Lead Poisoning
I. Lead Poisoning

a. The number one environmental health problem for children in the US
b. Lead (Pb)- atomic #82, atomic weight 207
c. Complications of lead poisonings first acknowledged in the US in the 20th century
d. Lead was still used in gasoline until the 1920’s and in paint until the 1970’s
e. Toxic blood lead level (BLL) > 10mcg/dl (determined by the CDC)
II. Epidemiology

a. Prevalence has decreased secondary to pre-school screening programs and increased public awareness
b. Approximately 1 million children in the US have toxic BLL’s
c. Children less than 6 years old are more susceptible to leads toxic effects- secondary to an incomplete BBB which allows lead to enter into the developing nervous system
d. Increased prevalence in inner city children; It is the law for any child <7 living in an apartment built before 1970 for the landlord to strip the paint and re-paint;  Also due to the prevalence of nutritional iron deficiency anemia, which allows increased absorption of lead in the GI tract
III. Sources of Lead

a. Lead can be inhaled, ingested, or absorbed transdermally
b. Pain chips
c. Lead dust
d. Lead containing soil
e. Drinking water
f. Parental occupations
g. Canned food/beverages
h. Lead glazed pottery
i. Imported cosmetics
j. Imported crayons
IV. Pathophysiology

a. Lead is not metabolized in the body; it is absorbed, distributed, and excreted
b. Factors affecting absorption
i. Age 
ii. Nutritional status
iii. Route
c. Lead absorbed via the GI and respiratory tract is distributed to the blood, soft tissues and mineralized tissues- children and pregnant females absorb lead more readily in the GI tract than adults. Those who are fasting, decreased calcium, and iron deficiency anemia will also have increased absorption. Calcium binds lead. Once lead is absorbed, it is distributed to the blood, soft tissues, and mineralized tissues
d. ½ life of lead in the body compartments
i. Blood- 28-36 days
ii. Soft tissue- 40 days
iii. Mineralized tissue- >25 years
e. More than 70% of lead burden is in the bone at any given time
f. Lead that is not retained is excreted by the kidneys and biliary clearance via the GI tract
g. Lead interferes with interactions of divalent cations and sulfhydryl groups
h. Can uncouple mitochondrial oxidative phosphorylation in the CNS
V. Clinical Manifestations

a. Neurological- developmental delay (cognitive and behavioral), hearing loss, peripheral neuropathy, acute encephalopathy (serious toxicity). Usually neurological complications are seen through a loss of milestones, particularly speech delay
b. GI- sporadic vomiting, abdominal pain, constipation (lead slows GI motility)
c. Endocrine- decreases vitamin D metabolism. As lead levels increase, vitamin D levels decrease, affecting tooth and bone development
d. Hematological- rarely causes anemia; anemia will, however, make it easier for the patient to absorb more lead
e. Renal- impairement of proximal tubular function with prolonged exposure
f. Depend on BLL and age of patient
g. Important to realize that even children with extremely high BLL’s may be entirely asymptomatic, this makes screening programs more important
VI. Effects of Lead

a. >10mcg/dl- decreased IQ, growth and hearing

b. 20mcg/dl- decrease in nerve conduction velocity

c. 30mcg/dl- vitamin D metabolism decrease

d. 40mcg/dl- Hgb synthesis decreases

e. 100mcg/dl- encephalopathy, anemia, colic, neuropathy

f. 140mcg/dl- DEATH

VII. Signs and Symptoms
a. Early signs and symptoms vague and nonspecific

i. Anorexia 

ii. Decreased activity

iii. Insomnia

iv. Irritability

v. Abdominal pain, vomiting

vi. Language delay

vii. Hearing loss

b. Late signs

i. Encephalopathic patients with seizures and possibly coma

VIII. Diagnosis
a. Usually made via screening program

b. If you suspect lead poisoning, you must obtain a detailed history

i. Onset of symptoms

ii. Pica

iii. Assessment of potential sources

iv. Family history of lead poisoning

c. Physical exam generally normal

i. Except in acutely encephalopathic patients

IX. Lab findings
a. Increased capillary lead level-  finger prick; + result requires venous sample to confirm
b. Increased blood lead level

c. Basophilic stippling on RBC- dark blue granules on RBC
d. Increased FEP concentration- free erythrocyte protophorin; lead inhibits synthesis
e. Lead flecks on AXR

f. Lead lines on x-ray of long bones- dense metaphyseal bands, usually involving the distal femur
X. Management
a. Children should be tested at one and two years of age
b. Testing should be continued yearly up to 6 years of age for children who are determined to be at high risk for lead exposure
c. See chart from DOH for guidelines on how to treat specific lead levels
d. Level over 10mcg/dl you order CBC, iron level, ferritin, TIBC, reticulocyte count
XI. Chelating Agents

a. Dimercaprol- increases urinary excretion of heavy metal; give patients a lot of urine 300-350ml/m2 per day
i. Inpatient management (IM)- only
ii. 75mg/m2 every 4 hours
1. Treat symptomatic patients for 5 days
2. Treat asymptomatic patients for 3-5 days
iii. Contraindicated in peanut oil allergy
b. CaNa2EDTA (Calcium sodium ethylenediaminetetracetate) increases urinary excretion of lead
i. Inpatient management- for patients >70mcg/dl
ii. Should be given only after treatment with dimercaprol has begun
iii. IV- 1000-1500mg/m2 every 4 hours
iv. Treat for 5 days
c. DMSA (Succimer)- water soluble dimercaprol
i. Given PO, therefore may be used as outpatient therapy
ii. 350mg/m TID for 5 days, then BID for 14 days
d. D-penicillamine- not FDA approved for treatment but is used as 3rd line treatment
i. Used only in low level toxicity
XII. Anticipatory Guidance

a. Teach parents and caretakers ways to minimize lead toxicity
i. Wet mopping floors and other surfaces in home 
ii. Wash children’s hands frequently, wash toys and pacifiers frequently
iii. A diet rich in calcium and iron
iv. Use cold, not hot tap water
v. Encourage healthy snacks in between meals
