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Reactive increase in plasma volume (hematocrit disproportionately low)
Hydremia of pregnancy
Overhydration in oliguric renal failure or congestive heart failure
Chronic diseases and hypoalbuminemia (sometimes)
Congestive splenomegaly
Recumbency

Reactive decrease in plasma volume (hematocrit may be high, normal, or low,
but is high relative to the red cell mass)
Dehydration, especially saline loss
Protracted diarrhea (especially in infant) 1cholera
Intestinal malfunction (pyloric obstruction)
Abdominal paracentesis with fluid restriction
Peritoneal dialysis with hypertonic solutions
Diabetic acidosis
Extended fluid deprivation
Diabetes insipidus with restricted fluid intake
“ Stress erythrocytosis “ spurious polycythemia

Decrease in both plasma volume and red cell mass (hematocrit normal,

red cell mass low)

Acute blood loss
Cancer (sometimes)
Myxedema, Addition disease, Panhypopituitarism



Corrected reticulocyte count

Absolute reticulocyte count

Reticulocyte Production index

Maturation time 9
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days
days
days
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(Kinetic classification)
(Morphologic classification)
(Pathophysiologic classification)

(Reticulocyte count)

% Reticulocyte x Patient hematocrit
45
% Reticulocyte x RBC count/ mm3

% Reticulocyte  «x  Patient's hematocrit (L/L)
Reticulocyte 0.45
maturation time (days)

SVPRC = 045 (UL
SVPRC = 035 (LI
SVPRC = 025 (LI)
SVPRC = 015 (LI



(Reticulocyte production index)

1
3 2
9 2 3
(Mean corpuscular volume)
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1
Anemia
Erythrocyte indices, blood smear
MCV > 100 fl MCV 80-100 fl MCV < 80 fl

I | I

Macrocytic Normocytic Microcytic




Classification of Anemia
1 Decreased red cell production

a. Stem cell failure
(1) Aplastic anemia
(2) Anemia of leukemia and of myelodysplastic syndromes
. Progenitor cell failure
(1) Pure red cell aplasia
(2) Renal failure
(3) Chronic disorders
(4) Endocrine disorders
c. Precursor cell failure
(1) Megaloblastic anemia
(2) Iron deficiency anemia
(3) Thalassemia
(4) Hemoglobinopathies
(5) Congenital enzyme deficiencies

2. Increased red cell or loss

a. Hereditary
(1) Membrane defects
(2) Globin defects
(3) Enzyme defects
b. Acquired
(1) Macroangiopathic (traumatic)
(2) Microangiopathic
(3) Antibody-mediated
(4) Hypersplenism
(5 Acute blood loss

)
)
)
)
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Anemia

CBC, Reticulocyte count
[

Index < 2 Index > 3

Red cell morphology Hemolysis / Hemorrhage

I

—Acute blood loss
Normocytic Micro or [ Intravascular hemolysis
Normochromic Macrocytic —Metabolic defect
—Membrane abnormality
—Hemoglobinopathy

F‘Autoimmune defect

L_Fragmentation hemolysis

Hypoproliferative Maturation disorder
—Marrow damage Cytoplasmic defects
- Infiltration / Fibrosis - Iron deficiency
- Aplasia - Thalassemia
_ Iron deficiency - Sideroblastic anemia
— N Stimulation Nuclear defects
- Inflammation - Folate deficiency
- Metabolic defect - Vitamin B2 deficiency
- Renal disease - Drug toxicity

- Refractory anemia



u
1. (Decreased red cell production)

(Low reticulocyte count)

11 (Microcytic anemia)

Disorder of iron metabolism
Iron - deficency anemia
Anemia of chronic disorders
Atransferrinemia
Shahidi - Nathan - Diamond syndrome
Familial Microcytic anemia with impaired absorption and
Metabolism of iron
Antibodies to the transferrin receptor
Gallium administration
Aluminum  intoxication
Experimentally induced copper deficiency in swine
Disorder of globin synthesis
The thalassemia
Hemoglobin E trait and hemoglobin E disease
hemoglobin ¢ disease
Unstable hemoglobin disease
Disorder of porphyrin and heme synthesis
Sideroblastic anemias
Defective ALA synthesis
Vitamin B6 deficiency
Defective vitamin Bémetabolism induced by drug or toxin
Defective ALA synthetase activity
Defeiciency of coporphyrinogen oxidase
Deficiency of heme synthetase (Ferrochelatase)
Lead intoxication
Unknown cause
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I (Heme)
(Sideroblastic anemia) !
(Sideroblast)
1.2 (Macrocytic anemia)
2 (Megaloblastic
anemia) (Non - Megaloblastic anemia)

(Hypersegmented neutrophil)

(Pancytopenia)
12 5
(Reticulocytosis)
(Hypothyroidism)
6
12
(Myelodysplastic

syndrome) ?



Vitamin B12 deficiency
A.  Dietary deficiency (rare)
B. Lack of Castle intrinsic factor

1.Pernicious anemia

a.  Congenital form I1l.

b-  Adultform

2.Gastric surgery

a. Total gastrectomy V.

b. Partial gastrectomy
c. Gastric hypass
3.Ingestion of caustic materials
C. Functionally abnormal intrinsic factor
D. Biologic competition
1.Small-bowel bacterial overgrowth
a.  Small - bowel diverticulosis
b. Anastomoses and fistulae
¢. Blind loops and pouches
d. Strictures
e. Scleroderma
f. Achrohydria V.
2-Fish tapeworm disease
E. Familial selective vitamin B2 malabsorption
(Imerslund syndrome)
F. Drug-induced vitamin B2 malahsorption
G. Chronic disease of the pancreas
H.  Zollinger - Ellison syndrome
. Hemodialysis
J. Disease especially affect the ileum
L.lleal resection and hypass
2.Reginal enteritis
Folate deficiency
A. Dietary deficiency
B. Increased requirements
L.Alcoholism and cirrhosis

2.Pregnancy

3.Infancy VI-

4.Diseases associated with rapid cellular

proliferation

13

u

C. Congenital folate malabsorption
D. Drug - induced folate deficiency
E  Extensive intestinal  resection, jejunal
resection
Combined folate and vitamin B|2 deficiency
A, Tropical sprue
B. Gluten - sensitive enteropathy
Inherited disorders of DNA synthesis
A, Orotic aciduria
B. Lesch - Nyhan syndrome
C. Thiamine responsive megaloblastic anemia
D. Deficiency of enzymes required for folate
metabolism
1.Methyl - tetrahydrofolate transferase
2.Formiminotransferase
3.Dihydrofolate reductase
E.  Transcobalamin Il deficiency
F. Abnormal transcobalamin i
G.  Homocystinuria and methylmalonic aciduria
Drug - and toxin - induced disorders of DNA
synthesis
A, Folate antagonists (such as methotrexate)
B.  Purine antagonists (such as
6 - mercaptopurine)
C. Pyrimidine antagonists (such as
cytosine arabinoside)
D. Alkylating agents (such
as cyclophosphamide)
E.  Zidovudine (AZT, Retrovir)
F. Trimethoprim
G. Oral contraceptives
H.  Anticonvulsants (such as Dilantin)
. Nitrous oxide
J. Arsenic
K. Chlordane

Erythroleukemia



Disorders associated with accelerated erythropoiesis
Hemolytic anemia
Posthemorrhagic anemia

Disorders associated with increased membrane surface area
(thin macrocytosis)

Hepatic disease
Obstructive jaundice
Postspienectomy
Refractory anemias
Myelodysplastic anemias
Myelophthisic anemias
Aplastic anemia
Acquired sideroblastic anemia
Hereditary dyserythropoietic anemia, type 1
diophathic macrocytosis in the elderly
Alcoholism
Hypothyroidism
Chronic obstructive pulmonary disease

Benign familial macrocytosis
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(Normocytic anemia)

(Systemic disease)

15
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Anemia associated with appropriately increased erythrocyte production
Posthemorrhagic anemia
Hemolytic anemia
Anemia with impaired marrow disease
Intrinsic bone marrow disease
Hypoplasia
Hypoplastic or aplastic anemia (pancytopenia)
Erythroblastic hypoplasia
Disorders characterized by infiltration of the bone marrow
Leukemia
Myeloma
Other myelophthisic anemias
Dyserythropoietic anemias
Myelodysplastic anemias
Masked megaloblastic anemia
Decreased erythropoietin secretion
Impaired source
Renal: anemia of renal insufficiency
Hepatic (?): anemia of liver disease
Reduced stimulus (decreased tissue oxygen needs): anemia of
endocrine deficiency
Protein - calorie malnutrition
Anemia of chronic disorders
Deficiency or unavailability of iron (early: normocytic, normochromic;
later: hypochromic, microcytic)
Iron deficiency
Anemia of chronic disorders

Anemia of space flight
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2. (Increased red

cell destruction, Blood loss) (High reticulocyte count)4

?
(Hemolysis) (Splenic sequestration)
(Immune hemolysis) (Non - immune hemolysis)

(Coombs ' test)

(Schistocyte)
(Valve hemolysis)
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