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Carbon Monoxide Poisoning

Carbon monoxide is the most
frequent cause of poisonings in
| industrialized countries.

CHEMISTRY

Chemistry of Carbon Monoxide

= Gas:
= Colorless
= Odorless
# Tastoloss
= Nonlrating
% Results from the
Incomplste
combustion of
carbon-containing
fuels.

% Abbreviated "CO"
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Chemistry of Carbon Monoxide

% Molecule consists of
one carbon atom
joined to one oxygen
afomn by a triple bond.

& Extrerely stable
moleculs.

C=0:

A
112.8 pm

SOURCES

Sources of Carbon Dioxide

# Endogenous

= Exogenous
= Msthylena chloride
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Sources of Carbon Monoxide

= Endogenous: o
+Normal heme - N
catabolism o —
(braakdown):

ZOnly biochemical
reaction in the body
known to produce
GO.
ZLevels Increased In:
s Hamolytic anamia.
#Sapsis

Sources of Carbon Monoxide

% Clgarstia smoke.

T ——
Sources of Carbon Monoxide

# Methylene chloride:
% Paint and adhesive
remover.
 Convaried to CO In the
liver after inhalation.
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INCIDENCE

Incidence

% CO is leading cause of poisoning deaths.

% CO may be responsible for half of all
poisonings worldwide.

%~5,000-6,000 people die annually in the
United States as & result of CO poisoning.

#~40,000-50,000 emergency department
visits annually resulf from CO poisoning.

Incidence

= Accldental CO
polsoning deaths
deaclining:

% improved motor
vehicle emision
policiea.

= Use of catalylic
corwvartors.
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e
Incidence
i Most accldental

deaths are due to:

# Houso fires.

Incidence

# Increased accldental
CO deaths:
 Pailant > 65 yaars of

age.
& Male
= Ethanol intoxdeation.

2 Accldental deaths
peak In winbar:

% Use of heating
syetems.
& Closed windows.

Incidence

= Significant increase in
CO poisoning seen
following disasfers.

2 Primarily relates to
loss of utilitiss and
rellance on gasoline-
powersd generators
and use of fusi-
powsrad hegters.
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Incidence

# Fetal hamoglobin has
& much
afiinlty for CO than
adult hemoglobin.

“ Pregnant mothers
gy exhibit mild to
moderate symptoms,
yet the fetus may

EXPOSURE

Environmental CO Exposure

# Environrmental
exposure fypically
«<0.001% (10 ppm).

% Higher in urban
freas,

3 Sources:

* Yolcanic gasses.
 Bush fires.
% Human pollution.
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CO Exposure

Source Exposure (ppm)
Fresh Air 0.06-0.5
Urban Air 1-30
Smoke-filled Room 2-16
Cooking on Gas Stove 100
Actively Smoking a Cigarette 400-500
Automobile Exhaust 100,000

CO Exposurs

= CO absorption by

the body Is

dependent upon:

& Minuie ventiletion
Voran)-

& Duratlon of exposure.

= Concentration of CO In
the environment.

& Concentration of O, In
the environment.

Exposure Limits

= OSHA: g
= 50 ppm (as an §-hour '@
time-weighted

SHA i
'y > 197135 2006

= NIOSH:
a'-'.ia_s ppm_(lsun G-hour

. [VIOSH
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Firefighter Risks

% CO s a signiicant and
deadly occupational rek
facior for firefightors.

& Sources:

# Siruciure fires

= Apparedus furnes

= Portable squipment fumes

=2 Undesground utliy fires

% Closst-apace rescus
sluations

& CO Is heavier than alr
and accumulaies in lower

reglons.

Firefighter Risks

= SCBA exiremely
important in CO
pravention.

#CO often
encountared during
overhaul operations.

CO POISONING
PATHOPHYSIOLOGY
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Pathophysiology

= Pathophyslology of
CQ polsoning first
described by French
physiclan Claude
Barnard in 1857.

Pathophysiology

2 CO polsoning actuslly
very compiex.

# CObinds to
hemoglobin with an
affinlty ~ 250 times
thet of cagygen.

% The combination of
CO and hemoglobin

Is called
moglabin
(COHb).

Pathophysiology

i CO displacas O, from
tha hamaglobin binding
slies

% CO prevents O, from

binding.
2 COHb doas not carry
Qs

2 COHb causse e .
prematura relsase of
remaining C, inte the
tissuss.

10
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. " Only very high
cgugu’:u::rzl:g nt'g:s concentration of O can

displace CO molecule

Hemoglobin Hemn\o_bin Hemoglobin
Subunit Subunit Subunit

[ —
Pathophysiology

% COHb ultimately removed
from the circulafion and
desfroyed.

3 Half-lfe:

= Room alr: 240-380 minuies
& Og (100%): 80 minutes
& Hyperbarie Og: 22 minuiss

T ——
Normal COHb Levels

Source COHb (%)
Endogenous 0.4-0.7

Tobacco Smokers:

1 pack/day 5-6

2-3 packs/day 7-9

cigars Up to 20
Urban Commuter 5

Methylene chloride (100 ppm for 8 hours) | 3-5

11
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Pathophysiology

% CO also binds to other Iron-contalning
proteins:
#Myoglobin
=Cytochrome
% Binding to myoglobin reducss O,
avallable In the heart:
=lschemia
#Dysrhythmias
#Cardiac dysfunction

Pathophysiology

= Impact of CO on rrajor boty systams:
% Neurolagie:
=CNS deapression rosulting in impairment:
& Headache
= Dizzinsas

Pathophysiology

% 4G-yoar-old woman with
chronic eccposurs to CO
from old car.

= COHb =48%

& Autopsy:
= Cherryrod Sesves
= Corebral edema

& Immediate cause of
death: veniricular
fibrillation due o CO

12
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Pathophysiology

= Impact of CO on major body sysfams:
#Cardiac:

< Dysrhythvnias
= Myocardal lnchamia
#Mosl CO deaths are from ventriculer fibrillation.

= Incregaed sl of pramgdure cordiac deitih

sLong-term eifects:

Pathophysiology

% Impact of CO on major body systems:
= Mleiabolic:
#Rospiratory alkalosis (from hypervontiation}
@ Metahollc ackdosis with severe exposures
ﬁsPuhnnuy;dm {10-30%)
« Diracl effeci on alveolsr memians
& Laft-ventriculer fadlurs
= Anplration
« Neurogenie putmonery edema

Pathophysiology

% Impact of CO on major body systams:
# Multiple Organ Dysfunction Syndrome
(MODs):
%O0ceurs at high-lovals of exposura
= Asgaclated with a high moralty rats.

13
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Pathophysiology Summary

= Limits O, transport:
#CO more readily binds to Hb forming COHb.
% Inhiblts O, transfer:
200 changse structurs of Hb causing
prematura release of O, Inio the tiasues.
#Tissue Inflamrmation:
= Pgor perfusion initiates an inflammatory

Pathophysiology Summary

*Poor cardiac function:

@) O, delivery can cause
dysrhythmias and myocardial
dysfunction.

#Long-term cardiac damage
reported after single CO exposure.

Pathophysiology Summary

= Yasodilation:
% Resulis from niirlc oxide (NO) increase.

#Cerebral vasodilation and systemic
hypotension causes raducad carabral blood
flow.

=NQ is largely converiad to mathamaoglobin.
% Free radical formation:

#NO accslerstes frea radical formation.

#Endothellal and oxidative brain damage.

14
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Patient Groups at Risk

= Chlldren.

& Elderly.

& Persons with heart disease.

# Pregnant womern.

& Pafients with increased oxygen demand.

2 Pafients with decreasad oxygen-carrying
capacity (i.e., anemias, blood cancers).

% Patlents with chronic respliratory Insufficlency.

CO POISONING
SIGNS & SYMPTOMS

CO Poisoning

= Signe and "::
sympioms usually You must
vague and non- ALWAYS
spacific. maintain a
high index of
suspicion for
CO poisoning!

15
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CO Poisoning

% Signs and symptoms closely resemble
thase of other diseases.

% Often misdlagnosed as:
&Viral iliness (e.g., the “fiu®)
=Acute coronary syndrome
“Migraine

% Estimated that misdiagnosis may occur in
up to 30-50% of CO-exposed patients
presenting to the ED.

Signs and Symptoms

Carbon Monoxide

1T-Sois:
« Syphilis
* Lyme disease
 Fibromyalgia
* Lupus erythematosis
« Multiple sclerosis

CO Poisoning

% Classificatlons:
=Acute
#Results from short
epposura to a high
lavel of CO.
zChronle:
= Resulls from long
enposura to a low
leval of CO.

16
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Signs and Symptoms (Acute)
# Malalse # Impulsiveness

2 Flulke symptoms 2 Distractiblllty

% Fafigue % Hallucination

% Dyspnea on exerion % Confabulation

2 Cheet pain = Agitation

%= Palpitetions % Nausea

@ Lethargy = Vomiting

2 Confuslon % Dilarrhea

3 Depresslon = Abdominal paln

Signs and Symptoms (Acuts)

% Headache = Fecal incontinence

% Drowslness 2 Urinary Inconiinence
2 Dizziness % Memary disturbances
2 Weakness 2 Gait disturbances

= Confusion % Bizarre nauralogic

= Visual disturbances symploms

@ Selzures @ Death

Firefighter Headaches

%While CO should always be consldered a
possible causs of headaches in working
firafighters, there are mora common

=Tight helmet raichet
= Too heavy & helmet (especlally lsather)
#Dehydration
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Signs and Symptoms (Chronic)

= Signs and sympioms the same as with
acute CO poisoning except that onset and

sovearity may be extrernely varied.

\} Cherryred
/) skin color is nptoms

not always
present and, L C
when ] | COHb levels
1 adac
present,is M do not alwqys
oftenalate i correlate with
indi pne:
finding. pne: symptoms nor
it predict
nypoter sequelae.
cardiac
pulmon
Fatal > 60% Death

CO ppm | Duration Symptoms

50 8 hours OSHA minimum

200 2-3 hours Mild headache, fatigue, nausea, dizziness

400 1-2 hours Serious headache—other symptoms
intensify. Life-threatening > 3 hours

800 45 minutes Dizziness, nausea and convulsions.
Unconscious within 2 hours. Death within 2-3
hours.

1,600 20 minutes Headache, dizziness and nausea. Death
within 1 hour.

3,200 5-10 minutes | Headache, dizziness and nausea. Death
within 1 hour.

6,400 1-2 minutes Headache, dizziness and nausea. Death
within 25-30 minutes.

12,800 1-3 minutes Death

Ly
e
-




Carbon Monoxide Poisoning

Signs and Symptoms

= GO may be the cause

of the phenomena
associated with
haunted houses:

& Strange vislons

& Strange sounds
 Feelings of dread

@ Hallucinations

= Inearplicable deaths

Long-Term Complications

%= Delayed Neurologic Syndromes {DNS):

= Recovary seemingly apparant.

%Behavioral and neurologlcal deterloration 2-40
days lator.

=Trua prevalence unceriain (estimate range
from 1-47% after CO poisoning).

= Palients more sympiomafic initially appaar
more apt o develop DNS.

= More common when there is a loss of
consclousness In the acute polsoning.

Delayed Neurologic Syndrome

= Signs and Symptoms: = Signs and Symptoms:

#* Momory loes = Disorlentation

= Confuslon « Hallucinations

= Atenda = Parkinsonlsm

= Salzures = Mullsm

% Uninary incontinence = Corfical bindness

# Focal inconfinence = Pgychosls

= Emolional labllity = Galt disturbances
& Other motor

dishrbances

19
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Long-Term Complications

=Cardiac Complications:
%230 saquential patlents with moderate to
savere CO poisoning treated with HBO.

CO Myocardial Injury | Patients Died | 5-year Survival
W) (%) *%)
Myocardial injury from 85 37.6 71.6
CcO
No Myocardial injury 145 15.2 88.3
from CO

Henry CR, Satran D, Lindgren B, et al. Myocardial injury and

long-term mortality following moderate to severe carbon E g 3
monoxide poisoning. JAMA. 2006;295:398-402 - 1

Long-Term Complications

CO DETECTION

20
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Carbon Monoxide Detection

% CO detectors have been
widaly-avaliable for over a
dacads.

= Siill vastly underutilized.
& Underwnters Laboratories
(LL) revised guidslines for
CO detsctors in 1998,
@ Units manuiactured before
1998 should be replaced. —

Carbon Monoxide Detsction

2 Blologlcal detection .
of CO limited: & =
=bBhaed CO
measuramsnt.
" ~
carbaxyhemaglobin :

P~ ’, s
levels (arterial or =
venous). \a

Carbon Monoxide Detection

= Technology now
avallable to detect
biological COHb
levels In the
prehospltal and ED
saffing.

@ Referred to as CO-
oximefry

21
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Carbon Monoxide Detection

“ Hand-held devices
now available to
ass6ss aimospheric |
levals of CO.

& Multl-gas detactors
common in the fire
service:

= Combustble gasses
*CO ;
S0y

#HS

Carbon Monoxide Detsction

CO-Oximetry

= Uges finger probe
simllar to that used In
pulse oximstry.

i Uses 8 different
wavelengths of light
(Instead of 2 for pulse
oxinnetry).

2 Readings very cl
correlate with COHb
levels measured In-
hoapital.

22
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CO-Oximetry
660 nm 940 nm

é“ 7

Es Deoxyhemoglobin

E 5 Methemoglobin

-

C 4

.g B Carboxyhemoglobin

9 Oxyhemoglobin
0 2

(0]

o1

< 0

650 700 750 800 850 900 950 1000
Wavelength (nm)

CO-Oximetry

 CO evaluation should redlde |
be routing at all levels RN
of EMS and the fire polsoning Is a
p—r— significant

= All figld personnel area of legal
should be educated In liability for
use of the oximeter EMS and fire
and CO-oximetsr. personnel.

CO POISONING
TREATMENT

23



Carbon Monoxide Poisoning

Diagnostic Criteria

<= Blologle:
«COHb > 5% in
nonsmokeans.
#%COHb > 10% In
smokers.
% Environmenital:

2 No confirmatory tost.

Treatment

= Treatment Is based on
the severity of
symploms.

& Treatment generally
indicated with SpCO >
10-12%.

2 Be prepared to treat
complications (i.e.,
selzures, dysrhythmias,
cardlac Ischemla).

24
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Treatment

= Adrinister high-
concentration cxygen.

# Maximizes
hemoglobin oxygen
saturation.

# Can displace some
CO fram hemoglobin.

= Associated with

Improvements In
neurological and
cardiac complications.

(yﬁ’

[
The importance of
early
administration of
high-concentration
oxygen CANNOT
be
overemphasized!

Treatment

metimally saturate
hermoglobin and
Increase oxygen
solubility.

moderate to severs
poisonings.

% Prehospltal CPAP can

= Strongly suggested for

25
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Treatment

% Efficacy of hyperberic

& matter of conjectuns
glthough still commonly
practicad.

= Generally reserved for
ssvars polsonings.

= May ald in alleviating
tissue hypoxia.

@ Significantly decreasss
hait-ife of COHb.

Indications for HBO Therapy

=Strongly conslider for:
ZAltered mental status
#Coma
#Focal neurological deficlts
% Seizures
#Pregnancy with COHb>15%
#History of LOC

Indications for HBO Therapy

#Posslbly conslder for:

%#Cardiovascular compromise (e.g.,
ischemia, dysrhythmias).

#Metabolic acidosis.

=Extremes of age.

26
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Treatment

2 Obtain 12-lead ECG
(if ALS) and monitor
ECG.

% Document findings
and plot trends.

Treatment

% First-generation pulse
oximeters mey give
falssely slevated SpO.,
levels in casas of
carbon monoxide
polsoning.

2 Cannot distinguigh
befwaen O,Hb and
COHb.

CO Poisoning

% Rermembet, CO
poisoning is the great
Imitator.

2 Missed CO exposure
often leads to death
and disablllty.

3 CQ Is a partlcular risk
for firefightsrs.

(-.==5-‘

=]

A simple COHb
reading can save
a life and
possibly prevent
long-term
complications.

27
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METHYLENE
CHLORIDE

Methylene Chloride Exposure

= Methylene chioride slowly metabolized to CO.

Z Viclims do not pose contaminafion risks o
rescuers.

% Victims with contaminated clething or skin can
secondarily contaminate regponse personnel by
direct contact or through off-gassing vapor.

@ Methylene chloride vapor may also off-gas from
the toxic vomitus of viciims wha have ingested

methylena chlorids.

Methylene Chloride Exposure
% Meathylene chiorida can cause:

=Acule CNS depression.

= Respiratory depression.

aCardiac dysrhythmias.

= Ragpirgiory tract iritetion (at high levals).

=Non-cardiogenic pulmonary edema (at high

lovels).

28
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Methylene Chloride Exposure

= Tregimeni:
4 No antidoie for methylene chiloride.
% 8upport respiratory and cardlovascular
functions.

= Administar O, (O, is an aniagonist of
meiabollcally-produced carbon monoxide).

DOUBLE TROUBLE:
CO and CYANIDE

Carbon Monoxide and Cyanide

% Cyanide more often encountered In fires
than onca thought.

% The effects of CO and cyanide ara
cumulative.

% Symptoms of cyanide toxicity often
afirlbuted to CO because of lack of a high
Index of susplclon.

29
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Chemistry of Cyanide

= Gas:
#Colorless
#Faint bltter aimond smell

= Nearly 40% of the population cannot small
cyanide.

“ Sodium cyanide (NaCN) and potassium
cyanide (KCN) are both white powders.

Chemistry of Cyanide

= Molecule conslsts of
one carbon atom
Joined fo one nlirogsn
afom by a friple bond.

= Cyanide anion is
extremely toxdc.

[ :C=N: ]

Cyanide

# Hydrogen cyanide is
a product of
combustion.

2 High in:
= Plastica
“ Waool
& Sillkc
 Synihetic rubbar
= Polyurethane
= Agphalt
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Pathophysiology

=Cysnide can bs >
Inhaled of
ingested.

2 Ingastion more
common with
suicide or murders.

Pathophysiology

= Cyanide i3 an
Ireversible
inhibitor:

= Cylochrome c mddasa

aﬁ;ﬂhnm (/ﬂ\mﬁ?\)

of the electron

31
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Mitochondrial Electron Transport Chain

Cyanide
deactivates
this enzyme

[ —
Pathophysiolog:

(_g‘s-=

]

“Cyanide stopsthee  cyanide and CO
and stops energy o poth primarily
cell. affect the heart

#Tissues that primari and CNS thus
respiration are parti  multiplying the

=Heart ill-effects!
= Cantral nervous sys

[ —
Cyanide Treatment

% Antidotes available:
=Cyanide Antidote Kit
SAmyl nitrite
=Sodium nitrits
S Sodum thiosulfeds
4 Hydroxocobalamin

32
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Cyanide Poisoning

% Amyl niirite Is
administersd via
Inhalafion or
vantilation.

& Sodlum nifrtte Is
administered
Intravenously.

2 Sodium thiosulfats is
administered
intravenously.

Cyanide Treatment

= The nhitrites promots the formeation of
methemoglobin.

%= Cyanide has a greatar affinity for
methemoglobin (METHbD) than tha
cytochrome oxidasse snzyme.

#The binding of cyanide io METHb frees
cytochrome oxidase so that energy
production is resumed.

Cyanide Treatment
= Sodium thiosulfete

2 Thiocyanate much
less toxic than
cyanide anlon and
excreted through the
kidneys.
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Cyanide Treatment

% Hydraxocobalamin
% Precursor to cyanocobalamin (Vitamin By.).
#Hydroxocobalamin combines with cyanide to
form cyanacabalamin which is excreted
through the kidneys.
#FDA approval In US obialned In December
2006.

= Markeiad as Cyanokit™.

Cyanide Treatment

% Problems (related to nlirlies):
2 METHbD does not transport Os.

2 The conversion of HB to METHb changes the
state of the heme molecule where O, binds.

sMETHD has heme in the farric (Fe®*) state
and not the fermous state (Fe2*).

20, can only bind to heme when in the Fe?*
staie.

Hemogiatin Hamogickin
Subunt Subunit

Ferric
State

Ferrous
State
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Cyanide Treatment

. hﬂt co and 20% COH]t-JOO% "
cyanide poisoning . -
can significantly 80% Hb
dmase the O,- AT

@ Comblnnﬂon of COHb
and METHB can
significantly reduce ey
ﬂ‘e Ofca"“ng capgt(::i?)r/r?:aﬂly
capacity of the blood. halved!

= Chlidren are
particulerly at rigk for
hypotension and
adverse affects from
methemoglobinamia.

[ —
(aa-’”‘
CO and Cyanide o

Hydroxocobalamin
% Parts of cyanide antidol is the cyanide

nirita) inducs methemo g i
a ) iy antidote of choice

COHband ME  for mixed cyanide
raducing O, capacity of and CO
2 m‘gwagmb c;.!'l':gledlg poisonings.
>10%.
= Hydraxocobalamin comny «. .o vy mus

gmnooobalamm (Vitamin B,,) 'which is ranally-
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