Pathology Block III Study Guide

Hematopoiesis

1. Contrast the nature of hematopoietic sites in the fetus vs. the adult.

· Fetus = liver, bone marrow, and spleen (?)

· Adult = bone marrow only (if no bone marrow pathology)

2. Define extramedullary hematopoiesis.

· Making blood cells somewhere other than the bone marrow (liver, spleen)
3. Recognize the roles of hematopoietic growth factors.

· Stem cell factors (c-kit ligand, flt3-ligand) – stimulate production of pluripotent stem cells

· EPO (erythropoietin)

· Made by kidneys and liver
· Stimulates erythropoiesis and megakaryocytopoiesis (problems with EPO will be manifested as RBC and platelet changes)

· GM-CSF (granulocyte/monocyte colony stimulating factor)

· Made by T cells and stimulated by fibroblasts, monocytes, and endothelial cells

· Stimulates formation of granulocytes and monocytes from G/M-CFU

· Interleukins

· Hematopoietic cofactors from monocytes, lymphocytes, fibroblasts, and endothelial cells

· IL-3 stimulates CFU-S (the myeloid stem cell)

· IL-5 stimulates CFU-Eo (eosinophil stem cells)

· Thrombopoietin – regulates megakaryocytopoiesis

4. Compare the circulating lifespans of RBCs, neutrophils, and platelets.

· RBC = 120 days

· Neutrophils = 6-12 hours (longer in marginated pool)
· Platelets = 7-10 days

5. Understand the anatomy and morphology of normal bone marrow.

· Anatomy

· Bony trabeculae

· Network of thin-walled sinusoids lined by endothelial cells, through which differentiated cells enter the blood stream

· Clusters of fat cells (yellow marrow) and hematopoietic cells (red marrow) are supported by a reticulin meshwork (red marrow is everywhere in a newborn’s skeleton, but is only found in the axial skeleton of adults)

· The release of mature blood cells into the bloodstream is regulated by endothelial cells lining the marrow sinusoids (this isn’t found in extramedullary hematopoiesis, so immature cells will be found in the peripheral blood if that is going on)

· Morphology

· There should be progressive maturation of all blood cell lines

· Non-hematopoietic bone marrow elements

· Osteoblasts – look like plasma cells, but plasma cells don’t have nuclei, granular pink cytoplasm, or line up next to the trabeculae

· Osteoclasts – multinucleated (that’s how you can tell them from megakaryocytes)

6. Recognize the significance of cellularity, myeloid to erythroid ratio, and quantitation of storage iron as used in bone marrow examination reports.

· The volume of hematopoietic cells is expressed as a percentage, which can be roughly figured by [(100-age) +/- 10]%

· The myeloid to erythroid ratio should normally be about 1.5-3:1

· Storage iron (hemosiderin)

· Stored in 30-40% of RBC precursors (called sideroblasts)

· Present in macrophages

Anemia

1. Utilize CBC parameters to categorize numerical D/O of RBCs.

· RBC count – normally 4.1 – 5.3 X 106 per mm3
· Hb – normally 12.0 – 17.5 g/dL
· HCT

· Normally 36 – 53

· May be measured directly (“spun crit”) or calculated (MCV X RBC ÷ 10)

· Mean corpuscular volume

· This is the average size of the RBCs (normal = 80 – 100)

· Microcytic = decreased MCV

· Normocytic = normal MCV

· Macrocytic = increased MCV

· Mean corpuscular Hb – normal = 26 – 34

· Mean corpuscular [Hb]

· MCHC = (Hb ÷ HCT) X 100 (normal = 30 – 36

· Hypochromic = decreased MCHC

· Normochromic = normal MCHC

· Hyperchromic = artifactual

· RBC distribution width – variation in RBC size (i.e., anisocytosis)

· The rule of 3’s

· RBC X 3 = Hb ± 3

· Hb X 3 = HCT ± 3

2. Compare and contrast features of intravascular and extravascular hemolysis.

· Intravascular

· From normal RBCs being damaged by mechanical injury, complement fixation, or exogenous toxins

· See anemia, jaundice, increased LDH, decreased serum haptoglobin (which binds up the toxic free Hb…decreased serum haptoglobin is pretty specific for anemia), hemoglobinemia, hemoglobinuria, and hemosiderinuria

· Free Hb and metHb will be seen in serum and urine when haptoglobin is depleted

· Extravascular

· Occurs when RBCs are rendered “foreign” or become less deformable

· RBC destruction occurs in the mononuclear phagocyte system (mostly spleen, some liver)

· See anemia, jaundice, increased LDH, and normal to mildly decreased serum haptoglobin (since hemolysis is occurring outside of circulation, free Hb is not released in great amounts)

· Hemoglobinemia or hemoglobinuria are absent or minimal

· Splenomegaly may occur due to hypertrophy of the RES

3. Recognize the differences between the etiologies of the hemolytic anemias.

· Hereditary RBC membrane d/o

· Hereditary spherocytosis

· Most frequent; due to decreased RBC deformability due to abnormalities of the cytoskeletal protein spectrin (and/or ankyrin)

· AD inheritance in 75% of cases; AR inheritance associated with more severe disease (may come from a spontaneous mutation, so don’t rely on family history)

· C/S: jaundice, splenomegaly, pigment gallstone formation, and mild to moderate chronic hemolysis which may be worsened by infection, resulting in a hemolytic or aplastic crisis

· May be confirmed with an osmotic fragility test (lysis in hypotonic saline), but this is not specific…the diagnosis is one of exclusion

· Splenectomy may be beneficial if hemolysis is severe

· Hereditary elliptocytosis – similar to spherocytosis and is also due to an abnormal RBC structural protein

· RBC enzyme defects

· RBCs can’t handle oxidative damages as well

· Can come about from abnormalities in the hexose shunt or in glutathione metabolism

· The most frequent cause is G6PD decrease
· G6PD-A- is found in 10% of American blacks and causes mild hemolysis with exposure to oxidants like quinacrine, sulfonamides, etc

· G6PD-Mediterranean produces more severe hemolysis

· Both are X-linked; gene persistence through anti-malarial effect

· Pitting of Heinz bodies (little clusters of altered Hb) from affected RBCs by the RES leads to the formation of schizocytes (“bite cells”), spherocytes, and eventual hemolysis

· A diagnosis may be suggested by a (+) Heinz body stain (crystal violet, which stains denatured Hb) and confirmed by measuring G6PD levels
· Other enzymopathies include deficiencies of pyruvate kinase, hexokinase, and glutathione synthetase

· D/o of Hb synthesis – see #3 and #4

· Sickle cell anemia

· Thalassemias

· Acquired RBC membrane defects – paroxysmal nocturnal hemoglobinuria
· Rare and acquired

· Unknown etiology; comes from a somatic mutation of affecting a pluripotent stem cell

· RBCs, granulocytes, and platelets are very sensitive to complement-mediated lysis due to a lack of 3 normal membrane proteins: decay accelerating factor (CD55), membrane inhibitor of reactive lysis (CD59) and a C8-binding protein; hemolysis may worsen at night

· Chronic hemosiderinuria may lead to iron deficiency

· Nonlytic complement interactions with granulocyte and platelet membranes predispose to infections and thrombosis (especially in the hepatic, portal, and cerebral veins)

· There is an increased risk for aplastic anemia and acute leukemia because this is a stem cell d/o

· Diagnosis can be suggested by a (+) sucrose hemolysis test and confirmed by performing an acidified serum test (Ham’s test) – flow cytometry of WBC and RBC levels of CD55 and CD59 is currently the gold standard

· Median survival is 10 years

· Extrinsic (extracorpuscular) abnormalities resulting in hemolysis

· Ab-mediated hemolysis, immune hemolytic anemias

· Isohemagglutinins

· These are from pre-formed Ab to non-self Ag

· Examples are transfusion reactions and erythroblastosis fetalis

· Autoimmune hemolytic anemia

· These come from anti-RBC Abs

· A (+) direct Coomb’s test indicates the presence of RBC-bound immunoglobins (an indirect Coomb’s test looks for these AB in the serum)

· Warm Ab type

· Idiopathic (1°) in 50% of patients; the other 50% is associated with drug exposure (e.g., quinidine, -methyl dopa, penicillin, cephalosporins), lymphoma or leukemia (will see monoclonal Abs), carcinoma, or an autoimmune syndrome (especially SLE)

· Abs are IgG, active at 37°C, and do not fix complement
· Hemolysis is extravascular from the spleen destroying RBCs coated with Abs; spherocytosis and splenomegaly (from RES hyperplasia) may be present

· Possible mechanisms for drug-induced hemolysis

· Hapten model: Ab directed against drug/RBC membrane complex

· Immune complex model: Ab directed against drug/plasma protein complex which cross reacts with RBC membrane Ag

· AutoAb model: autoAbs directed against intrinsic RBC membrane Ags

· Cold agglutinin type

· AutoAbs are IgM, bind to RBCs at low temps (0-4°C) and cause RBC agglutination (this screws up the rule of 3’s; MCHC will also be screwed up…will see increased WBCs [because the agglutinated RBCs register as WBCs], decreased RBCs, and no change in Hb – sample must be reheated to 37°C before analysis)

· Seen acutely with infection with Mycoplasma pneumoniae (Abs directed against I-blood group Ag) and EBV (Abs against i-blood group Ag); hemolysis is usually minimal and self-limited

· Chronic disease may be seen with Hep-C infection, in lymphoproliferative syndromes (Abs will be monoclonal), or may be idiopathic; hemolysis and resultant anemia are variable

· Exposure to cold temperatures can lead to agglutination and subsequent vascular obstruction (Raynaud’s phenomenon)

· Paroxysmal cold hemoglobinuria

· Causes acute intermittent massive hemolysis with cold exposure
· IgG autoAb are directed against the P-blood group Ag and bind complement at low temperatures

· At 37°C, the Abs are released, but complement activation and intravascular hemolysis occur; this biphasic Ab is referred to as the Donath-Landsteiner Ab (used to be associated with syphilis; now seen with measles, mumps, Mycoplasma pneumoniae, and ill-defined viral illnesses)

· Usually self-limited

· Attacks are associated with hemoglobinuria, muscle pain, and F

· Erythrophagocytosis by neutrophils may be seen in peripheral smears

· Mechanical trauma to RBCs

· Microangiopathic hemolytic anemias

· Hemolysis is from narrowing or obstructions in microvasculature

· Will see things that look like bite cells as well as small fragments of RBCs

· DIC

· The presence of microthrombi in capillaries

· Always secondary; may be seen with metastatic malignancies, sepsis, severe burns, etc

· HUS

· F, ARF, and thrombocytopenia

· There is deposition of microthrombi in renal arterioles and glomerular capillaries due to endothelial damage

· Can come from infection with enterics or S. pneumoniae in kids or with pregnancy, autoimmunity, or immune suppression in adults; it carries a better prognosis in kids

· Thrombotic thrombocytopenic purpura (TTP)
· Like HUS, but there’s also CNS C/S

· Most common in young adults, and is seen more often in women

· Used to be 90% fatal; early recognition and treatment with plasmapheresis has dropped the mortality

· Malignant HTN (narrowing of arterioles)

· Renal cortical necrosis

· Necrotizing arteritis (SLE)

· Kasabach-Merrit syndrome (from formation of microthrombi in a congenital giant cavernous hemangioma)

· Cardiac traumatic hemolytic anemia (AKA macroangiopathic hemolysis)

· Diseased or mechanical valves damage RBCs

· The biggest problem was the ole ball in cage heart valve

· Infections resulting in hemolysis

· Malaria

· From Plasmodium vivax, P. ovale, P. malariae, and P. falciparum (it is important to diagnosis P. falciparum infection quickly because it is rapidly fatal)

· Parasitized RBCs rupture, leading to anemia

· Babesiosis

· Looks like malaria, but is seen in people who haven’t left the US

· Parasite is tick-borne

· Chemical injuries resulting in hemolysis

· Lead poisoning

· Lead interferes with aminolevulinic acid dehydratase and ferroketolase, which are involved in incorporating iron into the heme molecule

· Instead, the iron is put into zinc-protoporphyrin or free erythrocyte protoporphyrin, both of which are increased

· There is a microcytic, hypochromic, hemolytic anemia with coarse basophilic stippling of the erythrocytes

· Other chemicals like sulfas, pyridium, furadantin, salicylates, mothballs, arsine, copper, etc

· Sequestration in the mononuclear phagocytic system – hypersplenism

· Comes from RES hyperplasia

· Potential complication of sickle cell anemia

· WBCs and platelets are also trapped in the spleen, leading to leukopenia and thrombocytopenia

4. Understand the clinical significance of the major hemoglobinopathies and the lab tests used in their diagnosis.

· All result in hemolytic anemia

· Sickle cell anemia

· Hemolysis and anemia due to decreased deformability of RBCs due to crystallization of HbS under conditions of low O2 tension

· Comes from a point mutation, resulting in substitution of Val for Glu at the 6th position of the -globin chain
· Diagnosis from seeing sickled RBCs in peripheral smear (not too specific) and confirmed with a sickling test (put RBCs into O2-poor test tube and look for sickling) and by looking for mobility of HbS on acidic Hb electrophoresis (HbD and HbG cannot be separated by either acidic or basic electrophoresis)

· About 8% of American blacks are heterozygotes; they are asymptomatic unless exposed to severe hypoxia, as they have an [HbS] of about 40%

· Homozygotes have most of their Hb as HbS

· Deoxygenated HbS polymerizes, leading to the formation of drepanocytes (sickle cells); sickling of the cell causes membrane damage, chronic hemolysis, and occlusion of small vessels with ischemic tissue damage

· Newborns won’t show the disease until 5-6 MOA, as HbS won’t polymerize with HbF (or with any other Hb for that matter; people who are heterozygous for HbS and another variant Hb have a much less severe anemia that those who are only heterozygous for HbS)

· MCHC

· Increasing MCHC (such as with dehydration) leads to increased sickling

· Decreasing MCHC (as would occur with a co-existing thalassemia) lessen the severity of the anemia

· Decreasing the pH increases the amount of deoxygenated Hb present, which encourages sickling

· Sickling may at first be reversed with oxygenation, but as the amount of sickling an RBC is exposed to increases, the amount of membrane damage increases, leading to irreversibly sickled cells, which are sequestered and destroyed in the spleen (there may be some intravascular hemolysis from the mechanical fragility of the sickled cells)

· Chronic hemolysis can lead to formation of pigment gallstones (from increased amounts of BR), and frequent transfusions can lead to iron overload (hemosiderosis)

· If the RBCs are trapped in the liver, sickle cell “cirrhosis” may occur

· The bone marrow is hypercellular from erythroid hyperplasia and there is peripheral reticulocytosis (if there is no reticulocytosis, be very afraid, because that means that the patient’s bone marrow has shut down)

· Marrow expansion can lead to the “crew cut” look of the skull on X-Ray

· Extramedullary hematopoiesis may be seen in the spleen and liver (“leukoerythroblastosis”)

· Kids may have mild splenomegaly; chronic erythrostasis leads to splenic infarction, scarring, and eventually autosplenectomy

· Infarctions from vessel occlusion may also be seen in the bones, brain, kidney, liver, lung, and retina; vascular stagnation in the sub-q tissues of adults leads to stasis ulcers

· People with sickle cell anemia are very susceptible to blood borne infection and infection with encapsulated m/o (septicemia and meningitis from S. pneumoniae and H. influenzae are the 2 most common causes of death in kids with sickle cell anemia) due to splenic dysfunction

· Patients are also very susceptible to Salmonella osteomyelitis (maybe because the bone pain from ischemia resulting from a sickling crisis may be hard to tell apart from the pain of osteomyelitis – sickling patients should be put on a course of prophylactic a/b)

· Crises

· Vasoocclusive crisis (painful crisis)

· Come from things that favor sickling

· Commonly involve bones, lungs, liver, brain, spleen, and penis (priapism)

· Involvement of lungs may present with F, cough, chest, pain, and a pulmonary infiltrate (this is called acute chest syndrome and is hard to tell apart from pneumonia)

· CNS hypoxia can cause stroke or seizures

· Aplastic crises – marrow temporarily stops working; triggered by infections and/or nutritional deficiencies

· Sequestration crisis

· May be seen in kids with splenomegaly and in adults whose spleens haven’t undergone autoinfarction

· Massive RBC sequestration leads to rapid splenomegaly, hypovolemia, and maybe shock

· Any of these crises can be fatal, but they may be reversed with transfusion, rehydration, and treatment of infection

· Can use hydroxyurea to induce the formation of HbF and lessen sickling

· Other variant Hbs (such as HbC, HbG, etc); can be separated by electrophoresis

· Unstable Hb variants, such as Heinz body hemolytic anemia

· Hbs with altered O2 affinity

· Thalassemias (see #4)

5. Understand the clinical significance of the thalassemia syndromes and the lab tests used in their diagnosis.

· Problems with the thalassemias come not only from the low intracellular [Hb] (hypochromia), but also the excess of other unaffected globin genes

· -thalassemia

· Most frequent in people from Mediterranean countries, Africa, and southeast Asia where heterozygotes are protected against malaria from it

· There are 2  globin genes, with one being located one of the two chromsome 11s; there are 2 -thalassemia gene variants

· °, associated with complete absence of  globin chains in the homozygous state

· +, associated with reduced  globin synthesis in the homozygous state

· Most mutations producing -thalassemias come from point mutations

· Reduced synthesis of  globins leads to decreased formation of HbA

· The extra, un-paired  chains aggregate and precipitate within RBC precursors as insoluble inclusions

· The resultant cell membrane damage and impairment of DNA synthesis cause destruction of RBC precursors in the marrow (this is called ineffective erythropoiesis)

· EPO secretion in response to ineffective erythropoiesis leads to hyperplasia of the marrow, with resultant skeletal abnormalities and extramedullary hematopoiesis; dietary iron absorption is also increased excessively (never give a thalassemia patient Fe; it will make them worse and may lead to hemosiderosis

· Marked hepatomegaly and splenomegaly may result from the hypertrophy of the RES secondary to active erythrophagocytosis and from extramedullary hematopoiesis

· Homozygous individuals for either -thalassemia gene have severe, transfusion-dependent anemias (called -thalassemia major)

· Severe anemia develops 6-9 months after birth when HbA takes over as the major Hb

· Peripheral smear findings

· There is marked anisocytosis (variation in RBC size), microcytosis, and hypochromia
· Codocytes (target cells; blob of Hb in the middle of the cell), basophilic stippling (from toxic effects of  chains), and fragmented RBCs (schizocytes/spherocytes; these aren’t seen in Fe-deficiency anemia) are common


· HbF and HbA2 will be increased as the body tries to compensate for the lack of  chains

· With transfusions and Fe chelators, survival has improved; marrow transplant from and HLA-identical sibling is the only current therapy that offers a cure

· Heterozygotes are usually asymptomatic (-thalassemia trait) or only mildly anemic (-thalassemia minor)

· Their peripheral smears show mild morphological abnormalities and microcytosis

· There will be more HbA2 and maybe a little more HbF

· Recognition of these peeps is important for genetic counseling and looking for cause of anemia in a patient

· -thalassemia intermedia

· Associated with moderately severe anemia, but not transfusion-dependant

· May be seen with mild variants of homozygous -thalassemia, severe variants of heterozygous thalassemia ((or ), and with double heterozygosity for  and (
·  thalassemia

· Will be expressed in feti, as  chains are needed for HbF

· In the newborn, the unpaired  globulin chains form tetramers called Hb Bart's; in the adult, the excess  globin chains form tetramers called HbH

· There are 2 pairs of  chain genes (i.e., 4 genes) on chromosome 16; the severity of the disease depends on how many genes are affected

· Most common thing that goes wrong is a deletion; each gene contributes about 25% of the  chains, and each can be deleted independently

· A silent carrier state results from deletion of one gene

·  thalassemia trait comes from deletion of 2 genes

· These patients may be slightly anemic, RBC microcytotic, but will have a normal electrophoresis, since all Hb types are equally affected

· The genes can be form the same chromosome (Asian type) or can be one from each of the chromosomes (African type); those with the Asian type are at an increased risk of producing messed up kids

· HbH disease

· Deletion of 3 genes

· Most common in Asian populations

· Moderate in severity, it may be confirmed by showing HbH on electrophoresis or by staining of RBC inclusions by brilliant cresyl blue

· Hydrops fetalis

· All 4 genes gone

· Without  chains, HbF cannot be formed; the free  chains form Hb Bart’s, which has a very high affinity for O2, not allowing it to be delivered to the fetus

· Results in intrauterine death
6. Recall the D/O which are characterized by microangiopathic hemolysis.

· HUS

· TTP

· DIC

· Malignant HTN

· Renal cortical necrosis

· Necrotizing arteritis (SLE)

· Kasabach-Merrit syndrome (from formation of microthrombi in a congenital giant cavernous hemangioma)

7. Recognize the differences between etiologies of anemia resulting from impaired RBC production.

· Stem cell failure

· Aplastic anemia

· Pancytopenia with marked bone marrow hypoplasia; splenomegaly and reticulocytosis is characteristically absent (because problems are in the bone marrow)

· Patients are at risk for bacterial infections (due to neutropenia), bleeding (from thrombopenia), and acute leukemia (this is a stem cell thing)

· Causes

· Most are idiopathic (65%)

· Most of the cases of known etiology follow exposure to myelotoxic drugs

· Other known causes are insecticides, whole body irradiation, and infections like HIV, CMV, EBV, VZV, parvovirus B19, and viral hepatitis

· If they are known, w/d of causative agents may be curative; marrow transplantation has been effective in younger patients, whereas older adults may benefit from immunosuppression

· Proposed mechanisms

· Immunologically-mediated suppression of marrow stem cells via the secretion of inhibitory cytokines like IFN- and TNF- by activated T cells (T cell response thought to be due to antigenic alteration of stem cells after exposure to environmental insult)

· Intrinsic abnormality of stem cells from genetic damage (supported by occasional transformation to acute leukemia)

· The environmental kind is more responsive to steroids

· Hereditary bone marrow aplasia (Faconi’s anemia)

· Rare, AR syndrome characterized by defects in DNA repair
· May also see hypoplasia of the spleen, kidneys, and bones (especially of the thumbs and radii)

· Kids with this are at high risk of developing leukemia and carcinomas

· Bone marrow transplant will cure anemia, but won’t decrease the risk for CA

· Pure red cell aplasia

· Acute forms may be seen with chronic pre-existing hemolytic anemia (infection shuts down the overworked marrow) or as a drug or infection-related d/o (these 2 affect previously normal marrow); these are usually self-limited and referred to as transient erythroblastopenia of childhood

· Chronic forms

· Diamond-Blackfan syndrome: idiopathic and hereditary; marrow transplant is the only treatment

· Associated with neoplasms like leukemia of large granular lymphocytes and thymoma (resection of thymoma may be curative in up to ½ of patients; in the others do plasmapheresis or immunosuppressive therapy)

· Anemia of renal failure

· Comes from decreased EPO production or from uremia and platelet dysfunction (latter may lead to bleeding and Fe deficiency)

· Recombinant EPO is helpful

· Anemia of endocrine d/o

· Usually mild and asymptomatic

· Seen with d/o of the thyroid, adrenal, nads, and pituitary

· D/o of erythroblast proliferation and maturation

· Megaloblastic anemias – see #8

· Myelodysplastic syndromes – see #8

· Fe deficiency – see #9

· Sideroblastic anemias

· Come from an Fe utilization defect with abnormal accumulation of hemosiderin in “ring sideroblasts” (Fe accumulates in the mitochondria around the nucleus)

· May be idiopathic, hereditary, or drug-induced

· Anemias of chronic disease – see #10

· Myelophthisic anemia – see #11

8. Differentiate causes of megaloblastic anemia from dysplastic maturational changes (megaloblastoid) of the myelodysplastic syndromes.

· Megaloblastic anemias

· Come from either a deficiency of vitamin B12 and/or folate (cofactors in the conversion of UMP to TMP during DNA synthesis) or interference with either one of the cofactors such that it cannot be used

· Peripheral smears will show marked anisocytosis (increased RDW), macroovalocytes (large, oval RBCs), and neutrophilic hypersegmentation (normal neutrophil nuclei have < 5 segments…these have many more); reticulocyte count is decreased and nucleated RBC precursors may be present

· Granulocyte and platelet numbers may also be decreased, as their maturation is also affected

· There is a decreased myeloid to erythroid ratio and the marrow is hypercellular due to a hyperplasia of erythroid precursors

· Ineffective erythropoiesis causes intramedullary and peripheral hemolysis

· Vitamin B12 deficiency

· Causes

· Most commonly from pernicious anemia
· Which comes from an idiopathic atrophic gastritis (which causes a lack of intrinsic factor) that is seen in the 5th – 8th decades of life (slightly more common in males)

· Pernicious anemia is characterized by a lack of intrinsic factor, which is essential for absorption of B12 in the terminal ileum

· Other causes are gastrectomy, malabsorption, competitive uptake by intestinal parasites (e.g., fish tapeworms), bacterial overgrowth in divertivuli, dietary deficiency (must be very prolonged), or increased requirements (e.g., pregnancy, hyperthyroidism, and disseminated CA)

· Neurological abnormalities (weakness and numbness progressing to paralysis) may be seen with B12 deficiency of any cause

· B12 is a cofactor in the conversion of methylmalonic acid to succinate; lack of B12 leads to accumulation of methylmalonic acid and propionate (a precursor), which cause the breakdown of the myelin sheath

· B12 is also a cofactor in the conversion of homocysteine to methionine; in the process, serum folic acid is converted into THF, which is needed for DNA production

· The DNA abnormalities from B12 deficiency can be corrected by giving a lot of folate, but the neurological abnormalities will remain or get worse
· Diagnosis can be done by measuring serum B12, demonstration of anti-parietal cell and/or anti-intrinsic factor Abs, gastric biopsy, marrow exam, and a Shilling’s test

· Shilling’s test

· Urinary excretion of radiolabeled B12 is measured with and without exogenous intrinsic factor

· Absence of B12 in the urine (which means it’s not being absorbed) that is corrected with exogenous intrinsic factor is seen with pernicious anemia and post-gastrectomy…this is not seen with other causes of malabsorption

· 3 types of Abs are seen in patients with pernicious anemia (not all may be seen)


· Blocking Abs: block B12 binding to intrinsic factor

· Binding Abs: reacts with IF and IF-B12 complex

· Anti-parietal cell canalicular Abs: blocks absorption at the microvilli

· The risk of gastric carcinoma is increased in adult patients with pernicious anemia
· Pernicious anemia is rarely seen in kids; when it is seen, it may display AR inheritance and there are no associated gastric abnormalities

· Folate deficiency

· Produces a megaloblastic anemia without neurological defects
· Causes: dietary deficiency (seen in alcoholics), malabsorption, increased requirement (e.g., pregnancy, disseminated CA), people taking folate blockers (e.g., methotrexate, mercaptopurines, cyclophosphamide) and losses with dialysis

· Diagnosis requires measurement of RBC [folate], as serum levels are quickly corrected with supplementation (the lifespan of the RBC allows one to get a more accurate picture)

· Congenital megaloblastic anemias – these are pretty rare and include pyridoxine (vitamin B6) and thiamine responsive megaloblastic anemias

· Dysplastic maturational changes (megaloblastoid) of myelodysplastic syndromes
· Megaloblastoid changes in the absence of B12 or folate deficiency

· These are macrocytic anemias that may or may not be seen with neutropenia, hypogranularity, thrombocytopenia, and/or monocytosis

· The marrow is hypercellular and may have increased amounts of ringed sideroblasts

· Many patients have chromosomal abnormalities and all are at an increased risk of infection and acute leukemia

· This is a diagnosis of exclusion…always try to treat for B12 and/or folate deficiency first, and then move onto looking for this if there is no improvement

9. Characterize the causes, lab diagnosis, and clinical significance of iron deficiency anemia.

· Fe deficiency is the most frequent nutritional d/o worldwide
· Most of the Fe is absorbed in the duodenum, and Fe balance is largely maintained by regulation of absorptive intake

· Forms of Fe in the body

· Functional components

· About 80% is in Hb

· Mb and Fe-containing enzymes like catalase and cytochromes contain the rest

· Storage components

· Ferritin

· Protein-Fe complex in liver, spleen, marrow, and skeletal muscle

· In the liver, most of the ferritin is found in the parenchyma and comes from plasma transferrin

· Elsewhere, ferritin is found in the macrophages and mostly comes from the breakdown of senescent or damaged RBCs

· Serum [ferritin] is a good reflection of body Fe stores, but it is an acute phase reactant and it can become elevated with acute inflammation, even with Fe dietary deficiency

· Hemosiderin

· Located in lysosomes
· This is what is mostly stained by special Fe stains (e.g., Prussian blue)

· Causes of (-) Fe balance and anemia

· Inadequate intake, poor absorption (e.g., sprue, gastrectomy), excessive demand (e.g., pregnancy), or chronic blood loss

· Chronic blood loss is the most frequent cause in the US and this includes excessive menstrual losses and GI tract loss from ulcers and tumors

· Effects of Fe deficiency are sequential

· Depletion of storage Fe, followed by decreased serum [Fe] and decreased transferrin saturation (it’s normally 33% saturated), which will show up as a high total plasma Fe-binding capacity

· Marrow sideroblasts disappear, leading to a microcytic, hypochromic anemia
· Decreased Hb synthesis leads to elevation of free erythrocyte protoporphyrin (may help tell Fe deficiency from other causes of microcytosis, such as thalassemias and anemia of chronic disease

· Depletion of Fe-containing enzymes may lead to koilonychias, alopecia, and atrophy of the tongue and GI tract mucosa, leading to malabsorption

· Plummer-Vinson syndrome: Fe deficiency anemia, atrophic glossitis and esophageal webs

10. Characterize the causes, lab diagnosis, and clinical significance of the anemia of “chronic disease.”

· Seen with chronic liver disease, inflammation, infection, autoimmune d/o, etc

· Usually normochromic and normocytic, but may be microcytic and hypochromic, and thus easily confused with Fe-deficiency 

· Serum [Fe] is low, but TIBC is reduced

· Serum [ferritin] and bone marrow stores are usually increased due to defective Fe reutilization

· Reversible with control of underlying disease

	Parameter


	Iron Deficiency


	Chronic Illness



	Serum Fe


	Decreased


	Decreased (normal in thalassemias)



	Transferrin


	Increased


	Decreased (what’s there isn’t functionally normal)



	Transferrin Saturation (%)


	Decreased


	Decreased/Normal (Fe won’t bind)



	TIBC of Transferrin


	Increased

	Decreased/Normal (due to dysfunctional transferrin)



	Ferritin


	Decreased (unless there’s inflammation)


	Normal/Increased (depends on how much useless Fe is trapped in the marrow)



	Free Erythrocyte Protoporphyrin


	Increased (no Fe to complex it and make Hb)


	Normal



	Anisocytosis (RDW)


	Increased


	Normal




11. Recognize the clinical significance of myelophthisic anemia.

· From space occupying lesions that destroy significant amounts of bone marrow

· Seen with metastatic CA, multiple myeloma, leukemia, osteosclerosis, lymphomas, and myelofibrosis

WBC Disorders

1. Utilize CBC parameters to categorize numerical d/o of WBCs.

· Leukopenia

· Neutropenia: decreased in absolute numbers of neutrophils (normal neutrophil count = 2,500-7,000/mm3; serious infections may occur if < 500/mm3)

· Lymphopenia

· Decrease in number of lymphocytes (normal = 1,000 – 4,000/mm3 in adults and up to 8,000/mm3 in kids [their immune systems are still developing])

· Causes: bacterial sepsis, active TB, uremia, lymphomas (especially Hodgkin’s disease), autoimmune syndromes, immunologic deficiency syndromes, chemo agents and glucocorticoids, and malnutrition

· Lymphopenia + neutrophilic leukocytosis + increased WBC = bacterial sepsis

· Reactive leukocytosis

· Neutrophilia (granulocytic leukocytosis; > 8,000/mm3)

· Eosinophilia (eosinophilic leukocytosis; > 500/mm3)

· Basophilia (> 100/mm3)

· Monocytosis (> 1,000/mm3)

· Lymphocytosis (> 4,000/mm3 in adults and > 8,000/mm3 in kids)

2. Recall the 3 major etiologies of neutropenia.

· Inadequate or ineffective granulopoiesis from

· Aplastic anemia

· Infiltrative marrow d/o like mets 

· Myelosuppressive drugs (including chemo)

· Idiosyncratic drug reactions

· Megaloblastic anemia

· Myelodysplastic syndromes

· Congenital neutropenias such as Kostmann syndrome

· Accelerated neutrophil removal and destruction

· Immunologic d/o such as Felty’s syndrome (rheumatoid arthritis with splenomegaly [due to sequestration of neutrophils in there], neutropenia, and leg ulcers)

· Hypersplenism with splenic sequestration

· Decreased production and increased destruction

· Drug effects including sulfas and chloramphenicol

· Viral infections

· Overwhelming sepsis

3. List the major causes of leukocytosis affecting neutrophils, eosinophils, lymphocytes, and monocytes.

· Granulocytic leukocytosis (neutrophilia)

· Bacterial infection with left shift and reactive changes, including toxic granulation, cytoplasmic vacuolization, and Dohle bodies
· A left shift indicates that there are neutrophils in circulation that are less mature than bands
· Toxic granulation is the appearance of coarse, purple cytoplasmic granules; this is a sign of bacterial infection

· Cytoplasmic (toxic) vacuolization appear as holes in the cytoplasm and are very associated with bacterial sepsis

· Dohle bodies look like little blue lakes…they are patches of dilated ER

· If there is neutrophilia without reactive changes there is not a bacterial infection; reactive changes are very often associated with bacterial infection

· Physiologic stress leukocytosis (NE leads to neutrophil demargination)

· Leukemoid reaction

· Extreme leukocytosis with immature granulocytes stimulating leukemia

· Differential includes overwhelming infection and chronic granulocytic leukemia

· Leukoerythroblastosis – circulating granulocyte precursors and nucleated RBCs

· Eosinophilic leukocytosis (eosinophilia)

· Allergic d/o (including asthma and hay fever)

· Allergic drug reactions

· Parasitic infections

· Skin diseases including pemphigus, eczema, and dermatitis herpetiformis

· Eosinophilic enteropathies including eosinophilic gastritis

· Idiopathic hypereosinophilic syndromes including Loeffler’s

· CA of the lung, stomach, pancreas, ovaries, or uterus

· Collagen vascular disease (e.g., SLE)

· Lymphocytosis

· Chronic inflammation

· Viral infections including hepatitis, CMV, and EBV (very common cause)

· Monocytosis

· Chronic infections including TB, bacterial endocarditis, brucellosis, malaria, and rickettsiosis

· Chronic inflammation as seen with collagen vascular diseases and inflammatory bowel disease

· Myelodysplastic syndromes

4. Recognize normal peripheral blood cells and be able to differentiate them from abnormal cells.

· Look at pictures on web

5. ID and understand the significance of reactive changes in neutrophils, lymphocytes, and monocytes.

· Neutrophils

· Toxic granulations: coarse, purple cytoplasmic granules that are a sign of a bacterial infection

· Toxic vacuolization: holes in the cytoplasm associated with bacterial sepsis

· Dohle bodies: little blue lakes of dilated ER

· All are associated with bacterial infection

· Lymphocytes – transformed variant/atypical lymphocytes

· See a lot of lymphocytes, but they look different than those of a leukemia because the cells are heterogenous, not homogenous

· Often associated with viral infection (e.g., EBV), but it’s really only a nonspecific reaction to antigenic stimulation as seen with drug hypersensitivity, TB, fungal infections, and stress 

· If platelets are normal suspect infection; if they’re low it may be a malignancy

· Monocytes – cytoplasmic basophilia and vacuolization

· Irregular nuclear contours and cytoplasmic vacuoles in a basophilic cytoplasm

· Lots of cytoplasmic vacuoles

6. Compare and contrast the terms “left shift” and “leukoerythroblastosis.”

· Left shift means the appearance of granulocytes that are less mature than bands; this is associated with bacterial infection

· Leukoerythroblastosis is the appearance of circulating granulocyte precursors and nucleated RBCs

7. Explain how a leukemoid reaction is distinguished from chronic myelogenous leukemia.

· CML is associated with splenomegaly
· Basophilia is associated with CML

· CML is associated with a decreased leukocyte alkaline phosphatase score, reactive processes should have an increased LAP score (LAP is associated with neutrophils ready to kill things)

· CML is associated with Ph1
8. Distinguish between reactive and neoplastic transformed lymphocytes by recognizing heterogenous vs. homogenous populations.

· Reactive lymphocytes are heterogenous; cancerous lymphocytes are homogenous (i.e., monoclonal)

9. Understand the meaning and significance of the term lymphadenitis.

· Lymphadenitis is inflammation of lymph nodes

· Acute lymphadenitis

· See nodal enlargement with edema, follicular hyperplasia, and germinal center proliferation

· The follicular centers show lots of mitotic figures (virgin B cells undergoing lymphoid transformation), “tingible body macrophages” containing cellular debris (seen in cells eating Ag to present to differentiating B cells), and maybe necrotic abscess formation (acute necrotizing lymphadenitis)

· Neutrophils may be seen around the follicles and within the sinuses, especially with abscess formation

· Affected nodes become tender due to capsular distension (nodes will feel squishy and there will be local hyperemia if the process is from infection…this is not true with CA)

· Draining sinuses may form with fungal infections…these drain necrotic node debris out onto the skin 

· Causes

· Commonly seen in nodes draining areas of bacterial infection

· Foreign body reactions

· IV drug users may have lymphadenopathy in the limb they inject into (foreign bodies?)

· Mesenteric lymphadenitis (may mimic acute appendicitis; from Yersinia enteritis)

· Generalized lymphadenopathy seen with viremia, septicemia

· Chronic lymphadenitis – see #10

10. Understand the meaning and significance of the terms follicular hyperplasia, paracortical (interfollicular) hyperplasia, sinus histiocytosis, and granulomatous inflammation as they pertain to certain etiologies of chronic lymphadenitis.

· Follicular hyperplasia

· Antigenic stimulation of B cells

· Germinal centers increase in their size and number and vary in their size and shape

· Causes

· Chronic bacterial infection

· Rheumatoid arthritis

· Syphilis

· Early stages of HIV infection

· Paracortical (interfollicular) hyperplasia

· From antigenic stimulation of T cells
· Follicles may be pushed out of the way or may even become atrophic

· Causes

· Viral infections such as Herpes zooster and EBV

· Vaccination reactions

· Skin disease (dermatopathic lymphadenopathy)

· Collagen vascular diseases

· Drug reactions

· Mixed follicular and paracortical hyperplasia

· Toxoplasmosis

· Commonly seen in cervical lymph nodes

· See aggregates of epithelioid histiocytes in the interfollicular areas

· Kawasaki’s disease

· Mucocutaneous/lymph node syndrome

· Affected children develop conjunctivitis, erythema of the oral mucosa, an erythematous desquamative rash on the palms and soles (only RMSF and Hand/Foot/Mouth disease also produce a rash on the palms and soles), inflammation and infarction of the coronary vessels, and cervical node enlargement

· Etiology unknown

· Nodes show microthrombi and multifocal necrosis

· Sinus histiocytosis

· Distension and prominence of lymphatic sinusoids with proliferation of epithelioid histiocytes (hyperplasia of histiocytes in order to deal with large amounts of Ag entering the node)

· Frequently found in regional nodes draining a site of CA

· Granulomatous inflammation

· Caseating granulomas, think TB and brucellosis

· Non-caseating granulomas, think fungi and sarcoidosis (the latter of which may be associated with Langerhans giant cells)

· Stellate granulomata

· Clusters of histiocytes that have radiating spicules coming out of them

· Seen with cat scratch F, lymphogranuloma venereum, and tularemia

11. Explain the significance of splenomegaly in the differential diagnosis of hematologic d/o.

· Patient may notice splenomegaly as a dragging sensation in the LUQ and may notice early satiety

· Storage function of spleen may become exaggerated (hypersplenism), leading to anemia, leukopenia, and thrombocytopenia (can be corrected with a splenectomy)

· Spleen pathology

· Nonspecific acute splenitis

· May occur with any blood-borne infection

· Parenchyma is soft and there is acute congestion (hyperemia) of the red pulp

· Diffuse increase in neutrophils may lead to abscess formation

· May have foci of necrosis

· Congestive splenomegaly

· Blood isn’t leaving the spleen, leading to capsular and parenchymal fibrosis and hemorrhage

· Causes

· Systemic venous congestion from RSHF or cor pulmonal following LSHF (size usually < 500 grams)

· Cirrhosis and resultant portal HTN (can lead to massive splenomegaly)

· Thrombosis or compression of the extrahepatic portal vein which may be associated with intrahepatic obstructive disease, vascular inflammation, or neoplasms

· Splenic infarcts

· From occlusion of splenic artery or its branches

· Usually from cardiac emboli; septic infarcts may arise from infective endocarditis of left-sided heart valves

· Also seen in early stages of sickle cell anemia, with progression to total infarction (autosplenectomy)

· Splenic neoplasms

· Primary or secondary involvement by lymphoma or leukemia and metastatic carcinomas are most common

· Primary neoplasms are rare and include fibromas, osteomas, chondromas, lymphangiomas, and hemangiomas

· Congenital anomalies (unusual that spleen is the only anomaly)

· Hypoplasia

· Asplenia (usually associated with situs inversus and cardiac malformations

· Accessory spleens (spleniculi)

· Common; come from splenic trauma seeding peritoneum with lymphoid tissue

· Only significant if all splenic tissue needs to be removed for therapeutic reasons, such as in hereditary spherocytosis, refractory thrombocytopenic purpura, and some causes of hypersplenism

· Rupture

· May be traumatic or spontaneous; usually necessitates splenectomy from massive intraperitoneal hemorrhage

· Spontaneous rupture associated with mono, malaria, typhoid F, leukemia, and acute splenitis

12. Recall the normal anatomy and location of the thymus.

· Anatomy

· Maximum weight of 20-50g achieved at puberty; after that it begins atrophy (severe stress may hasten this)

· It is pyramidal, bilobed, and well encapsulated with fibrous extensions of the capsule dividing the lobes into lobules; each lobule has an outer cortical layer surrounding a central medulla

· T cells and thymic epithelial cells are most of the cells there

· Epithelial cell whorls with keratinized cores form the Hassall corpuscles

· Macrophages, eosinophils, dendritic cells, B cells, and the occasional neutrophil may be present

· Located in the anterior mediastinum

13. List the developmental d/o of the thymus and the resultant syndromes.

· Thymic hypoplasia/aplasia

· DiGeorge syndrome

· Comes from maldevelopment of the 3rd and 4th pharyngeal pouches

· May be accompanied with

· Hypoparathyroidism – developmental failure

· Immunosuppression – deficient CMI with poor defense against viruses and fungi

· Cardiac and other malformations

· SCIDS – deficient CMI and humoral immunities

· Thymic cysts – incidental finding

14. Distinguish between benign and malignant tumors of thymic epithelium (thymomas) and recognize the associated paraneoplastic syndromes.

· Thymomas are tumors of thymic epithelial cells with a variable component of reactive thymic T cells

· Benign: encapsulated with no significant cytologic atypia

· Malignant: invasive and/or cytologically malignant; capable of local invasion and/or metastasis

· Paraneoplastic syndromes

· These are how the thymomas will present

· Myasthenia gravis – weakness

· Grave’s disease – thyroid enlargement and exophthalmos

· Acquired hypogammaglobulinemia – T cell response causes decrease of Ig production

· Pure RBC aplasia

· Pernicious anemia

· Dermatomyositis/polymyositis

· Cushing syndrome

15. Recognize other types of thymic neoplasms.

· These are all pretty rare

· Malignant lymphoma

· Hodgkin’s disease

· Germ cell tumors

· Carcinoids

Bleeding Disorders
1. Recall the d/o characterized by increased vascular fragility.

· These diseases are also called nonthrombocytopenic purpuras because they aren’t associated with platelet abnormalities; they make petechial and purpuric hemorrhages on the skin and mucus membranes without a lot of bleeding

· Platelet count, bleeding time, and other coagulation tests are usually normal unless DIC complicates the issue

· Microbiological damage to the vessels (vasculitis)

· From bacteria: menigococcemia, sepsis from other bacteria, typhoid F, scarlet F, leptospirosis, diphtheria, TB

· Viruses like measles and small pox

· Rickettsial diseases like RMSF and typhus

· Protozoal diseases like malaria and toxoplasmosis

· Drug reactions

· Often from Abs made to drugs and vascular deposition of immune complexes with production of hypersensitivity (leukocytoclastic = necrotic neutrophils around the blood vessels) vasculitis

· Examples

· Atropine

· Quinine

· Phenacetin

· Aspirin

· Coumarin

· D/o of collagen production lead to decreased vessel support

· Inherited

· Ehlers-Danlos syndrome

· Osteogenesis imperfecta

· Pseudoxanthoma elasticum

· Acquired

· Scurvy

· Corticosteroid purpura (protein wasting)

· Cushing’s syndrome (protein wasting)

· Senile purpura (atrophy of collagen)

· Henoch-Schonlein purpura

· Systemic hypersensitivity reaction of unknown cause with vascular deposition of immune complexes

· The purpuric rash is seen with colicky pain, polyarthralgia, and acute GN

· A barium enema will show a “thumbprint” sign from filling defects of the colon due to bleeding into and edema of the bowel (impinges on lumen)

· Hereditary hemorrhagic telangiectasis

· AD d/o

· Associated with dilated, tortuous, thin walled blood vessels

· Amyloidosis

· Primary or secondary lymphoproliferative syndrome

· Amyloid infiltration of blood vessel walls weaken them and cause mucocutaneous petechiae

2. Define thrombocytopenia and differentiate between its 4 major causes.

· Thrombocytopenia = decreased platelet numbers

· Normal = 150,000 – 450,000/mm3
· Spontaneous bleeding if platelet count < 20,000/mm3
· Thrombocytopenic bleeding usually seen with petechiae of skin and mucus membranes

· Most common cause in the face of normal bone marrow is idiopathic thrombocytopenic purpura

· Thrombocytopenia is quite often a sign of early leukemia

· Decreased platelet production

· Generalized bone marrow disease

· Aplastic anemia

· Marrow infiltration (myelophthisic)

· Selective impairment of platelet production

· Drug-induced (EtOH, thiazides, cytotoxic drugs, etc)

· Infections (childhood rubella, HIV)

· Ineffective megakaryopoiesis

· Megaloblastic anemias

· Myelodysplastic syndromes (similar to megaloblastic anemias but they are due to an acquired DNA abnormality)

· Paroxysmal nocturnal hemoglobinuria

· Inherited d/o (Wiskott-Aldrich syndrome, hereditary immunodeficiency with thrombocytopenia, eczema, and recurrent infections)

· Decreased platelet survival

· Immunologic destruction

· Autoimmune (ITP, SLE)

· Isoimmune (alloimmune): post-transfusion (because platelets have Ags on them other than ABO) and neonatal

· Drug-associated (quinine, quinidine, heparin, penicillins, sulfa compounds, thiazides, methyl dopa, heparin)

· Infections (EBV, HIV, CMV)

· Increased consumption

· DIC

· Thrombotic microangiopathies (TTP, HUS)

· Vascular abnormalities (giant hemangiomas, arteritis, etc)

· Microangiopathic hemolysis

· Sequestration (hypersplenism)

· Dilutional thrombocytopenia with massive transfusion (should give 1 platelet transfusion for every 10 units of blood cells)

3. Differentiate between idiopathic thrombocytopenic purpura (ITP), neonatal/post-transfusion thrombocytopenia, and heparin-associated thrombocytopenia as etiologies of immune-related thrombocytopenia.

· ITP

· Abs are against platelet membrane glycoproteins; their binding encourages phagocytic destruction
· Spleen is thought to make Abs and be place where the platelets are destroyed, but splenomegaly and lymphadeopathy are rarely seen

· In the marrow, megakaryocytic hyperplasia is seen, and this is reflected in the blood by larger than normal platelets
· Bleeding tendency and prolongation of bleeding time < would be expected for the degree of thrombocytopenia (platelet count usually < 5,000/mm3)

· Acute: self-limited, abrupt onset in kids following viral infections (give steroids in severe cases)

· Chronic

· Thrombocytopenia there for > 6 months

· Platelet-bound Ig (direct anti-platelet Ab) present in 90% of patients

· Mostly seen in adults (mostly repro age women; babies born to a woman with ITP will be transiently thrombocytopenic)

· May occur with another autoimmune d/o or lymphoproliferative syndrome (such as lymphocytic leukemias or lymphomas)

· Treatment includes immunosuppression, plasmapheresis, and splenectomy if refractory

· Neonatal/post-transfusional thrombocytopenia

· Mediated by Abs against a specific platelet Ag (e.g., Duzo, PL, Bak)

· Neonatal

· Mom exposed to a fetal platelet Ag she doesn’t have

· IgG anti-fetal platelet Abs cross the placenta and destroy the fetus’ platelets

· Post-transfusional

· This is an anamnestic response to previous sensitization (maybe from transfusion, maybe from pregnancy) to certain platelet Ags that the patient doesn’t have

· When given a transfusion, platelets that have said Ag will be coated with Ab and their survival will greatly decrease

· Heparin-associated thrombocytopenia

· Seen in 5% of adults getting unfractioned heparin; rare in those on LMWH

· Associated with 2 kinds of thrombocytopenia

· Type I

· More common variant; onset rapidly after starting heparin therapy

· This is modest in severity and is clinically insignificant

· This is a result of the direct platelet aggregating effects of heparin

· Type II

· Much more severe; typically starts 5-14 days after starting heparin therapy

· This is due to the production of circulating Abs to a heparin/platelet factor 4 complex
· Abs bind to those complexes on platelets and endothelial cells resulting in platelet activation and endothelial damage

· Systemic platelet aggregation leads to life-threatening venous and arterial thrombosis and infarction

· People getting heparin therapy should always be watch for thrombocytopenia

· Treatment involves stopping the unfractioned heparin and using LMWH or another anticoagulant

· HIV-associated thrombocytopenia

· See impaired production and increased destruction

· HIV kills megakaryocytes

· Anti-HIV gp120 Abs cross-react with platelet membrane glycoprotein Ib-IIIa

4. Understand the clinical and hematologic features of thrombotic microangiopathies (TTP, HUS).

· TTP

· Characterized by thrombocytopenia, microangiopathic hemolytic anemia, F, transient neurological defects, and renal failure
· May be seen with a prodromal viral illness or HIV

· Systemic formation of hyaline microthrombi (platelets and fibrin) in arterioles and capillaries with widespread organ dysfunction; activation of clotting proteins not important, and the PT and aPTT are usually normal

· More common in women, incidence peaks in 4th decade

· Treatment with corticosteroids, platelet aggregation inhibitors, and intense plasmapheresis or exchange transfusion

· Some people with this have an abnormally nonfunctioning, deficient, or Abs to vonWillebrand cleaving protease, which normally cleaves large vWF multimers to limit their platelet aggregating abilities

· This is thought to be responsible for chronic, relapsing TTP

· Cryoprecipitate-poor products should be used for plasmapheresis; these don’t contain the large vonWillebrand products, but do supply the cleaving proteases

· HUS

· Like TTP, but without neurological c/s; the pathology is mainly in the kidneys

· Most common in kids; associated with E. coli O157H7 or Streptococcus pneumoniae infection in kids, pregnant women, those with autoimmune d/o, and those who are immunosuppressed (including HIV)

· Carries a better prognosis in kids than in adults (except with E. coli infection)

5. Recognize the differences between congenital and acquired cases of defective platelet function.

· Congenital

· Bernard-Soulier syndrome

· AR deficiency of a platelet membrane glycoprotein that’s required for vWF-mediated platelet adhesion to collagen (the membrane protein is Ib-IX)

· Associated with the presence of “giant” platelets and a mild thrombocytopenia with a disproportionate bleeding tendency

· Glanzmann’s thrombasthenia

· AR deficiency of membrane glycoprotein IIb-IIIa, which is required for platelet aggregation by binding to fibrinogen

· There may e a severe bleeding tendency

· Storage pool diseases

· Normal initial aggregation with collagen or ADP cannot be maintained due to abnormalities of the release reaction

· Platelet dense granules have decreased levels of ADP, ATP, prostaglandins, and serotonin

· Examples: Hermansky-Pudlak, Chediak-Higashi, thrombocytopenia with absent radii (TAR syndrome), and Wiskott-Aldrich

· Grey platelet syndrome

· Alpha granules are deficient (a-SPD)

· Variable thrombocytopenia and platelets look gray

· Acquired

· Aspirin and other NSAIDS

· Inhibit COX and thus synthesis of the platelet prostaglandins prostacyclin and thromboxane, which are involved with platelet aggregation and the subsequent release reaction

· It’s a permanent inhibition, so bleeding time may be prolonged for up to 2 weeks post ingestion

· Platelet dysfunction may be reversed with a transfusion of small numbers of platelets or with DDAVP

· Uremia

· Not really well understood why this causes problems

· This may also be treated with DDAVP, but correction of underlying kidney d/o is very important

· Acquired storage pool defect – seen in chronic liver disease
6. Understand the significance of aspirin and uremia as common causes of acquired platelet function defects.

· See #5

7. Compare and contrast the major hereditary bleeding d/o (hemophilias A and B, von Willebrand’s disease).

· Some notes about clotting factor abnormalities

· All of these will show bleeding (not petechial bleeding as is seen with platelet defects, but as large ecchymoses or hematomas after a minor injury) with normal platelet number and function
· The intrinsic pathway is measured by aPTT, the extrinsic by the PT; both measure the formation of fibrin (thus, problems with the common pathway will show prolongation of both PT and aPTT)

· Factor XIII polymerizes fibrin, thus problems with factor XIII will show lots of bleeding, with normal platelet number and function, PT, aPTT, and thrombin time

· Bleeding into GI and GU tracts and into weight-bearing joints is common

· Hemophilia A

· Quantitative or functional deficiency of factor VIII
· X-linked recessive; bleeding has been seen in heterozygous women, most likely it’s due to unfavorable mosaicism

· About 30% of patients have no family history and get the d/o through a new mutation

· Bleeding characteristics

· May have life-threatening spontaneous, post-traumatic, or post-surgical bleeding

· Often see hemarthroses and joints may be crippled if recurrent

· Minor cuts don’t bleed too much because platelets are normal; petechiae are usually absent

· The aPTT is prolonged, and bleeding time, PT time, and platelet counts are normal
· Factor VIII transfusions carried HIV risk until recently

· Severity relates to amount of functional factor VIII

· Severe = < 1% of normal factor VIII levels

· Moderate = 1% to 5% of normal

· Mild = 6% to 50% of normal

· About 15% of patients develop Abs to factor VIII

· Hemophilia B (Christmas disease)

· Quantitative or functional deficiency of factor IX
· X-linked recessive and is clinically similar to (but less common than) hemophilia A

· The aPTT is prolonged
· Von Willebrand’s disease

· Quantitative or qualitative decrease in vWF (which is produced by endothelial cells and megakaryocytes; the most active forms of vWF are intermediate to large sized multimers)

· AD, but may be AR

· C/S variable but include spontaneous bleeding from mucus membranes, excessive bleeding from wounds, menorrhagia, and prolonged bleeding time in the presence of a normal platelet count

· vWF causes adhesion of platelets to exposed subendothelial collagen and promotes platelet aggregation; it also acts as a cofactor in activation of factor X (when bound to factor VIII) and protects the bound factor VIII from degradation…because of this, the aPTT may be prolonged and levels of factor VIII decreased

· Bleeding time is prolonged and PT and platelet counts are normal
· Treatment involves replacing vWF and factor VIII through transfusion of cryoprecipitated plasma; factor VIII levels and correction of bleeding time are used to monitor adequacy

· 2 major categories

· Types I & III

· Can make vWF, but release of multimers impaired

· Type I

· AD, 70% of cases

· Relatively mild

· Type III

· AR, more severe

· DDAVP may be helpful with cryoprecipitate therapy because it stimulates the release of vWF from endothelial cells

· Type II

· Can’t make vWF multimers

· AD, accounts for 25% of cases

· Mild to moderate bleeding

· DDAVP may not be helpful since multimers are bad (may even be harmful due to the production of systemic platelet aggregation and resultant thrombosis)

8. Recognize the significance of vitamin K deficiency/Coumadin therapy and amyloidosis/lymphoproliferative d/o as acquired bleeding d/o.

· Vitamin K deficiency/coumadin therapy

· Vitamin K deficiency leads to decreased synthesis of factors II, VII, IX, and X, and protein C
· Coumarin therapy inhibits synthesis of vitamin K-dependant procoagulant factors and protein C (physiologic inhibitor of activated factors V and VIII)

· Both PT and aPTT may be prolonged, but PT is more sensitive and is used to monitor coumarin therapy (PT should be 1.5-2.5 X > normal)

· In people with a protein C deficiency, coumarin therapy can lead to thrombotic skin necrosis (especially on the breast and penis) if they aren’t heparinized first

· O/D of coumarin-like anticoagulants can lead to bleeding complications (no shit?)

· Liver disease will look like coumarin/vitamin K deficiency, but there will also be low factor V, and there may also be production of functionally abnormal fibrinogen (dysfibrinogenemia) and a platelet defect (acquired storage pool d/o); the bleeding tendency may be further aggravated by activation of fibrinolysis

· Amyloidosis/lymphoproliferative d/o

· May be associated with factor X and other factor deficiency (-ies) and is thought to come from increased clearance

· LP syndromes may make monoclonal Abs that react with specific coagulation factors; acquired von Willebrand’s disease may be from Abs directed against vWF

9. Utilize clinical and laboratory findings to recognize DIC.

· DIC is an acute or subacute thrombohemorrhagic d/o that is ALWAYS secondary to something else

· There is systemic activation of coagulation and formation of microthrombi, which uses up all of the platelets, fibrin, and coagulation factors; there is also systemic activation of fibrinolysis

· Clinical findings

· Patients may present with signs of tissue hypoxia and infarction or with those of a hemorrhagic d/o

· Spherocytes, schizocytes, and other fragmented RBCs can be seen on peripheral smear because fibrin is being deposited in the microvasculature, leading to microangiopathic hemolysis of RBCs

· Lab findings

· Variable

· May include combinations of prolongations of PT, aPTT, bleeding time, and thrombin time, thrombocytopenia, decreased fibrinogen, and elevated fibrin degradation products

· D-dimer will be elevated

· D-dimer is elevated when pre-formed clots are busted (i.e., active clotting + clot lysis)

· D-dimer is elevated in DIC, pathologic thrombosis, and embolism

· Fibrin monomers

· These will also be elevated (evidence of active clotting)

· Monomers are normally polymerized by factor XIII; with systemic or localized clotting, some of the monomers are carried to the bloodstream before polymerization can occur

· Treatment mostly involves correcting the underlying d/o, replacement of clotting factors and platelets, and/or anticoagulant therapy; prognosis is variable and largely depends on the underlying d/o

10. Recall the major d/o associated with DIC.

· Obstetric complications such as abruptio placentae, retained dead fetus, septic abortion, amniotic fluid embolism, and toxemia of pregnancy (placental microthrombi)

· Infections like G(-) sepsis, menigococcemia (Waterhouse-Friderichsen syndrome; acute adrenal hemorrhage/necrosis), RMSF, histoplasmosis, aspergillosis, and malaria

· Neoplasms like mucinous adenocarcinomas of the pancreas, prostate, ovary, lungs, and stomach, or acute promyelocytic leukemia

· Massive tissue injuries such as trauma, burns, and extensive surgery

· Miscellaneous conditions

· Acute intravascular hemolysis (as in transfusion reaction)

· Snakebite

· Giant hemangioma

· Shock

· Heat stroke

· Vasculitis

· Aortic aneurysm

· Liver disease

Leukemia, Myelodysplasia, and Myeloproliferative Disorders


1. Summarize the differences between the clinical presentation of acute and chronic leukemias.

· Leukemia is malignant neoplasms of the hematopoietic stem cells; the peripheral blood may or may not be involved, but the marrow is always involved (must have > 30% blasts in smear or marrow)

· Acute leukemia

· Characterized by immature hematopoietic cells (blasts) and a rapidly fatal course if untreated

· Often associated with anemia, thrombocytopenia, infection (from decreased neutrophil count), and/or bleeding – all manifestations are a result of the accumulation of neoplastic blast cells in the bone marrow that suppress normal hematopoiesis by crowding

· Abrupt onset, fatigue (due to anemia), F (due to infection), and bleeding (petechiae, ecchymoses, epistaxis, and gingival bleeding) due to thrombocytopenia or DIC (most frequent with AML M3)

· Bone pain and tenderness due to marrow expansion, bone resorption, and subperiosteal infiltration

· CNS manifestations from meningeal involvement: H/A, N, V, papilledema, CN palsies, seizure, and even coma; intracerebral or subarachnoid hemorrhages may come form thrombocytopenia and leukostasis and are most often associated with AML

· WBC count may be decreased, normal, or increased

· Chronic leukemia

· Mature, yet atypical appearing cells

· Clinical course often prolonged even without treatment

· Associated cytopenias appear late in disease

2. Utilize the morphologic, histochemical, immunologic, and cytogenic classification of an acute leukemia to predict prognosis and likelihood of clinical sequellae (e.g., likelihood of CNS involvement, DIC, etc)

· ALL

· Mostly in kids and young adults; 80% of childhood leukemia

· Almost twice as common in whites and more common in boys

· Lymphadenopathy (from leukemic infiltration), hepatosplenomegaly (also leukemic infiltration), and infiltration of other organs (especially the brain and testicles) is common

· May have a mediastinal mass reflecting thymic involvement with T cell ALL

· Morphologic classification (FAB)

· ALL L1

· Homogenous population of small lymphoblasts (lymphoblasts = precursor B or T cells) with scant cytoplasm and variable basophilia

· Nuclei are round and clefted with homogenous chromatin; inconspicuous or absent nucleoli

· 85% of all childhood ALL

· Often have PAS “block” positivity

· ALL L2

· Heterogeneously sized population of relatively large lymphoblasts with moderately abundant cytoplasm and variable basophilia

· Multiply cleaved nuclei with prominent nucleoli and clumped chromatin

· 15% of childhood ALL; most frequent adult ALL

· PAS (
· ALL L3

· Homogenous population of intermediate sized cells (L1 < L2 < L3)

· Cytoplasm is abundant, deeply basophilic, and vacuolated (vacuoles are oil red O (+))

· Nuclei are round to oval with 1+ prominent nucleoli

· This is a leukemic manifestation of Burkitt’s lymphoma

· If it’s first and most prominently manifested in the blood it’s leukemia

· If it’s first and most prominently manifested in the nodes it’s lymphoma

· 1-2% of childhood ALL

· Immunologic classification

· 80% are of B cell origin; those that are of T cell origin are arrested in the early intrathymic stages 

· Prognosis related to immunophenotype

· Best with early precursor B cell ALL

· Intermediate with immature T cell and pre-B cell ALL

· Poorest with mature B cell ALL (ALL L3; leukemic Burkitt’s)

· ALL in kids 2-10 YOA with early pre-B phenotype and hyperdiploidy carries the best prognosis

· Adults (no matter phenotype) and kids with mature B phenotype have a very poor prognosis

· AML

· Mostly in adults 15-39 YOA; only 20% of childhood leukemia

· Chloromas may be seen and they represent tumorous masses of leukemic cells in soft tissues

· Infiltration of the gums is characteristic of M4 and M5

· Morphological and cytochemical classification (FAB)

· M0: minimally differentiated

· 2-3% of AML

· Blasts like cytologic and cytochemical markers or myeloblasts, but express myeloid lineage Ags

· M1: AML without differentiation

· ~20% of AML

· Myeloblasts predominate

· Distinct nucleoli, few granules or Auer rods

· Myeloperoxidase and/or Sudan black +

· M2: AML with differentiation

· 30-40% of AML

· Myeloblasts and promyelocytes (type II blasts) predominate

· Auer rods are often present

· SB and/or MP ++

· Better prognosis if t(8;21) is present

· M3a: acute promyelocytic leukemia

· 5-10% of AML; more common in Hispanics

· Hypergranular promyelocytes, often with many Auer rods per cell

· May have reniform or bilobed nucleus

· SB and MP +++

· Often develop DIC

· The t(15;17) is characteristic

· M3b: microgranular variant

· Similar to M3a, but greater risk for DIC

· Also associated with t(15;17)

· M4: acute myelomonocytic leukemia

· 15-20% of AML

· Seen myeloblasts (resemble M2) and monoblasts (bidifferentiation)

· MP and nonspecific esterase ++

· M4eo

· This is marrow eosinophilia and abnormalities of chromosome 16

· Associated with good prognosis, but frequent CNS involvement

· M5a: acute monoblastic leukemia

· ~10% of AML

· Undifferentiated blasts that look like M1 predominate

· MP (, NSE +/++

· M5b: acute promonocytic variant

· See mostly cells that look like monocytes (promonocytes)

· MP (, NSE ++/+++

· M6: acute erythroleukemia (diGuglielmo’s disease)

· ~5% AML

· Multinucleated, megaloblastoid erythroblasts predominate; also some myeloblasts

· Myeloblasts MP+, erythroblasts PAS+

· M7: acute megakaryocytic leukemia

· ~1% of AML

· See pleomorphic undifferentiated blasts that may have cytoplasmic budding

· Marrow is often fibrotic

· Megakaryoblasts react with platelet-associated Abs and platelet peroxidase; vWF (+)

· Rare variants: mixed lineage AML (myeloid + lymphoid) – eosinophilic/basophilic

3. Identify Auer rods and recognize their clinical significance in myelodysplastic syndromes and in differentiation of ALL from AML.

· Auer rods

· Red toothpick looking things in the cytoplasm

· They are abnormal azurophilic granules

· Intensely peroxidase (+)

· Say for sure that you are looking at myeloid differentiation

· Telling ALL from AML

· It’s important to tell them apart because they are treated very differently

· Myeloblasts tend to have more delicate chromatin, prominent or multiple nucleoli, and fine azurophilic granules in the cytoplasm…Auer rods are a sure thing
· TdT

· Terminal deoxynucleotidyl transferase, a DNA polymerase

· Seen in 95% of ALL and < 5% of AML

· Myeloid monoclonal antibodies (CD33, CD13, CD11, etc) are reactive in most (80%) of AML; they are rare in ALL and when they are there it’s not good

· Special stains

· PAS: “block” positivity in lymphoblasts, diffuse positivity in erythroblasts

· MP: myeloblasts

· SB: myeloblasts

· NSE: monoblasts

4. Recognize the disease specific chromosomal abnormalities in ALL and AML.

· ALL

· 90% have chromosome abnormalities

· Hyperdiploidy (> 50 chromosomes) is associated with a good prognosis and is fairly common in early precursor B cell ALL and in about 25-30% of all cases of ALL

· All translocations are associated with a poor prognosis

· 20-25% of pre-B cell ALL have a t(1;19) translocation

· B cell ALL (ALL L3) is almost always associated with the t(8;14) translocation of Burkitt’s

· AML

· t(9;22), the Philadelphia (Ph1) chromosome

· 10-15% of M1

· Poor prognosis because of Bcr-c-abl fusion

· t(8;21) – 20-25% M2, favorable prognosis, more in young males

· t(15;17) – 100% M3 only; intermediate prognosis

· Inv 16 or del 16q

· 20-25% of M4

· Favorable prognosis (worry about CNS involvement)

· Del 11q or t(11,V*)

· 30-40% of M5 (some M4)

· Very poor prognosis

· Trisomy 8

· Seen in M1, M2, M4, M5, and M6

· No prognostic value

· Most common abnormality in a wide variety of hematopoietic neoplasms

· Monosomy 7 or del 7q; monosomy 5 or del 5q

· Most often in secondary leukemias, usually in people > 60YOA

· Associated with exposure to environmental carcinogens; poor prognosis

5. Assess the likelihood of chronic myelogenous leukemia vs. leukemoid reaction.

· CML

· Clonal proliferation of multipotential stem cells; no block in maturation
· Seen in people 25-60 YOA, slightly more in males

· 15-20% of all cases of leukemia

· Insidious onset and vague C/S

· WBC often > 100,000/mm3
· Circulating cells are mostly neutrophils and metamyelocytes, but less mature neutrophilic precursors may be present, including a small number of myeloblasts, and some nucleated RBCs (leukoerythroblastosis)

· Since it is a stem cell disease, eosinophilia, basophilia, and thrombocytosis may be seen

· Blast crisis

· Accelerated phase with development of resistance to therapy, development of anemia and/or thrombocytopenia, acquisition of more chromosomal abnormalities, and may even begin to look like an acute leukemia

· 70% of patients have leukemic blasts with myeloid features

· Blasts in other 30% are lymphoid origin

· Pretty much all treatments (save Gleevec) are worthless

· CML vs. leukemoid reaction

· CML is associated with splenomegaly

· Basophilia is associated with CML

· CML is associated with a decreased leukocyte alkaline phosphatase score, reactive processes should have an increased LAP score (LAP is associated with neutrophils ready to kill things)

· CML is associated with Ph1
6. Recognize CLL as a cause of a persistent increase in absolute numbers of lymphocytes and how to differentiate it from other causes of reactive lymphocytosis.

· CLL is the most indolent of the leukemias

· 25% of leukemias, seen in people > 50 YOA, males 2X more

· Most are of B cell type and express small amounts of IgM or IgD with restriction to  or  light chains (they are monoclonal)

· They are mature B cells and as such will express pan-B cell Ags like CD19 and CD20 but not the early-B cell Ags like CD10 (common ALL Ag, CALLA) or TdT

· CD5 (a T-cell Ag) is expressed on some B cells

· T cell CLL is rare (< 5% of cases)

· Associated with bcl-1 and bcl-2 mutations (sometimes)

· Nonspecific C/S; generalized lymphadenopathy and hepatosplenomegaly in 50-60% of cases

· Evan’s syndrome

· Formation of Abs against RBCs and platelets in 10-15% of CLL patients

· Get an autoimmune hemolytic anemia and/or thrombocytopenia

· Survival depends on how long disease went undiagnosed; worst prognosis with anemia or thrombocytopenia
· Transformation to acute leukemia with blast crisis rare; more common to progress to prolymphocytic leukemia (more aggressive than CLL but not as aggressive as an acute leukemia)

7. Understand the relationship between CLL and small lymphocytic leukemia.

· CLL is the peripheral blood manifestation of non-Hodgkin’s lymphoma small cell type
· Named for where it’s discovered
· If the patient presents with lymphadenopathy and a biopsy is done, the diagnosis will be malignant lymphoma of the small lymphocytic type (i.e., non-Hodgkin’s)

· If a peripheral smear is examined, it’ll be CLL

· If CBC picks up an abnormality and a node biopsy is done it’ll be NHL

8. Identify CBC and peripheral smear findings associated with myelodysplastic syndromes and their differentiation from secondary causes of dysmyelopoietic maturation.

· Myelodysplastic syndromes are stem cell d/o characterized by maturational defects resulting in ineffective hematopoiesis and risk of transformation into AML (called “preleukemia” syndromes)

· Clinical features

· There may be cytopenias and dysmorphic changes in the peripheral smear with normal or hypercellular marrow
· If there is anemia it’s usually macrocytic and there may be monocytosis

· Most often in males 60-70 YOA
· May be asymptomatic or present with weakness, hemorrhage, and/or infection

· Chromosomal abnormalities are in up to 2/3 of patients and indicate a poor prognosis and increased risk of progressing to AML

· Median survival depends on form of myelodysplasia and presence of karyotypic abnormalities

· Peripheral smear changes affect all 3 lineages (erythroid, myeloid, and megakaryocytic)

· Erythroid

· Ringed sideroblasts (erythroblasts with iron-laden mitochondria that can be seen as perinuclear granules with a Prussian-blue stain

· Megaloblastoid maturation like that seen with B12 or folate deficiency

· Nuclear budding abnormalities (nuclei with misshapen, often polypoid outlines)

· Myeloid

· Neutrophils may contain decreased number of secondary granules or contain toxic granulations and Dohle bodies

· Pseudo-Pelger-Huet cells (neutrophils with a nucleus with only 2 lobes) are often seen

· Neutrophils may appear to completely lack nuclear segmentation

· Myeloblasts may be increased but are < 30% of overall marrow cellularity

· Megakaryocytes – may have single nuclear lobes or multiple nuclei (pawn ball megakaryocytes) instead of a single multilobed nucleus

· Classification

· RA (refractory anemia) 

· < 5% blasts in marrow, < 15% ringed sideroblasts

· Good prognosis

· RARS (refractory anemia with ringed sideroblasts)

· Differs from RA only in that there are more ringed sideroblasts (> 15%)

· Good prognosis

· RAEB (refractory anemia with excess blasts)

· <5% blasts in blood, 5-20% in marrow; may or may not have ringed sideroblasts

· Median survival only 11 months (tends to progress to leukemia)

· RAEB-T (refractory anemia with excess blasts in transformation)

· Lots (21-29%) of blasts in marrow and blood

· Very poor prognosis

· CMML (chronic myelomonocytic leukemia)

· < 5% blasts in blood, 5-20% in marrow

· Same prognosis as RAEB not because of transformation to leukemia but because these people tend to die of infection

· See monocytosis (this is how you tell this apart from CML; CML has basophila, CMML has monocytosis)

· CMML-T (chronic myelomonocytic leukemia in transformation)

· 21-29% blasts in marrow and blood

· Will see monocytosis

· Generally, the more blasts the worse the prognosis (more likely to go onto leukemia)

· Other processes that cause dysmyelopoietic maturation

· Megaloblastic anemia of B12/folate deficiency

· Chemotherapeutic drugs

· Alcohol

· Heavy metal intoxication

· AIDS and autoimmune d/o

· Paroxysmal nocturnal hemoglobinuria

9. Compare and contrast the features of the myeloproliferative diseases and their differentiation from secondary causes of leukocytosis, erythrocytosis, and thrombocytosis.

· These are neoplastic proliferations of multi-potential stem cells resulting in excess proliferations of erythroid, granulocytic, and megakaryocytic elements in various proportions

· Hepatosplenomegaly is typical and may be massive

· All have risk of progression to AML, but only CML does so invariably

· CML

· See above

· Mostly granulocytic proliferation

· Polycythemia vera

· Erythroid proliferation predominates

· Usually in middle age and more in males

· Must be separated from relative (spurious) polycythemia from hemoconcentration and from secondary polycythemia from increased EPO secretion

· This is best done by radiolabeling RBCs

· In Lubbock, done by HCT

· Diagnostic criteria (diagnosis needs either all 3 major, or 2 major and 2 minor in the absence of splenomegaly)

· Major

· Absolute increase in RBC mass

· Normal arterial O2 saturation (rules out chronic hypoxia as a cause of erythrocytosis)

· Splenomegaly (not seen in other causes of erythrocytosis…this comes from extramedullary hematopoiesis that’s going on the spleen because of the neoplastic stem cells that are there undergoing hematopoiesis)

· Minor

· Thrombocytosis

· Leukocytosis (should see elevated neutrophils)

· Elevated leukocyte alkaline phosphatase (LAP) score (this is how we can tell this apart from CML, which would have a decreased LAP score)

· Elevated B12 level or B12 binding capacity (neutrophils are responsible for B12 transport…if they are elevated, more B12 can be bound)

· Clinical signs

· Plethoric congestion of tissues from increased blood volume and viscosity

· Vascular stasis and infarction common in heart, spleen, and kidneys

· Intense pruritis (maybe form increased release of histamine by basophils; this may also cause the increased incidence of gastric ulcers)

· Platelet dysfunction may lead to hemorrhage of GI tract or brain

· H/A, dizziness, GI symptoms, hematemesis, and melena are common

· High cell turnover leads to hyperuricemia (goes on to gout in 5-15%)

· Hyperplastic bone marrow, but serum EPO low

· Neoplastic stem cells have increased sensitivity to EPO and other growth factors

· Disease progression may be seen as increasing marrow fibrosis or leukemic transformation

· Most patients are treated with therapeutic phlebotomy (leads to mean survival of 10 years); avoid chemo as long as possible (increases progression to AML to 15% [2% with phlebotomy])

· “spent phase”

· Marrow been working hard and shuts down

· Begin to see increased fibrosis and decreased cellularity in the marrow

· May see an increase in splenomegaly from myeloid metaplasia trying to make up for failing marrow

· Start to develop peripheral cytopenias

· Essential thrombocythemia

· A rare, persistent thrombocytosis without secondary causes (such as chronic inflammation)

· There may or may not be platelet dysfunction and chromosomal abnormalities 

· Platelet dysfunction would show that this was not a secondary thrombocythemia

· Demonstration of chromosomal abnormalities would tell you that it is a secondary thrombocythemia, since there are no known chromosomal abnormalities associated with this d/o

· Myeloid metaplasia with myelofibrosis

· Proliferation of neoplastic myeloid stem cells mostly in the spleen (myeloid metaplasia)

· Without a pre-existing syndrome (such as p. vera or CML) this is called agnogenic (idiopathic) myeloid metaplasia

· Mostly in people > 50 YOA who c/s of splenomegaly and progressive anemia

· Peripheral smear shows tear-shaped erythrocytes (dacrocytes), leukoerythroblastosis (from extramedullary hematopoiesis and fibrosis pushing out precursors), and abnormal (“giant”) platelets

· Marrow typically hypocellular with atypical appearing megakaryocytes and a variable degree of fibrosis (fibroplastic proliferation from elaboration of growth factors by neoplastic megakaryocytes)

· Myelofibrotic pattern may be seen in the “burnt out” phases of CML and p. vera

· Course is highly variable and people often die from infection, thrombosis, bleeding, or transformation into leukemia (5-20% of cases)

· Median survival from 1-5 years

10. Recognize the disease specific chromosomal abnormality in CML.

· The Ph1 (t(9;22) forming bcr-c-abl) is in 90+% of CML (even those without Ph1 will have bcr-c-abl gene)

· The 210-kd protein has tyrosine kinase activity (blocked by Gleevec)

11. Characterize the transformations between and amongst the myeloproliferative diseases.

· Stem cell = myeloblasts

· Myeloproliferative d/o = CML

· Transformation to

· Accelerated phase

· Myelofibrosis

· May have a blast crisis (myeloid or lymphoid) or go on to spent phase

· Stem cell = erythroblasts

· Myeloproliferative d/o = polycythemia vera

· Transformation to

· Myelofibrosis

· AML

· May go on to a spent phase

· Stem cell = megakaryoblasts

· Myeloproliferative d/o = essential thrombocythemia or agnogenic myeloid metaplasia with myelofibrosis

· Transformation to AML

· Can also go on to a spent phase

Lymphoreticular Diseases

1. Recognize the malignant lymphomas characterized within the NCI Working Formulation as low, intermediate and high-grade malignancies.

· Low-grade

· 50 – 70% 5YS

· Tend to be widespread at diagnosis, indolent, and poorly responsive to chemo (due to slow growth)

· Mostly in older folks

· May transform to a higher grade lymphoma called Richter’s syndrome

· If the spleen is involved, only the white pulp is affected; if the liver is involved, only the periportal zone is affected (both of these areas are where lymphocytes are seen in these organs)

· All are associated with t(14; 18), which involves bcl-2 overexpression

· If > 75% of the growth pattern is follicular, there is a longer survival regardless of cell type; all follicular patterns can become diffuse over time (shortens survival time)

· Malignant lymphoma, small lymphocytic

· This lymph node counterpart to CLL is the only diffuse low-grade lymphoma

· Preferentially involves nodes, marrow, and peripheral blood

· The more big cells the see, the worse the prognosis

· Malignant lymphoma, follicular, mostly small cleaved cells

· < 25% of the cells are large cleaved or non-cleaved

· Follicular growth pattern

· Malignant lymphoma, follicular, mixed small cleaved and large cell – mixture of small cleaved and large cleaved and/or large non-cleaved cells

· Intermediate-grade

· 35-45% 5YS

· May transform to higher grade

· Malignant lymphoma, follicular, predominately large cell

· > 50% large cleaved or noncleaved cells

· Only follicular intermediate grade lymphoma

· Malignant lymphoma, diffuse, small cleaved cell

· Malignant lymphoma, diffuse, mixed small and large cell

· Cells of both sizes may be cleaved and/or non-cleaved

· Mostly B cells

· Malignant lymphoma, diffuse, large cell cleaved and/or non-cleaved – most common intermediate grade 

· High-grade

· 23-32% 5YS

· Tend to be localized at diagnosis, aggressive, but up to 60% respond to chemo

· Liver or spleen involvement characterized by large destructive masses

· Malignant lymphoma, large cell immunoblastic

· Look like plasma cells (“plasmacytoid”), with discrete cytoplasmic margins, eccentric nucleus, and prominent nucleolus

· Localized or extranodal disease more common; marrow, liver, and spleen not to often involved

· Mostly B cells

· About 50% are associated with a history of autoimmune disease or immunosuppression

· Malignant lymphoma, lymphoblastic

· Most common lymphoma in kids

· Frequently associated with mediastinal mass, early marrow involvement, and progression to ALL

· Very aggressive

· Mostly T cells

· Malignant lymphoma, small non-cleaved (Burkitt’s)

· Intermediate in size between small mature lymphocytes and large non-cleaved cells

· Starry-sky pattern with frequent mitoses

· Burkitt’s type is associated with EBV exposure

· Miscellaneous

· Mantle zone (intermediate differentiated) lymphoma

· This is a high-grade malignant lymphoma

· Morphology, however, looks like low-grade, so need to pick this one up

· Arise from memory or virgin B cells in the mantle zone around the follicular center (which is crushed when the cells begin expanding)

· Hairy cell leukemia

· Partial monocytic derivation

· Seen in the red pulp of the spleen because that’s where the monocytes live (also in marrow and peripheral blood)

· Monocytoid B cell lymphoma

· MALT lymphoma

· Associated with H. pylori infection of the stomach

· Treatment with surgery first and chemo if there’s a recurrence

· Mycosis fungoides/Sezary syndrome

· Skin lymphoma involving T cells

· Called Sezary syndrome when the cells spill into the blood

·  Medium to large cells with convoluted (cerebriform) nuclei

· Adult T cell leukemia/lymphoma

· Seen in Japan and the Caribbean

· Associated with HTLV-1 infection

· See skin lesions, hepatosplenomegaly, generalized lymphadenopathy, and hypercalcemia

2. Understand the clinical significance of the categories within the NCI Working Formulation.

· I don’t

3. ID the interrelationships between leukemia and lymphoma.

· Leukemia is CA in peripheral blood and marrow while lymphomas are in the nodes

· CLL and small lymphocytic lymphoma

· Small lymphocytic lymphoma and CLL (plasmacytoid): Waldenstrom’s macroglobulinemia (associated with IgM)

· T cell ALL and lymphoblastic lymphoma

· ALL L3 and small non-cleaved lymphoma (Burkitt’s)

· Mycosis fungoides and Sezary syndrome

4. Utilize PE findings to evaluate the likelihood of lymphoma vs. reactive lymphoid hyperplasia.

· Lymphomas present with localized or general lymphadenopathy, and the nodes are non-tender

· Most malignant lymphomas are of the B cell type

5. Compare and contrast the clinical presentation of malignant lymphoma and Hodgkin’s disease.

· See above for clinical presentation of NHL

· Hodgkin’s

· Usually from single node or nodal region with painless lymphadenopathy and spread to continuous nodes

· May have systemic symptoms like night sweats and F

· Mean age at diagnosis is 32 YOA

· Distinguished from malignant lymphoma by the presence of Reed-Sternberg cells

6. Recognize Reed-Sternberg cells and the types of Hodgkin’s lymphoma within the Rye classification.

· Reed-Sternberg cells

· “Classic” RS cells are large cells with abundant amphophilic cytoplasm and a mirror image binucleate or bilobed nucleus

· Nucleus has large eosinophilic to amphophilic inclusion-like nucleoli surrounded by a clear halo (“Owl’s eyes”)

· RS cells are admixed with a non-specific background of inflammatory cells (lymphocytes, plasma cells, eosinophils, macrophages)

· Considered to be the neoplastic element in HD

· RS cell variants

· Lacunar: associated with nodular sclerosing Hodgkin’s

· Popcorn (lymphohistiocytic, L + H): associated with lymphocyte predominant Hodgkin’s

· Multinucleate

· Mononuclear

· Rye classification

· Lymphocytic predominant

· Mature lymphocytes and a variable number of benign histiocytes

· Few eosinophils, neutrophils, or plasma cells

· Usually no fibrosis or necrosis

· Few “classic” RS cells, many more L + H variant

· Easily mistaken for NH lymphocytic lymphoma

· Males < 35 YOA with limited disease predominate; excellent prognosis

· Mixed cellularity

· Diffuse heterogeneous infiltrate of mature lymphocytes, eosinophils, plasma cells, and benign histiocytes

· May see small areas of necrosis and fibrosis

· Many more classical RS cells

· Males < 35 YOA

· More often disseminated with systemic symptoms and worse prognosis than lymphocyte predominant subtype

· Lymphocyte depletion

· Lack of histiocytes and lymphocytes, few classical RS cells

· Necrosis and fibrosis may be prominent

· Occurs more in older patients with disseminated disease and systemic symptoms

· Worst prognosis

· Nodular sclerosis

· Varying proportions of lymphocytes, plasma cells, and eosinophils

· Lacunar variant of RS cells more common than classic RS cells

· Variable degree of fibrosis with birefringent bands of collagen dividing the nodes into circumscribed nodules

· Most common form of HD and only form more common in women

· Tends to be in lower cervical, supraclavicular, and mediastinal nodes in young patients

· Excellent prognosis

7. Appreciate the types of therapy-induced malignancies which may subsequently develop in patients treated for Hodgkin’s disease.

· Acute non-lymphocytic leukemia, lung CA, NHL, breast CA, gastric carcinoma, and melanoma

8. Differentiate between multiple myeloma, Waldenstrom’s macroglobulinemia (and other plasmacytoid lymphomas), and monoclonal gammopathy of uncertain significance based on their clinical and pathological features.

· Multiple myeloma

· Most common plasma cell dyscrasia

· Peak at 50-60 YOA, both sexes equally affected

· Monoclonal IgG most frequently seen (55%), followed by IgA (25%) or light chain only (25%); serum concentrations of these are generally > 3 g/dL

· Poor prognosis if Bence-Jones protein levels > 6 mg/dL from renal damage and generalized amyloidosis

· May have “punched out bone lesions” or generalized osteoporosis; both lead to pathological fractures

· Hypercalcemia from bone resorption may lead to confusion, weakness, lethargy, C, and PU

· Believed to be a disease of hematopoietic stem cells

· Suppression of normal Ig production can lead to recurrent infection with encapsulated bacteria

· 7% of patients have hyperviscosity (especially with monoclonal IgA since it forms polymers); see retinal hemorrhages, prolonged bleeding, and neurologic changes like H/A, dizziness, deafness, and stupor

· Peripheral blood findings: normochromic and normocytic anemia, rouleaux formation, and rarely leukemic involvement (plasma cell leukemia)

· Increased plasma cells in marrow in a diffuse or nodular pattern (must be discriminated from causes of reactive plasmacytosis)

· Solitary plasmacytoma

· Infrequent variant with an isolated mass of neoplastic cells in bone or soft tissue

· Soft tissue plasmacytoma often cured with just surgery; osseous plasmacytoma progresses to multiple myeloma no matter what the therapy (may take up to 20 years to do so, though)

· Called light-chain or heavy-chain disease in the absence of demonstrable associated heavy chains or light chains, respectively

· Chromosome 14 problems have been seen (worse prognosis)

· Prognosis depends on stage at time of diagnosis

· Those with multiple bone lesions rarely live more than a year if untreated

· May increase survival to 2-3 years with advanced cases using chemo with alkylating agents

· Elevated IL-6 levels associated with poor prognosis (IL-6 causes proliferation and differentiation of myeloma cells)

· Waldenstrom’s macroglobulinemia

· Disease of old age (60 and 70 YOA)

· Monoclonal IgM with diffuse infiltrate of “plasmacytoid lymphocytes” in the marrow, nodes, liver, and spleen

· Lytic bony lesions are absent

· Often seen with hyperviscosity because of larger size of IgM

· May get things like Raynaud’s phenomenon or cold urticaria if abnormal Igs precipitate with cold temperatures

· Average survival with appropriate chemo = 2-5 years

· Heavy chain disease

·  chain disease

· Most common type

· Mostly in young adults, especially in the Mediterranean area

· Massive infiltration of lamina propria of the intestine and abdominal nodes resulting in villous atrophy and severe malabsorption with D, steatorrhea, and hypocalcemia

· Progressive and uniformly fatal

· May occur as a complication of sprue

· chain disease

· In elderly where it resembles a malignant lymphoma with lymphadeopathy, anemia, and F, often also with malaise, weakness, and hepatomegaly or splenomegaly

· Course is variable

·  chain disease

· Rarest type

· Often in patients with CLL

· Hepatosplenomegaly is usually present, but peripheral lymphadeopathy is inconspicuous

· Monoclonal gammopathy of uncertain significance

· See monoclonal serum Ig without demonstrable evidence of defined plasma cell dyscrasia or lymphoproliferative syndrome
· Seen in 1% of asymptomatic healthy folk over 50 YOA and in 3% of people > 65 YOA

· Monoclonal serum protein usually of IgG with serum concentration < 3 g/dl

· Bence Jones proteinuria is usually absent

· About 20% of these eventually develop a plasma cell dyscrasia, malignant lymphoma, or amyloidosis

· Normal Igs don’t decrease in number

9. Recognize the syndromes classified as Langerhan’s cell histiocytoses and ID Birbeck granules as an associated finding by electron microscopy.

· Classified into different syndromes by clinicoanatomical patterns

· Letterer-Siwe syndrome

· AKA acute disseminated Langerhan's cell histiocytosis

· Malignant, with systemic infiltrates

· Seen in kids < 3 YOA and may be present at birth (something similar happens in adults)

· F is followed by a diffuse maculopapular eczematous or pruritic rash with subsequent enlargement of the spleen, liver, and nodes throughout the body

· Cystic lesions may appear in the skull, pelvis, and long bones

· Cytopenias are frequent and are from marrow involvement

· Death usually from intercurrent infections and progressive anemia

· Unifocal Langerhans cell histiocytosis

· AKA eosinophilic granulomas

· Solitary, expanding, erosive accumulation of histiocytes with a variable admixture of eosinophils, lymphocytes, plasma cells, and neutrophils

· Necrosis and multinucleated histiocytes may be present

· Usually in medullary cavity of bones (skull, ribs, and femur most often)

· Benign lesion in kids and adults, usually males; lesions can be asymptomatic or painful, and pathological fractures can occur

· Sometimes spontaneous fibrosis and healing occur within a few years

· Multifocal Langerhans cell histiocytosis

· More disabling, onset before 5 YOA

· Patients have F, a diffuse, scaly skin eruption (especially on scalp and in the ear canals), and frequent bouts of otitis media, mastoiditis, URI, and gingival inflammation; mild lymphadenopathy, hepatomegaly, and splenomegaly due to histiocytic infiltrates may be present

· About 50% have DI

· Orbital granulomas may produce exophthalmos (calvarial bone defects, DI, and exophthalmos = Hand-Schuller-Christian triad)

· Good prognosis…50% have spontaneous remission and chemo is curative in the remainder

Flow Cytometry

· Applications of flow cytometry

· Population analysis

· Light scatter

· Forward angle light scatter (FALS) is proportional to cell size

· 90( light scatter is proportional to cell granularity and nuclear complexity

· DNA analysis

· Euploid = normal DNA content

· Diploid (2n) is the number of chromosomes

· If a tumor is euploid, it has a better prognosis (with the exception of ALL, which has a better prognosis if its multiploid)

· Aneuploid = deviations from multiples of haploid number

· S-phase: the percentage of cells in the process of increasing their DNA for mitosis (i.e., is an indicator of mitotic activity)

· Cell markers

· Cell sorting

· CD = cluster of differentiation

·  CD4 = helper T cell

· CD8 = TC
Forensic Pathology

· Firearms injuries

· Bullet types

· Lead: round nose, hollow point, etc

· Partial metal jacket: soft-point, hollow point (stay in body; cops use ‘em)

· Full metal jacket: leave body; military use

· Special purpose: KTW (armor piercing)

· Never use metal clamps to remove a bullet…screws up rifling marks

· Entrance wounds

· Marginal abrasions with a central defect

· Contact or near contact

· Over bone see soot, lacerations, and skin tears

· Over soft-tissue: stippling and soot

· Cherry red (from CO), charring, and muzzle imprint

· Short-range: presence of soot
· Intermediate range: stippling (tattooing), no soot

· Long range or any range covered by clothes: just central defect with marginal abrasion

· Eccentric: the bullet entered at an angle, so the marginal abrasion’s only on one side

· Concentric: bullet was perpendicular; marginal abrasion all around wound

· Exit wounds

· Are usually stellate
· There may be a slit from bullet or fragments

· Shored (supported by belt, bra, etc) – may have a marginal abrasion

· Beveling of bone

· Penetrating wound (head trauma) bone will be beveled on inner table of skull

· Perforating wound (head trauma) bone will be beveled on the inner table of the skull at the entrance site and the outer table of the skull at the exit wound

· Temporary cavities are directly related to the amount of KE absorbed by the tissue

· Blunt force injuries

· Lacerations: tear in skin with tissue bridging; may have abrasions at wound margins, ragged edges, and “undercutting” and “shelving”

· Abrasions: superficial scrapes or scratches involving only the outer layers of the skin

· Contusions (bruises): bleeding into dermis (not epidermis), sub-q tissues, or in other organs secondary to tears in vessels

· Definitions of head injuries involving hemorrhage 

· General

· Contusion: small area of bleeding in a tissue

· Hematoma: larger collection of blood

· Scalpular: bleeding in the scalp

· Subscalpular: bleeding between scalp and skull

· Intracranial (nonspecific): bleeding anywhere inside of the skull

· Epidural (extradural)

· Bleeding between skull and dura mater

· Usually associated with skull fracture
· Occurs only following trauma
· From arterial sources of blood

· Subdural

· Bleeding in the subdural space between the dura and arachnoid mater

· May be seen with or without skull fracture
· Usually a traumatic injury, but may be seen in natural disease

· From venous sources of blood

· Subarachnoid

· Bleeding in the subarachnoid space, between the arachnoid and pia mater

· May be seen with trauma or in natural disease

· Intracerebral

· Bleeding within the brain itself

· May occur with trauma or natural disease

· Brain contusions

· Involve only the outer surface of the cortex (gray matter)

· Coup contusion

· Bruises on surface of brain on the same side as the point of impact
· Associated with a blow to a stationary head with a moving object

· Countre-coup contusion

· Bruise on surface of brain opposite the side of impact
· Associated with fall or fall-like mechanism (moving head hits stationary object)

· Some auto stuff

· The windshield is made of laminated glass and is designed to fracture but not fragment

· Side windows are made of tempered glass and will fragment to produce dicing injuries

· Electrical injuries

· Most dangerous pattern is entry through arm, through the heart, and then out a grounded leg

· Extent of injury is proportional to the amount of current
· Low voltage deaths (100 – 1000 V)

· ~ 60% of deaths are from low voltage (115 – 120 V devices)

· Death from v-fib
· DC safer but more expensive

· Autopsy findings may be entirely (-) or there may be superficial burns

· High voltage deaths (> 1000 V)

· Major threat is cardiac standstill
· Burns are present in 94% of deaths

· Autopsy findings

· Skin

· Burns

· Microscopic changes

· Collagen changes

· Microblister formation

· Palisading of nuclei of dermal cells

· May have fractures

· Brain may be coagulated

· Clothing may be torn or burned

· Lightening strikes

· About 40% of people struck by lightening die immediately or later from injuries

· Only specific autopsy finding is a fern-like redness on chest, shoulders, or back

· Thermal injuries

· Fire

· Thermal artifacts that make it hard to tell a cause of death

· Bone fractures (skull fractures from heat will be radial)

· Epidural hemorrhages (not subdural)

· Skin splitting

· Abdominal wall defects

· Heat-induced muscle contraction

· To tell if they were alive in the fire, look for

· Hb-CO

· Soot in the airway

· Depth of tissue destruction

· 1st degree: burned area is red, swollen, and painful

· 2nd degree: typically see blistering, scarring may occur

· 3rd degree: entire thickness of skin is destroyed, scarring is usual

· 4th degree: complete destruction of skin and underlying tissues

· Rule of nines to determine amount of body burnt

· Head = 9%

· Each arm = 9%

· Each leg = 18%

· Chest and abdomen together = 18%

· Back = 18%

· People with exercise-induced heat stroke may have moist skin

· Cold injuries

· Immersion foot with temps > 0(C

· Frost bite with temps < 0(C

· Hypothermia 

· Core body temp < 32.2(C

· Autopsy findings in hypothermic death

· Pink to cherry-red color of skin (livor mortis)

· Blue coloration of hands and feet

· Organ congestion

· Gastric erosions

· Pancreatitis

· Immersion burns

· Sharp demarcations between injured and normal areas

· May have islands of spared skin in burnt areas

· Forensic pediatrics

· Infanticide

· Elements that must be proven

· Baby was born alive

· Air in lungs (float test unreliable due to gas of decomposition)

· Air in middle ear

· Air in stomach

· Food in stomach (only conclusive proof of live birth)

· Death from violence or willful act of omission

· Act or failure to act was done with intent to harm

· Most commonly from suffocation

· SIDS

· Most common cause of death if < 1 YOA (86% between birth and 6 MOA)

· Def: death of an infant, < 1 YOA, in apparent good health who dies suddenly and unexpectedly, and in whose case a complete post mortem investigation does not reveal a commonly accepted cause of death (diagnosis of exclusion)

· Must do complete investigation, which includes

· Visit to scene of death

· Interview of caretaker

· Total body x-rays

· Complete autopsy, including cultures, genetic and metabolic screen, and toxicology exam

· SIDS more common with

· Congested urban areas

· Poverty

· Illegitimacy

· Poor maternal prenatal care

· Male to female ratio = 3:2

· Autopsy findings

· May have petechiae on pleura, epicardium, and thymus

· Organ congestion

· Autopsy can’t tell difference between SIDS, overlay, and smothering

· Child abuse

· Most cases occur before 6 YOA (after that the kid’s in school)

· When looking at bones, look for avulsion of the metastasis, multiple rib fractures, posterior rib fractures, long bone fractures, and skull fractures

· Shaken baby syndrome: generally see subdural hemorrhage (from tearing of the bridging veins…hemorrhage over hemispheres), subarachnoid hemorrhage, and retinal hemorrhage
· Ocular injuries will show retinal detachment, retinal hemorrhage, and/or permanent visual defects

· It is a class B misdemeanor not to report suspected child abuse

Pathology of the CNS

· The brain has no lymphatic drainage, and when it scars its scars are glial, not fibrotic

· Changes in neurons

· Chromatolysis is a characteristic response in neurons after axonal injury; cell body swells up a bit and the nissl bodies disappear

· Red neurons are dead (from ischemia)

· Atrophy/degeneration – slow loss with glial reaction

· Intranuclear/intracytoplasmic inclusions (especially after viral infections)

· Changes in glial cells

· Astrocytes
· Gliosis: increase in astrocytes (size and number) in response to different injuries; very nonspecific

· Alzheimer type II change: seen in hepatic encephalopathy

· Oligodendrocytes: demyelination

· Ependymal cells: ependymal granulations (from inflammation)

· Microglia

· Rod cells

· Nodules (especially in response to viral infection)

· Phagocytosis

· Increased ICP


· Pressure > 200mmH2O

· Results in herniation (also H/A, confusion, and papilledema)

· Subfalcine (cingulated) herniation

· The falx is the midline between the frontal lobes, and the cingulated gyrus runs on either side of it

· Can result in anterior cerebral artery infarct if cingulate gyrus herniates under falx

· Transtentorial (uncal)

· Medial aspect of temporal lobe herniates through tentorium cerebelli

· Results in CNIII compression (eyeball paralysis on affected side), posterior cerebral artery infarction (this is the one that supplies the primary visual cortex), and midline midbrain/pontine hemorrhages (Duret hemorrhages)

· Tonsillar

· Cerebellar tonsils herniate through the foramen magnum

· Results in compression of medulla and respiratory centers contained therein

· Hydrocephalus – increased CSF volume with ventricular dilation

· Normal route of CSF: produced in lateral ventricles, flows to the 3rd ventricle, through the cerebral aqueduct to the 4th ventricle, out the foramina of Lushka and Magendi, reabsorbed by the arachnoid granulations

· Non-communicating: obstruction within ventricular system (e.g., tumor)

· Communicating

· Not due to obstruction of ventricular system

· Examples

· With post-viral meningitis, the granulations may be come fibrotic and might not absorb CSF as well

· Foramina of Lushka or Magendi may be obstructed if a meningitis becomes fibrotic

· Tumor of choroid plexus that over-secretes CSF

· Hydrocephalis ex vacuo: ventricular dilation due to cerebral atrophy

· Anterior horns of the lateral ventricles will be blunted (should come to a sharp point)

· Neural tube defects

· Anencephaly
· 1-5/1000 live births

· Forebrain (and skin and skull overlying it) is gone and replaced with area cerebrovasculosa (which is blood vessels and glial cells)

· Posterior fossa spared

· Preconception folate deficiency is important risk factor

· Encephalocele: protrusion of occipital or posterior fossa through the back of the head; it’s usually covered by skin

· Spina bifida

· Most common NTD

· Vertebral column fails to fuse, creating a defect

· Meningocele is protrusion of just the dura

· Meningomyelocele is protrusion of dura and spinal cord; associated with motor weakness, paralysis, and urinary incontinence
· Forebrain anomalies

· Most are idiopathic

· Polymicrogyria: disorganization of the cortex with many small, worm-looking gyri

· Microcephaly (small head or small brain)

· FAS most common cause

· Also from congenital HIV and chromosomal abnormalities

· Holoprosencephaly

· There’s a single frontal lobe and a single lateral ventricle because of incomplete separation

· Severe cases have facial deformities like cyclopia and a nose in the forehead (nose cannot descend to where it needs to be since that one big eye is in the way)

· Mildest cases involve total lack of olfactory bulbs (arrhinencephaly)

· Associated with trisomy 13
· Agenesis of the corpus callosum can produce anything from a mentally retarded kid to a totally normal kid

· Posterior fossa anomalies

· Arnold-Chiari malformation

· Small posterior fossa, cerebellar vermis displaced through the foramen magnum (not to be confused with tonsillar herniation – this is the vermis, not the tonsils)

· Vermis and/or medulla may become kinked as they pass though the foramen magnum

· Often associated with hydrocephalus, and it may be associated with a lumbar menigomyelocele
· Dandy-Walker malformation

· Posterior fossa is larger than normal and the vermis is absent or rudimentary

· The 4th ventricle is cystically dilated and takes up the space where the vermis should be

· Spinal cord abnormalities

· Hydromyelia: dilated central canal

· Syringomyelia (syrinx)

· Cleft-like cavity of inner portion of cervical cord or brainstem

· Usually due to Arnold-Chiari, a tumor, or trauma

· Perinatal brain injuries

· Intraparenchymal hemorrhage

· Most neurons form in the highly vascular germinal matrix and migrate out to the cortex as they mature

· If the baby is born prematurely, there is a risk of the friable vessels in the germinal matrix rupturing (because of the proximity of the germinal matrix to the lateral ventricles, there is risk of blood entering the ventricles and even eventually become an arachnoid hemorrhage)

· Periventricular leukomalacia

· Tiny infarcts in the periventricular area which usually become calcified (which makes them look white, hence the name)

· If the infarcts are extensive, cysts may form (this is called multicystic encephalopathy)

· Ischemic injury during birth

· If there is ischemic injury and subsequent recovery it is called ulegyria because the damage occurs deep in the gyri, producing a mushroom shape

· Ischemia can also occur in the basal ganglia and thalamus, resulting in aberrant myelination

Infections of the CNS

· Routes of CNS infection

· Hematogenous spread from distant site

· Local extension from sinus or ear

· Direct implantation following puncture

· Peripheral nerve spread (e.g., herpes, rabies)

· Meningitis

· Inflammation of leptomeninges (arachnoid and pia mater) including subarachnoid space and CSF

· C/S are F, H/A, stiff neck, and behavior changes
· CSF changes in meningitis

· Bacterial

· Neutrophilic pleocytosis (pleocytosis = increase in cells)

· Elevated protein

· Reduced sugar

· Viral

· Lymphocytic pleocytosis (may have PMN pleocytosis early on)

· Protein less elevated than bacterial, sugar normal
· Bacterial

· Also called acute meningitis or purulent meningitis

· Caused by

· Neonates: E. coli, Streptococcus agalactaciae (Group B strep), and Listeria
· Kids: H. influenzae (incidence decreased due to vaccine)

· Young adults: N. meningitidis
· Older adults: S. pneumoniae, Listeria
· Open head trauma: staph, strep, other flora

· Subdural empyema

· Spread of infection from skull or sinus to subdural space

· May be bacterial (often fungal)

· Can produce mass effect

· Thrombophlebitis of bridging veins may result in brain infarction

· Resolution from dural side

· Viral


· Also called lymphocytic or aseptic meningitis

· Can be caused by numerous viruses, but enteroviruses are very common causes in summertime (1/3 of cases have unknown cause)

· Has to be treated symptomatically, since a/b don’t work

· Chronic

· Usually fungal or TB
· Cryptococcus meningitis – form of fungal meningitis in AIDS and other immunocompromised patients

· TB meningitis

· Chronic meningitis usually localized to the base of the brain

· If gets into brain (encephalitis) will form discrete tuberculomas in the brain matter

· 25% of intracranial masses in South America and India

· Adult lesions are supratentorial, kids’ lesions are infratentorial

· Encephalitis

· Can be viral, bacterial, fungal, or parasitic 

· If there are abscesses it’s usually due to bacteria
· Viral encephalitis

· CMV and herpes are the 2 most common causes

· Arboviruses (arthropod borne) can also cause encephalitis

· Transmitted by biting insects

· Local outbreaks associated with mosquitoes (birds are reservoirs)

· Viruses: St. Louis, Eastern equine, Western equine, Venezualan equine, California, Japanese, and West Nile virus

· Mumps, measles, rubella, and chickenpox can cause encephalitis

· Herpes encephalitis

· Most common cause of viral encephalitis

· HSV-1 causes an acute encephalitis that usually involves the temporal lobes

· HSV-2 is a problem in babies born to infected moms; can cause meningitis in older persons

· Can occur without active infection elsewhere

· CMV

· Seen in the immunocompromised and fetuses
· Starts as ependymitis and spreads through the CSF

· Can cause focal, necrotizing lesions of brain tissue that may lead to periventricular calcification
· Also causes meningitis and spinal radiculitis

· Poliomyelitis

· An enterovirus that secondarily involves nervous tissue

· Initially a meningitis

· Involvement of only anterior horn motor neurons; produces a flaccid paralysis (death by respiratory paralysis or myocarditis)

· Pretty much gone now due to vaccine

· Rabies

· If untreated, causes a fulminant encephalitis that is always fatal

· M/O get to CNS by peripheral nerves

· See local paresthesias at site of wound and malaise, H/A, and F (classic)

· Selectively involves basal cerebral nuclei, midbrain, and floor of 4th ventricle

· Negri bodies: intracytoplasmic inclusions of virion aggregates

· 2 forms

· Furious: volatile, violent, emotional behavior with lucid states and hydrophobia; usually die from arrhythmias

· Paralytic (dumb): ascending flaccid paralysis; die of respiratory arrest

· Subacute sclerosing panencephalitis

· Kids and young adults who had measles
· Personality change followed by involuntary movements; progressive over years

· Defective viral particles lack M protein of viral coat and spread more slowly

· Cerebral abscesses

· Usually from staph, strep, or anaerobes (fungi in immunocompromised)

· Think toxoplasmosis if seen in AIDS patient 

· Can be a complication of 

· Acute bacterial endocarditis

· Cyanotic congenital heart disease (R to L shunt prevents filtration of m/o by lungs)

· Bronchiectasis
· This is one of the few times collagen will be seen in the brain (seen in abscess wall)

· Symptoms are those of a mass lesion

· CNS diseases in AIDS

· Toxoplasmosis

· See behavior changes and lots of small abscesses on MRI

· Almost always treated for in AIDS patients

· Lots of small abscesses throughout the brain

· HIV encephalitis

· Direct infection of brain by HIV (crosses the BBB in macrophages)

· Seen in 20-30% of AIDS patients

· See multinucleated giant cells, especially perivascularly

· AIDS dementia complex

· Clinical syndrome due to direct CNS infection of brain (still crosses BBB in macrophages)

· HIV not in neurons, but in microglia (which migrated in as tissue macrophages?) and astrocytes

· Mechanism unknown because there’s not too much neuronal damage

· May see some gliosis and vacuolization of the white matter

· Vacuolar myelopathy

· Degenerative disease of the spinal cord seen in 20-30% of AIDS patients

· Maybe due to direct infection of spinal cord by HIV

· Looks like subacute combined degeneration seen with vitamin B12 deficiency (affects the posterior and lateral columns of the spinal cord), but it’s not associated with deficiency

· Meningitis (often cryptococcal)

· Progressive multifocal leukoencephalopathy – is an opportunistic brain infection in AIDS patients caused by JC virus which infects the oligodendrocytes and causes MS-like c/s

· CNS fungal infections

· Generally seen in the immunocompromised and are hematogenous (except Mucor mycosis, which comes in directly from the nose)

· Cryptococcus meningitis is most common infection

· M/O are encapsulated and appear as such

· Multiple abscesses in the brain and granulomatous response

· Candida infection can produce meningitis or encephalitis

· Neurosyphilis

· Meningovascular

· Most common form

· See plasma cells in the meninges

· Special stains will show spirochetes

· Parenchymal (gummas) – more of a granulomatous reaction

· General paresis

· Spirochetes invade the brain (and can be seen with special stains) and cause gliosis and other reactive changes

· Fe deposits are common and there is a progressive neuronal loss

· Tabes dorsalis

· Looks similar to vacuolar myelopathy of AIDS

· Involves posterior columns of the spinal cord

· Will not see spirochetes with special stain

· Present with sensory disturbances, shooting pains, loss of proprioception and ataxia

· Parasitic infections of the CNS

· Malaria

· Vasculature prominent from congestion with malaria m/o

· Looks like petechiae all over brain (from pigment in m/o from RBC ingestion)

· Trypanosomiasis

· Amoeba

· Most infections are from Naeglaria species via direct infection (swim in amoeba-infested water, they enter the nose, and go to the frontal lobes through the cribiform plate); m/o look like foamy macrophages

· Entamoeba histolytica can infect the brain by hematogenous spread from an infection elsewhere in the body (won’t be just in the frontal lobes)

· Cysticercosis

· From eating eggs of pork tapeworm
· Infection can be in any organ (look for numerous small radiopaque lesions)

· Have a cystic appearance because the m/o is rather cystic

· Echinococcosis – mostly causes liver problems

Prion Infections
· CJD

· Most common prion disease in humans; typically seen in older people
· Starts with subtle behavior changes followed by rapid progressive dementia (most rapidly progressive of human prion diseases – uniformly fatal within a year of c/s onset)

· Startle myoclonus is common in later stages

· Transmitted by exposure to eye and neural tissue products, but there are familial and sporadic forms

· vCJD (new vCJD)

· Seen in younger patients

· Associated with consumption of BSE beef
· More protracted than is classic CJD

· Kuru – cannibals in Papua/New Guinea

· Scrapie

· Mink encephalopathy

· BSE

· Gerstmann-Straussler-Schenker syndrome – presents with progressive ataxia

· Familial fatal insomnia – characterized by sleep disturbances leading to dementia

· Kuru plaques can be seen in all of the prion diseases (these are amyloid plaques)

· Pathogenesis of prion diseases in general

· Prion protein (PrP) is a normal protein that we all make

· Some folks have a PrP that is prone to change from its alpha helix to a beta pleated sheet; when this happens, it encourages other PrP around it to change conformation as well (now called PrPSC)…lots of PrPSC cause spongiform changes – this explains how prion disease can be acquired and spontaneous

· If you don’t make PrP you are immune from prion diseases

· PrPSC is very resistant to proteases, heat, and steam (autoclaving)

CNS Vascular Diseases
· Factors important in severity of ischemic damage

· Collateral circulation

· Duration of ischemia

· Magnitude of flow reduction

· Rapidity of flow reduction (slower processes like atherosclerosis allow more time for collaterals to form)

· Global cerebral ischemia (from hypoperfusion of the entire brain)

· Selective vulnerability

· Some neurons are more susceptible to ischemia (Purkinje cells are very vulnerable)

· Not due to reduction of blood flow

· Can see a ribbon-like area of necrosis since certain areas of the cerebral cortex are more vulnerable (called laminar infarcts)

· Watershed infarcts

· Infarcts at borders between arterial supply regions
· These low perfusion areas are at higher risk of injury even with mild hypoxia
· Respirator brain – autolytic softening of brain in veggies on respirators

· Focal infarcts

· Thrombotic infarcts

· Usually from atherosclerosis but can be due to vasculitis

· Usually non-hemorrhagic (pale)

· Embolic infarcts

· Usually from mural thrombi from heart or carotid atherosclerotic plaques

· The MCA is most often involved and they are usually hemorrhagic
· Venous infarcts

· From thrombosis of the superior sagittal sinus
· Very rare and very hemorrhagic
· Cerebral infarct morphology

· After first 12 hours see red dead neurons

· Up to 48 hours see neutrophils

· Within days the neutrophils are replaced by macrophages stuffed with neuronal debris and may have hemosiderin in them if the infarct was hemorrhagic

· 1 – 2 weeks see gliosis (not fibrosis)

· May resolve as a cystic cavity

· Cerebral hemorrhages

· Epidural hematoma – almost always from trauma

· Subdural hematoma – usually from trauma

· Subarachnoid hemorrhage – usually not from trauma

· Bleeding between arachnoid and pia mater

· Usually from ruptured berry aneurysm at branch points of Circle of Willis; also from trauma, bleeding d/o, AVM, or rupture of intraparenchymal hemorrhage into ventricles

· Berry aneurysms are more common in those with HTN (or at least more prone to rupture) and are associated with ADPKC

· Intracerebral (intraparenchymal) hemorrhage

· HTN vascular disease accounts for > ½ of intraparenchymal hemorrhages
· Usually affects deep gray matter (like basal ganglia and thalamus)

· Charcot-Brouchard microaneurysms: “leaky” microscopic outpouchings of vessels due to HTN

· Lacunar infarcts

· Cystic spaces in deep gray matter

· The hypertensive blood vessel creates a space that gets left behind

· Hypertensive encephalopathy

· Associated with very high BP

· See H/A, seizures, and confusion
· Multi-infarct dementia

· Multiple infarcts over time wipe out enough gray matter to wipe out cognitive abilities

· Presents as a progressive dementia

· Binswanger’s disease: dementia and white matter loss from multiple infarcts

· Vascular malformations

· AVM

· Irregular tangle of vessels with an AV shunt, usually in the cerebrum

· May see seizures and subarachnoid and/or intraparenchymal hemorrhage

· Cavernous hemangioma

· Collection of dilated vessels without an AV shunt

· Usually in cerebellum or pons

· Capillary telangiectasia

· Microscopic foci of dilated vessels separated by normal brain tissue; no AV shunt

· Usually in pons

Demyelinating Diseases

· MS – most common

· Mostly in whites in northern latitudes, 20-40 YOA, female > male

· Autoimmune or postviral

· Formation of plaques in white matter that exhibit demyelination, inflammation, and gliosis

· Gitter cells will be present

· Plaques are separated from one another and come and go with time (get better during periods of remission)

· Axons seem to be spared

· Intermittent but progressive disease

· Early C/S: paresthesias, incoordination, and mild sensory and motor symptoms of extremities

· Late C/S: ataxia, paraplegia, and mental dysfunction

· Variants

· Neuromyelitis optica (Devic’s disease)

· Demyelinating disease of spinal cord and optic tract
· Permanent damage to axons

· Acute MS – more accelerated form in younger patients

· Balo concentric sclerosis – fuhgedaboudit

· Progressive multifocal leukoencephalopathy

· Caused by JC virus (a papovirus); may rarely come from SV40

· Opportunistic – seen in AIDS and other immunocompromised patients

· Oligodendrocytes are affected and show intranuclear inclusions

· Causes focal demyelinating plaques that mimic those seen in MS (plaques tend to be larger and more separated, giving a “moth-eaten” appearance)

· See also a bizarre reactive gliosis (very atypical-looking astrocytes that aren’t infected with the virus)

· Progressive neurologic signs and symptoms, no effective treatment

· Perivenous encephalomyelitis

· Severe disease centered around blood vessels

· Probably from immune-mediated reactions

· Acute disseminated encephalomyelitis

· Perivenous demyelination

· Rapidly progressive and can be fatal (most patients do recover and may have neurological sequellae)

· Usually follows a viral infection and may be an immune reaction against myelin

· Acute necrotizing hemorrhagic encephalomyelitis

· Similar to ADE with acute vasculitis

· May be related to immune complex deposition; poorly understood

Neurodegenerative Diseases

· Patients have normal functioning and then begin losing certain neurons (either a specific kind or neurons in a specific pathway) and are not due to trauma or toxic insult

· Either attack cortical neurons (progressive dementia) or subcortical neurons (movement d/o)

· Pathogenic, not a part of normal aging

· Alzheimer’s disease

· Brain looks atrophic (thin gyri and widened sulci) – often see hydrocephalus ex vacuo
· Characteristic microscopic findings

· Neurofibrillary tangles

· Microtubular elements within neurons form a rigid structure

· After the neuron dies these remain as evidence of the disease

· Look like candle flames and are often called “flame cells”

· Senile (AKA neuritic) plaques – extracellular material that’s mostly amyloid

· Hirano bodies – intracytoplasmic crystalloid things

· Granulovacuolar degeneration

· Cerebral amyloid angiopathy
· Amyloid deposits in blood vessels throughout the brain

· Can become leaky and lead to intraparenchymal hemorrhage

· None of the above are specific for AD, as all may be seen in a “normal” brain of an elderly person…what matters most is the number of these things seen (especially plaques)

· Diagnosis of AD

· Can make presumptive diagnosis because of typical clinical course, but definitive diagnosis can only be made upon autopsy

· Diagnosis made by counting number of plaques per filed and relating that to patient’s age

· Diagnosis not based on number of tangles

· Also not based on number of diffuse plaques (which are different than senile plaques)

· Very difficult to tell early (low-grade) AD from normal aging

· Pathogenesis

· Amyloid definitely plays a role based on the importance of amyloid precursor protein

· APP is a normal, membrane-bound protein that is endocytosed and digestion (after digestion it is known as amyloid beta protein which is the bad one; it is the protein present in the amyloid angiopathy and neuritic plaques)

· A mutation in the APP gene leads to early onset AD, which accounts for some of the familial cases of AD (familial only responsible for 5-10% of cases)

· APP gene found on chromosome 21, so Down’s patients who live long enough will develop a progressive decline in mental function and will have pathologic features consistent with AD
· Presensilins

· Coded for on chromosomes 1 and 14

· Somehow enhance the production of amyloid protein

· Mutations increase risk for early AD onset

· Apolipoprotein E4

· Coded for on chromosome 19

· Mutations lead to increased risk of early AD onset

· Aluminum toxicity may play a role

· Tau protein

· Normal microtubular protein

· One of the main proteins present in the neurofibrillary tangles
· CERAD designates certain brain foci as standard sections for AD diagnosis

· Hippocampus and entorhinal cortex

· Superior and medial gyri of the temporal lobe

· Middle frontal gyrus of the frontal lobe

· Inferior parietal lobe

· Anterior cingulate gyrus (cortical Lewy bodies)

· Midbrain

· Pick’s disease

· Cortical atrophy similar to AD

· Atrophy differs from AD in location (localized in frontal and temporal lobes and is called “wafer atrophy” or “knife edge atrophy”)

· Clinical picture similar to AD

· Huntington’s Chorea

· Autosomal dominant mutation on chromosome 4

· Onset at 20 – 50 YOA and both sexes equally affected

· Combination of choreiform movements (mostly of the arms) and progressive dementia
· Pathologic hallmark is atrophy of the caudate nucleus with a lesser degree of atrophy in the lentiform nuclei and the basal ganglia (small neurons in the caudate are affected the most and the earliest)

· Pathogenesis

· The gene for the protein Huntingen contains CAG repeats; the longer the repeat, the worse the disease and the earlier the onset

· Anticipation: if inherited the disease from dad, more likely to have a worse disease than your ancestors

· The mechanism of cell death is unclear, but it is possibly related to excess excitotoxins (quinolinic acid)

· Parkinson’s disease

· May get Parkinsonism from drugs, toxins, a byproduct of heroine synthesis (MPTP), and influenza encephalitis

· Movement d/o characterized by 

· Shuffling gate

· Stooped over posture

· Rigidity

· Expressionless (“mask-like”) face

· Tremor

· Typical onset at 50 YOA

· Pathogenesis

· Degeneration of pigmented (dopaminergic) neurons in the substantia nigra of the midbrain

· These neurons project to the striatum; the lack of dopaminergic input to the striatum causes the movement problems

· Lewy bodies

· Big, round eosinophilic intracytoplasmic inclusions in neurons of the substantia nigra

· Not specific for Parkinson’s

· Alpha-sinuclien is the major component

· Dementia seen in about 10% of patients; some patients have dementia without movement problems – this is called diffuse Lewy body disease
· Postencephalic Parkinsonism

· Mostly seen after flu epidemic of 1914-1918

· Starts months to years after initial encephalitis

· Has been associated (rarely) with western equine, measles, and Japanese B viruses

· Neuronal degeneration in the substantia nigra with the formation of tangles, not Lewy bodies
· Striatonigral degeneration

· C/S almost the same as Parkinson’s disease, but resistant to L-Dopa therapy
· Loss of pigmented neurons of substantia nigra and loss of target cells in the striatum, but no Lewy bodies

· Shy-Drager syndrome

· PD + autonomic failure including idiopathic hypotension

· Loss of neurons in the substantia nigra with or without Lewy bodies, plus a loss of neurons from the intermediolateral column of the spinal cord

· Onset at 50-60 YOA, appears to be sporadic

· Progressive supranuclear palsy

· Initially, vertical gaze is lost (progresses to all eye movements); also see disequilibrium, rigidity, and dementia
· Onset in later adulthood, males 2X more often, death within 10 years

· Widespread atrophy in the deep gray matter (globus pallidus, subthalamic nucleus, tectum, preiaqueductal gray matter, and dentate nucleus) with sparing of the cortex and formation of tangles (not flame-shaped, but round [called “globos”]) that may contain small amounts of tau protein (not the major component like the tangles of AD

· Friedreich’s ataxia

· AR, males > females, onset usually in 1st decade of life

· First presents with a gait ataxia

· Associated with cardiac abnormalities, and many of these patients die of arrhythmias

· Also associated with a trinucleotide repeat

· The gene for Fretaxin is found on chromosome 9

· If the repeat GAA is present, it becomes expanded and leads to ataxia

· Degeneration of posterior columns of spinal cord and the corticospinal tracts; both myelin and axons are affected

· Amyotropic lateral sclerosis (ALS)
· Upper and lower motor neuron degeneration, with degeneration of the anterior motor neurons in the spinal cord and atrophy of the anterior spinal roots

· Etiology unknown

· Alcohol-induced damage to the CNS

· Cerebellar degeneration – loss of Purkinje and granular cells from chronic alcohol abuse
· Wernicke-Korsakoff syndrome

· Not so much due to alcohol, more due to thiamine deficiency often seen in alcoholics

· The Wernicke part

· Opthalmoplegia, nystagmus, ataxia, and mental disturbances, prostration
· Look for shrunken, discolored mamillary bodies (other periventricular/periaqueductal regions can be affected)

· Affected regions have neuronal loss, gliosis, and vascular proliferation

· The Korsakoff part

· Psychosis and memory disturbances; may be more EtOH-related

· Lesions localized to dorsal medial thalamic nuclei

· Variable cerebral atrophy and ventricular dilation

· FAS

· Leading cause of preventable MR in America

· 1st few weeks after conception are critical; safe amount of EtOH unknown

· Kids will have microencephaly, periventricular neurological heteropias, dilated ventricles, and reduced amounts of cerebral white matter

· Central pontine myelinolysis

· Demyelination in the middle area of the ventral pons from overcorrection or too rapid correction of hyponatremia
· Loss of myelin and oligodendrocytes, but the axons are spared
· Results in a flaccid quadraplegia
· Subacute combined degeneration (from B12 deficiency)

· Both the ascending and descending tracts of the spinal cord are affected (degeneration of posterior and lateral tracts of the spinal cord white matter)

· Disease progression

· Early, myelin begins to swell (looks like vacuolar degeneration of AIDS); this is reversible

· Later there is a permanent degeneration of axons

· Get spastic paresis, sensory ataxia, and paresthesias of the legs

· Metabolic d/o

· Metabolic encephalopathies

· Hepatic encephalopathy

· From excess NH3 depositing in the basal ganglia

· Little wrong grossly, but will see Alzheimer type II glial cells microscopically

· Hypoglycemia – looks like CO poisoning

· Reye’s syndrome

· Give a kid aspirin for F with viral UTI

· More of a liver problem

· Hepatolenticular degeneration (Wilson’s disease) – also a basal ganglia problem

· Inborn errors of metabolism

· Leukodystrophies

· Disturbances of myelin metabolism that mostly affect white matter and grossly look similar

· Metachromatic leukodystrophy

· AR lack of argyl-sulfatase A, leading to accumulation of galactosyl sulfatides

· PAS (+) material accumulates in macrophages or peripheral tissues

· Not demyelinating, because the nerves are never really Myelinated at all

· Krabbe’s disease

· Sometimes called globoid cell leukodystrophy because one can see histiocytes that look like those of PSP (these are usually larger and multinucleated)

· AR deficiency of galactosidase leads to production of toxic metabolites that demyelinate

· Within first 6 months kids show rigidity, instability, and decreased alertness

· Adrenoleukodystrophy

· X-linked recessive d/o characterized by the accumulation of very long-chain fatty acid esters of C

· 2 forms

· Juvenile


· Classic form

· Early onset in 1st decade of life with rapidly progressive demyelination and adrenal insufficiency (this is what usually kills these kids)

· Adult form – milder and more slowly progressive

· Neuronal storage diseases

· Tay-Sachs

· More common in Jews
· Hexosominidase A deficiency leads to accumulation of ganglioside GM2 in the brain and visceral organs

· Neurons are distended and swollen by lysosomes that are full of these gangliosides

· Classic feature is cherry red spot on macula
· Neimann-Pick


· Lack of sphingomyelinase leads to accumulation of sphingomyelin
· Neurons distended by lysosomes full of sphingomyelin and C

· Systemic storage diseases

· Mucopolypolysaccharidoses

· Most common are Hurler’s and Hunter’s
· Most are X-linked and lead to storage of abnormally metabolized mucopolysaccharides in the brain and visceral organs

· Patients display coarse facial features, corneal opacity, and cardiac dysfunction

· Gaucher’s (AKA sphingolipidosis)

· Accumulation of glucocerebrosides
· Spleen and other tissues have cerebroside-distended macrophages that have a wrinkled paper appearance and are called Gaucher cells

· Leigh’s syndrome

· Mitochondrial encephalomyelopathy

· Kids very early on show ataxia, seizures, weakness, and rapid mental deterioration

· Lesions usually bilateral and symmetrical and in the thalamus, midbrain, pons, medulla, and spinal cord

· Genetic defect thought to be in cytochrome oxidase C (a mitochondrial enzyme)

CNS Tumors
· In kids tumors tend to be infratentorial; more common tumors include astrocytomas, medulloblastomas, craniopharyngiomas, brainstem gliomas, and ependymomas in the 4th ventricle

· In adults, tumors tend to be supratentorial; more common ones include glioblastomas and meningiomas

· The most common brain tumors are metastatic; the most common primary brain tumors are gliomas (with astrocytomas being the most common of these)

· Glioma tumors

· Astrocytomas

· Nonresponsive to chemo

· Diffuse/fibrillary astrocytomas (fig 30-37B)

· These are more commonly seen (80% of adult primary brain tumors) and kill, not from metastasis, but from relentless growth (brain tumors need not metastasize to be considered malignant, as their presence is bad enough)

· Usually in cerebral hemispheres

· Diagnosis in late middle age after presentation with seizures and H/A

· Have a tendency to progress to worse types (see a few bullets down)

· Very infiltrative and blend right into brain tissue

· Have a tendency to cross the midline and involve the white matter on both sides of the brain (“butterfly appearance”)

· 3 types

· Low-grade

· Some nuclear atypia but no mitoses or vasculature

· Least deadly of the 3

· Anaplastic

· See mitoses and increased cellularity

· Can be classified as this if one mitotic figure is seen

· Glioblastoma multiformes (fig 30-38)

· Must see necrosis or vascular endothelial proliferation in the tumor

· Bad prognosis – death usually within 6-7 months

· Benign astrocytomas

· More common in kids
· Can usually be cured with extraction and don’t progress to other types

· Types

· Juvenile Pilocytic Astrocytoma (JPA, fig 30-39)

· Most common in the cerebellum but can be anywhere

· One of the most key diagnostic features is the presence of Rosenthal fibers (“big chunky eosinophilic things”); these aren’t specific for JPA, but are never found in CA

· Classically present as a cystic lesion with a nodule along the wall of the tumor

· May have long and stringy bipolar cells

· Pleomorphic xantho astrocytoma (PXA)

· Usually presents as a temporal mass in a kid with a long history of seizures; once excised, the seizures are gone

· Might look malignant due to extreme nuclear atypia

· Can also have Rosenthal bodies

· Subependymal giant cell astrocytoma (SEGA)

· Really strong correlation with tuberous sclerosis
· Most common in kids

· Tumors look like epithelial cells, not astrocytes or giant cells…diagnosis made by finding a subependymal mass in someone with tuberous sclerosis

· Oligodendromas

· 5-10% of gliomas

· Mostly in cerebral hemisphere white matter, more well-circumscribed than astrocytomas

· Sheets of monotonous cells with a clear halo of cytoplasm around the nuclei (fried eggs)

· Fine capillary network seen, frequent calcifications
· Treated with surgery, but respond well to chemo

· Ependymoma

· Relatively common in kids and adults (5-10% of primary brain tumors)

· Tumors near the 4th ventricle

· May be seen at filum terminale in adults (called myxopapillary ependymoma because they produce a lot of mucus and have papillary tufts)

· Look for rosettes made of blood vessels and a circular arrangement of nuclei around them

· Subependymoma

· Benign, very slow growing, and usually asymptomatic

· Nodular architecture, with alternating areas of lots of cells and no cells

· Choroid plexus papillomas

· More common in kids and found in the lateral ventricles; may cause hydrocephalus from overproduction of CSF and/or outflow obstruction

· In the rare cases that are malignant, they are called choroid plexus carcinomas

· This is a paradoxical tumor in adults because they are usually in the 4th ventricle (which is infratentorial)

· Neuronal tumors

· Gangliocytoma

· Benign tumor of a big group of neurons 

· Looks like SEGA, but they aren’t subependymal 

· Associated with seizures

· Ganglioglioma: gangliocytoma with astrocytes in it

· Central neurocytoma

· Almost always intraventricular
· Microscopically similar to oligodendrogliomas (fried eggs)

· Medulloblastoma

· Tumor of very primitive, undifferentiated cells that can differentiate along neural lines or glial lines

· This is a tumor of kids

· Named based on where it is

· If it’s in the cerebellum-midline, it’s a medulloblastoma

· If it’s in the adrenal medulla, it’s a neuroblastoma

· If it’s in the eye it’s a retinoblastoma

· If it’s anywhere else it’s a primitive neural ectodermal tumor (PNET)

· Can get into CSF and invade meninges

· Looks like small oat cell carcinoma of the lung

· Sheets of anaplastic cells, abundant mitoses
· Can form pseudo-rosettes (Homer-Wright rosettes)

· Can be treated decently with chemo and surgery (~75% 5YS)

· Grossly they are big, hemorrhagic, mushy messes and may appear slightly cystic (include pilocytic astrocytoma in the differential)

· Primary CNS lymphoma

· Only 1% of intracranial tumors and 2% of extranodal lymphomas

· Strongly associated with AIDS and EBV

· Most are large, high-grade B cell lymphomas and are multiple (astrocytomas are usually solitary)

· Very aggressive and have a poor prognosis

· Lymphocytes tend to be in a perivascular location like seen with viral encephalitis
· Germ cell tumors

· Most common in nads but can occur in the pineal gland; these are primary tumors of the pineal (but should look at ovaries and testes to make sure that they are okay)

· Seen in teens and young adults

· Appearance and treatment similar to gonadal tumors

· Meningiomas

· Common and benign tumor of adults that come from cells of the arachnoid mater

· Not intraparenchymal, but grow along meninges

· Growth commonly along a convexity like the falx or tentorium

· Called extra-axial lesions since growth not in parenchyma
· Slight female predominance (especially in spinal cord tumors) because they may have estrogen and progesterone receptors on them (grow very quickly in pregnancy)

· Histology

· Well-circumscribed and compress the brain tissue without invading into it

· Might show a whirling pattern of cells
· Some variants may be more aggressive
· Papillary meningioma tends to metastasize
· May invade into surrounding brain, which is ominous (called malignant meningiomas)

· The benign ones tend to have psammoma bodies
· Metastatic brain tumors

· Account for about 50% of all brain tumors

· Commonly from lung, breast, renal cell carcinoma, melanoma, and GI tract

· Present as well-demarcated masses with a surrounding zone of edema, most commonly at the gray and white matter junction

· Solitary tumors may be removed surgically, but multiple masses are ominous and surgery (even radiation) is of little value

Peripheral Nerve Sheath Tumors

· Schwannoma (AKA Neurolemmoma)

· Can be pretty much anywhere (even in the brain)

· When they are in the brain, they are most commonly attached to CNVIII (called acoustic neuromas and are common in people with neurofibromatosis type II)

· When they arise from the spinal cord they typically come from the dorsal roots

· Very well circumscribed and may even be encapsulated; benign

· Generally not attached to the nerve they arise from, so they can be surgically separated

· Look for Antoni A and Antoni B areas and Verocay bodies microscopically
· Antoni A areas are very cellular and Antoni B areas are poorly cellular
· Verocay bodies are a bunch of cells that butt up against a pale, less cellular area
· Neurofibroma

· Like a Schwannoma, but they aren’t encapsulated (very well circumscribed, though)

· The nerve is integrated into the tumor and the 2 can’t be separated without sacrificing the nerve

· People with NF type I (von Recklinghausen’s syndrome) thousands of these may be present, some with malignant potential (are usually solitary, benign skin lesions)

· Malignant peripheral nerve sheath tumor

· Sometimes erroneously called malignant Schwannomas

· May arise de novo or from plexiform neurofibromas

· Locally invasive and have the potential to metastasize

· Basically very ugly-looking sarcomas with a very poor prognosis

· NF type 1

· Body covered with neurofibromas and they generally have café au lait spots

· Can also have acoustic schwannomas (more often seen in type II), optic gliomas, fibrotic nodules in the iris of the eye (Lisch nodules), and meningiomas

· This disease is 50% autosomal dominant and 50% new mutation

· Should worry about malignant transformation of plexiform neurofibromas

· NF type II – characterized by bilateral acoustic schwannomas and multiple meningiomas
· Tuberous sclerosis

· Triad of cutaneous fibromas, seizures, and mental retardation

· Fibromas are common under the fingernails and sometimes on the nose (not as many fibromas as in NF type I)

· Brain lesions are common, including subependymal giant cell astrocytomas and little heterotopic hamartomas in the brain called tubers (benign rests of disorganized brain tissue)

· Might also have renal angiomyolipomas, retinal glial hamartomas, cardiac myxomas, and visceral cysts

· This disease is autosomal dominant

· Von Hippel-Lindau disease

· Characterized by cerebellar hemangioblastomas (benign tumors similar to plain hemangiomas, but they look like renal cell carcinoma, so they make it hard to tell if the tumor is a primary brain tumor or a metastasis), retinal angiomatosis, and visceral cysts

· Visceral cysts are most common finding and can occur in the liver, pancreas, kidneys, etc

· Also an increased risk of renal cell carcinoma in the kidneys

· And that is all of block III path, other than the ICM + path lectures (print the scribes)
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