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Abstract

Nerve agentsare one of themost lethal chemical materials. They may be used aswegpons of mass
destructioninterrorist attacksor in the battlefield. Successful management is composed of many
closeorganized steps. Early detection, field triage, decontamination, primary survey, resuscitation,
and early antidote useareimperativein the acute stage of poisoning. Basic pharmacol ogical therapy
includesantidote (atropineand pralidoxime) and anticonvul sant therapy. Wereview the basic physi-
cal properties, the pathophysi ology, and the acute management of nerve agents poisoning. (Ann

Disaster Med. 2005;4 Suppl 1: S29-S34)
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Introduction

For developing best pesticides, nerve agents
were synthesized by German scientistsin the
1930s. These agents are relatives of organo-
phosphate insecticides and are very toxic. In-
ternationally they haveNorth Atlantic Treaty
Organization (NATO) codes and common
chemical names.Abbreviationsareusedinclude
GA (tabun), GB (sarin), GD (soman), GF
(cyclosarin) and VX. TheG agents are named
for Germany, and theV X wasfirst synthesized
intheBritish.

Pathophysiology

Theclasscnerveagentsareestersof phosphoric
acid, namely organophosphates. Recalling phos-
geneand chloride, thefirst chemical agentsin
World War |, are gases at standard tempera-
tureand pressure. Theterm“nervegas’ or “poi-

songas’ isahistoricmisnomer for nerveagents.
At stendard pressure and temperature, they are
liquids, with melting pointsrangefrom -42°C
(somen) t0-39°C (VX).1 They can bevolatile
spontaneoudly at room temperature. Thusone
need not really contact the nerve agentsto be
affected by their vapors.

All the nerve agentshave vgpor densities
greater than 1, that means their vapors are
heavier than air and tend to sink lower to the
ground. Besides, therates of vgporization and
thevolatility determinethehazardouseffectsof
these agents. Sarinisthe most volatile agent,
andtheV X, aily by contragt, istheleast volatile
agent of all. Therefore, though sarin poses
greater vgpor hazard, VX tendsto persist in
theenvironment longer.

Nerveagentscan inducelife-threstening
cholinergic crisisby acting as cholinesterase
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inhibitors, as do the organophosphates. Nerve
agent formsacovalent binding with theacetyl-
cholinesterase (AChE), which hasonly oneac-
tivesite, causingirreversibleinhibition of this
enzyme. Theaccumul atingneurotransmitter ece-
tylcholine (ACh) in the synaptic cleft, which
cannot be hydrolyzed by AChE, will inturnac-
tivate the postsynaptic cholinergic receptors.
This can happen in the peripheral and central
nervous systems, at both muscarinic and nico-
tinic receptors. In our human body, our eryth-
rocyte cholinesterase activity correl atesbetter
with that in the nervous system than plasma
cholinesterase, whichweoften called pseudo-
cholinesterase or butyrylcholinesterase.?*
However, the presenting symptoms are not
correlate with the erythrocyte cholinesterase
inhibitionverywell.

Clinical Manifestation

The routes of exposure determine somewhat
the order and onset timing of the presenting
symptoms. Interrorist or battlefield scenarios,
most victimsare affected viavapor route. The
pupillary musclesarethemost accessiblecho-
linergic syngpses. Thusmiosismay bethefirst
symptominthesepatients. Nozaki et a reported
that pupil sizelessthan 3mmisasensitiveand
simple method for sarin exposure detection.
Inthe sarin subway attack in Jgpan, the patients
complained of dim and blurred vision. They
described that everything seemed dark at that
time.® Rhinorrheaand salivation can bethenext
presenting symptomsin the vapor exposure.
Thiscana so beasystemic effect. The severity
is dose-related.*” With the vgpor inhaation,
nerve agents induce bronchorrhea and
bronchoconstriction of the respiratory tract.
When the nerve agents enter the body, they
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penetrate into the circulating blood and cause
systemic effect. The gastrointestinal effects of
nerve agents include increased bowel
movement, nausea, vomiting, diarrhea, and ab-
domina crampingpain.

The cardiec effectsvary since sympathetic and
parasympathetic inputsto the heart are some-
what differentineachindividud . Besides, nerve
agents can activate both muscarinic and nico-
tinic receptorsin the cardiovascular systems.
Asaresult, the blood pressure and heart rate
arerelaively unpredictableinexposed patients.

Intheperipheral neuromuscular systems,
cholinergic nicotinic activation causesfascicu-
lationsand thentwitching. Thiscan bedifferen-
tiated from seizure by el ectroencephal ogram.
Whenadenosinetriphosphate (ATP) isdepleted
lateinthecourse, flaccid paralysisfollows. Re-
member in botuliniumintoxication, flaccid pa-
ralysis occurs earlier in the course dueto pr-
esyngpticinhibitionof AChreleaseby thetoxin.
The neuromuscular effectsof nerveagentscan
compromiserespiratory functionif therespira-
tory musclesareinvolved.

Humean brain has anumber of pathways
containacetylcholine, including neuronsinthe
neostriatum, the media septal nucleus, and the
reticular formation. Nerveagentscancausegrest
hazard here. Loss of consciousness, multi-fo-
cal seizures and gonea dueto central respira
tory center suppressionwill occur.

Nerveagentscan beabsorbed throughthe
skin. Volatility determinesthetopical dosethe
nerve agents need to produce toxicity. Less
volatile nerve agentsneed fewer doseandtime
to be absorbed. VX istheleast volatile agent
and it can be absorbed into the skinwell after a
small contact time® Thederma LD50of liquid
VX is6 mgfor a70-kg adult, and that of liquid
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sarinismuchlarger, about 1960mg. (L D50: the
dose needed to kill 50% of the patients
exposed).>* " Rel ativelargeproportionof sarin
and tabun evaporate before they can be
absorbed, since they are more volatile nerve
agents. In Marrs et a’ s study, the symptoms
can onset 18 hours after dermal exposure to
liquid nerve agent.2 Delayed presentation may
be dueto continuous penetration of thea reedy
absorbed nerveagent intotheblood circulation,
though the skin hasbeen decontaminated.3°In
general, the more delayed onset of the
symptoms, the less severe the effectswill be.
With adrop of nerveagent, it may causelocal-
ized swesting, localizedfasciculation, however,
thesemay besubtleif thepatientsarenot aware
of them. Thenthenerve agentsenter theblood-
stream through thewel | vascul arized subcuta-
neoustissueor muscles. Miosiswill occur much
later in the course by this route of exposure,
because the nerve agents have to cross many
barriersand diffuseinto the agueous humor to
reach the receptors of the papillary muscles.
Commonly,thecholinergiceffectsof liquidnerve
agent exposure take more time to reach peak
than vapor exposure. Thus, much longer time
for trestment and close monitoringisneeded if
liquid exposure cannot be excluded.

Nerve agent intoxication-related death
usualyisrespiratory failure. Thiscanresultfrom
bronchospasm, bronchorrhea, respiratory
muscle paralysis, and central inhibition of the
respiratory center.

Delayed neurobehaviora syndromeare
noted in some patientssurvived thenerveagent
attack. Some patients have difficult in
concentrating, sleeping, or working. Mood
disturbance, headache, and personality change
have been reported in the Jgpan subway attack
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patients. This delayed neurobehavioral syn-
drome in some patients, if not at all, may be
posttraumatic stress disorder.**? |n others, it
may due to hypoxic encephalopathy.’*'* The
pathophysiology isstill unclear now.

Treatment

Thepatients clinical conditionandtheexposed
pathway should bekept inmildinthemanage-
ment of nerve agent hazard.

Decontamination

Decontamination should be considered inthe
management of nerveagent victims. Smply by
taking off the clothesor the garmentsand brief
decontamination canremovemost of thetoxins.
Nerveagentscan beabsorbed through theskin.
Therefore, unrecognized contamination or in-
adequate decontamination may cauise second-
ary injury to the healthcareworkers.

The nerve agents can be inactivated by
alkaline solutions. The USArmy recommend
0.5%sodiumhydrochl oride( househol dblesch:
water= 1:9) can be used. Detergent and water
areused inthe most Situations, however.

Atropine
Atropineis highly selective for muscarinic
receptors, but it can not distingui sh betweenthe
M1, M2, and M3 subgroups of muscarinic
receptors. Itspotency at nicotinic receptorsis
much lower than that at muscarinic receptors.
Atropine causesreversible blockade of theac-
tions of acetylcholine. This can be overcome
by alarger anount of AChsby competitionwith
atropine at the binding site of muscarinic
receptors.

Initially, administer 2mgfor adultsand 0.
02mg/kg for children intravenously is



consdered. Intramuscular (IM) routeviaan M
autoinjector can be used in thefiled treatment.
Inaseverdy nerve-agent-poisoned adult, treat-
ment beginswiththreelM autoinjectorsor 6mg
of atropine, thento retreat every 5to 10 min-
utesif needed.®® Nerveagent—induced broncho-
spasm and bronchorrhea could make ventila-
tion-only ineffective in a severely poisoned
patient. Inaseverely poisoned patient who still
has pulse, it could be better to givean IM
atropine autoinjector before taking time to
intubate.*> Dunn reported that inthefirst 2 or 3
hour of management, acumulative dose of 10-
20mgwill provideadequatecontrol intheacute
stage.’® Sometimes amaintenanceintravenous
thergpy isneeded for 2 to 3 days.” Generally
theendpoint of atropinetreatment iswhenthe
patient can breath without the complication of
respiratory secretions. Clement reported that
atropine can counteract soman-induced hypo-
thermiainamicestudy.’®

Pralidoxime chloride

Praidoximechloride(2-PAM-Cl) isacholinest-
eraseregenerator. It can regenerate the active
enzyeme from the organophosphorous-cho-
linesterase complex. Itsoximegroup (=NOH)
has high affinity for the phosphorous atom. 2-
PAM-CI can hydrolyze the phosphorylated
enzymeif thecomplexisnot* aged”. Cholinest-
erase” aging” haf-timevariesfor differentkinds
of nerveagents. The“aging” half-timeof VX
and tabun is reported longer than 40 hours.
Soman hasrelatively short* aging” haf-timeof
about 2 minutes.* 2-PAM-CI ismost effective
in the management of nerve-agent associated
neuromuscul ar junction poisoning. However,
because of its positive charge, it cannot cross
the blood-brain barrier. It isineffectivein re-
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versing the central effectsof nerveagents.

2-PAM-Cl isadministered by intravenous
infusion, 1- to 2-g given over 15-30minutes,
for a70-kg adult. A maximum single dosage of
2000mg or 30mg/kg per hour iscurrently ac-
cepted in United States.’*?° Higher doses (e.
g.,49) may be needed in severe poisoned
patients.?! In excessive doses, 2-PAM-CI has
potential adverse effects, such as dangerous
hypertens on and neuromuscul ar weakness. El-
evated blood pressure can persist for hours, and
itmay beminimized by prolongingtheinfusion
time.* Data of 2-PAM-CI use in nerve-agent
poisoned childrenislimited. Onerecommended
begin by dow intravenousinfusonwithadose
of 15-20 mg/kg for children.?? A typical dose
of 2-PAM-CI in organophosphate-poisoned
childrenis 20 to 50 mg/kg to a maximum of
2000mg/h.? Repeated doses or continuousin-
travenous infusion may be needed in severe
Cases.

Anticonvulsant

Nerve agent-related status epilepticus may be
multicentericin origin, since the cholinergic
neurotransmition in the brain is widely
distributed. Benzodiazepines are effectivein
nerve agent-related seizures. In the field
medicine, 10-mg M autoinjectorsispreferred.
Itisbetter changed tointravenousroutefor the
unpredictable absorption of 1M autoinjectors.
Although diazepam isthe FDA gpproved ben-
zodiazepinefor seizure, midazolam showed a
broad spectrum against nerve agentsat lowest
blood concentration and more rapidin an ani-
mal study.* It may be needed to use EEG for
seizure evaluation since convulsion can be
masked by the paralysis effect of the nerve
agents. Prolonged saizureisconsideredtodam-
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ageneurons.

Other

Pyridostigmine bromide
Pyridostigmine bromide antagonize
nondepol arizingneuromuscul arblockademainly
by inhibiting theacetylcholinesterase, resulting
inincreasingtheacetylcholineat theneuromus-
cular synapses. To alesser extent, it can also
increase release of neurotransmitter form the
motor nerve terminal. The FDA approved
pyridostigmine bromide as apretreatment for
therapid aging soman atteck inthefieldin Feb-
ruary 2003. The pretreatment does is 30 mg
every 8 hourswhileitisstarted 60 mg every 8
hoursinmyastheniagravispatients.

Conclusions

Management of nerve agent poisoningiscom-
posed of close linked steps. Early detection,
field on-gitetriage (set priority), decontamina
tion (if appropriate), primary survey,
resuscitation, and early antidote useareclearly
important intheacute stage of poisoning. Inten-
sivecareby awell-trained teamisneeded. The
success of nerve agent poi soning management
depends on how well we have prepared.
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