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RED BLOOD CELL DISORDERS

 


 


BONE MARROW ABNORMALITIES

 


Aplastic Anemia

Causes: Fanconi’s syndrome, chemicals
(Benzene), medications (Chloramphenicol, gold), radiation,
idiopathic, chemotherapy, malignancy (especially leukemias),
infections (parvovirus)

Pancytopenia (normochromic, normocytic
anemia)

Bone marrow biopsy (most specific test) → ↓cells

Tx: Mild → supportive

Severe → Allogenic bone marrow transplant if
< 50 yrs old & HLA-matched sibling available),
Immunosuppression (Antithymocyte globulin, Cyclosporine,
Prednisone) if >50 yrs old or HLA-matched sibling not
available

 


Blackfan-Diamond Syndrome (Congenital
Hypoplastic Anemia)

Intrinsic defect of erythroid progenitor
cells which results in increased apoptosis

Megaloblastic anemia without hypersegmented neutrophils (in Vit B12
and folic acid deficiency, megaloblastic anemia with hypersegmented
neutrophils)

 


Polycythemia Rubra Vera

Remember that it's polycythemia, not polyerythremia; therefore, all
three cell lines are increased, but RBC more prominently

Hct>54% males, >51% females, ↑ RBC mass
(to rule out relative polycythemia), ↓EPO, ↑WBC, ↑platelets,

Headache, dizziness, blurring of vision,
pruritus after warm bath

Tx: Phlebotomy to keep Hct<45

 


Neonatal Polycythemia

Hematocrit >65%

If increase on hematocrit on heel prick
sample → Re-check sample from peripheral blood (hematocrit 5-15%
lower than heel prick)

If symptomatic (hypoglycemia,
hyperbilirrubinemia, cardiac or respiratory compromise) → hydration
and partial exchange transfusion

 


Paroxysmal Nocturnal Hemoglobinuria (PNH)

Acquired clonal stem cell disorder

RBC membrane sensitive to lysis by serum
complement C3

More complement binds to RBC &
intravascular hemolysis occurs

Loss of anchor for DAF (Decay Accelerating Factor)

Dark brown/pink urine in the morning

Pancytopenia

Major venous (mesenteric, hepatic vein)
thrombosis

Dx: Screening → sucrose lysis test (RBC lyse
when incubated with sucrose), Ham test (RBC lyse when incubated
with acidified serum), confirmation → flow cytometry (no
CD59)

Tx: Corticosteroids (Prednisone), androgen (Danazol or Danocrine),
anticoagulation for thrombosis, BMT

 


Myelodysplastic Syndromes

Usually > 60 yo

Dysplastic bone marrow

Bone marrow: hypercellular, abnormal
cells

Neutrophils with bilobed nucleus (Pelger-Huet
cells)

Pancytopenia, anemia, infections, bleeding,
evolution to acute leukemia

Pluripotent hematopoietic stem cell
disorders

Causes: idiopathic, radiation, cytotoxics

Tx: supportive, may be given GM-CSF

 


Myelofibrosis

Fibrotic bone marrow

Bx (marrow) → ↑collagen/reticulin

Anemia, peripheral blood → ‘Teardrop RBC’

Clinical: constitutional, marrow failure

<10% convert to acute leukemia, esp. if
alkylators used

 


Myelophthisis

Bone marrow replacement

Tumors, infections, granulomas, storage
diseases (e.g. Gaucher’s)

Anemia, peripheral blood → ‘Teardrop RBC’

 


GENETIC DISORDERS

 


Hemochromatosis

HFE gene mutation

Dx: ↑ ferritin, ↑ transferring saturation,
gene studies (confirmatory)

Accumulation of iron in:

Heart → CHF

Liver → cirrhosis

Pancreas → diabetes

Testis → impotence

Skin → pigmentation

Tx: phlebotomy, alt. Deferoxamine

Complications: ↑ risk of hepatocellular
carcinoma

 


DNA ABNORMALITIES

 


Macrocytic Anemia

MCV>100

Causes: Folate deficiency, Vitamin B12
deficiency

Pathophysiology: Vit-B12 and folic acid
required for DNA synthesis / nucleus maturation

 


-Vitamin B12 Deficiency

Causes: Vegetarian, pernicious anemia
(autoimmune, MCC, anti-parietal cell antibodies / decreased
production of intrinsic factor / achlorydria / atrophic gastric
mucosa, assn → stomach carcinoma), gastrectomy, jejunal diverticula
(blind loop syndrome), ileal resection, Crohn’s disease,
Diphyllobothrium latum (fish tapeworm, in raw/undercooked fish,
mostly in Japan, Dx: eggs in stool, Tx: Praziquantel), chronic
pancreatitis

Clinical: Dementia, optic atrophy (rare),
‘Glove / Stocking’ type peripheral neuropathy, subacute combined
degeneration of the spinal cord → ataxia, paresthesia

Dx: ↓B12 level, ↑Methylmalonic acid level (seen only in B12)

Hypersegmented neutrophils

Schilling test occasionally used to determine
etiology of B12 deficiency → oral administration of radioactive Vit
B12 → re-absorption → pure vegan

B12 + IF → re-absorption → Pernicious anemia, gastrectomy

B12 + Antibiotics → re-absorption → bacterial overgrowth

B12 + pancreatic extract → re-absorption → chronic Pancreatitis

Tx: Vit B12 IM

 


-Folate Deficiency

Causes: Methotrexate, Phenytoin, Bactrim,
alcohol, pregnancy/lactation (↑ need), poor diet (“tea and
toast”)

Dx: ↓ serum/RBC folate

Tx: Folic acid PO

 


HEMOGLOBIN ABNORMALITIES



Sickle Cell Anemia

Autosomal recessive

Substitution of valine for glutamic acid at
sixth position on β-globin chain

Sickle-shaped RBC on peripheral smear because
mutant Hgb polymerizes/crystallizes when
dehydrated/acidosis/hypoxia

Clinical: shortness of breath, chest pain,
RUQ pain (calcium bilirubinate gallstones), bone pain

Dx: Hb electrophoresis → HgS-(+)

Tx: O2, hydration, analgesics
(Morphine, Hydromorphone, NOT Meperidine), Folic acid,
Hydroxyurea

 


-Sickle Cell Anemia in Children

Acute pain in hands/feet (<2yo)

Pain in back/long bones (>2yo)

Prophylaxis: Penicillin V PO until 5yo,
vaccinations (Streptococcus pneumoniae, H. Influenza type B, Hep B,
influenza

Fever → send blood culture, Ceftriaxone,
Cefotaxime, hospitalize if not on Pen prophylaxis or appears toxic
with T >40oC

 


-Complications:

 


Splenic sequestration → most common
complication of sickle cell disease

 


Acute Vaso-Occlusive Crisis:

- Any organ

- Stroke

- Acute chest syndrome: chest pain, fever,
CXR → infarct,

- Ischemic necrosis of bone → osteomyelitis,
femoral head, hands, feet

- Priapism

Tx: exchange transfusion, Hydroxyurea (raises
HbF, prevents vaso-occlusive crisis)

 


Aplastic crisis → Parvovirus B-19 infection
(slapped cheek appearance), sudden fall in Hb concentration and
virtual absence of reticulocytes on the peripheral blood smear in
sickle cell disease patient

Tx: Folic acid supplementation prevents aplastic anemia

 


-Sickle-Cell Trait

Asymptomatic

Significant manifestation of trait is the
renal concentrating defect, hematuria

Dx: Sickle prep test to diagnose trait (screening test), Hemoglobin
electrophoresis (most specific test)

Tx: Acute crisis (seen only with severe hypoxia) → fluids,
analgesics, O2



Thalassemia

Etymology: Gk thalassa, sea + –emia (blood)

Beta-thalassemia occurs chiefly among people
of Mediterranean descent and Alpha- in Southeast Asia

Pathology: abnormal synthesis of part of hemoglobin →
underproduction of alpha (a-thalassemia) or beta (b-thalassemia)
globin chain

HbA → 2 alpha/2 beta chains, HbA2 → 2 alpha/2
delta chains, HbF (fetal) → 2 alpha/2 gamma chains

Dx: ↓↓ MCV, target cells, Hb electrophoresis

Tx: Thalassemia traits (both a & b) → no
treatment

 


Types:

 


-Alpha Thalassemia

Defect in alpha chain of hemoglobin

There are 4 alpha hemoglobin genes

1 gene deleted → silent carrier, normal (mild
anemia, no treatment required, only (+) study → ↓ Hct, ↓↓MCV)

2 genes deleted → thalassemia minor
(trait)

3 genes deleted, 1 present → electrophoresis
→ Hb H → severe hemolytic anemia, transfusions, poor prognosis

4 genes deleted → electrophoresis → Hb Bart →
hydrops fetalis, death in utero



-Beta Thalssemia Minor

Heterozygous

Mild anemia

Tx: no treatment required



-Beta Thalassemia Major (Cooley’s anemia)

Homozygous

Dx: ↑HbA2 & HbF, Hepatosplenomegaly due
to ↑ extramedullary erythropoiesis

Skull X-ray → “crew haircut” appearance,
chipmunk facies, due to marrow expansion due to ↑ intramedullary
erythropoiesis

Target cells, basophilic stipling

Tx: severe anemia → periodic blood
transfusions (Tx of Iron overload due to transfusions →
Deferoxamine), allogenic bone marrow transplant

 


ENZYME ABNORMALITIES

 


Pyruvate Kinase Deficiency

Autosomal recessive

Inefficient production of ATP
(Embden-Meyerhof pathway block) → RBC membrane damage → anemia

Dx: ↓ enzyme level, RBC with thorn-like
projections (echinocytes)



G6PD Deficiency

X-linked recessive

Pathology: G6PD → synthesis of NADPH &
GSH (glutathione) → intravascular hemolysis in the presence of
oxidant stress [infection, favism (allergy to fava beans / pollen
inhalation, in Mediterranean type), drugs (Sulfa, Dapsone, Quinine,
Quinidine, Primaquine, Nitrofurantoin, INH)]

Dx: ↓ RBC G6PD levels, peripheral smear →
Heinz bodies (denatured Hemoglobin), bite cells

Tx: avoid oxidant stress

 


MEMBRANE DISORDERS

 


Hereditary Spherocytosis

Autosomal dominant

RBC membrane protein (Spectrin, Ankyrin) defect → RBC destroyed in
spleen → splenomegaly, variable anemia

Dx: blood film (spherocytes), osmotic fragility test

Tx: Splenectomy

 


Hereditary Elliptocytosis

AD

Tx: splenectomy




ANEMIA

 


Definitions

Hemoglobin <13 men, <12 women

Hematocrit <40 men, <37 women



-MICROCYTIC ANEMIA (Definition: MCV< 80-96)

 


CAUSES:




Iron Deficiency Anemia

Causes: Blood loss (menstruation, GI),
dietary iron deficiency

Clinical: dyspnea, lethargy, angular
stomatitis, glossitis, koilonychias, pica (craving for

Ice/dirt), Plummer-Vinson syndrome
(esophageal web → dysphagia)

Dx: Low serum ferritin, low serum iron, high
TIBC, colonoscopy, peripheral blood smear (hypochromia,
microcytosis), bone marrow biopsy (most specific test), (in
pre-menopausal woman no further study required)

Tx: Ferrous Sulfate PO for at least 3 to 6
months

 


Anemia of Chronic Disease

Assn: chronic inflammation (e.g. RA),
neoplasia

Normo- or microcytic

Normal /↑ serum ferritin (acute-phase
reactant)

↓ serum iron & TIBC (thus, the % saturation may be near
normal)

Tx: underlying disorder

May have ↑ESR and/or CRP often present (not
usually true with iron deficiency anemia)



Sideroblastic Anemia

Prussian blue stain of RBC in the marrow will
show ringed sideroblasts (most specific test), basophilic
stipling

Causes: X-linked, lead poisoning, chronic
alcohol abuse

Normal serum ferritin, high transferrin
saturation, high serum iron, low TIBC

Vit B6 deficiency → ↓ Protoporphyrin & ↓ d ALA

Iron deficiency → ↑ Protoporphyrin & N d ALA

Lead poisoning → ↑ Protoporphyrin & ↑ d ALA

Tx: supportive, Pyridoxine

 


Lead Poisoning

Causes: battery, paint, plumbing material
exposure

S/S: colicky abdominal pain, vomiting,
constipation, irrilability, encephalopathy, cerebral edema,
seizures, wrist drop, foot drop

Dx: microcytic anemia, basophilic stipling,
↑serum lead level

Tx: Acute → activated charcoal +
cathartic

Mild – moderate toxicity → oral chelator –
DMSA (Succimer)

Severe toxicity (higher than Seventy) → EDTA
+ BAL (Dimercaprol)

 


-HEMOLYTIC ANEMIA

 


Autoimmune

 


-Warm antibody-induced

IgG against Rh antigen, active at
37oC, coated RBC sequestrated in spleen

Causes: idiopathic (50%), leukemia/lymphoma,
drugs (a–Methyldopa, Penicillin/Cephalosporins, Quinidine),
drug-induced lupus (Procainamide, Hydralazine, Isoniazid), SLE

Dx: Coomb’s test → IgG-(+) or IgG/C3-(+),
cold agglutinin-(-)

Tx: Steroids, splenectomy, immunosuppressive
if refractory (Cyclophosphamide, Cyclosporin)

 


-Cold antibody-induced

IgM against I antigen, active at
4oC

Causes → Waldenstrom’s Macroglobulinemia,
Mycoplasma, infectious Mononucleosis, lymphoma

Dx: Coomb’s test → IgG-(-), C3-(+), cold agglutinin-(+)

Tx: warmth (gloves, socks), immunosuppressive
(Cyclophosphamide, Chlorambucil)

 


Microangiopathic

Causes: prosthetic heart valve, Hemolytic
Uremic Syndrome (HUS), Thrombotic Thrombocytopenic Purpura
(TTP), Disseminated Intravascular Coagulation (DIC), HELLP
syndrome

 


-Hemolytic Uremic Syndrome (HUS)

Assn: E. Coli 0157:H7, Shigella, Salmonella
diarrhea

Microangiopathic anemia, thrombocytopenia and
renal involvement (renal failure), no CNS involvement

Tx: plasmapheresis in adults, self-limited in
children

 


Intravascular Hemolysis

RBCs lysed within blood vessel (e.g. by mechanical heart valve, or
complement fixation as in Paroxysmal Nocturnal Hemoglobinuria)

↑ LDH

The hemoglobin is released into the blood and
immediately bound by haptoglobin for clearance in the liver → ↓
Serum Haptoglobin

If hemolysis is pronounced, haptoglobin is consumed and extra
hemoglobin released in circulation (↑plasma Hb)




This free hemoglobin reaches the kidney and
gets filtered and then reabsorbed in the form of Iron

Again if hemolysis is beyond the reabsorptive capacity of the renal
tubules, hemoglobin will appear in the urine (hemoglobinuria, and
urinary hemosiderin appears)

 


Extravascular Hemolysis

Abnormal RBCs (e.g. coated with antibodies as
in immune-hemolytic anemia or having abnormal membrane shape e.g.
as in spherocytosis or sickle-cell anemia or abnormal inclusions
e.g. Heinz bodies in G6PD) phagocytosed in spleen / liver / bone
marrow

 


LDH normal (because RBC not lysed in
circulation)

 


Peripheral blood smear → Spherocytes [because
partially phagocytosed RBC may be released into circulation again -
of course osmotic fragility test (positive in congenital
spherocytosis) and DCT (positive in autoimmune hemolytic anemia),
will be negative)]

 


The engulfed hemoglobin is converted into
iron for recycling
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