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The medical history in the child with anemia: Elements assodated with spedific
causes of childhood anemia

Patient Age:

characteristics = In neonates and young infants, immune hemolytic disease, infection, and
hereditary disorders are most common

= Anemia detected at 3 to 6 months of age suggests a hemoglobinopathy

= Nutritional iron deficiency is an unlikely cause of anemia before the age of 6
months in term infants

= In older children, acquired causes of anemia are more likely, particularly iron
deficiency anemia (dietary or due to blood loss)

Sex:
= Some inherited causes of anemia are X-linked (g, G6PD deficiency and X-linked
sideroblastic anemia) and occur most commonly in males

Race/ethnicity:
= Hemoglobin S and C are most commonly seen in Black and Hispanic populations
= Thalassemia syndromes are more common in individuals of Mediterranean and
‘Southeast Asian descent

= G6PD deficiency is more common among Sephardic Jews, Filipinos, Greeks,
Sardinians, Kurds, and Black populations

Symptoms = Changes in urine color, scleral icterus, or jaundice suggest a hemolytic disorder

= Bloody stools, hematemesis, severe epistaxis, or severe menstrual bleeding
suggest anemia from blood loss and/or iron deficiency

= Infectious symptoms (eg, fevers, cough) suggest an infectious etiology of anemia

History of anemia | u Prior episodes of anemia suggest an inherited disorder

= Anemia in a patient with previously documented normal CBC suggests an acquired
etiology

= Hyperbilirubinemia in the newborn period suggests a hemolytic etiology;
microcytosis at birth suggests chronic intrauterine blood loss or thalassemia

Underlying medical | » Underlying renal disease, malignancy, or inflammatory/autoimmune disorders may
conditions be associated with anemia

Drugs and toxin | » Anemia following exposure to oxidant drugs or fava beans suggests G6PD deficiency
exposure = Exposure to paint, home renovations, or use of imported or glazed ceramics
suggest lead toxicity

Family history = Family members with jaundice, gallstones, or splenomegaly suggests an inherited
hemolytic anemia
Dietary history In infants and young children, iron deficiency is suggested by the following:

= Use of low iron formula

= Introduction of unmodified cow’s milk before the age of 1 year
= Excessive milk intake (>24 ounces per day)

= Poor intake of iron-rich foods (meats or fortified infant cereal)

Travel history = Travel to/from areas of endemic infection suggests infectious etiology such as.
‘malaria or tuberculosis

Developmental = Developmental delay is associated with iron deficiency, vitamin B12/folic acid

history deficiency, and Fanconi anemia

G6PD: glucose-6-phosphate dehydrogenase; CBC: complete blood count.
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Physical findings as clues to the ctiology of anemia in children

Finding

Skin

Possible etiology

Hyperpigmentation
Petechiae, purpura

Carotenemia
Jaundice

Cavernous hemangioma
Ulcers on lower extremities

Facies

Fanconi anemia

Autoimmune hemolytic anemia with thrombocytopenia, hemolytic-
uremic syndrome, bone marrow aplasia, bone marrow infiltration

‘Suspect iron deficiency in infants
Hemolytic anemia, hepatitis, and aplastic anemia
Microangiopathic hemolytic anemia

Sickle cell disease (S and C hemoglobinopathies), thalassemia

Frontal bossing, prominence of the

Congenital hemolytic anemias, thalassemia major, severe iron

Tortuosity of the conjunctival and
retinal vessels

Microaneurysms of retinal vessels
Cataracts

Vitreous hemorrhages
Retinal hemorrhages
Edema of the eyelids

Blindness.
Mouth

‘malar and maxillary bones deficiency
Eyes
Microcornea Fanconi anemia

Sickle cell disease (S and C hemoglobinopathies)

Sickle cell disease (S and C hemoglobinopathies)

Glucose-6-phosphate dehydrogenase deficiency, galactosemia
with hemolytic anemia in newborn period

S hemoglobinopathy
Chronic, severe anemia

Infectious mononucleosis, exudative enteropathy with iron
deficiency, renal failure.

Osteopetrosis

Glossitis
Angular stomatitis
Chest

Vitamin B12 deficiency, iron deficiency

Unilateral absence of the pectoral
muscles

Shield chest
Hands

Poland syndrome (increased incidence of leukemia)

Diamond-Blackfan syndrome

Triphalangeal thumbs
Hypoplasia of the thenar eminence

Red cell aplasia

Fanconi anemia

Spoon nails Tron deficiency
Spleen
Enlargement Congenital hemolytic anemia, leukemia, lymphoma acute infection,

portal hypertension

Reproduced with permission from: Oski FA, Brugnara G, Nathan DG. A diagnostic approach to the anemia patient.
In: Nathan and Oski's Hematology of Infancy and Childhood. W8 Sauders, Philadelphia. 1998. p.378.
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Diagnostic approach to anemia in the newborn

Anemia
(HGB <13.5 g/dL)

¥

Reticulocyte count
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Decreased Increased
reticulocytes reticulocytes
v v

= Anemia of prematurity
= Anemia after Rh incompatibilty
= Diamond-Blackfan anemia

= Drug-induced REC supression

DAT-positive DAT-negative
v v

= Rh or ABO incompatibilty.
= Other blood group incompatibilty
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Mev

Lo ey Normalor
Hoh ey
' v

= Chronic intrauterine blood loss:
« Tuinjtwin
« Fatomaternal
« Abruptio placentae

= Alpha or gamma thalassemia

V—‘—\

Normal Abrormal

v v

= Hereditary spherocytosis
= Hereditary eliptocytosis
= Hereditary stomatocytosis
Hemolysis? | | = Pyknocytosis

=oic
= Microangiopathy hemolytic anemias.
= Hemoglobinopathies

V—‘—\

Hemolysis present No hemolysis

v ¥ ¥ !

peripheral

Congenital RBC enzyme defects: | [Infection: Other:
= G6PD deficiency = Bacterial = Galactosemia
= P deficiency = Viral (CHV, HV, rubsla, | | = ypothyroidiem | | o001
= Hexokinase deficiency enterovirus, adenovirus)
= Others = Toxoplasmosis
= Fungal

HGB: hemoglobin; REC: red blood cell; DAT: direct antiglobulin test; MCV: mean corpuscular volume; DI
disseminated intravascular coagulation; G6PD: glucose-6-phosphate dehydrogenase; PK: pyruvate kinase;
CMV: cytomegalovirus; HSV: herpes simplex virus.

Reproduced from: Gallagher PG. The neonatal erythrocyte and its disorders. In: Nethan and Oski's Hematology
and Oncology of Infancy and Childhood, 8% Ed, Orkin SH, Fisher DE, Look AT, et al (Eds), W8 Saunders,
Phiadephia 2015 p.52. ustration used with the permission of Esevir Inc. Allrghts reserved. | JpToDate
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Diagnostic approach to isolated anemia in children: Morphologic dassification

Low HGB level
(52.5% percentile for age, race, and sex)

v

Does the chid truly have anemia?*

——

Yes No
v v
“are other cell lines affected? | [No

— L

o Yes

v v

Wht is the MCV?

Refer to algorithm for anemia
in children with other cel lines affected

Low Mev

= Iron deficiency.
= Thalassemia

= Sideroblastic anemia

= Anemia of chronic diseasel

Normal MCV.

v

What is the reticulocyte response?

Low or normal

¥

reticulocyte count.
(<3 percent)

= Review distary history
= Therapeutic trial of iron

= HGB electrophoresis

Further evaluation and confirmatory tests®

= Serum ferritin, iron, and TIBC levelsS

(>3 percent)

!

High reticulocyte count

1= there svidence of hemolysis?¥

High MCV.

Yes No

v v
= Infection Hemolytic anemias Hemorrhage | [ Drugs (eg, anticonvulsants, zidovudine, methotrexate)
= Drugs = Membranopathy (eg, hereditary spherocytosis, = Vitamin B12/folate deficiency

= Lead poisoning
= Acute blood lozs
= Anemia of chranic dissase
= Renal disease

Tec

eliptocytosis)

= Enzymopathy (eg, GEPD deficiency,
pyruvate kinase deficency)

= Hemoglobinopathy (eg, sickl celldisease)

= Autoimmune hemlytic ansmia

= Microangiopathic hemolytic anemia
(eg, HUS, TP, DIC, Kasabach-Meritt syndrome,
artfcal heart valve)

= Sickle call disease (especiall i treated with HU)

= Immune hemolytic anemia

= Diamond-Blackfan anemia

= Liver disease.

= Hypothyroidism

= Post-splenectomy anemia

= Myelodysplastic syndromes

= Reticulocytoss (refer to the "High reticulocyte count”
pathway to the lef)

v v v
Review smear® Review smear® Review smear
v v v

Toxic granulations, bandemia,
or atypical lymphocytes > Infection
Basophilic stippling > Lead poisoning

‘Spherocytas  Hereditary spherocytosis o
autoimmune hemlytic anemia

Fragmented cells > Microangiopathic anemia
Sickle calls > Sickle cel disease
Elltocytes > Hereditary eliptocytosis
Heinz bodies > GEPD deficiency

Hypersegmented PHNs > B12/folate deficiency
Spherocytes > Autoimmune hemolytic anemia
Sickle cells > Sickle cell disease.
Howell-Jolly bodies > Post-splensctomy or asplenia

¥

¥

¥

Further evaluation and confirmatory tests®
= Review medications
= Bacterial cultures and/or vial studies.
= Lead level
= Bone marrow biopsy/aspirate

Further evaluation and confirmatory tests®
= Indirect biirubin, LDH, haptoglobin levels:
= oAt
= G6PD scraening test
= Osmotic fragilty
= HGB electrophoresis

Further evaluation and confirmatory tests®
= Review medications
= Review dietary history
= Serum B12 and folate levels
= Thyroid function tests.
= Osmotic fragilty
= HGB electrophoresis
=0T
= Bone marrow biopsy/aspirate

HGB: hemoglobin; MCV: mean corpuscular volume; TIBC: total iron-binding capacity; TEC: transient erythroblastopenia of childhood; G6PD: glucose-6-phosphate dehydrogenase;
HUS: hemolytic uremic syndrome; TTP: thrombotic thrombocytopenic purpura; DIC: disseminated intravascular coagulation; HU: hydroxyurea; PMNs: polymorphonuclear cells; LDH:
lactate dehydrogenase; DAT: direct antiglobulin test; RDW: red cell distribution width.
= HGB levels vary considerably by age, race, and sex; when diagnosing anemia, HGB values should be compared with age-, race-, and sex-adjusted norms. Mild anemia occurring at 6
to 9 weeks of life is consistent with "physiologic anemia” and is not pathologic. Falsely elevated HGB values may occur when measured using capillary samples (eg, finger or

heel "sticks"), particularly when using microhematocrit measurements. Spurious results may also occur with automated counters in the presence of lipemia, hemolysis, leukocytosis,

or high immunoglobulin levels.

9 The ROW can be helpful in differentiating thalassemia from iron deficiency. High RDW is typical of iron deficiency, whereas the RDW is usually normal in patients with thalassemia
(though elevated RDW can occur).
& Anemia of chronic disease typically presents as a normocytic anemia but can have low MCV.

© Selected testing is based upon review of the patient's history and examination of the peripheral blood smear.
§ In children with mild microcytic anemia and dietary history that is suggestive of iron deficiency, serum iron studies (ie, ferritin, iron, and TIBC levels) are generally not necessary. In
these children, a therapeutic trial of iron can be used to confirm the diagnosis.
¥ Evidence of hemolysis includes jaundice, indirect hyperbilirubinemia, elevated lactate dehydrogenase, and/or decreased haptoglobin.

= Findings on blood smear may suggest an underlying etiology of anemia, but they are generally not diagnostic. Further confirmatory testing should be carried out to confirm the

diagnosis.
References:

1. Brugnara C, Oski FA, Nathan DG. Diagnostic approach to the anemic patient. In: Nathan and Oski's Hematology and Oncology of Infancy and Childhood, 8% ed, Orkin SH, Fisher DE,
Ginsburg D, et al (Eds), W8 Saunders, Philadelphia 2015. p.293.
2. Rapaport SI. Diagnosis of anemia. In: Introduction to hematology, J8 Lippincott, Philadelphia 1987. p.15.
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Diagnostic approach to the child with anemia and abnormalities of other cell
lines

Low HGB level
(52.5% percentie for age, race, and sex)
Does the chid truly
‘have anemiazs | >[N
=
“Are other cell ines Refer to algorithm for anemia
affected? > [No > 5 children based on MCV.
=
T
Pancytopenia ‘Anemia and low PLT|  [Anemia and high pLT “Anemia and high WBC
= Leukemia =hus = Iron deficiency = Infection
= Myelosuppressive drugs/toxins | | =TT = Infection = Leukemia
= Aplastic anemia =oic = Post-splenectomy anemia
= Hypersplenism = Evans syndrome.
= Infection
= Vitamin B12/folate deficiency
Review smearl

Blasts > Leukemia
Fragmented calls --> HUS, TP, or DIC

Toxic granulations, bandemia, or atypical lymphocytes --> Infection
Hypersegmented PMNs --> B12/folate deficiency

Howell-Jolly bodies > Post-splenectomy

¥

Further evaluation and confirmatory tests2
= Review medications
= Review dietary history
= Serum farrtin, iron, TIEC levels®
= Serum vitamin 812, folate levels
= Serum indirect biirubin, LDH, and haptoglobin
=0T
= Bacterial cultures and/or viral studies.
= Bone marrow biopsy/aspirate

HGB: hemoglobin; MCV: mean corpuscular volume; PLT: platelets; HUS: hemolytic uremic syndrome; TTP:
thrombotic thrombocytopenic purpura; DIC: disseminated intravascular coagulation; WBC: white blood cell;
PMNs: polymorphonuclear cells; TIBC: total iron-binding capacity; LDH: lactate dehydrogenase; DAT: direct
antiglobulin test.

= HGB levels vary considerably by age, race, and sex; when diagnosing anemia, HGB values should be
compared with age-, race-, and sex-adjusted norms. Mild anemia occurring at 6 to 9 weeks of life is
consistent with "physiologic anemia” and is ot pathologic. Falsely elevated HGB values may occur when
measured using capillary samples (eq, finger or heel sticks), particularly when using microhematocrit
measurements. Spurious resuits may also occur with automated counters in the presence of lipemia,
hemolysis, leukocytosis, or high immunoglobuiin levels.

1 Findings on blood smear may suggest an underlying etiology of anemia, but they are generally not
diagnostic. Further confirmatory testing should be performed to confirm the diagnosis.

1 Selected testing is based upon review of the patient's history and examination of the peripheral blood
smear.

% In children with mild microcytic anemia with thrombocytosis and a dietary history that is suggestive of iron
deficiency, serum iron studies (ie, ferritin, iron, and TIBC levels) are generally not necessary. In these
children, a therapeutic trial of iron can be used to confirm the diagnosis.

References:
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