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Chemical poisoning: Cyanidepoisoning

Shih-Yu Ko, MD; Tzong-Luen Wang, MD, PhD

Abstract

After theterroricattackinNew York on Sep 11, 2001, themedical issuesabout chemical, biological,
radiological, and nuclear terrorism became more and moreimportant. In order to let all emergency
personnel to befamiliar with the cyanide poi soning, we reviewed articles about cyanide poisoning
and introduced the effects of biol ogic destruction, metabolic mechanism, symptoms and signs of
cyanide poisoning. Besides, wea so put emphasi son the decontamination, | aboratory diagnosisand
treatment of cyanidepoisoning. Wehopethisreview articlecan givethereadersenoughinformation
about how to goproach patients exposed to cyanide and decrease the mortality and morbidity rateif

thereisacyanide poisoning event. (Ann Disaster Med. 2005;4 Suppl 1: S18-22)
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Introduction

Cyanideisfound in avariety of substances:
plastics, glueremovers, wool, silks, nylons, and
plants.t Numerous forms of cyanide exist, in-
cluding hydrogen cyanide (HCN ) and cyano-
gen chloride ( CNCI ), water-soluble potas-
sium and sodium cyanide salts, and poorly wa-
ter-soluble mercury, copper, gold, and silver
cyanide salts.? Poisoning may occur
latrogenicaly suchasnitroprussdeinfusion, in-
hal ation of hydrogen cyanide gas, or during a
combustion byproduct of cyanide-containing
products.

Cyanideisoneof thelethal chemica agent
that can be spread as accidental exposure,
chemical warfare and act asaterrorism. After
the terroric attack in New York on Sep 11,
2001, theknowledgeof lethal chemical agents

became more and moreimportant for an emer-
gency physician. In our country, the Republic
of China, letha chemicd agentsareact asthrest-
eningtoolstomakeanillega profitby evildoers,
so al the emergency personnel haveto pre-
parefor the scenario: the next patient who go-
pearsin front of you might be the victim of
chemica agentspoisoning such ascyanide.

Mechanism of cyanide intoxication:
The common sources of cyanide poisoning
including: 1) Smokeinhaation of household
firesduring the burning of common substances
such asrubber, plastic, and silk can create cya
nidefumes. 2) Photography, chemical research,
synthetic plastics, meta processing, and elec-
troplatingindustriesusecyanide. 3) Certainrare
plantscontai ning cyanideincludegporicot pitsand
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atype of potato called cassava. Fortunately,
only chronicor massiveingestion of any of these
plantscen lead to seriouspoisoning. 4) Certain
chemicals, after ingestion, can be converted by
thebody into cyanide. Most of thesechemicals
have been removed from the market, but some
old artificia nail polish remover, solvents, and
pl astics manufacturing solutions can contain
these substances:?

Cyanideisarapidly acting poison, par-
ticularly whenitisinhaled. Hydrogen cyanide
hasabitter almond odor*(The odor of hydro-
gen cyanideisdetectable at 2-10 ppm) ,> but
some individual s cannot detect it and conse-
quently it may not provideadequatewarning of
hazardous concentrations. Thelethal dosefor
adultsis200-300 mg of potassium or sodium
cyanide, or 50 mg of hydrogen cyanide. >°

The mechanism of toxicity involvesthe
binding of theferricioninmitochondria cyto-
chrome oxidase, preventing el ectron transport
inthe cytochrome system and bringing oxida-
tive phosphorylation and ATP productionto a
halt. Theinhibition of oxidativemetabolismin-
cressesdemandsonanaerobicglycolyss, which
resultsinlactic acid production and may pro-
duce severe ecid-baseimbalance.

Onceingested, cyanideisdetoxified by
enzymatic conversiontothelesstoxic, rendly
excretedmetabolite, thiocyanate. A small amount
of cyanideisalso detoxified by thevitamin B12
precursor, hydroxycobalamin. Thischelating
agent binds cyanide to form nontoxic
cyanocobaamin.®®

Clinical presentation

Cyanide May be absorbed through skin and
eyes. If the compound was inhaled, people
might have sorethroat and persistent running
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nose. Then the systemic symptoms appear.
Early manifestati onsof poi soningincludeanxiety,
dyspnea, heedache, confusion, tachycardia, and
hypertenson.All abovesymptomsandsignswill
befollowed by stupor or coma, seizures, fixed
anddilatedpupils, hypoventilation, hypotension,
bradycardia, heart block, ventricular
arrhythmias, and complete cardiopulmonary
COl | mse 1,2,3,8,10,11

Laboratory diagnosis
Thediagnosisof cyanide poisoningisusualy
medeonclinical grounds. Becausecyanidepoi-
soningisofteninthesetting of smokeinhaation,
the combination with carbon monoxide and
cyanidetoxicity should dwaysbekeptinmind.
Blood cyanide levels> 0.5 mg/L are consid-
eredtoxic.’® Coma, saizures, and cardiopulmo-
nary dysfunctionwill hgppenrgpidly inthepres-
ence of severe lectic acidosis or an elevated
mixed venous oxyhemoglobin saturation
(evidence of the blocking of aerobic oxygen
utilization). *Routinelaboratory studiesfor all
exposed patientsinclude CBC, blood glucose,
andelectrolytedeterminations. Additional stud-
iesfor patients exposed to hydrogen cyanide
includeECG monitoring, determinationsof se-
rum lactate, chest radiography, and pul seoxim-
etry (or ABGmeasurements). Besides, thebit-
ter almond scent of hydrogen cyanide gasmay
also be present. 2456

After trestment with nitrites, serummeth-
emoglobinlevelsmay bemonitored. However,
the usual methodsof monitoring methemoglo-
binlevelsareunrdliablein casesof cyanidepoi-
soningand may serioudy underestimatethelev-
elsof inactivehemogl obin. Alternativemethods
exist, but may not be available. Whole blood
cyanidetestsgenerdly requireseverd hoursand



cannot be used to guide emergency treatment.
However, blood cyanide levelsmay be useful
in documenting exposure, 89101213

General principles:
The genera principles of handling an acute
chemical emergency begin with stopping the
exposure, which canbeaccomplished by evacu-
ating or extricating the affected persons, and
then by thorough decontamination. [dedlly, the
persons who might be exposed to chemicals
should move upwind of the contaminant and
moveto an adequate shelter. Then they should
removeand bag their clothing and shower thor-
oughly with sogp and water assoon aspossible.
Early decontamination of personswith
hazardous exposure should be performed by
trained first responders. In Taiwan, thefirst re-
sponder may bethe EMT personnel or thetri-
age personnel of an emergent department of
hospital . And the decontamination spot should
befar from the ordinary pathway. Removing
contaminated clothing can eliminate 85 to 90
percent of trgpped chemical substances.*#>:16
Theinitia supportivetherapiesof chemi-
cal exposure after decontamination focus on
airway patency, ventilation, and circulation.
Besides, patientsmight suffer fromanexplosion,
we haveto keep in mind that they might have
concurrentinjuriesof burn, or trauma.*?
Incasesof ingestion, donotinduceemesis.
I ectivated charcoa hasnot been administered
previoudy, andthevictimisa ert, asymptomatic,
and hasagag reflex, administer activated char-
coal (administer at 1 gm/kg, usual adult dose
60-90 g, child dose 25-50 g). 1216 A soda
can and astraw may be of assistance when of -
fering charcoal to achild. If the patient is
symptomatic, immediately ingtituteemergency
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life support measures, including the use of a
cyanide antidotekit +3°

Treatment

Treatment of cyanide poisoning tendsto be ef-
fective if started early. Oxygen,
decontamination, nitrites, and sodium thiosul-
fatearethemainthergpeutic modalities.* Oxy-
gen therapy at 100% fraction of inspired oxy-
gen ether by face-mask or endotracheal tube
should beinstituted immediately. Hyperbaric
oxygen is as of yet unproved in cyanide
poisoning.”

Antidote: Cyanide antidotes-amyl nitrite
perlesand intravenousinfusionsof sodium ni-
triteand sodium thiosulfate-arepackagedinthe
cyanideantidotekit. Amyl and sodium nitrites
induce formation of methemoglobin. Cyanide
hasahigh affinity for theferriciron containedin
methemogl obin, thereby rendering methemo-
globin an effective scavenger of unbound
cyanide. Amyl nitriteisadministered by inhda
tion of crushable pearls, which areinhaled for
15to 30 swith 30 sof rest betweeninhaations.
One pearl lastsgoproximately 2to 3min. This
thergpy inducesa5% methemogl obenemiaand
can beused in spontaneoudy breathing patients
or in patientsreceiving ventilatory support until
administration of sodiumnitrite.’>*2

Sodiumnitriteisadministered 1V at adose
of 300 mg (10 ml of 3% solution) over 3
min to convert more hemoglobin to
methemoglobin. ***> The average pediatric
doseis0.12t0 0.33 mL/kg body weight up
to 10mL infused asabove. Monitor blood pres-
sureduring sodium nitriteadministration, and
slow the rate of infusion if hypotension
develops. +21%2 Half thisdose may berepeated
after 2 hif thereispersistent toxicity, and atol-
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erabledegreeof methemoglobinemia. Usually,
methemoglobin levelsremain <20% and the
reduction of total oxygen-carrying cgpecity by
the combination of carboxyhemoglobin and
methemoglobinis21%.'®

Next, infuse sodium thiosulfate
intravenoudy. Theusud adult doseis50 mL of
a25% solution (12.5 g) infused over 10to 20
minutes, theaveragepediatricdoseis1.65mL/
kg of a25% solution. Repesat one-half of the
initial dose 30 minutes|ater if thereisan inad-
equateclinical response. Methyleneblueshould
be avoided asatreatment of methemoglobin-
emia because it will release free cyanide So-
diumthiosulfate 18192

Hydroxycobaaminisapromisingantidote
cgpable of reducing RBC and plasmacyanide
concentrations. In healthy adult smokers,
hydroxycobaamin, 5 g 1V, decreases whole-
blood cyanide levels by 59%. The currently
recommended dose of hydroxycobalaminin
acutecyanidepoisoningis4to5g 1V adminis-
tered as a one-time dose. However, the FDA
has not approved its use in the United
StaIeS.21'22’23'24

Conclusion

In all serious cases of exposureto cyanide, a
successful outcome hinges on the immediate
provision of basic life support and
decontamination, andfollow-upwith excellent
supportive care. Community preparednessfor
possi bletoxic chemical releasesrequireswel |-
organized emergency-medical-response
systems, aswd| ascliniciansandhospitalstrained
for readiness. Emergency planning should be
goplicable to both accidental and deliberate
chemical releases. Besides, the country should
intervene and stockpile antidote kit. If whole
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the hinges are set down, the tragedy will be
prevented.
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