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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.

Sources of Carbon Monoxide

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

H

.C
o/ Ny
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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
areas.

% Sources:

= Yolcanic gassos
 Bush fires
% Human polluilon
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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
accupational

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 actually
very compiex.

% CO binds to
hemoglobin with an
affinlty ~ 250 times
thet of cagygen.

% The combination of
CO and hemoglobin

Is called
moglabin
(COHb).

6/12/2007

Pathophysiology

# CO displaces O, from
tha hamaglobin binding
slies

# CO prevenis O, from

binding.
= COHb does not carry
Qs

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

10
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. " Only very high
Cgug',:'::rzl,?g nt'ges concentration of O can
2 displace CO molecule

Hemoglobin Hemg\o_bin Hemoglobin
Subunit Subunit Subunit

Pathophysiology

% COHb ultimately removed
from the circulation and
desfroyed.

2 Halflife:

= Room alr: 240-360 minuies
& Og (100%): 80 minutes
& Hyperbarie Og: 22 minuiss

Pathophysiology

2 CO also binds to other iron-containing
proteins:
“Myoglobin
#Cytochrome
# Binding to myoglobin reducss O,
avallable In the heart:
#Ischamia
iz Dysrhythmias
=Cardlec dysfunction

11
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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

[ —
Pathophysiology

= Nitric oxide (NO):
 Highly-reactive ges thet
participates In
nUMSroUs
reactions.

6/12/2007
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Pathophysiology

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

Pathophysiology

& 46-yaar-old woman with
chronic exposure io CO
from old car.

& COHb =45%

6/12/2007

Pathophysiology

% Impact of CO on major body systams:
#Cardiac:
s Decreased myocardal function:
% Hypotenalon with achycardia,
2 Chaal pain.
= Dyerhythmlas,
= Myooardial nohamia.
Mot GO deeths are from ventriculsr florition.

& increassd risk of pramaiurs cardiae death.

#Long-term sifects:

13
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Pathophysiology

% Impact of CO on major body systems:
= Mlatabollc:
*Respiralory alkalosks (from hyperventiiation).
& Metabollc acidosls with severe exposuras.
#Resplratory:
#Pulmonary edema (10-30%)
% Direed affocd an alveolsr mambrans.
& Laft-veniricular faluns.

= Asplralian.
 Naurogsnic putmonary adama.

Pathophysiology

= mpact of CO on major body systams:
= Muiltiple Organ Dysfunction Syndrome
(MOoDS):
#0ccws at high-levels of exposure.
“Assoclkated with a high morraliy rats.

Pathophysiology Summary

% Limits O, transport:
=CO more readlly binds to Hb forming COHb.
#|mhiblts O, transfer:

%C0 chenges siructura of Hb causing
premature release of O, Into the tissues.

#“Tissue Inflammation:
% Poor perfusion initiates an inflammatory

14
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Pathophysiology Summary

=Poor cardiac function:
@! Q,delivery can cause dysrhythmias
and myocardial dysfunction.
#Long-term cardiac damage reparted
after singla CO exposure.
% Increassed activation of nitric oxide
(NO}:
Paripheral vasodilation.
#|nflammatory responss.

Pathophysiology Summary

# Vasodilation:
= Resulis from NO increase.

#Cerebral vasodilation and systemic
hypotanaon causes reducad cerabral blood

=NO is largaly convertad to mathamoglobin.
% Free radlcal formation:

=NO accsleraies frea radical formation.

#Endothellal and oxidative braln damage.

Patient Groups at Risk

# Children.

2 Elderly.

= Persons with heart dissass.

2 Pregnant women.

@ Patients with increased oxygen dameand.

2 Patients with decreased oxygan-carrying
capacify (.e., anemias, blood cancers).

2 Patlents with chronic resplretory Insufficlency.

6/12/2007
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CO POISONING
SIGNS & SYMPTOMS

CO Poisoning

,& o
wm usually You must -
vague and non- ALWAYS
specific. maintain a
high index of
suspicion for
CO poisoning!

CO Poisoning

= Signg and symptoms clossly resambile
those of other dissasss.

& Often misdiagnosed as:
#Viral illness (e.g., the u®)
@Acute coronary syndrome
aMigraine
% Estimated that misdiagnosis may ocour in
up to 30-50% of CO-axposed patients

presenting to the ED.

16
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Signs and Symptoms

Carbon Monoxide

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

CO Poisoning

i Classificatlons:
@ Acute
= Results from short

eposura to a high
leval of CO.

#Chronle:

“Results from long
exposurs to a low
leval of CO.

Signs and Symptoms (Acute)
% Malaise = Impulsiveness

% Fludike symptoms @ Distractibility

& Fafigue % Hallucination

2 Dyspnea on exartion = Caonfabulation

% Chest pain @ Agitetion

% Palpitations @ Nauses

2 Lethargy 2 Vomiting

2 Confusion % Diarrhea

@ Depression @ Abdominal pain

17
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Signs and Symptoms (Acute)

2= Headache % Fecal incontinence

& Drowslness # Urinary Incontinence
3 Dizziness & Memary disturbances
= Weakness # Gait dislurbances

& Confuslon 2 Bizarre neurologic

2 Vigual disturbances sympioms

= Syncope @ Coma

2 Seizures @ Death

Firefighter Headaches

= While CO shaould always be considered a
possible causs of headaches in working
firefighters, there are mora common
causes:

#Tight helmet raichet.
2Too heavy & helmet {especlally lsather).
= Dehydration.

Signs and Symptoms (Chronic)

% Slgne and symptoms the same as with
acuts CO poisoning except that onsst and

saverity may be extremely varied.

18
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. Cherry red
skin color is

nptoms

not always
present and, [ S
when | COHb levels
present, is M do not always
rred g
oftenalate .o correlate with
indi spnes
finding. fene: symptoms nor
— predict
raypoter sequelae.
cardiac
pulmon
Fatal > 60% Death

6/12/2007

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

%= CO may be the cause
of the phenomena
assoclated with
haunted housas:
¢ Strange vislons.
= Sirangs sounds.

& Fealings of dread.
# Hallucinations.
% Ineqplicable doativa.

Signs and Symptoms

19
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Long-Term Complications

% Delayed Neurologlc Syndrome (DNS):

= Recovery seamingly apparent.

#Behavioral and neurological deterioration 2-40
days laisr.

=True pravalence unceriain (estimate range
from 1-47% after CO poisoning).

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

2More common when there is a loss of
consclousness In the acute polsoning.

Delayed Neurologic Syndrome

 Sligns and Symptoms: = Signs and Symptoms:

= Memory loas « Digorlantation

= Confusion # Hallucinations

+ Atsoda & Parkinsonism

= Solzwres = Mufism

# Uninary inconlinence & Cortical bindness

# Facal incontinence @ Psychosls

< Emotional labliity = Galt disturbances
& Other motor

dishwbances

Long-Term Complications

% Cardlac Caomplicatlons:
2230 sequentlal patlents with moderate to
savera CO poisoning treatad with HEO.

CO Myocardial Injury | Patients Died | 5-year Survival
Q) (%) %)
Myocardial injury from 85 37.6 71.6
CO
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 .
monoxide poisoning. JAMA. 2006;295:398-402 - o)

20



Carbon Monoxide Poisoning (IAFF) 6/12/2007

Long-Term Complications

CO DETECTION

Carbon Monoxide Detection

# CO delaciors have bean
widely-avallable for over a
decade.

21
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Carbon Monoxide Detection

< Biological detection i, ~—
of CO limited: =

iz BExhaled CO
meaasuramsnt.

#Haospital-basad
carboxyhemoglobin
lovels (arterial or
vanous).

Carbon Monoxide Detsction

= Technology now
avallable o detect
biological COHb
levels In the
prehospital and ED
setting.

% Refermad to as CO-
oxdmefry

Carbon Monoxide Detection

% Hand-held devices
now avellable to

= Multi-gas detectors
common In the fire
service:
& Combustible geezes
#CO E
20,
=HH

22
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Carbon Monoxide Detection

CO-Oximetry

= Usas finger probe
similar to that used In
pulse oximetry.

@ Uses 8 different
wavelengths of light
(Instead of 2 for pulse
odmetry).

@ Readings very clossly
correlate with COHb
levels measured In-
hospital.

CO-Oximetry

660 nm 940 nm

Deoxyhemoglobin

Methemoglobin

Carboxyhemoglobin

Oxyhemoglobin

o = N W B~ o O -~

Absorption (mm-)

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

23
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CO-Oximetry
F (,s-”""
= GO evaluation should : L
be routine &t alllevele dliseze 10
of EMS and the fire poisoning is a
service. significant
2 All field personnel area of legal
should be educated in liability for
use of the cxdmeter EMS and fire
and CO-oximeter. personnel
CO POISONING
TREATMENT
Diagnostic Criteria
= Blologlc:
2COHb>5% In
nonarmolers.
@ COHb > 10% In
smokers.
% Environmental:
= No confirmatory test.

24
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Diagnostic Criteria

6/12/2007

Treatment

the severity of
symploms.

% Treatment generally
Indicated with SpCO >
10-12%.

% Be prepared io freat
complications (.e.,
selzures, dysrhythmias,
cardiac ischemia).

Treatment

= Adrninister high- “::

= Maximizes BYgEN.  The importance of
hemoglobin oxyge early
mmﬁm " administration of

= Can diapla.ee some high-concentration
CO from hemoglobln,  ©XY9en CANNOT

% Assoclated with be
improvemnents in overemphasized!
neurological and

cardlac complications. £ —

25
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Treatment

= Prehospital CPAP can
meaxmally saturate
hamoglobin and
increase oxygen
solubllity.

% Sirongly suggested for
moderate to severe
polsonings.

Treatment

% Efficacy of hyparbarl

a malior of conjechrse
aithough etill commonly
praciicad.

26
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Indications for HBO Therapy

=Strongly consider for:
@ Aliered mental status.
#Coma.
«Focal neurcloglcel deficlts.
“Seizures.
2= Pregnancy with COHb>15%.
2History of LOC.

Indications for HBO Therapy

=Possibly consider for:

= Cardiovascular compromise (e.g.,
ischemia, dysrhythmias).

= Metabolic acidosis.

#Extremes of age.

Treatment

# Confinue to monitor
Sp0., and SpCO
levels throughout
freatment.

3 Obtain 12-lead ECG
(i ALS) and monitor
ECG.

% Document findings
and plot trends.

27
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Treatment

2 First-generation pulse
oximeters may glve
falsely elevated SpO,
levels In cases of
carbon monoxide
polsoning.

3 Cannot distingulsh
betwesen O,Hb and
COHb.

CO Poisoning

= Remember, CO
poisoning is the great
Imitator.

3 Missed CO exposure
often leads to death
and disablilty.

& GO Is a particular risk
for firefightars.

(=_-|=-’=

P

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

METHYLENE
CHLORIDE

6/12/2007
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Methylene Chloride Exposure

= Methylene chloride slowly metabollzed to GO.

i Vicims do not pose contamination risks to
MesCUers.

= Viclims with contaminatad clothing or skin can
seconderlly conteminate response personnel by
direct contact or through off-gassing vapar.

% Methylene chloride vapor may also off-gas from
the toxde vomitus of vicims who heawve Ingested

6/12/2007

methylens chloride.

Methylene Chloride Exposure

= Meathylone chloride can cause:
#Acula CNS depression.
zRespiratory depression.
zCardlac dysrhythmias.
= Respiratory tract intation (at high lavels).
=Non-cardiogenic pulmonary edema (gt high
levels).

Methylene Chloride Exposure

% Treatrment:
=No antidote for methylene chioride.
= Support respiratory and cardiovascular
functions.

= Administar O, (O, is an antagonist of
metabolically-produced carbon monoxdde).

29
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DOUBLE TROUBLE:
CO and CYANIDE

6/12/2007

Carbon Monoxide and Cyanide

= Cyanide more often encounterad in fires
than oncea thought.

#The effects of CO and cyenide ars
cumulative.

= Symptoms of cyanide toxicity often
atfributed to CO because of lack of a high
Index of suspiclon.

Chemistry of Cyanide

= Gas:
#Colorless.
= Faint bitter almond smell.
% Nearly 40% of the population cannot smell
cyanide.
% Sodium cyanids (NaCN) and potassium
cyanide (KCN) are both white powdars,

30
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Chemistry of Cyanide

= Molecule conslsts of
one carbon atomn
joined to one nitrogen
aftom by a friple bond.

= Cyanide anlon ls
exiremely toxic.

[ :C=N: ]_

Cyanide

% Hydrogen cyanide Is
a product of
combustion.

3 High In:

# Ploatics.
“ Wool
& Sk

Cyanide

% Teadclly varlas with
chamical form.

= Hydrogen cyanide (HCN)
gas at concantrations of
130 ppm can be fatal
within an hour.

& O8HA pammisshile
exposure levels are 10
ppm as an &-hour time-
waighted averags.
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Pathophysiology

= Cyanids can bs S
Inhaled of J
ingssted.

# Ingestion more
common with
suicide or murders.

[ —
Pathophysiology

 Cyanids Is an
Irreversible
inhibitor:

@ Cyloghrome ¢ coddase
(aay).

Mitochondrial Electron Transport Chain

Cyanide
deactivates
this enzyme

32
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Pathophysiolog

=Cyanide stopsthe€  Cyanide and CO
and stops energy B poth primarily
call. affect the heart
#Tissues that primarl and CNS thus
respiration are parti ~ multiplying the
#Heart ill-effects!
=Central nervous sys

(ﬂp"

]

Cyanide Treatment

2 Antidotes avallable:
#Cyanide Antidote Kit
3 Anmyl niirits.
#Sodium nifrite.
= Sodium thioauliate.
= Hydroxocobalamin.

Cyanide Poisoning

= Armyl nitrite is
administered via
inhalation or
ventlation.

= Sodium nifrite is
administered
intravenously.

2 Sodium thlosulfats Is
administsrad
Intravenously.

6/12/2007
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Cyanide Treatment

=The nitrites promote the formeation of
methemoglobin.

% Cyanide has a greater affinity for
methemoglobln (METHbD) than the
cytochrome oxidase enzyma.

% The binding of cyanide to METHb frees
cytochrome oxidase so that enengy

production is resumed.

Cyanide Treatment
= Sodlum thiosulfate
binds o cyanide and \1_:::;_ w
forms thiocyanate. N \
4 Tooymnate much - FRHen ( 0)
less touic than | ey SRR
cyanide anlon and |
excreted through the
kidneys.
Cyanide Treatment
2 Hydraxocobalamin

= Precursor to cyanocobalamin (Viamin B,,).

= Hydroxocobalamin combines with cyanide to
form cyanacobalarmin which is excreted
through the: kidneys.

=FDA approval In US obiained in December
2008.

= Markatad as Cyanokit™,
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Cyanide Treatment

= Problams (relatad to nitrites):
#METHb does not transport Q...

#The conversion of HB to METHD changes the
state of the heme molscule where O, binds.

=METHb has heme in the farric (Fe*") state
and not the ferrous state (Fe?*).

%0y can only bind to herne when In the Fe?*

Cyanide Treatment

‘Conygen cannct tnd

Hemogiatin Hamogickin
Subunt Subunit

Ferric
State

Ferrous
State

;

Cyanide Treatment
& Concomitant COand "™
cyanide polsoning . ’
can significanty 80% Hb
decrease the O,- 20% METHD ——
g eyt
% Combination of COHb
and METHB can
significantty reduce Py
ﬂ'lﬂ ofurmng capggi?;rﬁgaﬂly
capacliy of the blood. halved!
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Cyanide Treatment

% Children are
particularly af risk for

hypotension and
adverse efifects from

methemoglobinemia.

Carbon Monoxide Poisoning (IAFF)

CO and Cyanide

= Parts of anfido!
nitrite) i metheme

= ide antidotes and |
COHb and ME

reducing O, capacity of

2 Sodiumn nitrite should b
egmhnaﬁon cyanide/Cl(

2 Hydroxocobalamin Com w. v wyws s

?noeobalamm (Vitemin B,,) which is renally-

Fﬂ"

Hydroxocobalamin
is the cyanide
antidote of choice
for mixed cyanide
and CO
poisonings.
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