Basic Workup for

Common Hematological
Abnormalities




Learning Objectives

Approach to anemia
» Classify anemia according fo mean corpuscular volume
» Classify anemias according fo reficulocyte count
» List and describe laboratory examinations that can assist in determining the etfiology of the anemia
»  List structural red cell abnormalities on a peripheral blood smear and to describe their clinical association
Approach to cytopenias
» Identify laboratory examinations that need urgent hematological consult
» List efiologies of low white blood counts and thrombocytopenia
Approach to elevated blood counts
» Identify causes of high lymphocyte counts
» Identify causes of high neutrophil counts
» Identify causes of polycythemia and thrombocytosis
Idenfify instances when urgent hematology referral is warranted
» Identify signs and symptoms of acute leukemia
» Recognize signs and symptoms of multiple myeloma

» Recognize hemolytic anemia and MAHAs.



Anemia- Different ways to classity

» Ineffective Red Cell Production » Size abnormalities
» Destruction » Macrocytic
» Blood Loss » Microcytic

» Shape abnormalities



Red Cell Values In Anemia

> Hemoglobin
> Hematocrit
> Packed red cell volume- volume of blood composed of erythrocytes in 1 mL of blood.
> Calculated percentage
> Simplest way to estimate red cell mass
» Indirect measure that is influence by changes in plasma volume
> MCV
»  Average size of the red blood cells
> MCHC
»  Average amount of hemoglobin in an RBC as it relates to the volume
> RDW
> How varied RBCs are in size and volume
> RBC Count cells/L

> The number of erythrocytes circulating in the blood



Decreased Red Cell Production
Ineffective production can be suspected when the reticulocyte count is normal

or only slightly increased despite erythroid hyperplasia of the marrow

ACQUIRED
» Pluripotent Stem Cell failure » Erythroid progenitor cell failures

> MDS » Pure red cell aplasia (parvo, drugs,

» Marrow infiltration fhymoma, autoantibodies)

» Aplastic anemia » Endocrine disorders
> Radiation » Acquired sideroblastic anemia (drugs,
» Drugs and chemicals copper deficiency)
» Viruses

» Idiopathic



Decreased Red Cell Production
Ineffective production can be suspected when the reticulocyte count is normal
or only slightly increased despite erythroid hyperplasia of the marrow

» Functional impairment
» Vitamin B12 deficiency

» Folate deficiency

» Drug-induced megaloblastic anemia
(methotrexate, phenytoin)

» Iron deficiency

» Anemia of chronic
disease/inflammation

» Anemia of renal disease
» Chemical toxicity (lead)

» Thalassemia



Anemia

INCREASED RED CELL DESTRUCTION
» Mechanical

» Macroangiopathic
» Microangiopathic

» Parasites and microorganisms

» Antibody mediated
» AIHA

» Cryopathic syndromes (cold agglutin disease, paroxysmal cold hemoglobinuriq,
cryoglobulinemia)



Anemia

INCREASED RED CELL DESTRUCTION

» Hypersplenism

» Red cell membrane disorders
» Spur cell hemolysis

» Chemical injury

» Physical injury

RELATIVE (increased plasma volume)
» Macroglobulinemia, Pregnancy, Athletes, post-flight astronauts



Ineffective Red Cell Production

ACQUIRED
> Pluripotent Stem Cell failure » Almost always pancytopenia, but
» MDS often starts with a cytopenia
» Marrow infiltfration » Anemia is usually macrocytic

» Aplastic anemia
» Radiation
» Drugs and chemicals
» Viruses

» Idiopathic



vV v v Vv Vv

Pancytopenia

WBC 2.3
Hemoglobin 8.2
Platelets 112
MCV 104

Reticulocyte count 0.8
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WBC 2.3
Hemoglobin 8.2
Platelets 112
MCV 116

Reticulocyte count 4.5
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WBC 2.3

Hemoglobin 8.2
Platelets 112

MCYV 104

Reticulocyte count 0.8
Neutrophil count 0.5

Lymphocyte count normal




» A spectrum of clonal myeloid disorders marked by ineffective
hematopoiesis, cytopenias, qualitative disorders of blood cells and their
precursors, clonal chromosomal abnormalities, and a variable predilection
to undergo clonal evolutions to florid acute myelogenous leukemia.

» Increased risk fro exposure to benzene, chemotherapy, radiation. These

agents many cause DNA damage, impair DNA repair enzymes and
induce loss of chromosome integrity.

» Lab features:

» Anemia present in 85% of patients. May have e anisocytosis. Neutropenia and
thrombocytopenia.



Marrow Infiltration

» Myelophthisic anemia, results from the presence of marrow infiltration with
abnormal cells.

BEST reserved for marrow replacement by nonhematologic tumors.
» Anemia usually mild to moderate, occasionally severe.

Most characteristic is the appearance of the red blood cells: Cells may
how anisocytosis and poikilocytosis, but the presence of teardrop forms
and nucleated red cells suggests marrow infiltration.



Acqguired Aplastic Anemio

» A clinical syndrome that results from a marked diminution of marrow blood
cell production

Pancytopenia with reticulocytopenia
Hypocellular marrow WITHOUT abnormal or malignant cells or fibrosis

Decreased CD34+ multi-potential hematopoietic progenitors
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Most result from a T-cell mediated immune suppression of very early CD34+
stem cells.



Pure Red Cell Aplasia

>
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Isolated anemia secondary to failure of erythropoiesis
Infections- Parvovirus
Drugs

Immune mediated erythropoietic failure- associated with autoimmune
diseases, thymoma, pregnancy

Markedly reduced hemoglobin, and reficulocytes absent. Either normal
MCV or macrocytic. WBC and platelet count normal.




Anemia of Renal Disease

» Usually normocytic and normochromic
» Usually slightly decreased retic count

» Poikilocytes due to uremic plasma



Anemia of Chronic Disease

» ACD- ANEMIA OF INFLAMMATION- is a mild to moderate anemia
associated with chronic infections and inflammatory disorders and some
malignancies

» Decreased erythrocyte life span. Predominantly results from the body’s
inability to increase erythrocyte production to compensate for relatively
small decrements in erythrocyte survival.

» Unsure of what accounts for the inability of the Al marrow to increase
erythropoiesis.

» DECREASED serum iron is a defining feature, with decreased TIBC and
elevated ferritin



Anemia of Endocrine Disorders

» Hypothyroidism
» Usually mild fo moderate

» Normocytic



Decreased Red Cell Production
Ineffective production can be suspected when the reticulocyte count is normal
or only slightly increased despite erythroid hyperplasia of the marrow

Functional impairment
» Vitamin B12 deficiency

» Folate deficiency

» Drug-induced megaloblastic anemia
(methotrexate, phenytoin)

» Iron deficiency

» Anemia of chronic
disease/inflammation

» Anemia of renal disease
» Chemical toxicity (lead)

» Thalassemia



Megaloblastic Anemias

Folate and vitamin B12 deficiency most common
» Deficiency results in impaired DNA synthesis

Megaloblastic red cell precursors have more cytoplasm relative to the size
of the nucleus

» MCV high

One of the earliest changes is and increase in RDW, reflecting an increase
INn anisocytosis.



Macrocytic anemia

WBC 2.3
Hemoglobin 8.2
Platelets 112
MCV 116

WBC 2.3
Hemoglobin 8.2
Platelets 112
MCV 104
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Macrocytosis without anemia

Alcohol use
Liver disease
MDS

Reticulocytosis
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Megaloblastic Anemia Caused By

Drugs

» Methotrexate
» Almost structurally identical to folic acid.
AT

Hydroxyuea

Pemetrexed
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Phenytoin



Normocytic, normochromic anemio

CBC

Review of peripheral smear
CMP- renal function

Retic count

SPEP

Vitamin B 12, folate, iron
ANA, ESR

TSH
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Iron Deficiency Anemia

» Etiology
» Chronic blood loss
» Pregnancy
» Malabsorption
» Infravascular hemolysis
» Lab Features
» Microcytic and hypochromic
» Serum iron low, TIBC increased, ferritin low

» Often thrombocytosis



Disorders That May Be Confused with

Iron Deficiency

» Thalassemias
» Iron levels
» MCV
» RDW

» Lead



Thalassemia

» Reduced rate of synthesis of one or more of the globin chains leads to
imbalanced globin-chain synthesis, defective hemoglobin production and

damage to the red blood cells
» Alpha-thalassemia and Beta-thalassemia minor

» Mild to moderate anemia.
» Small, poorly hemoglobinized red cells, results in MCH 20 to 22 and MCV 50 to 70

» Red cell count usually normal or elevated



Thalassemia versus IDA

WBC 6.5

Hgb 11.8 g/dL
Hct 36

MCYV 67

RBC 7.1

MCH 19
Ferritin 212

WBC 6.5
Hgb 11.8
Hct 36
MCV 77
RBC 4.7
MCH 22

Ferritin 7




Copper Deficiency

Characterized by anemia, often macrocyfic.

» Recognized as more of a problem in patients who have had gastric
surgery
» Usually pancytopenic and neutropenic



INCREASED DESTRUCTION

» Macroangiopathic hemolytic anemia
» PNH

» A type of hemolytic anemia, but actually a hematopoietic stem cell disorder.
Nonmalignant clonal expansion of stem cells that have acquired a somatic mutation
of the X-chromosome gene PIGA.

» Affected cells are deficient in all GPI-APs that are normally expressed.

» Clinical manifestations are hemolytic anemia thrombophilia, and marrow failure.

» Should be suspected in all cases with Coomb’s negative intfravascular
hemolysis: LDH, haptoglobin, reticu count, bilirubin

» Diagnosis by flow cytometry



AlHA

» Autoimmune hemolytic anemia is characterized by shortened RBC survival
and the present of autoantibodies directed against RBCs.

» Positive direct anfiglobin test (DAT) or Coomb’s test is essential for the
diagnosis.

» Most have warm IgG antibodies (80%). 20% cold antibodies- cold
agglutins and cold hemolysins.

» Idiopathic, CLL, drugs, SLE, post-infectious



Microangiopathic Hemolyfic Anemia

» Need to consider anytime there is anemia and thrombocytopenia
» HUS, TTP, DIC

» Rarely diagnosed as outpatient as patient’s usually sick



Polycythemio

Condition in which the hematocrit percentage is above normal.

» Above 50, viscosity of the blood increases logarithmically, resulting in
decrease in blood flow which reduces the transport of oxygen.

» Primary polycythemias
» Acquired mutation causing independent proliferation
» Secondary polycythemia

» Caused by augmentation of erythropoiesis by stimulatory factors such as
erythropoietin (altitude, tumors)

» Chuvash polycythemia



Primary Polycythemio

» Acquired clonal primary polycythemic disorder, resulting from abnormal
erythroid progenitors that proliferate independently.

» JAK2 V617F and exon 12 mutation testing

» Erythropoietin level



Secondary Polycythemia

>
>
>
>
>

Lung disease and smoking
Cardiac disease
Hepatoma, RCC

Altitude

Sleep apnea



Myeloproliferative Neoplasms (MPNs)

» Polycythemia vera
» Essential thrombocythemia

» Clonal stem cell disorder characterized by overproduction of platelets and
associated with mutations in JAK2, CALR, MPL.

» Differential diagnosis is REACTIVE thrombocytosis from:
» Acute blood loss
» Recovery from thrombocytopenia
» Acute infection/inflammation

» Iron deficiency



Thrombocytopenio

» Hypersplenism
» Pseudothrombocytopenia

» Ex vivo agglutination i.e. platelet clumping in EDTA as an anficoagulant
» Anfiphospholipid antibodies
» |diopathic thrombocytopenic purpura

» Idiopathic

» Autoimmune disease (SLE, autoimmune hepatitis, autoimmune thyroiditis)
CLL, Hodgkin
HIV, hepatitis C, H. pylori

v v v

Drugs: Penicillin, heparin



Leukocytosis

» Elevated WBC count
» Which one?¢

» Isit one type of WBC, or more than one@¢



Neutrophilia

» Smoking
» Stable, mild, WBC count usually 11-13, neutrophil predominant
Pseudoneutrophilia (demargination)
Inflammation
Chronic myelogenous leukemia (CML)

» Rising neutrophil count, occasionally with thrombocythemia, often with anemia

» Due fo translocation between 9 and 22: BCR/ABL via PCR

» Acute myelogenous leukemia



Lymphocytosis

Reactive lymphocytosis
» Monoclonal B-cell lymphocytosis

Chronic lymphocytic leukemia

» Neoplastic disease characterized by monoclonal population of small, mature-
appearing

» Acute lymphoblastic leukemia, T-cell leukemias



Neutropenio

» Chronic benign neutropenia
» Autoimmune neutropenia

» Idiopathic

» Drug induced

» Felty syndrome

» SLE



Leukopenia

» Viral infections
» Systemic disease associated
» Autoimmune diseases

» Alcohol use



Monoclonal Gammopathy

Presence of a monoclonal immunoglobulin in the serum or urine
» Absence of any overt B-cell lymphocytes or plasma cells

Found in coincidence with connective fissue disease and autoimmune
diseases, osteoporosis, renal disease

» SPEP with immunofixation, serum free light chains, quantitative
iImmunoglobulins, beta-2 macroglobulin, LDH, UPEP with immunofixation

Approximate risk of 1% per year of developing multiple myeloma

» IgM usually associated with lymphoproliferative disorders



Albumin

HDL

Alphal-antitrypsin s

Alpha-fetoprotein Epomedicine.com
Thyroid-binding globulin

Transcortin Immunoglobulins

Ceruloplasmin
Alpha2-macroglobulin
Antithrombin-III

IgA: closer to beta region
IgM: between beta and
gamma region

IgG: throughout gamma

Haptoglobin

region

Betal: Transferrin
Beta2: Beta-lipoprotein.
Also: IgA, IgM, and
sometimes IgG,

complement proteins
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Multiple Myeloma

» MGUS PLUS end organ damage
» CBC: Often normocytic anemia

» CMP: Elevated total protein, hypercalcemia, acute renal failure



IN Summary

>
>
>
>

Use your CBC

Use your history
Chronicity

Know the urgencies:

» Acute leukemias
» MAHAS
» AIHA




