Management of Acute Carbon Monoxide Poisoning with Positive Airway

Pressure as a Viable Alternative to Conventional Oxygen Therapy and Hyperbaric

Introduction

When carbon monoxide (CO) binds with hemoglobin in the blood it
forms carboxyhemoglobin (COHb). COHb in those not exposed to
extrinsic CO is 1-3% (non-smokers) and 5-10% (smokers) (1). The
consequences of elevated COHb levels range from headache

when COHb reaches 20%, to syncope at 40%, to fatal when COHb
reaches 80% (2).

The objective of this research is to convey that continuous
positive airway pressure (CPAP) therapy should be the primary
intervention used for CO poisoning, especially in rural centers
where hyperbaric chambers are not readily available. The findings
from these studies argue that CPAP therapy is a viable
alternative intervention over conventional oxygen therapy and
hyperbaric therapy for the management of adult patients with
CO poisoning in rural emergency departments. The purpose of
this research is to provide evidence that the implementation of
CPAP for treatment of CO poisoning is an emerging and
promising advancement in healthcare that respiratory
therapists should be conscious of and advocate for continued
research in.
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Comparing CPAP therapy to Standard Oxygen therapy

A non-rebreather mask (NRBM) reduces the half-life of COHb from 5 hours to 2 hours (1). The loose-fitting seal
of the mask on a NRBM delivers 70-90% oxygen when flow is 15LPM. In comparison, CPAP uses a tight mask
capable of providing a higher inspired fraction of oxygen (FiO,) compared to a NRBM (5), increasing FiO, to
100% (7). This is credited to the nature of the CPAP mask that must fit tightly for pressures to be achieved,
preventing air from leaking and avoiding loss of inspired oxygen (8).

Degradation of COHb in the blood
over time using two therapies

COHb in blood (%)

Effects of Carbon Monoxide Poisoning

CO binds to hemoglobin with 210x greater affinity than oxygen (3),
this increases the affinity of oxygen to bind and remain bound to
hemoglobin and causes a left shift in the oxyhemoglobin-
dissociation curve (4). The effect of this shift is decreased oxygen
delivery to the tissues and histotoxic hypoxia (4).

CO poisoning presents as metabolic acidosis, ground-glass
appearance on chest x-ray, and COHb levels >25% with a PaO2
<60 mmHg (1). Prolonged CO exposure can lead to further
respiratory complications including pneumonia, pulmonary edema,
and acute respiratory distress syndrome (1). Multiple systems in
the body are affected by COHb, especially highly perfused organs
such as the heart and brain. Long term consequences include
chronic cognitive sensory and motor deficits termed neurological
sequelae which cause uncontrollable emotional alterations and
seizures (5).

Carbon Monoxide Poisoning in Canada
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r';j CO poisoning was responsible for 3,027 hospital admissions
¥ between 2002 and 2016 (6).

,y:_é;; 4,990 accidental CO poisoning deaths occurred between 2000
"% and 2013 (6).

gu—i;v-,; No decline in hospitalizations in the past 18 years despite the
%t widespread implementation of CO detectors (6).
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(7} CPAP == (7) NRBM —(5) CPAP == (5) NRBM
g‘jJ In a case-study conducted by /dil et al. (7), 2 patients exposed to CO in their home while asleep had COHb
2 measuring 24% and 26%. The concentration of COHb dropped to 3% within 5 hours for the patient with the

NRBM and within 2 hours for the patient with CPAP

&w:ﬁ,‘; In a study with similar structure by Roth et al. (5), COHDb levels fell from 21% to 3% in 120 minutes using
¢ CPAP, and nearly 3 times longer, 330 minutes for the patient treated using a NRBM.

gj:.s A larger experimental study was conducted by Delvau et al. (8) using swine exposed to CO as the test
“t  population. The results revealed that COHb half-life was reached in 58 minutes for the swine receiving
CPAP therapy and 85 minutes for the swine with NRBM (8).

How CPAP aids in CO clearance from the blood

Airways are stented open throughout the breath from constant positive airway pressure and alveolar collapse
at end-exhalation is minimized, optimizing lung diffusion and gas exchange area. The effect of this is that
oxygenation becomes more efficient at any given FiO, and the tissues can be more rapidly supplied with
oxygen (8), allowing oxygenated hemoglobin to more effectively compete with COHb at the binding site (8).
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~5'; CPAP is indicated for refractory hypoxemia, “when PaO2 cannot be maintained at greater than 50 to 60
"~ mmHg with FiO2 0.50 or greater” (9 p1031), a common sign in CO poisoning.
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CPAP effectively decreases the sensation of dyspnea, which is one of the most prevalently reported
. symptoms (1).

fi;:ﬁ CPAP improves functional residual capacity (FRC), which is reduced from elevated hydrostatic pressure
" and fluid accumulation in the interstitial space (3) causing cardiogenic pulmonary edema.
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Disadvantages of Hyperbaric Oxygen Therapy
(HBOT) for CO poisoning

There are only 3 licensed HBOT facilities in Alberta, 2 are in hospital;
Foothills Medical Centre and Misericordia Hospital, cities with
populations >800,000. This is problematic in that it delays initiation of
therapy, prolongs recovery time, and increases likelihood of long-term
consequences. Cost to operate each chamber is ~ $190,000/year
without physician billing and purchased in 1995 for $111,000 (9).
HBOT itself presents adverse effects: claustrophobia, inner ear and
sinus damage, decreased cardiac output, fire risk, and can aggravate
existing conditions including diabetes and epilepsy (9).

Conclusion

Initial research has been promising in favour of using CPAP with
100% oxygen to reduce the half-life of carboxyhemoglobin at a much
faster rate than conventional NRBM. HBOT has traditionally been
utilized but is not feasible in rural communities as therapy will not be
received within a desirable time and transporting unstable patients to
larger centres with HBOT poses additional risks. The implication of
CPAP for CO poisoning is immense because it reverses the causative
mechanism, treats the signs, and relieves the symptoms. The
accessibility, affordability, and reliability of CPAP makes it a preferred
method of treatment for those who experience CO toxicity in rural
settings.

Limitations and Future Research

The topic is considerably new and there are challenges developing
case studies with reliable population size to gain statistically
significant data from. Future research with larger sample sizes would
be beneficial for the data to be accurately applied as protocol for a
greater population. It would be of value to study the use of bi-level
positive airway pressure (BiPAP) to optimize ventilation and further
aid in relieving the high work or breathing associated with CO toxicity.

References

% s Trastmsn of Ty, Wonursp Madicl Joensl Konurl
el Pt e

Pios One.

At Storms.Amsecan

itemet 2018 0

5 Foln D, Mayer 4 St

Aatio

Pt 2 2010 31 1111-2 Avalale

K Hantion P, ool aswne
10314(2)120-53 Avl

R, Stllr i, Hever A RL. Kalet R wo:e 1stp.

10 Rieran rom 1AJ8prg oot fctos 202070 25, it




