary Iron Overload)
· Excess build up of iron 

· We can’t get rid of iron; we limit iron stores by regulating uptake of iron (relatively poor) 

· Normal storage for excess iron is in liver; too much ( iron overload (causes damage to the liver)  

· Primary: autosomal recessive disease 

· women get rid of iron through menstruation, so male predominance 

· most common metabolic genetic disorder (0.5%) 

· genetic mutation originated in Europe (~England), carriers predominantly white 

· symptoms start occurring late in life 

· easiest disease in world to treat: bleed them (blood donors don’t get hemochromatosis)
· diabetes: iron spills over to pancreas, heart, spleen, etc. 

· Skin pigmentation: turns somewhat grey 

· Another primary hemochromatosis: Bantu siderosis

· genetic mutation in Africa, much less common 

· also recessive

· also take up iron at too high of a rate 

· Secondary hemochromatosis: transfusions
· Thalassemia – want to give blood because they are anemic, but you are giving them too much iron 

· Excess transfusions: giving someone transfusions and they are NOT bleeding out, every time you give blood, you give 0.25 g of iron 
· this is a lot of transfusions, ~200 units of blood = 50 g of iron
· Obstructive Biliary Tract Disease
· Secondary: obstructions of biliary duct 

· Malignancy of pancreas: tumor in head of pancreas obstructs bile duct, backs up in liver 

· strictures: from surgery 

· gallstones

· atresia

· Primary: destruction of hepatic biliary ducts 

· Primary biliary cirrhosis & primary sclerosing cholangitis

· don’t worry about differences
· autoimmune disease, often fatal 
· Circulatory Disorders
· 4 ways blood can go wrong way in liver 

· obstruction with outflow: thrombus in vena cava or most often right sided heart failure (blood backs up into abdominal cavity ( hepatomegaly, splenomegaly, ascites, jaundice) 

· impaired intrahepatic blood flow: trouble within liver, get portal hypertension (splenomegaly but NOT hepatomegaly from cirrhosis) 

· impaired blood flow into liver: liver is fine, but portal system can’t drain properly
· impaired hepatic artery flow: complication of transplantation  
· Don’t usually see atherosclerosis in hepatic artery 

· but if during transplant surgery not connected properly, you get decreased hepatic blood flow, don’t have oxygenation 

· Primary Carcinoma of the Liver (Hepatocellular Carcinoma)
· Primary liver cancer

· Although most of the cancer we will see will be metastatic from somewhere else.
· Caused by Hep B

· the earlier you get Hep B, the more likely you are to get cancer 
· China has high primary liver cancer rate, compared to USA
· Also correlated with Hep C and Cirrhosis 

· Aflatoxin: used to be very common in peanut butter 

· toxin made by fungus that lives on peanuts, as well as other foods, not a big problem now 

· Cirrhosis: correlated with hepatocellular carcinoma, but not necessarily a cause 

· Survival rate: not high (mean survival 7 months) 
· metastatic liver cancer also has a very poor survival rate/time
· Cholelithiasis (Gallstones)
· 2 types: cholesterol stones and pigment stones 

· Usually asymptomatic until stones start moving or inflame gallbladder
· cholesterol stones: light stones (more common in US)

· Fair – Forty – Female – Fertile - Fat

· More likely in women 


· fair: more common in Caucasian, but also Mexicans and Pima, Hopi, Navajo, etc.
· fertile: more children a female has had, the more likely 

· Pigment stones: much darker 

· made of bilirubin 

· hemolytic disease ( producing more bilirubin ( the gallbladder is withdrawing water, greater chance of precipitation 

· (stones are essentially precipitated salts)  

· Choledocholithiasis
· Gall stones “on the move”

· if get stuck in one of ducts, it becomes very painful and can prevent bile from exiting liver (bile backs up) 

· lots of pain, can no longer get rid of bilirubin from liver, so bilirubin levels increase, conjugated bilirubin goes up (… jaundice)

· Pancreatitis: distal blockage (where common bile duct and pancreatic duct meet) it blocks excretion of pancreatic enzymes, if enzymes become active in pancreas, then pancreas starts autodigesting itself ( inflammation 

· Cholangitis: inflammation of the gallbladder 

· Chronic liver disease w/ biliary cirrhosis: can’t export anything through bile system, everything backs up and hepatocytes start dying 

· Acute calculous cholecystitis: inflammation 

· Acute pancreatitis.
· Pancreas secretes digestive enzymes into duodenum 

· don’t want these things activated in pancreas: secreted as proenzymes (inactivate form) 

· (only know through I GETS) 

· Idiopathic – caused by some unknown etiology
· Gallstone: blockage in ampulla of Vater where pancreatic duct comes together, can’t secrete pancreatic enzymes (they become activated by their neighbors and start digesting pancreas) 

· Ethanol: Alcoholics will either get cirrhosis or pancreatitis (usually not both) 

· Trauma: accident to pancreas

· Steroids
