The Liver

I. Normal Structure and Function:

A. Hepatic Lobules

1. Central Vein:  carries blood away from the lobules

2. Portal Triads:  

a. portal veins:  provides blood from the intestines

b. bile ducts:  bile flows in the opposite direction as blood (central ( peripheral); invaginations of plasma membrane of 2 cells

c. hepatic arteries:  O2 supply

3. Sinusoids:  receive blood from hepatic arteries and portal veins which flows centrally through lobule to central vein, lined by endothelium, location of Kupffer cells

a. Space of Disse (perisinusoidal space):  between hepatocyte and endothelial cell connected by reticular fibers
ii. fat storage cells of Ito:  glorified fibroblast that produces the reticular fibers and stores vitamin A in the lipid droplets


-can transform into myofibroblasts ( responsible for cirrhosis of the liver (cirrhosis = sclerosis = fibrosis) i.e. 


methotrexate, other drugs

4. Hepatocyte arrangements: zones vs. acinus (where portal triad is centralized)

5. Zones:  

a. Zone I:  peripheral, richest in O2  ( hepatitis, phosphorous poisoning, toxemia of pregnancy

b. Zone II:  middle ( yellow fever

c. Zone III:  central,  poorest in O2 ( RHF:  congestion of the central vein ( centrilobular necrosis

6. Regeneration vs. Repair:  all depends on the basement membrane ( if intact, then total regeneration

II.
Bilirubin:  fig 19-3, p. 849 Robbins

A. sources:  85% from the breakdown of Hb by spleen RE cells; 15% from BM RE cells breaking down RBC’s that are not up to snuff.

-Fe  and porphyrin ring of heme are separated , heme(biliverdin (heme oxygenase), biliverdin(UCB (biliverdin reductase)



1.
unconjugated (UCB):  initial state, insoluble to water, toxic to the brain, uptake by hepatocytes

a. carried by albumin, not excreted in the urine:  hemolytic anemias- jaundice w/ clear urine

b. neonates:  weak BBB ( permeable to unbound form ( kernicterus 

2. conjugated (CB):  glucuronyl transferase present in the endoplasmic reticulum produces bilirubin diglucuronide (CB)

a. water soluble, nontoxic:  liver disease- jaundice w/ dark urine

b. reabsorbed by intestine and returned to the liver by the portal vein ( excess back flow into blood ( excreted in urine


c. bacterial (-glucouronidase unconjugates bilirubin:  intestinal flora, breast milk (pregnandiol)

d. converted to urobilinogen (colorless) by intestinal flora:  brown = oxidized urobilinogen

i.
20% reabsorbed in terminal ileum/colon, and excreted in bile and some is excreted in the urine

3. other contents:  

a. bile salts and acids-  chenodeoxycholic acid and  cholic acid ( ( serum levels in jaundice ( pruritis; mostly reabsorbed 

II. Jaundice:  accumulation of bilirubin in the blood and peripheral tissues ( skin xanthomas, ( PT/ CF’s d/t liver damage, ( vit. K absorption


A.
Obstructive:  obstruction of bile duct causing ( conjugated bilirubinemia and proliferation of bile cannaliculi

1. Extrahepatic Cholestasis:  carcinoma of the bile duct, HD, post-surgery, cancer of the head of the pancreas (vs. body or tail), gall stone, duodenal cancer

2. Intrahepatic Cholestasis:  hepatocyte, bile canaliculi 

a. type 1:  hepatocellular cholestasis :  viral hepatitis, early alcoholic fatty liver, chemical and drug injury

b. type 2:  pure cholestasis from ( bile canaliculi flow,  ( alk phos


B.
Decreased conjugation/secretion by hepatocyte:  early conditions of liver disease/hepatocyte necrosis  (CB : TB < 50%), hereditary 


C.
Hemolysis:  unconjugated hyperbilirubinemia ( no bilirubinuria

D.
Clinical Correlations:

1. Cholestasis:  hyperbilirubinemia, ( serum bile acids, ( serum alk. phos.

a. hyperlipidemia:  xanthoma (hamartoma) d/t ( cholesterol synthesis in hepatocytes

b. hypothrombinemia:  ( vitamin K absorption, hepatocyte injury ( ( prothrombin production

2. malabsorption syndromes:  ( bile excretion ( steatorrhea, ( fat solulbe vitamin absorption

3. Hereditary Hyperbilirubinemia:  (Table 19-2) 


Gilbert Syndrome
Crigler-Najar Syndrome
Rotor’s Syndrome
Dubin-Johnson Syn.

Onset
7% of US population:  asymptomatic familial unconjugated hyperbilirubinemia
type 1:   autosomal recessive


type 2:  autosomal dominant , variable penetrance
autosomal recessive
autosomal recessive

Pathology
-decreased glucuronyl transferase gene expression

-decreased uptake of unconjugated bilirubin by the hepatocyte

-normal liver
- total absence of  glucuronly transferase
-kernicterus ( severe brain damage 

-normal liver
-decrease in activity of glucuronyl transferase d/t disruption of signal peptide

-usually no effect, but possible kernicterus

-normal liver
-impaired uptake of UCB transport of CB out of the hepatocyte

-normal liver
-defect in excretion of bilirubin glucuronides into canaliculi

-pigmented hepatocytes w/ pigmented granules

Course
mild jaundice
lethal in infancy
jaundice
chronic or recurrent jaundice
chronic or recurrent jaundice

V.
Chronic Liver Failure:

A. Portal vein

1. congestion ( blood enters systemic circulation:  hemorrhoids, caput medussae, esophageal varicies (common cause of death in alcoholics)

2. ascities and splenomegally:  platelet sequestration, possible anemia d/t other cell type sequestration

B. Failure:   Secondary effects associated w/ portal hypertension

1. encephalopathy:  ammonia is meant to be detoxified in the liver and, if shunted around the liver, is toxic to the brain hyperammonemia ( tremors (asterixis:  arms, elbows extended, wrists flexed)( confusion, lethargy ( hepatic coma

2. hyperestrogen syndrome:  red palms (liver failure hands), spider angiomas, gynecomastia (men), testicular atrophy(men),
3. jaundice

4. coagulopathy:  ( clotting factors II, VII, IX, X and prothrombin production

5. pulmonary shunting (mechanism unknown) ( (O2 saturation

6. hepatorenal syndrome (mechanism unknown):  renal failure with no apparent pathology to the kidney; azotemia, oliguria

7. decreased synthetic functions:  carbohydrate, lipid metabolism, albumin

8. leakage of enzymes:  ALT, AST, LDH, AP

9. fetor hepaticus:  halitotis d/t the abnormal metabolism of methionine to mercaptans

10. hypoalbuminemia
C. Causes of liver failure in the U.S

1. alcoholism-  3 stage sequence(usually):  fatty liver (reversible) ( chronic, active hepatitis(reversible?) ( cirrhosis (irreverible)

2. viral hepatitis

3. toxic drug/chemical injuries

VI. Vascular Disorders causing liver disease

1. Pre hepatic causes ( Sn/Sx of esophageal varices, splenomegally, intestinal congestion

2. Portal Thrombosis:  not as severe as Budd-Chiari syndrome

a. extra hepatic causes:  abdominal cancer, peritonitis, pancreatitis w/ splenic vein thromboses, surgery

b. intra hepatic causes:  cirrhosis, cancer metastasis to the liver

i. results in infarct of Zahn:  not a full infarct, no necrosis, hepatocellular atrophy, hemostasis


2.
Liver Infarction:  lesions occur along the pattern of distribution of the hepatic artery (vs above)

a. thrombosis of large hepatic artery in polyarteritis nodosa (PAN)

b. embolus into the hepatic artery, atheroscerlosis, peritoneal sepsis

c. neoplasm compressing the hepatic artery: pancreatic cancer, lymphatic metastasis

1. Post hepatic causes

2. RHF:  3 step change in liver function/histology, lesions occur throughout the liver

a.
chronic passive congestion:  dilation of the sinusoids, centrilobular congestion ( hepatomegally



b.
central hemorrhagic (centrilbobular) necrosis: nutmeg liver, expansion of passive congestion

1. dilation and rupture of centrilobular sinusoids

2. atrophy and necrosis of hepatocytes around central veins

bridging necrosis between lobules

c.
cardiac sclerosis of the liver (fibrosis follows pathways of stage 1 and 2)

1.
sinusoids are replace w/ collagen fibers




2.
bridging fibrosis between lobules 

3. 3.
severe Sx of portal HTN

4. Hepatic vein thrombosis (Budd-Chiari syndrome):  chronic liver failure similar to RHF hepatic Sx (chronic). 

a.  chronic  or acute:  usually causes death.  

b. abdominal pain, hepatomegally, portal HTN w/ ascities

c. causes:  invasive tumors (hepatocellular carcinoma), liver infections, polycythemia vera (myeloproliferative disorders), DIC, pregnancy, postpartum state, OCP

VII. Hepatic Infections

A. 2( infections

B. nonhepatotrophic viruses

C. hepatotrophic viruses

See Figure 19-9


Hepatitis A
Hepatitis B
Hepatitis C
Hepatitis D

Description


RNA virus
DNA virus
RNA virus
Incomplete viron:  cannot infect alone

Sn/Sx


malaise/fatigue, anorexia, nausea 

-abdominal discomfort ( hepatomegally: aggravated by eating, lying on R side; bloating, heartburn, possible low grade 

-fever (depending on viral load)

-jaundice:  1/3 of cases

-urticaria:  up to 50%, esp. w/ B, C, D

-edema, ascities:  end stage

-dark urine:  bilirubinuria

Onset


-oral fecal route

-STD becoming more common (anal intercourse)  in US and Canada

-poor personal hygeine

-overcrowded areas w/ close contact

-contaminated food, water (shellfish), milk

-50% of US pop by age 50 has been exposed
non-parenteral/ body fluids:  IV drug use, blood/blood products, sexual contact

carrier populations:  Asian populations


non-parenteral/ body fluids:  IV drug use, blood/blood products

-accounts for >90% of transfusion associated hepatitis

-sexual and vertical transmission are infrequent

-40% unknown transmission


non-parenteral/ body fluids:  IV drug use, blood/blood products, sexual contact

Course
-3 to 6 week incubation

-99% complete recovery 

-1% fulminant hepatitis

-no carrier state
-fecal HAV appears 

 during IgM phase

-IgG remains raised for 

 life w/ permanent  

 immunity
-incubation:  4-24 weeks (mean of 6-8 weeks)

-not cytopathic:  cell destruction is due to cytotoxic T cells 

-90% recovery, 10% go chronic (( nzms, Ag’s > 6 months):  

-acute hepatitis (25%): 2-4 mo. after exposure, HBs Ig elevates for life

   -99% recover, 1% fulminant(death

-subclinical disease (65%):  few Sn/Sx, labs indicate infection

-carrier state:  often w/ vertical transmission to new born 

   -healthy carrier (5%):  HBs antigen demostrable w/o Sx, HBs Ig never 

    develops, HBe antigen drops

   -drug addicts, Down’s syndrome, leprosy, CLL, male homosexuals, health 

    care workers
-persistent infection (4%):  HBs antigen elevated for life (  HBs Ig never 

    develops, persistence of HBsAg > 6 months, HbeAg nad HBV DNA

     -67-90% recover

     -10-33% develop chronic hepatitis

          -20-50% develop cirrhosis ( death

               -10% develop hepatocellular carcinoma ( death   

-2-12 weeks:  ( liver enzymes

HBs Ig- Ag IC’s ( type 3 HSR (  Sx similar to SLE:  deposition into synovial membrane, glomerulus, BM of blood vessels 
-incubation 2- 26 weeks (mean of 6 – 12 weeks)

-acute phase is milder than HBV

-15% recovery

-85-90% go chronic  

   -30-50% develop severe 

   liver  disease (cirrhosis, 

   hepatocellular carcinoma 

   over 5-10 years)
-req HBV to superinfect or coinfect

-poor prognosis for HBV, ( rate of cirrhosis, hepatocellular carcinoma

Lab Dx
-( Ig M:  acute infection, at onset  of Sx (3-5 mo.)

-( IgG:  past exposure, convalesence

-viral loads:  ( transmission w/ ( viral load

-(AST, (ALT

-AST:ALT < 1
-Antigens:

-HBsurface:  appears   1st    

 shortly after LV nzms, 

 declines 3-6 months

-HBcore: detectable  

  only in liver

-HBe:  appears 2nd , indicates infectivity
-Anitbodies
anti-HBs: IgG, rises last when acute 

   phase is over, indicates recovery

anti-HBc:  rises 1st, shortly before onset 

   of Sx and w/ rise in liver enzymes; IgM 

   initially, replaced by IgG over months

   -remains high in chronic cases

anti-HBe:  rises 2nd, after HBe disappears indicating acute phase is waning
-up to 6-12 weeks to pick up detectable Ig levels 

-anti HCV IgM, IgG w/ 

 recovery

-not correlated to liver enzymes,  viral loads:  fluctuate drastically

-liver biopsies




-( IgM

-recovery:  ( Ag’s, ( Ig’s

-viral load testing:  follows progression, correlated w/ prognosis



Hepatitis E is similar to hepatitis A.  


D.
Carrier State:  an individual w/o Sx who harbors and can transmit the virus.

1. Healthy carrier:  no Sn/Sx

2. Chronic liver disease but  no Sn/Sx

3. Who becomes a carrier:

a. for HBV, infection early in life causes a carrier state 90-95% of the time.

b. immunocompromised are likely

c. adults only 1-10% of the time

E. 
Acute Hepatitis:

1. HAV (45%), HBV (30%), HCV (25%)

2. Course

a. incubation:  asymptomatic, peak infectivity during last few days and first few days of preicteric phase

b. symptomatic preicteric phase: constitutional Sx, distaste for coffee or cig’s, ( LDH

c. symptomatic icteric phase:  jaundice, hyperbilirubinemia, darker urine, pruritis, mildly ( serum alk phos.

d. convalescence

3. Morphology

a. swelling and regeneration ( lobular disarray/fragmentation

b. apoptosis ( isolated hepatocyts round up to form shrunken, pyknotic, intensely eosinophilic Councilman bodies containing fragmented nuclei

c. hyperplastic, hypertrophic Kupffer cells containing councilman bodies

d. bi/tri-nucleated hepatocytes

e. bile stasis:  bile lakes, plugs

F. Chronic Hepatitis

1. Sn/Sx last > 6 months

2. Chronic Persistent Hepatitis:  

a. no progressive liver damage

b. episodic mild jaundice

c. slightly elevated nzms

d. inflammatory cells only in portal triads

e. ground glass hepatocytes:  finely granular eosinophilic cytoplasm w/ HBs Ag

3. Chronic Active Hepatitis

a. chronic inflammation and necrosis ( cirrhosis ( hepatocellular carcinoma

b. morphology

i. severe portal tract inflammation w/ plasma cells

ii. inflammatory cells w/in lobules ( piece meal necrosis d/t random location of inflammatory cells

iii. proliferation of bile ducts in triads

iv. progressive periportal fibrosis  ( bridging necrosis/fibrosis connecting portal tracts or central veins 

G. ___________________________________________________________________________________________________________________

VIII. Cholangitis is inflammation of the bile duct resulting in inflammation of the portal triads (fever, jaundice, pruritis, ( WBC, (AST and ALT, ( alk phos- indicator of bile duct epithelial damage).  Jaundice is caused by narrowing of the bile duct inducing bile to back up into the bloodstream.


1. Causes:  Inflammatory bowel diseases: Crohn’s disease, UC; bacteria:  bacteremia, GN’s from intestine , pancreatitis

2. Intraductal form:  pus in ducts, bile stasis, stones?, enteric bacteria?

IX. Liver Abscess:  E. coli > (Klebsiella, Staph > Strep)?

read in the book, as well as schistosomiasis

X. Drug Injuries:  cytochrome P450, 2-5% of all jaundice in the hospital (i.e. halothane); can lead to cancer, chronic active hepatitis

XI. Cirrhosis 

1. Features:  transformation of Ito cells (perisinusoidal stellate cells) into myofibroblasts
2. Kupfer cells release cytokines when hepatocytes become necrotic which stimulate the Ito cells.  

3. In turn, the Ito cells cause fibrosis resulting in a loss of normal architecture w/ fibrotic bands forming from lobule to lobule working outward from the portal triads (bridging fibrosis).  

a. types I and IIII collagen are deposited in the lobule in the space of Disse creating septal tracts

4. normal  types I and III collagen  is located in portal tracts, around central veins  and some in the space of Disse

5. Parenchymal (hepatocytic) nodules form from regeneration due to the lack of sinusoid architecture created by the fibrosis.  This is a temporary stage as hepatocytes are encircled by collagen.  

a. The condition progresses to the micronodular form then to the macronodular form.  

b. Secondary changes include cholestasis, inflammation of portal triads as well as the proliferation of bile ducts in the portal triads.

a. New septal vasculature connect the portal veins/hepatic arteries to hepatic veins, shunting blood around the parenchyma

b. continued deposition in the space of Disse( loss of fenestrations in sinusoidal epithelial cells ( impairment of exchange

c. Ito cells also acquire myofibrils ( constrict the sinusoidal vascular channels ( ( hepatic vascular resistance
Classifications
Description
Affect
Changes

Hemochromatosis
Fe depostition in the parenchymal cells (vs hemosiderosis where Fe is deposited in macrophages

1(-  autosomal  recessive, assoc w/ HLA-A3 (70%) ( ( Fe 

       binding protein
2(- defect in Fe metabolism:  hemolytic anemia w/ 

      ineffective erythropoiesis, transfusions, red wine, 

      hyperactive BM, Fe-containing drugs, ferric to ferrous ( 

      Fenton reaction ( lipid peroxidation ( cell death d/t OH.
-Sx usually appear in 5th to 6th decade of life;  5-7 M : 1F

-significant cell death 

-affected adrenal (melanin  deposition) and pancreas (fibrosis ( diabetes) ( “bronze diabetics” (75-80%)

-sig. ( in risk  liver cancer (1( COD)

-restrictive cardiomyopathy
micronodular

cirrhosis

Biliary Cirrhosis
1(- portal triads:  mid aged women, 10 F: 1 M

     AI dz ( ANA’s, anti-mitochondrial Ig’s (>90%), anti-   

     smooth mm Ig’s (>70%)

2(- bile duct obstruction:  cholangitis, stones, etc.
-periportal fibrosis

-granulomas

-Sjogren’s sydnrome:  dry eyes and mouth 

-Sn’s of liver dysfunction/hyperbilirubinemia:  jaundice, clay stools,  

 malabsorption, etc. 
micro- and macronodular

cirrhosis, Mallory bodies

Postnecrotic
drugs/chemicals

severe micro-nodular  cirr. 

Wilson’s Disease
-autosomal recessive:  gene prevents Cu secretion into bile   

   ( CAH   ( impaired ceruloplasmin synth.  ( ( serum Cu 

   ( deposition of Cu in basal ganglia/lenticular n. (putamen)

-total Cu is not elevated

-Cu nec. for lysyl hydroxylase ( collagen cross-linking

-Cu chelated by penicillamine, EDTA ( affects wound repair
-Sx usually appear before age 6

-basal ganglia:  athetosis (alt. F/E of ext.), chorea

-liver changes:  fatty liver, acute hep., chronic active hep., cirrhosis

-Kayser-Fleischer ring:  deposition of Cu at the limbus (corneal scleral jxn) in Descemet’s membrane, greenish-yellow hue
fatty change, cirrhosis d/t chronic hepatitis, Mallory bodies

(-1-AT deficiency
-autosomal recessive:  childhood (more severe) and adult form
i. -hepatic:  anywhere from neonatal hepatitis to childhood cirrhosis to smoldering CAH and cirrhosis apparent only late in life.

j. -emphysema:  lack of inhibition of neutrophil elastase
k. round, globular inclusions

cardiac cirrhosis (RHF)
l. passive congestion and centrilobular necrosis
m. not truly cirrhosis but an uncommon complication of sustained chronic severe CHF ( distinctive pattern of centrilobular fibrosis
n. no nodulse

carcinomatous cirrhosis




syphilitic cirrhosis
o. tertiary syphilis-  Laennec’s cirrhosis



1. Indian childhood cirrhosis
p. elevated Cu in the liver associated w/ milk boiled and stored in Cu or brass vessels.

q. Mallory bodies

r. B.
Clinical Features:  Sx of chronic liver failure

1. Hyperestrogen syndrome:  red palms, spider angiomas (1( chest), gynecomastia, gonadal atrophy, amenorrhea, changes in body hair patterns

2. Dupuytren’s contracture (sometimes):  contraction of the hand flexors causing formation of a claw-like shape of the hand (not in other liver disorders)

3. bleeding disorders

4. hepatorenal syndrome

s. hepatic encephalopathy ( coma

5. hypoglycemia:  failure of gluconeogenesis, destruction of glycogen storage capability

6. chronic respiratory alkalosis:  toxic blood products d/t liver failure stimulate respiratory centers in the brain, 2( to metabolic alkasosis

a. portal HTN:  

t. causes: 

u. prehepatic causes:  portal vein thrombosis, ( flow from the spleen (splenomegally:  CML, extramedullary hematopoiesis)

ii. intrahepatic causes:  cirrhosis, schistosomiasis, sarcoidosis, miliary TB 

iii. posthepatic causes:  RHF, Budd-Chiari syndrome (hepatic vein thrombosis, pos. d/t DIC), constrictive pericarditis

i. clinical features

ii. ascities:  ( albumin production/ accumulation of fluid in portal vein ( ( vascular onoctic pressure/ ( hydrostatic pressure ( ( fluid perfusion into the tissue space ( engorgement of the lymphatics

iii. portosystemic shunts:  hemorrhoids, esophageal varicies, caput medusae

iv. splenomegally

A. X.
Alcoholic Liver Disease accounts for ~ 70% of cirrhosis occurring mostly around 50 yrs.  Only 15% of alcoholics get cirrhosis.

1. Stages:  Fatty liver ( alcoholic hepatitis ( alcoholic cirrhosis

2. Fatty liver:  ( FA’s, TG’s causing hepatocytes to resemble adipose cells and is reversible

3. Alcoholic Hepatitis:  centrilobular inflammation (vs. viral hepatitis) w/ neutrophils, swollen hepatocytes and fibrosis around the central vein.  Mallory bodies form in the hepatocyte due to accumulation of cytokeratin from intermediate filaments of the cytoskeleton

1. Pathogenesis:  EtOH ( acetaldehyde (ADH- cytosol, NAD+) ( acetate (aldehyde DH- mitochondria).  

2. Accumulation of acetaldehyde in the cytosol has toxic effects. 

a. Alcohol consumption consumes NAD+/produces NADH ( impaired hydrogen transport from the TCA cycle inhibiting oxidative metabolism ( ( lactic acid, ( (-oxidation ( ( lipoprotein synthesis, ( lipid synthesis

b. Acetaldehyde binds to Lys residues of proteins:  tubulin is rich in Lys and is present in intermediate filaments (cytokeratin).  This disruption of the cytoskeleton results in diminished transport of substances from the RER to the Golgi resulting in decreased protein synthesis and lipid metabolism (( (-oxidation, impaired lipoprotein synthesis ( ( TG mobilization)
i. Also, binding of acetaldehyde to proteins creates a neoantigen ( Type 2 HSR:  hepatocytes are coated w/ IG and are destroyed (ADCC).  Kupfer cells secrete IL-1, IL-6 and TNF.




-AST-  mitochondrial enzyme:  indicates mitochondrial damage ( alcoholic hepatitis




-ALT-  cytosolic enzyme  ( viral hepatitis

c. 

c.
Acetate is converted to acetyl-CoA ( fatty acids ( ketone bodies

3. Atabuse neutralizes ADH causing ingestion of alcohol to create illness.

A. Liver Neoplasia: 

B. Benign Tumors: nodular hyperplasia (hamartoma), regenerative hyperplasia (nodules), adenoma

1. Metastatic:  1(, 2(, hepatoblastoma, angiosarcoma

a. 1( - hepatocellular carcinoma:  

b. high association w/ HBV, HCV and cirrhosis

c. make AFP

d. freq. paraneoplastic syndromes (i.e. hypercalcemia)

XII. 
2.
metastatic tumors:  most common; from GI, breast, lung, pancreas, melanomas

