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Fig. 495.2 A, Erythrocyte mean corpuscular volume (MCV), and B, mean corpuscular hemoglobin (MCH) from 22 weeks’ gestation
through term. The lines represent the 5th percentile, the mean, and the 95th percentile reference range. (From Christensen RD, Jopling
J, Henry E, et al. The erythrocyte indices of neonates, defined using data from over 12,000 patients in a multihospital healthcare system.
J Perinatol 2008;28:24-28.)
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Fig. 495.4 Platelet count from 22 weeks’ gestation through term. The lines represent the 5th percentile, the mean, and the 95th percentile
refer ence range. (From Wiedmeier SE, Henry E, Sola- Visner MC, et al. Platelet reference ranges for neonates, defined using data

from over 47,000 patients in a multihospital healthcare system. J Perinatol 2009;29:130-136.)
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Fig. 498.1 Bone marrow morphology in Pearson syndrome. Left, Vacuoles in myeloid precursor. Center, Vacuoles in erythroid
precursor. Right, Ringed sideroblast. (From Shimamura A, Alter BP. Pathophysi ology and management of inherited bone marrow
failure syndromes. Blood Rev 2010;24:101-122; Fig 14.)
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CAUSATIVE CONDITIONS

MEGALOBLASTIC ANEMIA

Cobalamin (vitamin By,)
deficiency

Folate deficiency

Antifolate drugs (e.g.,
methotrexate)

Cytotoxic drugs (e.g.,
hydroxyurea, 5-FU)

Immunosuppressive drugs (e.g.,
azathioprine)

Thiamine-responsive anemia

Hereditary orotic aciduria

Table 503.1 | Causes of Red Blood Cell Macrocytosis

ACCOMPANYING
HEMATOLOGIC FEATURES

Megaloblastic changes,
including hypersegmented
neutrophils

Macrocytosis can become severe

Mild reticulocytopenia

Pancytopenia (when the megalo-
blastic process is severe)

DISORDERS OF ERYTHROID PRODUCTION

Aplastic anemia, PRCA, Blackfan-
Diamond anemia

Some sideroblastic anemias

CDA, non-CDA dyserythropoiesis,
Fanconi anemia

Myelodysplasia, myeloproliferative
diseases

RETICULOCYTOSIS

Chronic hemolytic anemia

DRUGS AND TOXINS

Alcohol abuse

Some antiviral drugs (e.g.,
nucleoside RT inhibitors)

Some anticonvulsant drugs

NONHEMATOLOGIC DISEASES
Chronic liver diseases
Hypothyroidism

Copper deficiency

ARTIFACTS

RBC clumping by cold
agglutinins; some warm RBC
antibodies

Severe hyperglycemia

Hyponatremia

Nonmegaloblastic

Some disorders feature
dyserythropoiesis and
sometimes hyposegmented
neutrophils

Macrocytosis can often be severe
(e.g., aplastic processes)

Reticulocytopenia (often severe)

Nonmegaloblastic; no hyperseg-
mented neutrophils

Mechanism of macrocytosis is
often unknown
No hypersegmented neutrophils

Nonmegaloblastic; no hyperseg-
mented neutrophils
Macrocytes are rarely oval

Nonmegaloblastic; no hyperseg-
mented neutrophils

Disparity between high MCV and
normal morphologic examina-
tion

CDA, Congenital dyserythropoietic anemia; MCV, mean corpuscular volume; PRCA, pure
red cell aplasia; RBC, red blood cell; RT, reverse transcriptase; 5-FU, 5-fluorouracil.

From Orkin SH, Fisher DE, Ginsburg D, et al., eds. Nathan and Oski's Hematology and

Oncology of Infancy and Childhood, 8th ed. Philadelphia: Elsevier, 2015; Table 10-3.
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Fig. 506.1 Number of days for maturation of reticulocytes to mature erythrocytes in the marrow and blood. The duration of maturation

as blood reticulocytes is taken as p, which is used in the correction equa tion in this chapter. (Modified from Hillman RS, Finch CA.
Red cell man ual. Philadelphia: FA Davis, 1983.)
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Table 509.1 Features of Hereditary Stomatocytosis-Xerocytosis Syndromes

FEATURE
(NORMAL
VALUE)

Hemolysis

Anemia

Blood smear

MCV
MCHC

Unincubated
osmotic fragility

RBC Na+*
(5-12mEg/L)*

RBC K*
(90-105mEg/L)*

RBC Na* + K+
(95-110mEg/L)*

RBC passive
membrane
leak*"

Cold hemolysis
Pseudohyperkalemia
Perinatal ascites

Stomatin
markedly
decreased

Effect of
splenectomy
on hemolysis

Thromboembolism
risk after
splenectomy

Genetics

Defective genels)

OTHER HEREDITARY STOMATOCYTOSIS

SYNDROMES
OVERHYDRATED MILD
HEREDITARY HEREDITARY HEREDITARY

STOMATOCYTOSIS STOMATOCYTOSIS CRYOHYDROCYTOSIS

Severe

Moderate to severe

Stomatocytes; +
spherocytes

Increased
Decreased

Very increased

60-150
20-55
110-170
20-40

No
Sometimes

No
Yes

Some benefit

Yes

Autosomal
dominant

KHAG

Mild to moderate

Mild to moderate

Stomatocytes; +
spherocytes

Normal to
increased

Normal to
decreased

Variable
30-60
40-85
115-145
~3-10
Unknown
Unknown

Unknown

No

Some benefit

Unknown

Autosomal
dominant

Band 3 (SLC4A1)

Mild to moderate

Mild to moderate to
completely
compensated

Stomatocytes,
sometimes with
curved or offset
stoma; £
spherocytes; + target
cells

Normal to
increased

Normal to
increased

Variable
15-100
30-100

70-130

No (type 1)
Yes (type 2)

Minimal or no effect

Yes

Autosomal
dominant

Type 1: Band 3
(SLC4A1)

Type 2: Glut 1
(SLC2A1)

OB 50 S3gdgilen

SOUTHEAST
ASIAN
OVALOCYTOSIS

Mild (neonatal
only)

Mild (neonatal
only)

Rounded
elliptocytes,
some with a
double central
clearing and
a theta (0)
shape; =
stomatocytes

Unknown

Normal
Normal
Narmal

24

Yes
Unknown
No
No

No significant
hemolysis

Unknown

Autosomal
dominant

Band 3 (SLC4A1)
in-frame dele-
tion

HEREDITARY XEROCYTOSIS
(DEHYDRATED STOMATOCYTOSIS)

TYPICAL

Moderate

Mild to
moderate to
completely
compensated

Target cells;
sometimes
small
numbers of
echinocytes or
stomatocytes

High normal to
increased

Normal to
increased

Decreased
to very
decreased

5-30

60-90
70-100

2-4

No
Sometimes

Sometimes

No

No effect

Yes

Autosomal
dominant

PIEZO1

PSEUDO-
HYPERKALEMIA

Mild or none

None

Target cells; few
stomatocytes

Normal to
increased

Narmal to
increased

Slightly
decreased

10-30

75-100

85-110

1-2

No significant
hemolysis

Unknown

Autosomal
dominant

PIEZO1, ABCRé

*Based on a relatively small number of measurements reported in the literature.

ITimes normal. Defined as the ouabain- and bumetanide-resistant #Rb* influx at 37°C, and expressed as the ratio of patient residual leak to normal residual leak (normal: 0.06-0.10 mmol/L

RBC/hr).

MCHC, Mean corpuscular hemoglobin concentration; MCV, mean cell volume; RBC, red blood cell.
From Orkin SH, Fisher DE, Ginsburg D, et al., eds. Nathan and Oski's Hematology and Oncology of Infancy and Childhood, 8th ed. Philadelphia: Elsevier, 2015: 561; Table 16.12.
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Table 513.1 | Diseases Characterized by Inmune-Mediated
Red Blood Cell Destruction

AUTOIMMUNE HEMOLYTIC ANEMIA CAUSED BY WARM-
REACTIVE AUTOANTIBODIES

Primary (idiopathic)

Secondary
Lymphoproliferative disorders
Connective tissue disorders (especially systemic lupus

erythematosus)

Nonlymphoid neoplasms (e.g., ovarian tumors)
Chronic inflammatory diseases (e.g., ulcerative colitis)
Immunodeficiency disorders

AUTOIMMUNE HEMOLYTIC ANEMIA CAUSED BY COLD-
REACTIVE AUTOANTIBODIES (CRYOPATHIC HEMOLYTIC
SYNDROMES)
Primary (idiopathic) cold agglutinin disease
Secondary cold agglutinin disease
Lymphoproliferative disorders
Infections (Mycoplasma pneumoniae, Epstein-Barr virus)
Paroxysmal cold hemoglobinuria
Primary (idiopathic)
Viral syndromes (most common)
Congenital or tertiary syphilis

DRUG-INDUCED IMMUNE HEMOLYTIC ANEMIA
(SEE TABLE 513.2)

Hapten/drug adsorption (e.g., penicillin)

Ternary (immune) complex (e.g., quinine, quinidine)
True autoantibody inducticn (e.g., methyldopa)

Adapted from Packman CH. Autoimmune hemolytic anemias. In Rakel R (ed). Conn’s
Current Therapy. Philadelphia: Saunders, 1995: 305.
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Guidelines for Pediatric Platelet (PLT)
Transfusion

Table 520.1

CHILDREN AND ADOLESCENTS

1. Maintain PLT count >50 x 109/L with bleeding.

2. Maintain PLT count >50 x 10%/L with major invasive procedure;
>25 x 10%/L with minor.

3. Maintain PLT count >20 x 10%/L and marrow failure WITH
hemorrhagic risk factors.

4. Maintain PLT count >10 x 10%/L and marrow failure WITHOUT
hemorrhagic risk factors.

5. Maintain PLT count at any level with PLT dysfunction PLUS
bleeding or invasive procedure.

INFANTS <4 MO OLD

1. Maintain PLT count >100 x 107/L with bleeding or during
extracorporeal membrane oxygenation.

2. Maintain PLT count >50 x 10%/L and an invasive procedure.

3. Maintain PLT count >20 x 10%/L and clinically stable.

4. Maintain PLT count >50 x 10%/L and clinically unstable and/or
bleeding or not when on indomethacin, nitric oxide, antibiotics,
etc., affecting PLT function.

5. Maintain PLT count at any level with PLT dysfunction PLUS
bleeding invasive procedure.

*Words in italics must be defined for local transfusion guidelines.
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Table 535.1 | Differential Diagnosis of Splenomegaly by Pathophysiology

ANATOMIC LESIONS

Cysts, pseudocysts

Hamartomas

Polysplenia syndrome
Hemangiomas and lymphangiomas
Hematoma or rupture (traumatic)
Peliosis

HYPERPLASIA CAUSED BY HEMATOLOGIC DISORDERS

Acute and Chronic Hemolysis*

Hemoglobinopathies (sickle cell disease in infancy with or without
sequestration crisis and sickle variants, thalassemia major, unstable
hemoglobins)’

Erythrocyte membrane disorders (hereditary spherocytosis,
elliptocytosis, pyropoikilocytosis)

Erythrocyte enzyme deficiencies (severe G6PD deficiency, pyruvate
kinase deficiency)

Immune hemolysis (autoimmune and isoimmune hemolysis)

Paroxysmal nocturnal hemoglobinuria

Chronic Iron Deficiency

Extramedullary Hematopoiesis

Myeloproliferative diseases: CML, juvenile CML, myelofibrosis with
myeloid metaplasia, polycythemia vera

Osteopetrosis

Patients receiving granulocyte and granulocyte-macrophage
colony-stimulating factors

INFECTIONST

Bacterial

Acute sepsis: Salmonella typhi, Streptococcus pneumoniae,
Haemophilus influenzae type b, Staphylococcus aureus

Chronic infections: infective endocarditis, chronic meningococcemia,
brucellosis, tularemia, cat-scratch disease

Local infections: splenic abscess (S. aureus, streptococci, less often
Salmonella spp., polymicrobial infection), pyogenic liver abscess
(anaerobic bacteria, gram-negative enteric bacteria), cholangitis

Viral*

Acute viral infections

Congenital CMV, herpes simplex, rubella

Hepatitis A, B, and C; CMV

EBV

Viral hemophagocytic syndromes: CMV, EBY, HHV-6
HIv*

Spirochetal
Syphilis, especially congenital syphilis
Leptospirosis

Fungal/Mycobacterial

Miliary tuberculosis

Disseminated histoplasmaosis

South American blastomycosis

Systemic candidiasis (in immunosuppressed patients)

Parasitic

Malaria*

Toxoplasmosis, especially congenital

Toxocara canis, Toxocara cati (visceral larva migrans)
Leishmaniasis (kala-azar)'

Schistosomiasis (hepatic-portal involvement)
Trypanosomiasis

Fascioliasis

Babesiosis

IMMUNOLOGIC AND INFLAMMATORY PROCESSES*
Systemic lupus erythematosus

Juvenile idiopathic arthritis

Mixed connective tissue disease

Systemic vasculitis

Serum sickness

Drug hypersensitivity, especially to phenytoin
Graft-versus-host disease

Sjogren syndrome

Cryoglobulinemia

Amyloidosis

Sarcoidosis

Autoimmune lymphoproliferative syndromet

Castleman disease®

Posttransplant lymphoproliferative disease

Large granular lymphocytosis and neutropenia
Histiocytosis syndromes*

Macrophage activation syndrome

Hemophagoeytic lymphohistiocytosis (genetic, acquired)*

MALIGNANCIES

Primary: leukemia (acute, chronic)®, lymphoma¥, angiosarcoma,
mastocytosis

Metastatic

STORAGE DISEASES

Lipidosis (Gaucher disease!, Niemann-Pick disease, infantile GM1
gangliosidosis)

Mucopolysaccharidoses (Hurler, Hunter-type)

Mucolipidosis (I-cell disease, sialidosis, multiple sulfatase deficiency,
fucosidosis)

Defects in carbohydrate metabolism: galactosemia, fructose
intolerance, glycogen storage disease [V

Rickettsial i
. Sea-blue histiocyte syndrome
Elofcky Mountain spotted fever Tangier disease
T t;ver Wolman disease
VRS Hyperchylomicronemia type |, IV
CONGESTIVE DISEASE*
Heart failure
Intrahepatic cirrhosis or fibrosis
Extrahepatic portal (thrombasis), splenic, and hepatic vein obstruction
(thrombesis, Budd-Chiari syndrome)
*Common

'Chronic or recurrent infection suggests underlying immuncdeficiency.
‘Associated with hypersplenomegaly

CML, Chronic myelogenous leukemia; CMV, cytomegalovirus; EBV, Epstein-Barr virus; GPD, glucose-6-phosphate dehydrogenase; HHV-6, human herpesvirus &; HIV, human im-

munodeficiency virus
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Table 539.1 | Differential Diagnosis of Generalized

Lymphadenopathy

NEONATE CHILD
COMMON CAUSES
CMV Nonspecific viral
HIV infections
Syphilis EBV
Toxoplasmosis CMV

HIV

Toxoplasmosis

Measles

RARE CAUSES

Chagas disease
(congenital)
Congenital
leukemia
Congenital
tuberculosis
Reticuloendothe-
liosis
Metabolic storage
disease
Histiocytic
disorders
Listeria sepsis

Serum sickness

SLE, JIA

Leukemia/lymphoma

Tuberculosis (miliary)

Sarcoidosis

DRESS

Fungal infections

Plague

Leptospirosis

Brucellosis

Langerhans cell
histiocytosis

Macrophage activation
syndrome

Hemophagocytic
lymphohistiocytosis

Castleman disease (very
rare in this age group)

Chronic granulomatous
disease

Sinus histiocytosis
(Rosai-Dorfman
disease)

Kikuchi-Fujimoto
disease

Autoimmune
lymphoproliferative
disease (ALP)

Rickettsial infection

ADOLESCENT

Viral infections
EBV

CMV

HIV

Measles
Toxoplasmosis
Syphilis

Serum sickness
SLE, JIA
Leukemia/
lymphoma
Tuberculosis
Sarcoidosis
DRESS
Fungal infections
Plague
Leptospirosis
Brucellosis
Drug reaction
(immune)
Castleman disease
Rickettsial infection

CMV, Cytomegalovirus; DRESS, drug reaction, eosinophilia, systemic symptoms; EBY,
Epstein-Barr virus; JIA, juvenile idiopathic arthritis (as Still disease); SLE, systemic

lupus erythematosus.

From Kliegman RM, Toth H, Bordini BJ, Basel D, eds. Nelson Pediatric Symptom-Based

Diagnosis: Common Diseases and Their Mimics, 2nd ed. Philadelphia: Elsevier, 2023:

Table 48.3, p. 891.



