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Abstract

Emergency physicians often encounter poisoned patients exposed to agents, intentionally or
unintensionally, with known or unknown nature. Theexposuremay beiatrogenic (drugsinteraction)
or non-iatrogenic. Thescenariosrangefromindustrial disaster, occupationa exposure, recreational
mishap, natura catastrophe, chemica warfare, and actsof terrorism. Wereview papersof toxidromes
regardingtoclinica presentation, physical examinationfindings, and laboratory findingtoaid emer-
gency physiciansdifferentiating commonly encounterd poisons. Neverthel ess, evidence-based ap-
proachesand clinical tridsarelimited. Current management ismostly based on expert-consensus
from previoustragic experiences. Inthisreview article, current accepted management for common
poisonings aso areintroduced. (Ann Disaster Med. 2005;4 SQuppl 1:S1-S7)
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Introduction

Inrecent 10years, severdl terroric attackstook
place, such asthebombingsof theWorld Trade
Center(1993); bombing of Alfred P. Murrah
Federd Building in OklahomaCity(1995) and
the famous sarin attacks in Tokyo and
Matsumoto(1995). Recently, terroristsdeclare
extensive attacks involving biochemical
wegpons. Thesearelarge-scal eactivities. Many
other similar but smaller attacks are not
uncovered. For example, in Taiwan, cyanide
poisonsjust took place not long ago. Why are
there so many terroric attacks than before? It
may be related to the easier access to such
materials or methods either from network or
books. These agents not only threaten our life
but also cause fear, panic and even societal

disruption. Asmedical care-providers, tosolve
thecivil fear isbeyond our ability. We should
realize the characters and toxidromes of the
agentsthat would be encountered. Otherwise,
an gopropriate emergency department and hos-
pital preparedness should be established. This
reviewed articlewill introducethemanagement
at the scene, characters of toxidromes, and the
responsesinthehospital.

General Principles

Emergency personnel at the sceneof unknown
chemical sshouldestablishhot zone, decontami-
nation zone and support zone. Treatment be-
gins with ending the exposure. Well-trained
emergency personnel with gppropriate protec-
tiveequipment enter thecontaminationzoneand
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extricate the affected persons. In the decon-
tamination zone, contaminated clothingaretook
off and enclosed in aplastic bag with ahazard
mark. It can eliminate 85 or 90 percent of
trgoped chemical substances. Theaffected per-
sons should be showered with water and then
washedwith sogpandwater. Thoughitissmple,
itiseffectivefor most Stuations. Excepttheaids
of theemergency personnel, personsnearby the
scenehad someself-protectivemethods. If they
areoutdoors, they should leaveaway fromthe
contaminationtotheupwindplacewithashdter.
If they areindoors, they should close all the
exitsthat communicatewith outsides. They can
also decontaminate themselves as mentioned
above.

Mass casualties may occur and most of
victimsareminimally exposed and ambulatory.
Hospitals and triage centers should prepare
advanced shower facilitiesfor these persons.
Mental support should also be provided be-
cause most victimsare affected inthe spirit as-
pectsthan the physical ones.

Toxidromes and Management
Wewill introducefour kindsof substancesthat
may cause affairsattracting peopl €' sattention.
They canleadto misery ingaseousformviares-
piratory tract or skin contact andinliquid form
for skin or gastrointestinal exposure.
Thetoxidromesand management aredis-
cussedinthefollowings.

Initial Supportive Measures

Initia in-hospital management after decontami-
nation isto resuscitate and stabilize patients.
Smultaneoudy, history includingtypeof toxins,
quantity, time of exposure, any availableinfor-
mation about thetoxinsand detail physical ex-
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aminationwith neurol ogic examination should
be carried out. Laboratory evaluation can also
be complete thereafter. Except theinitial de-
contamination of externa exposureat thescene
or thetriage stations, there are some measures
to decontaminate and eliminate toxinsin the
body. Asfollows:

Gastrointestinal decontamination
Nasogastrictubeinsertion canenhancedimina
tionof dowly absorbed substance, usudly within
oneto two hours after ingestion, if thereisno
contraindication. Activated charcoal could be
given through the nasogastric tube to adsorb
toxinsexceptiron, lithium, sustained-rel eeseor
enteric-coated substances and illicit drug
packet. The dose suggested is1 g/kg fol-
lowed by 0.5-1g/kg every 4 hours or infu-
sion =12.5g/hr. The airway should be pro-
tected to prevent aspiration. No evidence-base
studies supporting the activated charcoal use.
Whole bowel irrigation is another choiceto
decrease absorption. Large volumesof apoly-
ethyleneglycol eectrolytesol ution could bead-
ministered at 1-2 L/hr. The effect may be
achievedwhenclear rectd effluentisobserved.
Thecontraindi cationsincludeileus, gestrointes-
tinal obgtructionor perforation, intractablevom-
itingor hemodynamicingtability.

Enhanced elimination

Hemodiaysis and hemoperfusion areusually
reserved for elimination of specificlife-threat-
eningtoxins. Hemodiaysisissuitablefor water
soluable, low volumeof distributation, low mo-
lecular weight and plasma protein binding
materids.|nsteed, hemoperfus onservesastech-
nique removing high plasma protein binding
toxins. Bothof hemodiaysisandhemoperfusion
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are not performed in hemodynamic unstable
patients.

Asphyxiants

Asphyxiants can cause tissue hypoxia, lead to
vital organ dysfunction, and present symptoms
from mild to severe depending on the amount
and character of the exposed toxins. They are
classfiedassmpleor chemical by their mecha:
nism of toxicity. Simple asphyxiants such as
methane, propane, nitrogen, carbondioxidedis-
placeoxygenininspirited air, decressed FiO,

,which result in hypoxemia. Chemical
agphyxiantssuch ascarbon monoxide, cyanide,
hydrogensulfide, interferewithoxygenutility in
cdll levelsandthereby causetissuehypoxial esd-
ingtolecticacidosis. Mildsymptomsof asphyxia
includeheedache, fatigue, dizziness, and nausea.
More severe symptoms range from dyspnea,
atered menta status, cardiacischemia, and syn-
copeto comaand seizure. Respiratory failure
generally resultsfrom depression of thecentral
nervoussystem.

Simple asphyxiantsare usually non-odor
except for mercgptan added. Most of them have
no irritant properties. According to the acting
mechanism, arterial blood gasand pulse oxim-
etry are of value to detect decreased oxygen
saturation. Thereby, therapy for exposureis
supplement of one hundred percent oxygen.
Chemical asphyxiantsdescribedrespectively as
follows

Carbonmonoxidepoisoningismost com-
mon of asphyxiant poisoning. Itsincidenceis
greater inthewinter seasonfromthefaulty hest-
ing systems. Other sourcescomefrom exhaust
of motor vehicle and combustion appliance,
smokeinhalation and metabolism of methylene
chloride. Itisnon-odorousand not irritant. Car-
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bon monoxide bindswith hemoglobintoform
carboxyhemogl obin which decreases oxygen
carrying cgpability of hemoglobin. Italsobinds
to myoglobin and cytochrome oxidaseleading
to decreased oxygen utility of cell. Theaccept-
ablecarboxyhemoglobinleve inplasmais3per-
cent in nonsmoker and 10 percent in smoker.
Half-life is about 4-6 hoursin roomair and
1-1.5 hours with 100 percent O,. If patients
hed altered sensorium, focal neurologic signs,
Seizure, pregnancy, higher carbonic monoxide
level, hypercarbic oxygen thergpy should be
considered. Hypercarbic oxygen can decrease
thehalf lifeto 15-30 minutes.

Cyanide comesfromindustria or |abora-
tory environments, smoke inhalation,
electroplating, metabolism of acrylonitril nd
other nitrils(iatrogenic). Itisalso producedina
fireaccident. In asudden collgpsed industrial
or laboratory worker, cyanidepoisoning should
be taken into account. Fire accident survivors
should beexamined for blood cyanidelevel es-
pecialy if thereismuch plastic product at the
scene. Cyanide has bitter almonds odor and it
isirritant to skin and eyes. The hallmarks of
cyanidetoxicity are persistent hypotensionand
acidemiadespiteadequatearteria oxygenation.
Cyanide dose not interfere oxygen-carrying
cgpability of hemoglobinand thereby thearte-
rial blood gas or pulse oximetry would show
normal saturation. Dueto blocking theoxygen
used by cells, the oxygen gradient between ar-
tery andveinislow. Treatment beginswith pro-
viding 100 percent oxygen. Cyanidekitisused
if cyanide poisoning ishighly suspected. Cya
nidekitsincludesodium nitriteand thiosul fate.
Nitriteinducestheformationof methemoglobin,
which is bound by cyanide, yielding
cyanomethemoglobin. Methemoglobin level



must be monitored for its decreasing the oxy-
gen-carrying capecity of theblood. Thiosulfate
actsto accelerate the detoxification of cyanide
to thiocyanate. For cyanide poisoning due to
smokeinhaation, useof thiosulfate, oxygen,and
supportive measuresis recommended and re-
servingnitritesfor patientswhoarehypotensive,
acidemic, or comatose.

Hydrogen sulfide comesfrom decaying
fish, sawage, production of petroleum, pgper
mills. It hasrotten egg like odor with strongir-
ritant to skin, eyesand respiratory tract. 1tspoi-
soning mechanismissimilartocyanide. Itisless
toxicthan cyanideduetoitsmorerapidrrevers-
ibleeffect on cell hypoxia. The patientsshould
be provided with 100 percent oxygen. Thio-
sulfateisof no use, but nitril maybetried.

Cholinesterase Inhibitor

This content introduces organophosphate,
carbonate, and nerve agents. All act oninhibit-
ingacetylcholinesteraseresultingincholinergic
symptoms, with both muscarnic and nicotinic.
Carbamates do not enter the central nervous
system, and enzymeinhibitionisreversiblein
minutesto hoursresulting in limited toxicity.
Organophosphatespermanently inactivateace-
tylcholinesterase and penetratethe central ner-
voussystem, leadingtogrester toxicity and need
for antidote administration. Nerve agentssuch
as sarin, soman, tabun, VX, act as
organophosphate. Mnemonicsfor anticholin-
ergic symptomsis SLUDGE and Killer Bees
whichrepresentsdivation,lacrimation, urination,
diarrhea, gastrointestinal upset, emesis and
bradycardia, bronchorrhea, bronchospasm
respectively. Miosis, dimvision, heedache and
eyepain may asobeobserved. Itscentral ner-
vous system effectsincludeirritability, cogni-
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tiveimpairment, convulsion and coma. Trest-
ment should not wait for serum cholinesterase
activity and beginswith 100 percent oxygen,
suction and mechanical ventilation as needed.
Therearethree antidotes available—atropine,
pralidoxime, and diazepam. Atropine ectsto
antagonizemuscarinic effect. Itisadministered
2-4mgintravenoudy every 5to 10 minutesfor
repiratory symptomscontrol includingdyspnes,
airway secretion. Pralidoxime can reactivate
cholinesterasesif itisgiven beforeirreversible
binding of toxin occurs (usually <24-48 hrs
depending on the specific agent). The dosage
WHO recommended is = 30 mg/kg intrave-
nousbolusand = 8 mg/kg/hour infusion. Ex-
perientially 1-2 g administered intravenously
over aperiod of 20-30 minutes. Asfor seizure,
benzodiazepines are the only effective
anticonvulsant.

Respiratory Tract Irritants
Most commonly confronted areirritentstores-
piratory tract fromindustria accidents. Lessfre-
quency arethose seeninriotssuch aschocking
gases and tear gases. The physical effectsde-
pend on dose, water solubility and direct tissue
reectivity. According to physic principle, more
water solubleagent seldom enterslower respi-
ratory tract. Theeffectsaremainly restricted to
upper airway with early warning symptoms.
Lesssolubleirritants go deeper into lower air-
way and cause acute lung injury with delayed
onset. Itsirritant effectsaremore prominent on
respiratory tract than skin or eyes. Theseirri-
tantsinclude chlorine, anmonia, phosgene. At
high concentration exposure, bothwould cause
upper and lower respiratory tract injury.
Phosgene has new-mown hay, moldy hay
or greencornodor. Itislow water soluble. After
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exposing to phosgene, there may be no symp-
tomsinitialy but delayed lung injury wasever
reported aslate as 15-48 hours. Poor progno-
sisisexpected if dyspneaor chest x-ray film
finding of lung edemaoccur within 4 hoursaf-
ter exposure. If remaining no symptoms and
clear chest x-ray film after 8 hours after
exposure, ecutelunginjury islesslikely.
Treatment beginswith supportive care,
admini straton of oxygen and decontamination.
If patients represent hoarseness, strider,
wheezing, altered consciousness, endotrachea
intubation may be required to prevent airway
obstruction secondary to edemaor aspiration.
Bronchodilator and steroid, used to decrease
edema and inflammation, may be of some
benefit. Mechanical ventilationwith PEEPmay
be necessary for pulmonary edemato maintain
adequate oxygenation. Prophylacticantibiotics
arecontroversial.

Vesicants and Skin Caustics
Vesicants, blister causing agents, areirritant to
airways, skin and eyes. The most famousis
mustard, usually used in chemical warefare. It
enters body circulation within minutes if
absorbed, but alatency of 4-12 hours exists
beforesymptoms. Therefore, decontamination
soon after exposureisindicated.
Symptomsfirst recognized are effectson
skinandeyes. Thesemay resultinconjunctivitis,
corneal damage, eventemporary or permanent
blindness. Skin presentationsmay beerythema,
vesicles, or bullaein intertriginous aress. Air-
way involvement may not be emerged as soon
asinskin or eyes. It usually occurs after 24
hours, |eadingtoepistaxis, pharyngitis laryngitis,
cough, dyspnea, hemorrhagic edemaor airway
obstruction. Mortaity usually comesfrom pul-
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monary complications. A late effect ishemato-
poietic suppression. Poor prognosisarisefrom
pulmonary effect within 6 hoursafter exposure,
greater then 25 percent burn injury of body
surface and absol ute white count < 200/mm?,

Treatmentsaremainly supportive, includ-
inglungcareastoirritant, ophthal mictrestments
including topical anticholinergics, antibiotics,
petroleum, skinburninjury carewhichnogresat
amount fluidislost and edequate hydration. No
antidoteisavail able. Nonsteroi d anti-inflamma:
tory drugs, thiosulfate, nonabsorableantibiotics,
granulocyte colony-stimul ating factor may be
tried.

Summary

Emergency doctors and even other clinical
doctors may have to face patients exposed to
unknown toxins. Sometimes doctors may be-
comethe first line personnd to involve in
the management of a chemical disaster.
Neverthless, every one should have the con-
cepts about the management at the scene, in
thetrangportation, or inthe hospital stage. Saif-
protective hardwares should be equipped be-
foregpproaching patients. A detail history about
events, including environment, possible
substances, accessible facilitiesis required.
Toxidromesidentification and completephysi-
cal examination help to deal with patients. Do
what you cando accordingtoyour level. If itis
beyond your capability, transfer patients to
higher-gradecenters.
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