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DEFINATION• Aplastic anemia is a syndrome of bone
 marrow failure characterized by peripheral pancytopenia and marrow hypoplasia
 • mild macrocytosis is observed in association
 with stress erythropoiesis and an elevated fetal hemoglobin levels.
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BECKGROUND
 • Paul Ehrlich introduced the concept of aplastic anemia in 1888.
 • In1904 that Anatole Chauffard named this disorder aplastic anemia.
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INCIDENCE
 • incidence is 0.6-6.1 cases per million population.
 • The incidence of aplastic anemia peaks in people aged 20-25 years, and a subsequent peak is observed in people older than 60 years.
 • The latter peak may be due to the inclusion of MDSs, which are syndromes of stem-cell failure unrelated to aplastic anemia.
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PATHOPHYSIOLOGY• Basis for marrow failure includes primary defects in or damage to
 the stem cell or the marrow microenvironment .
 • more than 80% of cases are acquired.
 • On morphologic evaluation, the bone marrow is devoid of hematopoietic elements, showing largely fat cells .
 • Flow cytometry shows that the CD34 cell population is substantially reduced.
 • Suppression of hematopoiesis is likely mediated by an expanded population of the cytotoxic T lymphocytes (CTLs): CD8 and HLA-DR+, which are detectable in both the blood and bone marrow of patients with aplastic anemia.
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Polymorphisms In These Cytokine Genes, Associated With An Increased Immune Response, Are More Prevalent In Patients With Aplastic Anemia.
 These Cytokines Suppress Hematopoiesis By Affecting The Mitotic Cycle And Cell Killing By Inducing Fas-mediated Apoptosis
 These cells produce inhibitory cytokines, such as gamma-interferon and tumor necrosis factor, which can suppressing progenitor cell growth.
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• In addition, these cytokines induce nitric oxide synthase and nitric oxide production by marrow cells, which contributes to immune-mediated cytotoxicity and the elimination of hematopoietic cells.
 • Constitutive expression of Tbet, a transcriptional regulator that is critical to Th1 polarization, occurs in a majority of aplastic anemia patients.
 • Perforin and SAP protein levels are markedly diminished in a majority of acquired aplastic anemia cases.
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CLINICALPRESENTATION• Onset is incidious.
 • Anemia may manifest as pallor, headache, palpitations, dyspnea, fatigue, or foot swelling.
 • Thrombocytopenia may result in mucosal and gingival bleeding or petechial rashes intracranial and ratinal haemorrhage.
 • Neutropenia may manifest as overt infections, recurrent infections, or mouth and pharyngeal ulcerations.
 • Although the search for an etiologic agent is often unproductive, an appropriately detailed work history, with emphasis on solvent and radiation exposure should be obtained, as should a family, environmental, travel, and infectious disease history
 http://emedicine.medscape.com/article/204821-overview
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•Physical examination may show signs of anemia, such as pallor and tachycardia, and signs of thrombocytopenia, such as petechiae, purpura, or ecchymoses. Overt signs of infection are usually not apparent at diagnosis.
 •A subset of patients with aplastic anemia present with jaundice and evidence of clinical hepatitis.
 •Findings of adenopathy or organomegaly should suggest an alternative diagnosis (eg, hepatosplenomegaly and supraclavicular adenopathy are observed more frequently in cases of leukemia and lymphoma than in cases of aplastic anemia). •In any case of aplastic anemia, look for physical stigmata of inherited marrow-failure syndromes, such as skin pigmentation, short stature, microcephaly, hypogonadism, mental retardation, and skeletal anomalies. The oral pharynx, hands, and nail beds should be carefully examined for clues of dyskeratosis congenita
 http://emedicine.medscape.com/article/924411-overview
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ETIOLOGY•Congenital or inherited causes of aplastic anemia (20%)
 Patients usually have dysmorphic features or physical stigmata. On occasion, marrow failure may be the initial presenting feature.
 Fanconi anemia –café au lait spot , short stature
 Dyskeratosis congenital- typical hand and nail bed with leukoplakia
 Cartilage-hair hypoplasia
 http://emedicine.medscape.com/article/960401-overview
 http://emedicine.medscape.com/article/960401-overview
 http://emedicine.medscape.com/article/885807-overview
 http://emedicine.medscape.com/article/885807-overview
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Pearson syndrome
 Amegakaryocytic thrombocytopenia (thrombocytopenia-absent radius [TAR] syndrome)
 Shwachman-Diamond syndrome
 Dubowitz syndrome
 Diamond-Blackfan syndrome
 Familial aplastic anemi
 http://emedicine.medscape.com/article/957186-overview
 http://emedicine.medscape.com/article/959262-overview
 http://emedicine.medscape.com/article/958476-overview
 http://emedicine.medscape.com/article/958476-overview
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•Acquired causes of aplastic anemia (80%) Idiopathic factors (More Then 50%)
 Infectious causes-hepatitis viruses, Epstein-Barr virus (EBV), human immunodeficiency virus (HIV), parvovirus, and mycobacteria
 Toxic exposure to radiation and chemicals(benzene, ccl4 , insectisides)
 Drugs – antimicrobial (chloramphenicol,sulfonamides panicilline,) anticonvulsent (phenytoin, trimethadione, etosuxamide) antithyroid agent (carbimazole, tapazole, propylthiourecil) antidiabetic (tolbutamide, clorpropamide) analgesics (phenylbutazone, asprine, indomethacine) sedative (chlordiazepoxide, phenothizine)
 • miscellaneous(gold compounde, D-panicillamine, bismuth, ticlodipine, thiocynate)
 http://emedicine.medscape.com/article/963894-overview
 http://emedicine.medscape.com/article/961063-overview
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PNH-PNH develops in 5-10% of patients with aplastic anemaand 25% of patient with PNH develop aplastic anemia)
 Orthotopic liver transplantation for fulminant hepatitis
 Pregnancy
 Thymoma –usually associated with pure red cell aplasia
 Eosinophilic fasciitis
 http://emedicine.medscape.com/article/1065199-overview
 http://emedicine.medscape.com/article/1065199-overview
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Acute Lymphoblastic Leukemia Myelodysplastic Syndrome
 Acute Myelogenous Leukemia Myelophthisic Anemia
 Agnogenic Myeloid Metaplasia With Myelofibrosis
 Osteopetrosis
 Human Herpesvirus Type 6 Systemic Lupus Erythematosus
 Lymphoma, Non-Hodgkin
 Megaloblastic Anemia
 Multiple Myeloma
 Differential Diagnoses
 http://emedicine.medscape.com/article/207631-overview
 http://emedicine.medscape.com/article/207631-overview
 http://emedicine.medscape.com/article/207347-overview
 http://emedicine.medscape.com/article/207347-overview
 http://emedicine.medscape.com/article/197802-overview
 http://emedicine.medscape.com/article/197802-overview
 http://emedicine.medscape.com/article/197802-overview
 http://emedicine.medscape.com/article/204647-overview
 http://emedicine.medscape.com/article/197954-overview
 http://emedicine.medscape.com/article/197954-overview
 http://emedicine.medscape.com/article/197954-overview
 http://emedicine.medscape.com/article/197954-overview
 http://emedicine.medscape.com/article/197954-overview
 http://emedicine.medscape.com/article/123968-overview
 http://emedicine.medscape.com/article/219019-overview
 http://emedicine.medscape.com/article/305578-overview
 http://emedicine.medscape.com/article/305578-overview
 http://emedicine.medscape.com/article/203399-overview
 http://emedicine.medscape.com/article/204066-overview
 http://emedicine.medscape.com/article/204369-overview
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LABORATORY STUDIESA paucity of platelets, red blood cells (RBCs), granulocytes, monocytes, and reticulocytes is found in patients with aplastic anemia. Mild macrocytosis is occasionally observed.
 The degree of cytopenia is useful in as sessing the severity of aplastic anemia.
 The corrected reticulocyte count is uniformly low in aplastic anemia
 Hemoglobin electrophoresis and blood-group testing may show elevated levels fetal hemoglobin and red cell I antigen, suggesting stress erythropoiesis
 biochemical profile includes a Coombs test; an analysis of kidney function; and measurement of transaminase, bilirubin, and lactic dehydrogenase (LDH) levels.
 Serologic testing for hepatitis and other viral entities, such as EBV, CMV, and HIV, may be useful An autoimmune-disease evaluation for evidence of collagen-vascular disease may be performed
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The Ham test, or the sucrose hemolysis test, is frequently performed to diagnose PNH.
 The fluorescence-activated cell sorter (FACS) profile of PIGA anchor proteins, such as CD55 and CD59, may be more accurate than the Ham test for excluding PNH.
 Diepoxybutane incubation is performed to assess chromosomal breakage for Fanconi anemia.
 Histocompatibility testing should be conducted early to identify potential related donors, especially those for young patients.
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PROCEDURES•Review of peripheral smears
 •Bone marrow aspiration and biopsy
 Bone marrow biopsy is performed in addition to aspiration to assess cellularity both qualitatively and quantitatively. In aplastic anemia, the specimens are hypocellular. Aspiration samples alone may appear hypocellular because of technical reasons (eg, dilution with peripheral blood), or they may appear hypercellular because of areas of focal residual hematopoiesis.
 specimen is considered hypocellular if it is <30% cellular in individuals aged <60 years or if it is <20% in those aged >60 years Histologic Findings Histologic findings of aplastic anemia include hypocellular bone marrow with fatty replacement and relatively increased nonhematopoietic elements, such as plasma cells and mast cells
 http://emedicine.medscape.com/article/207575-overview
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STAGINGStaging of aplastic anemia is based on the criteria of the International Aplastic Anemia Study Group, as follows:
 •Blood Neutrophils – Less than 0.5 X 109/L (500/µl)Platelets – Less than 20 X 109/L (20000/µl)Reticulocytes – Less than 1% corrected (percentage of actual hematocrit [Hct] to normal Hct)
 •Marrow Severe hypocellularity Moderate hypocellularity, with hematopoietic cells representing less than 30% of residual cells
 •Severe aplasia is defined as including any 2 or 3 peripheral blood criteria and either marrow criterion.
 •A further subclassification developed after the recognition that individuals with neutrophil counts lower than 0.2 X 109/L(‹200 /µl)had very SAA (VSAA). This group is less likely than others to respond to immunosuppressive therapy.
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TREATMENTMEDICAL CARE•Transfusions
 Patients with aplastic anemia require transfusion support until the diagnosis is established and until specific therapy can be instituted
 Avoiding transfusions from family members is important because of possible sensitization against non-HLA tissue antigens of the donorsIn considering blood-bank support, attempt to minimize the risk of CMV infection. If possible, the blood products should undergo leukopoor reduction to prevent alloimmunization, and they should be irradiated to prevent third-party GVHD in BMT candidatesTreatment of infections24,25
 Infections are a major cause of mortality. Risk factors include neutropenia ,indwelling catheters. Fungal infections, especially Aspergillus species. Empirical antibiotic therapy should be broad based Especially consider including anti-pseudomonal coverage in febrile neutropenia, and antifungal agents for those with persistent fever. Cytokine support with granulocyte colony-stimulating factor (G-CSF) and granulocyte-macrophage colony-stimulating factor (GM-CSF) in refractory infections
 http://emedicine.medscape.com/article/434176-overview
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BMT ( bone marrow transplantation)BMT with an unrelated donor BMT with an unrelated donor is associated with a high mortality rate. Unrelated-donor BMT is probably justified only if the donor is a full match and only if immunosuppressive therapy or Both increased graft rejection and increased GVHD remain obstacles to success for unrelated-donor BMT for patients with SAA. In unrelated-donor transplantation, radiation along with cyclophosphamide may be used to reduce graft rejection. Fludarabine-based conditioning regimens have been tried,14 along with ATG and cyclophosphamide.
 •Immunosuppressive therapy Immune suppression is especially useful if a matched sibling donor for BMT is not available or if the patient is older than 60 years. combination therapy, including ATG, CSA, and methylprednisolone, with or without cytokine support. ATG and CSA alone may also produce a response in aplastic anemia, but the combination improves the likelihood of a response. The response in aplastic anemia, unlike other autoimmune diseases, is slow. At least 4-12 weeks is usually needed to observe early improvement, and the patient continues to improve only slowly thereafter.
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Preliminary data suggested that high-dose cyclophosphamide may result in durable remissions in some patients with aplastic anemia. However, some of these patients develop PNH and cytogenetic abnormalities on follow-up. At present, the use of high-dose cyclophosphamide should be limited to clinical trials.Surgical CareA central venous catheter placement is required before the administration of immunosuppressive therapy or BMT.ConsultationsConsult a hematologist and/or BMT specialist.DietThe diet for the patient with aplastic anemia who has neutropenia or who is receiving immunosuppressive therapy should be tailored carefully to exclude raw meats, dairy products, or fruits and vegetables that are likely to be colonized with bacteria, fungus, or molds. Furthermore, a salt-limited diet is recommended during therapy with steroids or CSA.Activity•The patient should avoid any activity that increases the risk of trauma during periods of thrombocytopenia. The risk of community-acquired infections increases during periods of
 neutropenia
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MedicationThe goals of pharmacotherapy in cases of aplastic anemia are to reduce morbidity, prevent complications, and eradicate
 malignancy.
 • Immunosuppressive Agents• 1• Cyclosporine (Sandimmune, Neoral)• • 1.5-2 mg/kg IV q12h,• Documented hypersensitivity; uncontrolled hypertension or malignancies; do not
 coadminister with PUVA or UVB irradiation in psoriasis (may increase the risk of cancer • • 2• Methylprednisolone used with ATG to decrease the adverse effects (eg, allergic
 reactions, serum sickness• • 5 mg/kg IV on days 1-8; then tapered by using PO 1 mg/kg on days 9-14; further
 tapering over days 15-29; stop after 1 mo except with evidence of serum sickness• • Documented hypersensitivity; viral, fungal, or tubercular skin infection
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• 3• Lymphocyte immune globulin, equine (Atgam)• Inhibits cell-mediated immune response by altering T-cell function or
 eliminating antigen-reactive cells • 100-200 mg/kg IV• Documented hypersensitivity; unremitting leukopenia and/or
 thrombocytopenia• 4• Cyclophosphamide (Cytoxan)• Chemically related to nitrogen mustards. As an alkylating agent, the
 5mechanism of action of th6e active metabolites ma7y involve cross-linking of DNA, which may interfere with the growth of normal and neoplastic cells
 • • 45 mg/kg/d IV for 4 d• • Documented hypersensitivity; severely depressed bone marrow function
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• 5• Lymphocyte immune globulin, rabbit (Thymoglobulin)• May modify T-cell function and possibly eliminate antigen-reactive T lymphocytes in peripheral
 blood. • .5 mg/kg IV qd for 7-14 d; up to 3.5 mg/kg for 5 d also used• Several preliminary studies have demonstrated that the addition of cytokines (eg, G-CSF, GM-CSF)
 may hasten the neutrophil recovery and that these agents may improve the response rate and survival, although long-term use may increase the risk of clonal evolution
 • 6• Sargramostim (Leukine, Prokine)• Adult• 250 mcg/m2 IV/SC with twice weekly monitoring of CBC count• Pediatric• Not established; 5 mcg/kg/d SC used in some studies• Do not use 12-24 h before or 24 h after administering cytotoxic chemotherapy (increases the
 sensitivity of rapidly dividing myeloid cells to cytotoxic chemotherapy• 7• Filgrastim (Neupogen) G-CSF that activates and stimulates the production, maturation, migration,
 and cytotoxicity of neutrophils.• Adult• 5 mcg/kg/d SC until ANC 5000/mm3 • Pediatric• 5-10 mcg/kg/d SC
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• Antineoplastic Agent, Antimetabolite (purine)• Antimetabolites are antineoplastic agent that inhibit cell growth
 and proliferation.• 8• Fludarabine (Fludara)• Contains fludarabine phosphate, a fluorinated nucleotide analogue
 of the antiviral agent vidarabine, 9-b-D-arabinofuranosyladenine (ara-A) that enters the cell and is phosphorylated to form active metabolite 2-fluoro-ara-ATP, which inhibits DNA synthesis. Inhibits DNA polymerase, DNA primase, DNA ligase, and ribonucleotide reductase. This inhibits RNA function, RNA processing, and mRNA translation. Also activates apoptosis.
 • • 30 mg/m2/dose for 4-6 d as IV infusion over 30 min-2 h•
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• Follow-up• Further Inpatient Care• Inpatient care for patients with aplastic anemia may be needed during periods of
 infection and for specific therapies, such as ATG or BMT.
 • Further Outpatient Care• Frequent outpatient follow-up of patients with aplastic anemia is needed to monitor
 blood counts and adverse effects of various drugs. • Transfusions of packed RBCs and platelets are administered on an outpatient basis.
 • Inpatient & Outpatient Medications• The specific medications administered depend on the choice of therapy and whether
 it is supportive care only, immunosuppressive therapy, or BMT.
 • Transfer• Patients with aplastic anemia should be treated by physicians who are experts in the
 care of immunocompromised patients and in consultation with a BMT physician for patients younger than 65 years.
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• Complications• Complications of aplastic anemia
 – Infections – Bleeding
 • Complications of BMT – GVHD – Graft failure
 • Prognosis• The outcome of patients with aplastic anemia has substantially improved because of
 improved supportive care. The natural history of aplastic anemia suggests that as many as one fifth of patients may spontaneously recover with supportive care; however, observational and/or supportive care therapy alone is rarely indicated.
 • The estimated 5-year survival rate for the typical patient receiving immunosuppression is 75%. The rate for those receiving a BMT from a matched sibling donor is greater than 90%. However, in case of immunosuppression, relapse and late clonal disease are risks.
 • Patient Education• Patients should maintain hygiene to reduce the risks of infection. • Clinicians must stress the need for compliance with therapy
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• Medicolegal Pitfalls
 • Failure .to correctly diagnose aplastic anemia and initiate appropriate treatment is a pitfall.
 • Aplastic anemia has a >70% mortality rate with supportive care alone. It is a hematologic emergency, and care should be instituted promptly
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