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o 1 Fa&r%e: reneralidades

o I Farﬁez anemias por disminucion
de la Produeeiém de giébutos rajos

o 111 chr%e: anemias por aumenbo de
Lla deskruccion de gtébuias rcchzas



Enfrentamiento

s> Definicion
sy Caracteristicas del pa&i&h&e
s Evaluacion del pa&&em&@.

. wacvque diagnbstico



Definicion

o Disminucion de hemakocerito o
hemoqlobina por debajo del
Pewem&d 2.5



Normal values for hemoglobin, hematocrit, and mean corpuscular volume in children

Hemoglobin (g/dL)

Age

Hematocrit (%)

MCV (fL)

percentile

Lower
limit*

percentile

Lower
limit*

percentile

Lower
limit*

Upper limit*

1 yearﬂ

Caucasian

African American

12.5
12

11
11

37
36

32
31

80
77

71
63

89
88

2 to 3 years

Caucasian

African American

11
11

37
36

33
32

82
80

74
64

89
89

4 to 6 years

Caucasian

African American

38
37

34
33

84
83

77
67

91
91

7 to 10 years

Caucasian

African American

40
38

35
34

85
84

78
72

91
92

11 to 14
years

Caucasian

African
American

Female
Male
Female

Male

40
42
38
40

36
36
33
35

87
87
86
86

80
80
71
73

94
94
95
95

15to 18
years

Caucasian

African
American

Female
Male
Female

Male

40
46
38
44

34
40
32
38

89
89
87
87

81
81
71
75

96
96
96
96




Caracteriskicas del
Paaiem%e




o Hct y hb varfan mucho seqin la edad

o En qeneral cada causa btiene una
edad tipica de presentacion



Normal values for hematocrit and hemoglobin
during the first year of life in healthy term infants
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o Causa wmas frecuente: nfismtégwa



Cawsas pa&otégwas

o Hb < 13,5 9/L durante el primer mes.
o Hb < 11 /L

o Signos de hemblisis (ictericia,
coluria)

o Sintomas de anemia (irriktabilidad,
rechazo alimentario)



Cawsas pa&atégwas

D

Hemorragia
Incompatibilidad Rh y abo
Infeccidbn congénita

Sd. Transfusion feto-fetal

Anemias hemoliticas congénitas
( esferocitosis hereditaria, deficit G6PD)



Diagnostic approach to anemia in the newborn

Anemia
(HGB <13.5 g/dL)

v

Reticulocyte count

|
[ 1

Decreased Increased
reticulocytes reticulocytes

v v

= Anemia of prematurity
= Anemia after Rh incompatibility

-
= Diamond-Blackfan anemia -
® Drug-induced RBC supression
|
[ |
DAT-positive DAT-negative
= Rh or ABO incompatibility MOV
= Other blood group incompatibility
|
| |
Low MCV Normal or
l high MCV
® Chronic intrauterine blood loss:
® Twin/twin .
¢ Fetomaternal Peripheral
smear
e Abruptio placentae
= Alpha or gamma thalassemia
|
[ |
Normal Abnormal

v v

= Hereditary spherocytosis

= Hereditary elliptocytosis

= Hereditary stomatocytosis
Hemolysis? = Ppyknocytosis

= DIC

= Microangiopathy hemolytic anemias
= Hemoglobinopathies

Hemolysis present No hemolysis
| .
Congenital RBC enzyme defects: Infections: Other:
= G6PD deficiency = Bacterial = Galactosemia
= PK deficiency = Viral (CMV, HSV, rubella, = Hypothyroidism
) . - - Blood loss
= Hexokinase deficiency enterovirus, adenovirus)
= Others = Toxoplasmosis
= Fungal




a & M

o Mas frecuente hemogtobimopaﬁas
(células falciformes, talasemia)

o EL déficit de hierro es raro.



Lactantes > &M,
MLIAO S Y adolescentes

o Predominan Llas causas a&quirid{xs«

o Lo mas frecuente es por déficit de
hierro.



Sexo

o Déficit G&PD Yy anemia
sideroblastica relacionada al
cromosoma X

o Mas frecuente en hombres

o Niflas postmenarquicas, considerar
sangrado menstrual excesivo



Kaza

o Células falciformes mas frecuente
e lLatinos

. v
o Talasemias mas frecuente en
mediterraneos y Sudeste asiatico

o D. &6TYD juci‘fcws, ffitipimas, kurdos,
afroamericanos



e .
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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

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
conditions

Underlying renal disease, malignancy, or inflammatory/autoimmune disorders may be
associated with anemia

Drugs and toxin
exposure

Anemia following exposure to oxidant drugs or fava beans suggests G6PD deficiency

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

infants and young children, iron deficiency is nggested 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
history

Developmental delay is associated with iron deficiency, vitamin B12/folic acid deficiency,
and Fanconi anemia




Examen fisico



Physical findings as clues to the etiology of anemia in children

Hyperpigmentation Fanconi anemia

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

Carotenemia Suspect iron deficiency in infants

Jaundice Hemolytic anemia, hepatitis, and aplastic anemia

Cavernous hemangioma Microangiopathic hemolytic anemia

Ulcers on lower extremities Sickle cell disease (S and C hemoglobinopathies), thalassemia

Facies

Frontal bossing, prominence of the | Congenital hemolytic anemias, thalassemia major, severe iron deficiency
malar and maxillary bones




Eyes

Microcornea

Tortuosity of the conjunctival and
retinal vessels

Microaneurysms of retinal vessels

Cataracts

Vitreous hemorrhages
Retinal hemorrhages

Edema of the eyelids

Blindness

Mouth

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
Spoon nails

Spleen

Red cell aplasia
Fanconi anemia

Iron deficiency

Enlargement

Congenital hemolytic anemia, leukemia, lymphoma acute infection, portal
hypertension




Laboratorio



Hemagr&ma

Conteo completo de sangre (informacion sobre
GR y otras series)

Hb Y hto
Indices de &R (vem, rdw, hem)
- Frokis

. Rebiculocitos



Vem

8 Parameblro automatico mide
volumein meec&m en fentolibros

o Muy Gtil para clasificar anemias



Anemias seqan VCM

o Microcitosis: vem < percentil 2.8, Déficit Fe,
talasemia.

o Normocitosis: vem entre p R.6- 97.6 anemias
hemoliticas, hemorragia, infeccion,
farmacos, enfeemedades cronicas.

o Macrocitosis: vem > p 97.5 farmacos, déficit
vit b12, ac folico, hipotiroidismo, Enf
hepa&wa, anemia aptasﬁ«m



Polychromatophilia due to increased reticulocytes

Peripheral blood smear taken from a patient with increased
reticulocytes. Unlike mature red cells (arrows), which have central
pallor and are the same size as the nucleus of a small lymphocyte
(arrowhead), reticulocytes (dashed arrows) are larger, have a blue tint,
and lack central pallor because they are not biconcave discs. (Wright-
Giemsa stain.)




(A w

o Vi 12-14-% varia poco con la edad

o Muy akil para diferenciar déficit fe
de talasemia

o Déficit fe cursa con RDW aumentado
(anisocitosis) mientras que talasemia
t¥ene KDW normal



He

Indice hb/hto

Muy Gtil para clasificar
Hipocromia hem < 32 q/dl
 Normocromia hewm 33-34 q/dl

- Hipewomia hem > 35 q/dL



Peripheral blood smear in iron deficiency anemia
showing microcytic, hypochromic red blood cells

The same peripheral blood smear from a patient with iron deficiency
is shown at two different magnifications. Small (microcytic) red blood
cells are shown, many of which have a thin rim of pink hemoglobin
(hypochromia). Occasional "pencil"-shaped cells are also present. A
small lymphocyte is shown for size comparison (arrow). Normal red
blood cells are similar in size to the nucleus of a small lymphocyte
(arrow), and central pallor in normal red blood cells should equal
approximately one-third of the cell diameter.

Normal peripheral blood smear
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High-power view of a normal peripheral blood smear. Several
platelets (arrowheads) and a normal lymphocyte (arrow) can also
be seen. The red cells are of relatively uniform size and shape. The
diameter of the normal red cell should approximate that of the
nucleus of the small lymphocyte; central pallor (dashed arrow)
should equal one-third of its diameter.




Frobis

o Fundamental, en presencia de
Par&me&ros automatizados normales,
se pueden detectar células
anormales que dan el diagnostico



Beta thalassemia trait

Peripheral smear from a patient with beta thalassemia trait. The field
shows numerous hypochromic and microcytic red cells (thin arrows),
some of which are also target cells (blue arrows).




Spherocytes

Peripheral blood smear shows multiple spherocytes, which are small,
dark, dense hyperchromic red cells without central pallor (arrows).
These findings are compatible with hereditary spherocytosis or
autoimmune hemolytic anemia.




Peripheral smear in microangiopathic hemolytic
anemia showing presence of schistocytes

Peripheral blood smear from a patient with a microangiopathic
hemolytic anemia with marked red cell fragmentation. The smear
shows multiple helmet cells (arrows) and other fragmented red cells
(small arrowhead); microspherocytes are also seen (large
arrowheads). The platelet number is reduced; the large platelet in the
center (dashed arrow) suggests that the thrombocytopenia is due to
enhanced destruction.




Peripheral blood smear in sickle cell anemia

Peripheral blood smear from a patient with sickle cell anemia. This
smear shows multiple sickle cells (blue arrows). There are also findings
consistent with functional asplenia, including a nucleated red blood cell
(upper left), a red blood cell containing a Howell-Jolly body (black
arrow), and target cells (red arrow).




Lymphoblasts in acute lymphoblastic leukemia

=
N

Blood smear showing small lymphoblasts with rare nucleoli and
vacuoles, as seen in acute lymphocytic leukemia (ALL).




Basophilic stippling of red cells in lead poisoning

Peripheral blood smear shows basophilic stippling in several red cells
from a patient with lead poisoning. The granules represent ribosomal
precipitates. A similar picture can be seen in a number of other
conditions including thalassemia, megaloblastic anemia, sickle cell
anemia, and sideroblastic anemia.




Toxic granulations and Dohle bodies in
infection/inflammation

A

(A) Peripheral blood smear shows neutrophils with toxic granulations, which are
dark coarse granules. A Ddhle body is also seen (arrow).

(B) A neutrophil with toxic granulations, vacuoles (another toxic change), and a
Dohle body (arrow). These abnormalities are characteristic of toxic systemic
illnesses.




Megaloblastic blood picture

Peripheral blood smear showing a hypersegmented neutrophil (seven
lobes) and macro-ovalocytes, a pattern that can be seen with
obalamin or folate deficiency.




Howell-Jolly bodies following splenectomy

This peripheral blood smear shows 2 red blood cells (RBCs) that
contain Howell-Jolly bodies (arrowheads). Howell-Jolly bodies are
remnants of RBC nuclei that are normally removed by the spleen.
Thus, they are seen in patients who have undergone splenectomy (as
in this case) or who have functional asplenia (eg, from sickle cell

disease). Target cells (arrows) are another consequence of
splenectomy.




Peripheral smear in Heinz body hemolytic anemia
showing Heinz bodies and bite cells

¥

Images of a peripheral blood smear from a patient with Heinz body
hemolytic anemia.

Left panel: red blood cells with characteristic bite-like deformity (left
arrow) and a blister cell with hemoglobin puddled to one side (right
arrow).

Right panel: Heinz body preparation that reveals the denatured
hemoglobin precipitates.




Peripheral blood smear in beta thalassemia
intermedia

Peripheral smear from a patient with beta thalassemia intermedia
postsplenectomy. This field shows target cells, hypochromic cells,
microcytic cells, red cell fragments, red cells with bizarre shapes, and a
single nucleated red cell (arrow).




Peripheral blood smear showing red blood cell
agglutination in a patient with cold agglutinin
disease

The blood smear shows marked RBC agglutination into irregular
clumps.

CAD: cold agglutinin disease; RBC: red blood cell.




Target cells

«rHB

Peripheral smear shows multiple target cells that have an area of
central density surrounded by a halo of pallor (arrows). These cells are
characteristic of liver disease and certain hemoglobinopathies (most

notably hemoglobin C disease).




Stomatocytosis

e » ..

Peripheral blood smear showing multiple stomatocytes characterized by
a mouth-shaped area of central pallor.




Elliptical red cells in hereditary elliptocytosis

Peripheral blood smear from a patient with hereditary elliptocytosis
shows multiple elliptocytes.




Reticulicitos

3 Espeaiaimemée abil en anemias
normocikicas

& Vi 1,5%

o Permite orientar a grupo de causas
v « v
sequn Tegeneracion



Rebiculocitos
aumenkados

o » 3%

o Refleja respuesta eritropoyetica
aumentada a pérdidas o hemolisis

o Causas: hemorragia, anemia hemolitica
aubto mune, membro\m}pa\ﬁas,
enzimopatias, hemagtabmc}ga&as ;
anemia hemolitica microas«g&opaﬁﬂa



Rebiculocitos
Aisminuldos

o Un conteo bajo o normal significa
deficiente produccion de GR

o Infeccion, saturnismo, droqas, erc



Enfoque
diagnostico



Diagnostic approach to isolated anemia in children: Morphologic classification

Low HGB level
(=2.5th percentile for age, race, and sex)

v

| Does the child truly have anemia?* |
|

I 1
Yes No

¥ ¥
| Are other cell lines affected? l | No |

I 1
No Yes

A ¥

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

What is the MCV?

v

= Iron deficiency What is the reticulocyte response?
= Thalassemia 1 T
= Sideroblastic anemia | |
= Anemia of chronic diseased Low or normal High reticulocyte count
+ reticulocyte count (>3 percent)
(=3 percent) l

Further evaluation and confirmatory tests ¢
= Review dietary history
® Therapeutic trial of iron | Is there evidence of hemolysis? ¥ |
= Serum ferritin, iron, and TIBC levels& I

= HGB electrophoresis I 1
Yes No

A \d Y

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

= Lead poisoning elliptocytosis) = Sickle cell disease (especially if treated with HU)

= Acute blood loss = Enzymopathy (eg, G6PD deficiency, = Immune hemolytic anemia

= Anemia of chronic disease pyruvate kinase deficiency) = Diamond-Blackfan anemia
= Renal disease = Hemoglobinopathy (eg, sickle cell disease)

= TEC = Autoimmune hemolytic anemia = Hypothyroidism
= Microangiopathic hemolytic anemia

- -splenech ;
(eg, HUS, TTP, DIC, Kasabach-Merritt syndrome, PHESyaa— ENELY S
artificial heart valve) = Myelodysplastic syndromes

= Reticulocytosis (refer to the "High reticulocyte count”
pathway to the left)

v v v

Review smear ¥ Review smear ¥ Review smear¥

v v v

Spherocytes = Hereditary spherocytosis or
autoimmune hemolytic anemia Hypersegmented PMNs - B12/folate deficiency
Fragmented cells & Microangiopathic anemia Spherocytes = Autoimmune hemolytic anemia
Sickle cells = Sickle cell disease Sickle cells - Sickle cell disease
Elliptocytes > Hereditary elliptocytosis Howell-Jolly bodies = Post-splenectomy or asplenia
Heinz bodies - G6PD deficiency

v v v

Further evaluation and confirmatory tests ¢ | | Further evaluation and confirmatory tests® Further evaluation and confirmatory tests¢
= Review medications = Indirect bilirubin, LDH, haptoglobin levels = Review medications
= Bacterial cultures and/or viral studies = DAT = Review dietary history
= Lead level = G6PD screening test = Serum B12 and folate levels
= Bone marrow biopsy/aspirate = Osmotic fragility = Thyroid function tests
= HGB electrophoresis = Osmotic fragility
= HGB electrophoresis
= DAT
= Bone marrow biopsy/aspirate

= Liver disease

Toxic granulations, bandemia,
or atypical lymphocytes = Infection

Basophilic stippling = Lead poisoning




Diagnostic approach to the child with anemia and abnormalities of other
cell lines

Low HGB level
(=2.5th percentile for age, race, and sex)

v

Does the child truly
have anemia?*

v

Yes

v

Are other cell lines Refer to algorithm for anemia

affected? in children based on MCV

v

¢ ; | ; !

Pancytopenia Anemia and low PLT Anemia and high PLT Anemia and high WBC

= Leukemia = HUS = Iron deficiency = Infection

= Myelosuppressive drugs/toxins =TTP ® Infection = Leukemia

= Aplastic anemia = DIC = Post-splenectomy anemia

= Hypersplenism = Evans syndrome

= Infection

= Vitamin B12/folate deficiency

v

Review smear

v

Blasts --> Leukemia

Fragmented cells --> HUS, TTP, or DIC

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

Howell-Jolly bodies --> Post-splenectomy

v

Further evaluation and confirmatory tests®
= Review medications
= Review dietary history
= Serum ferritin, iron, TIBC levels®
= Serum vitamin B12, folate levels
= Serum indirect bilirubin, LDH, and haptoglobin
= DAT
= Bacterial cultures and/or viral studies
= Bone marrow biopsy/aspirate




Conclusiones

o Sthdrome frecuente

o Muchas veces el diagndstico Fau_@.ci@.
hacerse con una buena historia,
examen y kemagrama

o Coausas raras o son ktan raras como
se Cree.



“La anemia no deberfa aceptarse

solo como una consecuencia del
déficit de hierro”

-~ nn



