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Carbon Monoxide (CO)?

PPM (parts per million): 1 / 10-7 (백만분의 일)
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• North hemisphere: 0.1 ~ 0.2 ppm (0.00001 ~ 0.00002 %)

• South hemisphere: 0.04 ~ 0.06 ppm





Chemistry

• M/C cause of fatal poisonings in 

USA

• Gas

• Odorless

• Colorless

• Tasteless

• Relative vapor density = 0.97

• Extremely stable



Carbon Monoxide (CO)

• CO from incomplete combustion 

• CO + Hb → COHb (affinity 200-250x)

• LEFT shift of oxy-Hb curve (Haldane effect)

• CO binding to intracellular cytochromes and metalloproteins

(myoglobin)







Mechanisms of CO toxicity

•Hemoglobin

•Myoglobin

• Cytochrome oxidase

• Cytochrome P450-dependent mechanisms

• Veiled others



Pathophysiology of CO toxicity

• HbCO associated with hypoxia 

+

• Increased free radical-mediated injury

• ROS mediated neuronal and/or cellular (e.g. erythrocytes) injury

• Apoptosis

• Abnormal inflammatory responses





Current Problems



Symptoms and Signs



Dangerous CO Levels

• Depending on level of CO, patient’s health, and 

length of exposure.

• Above 70 ~ 80 ppm symptoms become more 

apparent.

• Above 150 to 200 ppm, disorientation, 

unconsciousness, and death are possible.



Toxic Symptoms

• “Cherry-red lips, cyanosis, retinal hemorrhage”- rare

• CNS and Cardiovascular

•↑ RR, ↑HR, dysrhythmias, MI, ↓BP, coma, seizures, 

cardiomyopathy

•Delayed neuropsychiatric syndrome (3-240d)

• Cognitive / personality changes / Parkinsonism

• Spontaneous resolution posssible



Signs and Symptoms

•Malaise

• Flu-like symptoms

• Fatigue

•Dyspnea on exertio
n

• Chest pain

• Palpitations

• Lethargy

• Confusion

•Depression

• Impulsiveness

•Distractibility

•Hallucination

• Confabulation

• Agitation

•Nausea

• Vomiting

•Diarrhea

• Abdominal pain



Signs and Symptoms 2

•Headache

•Drowsiness

•Dizziness

•Weakness

• Confusion

• Visual disturbances

• Syncope

• Seizures

• Fecal incontinence

• Urinary incontinence

•Memory disturbances

• Gait disturbances

• Bizarre neurologic sympt
oms

• Coma

•Death

• Cherry red skin color is not always present and, when present, is often a late finding !

• COHb levels do not always correlate with symptoms nor predict severity and sequelae ! 
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Signs and Symptoms 



Type of brain injury 

• Acute / Persistent

• Ischemia /reperfusion injury

• Posterior Reversible Encephalopathy Syndrome 

(PRES)

• Delayed

• Delayed neurological sequelae (DNS)

• PSH

• Chronic





Delayed Neurologic Sequelae

• Memory loss

• Confusion

• Ataxia

• Seizures

• Urinary incontinence

• Fecal incontinence

• Emotional lability

• Disorientation

• Hallucinations

• Parkinsonism

• Mutism

• Cortical blindness

• Psychosis

• Gait disturbances

• Other motor disturbances



Dns.wmv



DNS AND PSH



Diagnosis

• Pulse oximetry false HIGH 

SpO2

• Need cooximetry direct 

measurement of COHb

• Older ABG analyzers 

(estimate off dissolved 

PO2)

• MRI – lesions in globus 

pallidus/basal ganglia/deep 

white matter

COHb% Symptoms

0-5 Normal

15-20 Headache, confusion, 

fatigue

20-40 Hallucination, vision Δ’s

40-60 Combative, coma

60 + Cardiopulmonary arrest



Treatment



Treatment

• 100% oxygen

• Reducing half-life CO-Hb 4~6hr to 60~ 90 minutes

• Assess for pregnancy

• Note that pulse oximetry is inadequate

• Oxygen saturation may appear artificially high

• Assess for end organ damage

• VS, ECG, symptomatology, neurological examination



Treatment

• OXYGEN

• Half-life COHb (min)

• Hyperbaric Oxygen Therapy (HBOT)

• Carbogen – normobaric, normocapnic, hyperventilation 
(4.5-4.8% CO2)

RA 1ATM 100% O2 100% O2 2.5 ATM

Male 240 47 22





Multiplace Chambers



Not Hyperbaric Therapy!!!



Relationship Between 
Respiratory Gas and Blood PO2

Mean blood levels measured in 10 normal subjects (modified from Saltzman, Smith et al, 1965)

Atmospheric      Breathing        FiO2 Theoretical      Measured          Measured
Pressure (ATA)      Gas          (mmHg)     Alveolar &        Arterial              Venous

Arterial PO2 PO2 (mmHg)      PO2 (mmHg)
(mmHg)

=============================================================================

1.0                        Air               160              110             89 +/- 3.2*           41 +/- .9*
------------------------------------------------------------------------------------------------------
1.0                     100% O2      760              673              507 +/- 13.9         57 +/- 3.5
------------------------------------------------------------------------------------------------------
3.0                     100% O2     2280            2193             1721 +/- 33.5       424 +/- 77.8
----------------------------------------------------------------------------------------------------------------------------- ----



Mode of Action 

• Decreasing COHb half life

• Displacing CO from tissues

• Improving oxygen carrying capacity

• Limiting lipid peroxidation

• Improving dissolved oxygen



Indications

• Neurological damage

• Cardiovascular events

• Loss of Consciousness

• Persistent symptoms 

• COHb > 25% ( some centers use >40%)

• COHb > 15% in pregnant woman

• Ideally within 6 hours of exposure 

• S100 & NSE level



Hyperbaric Oxygen

Weaver LK, et al: Hyperbaric oxygen for acute carbon monoxide poisoning. N Engl J Med 2002; 347:1057-67



CO poisoning, acute

Mechanisms

• CO washout

• Treatment of ischemia

•Modulation of ischemia-

reperfusion injury and 

inflammation

Typical Dose

• Up to 3 ATA

• 1~3 sessions



Potential adjunctive therapy





4주후



Take Home Message

• CO still common and under diagnosed. EPs should have a high index of 

suspician for screening for CO. 

• There are still veiled pathophysiology regarding acute CO poisoning accordi

ng to each organ.

• HBOT is most important in current treatment options.

• Effects of CO on hemeproteins and free-radical induction and oxidative stre

ss will be probable mechanism. Therefore, bundle treatment should be nee

ded !!!

• Future customized tx. should be needed for acute tx. and DNS. 



Thank you

Q and A ?


