ORGANOPHOSPHATE POISONING
Definition:
· The organophosphates (also called anticholinesterases) irreversibly inhibit the enzyme acetylcholinesterase causing an increase in acetylcholine accumulation and activity at nicotinic and muscarinic receptors and in the central nervous system.
· Carbamates reversibly inhibit this enzyme.
· Agents that directly stimulate cholinergic receptors such as arecholine (from betel nuts), bethanechol, pilocarpine, and urecholine have the same effect.
· Organophosphates are absorbed through the skin, lungs, and gastrointestinal tract; are distributed widely in tissues; and are slowly eliminated by hepatic metabolism.
· Carbamates are eliminated rapidly by serum and liver enzymes.

Examples 
a)  Organophosphates
· malathion
· parathion
· chlorpyrifos, 
· phosphorothioic acid (Diazinon), 
· dichlorvos, 
· fenthion, 
· sarin (the chemical warfare "nerve gases")
b)  Carbamates
· aldicarb 
· propoxur (Baygon), 
· carbaryl (Sevin), 
· bendiocarb (Ficam) 
· the therapeutic agents ambenonium, neostigmine, physostigmine, and pyridostigmine
Mechanism of action

· Organophosphates (pesticides and nerve agents) irreversibly bind to cholinesterase, causing deactivation of acetylcholinesterase

· Initial accumulation of acetylcholine at neural synapse results in cholinergic overdrive (central and peripheral)

· Death usually secondary to respiratory failure resulting from weakness of respiratory muscles, pulmonary edema, and central depression of respiratory drive
· Muscle: Organophosphate compounds produce muscle weakness by three different mechanisms. 
· The first occurs during the cholinergic phase
· Fasciculations progress to paralysis due to depolarization and desensitization blocks at the neuromuscular junction
· Carbamate pesticides cause a decrease in cholinesterase activity. 
· These poisonings are less severe because they bind reversibly to the active site on the cholinesterase enzyme, in contrast to the organophosphate pesticides that, over time, bind irreversibly. 

· Carbamates cause the same excess in muscarinic stimulation and nicotinic stimulation followed by weakness seen in organophosphate poisonings, but for a relatively shorter duration.

· An adult ingested 7.5 g of carbaryl and became nauseated, flushed, salivated, and diaphoretic. 
· No antidotes were given. 
· Symptoms subsided in 3 hours
· Toxicity due to carbamates is shorter in duration and usually less severe than that due to organophosphates.

Clinical Toxicity  

· The time from exposure to the onset of toxicity varies from minutes to hours but is usually between 30 min and 2 h. 

· Muscarinic effects include nausea, vomiting, abdominal cramps, urinary and fecal incontinence, increased bronchial secretions, cough, wheezing, dyspnea, sweating, salivation, miosis, blurred vision, lacrimation, and urinary frequency and incontinence. 

· In severe poisoning, bradycardia, conduction block, hypotension, and pulmonary edema may occur. 

· Nicotinic signs include twitching, fasciculations, weakness, hypertension, tachycardia, and in severe cases paralysis and respiratory failure. 

· CNS effects include anxiety, restlessness, tremor, confusion, weakness, seizures, and coma. 

· Toxicity due to carbamates is shorter in duration and usually less severe than that due to organophosphates. 

· Most patients recover within 24 to 48 h, but fat-soluble organophosphates may cause effects for weeks to months. 

· Death is most often due to pulmonary toxicity.

Clinical presentation
· Classic presentation: cholinergic toxidrome: DUMBELS
1. Diarrhea/diaphoresis

2. Urination

3. Miosis/muscle fasciculations

4. Bradycardia, bronchorrhea, bronchospasm

5. Emesis

6. Lacrimation

7. Salivation

· Chronic intermittent exposure, nonspecific symptoms

1. Weakness

2. Fatigue

3. Malaise

4. Anorexia

· Muscle fasciculations are a highly reliable sign. 

· The presence of excessive secretions (lacrimation, salivation, bronchorrhea, diaphoresis) is helpful in confirming the diagnosis. 

· Miosis is the most constant sign, but its absence does not exclude organophosphate poisoning.

Diagnosis 

· A reduction of cholinesterase activity in plasma and in red blood cells to <50% of normal confirms the diagnosis.
Treatment
Cautions
· Decontamination is initial priority

a) DABC: decontaminate, airway, breathing, circulation

b) Remove all clothes and store as toxic waste (double bagged)

· Protection of health care workers of utmost importance: Inpenetrable gloves (neoprene, nitrile), gowns, eye protection

· Decontaminate skin with soap and water:  Shower or gentle scrubbing ideal if done before entrance into the ED

· Maintain airway and oxygenate

· IV access and place on cardiac monitor
Actual management

· Contaminated clothing should be removed, and the skin should be washed with soap and water. 

· Gastrointestinal decontamination should include use of activated charcoal.

· Supportive measures include oxygen administration, ventilatory assistance, and treatment of seizures

· Atropine, a muscarinic receptor antagonist, should be administered for muscarinic effects. 

· A dose of 0.5 to 2 mg is given intravenously every 5 to 15 min until bronchial and other secretions have dried.

· Repeated doses or a constant infusion may be necessary for recurrent toxicity.

· Pralidoxime (2-PAM) reactivates cholinesterases and is indicated for nicotinic symptoms due to organophosphate poisoning.

· The use of pralidoxime in carbamate poisoning is controversial. 

· It is usually unnecessary, but its use is safe, particularly if it is administered in conjunction with atropine. 

· A dose of 1 to 2 g is given intravenously over 5 to 30 min (depending on severity).

· It can be repeated in 30 min if the response is incomplete. 

· Rapid injection can cause tachycardia, laryngospasm, muscle rigidity, and weakness.

· Repeated doses (every 4 to 6 h) or a continuous infusion (500 mg/h) are indicated for recurrent effects. 

· Neither atropine nor pralidoxime is particularly effective at reversing CNS effects; seizures should be treated aggressively with benzodiazepines
Antidotes
· Successful management of poisoning requires atropinization, ventilatory assistance, and consideration of the use of pralidoxime methiodide, which specifically displaces organophosphates from the AChE active site
· Atropine: Blocks acetylcholine at muscarinic receptor sites
· Atropine competitively inhibits the muscarinic effects of acetylcholine; it is an antimuscarinic anticholinergic agent. 

· Atropine prevents acetylcholine from exerting its usual action on effector cells but does not diminish the production of acetylcholine. 
· Its sites of action are at the autonomic effectors innervated by postganglionic cholinergic nerves or on smooth muscles that do not contain cholinergic innervation.
· Atropine noncompetitively antagonizes both muscarinic and CNS effects of organophosphate poisoning by alleviating excessive bronchial secretions, salivation, sweating, anorexia, nausea, epigastric and chest "tightness",abdominal cramps, vomiting, and bradycardia.

· Pralidoxime (2PAM) pralidoxime reactivates the acetylcholinesterase

· Regenerates cholinesterase by reversing the phosphorylation of the enzyme
· Pralidoxime chloride is a cholinesterase reactivator
· Obidoxime
