Nerve Agents

Background


Nerve agents that have been used as chemical weapons include tabun (GA), sarin (GB), soman (GD), VX, and cyclosarin (GF).  These agents are all volatile at room temperature, except for VX, which is an oily substance that becomes volatile only at higher temperatures.  As gases, these have greater density than air so that they may sink and accumulate in lower areas.  These lipophilic and hydrophobic agents can penetrate clothing, skin, and mucous membranes.  

Their mechanism of action is similar to poisoning by organophosphate insecticide, but nerve agents are much more potent.  They act by phosphorylating acetylcholinesterase (AChE), inactivating this enzyme in a two-step process.  The first stage occurs when nerve agent binds to AchE  in a reversible manner.  Reversal of this binding process is enhanced with pralidoxime treatment.  The second stage is characterized by maturation or “aging” of the chemical bond, which is irreversible even with pralidoxime treatment.  By inhibiting AchE action, these agents lead to accumulation of acetylcholine (ACh) at nicotinic and muscarinic receptors at nerve synapses, as well as in other receptors in the central nervous system (CNS).  

Accumulation of ACh leads to a cholinergic crisis characterized by muscarinic and nicotinic overstimulation.   Muscarinic stimulation leads to diarrhea, frequent urination, miosis, bradycardia, bronchorrhea, emesis, lacrimation, and salivation (mnemonic: DUMBBELS).  Other muscarinic symptoms include nausea, vomiting, and diarrhea, as well as eye pain, blurred or dim vision, and conjuctival injection.  Nicotinic stimulation causes muscle pain, tremors, weakness, hypertension, and fasciculations (mnemonic: MTWHF).  By crossing the blood brain barrier, these agents also can produce headache, agitation, confusion, vertigo, decreasing conciousness, seizures, as well as coma.  The comibination of these effects can cause acute and fatal respiratory failure through muscarinic bronchorrhea and bronchospasm, nicotinic respiratory muscle paralysis, and CNS mediated depression of the respiratory drive.  Pyridostigmine bromide pre-treatment (30 mg by mouth every 8 hours) can help in attenuating or preventing nerve agent poisoning by binding to AChE.  
Diagnosis


The diagnosis of nerve agent exposure is made when there is a high index of suspicion and when the symptoms described above present themselves.  Evaluation for nerve agent poisoning should occur only after rinsing the victim completely with water.   A dermal or respiratory exposure route may dictate a different constellation of symptoms and time course of events, depending upon the amount of the exposure.  Exposure of the skin to liquid agent may be initially asymptomatic in the first 10-30 minutes.  This is then followed quickly by respiratory and neurologic effects.  If the amount is small the onset of localized symptoms such as sweating and fasciculations not occur until 18 hours later.  Therefore, patients must be observed for this length of time when the suspicion is high that there has been an exposure to reach a diagnosis.  Respiratory symptoms on the other hand occur immediately with inhalation of nerve agent.  Large amounts will cause respiratory failure within seconds to minutes whereas small amounts cause only limited ocular and airway effects such as miosis, eye pain, bronchorrhea, and bronchospasm.


Blood should be drawn for red blood cell AChE activity (nerve agents inactive cell activity over that of the plasma activity).  If this red blood cell AChE is reduced by 70%, there is a 50% likelihood of systemic effects.  

Treatment

A lowered red blood cell AChE level is not necessarily an indication for treatment in an otherwise asymptomic patient.  Need for treatment is a clinical decision, not a laboratory one.  Treatment is initiated with two antidotes for nerve agents—pralidoxime and atropine.  Pralidoxime (2-PAM) is given parenterally as soon as possible to those with symptoms.  The adult dosage is 1-2 grams given intravenously over 20-30 minutes.  A child’s intravenous dose is 15 to 25 mg/kg (15 mg/kg for infants) given slowly.  An intramuscular dose can be made by diluting to a concentration of 300 mg/mL in normal saline, which then can be given as 2 mL in the buttocks along with the first dose of the atropine.  For adults, the parenteral dose for atropine is 2.0-6.0 mg, for children the weight-based dose is 0.02-0.08 mg/kg.  The frequency of the atropine dose is every 5-10 minutes until bronchial secretions dry up and ventilation becomes adequate.  The total dose of atropine which is usually given is less than 20 mg.  Heart rate and papillary response are not adequate indicators for the need for atropine.  In particular, papillary response may be effected for several weeks after recovery.  Intubation and ventilation may be necessary to control the airway, particularly if muscular weakness exacerbates respiratory diffiucty dut to the increased bronchial secretions.

Should seizures occur and not respond to pralidoxime and atropine administration, treatment with diazepam is required.  The diazepam dose is 5-10 mg IV over 3-5 minutes for adults, and 0.24 to 0.4 mg/kg IV over 2-3 minutes, but no more than 10 mg in total, for children.  10 mg I  should be given for all severely exposed individuals.  Caution should be used with diazepam as not to depress the respiratory drive to exacerbate any ventilatory problems.  Phenytoin is not effective in treating nerve agent induced seizures. 


Should only localized eye symptoms occur, this may be treated by scopolamine or homatropine eye drops.  For localized nerve agent induced bronchospasm, an ipratropium inhaler may be used.

Prognosis


Recovery form mild exposures is rapid, however, 10 % may have continued symptoms up to 3 weeks or beyond. Should the patient with symptoms survive the immediate effects of nerve agent poisoning, several delayed effects may occur which need to be identified should they occur.  There is a delayed intermediate syndrome which can occur a few days following exposure and immediate recovery that may require re-initiation of respiratory support measures including intubation.  This manifests with onset of descending muscular paralysis.  

Another delayed reaction is organophosphate induced delayed neuropathy (OPIND).  This is due to slow inhibition of neuropathy target esterase (NTE) which can occur up to a month after exposure.  The function of NTE is not known.  It is thought that inhibition of NTE leads to a sensory and motor distal neuropathy that is similar to Guillian-Barré syndrome.

Symptoms of dark or blurry vision with miosis resolves in one to two weeks as revealed by examination in a moderately bright room.  However, when the room is darkened, incomplete dilatation can be present for 4-6 weeks. 

It should be noted that the long term effects from unrecognized low-dose exposure that does not illict symptoms is not known.
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