Overview of Autoimmune Diseases
· 3-5% of Americans in aggregate: individual diseases very rare.

· General predominance in women

· Type 1 diabetes slightly male predominant
· Geographic disparities: high prevelance in Scandanvia. Unclear if it is genetic or environmental

· Low prevelance in equatorial climes

· However, within western countries, higher prevalence among blacks than whites

· Genetics: mediated by MHC haplotypes
· Rare monogenetic syndromes ( autoimmunity (e.g. APECED)

· Environmental trigger usually necessary

· Autoimmunity: immune response to normal host antigens. Occurs to some extent in everyone
· Autoimmune disease – disease caused by autoimmunity

· Causes of sex differences:

· Estrogen, prolactin
· Pregnancy: bidirectional transfer of lymphocytes

· fetal lymphocytes can cause “micro graft vs. host” in mother

· more male lymphocytes in women with MS

· fluctuations in autoimmune diseases before/after pregnancy

· General pathophysiology:

· Autoantibodies ( inflammation ( more autoantibodies ( tipping point when multiple antigens in same organ are targets

Autoimmune Disease: Models and Mechanisms
· Evidence for an autoimmune disease

· Direct: serum transfer to animals

· Only good for diseased caused by antibodies

· For diseases caused by cell-mediated immunity, must directly transfer immune cells into naïve (SCID) mouse

· Indirect: reproduce disease with equivalent antigen, by genetic selection or by knockouts

· E.g. immunize an animal against thyroid, show that it develops Hashimoto’s-like syndrome

·  Circumstantial: response to immunosuppression, clustering with other autoimmune diseases, HLA association, association with certain serum antibodies

· General mechanism of autoimmunity:

· Factors causing initation:

· Molecular mimicry
· Exposure of cryptic epitopes
· Adjuvant effects

· Disregulation
· Impaired central tolerance
· Cd4+ T Helper Cells are central mediators of epitope spread, disease progression

· IL-12 ( Th-1 cells
· IL-2 ( CD8+ activation
· IFN-gamma ( Macrophage activation
· IL-4 ( Th-2 cells
· IL-4 ( B cell activation / proliferation
· ( autoantibodies
· TH-2 cells also promote deposition of Complement
· Complement + autoantibodies ( immune complexes
· Generally speaking

· Th1, Th17 proliferation are associated with autoimmunity

· Th2 proliferation associated with allergy
· Many Viruses, other infections associated with initiation of autoimmune disease in genetically vulnerable individuals
· Mechanisms include molecular mimicry, altered self-antigens, adjuvant effects
Autoimmune Thyroid Diseases
· High T4/T3 ( low TSH

· ATD involves lymphocytic infiltration of the thyroid gland

· Can cause hyperthyroidism (Graves’ Disease) or hypothyroidism (primary myxedema)
· Graves’ Disease
· Soft, Diffuse Goiter
· Homogeneously enlarged: hypertrophy and hyperplasia
· Hypervascularization
· Too many Cells ( disappearance of colloid

· Where colloid still exists, cellular proliferation ( scalloped colloid: peeling away from edges of follicle

· Infiltration of mononuclear cells into thyroid stroma
· Thyroid ophthalmopathy
· Bug Eyes (proptosis)

· Caused by infiltration ( enlarged extraocular muscles
· Prevents eyes from closing all the way ( dryness ( infection

· Extreme cases, eyeball can come out of socket
· Skin manifestions: 

· pretibial myxedema:
· skin becomes thickened, edematous
· edema has much mucopolysaccaride secreted from skin fibroblasts
· Thyroid acropachy: clubbing of finger tips
· Hashimoto’s thyroiditis
· Hard, nodular goiter

· Classic presentation: euthyroid or hypothyroid at presentation ( unversial development of hypothyroidism
· Synthetic T4 ( vast improvements in quality of life

· Histology: 
· Lymphocytic infiltration ( tertiary lymphoid follicles that secrete antibodies appear throughout the thyroid

· Hurthle’s Cells: metaplastic thyroid cells. Rich in mitochondria. Can transform into a tumor
· Line thyroid follicles

· Increased interstitial fibrosis

· Pathogenesis: T cell mediated
· Patients thyroid cells express FAS Protein which is recognized by T cells

· In some patients, hypothyroidism caused by antibodies that target TSH-R

· Unlike in Graves’ disease, these antibodies block receptor function

· Risk factors for ATD:

· Thyroid autoantibodies: TSH-R antibodies, thyroid PerOxidase antibodies, Thyroglobulin antibodies
· Female Sex

· Pregnancy is actually ameliorative for Graves’, Hashimoto’s

· Makes lupus significantly worse

· Post-partum thyroiditis: associated with both hypothyroidism and hyperthyroidism

· Association with micro-chimerism

· Genes

· HLA haplotype association
· CTLA-4 genes associated with dampened T cell response. Therefore, deficiency predisposes to autoimmune disease (especially Graves’ disease)

· Iodine 
· Less than 50 mcg/day ( hypothyroid goiter
· Pregnant women need more
· WHO recommends 150 msg/day
· Too much iodine may favor development of autoimmune thyroiditis
· Highly iodinated TG may be more immunogenic
Solid Organ Transplantation
· Most organ donors come to hospitals alive but brain dead, often from car accidents

· Organs perfused, put on ice for transport

· Ice slows ischemic injury

· Most common organ (from living as well as dead donors): Kidney

· 3 phase response:

· Innate Inflammation: non-specific, related to trauma of organ transplant, surgery

· Mediated by PMNs, macrophages, complement, adhesion molecules
· Complement activated by endothelial injury

· Cytokine profile at this stage is independent of quality of match
· Antigen specific Immunity: In the absence of anti-rejection drugs will inevitably lead to rejection (except in case of Isograft – identical twin)

· Mediated by Lymphocytic infiltration of interstitium

· Damaged caused by T cells, antibodies
· Innate tissue remodeling
· Mediated by fibroblasts, smooth muscle cells, macrophages attracted by chemokines / cytokines

· Injury is often vascular

· Tissue Typing:

· HLA genes are clustered together at one end of chromosome 6
· Crossing-over events rare.

· Everyone is 50% match for mom, dad

· If you share one of two haplotypes with an individual you are haploidentical
· If you share both haplotypes with someone (e.g. one in four siblings) you are MHC identical with them

· Two HLA genes are considered phenotypically identical if they cannot be distinguished serologically (i.e. if they’re MHC products do not bind different antibodies)

· To look for rejection must do Biopsy

· While early kidney rejection will be apparent from functional assays, it is very hard to detect cardiac rejection until it is advanced. Thus, cardiac transplant recipients undergo regularly scheduled biopsies from the right side of the interventricular septum

· Even if a graft is successfully matched with respect to antigens, if the graft is injured/ischemic it will show “delayed graft functioning” and is more likely to lead to a bad long term outcome

· Chronic Effects of rejection

· Narrowing lumen in vasculature: Accelerated Arteriosclerosis
· By contrast with typical arteriosclerosis, sclerosis is diffuse and concentric
· No plaques, no thrombi

· Hyperacute Rejection: common in second transplant

· Caused by pre-existing antibodies against graft

· Biopsy of acutely rejected organ will show RBCs in interstitium, much complement throughout vasculature

· To avoid hyperacute rejection, important to perform cross-matching test for antibodies

· Test recipient serum for anti-donor antibodies prior to transplantation

· Possible sources of sensitization:

· Previous transplant

· Natural antibodies (e.g. ABO blood groups)

· Previous pregnancy (anti-fetus antibodies)

· Rejection summary
· Hyperacute: minutes/hours. Caused by preformed antibodies. Leads to graft thrombosis. Prevented by crossmatching

· Acute: generally T-cell mediated. Occurs over weeks. Causes parenchymal injury. Prevented by optimizing match. Treated with immunosuppression

· Chronic: over months/years. Mostly caused by tissue reparative response. Vascular remodeling especially important. Prevented by minimizing early acute injury as much as possible.

· Hyperacute Response vs. Innate Inflammation:

· adaptive immunity vs. innate immunity

· very rare vs. occurs in all transplants (cadaver > living)

· caused by sensitization vs. ischemia / reperfusion

· prevented by cross-matching vs. tissue preservation

Bone Marrow Transplantation
· Peripheral Blood Stem Cell transplant: involves getting bone marrow cells out of the peripheral blood after inducing them to go into the peripheral blood
· Autologous transplantation: when the graft comes from the patient themself
· Allogeneic Transplantation: when the graft comes from someone else

· Syngeneic: identical twin

· Haploidentical: 50% HLA matched. E.g. parent

· MUD: unrelated donor

· Original impetus for BMT: enable oncologists to give lethal doses of chemotherapy

· Premise: MORE IS BETTER

· Involved: conditioning regimen toxicity (chemo) followed by transplant
· Graft versus Host Disease: destruction of normal host tissue by T cells specific for host (minor) MHC antigens

· Causes very destructive skin, liver, gut disease

· Chronic GVHD resembles scleroderma

· Prevented by T cell depletion of donor bone marrow

· However, T cell depletion often led to malignancy relapse! 
· Graft Vs. Leukemia: contrary to the original theory, it turns out that donor T cells actually play a direct role in killing the cancer

· Adding back T cells after T cell depletion ( tumor remission

· This works because host T cells are obviously tolerant to tumor but donor T cells may selectively kill tumor

· Shows that the high dose of chemotherapy is often not directly responsible for killing tumor

· The trick is to gently titrate dose of T cells to find an acceptable therapeutic ratio that avoids unacceptable GVHD

· Note that sometimes “More really is better” – autologous transplant works because lethal dose of chemotherapy has destroyed the tumor

· However, if chemotherapy does not work for a particular tumor, increasing the dose will not be effective

· Autologous transplants are particularly effective for lymphomas
· Sickle Cell Anemia
· Nonmyeloablative transplantation (“Minitransplant”) should be curative

· Even chimeric bone marrow should be enough because healthy RBCs survive longer than sickle cells

· Human trials underway
· Autoimmune Diseases
· Use HiCy + ATG to ablate immune system
· Allow bone marrow to reconstitute itself: “Autologous recovery”
White Blood Cells
· Luekocytes are nucleated blood cells:

· Granulocytes: neutrophiles, eosinophils, basophils

· Lymphocytes: B cells, T cells, NK cells

· Neutrophil development: Myeloblast ( promyelocyte ( myelocyte ( metamyelocyte ( bands ( mature neutrophil

· Bands have nuclei which appear completely segmented

· different transcription factors are important at different stages of development

· Myeloid growth factors: G-CSF, GM-CSF
· Released in infection

· Used clinically in neutropenic patients (e.g. chemotherapy)

· Expand committed progenitors and shorten bone marrow transit time

· Note that a majority of neutrophils are marginating neutrophils (not free in blood)

· Either in tissue or adherent to sides of vessels

· Neutropenia: Absolute Neutrophil Count (ANC) < 1800 / microliter

· Differential:

· Congenital or acquired decreased production

· Autoimmune destruction

· Sepsis (destruction)

· Splenomegaly – sequestration

· “Lazy leukocyte syndrome” – do not exit bone marrow

· pseudoneutropenia: abnormally increased marginal pool. Not pathologic.

· Neutrophilia: associated with infection. Vacuolization, Dohle bodies.

· Dohle Bodies are mRNA in the cytoplasm. Sign of cellular activation.

· Leukemoid Reaction: WBC 10K – 100K.

· Distinguished from CML because

· No eosinophilia / basophilia

· Very high Leukocyte Alkaline Phosphate (>100)

· No organomegaly

· Normal cytogenetics

· Qualitative neutrophil defects: normal counts. But dysfunctional. Patients have recurrent infections

· Leukocyte adhesion defect: don’t get where they need to be

· Chronic granulomatous disease: impaired oxidative killing

· Oxidative capacity measured with Nitroblue tetrazolium dye reduction test
· Cytoskeletal defects: defective motility, function

· Megaloblastic Anemia: associated with B6/B12 deficincy (reduced DNA but not RNA synthesis)

· very large blood cells (MCV > 120)

· hypersegmented neutrophils

· all cells with rapid turnover affected

Platelet Biology

· Platelets form the initial hemostatic plug
· The coagulation cascade forms thrombin: soluble fibrinogen ( fibrin
· Fortifies platelet plug

· Normal platelet count = 150,000 – 300,000 per microliter

· Circulate for 10 days

· 1/3 of platelts in the spleen

· Produced in bone marrow by megakaryocytes
· Bud off: no nucleus.

· Platelet histology: caniculi open to outside.

· Granules containing ATP / ADP

· Formation of hemostatic plug:

· Adhesion to endothelium
· Occurs in response to endothelium breech

· Von willibrand’s factor released by damaged endothelium, promotes adhesion

· Within 3 seconds of injury

· Activation: granules dump ADP / Thromboxane
· Recruitment of neighboring platelets

· In addition to recruiting platelets ADP and Thromboxane also cause vasoconstriction

· Thrombin (form clotting cascade) also recruits / activates platelets

· Aggregation:  platelets adhere to eachother
· Plug formation assisted b fibrinogen which binds to platelets through the glycoportein IIb-IIIa intigrin
· Platelet disorder characteristics:

· Mucocutaneous bleeding (e.g. nose bleeds, heavy menstruation)

· Platelet counts can be normal in disorders of platelet function

· Petechiae: subcutaneous bleeding in little spots

· Abnormal bleeding time
· Aggregometry: add aggregating agent to patient’s platelets. Measure light change.

· Thrombocytopenia:

· 50-100,000: may have excess bleeding in surgery or trauma

· 20-50,000: bleeding with minor trauma

· Less than 20,000: at risk for spontaneous bleeding

· Prophylactic platelet transfusions are necessary

· Causes of thrombocytopenia:

· Decreased production: marrow hypoplasia, chemotherapy

· Increased destruction: autoantibodies, disseminated coagulation ( consumption

· Sequestration by enlarged spleen

· Autoimmune thrombocytopenia:
· Autoantibodies attach to platelets

· Macrophages eat bound platelets in spleen

· Patients may have to have spleen removed

· Thrombocytosis: e.g. 1 million platelets

· Intact endothelium is antagonistic to platelets: mediated by PGI2
· Thrombopoeitin stimulates megakaryocyte production ( more platelets

· Constituively made by the liver

· Sopped up by existing platelets, megakaryocytes, so only high functional concentrations when platelet counts are low

· C-MPl is thrombopoetin receptor on progenitor cells

· Platelet agonists:

· Thrombin

· ADP

· Thromboxane A2

· Von Willebrand Factor

· GP1B-IX

· Fibrinogen

· GPIIB-IIIa

· Thrombocytopenia causes:

· Decreased production

· Increased destruction

· Sequestration

· Thrombopoietin
Leukemia
· Different leukemias are distinguished by the stage of differentiation of the transformed cell

· Leukemic stem cells originate at level of low quality hematopoietic stem cell
· Chronic myelogenous leukemia
· High WBC (almost all granulocytes)

· Includes PMNs, granulocytes at all stages of maturation

· Hypercellular, granulocytic bone marrow

· Increased number of micromegakaryocytes
· Splenomegaly, hepatomegaly, infiltration of other tissues

· no prominent lymphadenopathy

· clinical course: chornic phase (5-6 years) ( accelerated phase ( blast crisis
· in blast crisis, no longer mature cells

· t(9:22): Philidelphia chromosome
· causes a fusion protein: Bcr-Abl
· constituively active tyrosine kinase

· disease of adults

· Chronic Lymphocytic Leukemia:

· Most common leukemia

· Disease of elderly (mostly) males

· Phenotype: mature appearing B cells
· B cell dysfunction

· Bone marrow is hypercellular (resembles lymphoid tissue)

· Complications:

· Cytopenias from several causes

· Hypersplenism
· Autoantibody destruction

· Marrow replacement (late in disease only)

· Infections
· Neutropenia

· Hypogammaglobulinemia
· Transformation to aggressive disease: not inevitable as in CML

· Lymph nodes, spleen and liver all commonly involved

· Any organ (except CNS) late in disease

· Hairy Cell Leukemia: rare disease of middle aged males

· Excellent response to therapy

· Chronic leukemia pathogenesis: diseases of cellular accumulation (anti-apoptotic machinery upregulated)

· Transformation: cells gain a proliferative advantage through successive mutations

· Acute leukemia pathogenesis: proliferation of immature cells (blasts)

· Often involve tumor suppressor gene pathways

· Acute Myeloid Leukemia:

· High WBC: many blasts

· Mature elements of all lineages are decreased

· Much organ pathology

· FAB classification: based on degree / pattern of differentiation

· Can either be de novo or following myelodysplastic syndrome
· De novo (M3: promyelocytic leukemia)

· Immature but differentiated cells with granules

· t(15:17): PML-RAR fusion
· RAR = retinoic acid receptor

· Granules = auer rods
· Myelodysplastic syndrome: clonal abnormality but not invasive

· Causes bone marrow failure (pancytopenia)

· can transform to AML

· worse prognosis than de novo

· death quick from infections / bleeding

· responsive to chemotherapy but therapy also causes pancytopenia

· Acute lymphoid leukemia: most common tumor of childhood

· Presenting clinical characteristics same as in AML

· B or T surface markers

· B-precursor phenotype is most common

· Contains nuclear enzyme: Terminal deoxynucletidyl transferase (Tdt)
· Different treatment/prognosis than AML

· Prognosis:

· High WBC bad

· Ages 2 – 9 good (most are cured)

· Philidelphia chromosome bad

· T(4;11) bad

· T(12;21) good

· Hyperdiploidy goods
Multiple Myeloma / Plasma cell dyscrasias
· Plasma cell dyscrasia: proliferation of plasma cell ( monoclonal immunoglobulin production

· Immunoglobulins: pairing of heavy and light chains

· Heavy chain determines class: IgG, IgA, etc

· 2 light chain isotypes: Kappa and delta

· More light chains are typically produced ( free light chains occur in serum / urine

· Types of plasma cell dyscrasias:

· Multiple myeloma (classic)

· Monoclonal gammopathies of undetermined significance (MGUS)
· Waldenstrom macroglobulinemia
· Many others

· Multiple Myeloma: neoplastic proliferation of plasma cell clone

· Often evolves from MGUS

· Mostly elderly patients

· Presence of M-protein (monoclonal antibodies)

· Can produce full Ig, only light chain or only heavy chain (very rare)

· Clinical features: 

· Bone pain, pathologic fractures

· hypercalcinemia
· Anemia ( weakness, fatigue

· Rouleaux formation: aggregation of red cells resembling a pile of coins (caused by hyperviscosity)
· Immunosuppression: recurrent infections

· Renal insufficiency (invasion of kidney, hypercalcemia)

· Amyloidosis: deposition of insoluble fibrillar proteins (e.g. Ig light chains)

· Typically, hypergammaglobinemia ( a huge spike in the gamma portion of a serum protein electrophoresis
· Use immunofixation electrophoresis to identify isotype of clonal antibodies (heavy / light chain)

· E.g. plate elctrophoresis with anti-IgG antibodies or anti-kappa antibodies

· Diagnostic criteria:

· M-protein in Serum

· Clonal plasma cells in bone marrow (more than 10%)

· End organ damage

· Cell morphology: 

· Often (but not always) immature (large nucleoli, loose chromatin, large nucleus volume)

· Often, Ig inclusions within plasma cell cytoplasm, nucleus

· Immunophenotype

· Always express CD38, CD138
· Often lack B cell markers such as CD19
· Often express aberent markers such as CD3
· MGUS: monoclonal Ig production without organ damage, other signs of multiple myeloma
· Diagnosis of exclusion

· No bone lesions, renal failure, hematopoietic suppression, stable M-protein, bone marrow clonal plasma cells less than 10%

· Risk of progression to multiple myeloma about 1% per year

· Waldenstrom macroglobulinemia: small lymphocytes that produce clonal IgM

· Hyperviscosity is especially common

· Less bone marrow involvement than MM

· Cold agglutinins: IgM directed against red cell surface. Fix complement ( hemolysis

Lymphoma
· Increasing incidence

· Do not categorize as acute vs. chronic. Rather high grade vs. low grade
· Terminally differentiated lymphocytes can proliferate

· Low grade lymphomas: derived from mature lymphocytes.

· Low proliferation rate but resistant to apoptosis

· Incurable (except maybe with bone marrow transplant)

· Patients usually adults

· Follicular Lymphoma: lymph nodes filled with follicles that disrupt normal architecture

· Maybe a few normal germinal centers in the periphery

· T(14;18)
· Bcl-2 = oncogene on chromosome 18

· Anti-apoptotic

· Chromosome 14 contains Ig heavy chain locus
· Clinical features: patients usually asymptomatic with generalized lymphadenopathy
· Spleen: White pulp drowns out red pulp

· Bone marrow: paratrabecular lymphoid aggregates

· Indolent course but incurable 
· B cell tumor (CD 20+, CD 10+, CD 5 – ) 
· Small lymphocytic lymphoma: equivalent to chronic lymphoid leukemia

· Involvement of lymph nodes

· Cells have high nucleus: cytoplasm ratio

· CD 5 +, CD 23 +  (CD 20 +/-)
· Mantle Cell lymphoma
· Translocation between cyclin D1 gene and Ig heavy chain
· Bad course: fast moving but not curable

· CD 20 +, CD 5+, CD 23 –, Cyclin D +
· MALT Lymphomas: mucosa-associated lymphoid tissue

· Very indolent

· CD 20 +, CD 5 –, CD 10 – 
· Indolent T cell lymphomas: extremely rare. Never occur in lymph nodes

· Mycosis fungoides: chronic low grade lymphoma causing skin disease

· High Grade lymphomas: derived from immature activated lymphocytes

· Large cells with open chromatin, prominent nucleoli

· Highly proliferative

· All ages

· Rapidly progressive but good response to therapy

· Systemic symptoms: fever, night sweats, etc.

· Lymphoblastic lymphoma: Tissue equivalent of acute lymphoid leukemia

· Tissue presentation more common with precursor T cells than precursor B cells

· Often presents with mediastinal mass
· Common in childhood

· Burkitt Lymphoma: 

· Endemic form: Africa. Disfiguring jaw tumor. Associated with EBV

· Sporadic form: not associated with EBV. Usually an intestinal mass.

· Equivalent to L3 ALL
· Derived from most proliferative cells from germinal center

· Histology: diffuse replacement of lymph node

· Macrophages ( starry sky pattern
· Need immunophenotyping to distinguish from lymphoblastic lymphoma (B cell vs. T cell)

· T(8;14): 

· Myc oncogene on chromosome 8 to Ig heavy chain
· No bcl-2 ( high rate of apoptosis ( susceptible to treatment

· Diffuse Large B Cell lymphoma: No equivalent leukemia (uncommon in bone marrow / peripheral blood)
· Common in adults / children

· Tumor of activated mature B cells
· Not a single disease entity

· May be de novo or from a transformed indolent B cell lymphoma
· Diffuse replacement of lymph node architecture 
· Often forms solid mass

· Tumors of activated T cells
· Very rare.

· Worse outcome than activated B cell lymphomas

Lymph Node Pathology / Hodgkin’s Lymphoma
· Normal lymph node structure:

· Cortex contains follicles
· Follicles:
· mantle zone: small round lymphocytes

· Germinal centers: proliferating B cells (CD 20 +)
· Paracortex: T cell zone (CD 3+)
· Sinuses: contain lymphatic flow and histiocytes

· Medullary cords: small round lymphocytes, plasma cells, histiocytes

· Reactive lymphadenopathy: physiologic enlargement of lymph nodes in response to antigenic stimuli

· Diffuse enlargement, preserved architecture

· Tender and mobile

· Lymphadenitis: may involve focal distortion of lymph node due to infection with preserved architecture

· Can be necrotizing or granulomatous
· Follicular hyperplasia: B cell proliferation

· Reactive hyperplasia distinguished from follicular lymphoma by absence of bcl-2 expression
· Paracortical hyperplasia: cytologically polymorphous population of small lymphocytes

· Often accompanied by vascular proliferation

· If staining shows a mixture of CD4+ and CD8+ T cells it is unlikely to be a neoplasm

· Polymorphism is also good

· Sinus hyperplasia: infiltration of large number of histiocytes

· CD 68+ marker of healthy histiocytes

· Useful in distinguishing from invasive (metastatic) neoplasm

· Hodgkin Lymphoma:
· Dissemination along contiguous lymph node groups
· Reed-Sternberg Cells = rare tumor cells

· Believed to be of B cell lineage

· Binucleate “Owl’s Eyes” appearance 
· CD15 +, CD30 +
· Immunoreactive background: many eosinophils, plasma cells, small lymphocytes

· More males than females, more Caucasians

· Staging:

· Stage 1: single group of lymph nodes

· Stage 2: multiple groups of lymph nodes

· Stage 3: above and below diaphragm

· Stage 4: invades bone marrow, liver

· 5% of cases: “Lymphocyte predominant”
· Very slow but harder to treat

· CD45 +, CD20 +

Blood Transfusions
· Blood Volume: 70 ml /kg (slightly more in newborns)
· Plasma volume: (1 – hematocrit) X blood volume

· Major indications for transfusion:

· Restoration of blood volume (30% loss ( inadequate perfusion)

· Restoration of oxygen carrying capacity (if hemoglobin < 7 g/dl)

· Replacement of cellular elements (platelets) or plasma proteins (Ig, clotting factors)

· Transfusions involve components rather than whole blood:

· Avoids circulatory overload

· Limits harmful metabolites

· Concentrates required material

· Maximizes efficiency

· Whole blood can be divided into:

· Packed red blood cells
· Fresh frozen plasma: contains coagulation components in same concentration as regular plasma
· Cryoprecipitate: concentrated Factor VIII, fibrinogen, vWf

· Now recombinant factor VIII is most common source for hemophiliacs

· Platelets can be donated through pheresis

· Most beneficial in patients with low platelet production as opposed to high platelet destruction

· Platelet alloimmunization is a big problem

· HLA matching
· Limit donor exposure

· Leukodepletion of donation

· Leukodepletion reduces risk of graft vs. host disease

· Blood often irradiated to prevent transplanted WBCs from dividing

· ABO antigens: no exposure necessary for sensitization to these antigens

· If mismatched ( IgM mediated RBC agglutination

· O and A are most frequent

· Rh blood group: in Rh – woman with Rh + father ( risk of hydrops fetalis in subsequent pregnancies

· 85% of population is Rh+

· Coombs Test: tests presence of antibodies against RBCs

· Direct coombs test: detects coating of patient’s RBCs with antibodies

· Indirect coombs test: detects free antibodies in patient’s serum that could interact with donor RBCs

· Adverse Transfusion events:

· Acute hemolytic reaction: occurs when patient has serum antibodies that attack donor RBCs

· Usually involves IgM fixation of complement (ABO reaction)
· May also involve IgG mediated removal by reticuloendothelial system (most common with Rh reaction)

· Intravascular hemolysis ( hemoglobin in plasma, urine
· Note the difference between hemoglobinurea and hematuria

· Signs / symptoms of acute reaction:

· Fever, chills, pallor

· Anxiety

· Hypotension

· Nausea, vomiting, dyspnia

· Jaundice (indirect bilirubin)

· Renal failure, death

· Delayed Hemolytic Reaction: caused by undetectable levels of anti-donor IgG

· Occurs in 3-4 days (primary alloantibody response would be more than 10 days)

· Causes decreasing hematocrit, fever

· Febrile, non-hemolytic reactions
· Can be caused by cytokine release from donor WBCs that haven’t been removed

· Patient’s WBCs may release cytokines in response to non-RBC elements from donor (WBCs or platelets)

· Allergy: immune-mediated release of histamine

· Urticaria, etc.

· Manage with antihistamines, steroids, epinephrine

· Infections: AIDs, HEP C very significant historically

· CMV is ubiquitous and can cause disease in newly infected receipient
· Prevented by leukodepletion

· Transfusion alternatives:

· Autologous transfusion: transfuse patient’s own blood

· Intraoperative Hemodilution; dilute patient’s blood before surgery so that blood lost has fewer essential components. Post-surgery reinfuse pre-surgery blood

· Intraoperative autologous transfusion: wash patients blood lost during surgery and return it to patient

· Directed donations: not necessarily safer

· Drugs:

· EPO
· Activated Factor VII: encourage clotting, prevent blood loss during surgery

