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Marrow Pe ripheral
normoblasts and blood
reticulocytes reticulocy tes
Hematocrit (%) (days ) (days)

45 | 35 | 1.0 |

35 | 3.0 | 1.5 |

25 | 25 | 2.0 |

15 | 1.5 | 25 ‘
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Calculation of Reticulocyte Production Index
Correction #1 for Anemia:

This correction produces the corrected reticulocyte count.

In a person whose reticulocyte count is 9%, hemoglobin 7.5 g/dL, and
hematocrit 23%, the absolute reticulocyte count =9 x (7.5/15) [or X (23/45)]
=4.5%

Note. This correction is not done if the reticulocyte count is reported in
absolute numbers (e.g., 50,000/uL of blood)

Correction #2 for Longer Life of Prematurely Released Reticulocytes
in the Blood:

This correction produces the reticulocyte production index.

In a person whose reticulocyte count is 9%, hemoglobin 7.5 gm/dL, and
hematocrit 23%, the reticulocyte production index

_ (7.5/15)(hemog lobin correction)
2(maturation time correction)
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IRON CONTENT, mg
ADULT MALE, 80kg ADULT FEMALE, 60 kg
Hemoglobin 2500 1700
Myoglobin/enzymes 500 300
Transferrin iron 3 3
Iron stores 600-1000 0-300
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Classification of Aplastic Anemia and Single Cytopenias
ACQUIRED INHERITED/CONSTITUTIONAL

Aplastic Anemia

Fanconi anemia

Dyskeratosis congenita/telomere
disease

Secondary
Radiation

Drugs and chemicals Shwachman-Diamond syndrome

Regular effects Familial aplastic anemia/leukemia
Idiosyncratic reactions predisposition syndromes:  GATA2,
Viruses RUNX1, CTLA4 ,and others

Epstein-Barr virus (infectious
mononucleosis)

Hepatitis (non-A, non-B, non-C
hepatitis)

Parvovirus B19 (transient
aplastic crisis, pure red cell
aplasia [PRCA])

HIV-1 (AIDS)

Immune diseases
Eosinophilic fasciitis
Hypoimmunoglobulinemia

Large granular lymphocytosis
(LGL)

Thymoma/thymic carcinoma

Graft-versus-host disease in
immunodeficiency

Paroxysmal nocturnal
hemoglobinuria (PNH)

Pregnancy
Idiopathic
PRCA (see Table 98-4) Congenital PRCA (Diamond-Blackfan

anemia)

Nonhematologic syndromes (Down,
Dubowitz, Seckel)

Neutropenia/agranulocytosis

Idiopathic Kostmann syndrome
Drugs, toxins Shwachman-Diamond syndrome
LGL Reticular dysgenesis

Pure white cell aplasia
(+/- thymoma)

Thrombocytopenia
Drugs, toxins

Acquired amegakaryocytic
thrombocytopenia

Amegakaryocytic thrombocytopenia
Thrombocytopenia with absent radii
Other rare germline mutations
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Differential Diagnosis of Pancytopenia

Pancytopenia with Hypocellular Bone Marrow

Acquired aplastic anemia

Constitutional aplastic anemia (Fanconi anemia, dyskeratosis congenita, and
others)

Hypocellular myelodysplastic syndrome

Rare aleukemic leukemia

Some acute lymphoid leukemia

Rare lymphomas of bone marrow

Copper deficiency

Primary bone marrow diseases Secondary to systemic diseases
Myelodysplastic syndromes Systemic lupus erythematosus
Paroxysmal nocturnal Hypersplenism

hemoglobinuria (PNH) B, folate deficiency
Copper deficiency
Myelofibrosis Alcohol
Aleukemic leukemia HIV infection
Myelophthisis Brucellosis
Bone marrow lymphoma Sarcoidosis

Tuberculosis
Leishmaniasis
Sepsis

Hypocellular Bone Marrow * Pancytopenia

Qfever

Legionnaires’ disease
Anorexia nervosa, starvation
Mycobacterium
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Classification of Hemolytic Anemias

INTRACORPUSCULAR
DEFECTS EXTRACORPUSCULAR FACTORS
Inherited Hemoglobinopathies Familial (atypical) hemolytic-
Enzymopathies uremic syndrome
Membrane-cytoskeletal
defects
Acquired Paroxysmal nocturnal Mechanical destruction
hemoglobinuria (PNH) (microangiopathic)
Toxic agents
Drugs
Infectious
Autoimmune
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Features Common to Most Patients with a Hemol ytic Disorder

General examination Jaundice, pallor

Spleen may be enlarged; bossing of skull
in severe congenital cases

From normal to severely reduced

Other physical findings

Hemoglobin level

MCV, MCH Usually increased

Reticulocytes Usually Increased

Bilirubin Almost always increased (mostly
unconjugated)

LDH Increased (up to 10x normal with
intravascular hemolysis)

Haptoglobin Reduced to absent if hemolysis is at least

in part intravascular)
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WHO 2016 Classification of Acute Myeloid Leukemia and Related Neoplasms

Acute myeloid leukemia (AML) with recurrent genetic abnormalities
AML with t(8;21)(922;922); RUNX1-RUNX1T1
AML with inv(16)(p13.1q22) or t(16;16)(p13.1;,q22); CBFB-MYH11
Acute promyelocytic leukemia with PML-RARA
AML with £(9;11)(p21.3,q23.3); MLLT3 KMT2A
AML with (6;9)(p23;q34.1); DEK-NUP214
AML with inv(3)(g21.3926.2) or t(3;3)(q21.3,926.2); GATA2, MECOM

:ML(megIakaryoblastic) w:]t:(t:(;;ZZB)(p13,3;q13,3);RBM15—MKL1 sl oke b sl plo g glssel jre e ogmml il & jg0a 5 low op)
rovisional entity: AML wit -ABL1 .
. | 5 " o o c . . L . ..
AML with mutated NPM1 b e o3l o (o59 igld 0sdise o B Tt
AML with biallelic mutations of CEBPA Ablee ZVY Al O Jlgssyem 5 Conl Jlo PV Dl o lavgts
Provisional entity: AML with mutated RUNX1 ) .
AML with myelodysplasia-related changes Jole wilgi oo S35 5 Ggmmsbidl, 5 (Jid wles coesl Idiopathic sl L5 50

Therapy-related myeloid neoplasms

Sllllas pan ;0 55 b wg g (38 o)l (558 waled oaas cpl o Ll asl
AML, not otherwise specified (NOS)

AML with minimal differentiation ablice BT (e LB L &5 (55 Slaggemlipe s (ol Lol 0sd 7kae
AML without maturation sl AML ele wilgs o
AML with maturation

Acute myelomonocytic leukemia AML L, Ja.o).o ‘:i,,,,} u“l“ III
Acute monoblastic/monocytic leukemia

e bodletken 3 GATA2 ETV6 ,ANKRD26 RUNXI Jali cp¥Vp)5 sloggmlise )
Acute megakaryoblastic leukemia

Acute basophilic leukemia Aie AML Jele CEBPA 9 DDX

Acute panmyelosis with myelofibrosis

Myeloid sarcoma

Myeloid proliferations related to Down syndrome
Transient abnormal myelopoiesis (TAM)
Myeloid leukemia associated with Down syndrome
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Clinical Features of Sickle Hemoglobinopathies

HEMOGLOBIN LEVEL, HEMOGLOBIN
CONDITION CLINICAL ABNORMALITIES g/L(g/dL) MCV, fL ELECTROPHORESIS
Sickle cell trait None; rare painless hematuria Normal Normal HbS/A: 40/60
Sickle cell anemia Vasoocclusive crises with infarction of spleen, brain, 70-100 (7-10) 80-100 HbS/A: 100/0
marrow, kidney, lung; aseptic necrosis of bone; gallstones; HbF: 2-25%
priapism; ankle ulcers
S/ B° thalassemia Vasoocclusive crises; aseptic necrosis of bone 70-100 (7-10) 60-80 HbS/A: 100/0
HbF: 1-10%
S/ B+ thalassemia Rare crises and aseptic necrosis 100-140 (10-14) 70-80 HbS/A: 60/40
Hemoglobin SC Rare crises and aseptic necrosis; painless hematuria 100-140 (10-14) 80-100 HbS/A: 50/0
HbC: 50%
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The a Thalassemias
CONDITION HEMOGLOBIN A, % HEMOGLOBIN H (a4), % HEMOGLOBIN LEVEL, g/L (g/dL) MCV, fL
Normal 97 0 150 (15) 90
Silent thalassemia: — a/ aa 98-100 0 150 (15) 90
Thalassemia trait:—a/-a 85-95 Rare red blood cell inclusions 120-130(12-13) 70-80
homozygous a-thal-2

or
——/aa heterozygous a-thal-1
Hemoglobin H disease: ——/- a 70-95 5-30 60-100 (6-10) 60-70
heterozygous a-thal-1/a-thal-2
Hydrops fetalis: —/-— homozygous | 0 5-10 Fatal in utero or at birth
a-thal-1
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EGF, TGFa,

Amphiregulin, NRGs,
Bcellulin, pcellulin, RS
HB-EGF,
Epiregulin

ERBB2, EGFR/ERBB1,

HB-EGF x
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Other RTKs
(e.g., C-MET and IGF-IR)

Angiogenesis
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