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Nerve agents tabun (GA), sarin (GB), soman (GD), and VX are manufactured compounds originally produced in search of insecticides.  Because of their extreme toxicity, these agents were instead developed for military use.  They are chemically similar to organophosphate pesticides, and act by inhibiting acetylcholinesterase enzymes.  They have been used in wars and by terrorists, and are presently stored by several nations, including the United States.  The US no longer manufactures nerve agents, but stores them at a number of military facilities.

The G-type agents (tabun, sarin, and soman) were originally synthesized in Germany in the late 1930’s and early 1940s, and VX was first synthesized in Britain in the early 1950s.  The G-type agents are clear, colorless, tasteless, volatile liquids at ambient temperatures, that may have a fruity (tabun) or camphor-like (soman) odor, whereas VX is a clear, amber-colored, odorless, less volatile, oily liquid.  VX, one of the most deadly chemical weapons ever made, has been banned internationally since 1997 under the Chemical Weapons Convention. 
Both tabun and sarin were developed as chemical weapons by Germany in World War II, but neither was deployed.  Sarin was first used in wartime during the Iran-Iraq war the 1980s, and was later used as a terrorist weapon by the Aum Shinrikyo religious cult in Japan in 1994 and 1995.

Sarin, in particular, is highly toxic and easy to produce, transport, and deploy, all of which facilitate its use as a terrorist weapon.  In 1994 about 12 liters of sarin were released by terrorists in Matsumoto City, Japan. Approximately 600 people including residents and rescue staff were exposed to sarin gas, with 58 hospitalized victims and 7 deaths.  The geographic distribution of sarin victims in the 1994 Japanese dispersal was closely related to the direction of the wind.  A later dispersal of sarin in the Tokyo subway system in 1995 resulted in 5000 to 6000 exposed people, of whom 3227 were evaluated at a hospital, 493 were admitted, and 12 died.  As a result of this event, as many as 640 victims presented to individual hospitals in a short period of time, overwhelming the ability of the hospitals to manage these patients.  

Incapacitating effects of nerve agents may occur occur within seconds or up to 10 minutes, and fatal effects can occur within 10 minutes for G-type agents, and within 18 hours for VX.  As little as one drop of nerve agent contacting the skin can be fatal within a matter of minutes.  Fatigue, irritability, nervousness, and memory impairment can persist for years in survivors following exposure.

Following release, nerve agents are quickly broken down into non-toxic products in water or soil, but may persist in air for a few days before being broken down.

Clinical Manifestations

Nerve agents alter cholinergic synaptic transmission at multiple sites, including neuroeffector junctions (muscarinic effects), skeletal myoneural junctions (nicotinic effects), autonomic ganglia (nicotinic effects), and in the central nervous system.  Secondary effects of nerve-agent-induced seizures, ischemia, and hypoxia contribute to pathologic changes.

Muscarinic signs were present in all victims of terrorism-related sarin exposure in Japan, while nicotinic signs were generally present only in the most severely affected victims.  Fixed, extremely miotic pupils were the most common clinical manifestation of exposed individuals, and is a more sensitive index of exposure to sarin than erythrocyte acetylcholinesterase.  Systemic toxicity is less likely to develop if a victim’s pupil size is normal upon arrival at a hospital.  Pupils generally return to normal in survivors over 30 to 45 days.  Some victims still had symptoms and signs weeks, months, and years after exposure.
Table: Signs and Symptoms of Nerve Agent Exposure

Muscarinic

· pinpoint pupils

· blurred or dimmed vision (secondary to spasm of ciliary muscle and resulting impaired accommodation)

· conjunctivitis and eye pain

· headache

· nasal congestion and rhinorrhea

· hyper-salivation

· excess lacrimation and drooling

· profuse sweating

· nausea, vomiting, diarrhea, and crampy abdominal pain

· bowel and bladder incontinence

· increase in bronchial secretions, bronchoconstriction, cough, chest tightness, tachypnea, and dyspnea

· bradycardia

Nicotinic

· skeletal muscle fasciculations, tritching, cramps, and weakness

· flaccid paralysis

· tachycardia

· hypertension

Central nervous system

· irritability

· nervousness

· fatigue

· insomnia

· memory impairment

· impaired judgement

· dysarthria

· seizures

· respiratory depression

· coma

Patients who survive exposure to nerve agents may experience long-term physical or psychological symptoms.  Delayed neurobehavioral and neurophysiological effects of acute nerve agent poisoning include impairment of both psychomotor performance and the vestibulo-cerebellar system.  Distal motor-sensory axonopathy has been reported as a possible late effect of nerve agent and has been long-recognized with organophosphate insecticide intoxication.   Psychological and somatic symptoms may persist for years after exposure to nerve agents.  Electrophysiologic abnormalities of the higher and visual nervous systems may be demonstrable in asymptomatic individuals exposed to nerve agents well beyond the turnover period of acetylcholinesterase.  

Prehospital Management

Individuals who are exposed to nerve agents should be separated from the source of the exposure and decontaminated prior to transport to a medical facility. Contaminated clothing should be removed and double bagged in plastic bags.  Victims whose skin or clothing is contaminated with nerve agent (or with organophosphate insecticides) can contaminate and produce serious clinical illness in rescuers, either by direct contact or by off-gassing of vapors.  Eyes should be flushed with water for 10 minutes. Skin should be washed with soap and water or 0.5% sodium hypochlorite solution (i.e., a solution of bleach and isotonic saline). 

Hospital Disaster Planning and Management

U.S. hospital emergency departments are generally not well prepared to treat mass casualties of biological or chemical terrorism.  Few acute care hospitals have trained staff, necessary equipment, and established procedures to safely manage patients contaminated by nerve agents.  Hospitals can become rapidly overwhelmed with mass casualties from a nerve agent release.  To facilitate management and prevent confusion and unnecessary casualties, each hospital should prepare an emergency decontamination area, and should have chemical-resistant suits and masks available.  Hospital staff should participate in regular training and disaster drills to manage mass casualties, including actuation of an emergency staff call-up system, appropriate triage and management exercises, and implementation of an emergency medical charting system.

When caring for chemically contaminated patients, health-care workers should generally use level C protection (i.e., full face mask and a canister or cartridge filtration respirator) or level B protection (i.e., a supplied air respirator or self-contained breathing apparatus).  If the chemical agent is unknown, an organic vapor/HEPA filter is recommended.  To prevent dermal absorption, appropriate chemical barrier protection is required.  In addition, body fluids of casualties (e.g., emesis) must be contained to prevent dermal and inhalational exposure of health care workers.  

Laboratory Studies

The most reliable laboratory index of acute exposure to nerve agents is erythrocyte acetylcholinesterase activity, an indirect measure that reflects the degree of cholinesterase inhibition in tissues and at neuromuscular junctions.   Serum acetylcholinesterase, serum triglyceride, and serum potassium and chloride may also be decreased, and serum creatine kinase, leukocytes, and urinary ketones may be increased, particularly in severely poisoned individuals.  Measurement of nerve agent metabolites in urine can also be a useful tool for biological monitoring of nerve agent exposure.  Acetylcholinesterase levels return to normal within 3 months in survivors.  

Treatment of Nerve Agent Exposure

Because respiratory failure is the principal cause of death, suction of copious respiratory secretions, as well as early endotracheal intubation and ventilation are critical. Succinyl choline should generally not be used for intubation, because it is metabolized by plasma cholinesterase.  

In severe exposure, following correction of hypoxemia, atropine 2 mg IV (or IM) should be given every 2-5 minutes until secretions are nearly dry and until ventilation can be easily accomplished. The pediatric dose is 0.02 mg/kg IV every 2-5 minutes, with a minimum dose of 0.1 mg.  Atropine should not be administered before correction of hypoxemia because of the possibility that it may induce ventricular fibrillation.

Pralidoxime chloride (2-PAM Cl)  1-2 g IV (or IM) over 30-40 minutes, helps reactivate acetylcholine and minimizes side effects.  This may be followed by an infusion of 200-500 mg/h.  The pediatric dose is 15-25 mg/kg IV.  Pralidoxime acts as an acetylcholinesterase reactivator that binds the nerve agent.  It must be given early to be effective, or the nerve agent will be irreversibly bound to acetylcholinesterase.  

Patients with flaccid paralysis should have EEG monitoring. Diazepam or other benzodiazepines are indicated for treatment of clinical or electrographic seizures.  Tropicamide drops applied externally to the eye can be used to reverse miosis and relieve ocular pain.  

