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Introduction
 Blood cell counts may be low cells are prematurely removed from the circulation inadequately produced in the bone marrow.
 Therefore, the disorders of bone marrow failure are currently defined by their marrow pathology the fatty bone marrow of aplastic anemia, the disordered hematopoiesis of myelodysplasias the fibrosis of myelofibrosis Blastic infiltration of leukemias
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APLASTIC ANEMIA
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DEFINITION
 Disease of young, with a median age at onset of about 25 years (excluding aplasia secondary to cancer chemotherapy).
 The bone marrow usually can be aspirated easily but appears dilute on smear.
 The biopsy specimen, often grossly pale, shows mainly fat under microscope; by definition hematopoietic cells occupy less than 25% of the marrow space and, in the most serious cases , 0 to 5%.
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Definition
 Pancytopenia Anemia Neutropenia Thrombocytopenia
 Reticulocytopenia Aplastic bone marrow
 Hypocellular with all elements down; mostly fat and stroma
 Residual hematopoietic cells are normal
 No malignancy or fibrosis No megaloblastic
 hematopoiesis
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DEFINITION
 Prognosis is determined by the degree of blood cell count depression.
 The commonly accepted definition for severe disease is two of the following: absolute neutrophil count (ANC) of less than
 500/µL platelets less than 20,000/µL Reticulocyte count less than %1.
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Etiology
 In the majority of patients, aplastic anemia is diagnosed as ‘‘idiopathic’’.
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Etiology
 Radiation Marrow aplasia is a major acute sequela of
 radiation exposure. Radiant energy damages DNA; the bone
 marrow, which is a tissue dependent on active mitosis, is particularly susceptible to its effects.
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Etiology
 Radiation Nuclear accidents and radiation injury can
 involve not only power plant workers but also employees of hospitals, laboratories, and industry, as well as persons exposed to stolen, misplaced, or misused radiation sources.
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Etiology
 Radiation The radiation dose can be approximated from the
 rate and degree of decline in blood cell counts Estimate the patient’s prognosis and also to protect
 medical personel from the contact with radioactive tissue and excreta
 Myelodysplasia and leukemia are late effects of irradiation.
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Etiology
 Chemicals Benzene has been clearly linked to bone marrow failure, but the
 quality of the case reports, many from the early part of the century, usually does not allow accurate discrimination between aplasia and myelodysplasia.
 The occurance of hematologic abnormalities is roughly correlated with cumulative exposure, but there must be an important element of susceptability, because only a minority of even heavily exposed workers develop evidence of myelotoxicity.
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Etiology
 Benzene A history of past employment is important,
 especially in ’’open’’ industries in which benzene is used for a secondary purpose (usually as a solvent) rather than in ’’closed’’ industries for chemical production.
 Benzene-related blood diseases have declined with regulation of industrial exposure
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Etiology
 Drugs Many of the common cancer chemotherapeutic
 drugs regularly and predictably suppress the bone marrow.
 A large and diverse group of other drugs have been linked to idiosyncratic aplastic anemia, but some of these associations are weak, based on case reports.
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Etiology
 Drugs For example, some incriminated drugs may
 have been used to treat the first symptoms of bone marrow failure (antibiotics) or may have provoked the first symptom of a pre-existing disease (petechiae produced by non-steroidal anti-inflammatory agents administered to a thrombocytopenic individual).
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Drugs and chemicals associated with aplastic anemia
 Agents that regularly produce marrow depression as the major toxicity in commonly employed doses or normal exposure Cytotoxic drugs used in cancer chemotherapy; alkylating agents, antimetabolites,
 antimitotics Agents that ferequently but not inevitably produce marrow aplasia
 Benzene (and benzene-containing chemicals like karosene, carbon tetrachloride, Stoddard’s solvent, chlorophenols)
 Agents probably associated with aplastic anemia but with relatively low probability InsectisidesChloramphenicolAntiprotozoals: quinacrine and chloroquine,
 mepacrineNon-steroidal anti-inflammatory drugs (including phenylbutazone, indomethacin, ibuprofen, sulindac, aspirinAnticonvulsants (hydantoins, carbamazepine, phenacemide)Heavy metals (gold, arsenic, bismuth, mercury)Sulfonamides: antithyroid drugs (methimazole, propylthiouracil), antidiabetic drugs (tolbutamide, chlorpropamide), carbonic-anhydrase inhibitors (acetazolamide, methazolamid)Antihistamines (Chlorpheniramine)D-penicillamine
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Chloramphenicol?
 Was widely used antibiotic all over the world Was effective in Enteric Fever (Salmonellosis) Chloramphenicol reportedly produced aplasia in only about
 1/60,000 therapeutic courses, and even this number is almost certainly an overestimate.
 Chloramphenicol also consistently causes dose-related, rather modest marrow depression, mainly reticulocytopenia and altered marrow morphology and iron kinetics.
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Chloramphenicol?
 The introduction of chloramphenicol was thought to have produced a notable increase in number of cases of aplastic anemia , but its diminished use has not been followed by reduced frequency of aplastic anemia.
 Chloramphenicol still remains a popular antibiotic in less-developed countries.
 Recent epidemiologic studies in Thailand failed to show a relationship between chloramphenicol and aplastic anemia.
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Agranulocytosis
 Suspected drug reactions account for 15 to 25% of cases of aplastic anemia, whereas most agranulocytosis in adults is drug related.
 In contrast to drug-associated aplastic anemia, agranulocytosis spontaneously resolves with removel of the drug.
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Etiology
 Infections Hepatitis, which is the most common infection
 preceding aplastic anemia, accounts for about 5% of cases in Western countries and perhaps twice that proportion in Asia.
 Typically, severe aplasia occurs in a young man who recovered from a mild bout of hepatitis 1 to 2 months earlier.
 The hepatitis is non-A, non-B, and non-C by serologic testing.
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Etiology
 Infections Aplastic anemia can rarely follow infectious
 mononucleosis. Parvovirus B19 has not convincingly been
 associated with permanent total bone marrow failure.
 Moderate marrow depression occurs commonly in the course of many viral and bacterial infections, but disease is usually overt.
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Etiology
 Immunologic diseases Fatal aplasia can occur in immunodeficient
 childeren who receive unirradiated blood products and in other cases of transfusion-associated graft-versus-host disease.
 Eosinophilic fasciitis is associated with aplastic anemia.
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Other associations
 Aplastic anemia may occur during pregnancy and sometimes resolves with delivery or with spontaneous or induced abortion.
 Aplastic anemia occurs in about one third of patients with paroxysmal nocturnal hemoglobinuria (PNH), and patients with aplastic anemia may have a positive Ham test; a much larger proportion show evidence of absent cell surface membrane glycophosphoinositol proteins by flow cytometry of granulocytes (Absence of CD55 and CD59)
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Pathophysiology
 Most bone marrow failure almost cetainly results from damage to the hematopoietic stem cell compartment.
 Little evidence exists of aplastic anemia due to defective stroma or from inadequate production of growth factors.
 In all patients with aplastic anemia, the numbers of both committed and primitive hematopoietic cells that can be assayed in vitro are markedly diminished, probably to about 1% of normal.
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Pathophysiology
 Although aplastic anemia can result from direct damage to the bone marrow high doses of chemical agents irradiation cytotoxic drugs used to treat cancer
 most community-acquired aplastic anemia is caused by immune system attack on the bone marrow and resulting destruction of hematopoietic stem and progenitor cells.
 The mechanism by which some drugs and chemicals or viruses provoke organ spesific autoimmunity in aplastic anemia is unknown.
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Pathophysiology
 Metabolic drug injury Most drugs and chemicals, especially if they are
 polar and have limited water solubility, are metabolized to highly reactive electrophilic intermediates that bind to cellular macromolecules.
 Excessive generation of such toxic intermediates or failure to detoxify them may be genetically determined.
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Pathophysiology
 Immune-mediated injury The recovery of their own marrow function by some
 patients being prepared for bone marrow transplantation with immunosuppressive antilymphocyte globulin first suggested that aplastic anemia might be immune mediated.
 Patients with aplastic anemia may have increased numbers of activated cytotoxic lymphocytes (CD8+ cells bearing HLA-DR and interleukin-2 receptors) that overproduce lymphokines (particularly interferon- and tumor necrosis factor).
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Pathophysiology
 Immune-mediated injury Both interferon and tumor necrosis factor induce
 apoptosis in hematopoietic target cells through the Fas pathway
 The high rate of clinical relapse after discontinuation of immunosuppressive therapy, and conversely, the responsiveness, sometimes dependence, of blood cell counts on cyclosporine are further evidence of pathogenic role of T cells in this disease.
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Incidence and epidemiology
 The incidence of aplastic anemia is approximately 2 per million in Europe
 More frequent in Asia, being 4 per million in Thailand.
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Clinical Description
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History
 Bleeding is the most common early symptom of aplastic anemia. Patients commonly report day to weeks of easy bruising oozing from gums nose bleeds heavy menstrual flow petechiae
 With thrombocytopenia, massive hemorrhage is unusual, but small amounts of bleeding in the central nervous system can result in serious symptoms and signs of intracranial or retinal hemorrhage.
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History
 In cases of more gradual onset, symtoms af anemia are described: lassitude, weakness, shortness of breath
 Infection is unusual as a first symptom in aplastic anemia, in contrast to agranulocytosis, in which pharyngitis, anorectal infection, and frank sepsis may be presenting clinical condition.
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History
 A striking feature of aplastic anemia is the restriction of symptoms to the hematologic system.
 Patient often feel and look remarkebly well despite drastically reduced blood cell counts; systemic complaints and weight loss should point to other causes of pancytopenia.
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History
 Drug use, chemical exposure, and preceding viral illnesses should be sought with repeated questioning; prompt cessasion of drug or chemical exposure is especially important in agranulocytosis, which is usually self-limited.
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Physical Examination
 Ptechiae and ecchymoses are frequently present, and there may be retinal hemorrhages.
 Pallor of the skin and mucous membranes is also common.
 Infection is uncommon on presentation; however, by the time the patient reaches a referral center, fever and signs of systemic or local infection may well be present.
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Physical Examination
 Lymphadenopathy and splenomegaly are not seen in aplastic anemia.
 Cafe-au-lait spots and short stature point to Fanconi’s anemia.
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Diagnosis and differential diagnosis The diagnosis of aplastic anemia is usually
 straightforward; based on the combination of pancytopenia
 with fatty bone marrow.
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Diagnosis and differential diagnosis Blood
 The peripheral blood smear shows large erythrocytes and paucity of platelets and granulocytes.
 Macrocytosis, as determined by automated cell counting, is very common.
 Lymphocyte numbers may be normal or also reduced. The presence of immature myeloid forms should suggest
 leukemia or myelodysplasia nucleated red cells suggest marrow fibrosis or invasion.
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Diagnosis and differential diagnosis Bone marrow ‘‘Watery’’ marrow can almost always be obtained in
 aplastic anemia In severe aplasia the smear of the aspirated
 specimen shows only residual lymphocytes and stromal cells; in milder cases, the remaining hematopoietic cells can show ‘‘megaloblastoid’’ erythropoiesis.
 Megakaryocytes are greatly reduced and usually absent.
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Diagnosis and differential diagnosis Bone marrow Total cellularity is assessed by biopsy of a core more
 than 1cm in length, which in the most severe cases is virtually 100% fat and in more moderate disease is less than 20% cellular.
 Nonetheless, the correlation between marrow cellularity and severity is imperfect: some patients with moderate disease according to blood cell counts have empty iliac crest biopsies, and there may be ‘‘hot spots’’ of hematopoiesis in severe cases.
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Diagnosis and differential diagnosis Cytogenetic studies of peripheral blood
 should be performed on younger patients or if there is a suspicious family history or suggestive physical finding.
 Cytogenetic studies of bone marrow are almost always normal in aplastic anemia and frequently abnormal in hypoplastic myelodysplasia.
 Showing absence of CD59/CD55 establishes paroxysmal nocturnal hemoglobinuria.
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Diagnosis and differential diagnosis Serologic studies occasionally show evidence of viral
 infection, especially antibodies to human immunodeficiency virus or Ebstein- Barr virus, but preceding hepatitis is usually indicated by abnormal liver enzymes rather than positive viral serologies.
 Parvovirus may be detected in pure red cell aplasia. Hypoimmunoglobulinemia and thymoma are also
 associated with pure red cell aplasia: thymoma should be sought by computed tomography of the thorax.
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Diagnosis and differential diagnosis Pancytopenia occurs in many diseases, but when
 secondary blood cell count depression rivals that of severe aplastic anemia, the primary diagnosis is usually obvious from either a history or physical examination (e.g., the splenomegaly of cirrhosis, a history of metastatic cancer).
 In practice, the distinction of aplasia from other hematologic diseases, especially hypocellular myelodysplasia, is more difficult.
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Treatment
 Patients who present with severe aplastic anemia need special attention.
 They should be quickly aveluated to identify any possible reversible cause of the aplasia and to rule out malignant disease.
 When the marrow is severely hypoplastic or aplastic, the chance of spontaneous recovery is very low.
 Younger patients should be considered immediately for allogeneic stem cell transplantation.
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Treatment
 They also need to be protected from exposure to blood-component transfusions if transplantations to be successfull
 If possible, transfusions should be withheld until immunosuppressive therapy is begun in preperation.
 Patients with severe aplastic anemia should be HLA typed for probable transplantation
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Treatment
 Patients not eligible for transplantation can show a high rate response to immunosuppressive therapy, alone.
 Unfortunately, up to 40% of patients treated with immunosuppression, who survive 10 years or longer, are at risk for developing a clonal malignancy, paroxysmal nocturnal hemoglobinuria, or myelodysplasia progressing to acute myeloid leukemia.
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Allogeneic stem cell transplantation (ASCT)
 The recommended treatment for the young patient with severe aplastic anemia is ASCT.
 This therapy requires the availability of a histocompatible family member, ideally a full-match sibling.
 Transplants with non-identical or unrelated donors are less successful and should only be considered in patients who fail immunosuppressive therapy.

Page 47
						

Allogeneic stem cell transplantation The success of ASCT depends on;
 the patients age transfusion history of the patient, and clinical status at the time of transplant.
 A younger patient has a greater chance of success, largely because the incidence of graft versus host disease (GVHD), which is the major cause of graft failure, increases with age.
 Although children, teenagers, and young adults can expect a better than 80% chance of long-term survival with good return of marrow function, patients over 20-30 experience significant complications from GVHD.

Page 48
						

Allogeneic stem cell transplantation Graft rejection is more frequent, and the incidence of
 post-transplant infections, including interstitial pneumonitis, is much higher.
 Transfusions, prior to preconditioning immunosuppression, increase the graft rejection and GVHD.
 It is especially important, therefore, to try to avoid multiple transfusions while seeking a suitable donor, and when transfusion is required, we should use only leukocyte depleted and irradiated packed red blood cell and platelet suspensions.
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Immunosuppressive therapy
 Immunosuppression with combination of antithymocyte/antilymphocyte globulin (ATG/ALG), cyclosporine, and steroids is also effective in the treatment of aplastic anemia.
 The decision to use ATG plus cyclosporine and prednisolone rather than ASCT depend on suspected etiology, patients age, clinical status of the patient, and the availability of stem cell donor.
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Immunosuppressive therapy
 Young patients with severe aplastic anemia should receive transplants immediately if a suitable donor available.
 Patients who lack a donor, patients over age 45 years, and patients with less severe aplastic anemia are candidates for immunosuppressive therapy.
 With modern regimens that include cyclosporine, long term survival rates are 50-60%.
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