Pediatrics—Hematology and Oncology
Blood Cell Disorders


Disorders of blood cells can be classified as quantitative or qualitative.  Quantitative disorders are due to problems with the bone marrow.  Low counts are more common in children than higher counts.  Thrombocytopenia is more common than Polycythemia and thrombocytosis.  Qualitative disorders are inherent abnormalities in the blood cells themselves; however, they will lead to quantitative disorders themselves, i.e. hemolytic anemia.  
Anemia


Anemia is an abnormally low H/H, or RBC count.  RBC parameters (MCV, MCHC) vary with age.  Pediatric clinician must be aware of normal ranges before anemia is diagnosed.  Normal pediatric range for newborn is 14-18 Hb.  
History

1) A careful history is essential when evaluating a child with anemia – Necessary to ask about family history of anemia, any transfusion requirements of relatives, history suggestive of chronic hemolysis, history of splenectomy, or gallbladder disease

2) A dietary history is essential – determines whether intake of iron, folate, and vitamin B12 is adequate.  Vegans who consume no animal food or dietary products may develop a deficiency.  Children with G6PD deficiency who consume fava beans or sulfa drugs may exacerbate hemolysis

3) A history of pica

4) Questions regarding melena, hematochezia, hematemesis, or abdominal pain are appropriate

5) Heavy menstrual bleeding – Indicates chronic blood loss

6) Patients with hemolytic anemias may report a history of dark urine
Physical Exam

1) Signs of anemia include pallor of the skin, oral mucosa, and nail beds

2) Infants with IDA secondary to excessive milk consumption are frequently obese

3) Tachycardia may occur as a physiologic response to anemia

4) Patients may develop a systolic flow murmur

5) Long-standing anemia may show signs of CHF – edema, hepatosplenomegaly

6) Jaundice is a sign of hemolysis

7) Any LAD should be noted because it may indicate infection or malignancy

8) Signs of sickle-cell disease – extremities that are swollen and tender.  Even further may show osteomyelitis

9) Anemia that develops over time may show pallor, fatigue, headache, and light-headedness

10) With acute onset of anemia, CV symptoms may occur – reduces oxygen carrying capacity resulting in hypoxic tissues
Lab Evaluation

1) CBC with RBC parameters

2) Reticulocyte count

3) Serum bilirubin and lactate dehydrogenase (LDH) – will be elevated with hemolysis

4) Coombs test
Differential Diagnosis

Anemias in children may be classified in terms of:

1) RBC production

2) RBC destruction

3) Blood loss
Classification of Anemia

1) Primary production – microcytic, macrocytic, and normocytic

2) Secondary production – infiltrative disease (leukemia, solid tumors)
Destruction (Hemolysis)
1) Intrinsic to red blood cells – hemoglobinopathy, membrane, enzyme

2) Extrinsic to red blood cells – immune, idiopathic, secondary (infection-associated)
Secondary

1) Drug-induced – sulfa drugs

2) Associated with other autoimmune disease (lupus)

3) ABO/Rh incompatibility
Non-immune 

1) Sepsis

2) DIC

3) HUS – acute nephropathy.  MCC of acute renal failure in infants and children.  Can attack CNS, GI, lungs, and myocardium.  Can be after GI infection, usually an aggressive strand of E. coli.  
4) TPP

5) Prosthetic heart valve

6) Hypersplenism

7) Blood loss
Anemias due to Abnormalities of Production
1) Anemia due to deficiencies of substrate – iron deficiency anemia, vitamin B12 or folate deficiency

2) Anemia due to suppression of production – transient or acquired, congenital such as Diamond Black-Fan Anemia, which is a deficiency in vitamin B6.  It is a general red cell aplasia.  Patients are at risk for leukemia.  May have macrocytic anemia; other conditions such as bone marrow infiltrative process or anemia of chronic disease
Management
1) Treat underlying cause

2) Severity of the anemia must be assessed for the necessity of immediate intervention

3) Most children are not acutely ill; be cautious in overweight children (IDA)
Iron Deficiency Anemia

Classically, the cause of iron deficiency anemia (IDA) in children is inadequate intake of iron.  Clinically, a toddler who is drinking large quantities of cow’s milk from the bottle and eating little in the way of solid food.  This will cause a chronic microscopic blood loss to the GI tract.  Thought to be due to the inflammation associated with milk-protein allergy.  This anemia is considered to be a hypochromic microcytic anemia.  Must also have considering for lead poisoning and Thalassemia.  A Metzler index is MVC/RBC.  If value is <13, consider Thalassemia.  If the value is >13, consider IDA.  
Vitamin B12 or Folate Deficiency Anemia

Vitamin B12 and Folate Deficiency Anemia are associated with macrocytic anemia.  Seen less commonly than IDA in pediatrics.  Vitamin B12 deficiency may result from inadequate dietary intake, especially when dealing with vegetarians or vegans.  Inadequate absorption of this may cause IBD.  Resection of terminal ileum and defect of intrinsic factor may also predispose patients to vitamin B12 deficiency.  These patients will also get “psychotic”.  
Treatment

1) Administration of vitamin B12 or folate PO or IM

Congenital Suppression of Erythrocyte Production

Congenital Suppression of Erythrocyte Production are rare entities.  Manifests as either a normocytic or macrocytic anemia in the first year of life.  Associated with physical abnormalities of the face, head, radius, or thumb.
Treatment

1) Steroid therapy

2) Chronic transfusion
3) BMT
Sickle Cell Disease

Sickle cell disease is caused by a point mutation in the B globin gene.  Results in the substitution of valine for glutamic acid in the 6th amino acid position of the B globin chain.  Hemoglobin electrophoresis show the presence of hemoglobin S and F.  Homozygous hemoglobin S is the most common sickling syndrome.  
Clinical Presentations
1) Complications become apparent around 6m of age – swelling of hands and feet

2) In infants, vaso-occlusive crisis presents in the ands and feet with soft tissue swelling and pain, usually symmetrical – dactylitis
3) In older children and adults, vaso-occlusive crisis usually occur in the long bones, the back, and the abdomen.

4) Can sickle in the CNS and cause stroke infarction; can affect the lung

5) Repeated vaso-occlusion may cause end organ damage

Treatment

1) Give NS bolus because they are dehydrated

2) Pain management

3) Hydroxyurea can increase fetal hemoglobin – may have less vaso-occlusive events.  Not really used due to increased ADRs

4) Bone marrow transplant – definitive treatment

5) Transfusion done more commonly
Genetic Causes

G6PD


G6PD is the most common RBC enzymopathy.  It is X-linked. Affects primarily males.  More likely to have sudden onset of pallor, jaundice, and dark urine.  These patients may also have history of drug ingestion (sulfa drugs or quinines) or eating of foods such as fava beans.  
Hereditary Spherocytosis


Hereditary Spherocytosis have both autosomal dominant and recessive forms.  Increased fragility of the RBC hemolyzes in the splenic microcirculation.  Diagnosis is confirmed via osmotic fragility test.   Confirmed by incubating the RBC in a progressively hypotonic solution and measure the % that undergoes hemolysis and decreasing concentrations of NS.
ONCOLOGY

LAD


LAD usually occurs as a result of infection or infiltration with inflammatory of malignant cells.  Lymphoid tissue grows at a rapid rate during childhood.  It is a frequent occurrence and enlargement in the axillary, inguinal, cervical.  Lymph nodes >2.5cm located in other areas are more associated with disease process.  Localized LAD is more frequently associated with a bacterial or fungal infection.  Diffuse LAD is more suggestive of viral infection.  Can also be due to storage disease like leukemia or chronic autoimmune disease.  Chronic LAD is >1 month.  When antibiotics are used, LAD should be resolved within 2 weeks.
History

1) Focus on duration of LAD

2) History of trauma or infection to distal areas drained by the node

3) Exposure to bacteria via a cat scratch, tick bite, rodent, or another animal bite

4) Associated symptoms such as fever, anorexia, joint pain, or weight loss
Physical

1) Lymph nodes should be characterized by location, number, size, consistency, mobility, and attachment to skin and soft tissues

2) Infected lymph nodes may be fluctuant, tender, and matted together

3) Lymph nodes that are enlarged because of malignancy tend to be rubbery and firm

4) Nodes that are enlarged as part of the systemic response to infection tend to be diffuse and not fluctuant but may be tender

5) When lymph nodes are matted down, may be associated with malignancy of solid tumors

6) Subclavicular LAD on the left side are indicative of Hodgkin’s or abdominal malignancy.  Right side are associated with intrathoracic malignancy.
Lab Evaluation

1) CBC with differential 

2) PPD

3) Culture of relevant primary sites of infection – no localized site of infection with LAD >2 weeks after antibiotics requires surgical biopsy
4) CXR

5) In children with diffuse LAD, serologic tests include those for EBV, CMV, and Toxoplasma gondii
6) If leukemia is suspected, do a bone marrow biopsy
Management

1) Management of children with localized LAD depends on the suspected etiology

2) Infections of the oropharynx – treat for strep
3) If staph is suspected, a beta-lactamase resistant antibiotic is required

4) Infections of the extremities – coverage for both strep and staph
5) Diffuse LAD (viral) – observe after CBC with differential; should be gone after a month (usually 2 weeks).  If not, may be malignancy.
Hematopoietic Malignancies, Leukemias, and Lymphomas

1) 80% of cases of acute leukemia that present in childhood are acute lymphocytic leukemia (ALL)

2) 20% of leukemias are acute myelocytic leukemia (AML).  

3) Chronic myelocytic leukemia (CML) and juvenile myelocytic leukemia (JMML) together make up only 1-2% of cases

4) Patient with CML present with leukocytosis and splenomegaly.  Contain Pathognomic translocation known as Philadelphia chromosome.  3% of children AML may share this chromosome.  JMML is not associated with this chromosome.  

5) JMML usually presents in children <5.  Also have leukocytosis and elevated hemoglobin F and hepatosplenomegaly.  
Acute Lymphocytic Leukemia (ALL)

ALL is the most common type of childhood leukemia.  More common in white children than in AA children.  More common in males than females.  ALL is associated with a peak incidence in the 3-5 for white children only.  Immature lymphoblasts accumulate in the bone marrow and they replace normal hematopoietic elements.  Also released in peripheral blood which spread throughout the body and infiltrate all organ systems.  Since the advent of chemotherapy in 1948, the cure rate has improved to 80%
Acute Myelocytic Leukemia (AML)

There are approximately 500 new cases of AML per year in children and adolescents in the US.  Responsible for at least 1/3 of deaths from leukemia in children and teenagers.  There are 8 subtypes.  AML in general is less responsive to treatment than ALL.  Manifestations commonly include hemolytic anemia (44%), thrombocytopenia (33%), and neutropenia (69%).  Hyperleukocytosis may be associated with life-threatening conditions; leads to sludging of blast cells which lead to hypoxia, hemorrhage, and infarction (CNS and lungs) and venous stasis.
Non-Hodgkin Lymphoma and Hodgkin Disease

Non-Hodgkin Lymphoma and Hodgkin Disease is a heterogeneous group of diseases arising from B or T lymphocytes.  The most common cancer seen in older adolescents, in the 15-19 year old age group.  Non-Hodgkin predominates in younger children.  Non-Hodgkin’s requires chemotherapy only.  Hodgkin disease predominates in adolescents.  Lymphomas in children are particularly sensitive to chemotherapy.  Bone marrow test aspiration in diagnosis to r/o leukemia and imaging studies for extent of disease.
Solid Tumors


A solid tumor in a child is by definition a mass lesion.  Most lesions are noted by patents in the bath.  Severe back pain, extremity weakness, or ataxia are symptoms that need immediate attention.  If the child complains of bone pain, must do a tumor workup.  History of illness longer than heme disease; symptoms for 3-6 months is common.  Appears to be no relationship with the time of diagnosis and extent of disease.
PE

1) PE may aid in the diagnosis

2) Tumor can often be identified directly by palpation

3) Tumor also can interfere with normal functioning, i.e. CNS tumors, germ cell tumors
Laboratory Evaluation

1) Chronic limp or extremity pain that does not resolve after a few days may be an indication for an x-ray to r/o tumor as a cause.

2) The use of tumor markers, such as AFP and beta-HCG (germ cell tumor).  AFP is good for hepatoblastoma.  
Brain Tumors


Brain tumors are the most common category of solid tumor in children in the US.  Affects boys more than girls and the median age at the time of diagnosis is 6 ½ years.  About one half of all CNS tumors are located in the cerebellum (25%) or brainstem (23%).  Astrocytomas account for about 50% of childhood brain tumors.  80% of brain tumors in children require surgical intervention.
Neuroblastomas


Neuroblastomas are the most frequent extracranial solid tumor in children.  Adrenal tumors are common in children; thoracic and cervical primary tumors are more common in infants.  Accounts for approximately 8% of all malignancies in patients <15 years.  Most frequent malignancy diagnosed in infants.  80% occur in patients younger than 4 years.  Over 65% of primary tumors arise in the abdomen.  Associated with metastatic disease in 60-70% of patients.  Common sites are bone marrow, liver, and skin.
Wilm’s Tumor


Wilm’s tumor accounts for 7% of childhood malignancies.  Almost exclusively a tumor of young children.  80% of cases occurring before the age of 5 years.  The classic presentation is a silent abdominal mass.  1/3 of patients complain of pain.  Usually discovered accidentally during bath or physical exam
Bone Tumors


5% of all childhood cancers are malignant bone tumors.  Two-thirds are osteosarcomas and one-third are Ewing sarcomas.  Ewing’s in AA children are very rare.  Frequent in adolescent patients.  Coincides with the adolescent growth spurts.  Osteosarcoma is slightly higher in AA children.  Osteosarcomas can develop in any bone and most often seen in the metaphysis of long bones
Soft Tissue Sarcomas and Rhabdomyosarcomas


Of the soft tissue sarcomas, Rhabdomyosarcomas are identified slightly more than 3% of children with cancer.  Most common soft tissue sarcomas, representing 50% of cases.
Germ Cell Tumors


Approximately 900 children, adolescents, and young adults are diagnosed with germ cell tumors yearly in the United States.  Half of pediatric germ cell tumors occur in age groups 15-19 years.  This group can be separated into three categories:
1) Malignant (35%) – yolk-sac tumors, a.k.a. epidermal sinus tumors.  Choriocarcinomas are also associated with this group.  Germinoma and seminomas are germ cell tumors.  Usually large tumors which can cause constipation and respiratory dysfunction

2) Immature teratomas (10%)
3) Benign teratomas (55%)
Clinical Presentation

1) These tumors are usually very large

2) Can cause constipation, urinary obstruction, respiratory difficulty, or neurologic dysfunction

3) Metastases from non-CNS primary tumors are usually pulmonary or nodal

4) Serum AFP elevated in yolk-sac tumor.  Also elevated alpha-HCG
Management 

1) Depends on site and initial resectability
2) Benign teratomas require surgical resection

3) Stage I germ cell tumors – surgery is effective

4) For higher stage testicular disease and for all ovarian primary tumors, chemotherapy is needed.  Chemotherapy usually consists of bleomycin but complete surgical resection should be attempted wherever feasible. 
