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Discovery of Carbon Monoxide

Joseph Priestley, English chemist,
is credited with the discovery of
carbon monoxide in 1772.

Carbon Monoxide

* Molecule consisting of one carbon
atom and one oxygen atom joined by
a triple bond

* Colorless, odorless, tasteless gas
* Known as the “silent killer”

4/17/2024



4/17/2024




4/17/2024

Sources of Exposure

Carbon monoxide is the result of incomplete combustion (burning) of carbon
containing substances.

Sources of Exposure
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Pathophysiology

* Some patients present with high COHb levels but have mild signs/symptoms.

* Some patients present with low COHb levels and have severe signs/symptoms.

Important Point
» Carboxyhemoglobin (COHb) levels do not correlate with the severity of poisoning!

CO poisoning is much more complex than first thought!
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Pathophysiology

We now know that cellular toxicity plays a big part in CO poisoning.

Carbon monoxide:

* Binds to myoglobin

* Binds to cytochrome c oxidase

* Produces nitric oxide resulting in peroxynitrite
* Produces reactive oxygen species (free radicals)

These mechanisms result in the inhibition of mitochondrial function and
disrupt cellular respiration and cause oxidative stress.
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Hyperbaric Oxygen

HBO is when a patient breathes 100% oxygen under increased atmospheric
pressure and has been shown to:

* Significantly reduce the half-life of COHb

* Reverse mitochondrial dysfunction

* Reduce inflammation

Stops cellular toxicity cascade

Prevent delayed neurologic sequelae (DNS)
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COHb Half-Life
Half-life: The time it takes for a substance in the body to decrease by half.
* Room Air = =5 % hours
* Breathing 100% Oxygen = =1 % hours
* Hyperbaric Oxygen = =} hour
22
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7 of 30 patients (23%) receiving normobaric oxygen developed
DNS, no sequelae developed in 30 hyperbaric treated patients

CO poisoning time Number of patients Intervention i Outcome measure time Major outco

<12 hours B HBO*1 (2.0 ATA, 2 hours) NBO (6 hours) 1 mo. Persistent and
: +NBO (4h) delay NPS
<12 hours : HBO*2 (2.0 ATA, 2 hours) HBO*1 (2.0 ATA, 2 1 mo. Persistent and
+NBO (4h) hours) +NBO (4 delay NPS
hours)
<12 hours : HBO (2.5 ATA, 2 hours) +NBO  NBO (100% 0, 6 hours 2 hours, NPS and EEG
3 (100% Oz, 4 hours +50% +50% Oz, 6 hours) 12 hours and abnormalities
0y, 6 hours) 21 days
<12 hours HBO*1 (2.0 ATA, 2 hours) NBO (6 hours) 1 mo. NPS
G: 170 +NBO (4 hours)
< 12 hours I: 141 HBO*2 (2.0 ATA, 2 hours) HBO*1 (2.0 ATA, 2 1 mo. NPS
C: 145 +NBO (4 hours) hours) +NBO (4
hours)
Not fimited I: 104 HBO (2.8 ATA, 60 minutes)” NBO (100 minutes)” 1 mo. NPS
C: 87
< 6 hours I: 33 HBO (2.8 ATA, 30 minutes, then  NBO 4 weeks Delayed NPS
C: 32 2.0 ATA, 90 minutes)
jeaver et all'") < 24 hours 1: 76 HBO*1 (3.0 ATA, 1 hours and 6 weeks, 6 mos. Cognitive
C: 76 2.0 ATA, 1 hours) + HBO*2 and 12 mos.
(2.0 ATA, 2 hours)

ATA = atmosphere, HBO = Hyperbaric oxygen, mo (s) = month(s), NBO = normobaric oxygen, NPS = neuropsychological sequelae.
plus daily 100-minute treatment with 100% 0.

ompared with CO poisoning patients treated with NBO, HBO treated patients have a lower
incidence of neuropsychological sequelae, including headache, memory impairment, difficulty concentrating, disturbed sleep, and
delayed neurological sequelae.
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Mitochondrial Electron Transport Chain
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Hyperbaric Oxygen

Guidelines For Use

* Loss of consciousness

* Neurological deficit

* Ischemic cardiac changes

* Significant metabolic acidosis
* COHb > 25%
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Treatment Summary

* High concentration oxygen competes for binding sites on hemoglobin
* Hyperbaric oxygen decreases CO half-life to % hour

* Hyperbaric oxygen reverses the cellular toxicity cascade resulting in
reversal of mitochondrial disfunction and reduced inflammation

* Hyperbaric oxygen prevents delayed neurologic sequelae
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CO Poisoning in Children

* Signs and symptoms of CO poisoning may be more subtle

* Infants can be very challenging to diagnose unless high level
of suspicion

* Good history is key to diagnosis

* Children may develop signs/symptoms quicker and present
more ill due to their higher oxygen utilization and minute
ventilation

* Treatment is not different from adults
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CO Poisoning During Pregnancy

* CO poisoning early in pregnancy results in fetal anatomical
malformations

* CO poisoning late in pregnancy is associated with low birth
weights and neurologic sequelae

* Fetal hemoglobin has much greater affinity for CO
* CO diffuses across the placenta by passive diffusion
* Fetal COHb levels are 10 — 15% > than maternal levels

* Elimination of CO from fetus is slower due to slower
dissociation from fetal hemoglobin resulting in longer half-
life

30
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Pulse Oximetry

* Conventional pulse oximeters use 2 wavelengths of light
* Red (660 nm)
* Infrared (940 nm)

* COHb and O,Hb absorb light at 660 nm in a similar manner

* In other words, COHb is seen as O,Hb by current generation
pulse oximeters
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Noninvasive measurement of
COHb (SpCO) using current pulse CO oximeters do not seem to be highly accurate to estimate blood COHb (moderate sensitivity and specificity, large LOA). They should
probably not be used to confirm (rule-in) or exclude (rule-out) CO poisoning with certainty.
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Prevention

* Prevention is key!
* Many accidental CO poisonings are preventable
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* Have your heating system, water heater and any other gas, oil, or coal burning appliances serviced by a
qualified technician every year.
* Install battery-operated or battery back-up CO detectors in your home. Check or replace the battery when
you change the time on your clocks each spring and fall. If the detector sounds leave your home immediately
and call 911.
* Do not use a generator, charcoal grill, camp stove, or other gasoline or charcoal-burning device inside your
home, basement, or garage or near a window.
* Do not run a car or truck inside a garage attached to your house, even if you leave the door open.
* Do not burn anything in a stove or fireplace that isn’t vented.
* Do not heat your house with a gas oven.
* Do not use a generator, pressure washer, or any gasoline-powered engine less than 20 feet from any
window, door, or vent.
* Seek prompt medical help if you suspect CO poisoning and are feeling dizzy, light-headed, or nauseated.
Source: U.S. Centers for Disease Control and Prevention (CDC): June 10, 2019.
36

18



Summary

* CO is a leading cause of poisoning deaths in the U. S. every year
* Hospitalizations and deaths have been decreasing for many years

* CO is produced by the incomplete burning of carbon containing
substances

* CO has 200 — 250 times the affinity for hemoglobin than oxygen

* The pathophysiology of CO poisoning is quite complex and cellular
toxicity plays an important role

* CO poisoning is frequently misdiagnosed as viral illness
* Normobaric 100% oxygen is treatment for mild/moderate poisoning
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Summary

* Hyperbaric oxygen is used for more severe cases of CO poisoning and
can prevent delayed neurologic sequelae

* Treat CO poisoning during pregnancy more aggressively because you
may be treating fetus and not the mother

 Conventional pulse oximeters overestimate O,Hb% and should not be
used to gauge oxygenation in the ED

* Many accidental CO poisonings are preventable!

38

4/17/2024

19



