Hematopoietic and Lymphoid Systems
     -RED CELL DISORDERS, WHITE CELL DISORDERS, BLEEDING DISORDERS

-The function of red cells is the transport of O2 into tissues.

-Anemia may be defined as…

     -A reduction in the oxygen transport capacity of the blood 

     -A reduction below normal limits of the total circulating red cell mass 

     -A reduction below normal in the volume of packed red cells, as measured by the hematocrit, or a 

                 reduction in the hemoglobin concentration of the blood. 

ANEMIAS
-RBC destruction     RBC production

BLOOD LOSS 

INCREASED RATE OF RBC DESTRUCTION 

DECREASED RBC PRODUCTION 

Complete Blood Count (CBC) 

A CBC is performed using an automated laboratory instrument which measures the numbers of RBC's, 

   WBC's, and platelets per unit volume. In addition, the RBC indices are generated. Some instruments can 

   also generate an automated WBC differential count.

Red Cell Indices 

A standard complete blood count is performed on an automated laboratory instrument that quantitates the 

   amount of Hgb as well as the size, shape, and  number of RBC's. A variety of calculations are performed 

   to produce indices that provide information about RBC disorders.

RBC Count 

The number of RBC's per unit volume is measured directly and given in millions per microliter.

Mean Corpuscular Volume (MCV) 

The MCV is measured directly; the unit is a femtoliter. The MCV measures the size of RBC's and is the 

    most important index for classification of anemias into "macrocytic" with higher than normal MCV and 

    "microcytic" with low MCV.

Hemoglobin (Hgb) 

The Hgb content is measured directly and given in grams per deciliter. This value, along with Hct, 

    provides the most useful measure of the oxygen carrying capacity of the blood.

Hematocrit (Hct) 

The packed cell volume expressed as % of RBC per volume of whole blood…Or…The Hct is a calculated 

   value (RBC count x MCV) and provides a measure of the amount of oxygen carrying capacity of the 

    blood.

Mean Corpuscular Hemoglobin (MCH) 

The MCH is calculated (Hgb ÷ RBC count) and gives the average mass of Hgb in an individual RBC; the 

    unit is a picogram.

Mean Corpuscular Hemoglobin Concentration (MCHC) 

The MCHC is calculated (Hgb ÷ Hct ) and provides a measure of the concentration of Hgb in the cells.

Red Cell Distribution Width (RDW) 

The RDW is calculated (standard deviation of MCV ) to provide a measure of the anisocytosis, or variation 

    in size of the RBC's. 

Nomenclature 

The following terms are used in describing the morphology of RBC's, as seen on a standard peripheral blood smear:

Acanthocyte:  Cell with irregular, long, asymmetrical projections; sporadically seen with severe liver 

                        disease or post-splenectomy; seen with rare disorder of abetalipoproteinemia 

Basophilic stippling:  Small aggregates of RNA are seen as small blue dots in the RBC; fine stippling may 

                                   be a feature of reticulocytes; coarse stippling can appear with toxic marrow damage, 

                                   myelodysplasia, and thalassemias 

Elliptocyte: Elongated, elliptical cell; non-specific when occasionally seen; rare disorder of hereditary 

                    elliptocytosis 

Heinz body:  Precipitated Hgb seen as a perimembranous blue dot only after supravital staining; seen with 

                      some hemoglobinopathies 

Howell-Jolly body:  Small, round deeply basophilic nuclear remnant; seen when spleen is absent 

Hypochromia:  Cells with decreased MCH, typical of iron deficiency 

Macrocytosis:  Cells with increased MCV, typical of megaloblastic anemias 

Microcytosis:  Cells with decreased MCV, typical of iron deficiency anemia and thalassemias 

Pappenheimer body:  Multiple, tiny iron containing granular blue dots; seen when spleen is absent and with 

                                   iron overload 

Poikilocytosis:  Variation in shape of RBC's 

Polychromatophilia:  The bluish tint to young RBC's with high RNA content 

Reticulocyte:  Young RBC's with increased RNA content that can be precipitated by supravital staining for 

                        identification and enumeration 

Rouleaux:  Linear aggregation of RBC's that resembles a stack of coins; seen when surface charge is 

                   reduced with increased serum protein, particularly increased fibrinogen or globulin 

Sideroblaste:  Non-nucleated RBC with stainable iron 

Spherocyte:  Small, round dense cell without central pallor; suggests extravascular (splenic) hemolysis in 

                     previously normal persons; with hereditary spherocytosis there is increased osmotic fragility 

Schistocyte:  Fragmented, irregularly shaped seen with intravascular hemolysis such as microangiopathic 

                      hemolytic anemias  (DIC, TTP). Avariant called a "helmet cell" appears cut in half 

Sickle cell:  Curved, banana-shaped cell w/ pointed ends found in sickle cell disease from aggregation of

                    Hgb S 

Stomatocyte:  Cell with slit-like central pallor; occasional stomatocytes are non-specific or an artefact; 

                       many are seen with rare hereditary stomatocytosis 

Target cell:  Cell with central and peripheral staining with intervening pallor due to increased redundancy 

                    of RBC membrane; seen with liver disease, in some thalassemias, and with Hgb C 

Tear drop cell:  Cell pinched at one end, prominent in myelofibrosis and myelophthisic conditions 

Blood Loss Anemias

• The clinical and morphologic reactions to blood loss depend on the rate of hemorrhage and whether the 

  blood is lost externally or internally. 

• With acute blood loss, the alterations reflect principally the loss of blood volume rather than the loss of 

  hemoglobin. 

• Shock and death may follow

• The blood volume is rapidly restored by shift of water from the interstitial fluid compartment. 

• The resulting hemodilution lowers the hematocrit. 

• Reduction in the oxygenation of tissues triggers the production of erythropoietin, and the marrow 

   responds by increasing erythropoiesis

• The anemia is normocytic, normochromic. 

• As the marrow begins to regenerate, changes occur in the peripheral blood:

        -An increase in the reticulocyte count, reaching 10 to 15% after 7 days 

        -Thrombocytosis and leukocytosis in the period immediately following acute blood loss

  Chronic Blood Loss 

   • Chronic blood loss induces anemia only when the rate of loss exceeds the regenerative capacity of the 

     erythroid precursors or when iron reserves are depleted

   Increased Rate of RBC Destruction Hemolytic Anemias

   • The hemolytic anemias all are characterized by: 

       1)  Shortening of the normal red cell life span, that is, premature destruction of red cells 

       2)  Accumulation of the products of hemoglobin catabolism 

       3)  A marked increase in erythropoiesis within the bone marrow, in an attempt to compensate for the 

             loss of red cells

    •Extravascular hemolysis 

             • Predominantly within the mononuclear phagocyte system & takes place whenever red cells are 

                injured, are rendered “foreign,” or become less deformable. 

            • In hereditary spherocytosis an abnormal membrane cytoskeleton decreases the deformability of 

               the red cell. 

            • In sickle cell anemia, the abnormal hemoglobin “gels” or “crystallizes” within the erythrocyte, 

               deforming it and reducing its plasticity 

            • Reduced deformability makes the passage difficult and leads to sequestration within the cords, 

               followed by phagocytosis 

            • This is believed to be an important pathogenetic mechanism of extravascular hemolysis in a 

               variety of hemolytic anemias. 

     •Intravascular hemolysis 

             • Mechanical injury, complement fixation to red cells, or exogenous toxic factors 

             • Trauma by mechanical cardiac valves or by thrombi 

             • Complement fixation may occur on antibody-coated cells during transfusion of mismatched blood 

             • Toxic injury: falciparum malaria 

                1)  Hemoglobinemia 

                2)  Hemoglobinuria

                3)  Methemalbuminemia 

                4)  Jaundice 

                5)  Hemosiderinuria 

Changes in the hemolytic anemias 

   • Increase in the numbers of normoblasts 

   • Reticulocytosis in the peripheral blood 

   • The elevated levels of bilirubin, when excreted through the liver, promote the formation of pigment 

       gallstones (cholelithiasis). 

   • With chronicity, the phagocytosed red cells or hemoglobin will eventually lead to hemosiderosis, 

       usually confined to the mononuclear phagocyte system.

Hereditary Spherocytosis (HS)

   • This inherited disorder is characterized by an intrinsic defect in the red cell membrane that renders 

      erythrocytes spheroidal, less deformable, and vulnerable to splenic sequestration and destruction

   • Spectrin, the major protein of the membrane cytoskeleton, a deficiency of spectrin seems to be the most 

      common abnormality in patients with all forms of HS. The spectrin content of these cells varies from 60 

       to 90% of normal, andcorrelates closely with the severity of spherocytosis.

   • RBC must undergo extreme deformation to enter and leave the spleen. 

   • Because of their spheroidal shape and reduced membrane plasticity, spherocytes have great difficulty in 

      leaving. 

   • As an increasing number of spherocytes are trapped in the spleen, the already sluggish circulation of the 

       cords stagnates further and the environment around the cells becomes progressively more hostile.

   • The cardinal role of the spleen in the premature demise of the spherocytes is proved by the invariably 

       beneficial effect of splenectomy. 

   • The spherocytes persist, but the anemia is corrected. 

   • The most outstanding morphologic feature of this disease is the spheroidal shape of the red cells 

   Reticulocytosis 

   • Moderate splenic enlargement 

   • The characteristic clinical features are anemia, splenomegaly, and jaundice

   • Crises often triggered by intercurrent infections. 

   • A hemolytic crisis may develop, characterized by the sudden onset of a wave of massive hemolysis 

      accompanied by fever, abdominal pain, increasing jaundice, low blood pressure, and even shock. 

   • Alternatively, an aplastic crisis (triggered usually by a parvovirus infection of the marrow red cell 

        precursors) may appear, with cessation of RBC production

Hemolytic Disease :Glucose-6-Phosphate Dehydrogenase Deficiency (G6PD)

• The erythrocyte and its membrane are vulnerable to injury by exogenous and endogenous oxidants.    

     Normally, intracellular reduced glutathione (GSH) inactivates such oxidants. 

• Impaired enzyme function reduce the ability of red cells to protect themselves against oxidative injuries 

   and lead to hemolytic disease. The most important of these enzyme derangements is a hereditary 

   deficiency of glucose-6-phosphate dehydrogenase (G6PD)

• G6PD deficient patients do not have hemolysis unless exposed to the oxidant injuries 

• After a variable lag period of 2 to 3 days, acute intravascular hemolysis, characterized by 

    hemoglobinemia, hemoglobinuria, and decreased hematocrit levels, is triggered. 

• Numerous oxidant drugs may trigger hemolytic crises, principally the antimalarials—primaquine and 

   quinacrine (Atabrine)—in addition to sulfonamides, nitrofurans, and others. Even more important are 

   infections that presumably act by the generation of oxidant free radicals in macrophages.

Sickle Cell Disease

• Sickle cell disease is the prototype of hereditary hemoglobinopathies, characterized by the production of a 

   structurallyabnormal hemoglobin

• Sickle cell anemia results from a point mutation that leads to substitution of valine for glutamic acid at the 

   sixth position of the beta-globin chain

• The resultant hemoglobin, HbS, has abnormal physiochemical properties that lead to sickle cell disease

• About 8% of black Americans are heterozygous for hemoglobin S. 

• If an individual is homozygous for the sickle mutation, almost all the hemoglobin in the erythrocyte is 

        HbS. 

• In the heterozygote, only about 40% is HbS, the remainder being normal hemoglobins. 

• Where malaria is endemic, as many as 30% of black Africans are heterozygous. 

• This frequency may be related in part to the slight protection against falciparum malaria afforded by HbS.

The hemoglobin in the adult is composed of:

     96% HbA 

     3% HbA2 

     1% HbF

Pathogenesis 

• On deoxygenation the HbS molecules undergo aggregation and polymerization. 

• This change converts hemoglobin from a freely flowing liquid to a viscous gel, leading ultimately to 

    distortion of the red cells, which acquire a sickle or shape 

• Sickling of red cells is initially a reversible phenomenon; with oxygenation, HbS returns to the 

    depolymerized state. 

• However, with repeated episodes of sickling and unsickling, membrane damage ensues and the cells 

     become irreversibly sickled

The formation of HbS has two major consequences: 

     1)  A chronic hemolytic anemia 

     2)  Occlusion of small blood vessels, resulting in ischemic tissue damage

Clinical Course
Problems stemming from: 

     1)  Severe anemia 

     2)  Vaso-occlusive complications 

     3)  Chronic hyperbilirubinemia 

     4)  Increased susceptibility to infections

• Chronic hemolysis induces a fairly severe anemia, with hematocrit values ranging between 18 and 30%. 

• The hemolysis is associated with striking reticulocytosis and hyperbilirubinemia

• Vaso-occlusive crises, also called painful crises, represent episodes of hypoxic injury and infarction

• The pain can be extreme and may be referred to the abdomen, chest, or joints, depending on the site of 

     vascular insufficiency. 

Clinical Course of Sickle Cell Disease con’t
• Sites most commonly involved by vaso-occlusive episodes are the bones, lungs, liver, brain, spleen, and 

      penis.

• An aplastic crisis represents a temporary cessation of bone marrow activity, usually triggered by 

      parvovirus infection of erythroid progenitor cells

• A sequestration crisis may appear in children with splenomegaly. Massive sequestration of deformed red 

      cells leads to rapid splenic enlargement, hypovolemia, and sometimes shock

Diagnosis
• Diagnosis usually is readily made from the clinical findings and the appearance of the peripheral blood 

   smear. 

• Confirmed by various tests for sickling that, in general, are based on mixing a blood sample with an 

    oxygen-consuming reagent, such as metabisulfite, to induce sickling. 

• Hemoglobin electrophoresis demonstrates hemoglobin S on the basis of specific mobility

Set 2

THALASSEMIA SYNDROMES 

• The thalassemia syndromes are a heterogeneous group of mendelian disorders, all characterized by a lack 

   of or decreased synthesis of either the alpha- or the beta-globin chain of hemoglobin.

• Beta- thalassemia is characterized by deficient synthesis of the beta chain

• Alpha-thalassemia is characterized by deficient synthesis of the alpha chain. 

• The consequences of diminished synthesis of one globin chain derive not only from the low intracellular 

   hemoglobin (hypochromia) but also from the relative excess of the other chain 

         -For example, in beta -thalassemia there is an excess of alpha chains. 

         -As a consequence, free alpha chains tend to aggregate into insoluble inclusions within erythrocytes                                              

          and their precursors,causing premature destruction of maturing erythroblasts within the marrow    

         (ineffective erythropoiesis) as well as lysis of mature red cells in the spleen (hemolysis)

Beta-Thalassemias 

• The abnormality common to all b-thalassemias is a total lack or a reduction in the synthesis of structurally 

   normal beta-globin chains with unimpaired synthesis of alpha chains

     1) b0-thalassemia, associated with total absence of beta-globin chains in the homozygous state 

     2) b+-thalassemia, characterized by reduced (but detectable) beta-globin synthesis in the homozygous 

                state

• Impaired beta-globin synthesis contributes to the pathogenesis of anemia by two mechanisms: 

     -The primary effect is lack of adequate HbA formation, so that the overall concentration of Hb in the 

        cells (MCHC) is lower and the cells are hypochromic. 

     -Much more important is the effect on red cell survival, resulting from an imbalance between alpha- and 

       beta-chain synthesis

   Clinical Syndromes  of  Beta Thalassemias

    • The clinical classification of b-thalassemias is based on the severity of the anemia, which in turn is 

         based on the type of genetic defect (b+ or b0) as well as the gene dosage (homozygous or 

         heterozygous). 

    • In general, individuals who are homozygous for the b-thalassemia genes (b+ or b0) have very severe,

         transfusion-dependent anemia and are said to have b-thalassemia major. 

    • The presence of one normal gene in the heterozygotes usually leads to enough normal beta-globin chain 

         synthesis so that the affected individuals are usually asymptomatic with only a mild anemia. This 

         condition is referred to as b-thalassemia minor or b-thalassemia trait.

    • The clinical course of b-thalassemia major is generally brief because, unless supported by transfusions, 

        children suffer from growth retardation and die at an early age from the profound effects of anemia. 

    • Thalassemia Minor is much more common than thalassemia major and almost invariably, individuals 

         with the thalassemia trait are asymptomatic, and anemia is very mild, if present.

Alpha-Thalassemias 

• These disorders are characterized by reduced synthesis of alpha-globin chains 

• The anemia stems both from lack of adequate hemoglobin and from the effects of excess unpaired non-

    alpha chains 

• The clinical picture in a-thalassemia trait is identical to that described for b-thalassemia minor, that is, 

    minimal or no anemia and no abnormal physical signs. 

Paroxysmal Nocturnal Hemoglobinuria (PNH)

• PNH results from a somatic mutation affecting a pluripotent stem cell. 

• There are deficient proteins that are attached to the cell membrane proteins. 

• Because these proteins inactivate complement, their absence renders blood cells unusually sensitive to 

     lysis by endogenous

• The membrane defect in PNH is not limited to red blood cells; platelets and granulocytes are also more 

    sensitive to lysis by complement

 • Patients have intravascular hemolysis, which is paroxysmal and nocturnal in only 25% of cases. 

 • Most of the remaining patients have chronic hemolysis without dramatic hemoglobinuria

 • Over the long course of the disease, hemosiderinuria with loss of iron eventually leads to iron deficiency 

 • The other clinical manifestations include multiple episodes of venous thromboses in the hepatic, portal,  

   or cerebral veins, which are fatal in 50% of cases. 

 • Infection related to granulocytopenia or abnormal leukocyte function is also prominent. 

 • The course of this disease is chronic, with a median survival of 10 years

Immunohemolytic Anemia

• Hemolytic anemias in this category are caused by extracorpuscular mechanisms. 

• Although these disorders are commonly referred to as autoimmune hemolytic anemias (AHAs), the   

  designation immunohemolytic anemias is preferred because in some instances the immune reaction is  

  initiated by drug ingestion

• The differentiation of immunohemolytic anemias from other forms of hemolytic anemia depends on demonstration of the anti–red cell antibodies

       -The major diagnostic criterion is the Coombs’ antiglobulin test, which relies on the capacity of the 

          antibodies prepared in animals against human globulins to agglutinate red cells if these globulins are 

          present on red cell surfaces.

Warm Antibody Hemolytic Anemia 

• This is the most common form of immune hemolytic anemia. In about 60% of patients, the condition is 

   idiopathic and primary; in the remaining 40% there is an underlying predisposing condition

• Most of the red cell destruction in this form of hemolytic disease is not due to intravascular hemolysis. –

   -Instead, IgG-coated red cells are bound to Fc receptors on monocytes and splenic macrophages and 

    undergo spheroidal transformation.

Cold Agglutinin Immune Hemolytic Anemia

• This form of immune hemolytic anemia is caused by IgM antibodies that bind avidly to red cells at low 

   temperatures (0 to 4°C). Because they agglutinate red cells at low temperatures, they are referred to as 

   cold agglutinins.

• These antibodies occur acutely during the recovery phase of certain infectious disorders such as 

  mycoplasmal pneumonia and infectious mononucleosis. 

• This form of hemolytic anemia is self-limited and rarely induces clinical manifestations of hemolysis.

Hemolytic Anemia Resulting From Trauma to Red Cells

• Clinically important are the hemolytic anemias associated heart valve prostheses and diffuse deposition of 

   fibrin in the microvasculature

• Hemolysis due to narrowing or obstructions in the microvasculature is called microangiopathic hemolytic 

   anemia. 

• The common denominator is the presence of some vascular lesion 

    Microangiopathic hemolytic anemia is encountered in :

        1)  Thrombotic thrombocytopenic purpura (TTP) 

        2)  The hemolytic-uremic syndrome 

        3)  Malignant hypertension, renal cortical necrosis 

        4)  Systemic lupus erythematosus (SLE) 

5) Metastatic adenocarcinoma 

Anemias of Diminished Erythropoiesis

• Diminished erythropoiesis may result from a deficiency of some vital substrate necessary for red cell 

   formation.

      -Iron deficiency anemias: heme synthesis is impaired 

      -B12& folate deficiency, defective DNA synthesis (megaloblastic anemias) 

      -Anemia of chronic disease and “marrow stem cell failure.” 

      -Aplastic anemia, pure red cell aplasia, and anemia of renal failure 

Megaloblastic Anemias

• Characterized by impaired DNA synthesis and distinctive morphologic changes in the blood and bone 

   marrow. 

• As the name implies, the erythroid precursors and erythrocytes are abnormally large, thought to be related 

   to impairment of cell maturation and division

• The two principal types of megaloblastic anemia are pernicious anemia (PA), the major form of vitamin      

          -B12 deficiency anemia 

          -Folate deficiency anemia. 

• B12 and folic acid are coenzymes in the DNA synthetic pathway. 

      -A deficiency of these vitamins or impairment in their utilization results in deranged or inadequate 

       synthesis of DNA. 

      -The synthesis of RNA and protein is unaffected, however, so there is cytoplasmic enlargement not 

       matched by DNA synthesis, which appears to delay or block mitotic division.

• Certain morphologic features are common to all forms of megaloblastic anemia:

      -Anisocytosis 

      -Macrocytic-hyperchromic, - normochromic 

      -Neutrophils larger than normal (macropolymorphonuclear) and are hypersegmented, five to six or 

        more nuclear lobules 

      -The reticulocyte count is lower than normal and, occasionally with severe anemia, nucleated red cells 

        appear in the circulating blood.

Pernicious anemia

• PA is an important cause of vitamin B12 deficiency. 

• The feature that sets pernicious anemia apart from the other vitamin B12 deficiency megaloblastic 

   anemias is the cause of the vitamin B12 malabsorption: atrophic gastritis with failure of production of    

   intrinsic factor (IF).

• Absorption of vitamin B12 requires IF, which is secreted by the parietal cells of the fundic mucosa along 

   with HCl

• Pernicious anemia is believed to result from immunologically mediated, possibly autoimmune, 

  destruction of gastric mucosa.

• The resultant chronic atrophic gastritis is marked by a loss of parietal cells and a prominent infiltrate of 

  lymphocytes and plasma 

• The major specific changes in PA are found in the bone marrow, alimentary tract, and central nervous 

   system.

     Alimentary system --Tongue is shiny, glazed, and “beefy” (atrophic glossitis). 

     Stomach --Chronic gastritis patients with pernicious anemia have a higher incidence of gastric cancer 

     Spinal cord --Myelin degeneration of the dorsal and lateral tracts, sometimes followed by loss of 

                          axons (give rise to spastic paraparesis, sensory ataxia, and severe paresthesias in the 

                          lower limbs. 

Pernicious Anemia con’t

Dx Features 

• A moderate-to-severe megaloblastic anemia 

• Leukopenia with hypersegmented granulocytes 

• Mild-to-moderate thrombocytopenia 

• Neurologic changes related to involvement of the posterolateral spinal tracts 

• Achlorhydria even after histamine stimulation 

• Inability to absorb an oral dose of cobalamin (assessed by urinary excretion of radiolabeled 

   cyanocobalamin given orally,called the Schilling test);

• Low serum levels of vitamin B12 

• A striking reticulocytic response and improvement in hematocrit levels following parenteral  

   administration of vitamin B12

Anemia of Folate Deficiency

• A megaloblastic anemia having the same characteristics as those encountered in vitamin B12 deficiency. 

• However, the neurologic changes seen in vitamin B12 deficiency do not occur. 

• Folate deficiency is rare but low folate levels are found in:

     -Economically deprived of all countries who live on marginal diets

     -Among pregnant women, in whom dietary inadequacies combine with increased metabolic 

       requirements 

     -Among alcoholics and drug addicts

• The megaloblastic anemia resulting from a deficiency of folic acid is identical to that encountered in 

   vitamin B12 deficiency. 

• Thus, the recognition of folate deficiency requires the demonstration of decreased folate levels in the 

   serum or red cells.

Iron Deficiency Anemia

• Deficiency of iron is probably the most common nutritional disorder in the world

• An iron deficiency may result from: 

     -Dietary lack 

     -Impaired absorption 

     -Increased requirement 

     -Chronic blood loss most important cause of iron deficiency in the Western world

• Iron deficiency (anemia) in adult males and postmenopausal women in the Western world should be 

  considered to be caused by gastrointestinal blood loss until proven otherwise. 

• To prematurely ascribe an iron lack in such individuals to any of the other possible origins is to run the 

   risk of missing an occult gastrointestinal cancer or other bleeding lesion.

• Iron deficiency induces a hypochromic microcytic anemia

• The clinical manifestations related to the anemia are nonspecific 

• Frequently, the dominating signs and symptoms relate to the underlying cause of the anemia, for example, 

  gastrointestinal or gynecologic disease, malnutrition, pregnancy, and malabsorption. 

Anemia of Chronic Disease

• The most common cause of anemia among hospitalized patients in the United States are:

     1)  Chronic microbial infections, such as osteomyelitis, bacterial endocarditis, and lung abscess 

     2)  Chronic immune disorders, such as rheumatoid arthritis and regional enteritis 

     3)  Neoplasms, such as Hodgkin’s disease and carcinomas of the lung and breast.

• These anemias are characterized by a low serum iron and reduced total iron-binding capacity in 

   association with abundant stored iron in the mononuclear phagocytic cells. 

• A suppression of erythropoiesis results from various cytokines, derived from chronic inflammation 

   associated with the chronic disorder.

• The anemia is usually mild, and the dominant symptoms are those of the underlying disease. 

• RBC may be normocytic and normochromic or may be hypochromic and microcytic as in anemia of iron 

  deficiency a high serum ferritin level, and reduced total iron-binding capacity readily rule out iron 

  deficiency as the cause of anemia. 

• Treatment of the underlying condition corrects the anemia

Aplastic Anemia

• Pancytopenia characterized by anemia, neutropenia, and thrombocytopenia. 

• The basis for these changes is a failure or suppression of multipotent myeloid stem cells, with inadequate 

   production or release of the differentiated cell lines. 

• 50% of cases are idiopathic

• Most cases of known etiology follow exposure to chemicals and drugs. 

     -With some agents the marrow damage is predictable, dose related, and, in most instances, reversible 

       when the use of the offending agent is stopped. 

     -In other instances, the pancytopenia appears as an apparent idiosyncratic reaction to very small doses of 

       known myelotoxins of following the use of such drugs which are generally without effect in other 

       individuals. 

     -In such idiosyncratic reactions the aplasia may be severe and sometimes irreversible and fatal. 

• Whole-body irradiation is an obvious mechanism for destruction of hematopoietic stem cells. The effects 

   of radiation are dose related.

• Although aplastic anemia may appear following a variety of infections (including HIV), it most 

   commonly follows viral hepatitis of the non-A, non-B type

• Myelotoxic chemicals, drugs, and infections cause aplastic anemia: the precise mechanism of stem cell 

   failure is poorly understood. 

• Both immunologically mediated suppression and a primary abnormality of stem cells have been invoked. 

Clinical Course Aplastic Anemia
• Usually the onset is gradual, but may be acute with great severity. 

• Anemia may cause the progressive onset of weakness, pallor, and dyspnea. 

• Petechiae and ecchymoses may herald thrombocytopenia. 

• Granulocytopenia may manifest itself only by frequent and persistent minor infections or by the sudden

   onset of chills, fever, and prostration. 

• Typically, RBC are normocytic and normochromic, although occasionally slight macrocytosis is present; 

   reticulocytosis is absent.

Pure Red Cell Aplasia (PRCA)

• Pure red cell aplasia is a rare form of marrow failure resulting from a specific aplasia of erythroid 

  elements while granulopoiesis and thrombopoiesis remain normal

Myelophthisic anemia

• Space-occupying lesions that destroy significant amounts of bone marrow or perhaps disturb the marrow 

  architecture depress its productive capacity

• The most common cause of myelophthisic anemia is metastatic cancer, arising most often from a primary 

   lesion in the breast, lung, prostate, thyroid, or adrenals

Polycythemia

• Aka Erythrocytosis

• Denotes an increased concentration of red cells, usually with a corresponding incr. in hemoglobin level.       

     -Such an increase may be…

         -Relative--when there is hemoconcentration due to decreased plasma volume 

         -Absolute--when there is an increase in total red cell mass. 

• Relative polycythemia results from any cause of dehydration, such as deprivation of water, prolonged 

   vomiting, diarrhea, or excessive use of diuretics.

• Absolute polycythemia 

   -Primary when the incr. in red cell mass results from an intrinsic abnormality of the myeloid stem cells 

   -Secondary when the red cell progenitors are normal but proliferate in response to increased levels of 

     erythropoietin. 

• Primary polycythemia (polycythemia vera) is neoplastic proliferation of myeloid stem cells, a 

  myeloproliferative disorder

• Secondary polycythemias may be caused by an increase in erythropoietin secretion that is physiologically 

   appropriate or by an inappropriate (pathologic) secretion of erythropoietin

DISEASES OF WHITE CELLS AND LYMPH NODES

• Non-Neoplastic WBC Disorders 

• Neoplastic WBC Disorders

Leukopenia

• An abnormally low white cell count (leukopenia) usually results from reduced numbers of neutrophils 

   (neutropenia, granulocytopenia) 

• Lymphopenias are much less common

Neutropenia—Agranulocytosis 

• Reduction in the number of granulocytes in the peripheral blood—neutropenia—may be seen in a wide 

     variety of circumstances. 

• A marked reduction in neutrophil count has serious consequences by predisposing to infections. 

     --When of this magnitude, it is referred to as agranulocytosis. 

Inadequate or ineffective granulopoiesis

  1)  Suppression of myeloid stem cells, as occurs in aplastic anemia and a variety of leukemias and 

           lymphomas 

  2)  Suppression of the committed granulocytic precursors, which occurs after exposure to certain 

           drugs 

3) Megaloblastic anemias, due to vitamin B12 or folate deficiency in which defective DNA synthesis produces abnormal granulocytic precursors, rendering them susceptible to intramedullary death   (ineffective granulopoiesis). 

 Accelerated removal or destruction of neutrophils

 1) Immunologically mediated injury to the neutrophils, or produced by exposure to drugs 

 2) Splenic sequestration, in which excessive destruction occurs secondary to enlargement of the spleen, 

 3) Increased peripheral utilization, as may occur in overwhelming bacterial, fungal, or rickettsial  

       infections. 

• The most significant neutropenias (agranulocytoses) are produced by drugs

• Infections are a characteristic feature of agranulocytosis.

     -Ulcerating necrotizing lesions of the gingiva, floor of the mouth, buccal mucosa, pharynx, or anywhere 

        within the oral cavity (agranulocytic angina) are quite characteristic of agranulocytosis.

• The symptoms and signs of neutropenias are those of bacterial infections. 

     -They include malaise, chills, and fever, followed in sequence by marked weakness and fatigability. 

     -In severe agranulocytosis with virtual absence of neutrophils, these infections may become so 

         overwhelming as to cause death within a few days. 

• Leukocytosis is a common reaction in a variety of inflammatory states.

     Polymorphonuclear Leukocytosis: 

• Acute bact. inf. 

• Esp. caused by pyogenic bacteria.

• Sterile infl. caused by tissue necrosis (myocaridal infarction, burns)

     Neutrophilic leukocytosis: 

• Pyogenic infections

• Tissue necrosis caused by burns or myocardial infarction

     Eosinophilic leukocytosis: 

• Allergic disorders (asthma, hay fever, allegic skin diseases—pemphigus)

• Parasitic infections

      Monocyte leukocytosis: 

• Chronic infections (Tb)

• Bacterial endocarditis

• Rickettsiosis

• Malaria

• Collagen vascular disease 

• Viral inf. ( Systemic lupus erythematosus (SLE) and rheumatoid arthritis, inflammatory bowel 

                      diseases, such as ulcerative colitis and Crohn’s disease)

     Lymphocyte leukocytosis: 

• Chronic inflammatory states representing a sustained activation of the immune response

• Acute viral infections (Hepatitis, cytomegalovirus infections, and infectious mononucleosis)

• Reactive leukocytosis is easy to distinguish from neoplastic proliferation of the white cells (i.e., 

    leukemias) by the rarity of immature cells in the blood. 

Acute Nonspecific Lymphadenitis

• Acutely inflamed nodes are most commonly caused by direct microbiologic drainage and are seen most 

   frequently in the cervical area in association with infections of the teeth or tonsils, or in the axillary or 

   inguinal regions secondary to infections in the extremities.

• Clinically, nodes with acute lymphadenitis are enlarged because of the cellular infiltration and edema.

      - As a consequence of the distention of the capsule, they are tender to touch

• Lymph nodes in chronic reactions are not tender, because they are not under increased pressure. 

• Chronic lymphadenitis is particularly common in inguinal and axillary nodes.

Neoplastic Proliferations of White Cells

     1.  Malignant lymphomas 

     2.  Leukemias and myeloproliferative disorders 

     3.  Plasma cell dyscrasias. 

     4.  The histiocytoses

Malignant Lymphomas

• Lymphomas are malignant neoplasms characterized by the proliferation of cells native to the lymphoid 

    tissues, that is, lymphocytes, histiocytes, and their precursors and derivatives. 

• The term “lymphoma” is something of a misnomer, since these disorders are lethal unless controlled or 

    eradicated through therapy. 

• There are no “benign” lymphomas. 

Non-Hodgkin’s Lymphomas 

• The usual presentation of NHL is as a localized or generalized lymphadenopathy

• Although variable, all forms of lymphoma have the potential to spread from their origin in a single node 

   or chain of nodes to other nodes, and eventually to disseminate to the spleen, liver, and bone marrow

   NHLs may originate in T cells, B cells, or histiocytes; 

• The vast majority of NHLs (80 to 85%) are of B-cell origin the remainder are in large part T-cell tumors

Hodgkin’s Disease

• Hodgkin’s disease is separated from NHL 

• Characterized morphologically by the presence of distinctive neoplastic giant cells called Reed-

      Sternberg (RS) cells, admixed with a variable inflammatory infiltrate

 • It is often associated with somewhat distinctive clinical features, including systemic manifestations such 

     as fever. 

• The target cell of neoplastic transformation has yet to be identified with certainty

• An uncommon form of cancer, but it is one of the most common forms of malignancy in young adults, 

    with an average age at diagnosis of 32 years

• In the past it was believed that Hodgkin’s disease was an unusual inflammatory reaction (possibly to an 

    infectious agent) that behaved like a neoplasm. 

      -However, it is now widely accepted that Hodgkin’s disease is a neoplastic disorder and that the RS 

         cells or their variants represent the transformed cells. 

Leukemias and Myeloproliferative Diseases

• The leukemias are malignant neoplasms of the hematopoietic stem cells characterized by diffuse 

     replacement of the bone marrow by neoplastic cells. 

• In most cases, the leukemic cells spill over into the blood, where they may be seen in large numbers

     -These cells may also infiltrate the liver, spleen, lymph nodes, and other tissues throughout the body. 

     -Although the presence of excessive numbers of abnormal cells in the peripheral blood is the most 

         dramatic manifestation of leukemia, it should be remembered that the leukemias are primary disorders 

         of the bone marrow.

• Leukemias are classified on the basis of the cell type involved and the state of maturity of the leukemic 

      cells

• Acute leukemias are characterized by the presence of very immature cells (called blasts) and by a rapidly 

    fatal course in untreated patients

• Chronic leukemias are associated, at least initially, with well-differentiated (mature) leukocytes and with 

     a relatively indolent course

     A simple classification 

     • Acute lymphocytic leukemia (ALL) 

     • Chronic lymphocytic leukemia (CLL) 

     • Acute myelocytic (myeloblastic) leukemia (AML)

     • Chronic myelocytic leukemia (CML)

Acute Leukemias

• Abrupt stormy onset: Most patients present within 3 months of the onset of symptoms. 

• Symptoms related to depression of normal marrow function: fatigue due mainly to anemia; fever, 

    reflecting an infection due to absence of mature leukocytes; bleeding (petechiae, ecchymoses, epistaxis, 

    gum bleeding) secondary to thrombocytopenia. 

• Bone pain and tenderness, resulting from marrow expansion with infiltration of the subperiosteum. 

• Organ infiltration, manifested by generalized lymphadenopathy, splenomegaly, and hepatomegaly. They 

    occur in all acute leukemias, but more commonly in ALL. Testicular involvement is also particularly 

    common in ALL. 

• Central nervous system manifestations, such as headache, vomiting, and nerve palsies resulting from 

   meningeal spread; these features are more common in children than in adults, and more common in ALL 

    than in AML.

Laboratory Finding

• Anemia is almost always present 

• WBC is elevated, sometimes to more than 100,000 cells per microliter, but in about 50% of the patients is 

      less than 10,000 cells per microliter 

• Immature white cells, 60 to 100% of all the cells 

• Platelet count is usually less than 100,000 

Acute Lymphoblastic Leukemia (ALL)

• A disease of children and young adults 

• Constitutes 80% of childhood acute leukemias 

• Twice as common in whites as in nonwhites 

• Slightly more frequent in boys than in girls 

• Majority of ALLs (80%) of B cell origin. 

• Dramatic advances have been made in the treatment of more than 90% of children with ALL achieve 

     complete remission, and approximately two-thirds can be considered cured

Acute Myeloblastic Leukemia (AML)

• Acute myeloblastic leukemias affect primarily adults between the ages of 15 and 39 years. 

• AML is a difficult disease to treat. Approximately 60% of the patients achieve complete remission with 

    chemotherapy, but only 15 to 30% of these remain free from disease for five years

• Myelodysplastic syndrome affects older individuals, between 60 and 70 years of age. 

• As in acute leukemia, patients with this disorder present with weakness, infections, and hemorrhages, all 

     due to pancytopenia.

Myelodysplastic Syndromes 

• Approximately half of the patients are asymptomatic, and the disease is discovered following incidental 

    blood tests. 

• Ten to forty percent of the patients progress to frank AML, hence myelodysplasia may be regarded as a 

    preleukemic condition

• This term refers to a group of clonal stem cell disorders characterized by maturation defects resulting in 

    ineffective hematopoiesis and an increased risk of transformation to acute myeloblastic leukemias

Chronic Myeloid Leukemia (CML)

• Accounts for 15 to 20% of all cases of leukemia. 

• It is a disease primarily of adults between the ages of 25 and 60 years, with the peak incidence in the 

     fourth and fifth decades of life. 

• The onset of CML is usually slow, and the initial symptoms may be quite nonspecific. 

• They are caused by anemia or by hypermetabolism due to increased cell turnover and include easy 

    fatigability, weakness, weight loss, and anorexia.

• Sometimes the first symptom is a dragging sensation in the abdomen caused by the extreme splenomegaly 

     characteristic of this condition.

• The course of CML is one of slow progression, and even without treatment a median survival of 3 years 

    can be expected.

• The treatment of CML is unsatisfactory. Although it is possible to induce remissions with chemotherapy, 

    the median survival (3 to 4 years) is unaltered CML. Often, the numbers of basophils and eosinophils, as 

    well as bands and more immature myeloid cells (metamyelocytes and myelocytes) are increased.

Chronic Lymphocytic Leukemia
• CLL is the most indolent of all leukemias. 

• It accounts for 25% of all cases of leukemia in the ?????

• Occurs typically in persons over 50 years 

• Males are affected twice as commonly as females

• Patients with CLL are often asymptomatic. 

• When symptoms are present, they are nonspecific and include easy fatigability, loss of weight, and 

    anorexia.

• Generalized lymphadenopathy and hepatosplenomegaly are present in 50 to 60% of the cases. 

• Total leukocyte count may be increased only slightly or may reach 200,000 per mm3

• The course and prognosis of CLL are extremely variable and depend primarily on the clinical stage. 

• Overall, the median survival is 4 to 6 years

Hairy Cell Leukemia

• A rare but distinctive form of chronic B-cell leukemia that derives its name from the appearance of the 

    leukemic cells 

• Fine hair-like projections

• Hairy cell leukemia occurs mainly in older males, and its manifestations result largely from infiltration of 

    bone marrow, liver, and spleen. 

• Splenomegaly, often massive, is the most common and sometimes the only abnormal physical finding. 

•Until recently this disease could not be cured, and the median survival was less than 5 years. 

     -However, treatment with interferon-a and newer chemotherapeutic agents has led to lasting remissions 

         and possibly cures. 

Leukemias
• There are two aspects to the features of leukemias: 

1) The specific cytologic details of the leukemic cells seen in peripheral blood smears and bone marrow aspirates 

     2) The tissue changes produced by infiltrations of leukemic cells

• The tissue alterations produced by various leukemias are often similar and may be separated into:

    -Primary changes--attributed directly to the abnormal overgrowth or accumulation of white cells        

    -Secondary changes--caused both by the destructive effects of masses of these cells and by their relative

         ineffectiveness in protecting against infection. 

• Although the leukemic cells may infiltrate any tissue or organ of the body, the most striking changes are 

     seen in the bone marrow, spleen, lymph nodes, and liver. 

• Massive splenomegaly is associated with CML and hairy cell leukemia. 

       -Such spleens may virtually fill the abdominal cavity and extend into the pelvis. 

• With CLL, enlargement of the spleen is less striking, and the acute forms of leukemia produce only 

       moderate splenomegaly.

• Extreme lymph node enlargement is more characteristic of the lymphocytic forms 

• Nevertheless, some degree of lymph node involvement is commonly present with all forms of leukemia 

• Enlargement of the liver is somewhat more prominent with lymphocytic than with myelogenous.

• In addition to the these sites, other tissues and organs, such as the kidneys, adrenals, thyroid, myocardium, 

    and testes, may be infiltrated. 

• Of particular importance is the infiltration of the central nervous system by leukemic cells. This occurs 

    most commonly in ALL 

• The secondary changes of all forms of leukemia derive in large part from the pancytopenia that results 

      from inhibition of normal hematopoiesis by leukemic cells. 

• Anemia and thrombocytopenia are characteristic, especially of acute leukemia. 

• A bleeding diathesis caused by the thrombocytopenia may be the most striking clinical and anatomic 

     feature of the disease. 

• Petechiae and ecchymoses are seen in the skin.

• Infections are a prominent feature, especially in acute leukemias. 

• They are particularly common in the oral cavity, skin, lungs, kidneys, urinary bladder, and colon, and they 

     are often caused by “opportunists” such as fungi and Pseudomonas.

Etiology and Pathogenesis of Leukemias and Lymphomas

• Exposure to radiation --Occupational, therapeutic, or accidental -- increases the incidence of several 

     leukemias 

• Two viruses, HTLV-1 and EBV, have been associated with acute T-cell leukemia/lymphoma and 

       Burkitt’s lymphoma, respectively.

Polycythemia Vera

• Like all other myeloproliferative disorders, polycythemia vera is associated with excessive proliferation 

    of erythroid, granulocytic, and megakaryocytic elements, all derived from clonal expansion of a 

    pluripotent stem cell

• However, in polycythemia vera the erythroid precursors dominate, and hence there is an absolute increase 

     in red cell mass

• Contrasted with relative polycythemia, resulting from hemoconcentration 

• Furthermore, unlike other forms of absolute polycythemia that result from an increased secretion of 

    erythropoietin, polycythemia vera is associated with virtually undetectable levels of serum erythropoietin

Pathophysiology of polycythemia vera

• An increase in the number of proliferating myeloid stem cells that seem to require extremely small 

    amounts of erythropoietin and other hematopoietic growth factors 

•The major changes stem from the increase in blood volume and viscosity brought about by the 

   erythrocytosis

•Congestion of all tissues and organs is characteristic of polycythemia vera 

•The liver is enlarged, the spleen is also slightly enlarged, The major blood vessels are uniformly distended 

    with thick, viscous blood. 

Clinical Course of Polycythemia vera

• Appears insidiously, usually in late middle age (median age at onset, 60 years) 

•  Males are affected somewhat more often than females, and whites are more vulnerable than blacks

•  The major clinical features stem from the increased blood volume and viscosity, vascular stasis, 

        thrombotic tendency, and hemorrhagic diathesis.

• Patients are plethoric and somewhat cyanotic owing to stagnation and deoxygenation of blood in 

    peripheral vessels.

• Headache, dizziness, gastrointestinal symptoms, hematemesis, and melena are common. 

• There is usually intense pruritus and an increased tendency to peptic ulceration

Diagnosis of Polycythemia Vera

• Is usually made in the laboratory. 

• Hemoglobin 14 to 28 gm/dl 

• Hematocrit values of 60% or more. 

• WBC count is 12,000 - 50,000 cells per mm3 

• Platelet count is > than 500,000 cells per mm3

•In patients who receive no treatment, death resulting from these vascular episodes occurs within months 

    after diagnosis. 

•However, if the red cell mass can be maintained at nearly normal levels by phlebotomies, median survival 

   of 10 years can be achieved. 
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Plasma Cell Dyscrasias and Related Disorders

• The plasma cell dyscrasias have in common the expansion of a single clone of immunoglobulin-secreting 

    cells and a resultant increase in serum levels of a single homogeneous immunoglobulin or its fragments. 

• In many, but not all, cases, these dyscrasias behave as malignant diseases

 • As neoplasms of B cells, plasma cell dyscrasias are related to the non-Hodgkin’s B-cell lymphomas. 

 • They differ, however, from the B-cell lymphomas by virtue of the fact that, in plasma cell disorders, the 

       neoplastic B cells are differentiated enough to secrete immunoglobulins, and in most cases the clinical 

       features are not dominated by lymphadenopathy

• The monoclonal immunoglobulin identified in the blood is referred to as an M component in reference to 

     myeloma. 

• They may appear in the urine when there is some form of glomerular damage with heavy proteinuria. 

• In some of these dyscrasias, excess light (L) or heavy (H) chains are also synthesized along with complete 

    immunoglobulins

• Occasionally, only L chains or H chains are produced, without complete Ig. The free L chains, known as 

     Bence Jones proteins, are sufficiently small to be rapidly excreted in the urine

Multiple Myeloma
• Multiple myeloma (plasma cell myeloma) is the most important and most common syndrome. 

• It is characterized by multiple neoplastic tumorous masses of plasma cells scattered throughout the 

    skeletal system. 

• In addition to causing the growth of myeloma cells, cytokines also mediate bone destruction—the major

     pathologic feature of multiple myeloma. 

• Loss of bone is in large part due to osteoclastic reabsorption induced by the tumor.

• Multiple myeloma presents most often as multifocal destructive bone lesions throughout the skeletal 

    system. 

  
vertebral column 66%          pelvis 28%
clavicle 10%

   
ribs 44%


  femur 24%
scapula 10%.

skull 41% 

• Pathologic fractures are most common in the vertebral column but may affect any of the numerous bones 

    suffering erosion and destruction of their cortical substances.

Clinical Course 

• The peak age incidence of multiple myeloma is between 50 and 60 years. Both sexes are affected equally. 

• The clinical features of myeloma stem from the effects of (1) infiltration of organs, particularly bones, by 

    the neoplastic plasma cells; and (2) the production of excessive immunoglobulins, which often have 

    abnormal physicochemical properties.

• Infiltration of bones is manifested by pain and pathologic fractures

• Renal involvement, generally called myeloma nephrosis, is one of the more distinctive features of 

    multiple myeloma

• In 99% of patients with multiple myeloma, electrophoretic analysis reveals increased levels of 

       immunoglobulins in the blood and/or light chains (Bence Jones proteins) in the urine. 

• Monoclonal immunoglobulins (“M component”) of the IgG type are found in 55% of patients; in 25% of 

    cases the myeloma cells produce IgA.

• The clinical diagnosis of multiple myeloma rests on radiographic and laboratory findings. 

• The radiographic changes are so distinctive that a reasonably certain diagnosis can usually be made. 

• Classically, the individual lesions appear as sharply punched-out defects having a rounded soap-bubble 

   appearance on x-ray film

• The skull demonstrates the characteristic rounded "punched out" lesions of multiple myeloma where the 

    plasma cell proliferation results in bone lysis.

• The prognosis for this condition depends on the stage at the time of diagnosis. 

• Patients with multiple bony lesions, if untreated, rarely survive for more than 6 to 12 months 

• Chemotherapy in the form of alkylating agents induces remission in 50 to 70% of patients, but the median 

    survival is still a dismal 3 years.

Waldenström’s Macroglobulinemia

• This dyscrasia, is marked by a diffuse, leukemia-like infiltration of the bone marrow by lymphocytes, 

   plasma cells, and hybrid forms that synthesize a monoclonal IgM immunoglobulin, leading to 

   macroglobulinemia. 

• The disease may best be viewed as a cross between multiple myeloma and small lymphocytic lymphoma

Clinical Course 

• A disease of old age, presenting between the sixth and the seventh decades. 

• The dominant presenting complaints are weakness, fatigability, and weight loss—all nonspecific 

       symptoms 

• Approximately half the patients have lymphadenopathy, hepatomegaly, and splenomegaly

• The specific complaints stem largely from the abnormal physicochemical properties of the 

      macroglobulins. 

• Because of their large size and increased concentration in blood, the macroglobulins tend to form large 

     aggregates that greatly increase the viscosity of blood, giving rise to the hyperviscosity syndrome

Clinical Course :Hyperviscosity syndrome 

• Visual impairment 

• Neurologic problems such as headaches, dizziness, deafness, and stupor, stemming from sluggish blood 

    flow and sludging. 

• Bleeding related to the formation of complexes between macroglobulins and clotting factors as well as 

    interference with platelet functions.

Heavy-Chain Disease

• Gamma-chain disease, encountered most often in the elderly, resembles a malignant lymphoma

Alpha-chain disease

• The most common in this group, is a disorder of IgA-producing cells involving mainly the sites of normal 

    IgA synthesis. It occurs mainly in young adults

Mu-chain disease is the rarest of these entities, most often encountered in patients with chronic 

    lymphocytic leukemia

Langerhans’ Cell Histiocytosis

• “Histiocytosis” is designation for a variety of proliferative disorders of histiocytes or macrophages

• Some, are clearly malignant, whereas others, are clearly benign. 

• Between these two extremes is a small cluster of conditions characterized by proliferation of a special 

      type of histiocyte called the Langerhans’ cell.

• The general consensus seems to be that these are reactive disorders in which the proliferation of 

   Langerhans’ cells results from disturbances in immunoregulation.

• Langerhans’ cell histiocytosis presents as three clinicopathologic entities:

Letterer-Siwe disease

• Acute disseminated Langerhans’ cell histiocytosis (Letterer-Siwe disease) occurs most frequently before 

      two years of age 

• The dominant clinical feature is the development of cutaneous lesions that resemble a seborrheic eruption 

     over the front and back of the trunk and on the scalp

Langerhans’ cell histiocytosis presents as three clinicopathologic entities:

Eosinophilic granuloma: Unifocal Langerhans’ cell histiocytosis, expanding, erosive accumulations of 

                 Langerhans’ cells, usually within the medullary cavities of bones.. 

 -The eosinophilic component ranges from scattered mature cells to sheetlike masses of c

 -Virtually any bone in the skeletal system may be involved, most commonly the calvarium, ribs, and 

      femur. 

Hand-Schüller-Christian Disease : 

   The combination of calvarial bone defects, diabetes insipidus, and exophthalmos is referred to as the 

      Hand-Schüller-Christian 

Multifocal Langerhans’ cell histiocytosis usually affects children, who present with fever; diffuse 

     eruptions, particularly on the scalp and in the ear canals; and frequent bouts of otitis media, mastoiditis, 

      and upper respiratory tract infections.
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BLEEDING DISORDERS

Bleeding DisordersóHemorrhagic Diatheses

     Excessive bleeding may result from 

     (1) Increased fragility of vessels, 

     (2) Platelet deficiency or dysfunction, 

     (3) Derangements in the coagulation mechanism 

     (4) Combinations of these

Bleeding Disorders Caused by Vessel Wall Abnormalities

• These, sometimes called nonthrombocytopenic purpuras, are relatively common but do not usually cause 

    serious bleeding problems. 

• Most often, they induce small hemorrhages (petechiae and purpura) in the skin or mucous membranes, 

    particularly the gingivae. 

• The platelet count, bleeding time, and coagulation time are usually normal. 

Clinical conditions in which hemorrhages can be related to abnormalities in the vessel wall

• Many infections induce petechial and purpuric hemorrhages, but especially implicated are 

     meningococcemia, other forms of septicemia, severe measles, and several of the rickettsioses. 

• Drug reactions sometimes induce abnormal bleeding. In many instances the vascular injury is mediated by 

    the formation of drug-induced antibodies and the deposition of immune complexes in the vessel walls, 

   with the production of a hypersensitivity 

• Scurvy and the Ehlers-Danlos syndrome represent examples of predisposition to hemorrhage related to 

     impaired formation of the collagenous support of vessel walls.

• Henoch-Sch–nlein purpura is a systemic hypersensitivity disease of unknown cause characterized by a 

   purpuric rash, colicky abdominal pain (presumably due to focal hemorrhages into the gastrointestinal 

   tract), polyarthralgia, and acute glomerulonephritis A

• Hereditary hemorrhagic telangiectasia is an autosomal dominant disorder characterized by dilated, 

    tortuous blood vessels that have thin walls and hence bleed readily. Bleeding may occur anywhere in the 

    body but is most common under the mucous membranes of

Bleeding Related to Reduced Platelet Number: Thrombocytopenia

     • Platelet counts normally range between 150,000 to 300,000/mm3, 

     • Below 100,000/mm3 is generally considerd to constitute thrombocytopenia. 

     • Spontaneous bleeding does not become evident until the count falls below 20,000/mm3

• Thrombocytopenia is characterized principally by bleeding, most often from small vessels. 

• The common sites of such hemorrhage are the skin and mucous membranes of the gastrointestinal and 

    genitourinary tracts, where the bleeding is usually associated with the development of small petechiae. 

• Intracranial bleeding is another danger in thrombocytopenic patients with markedly depressed platelet 

   counts.

Causes of thrombocytopenia 

     •Bone marrow diseases aplastic anemia,leukemias 

     • Ineffective megakaryopoiesis deficiency of folate /vitamin B12 

     • Increased destruction drug ingestion or infections 

     • AIDS 

     • Destroyed by prosthetic heart valves, the narrowed microcirculation in malignant hypertension, and 

         arterial disease associated with significant roughening of the endothelial surface.

     • Associated with significant roughening of the endothelial surface. 

     • Marked splenomegaly 

     • Neonatal and PostTransfusion(Isoimmune)Thrombocytopenia 

     • Idiopathic Thrombocytopenic Purpura (ITP) destroyed by the formation of antiplatelet antibodies 

Congenital disorders of platelet function 

     • Defects of adhesion 

     • Defects of aggregation, 

     • Disorders of platelet secretion (release reaction). 

Hemorrhagic Diatheses Related to Abnormalities in Clotting Factors 

• A deficiency of every one of the known clotting factors has been reported at one time or another as the 

    cause of a bleeding disorder. 

• The bleeding in these conditions differs somewhat from that encountered in platelet deficiencies. The 

   apparent spontaneous appearance of petechiae or purpura is uncommon. 

• More often the bleeding manifests as the development of large ecchymoses or hematomas following an 

    injury, or as prolonged bleeding after a laceration or any form of surgical procedure. 

• Bleeding into the gastrointestinal and urinary tracts, and particularly into weight-bearing joints, is a 

    common manifestation.

• Acquired disorders are usually characterized by multiple clotting abnormalities. Vitamin K deficiency 

   depressed synthesis of factors II, VII, IX and X and protein C. 

• Since the liver makes virtually all the clotting factors, severe parenchymal liver disease may be associated 

   with a hemorrhagic diathesis. 

Hemophilia A and von Willebrandís disease
• Two of the most common inherited disorders of bleeding

• Caused by qualitative or quantitative defects involving the factor VIII-vWF complex.

• With an estimated frequency of 1%, vWD is believed to be one of the most common inherited disorders 

      of bleeding in humans.

Hemophilia A
• Deficiency of Factor VIII causes to Hemophilia A

• Caused by qualitative or quantitative defects involving the factor VIII-vWF complex.

• X-linked recessive disorder

• 30% of cases due to new mutations

• “Spontaneous hemorrhages” particularly at joints = Hemarthroses

• Petchial & ecchymoses absent

• Normal bleeding time & platelet count

• Prolonged partial thromboplastin time

• Tx w/ infusion of factor VIII from human plasma

Hemophilia B
• Deficiency of Factor IX causes Hemophilia B (Christmas Disease)

• X-linked recessive disorder

• May occur asymptomatically or w/ assoc. hemorrhaging

• In 14% of pts, factor IX is present but nonfuntional

• Partial thromboplastin time prolonged

• Normal bleeding time

• Hereditary deficiencies have been identified for each of the clotting factors. 

• Most of the others follow autosomal patterns of transmission. Typically, these hereditary disorders 

    involve a single clotting factor 

Disseminated Intravascular Coagulation (DIC)

• DIC is an acute, subacute, or chronic thrombohemorrhagic disorder occurring as a secondary 

      complication in a variety of diseases. 

• It is characterized by activation of the coagulation sequence that leads to the formation of microthrombi 

    throughout the microcirculation of the body

• Not a primary disease: It is a coagulopathy that occurs in the course of a variety of clinical conditions 

• DIC may result from pathologic activation of the extrinsic and/or intrinsic pathways of coagulation via:

     1) release of tissue factor or thromboplastic substances into the circulation 

     2) widespread injury to the endothelial cells. 

• As a consequence of the thrombotic diathesis, there is consumption of platelets, fibrin, and coagulation 

      factors and, secondarily, activation of fibrinolytic mechanisms. 

• DIC may present with signs and symptoms relating to tissue hypoxia, and infarction caused by the 

    microthrombi 

             OR 

• As a hemorrhagic disorder related to depletion of the elements required for hemostasis ( ìconsumption 

    coagulopathyî)

The consequences of DIC are twofold. 

• First, there is widespread deposition of fibrin within the microcirculation leading to ischemia of the more 

    severely affected or more vulnerable organs, and to a hemolytic anemia resulting from fragmentation of 

    red cells as they squeeze through the narrowed microvasculature (microangiopathic hemolytic anemia).

• Second, a hemorrhagic diathesis may dominate the clinical picture. This results from consumption of 

   platelets and clotting factors as well as activation of plasminogen

Potential clinical presentations 

     • Microangiopathic hemolytic anemia 

     • Respiratory symptoms such as dyspnea, cyanosis, and extreme respiratory difficulty 

     • Neurologic signs /symptoms of convulsions and coma 

     • Renal changes oliguria /acute renal failure 

     • Circulatory failure and shock 
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