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a b s t r a c t

Carbon monoxide (CO) is a toxic, color-, taste- and odorless gas with fatal consequences if

undetected. Intoxication caused by CO is frequent possibly leading to a high morbidity and

mortality. The disease involves multiple organ systems without a typical clinical

presentation. The clinical picture is furthermore unrelated to levels of carboxyhemoglobin

— the routine biomarker. Therefore the diagnosis and treatment can be very demanding.

This article in detail reviews epidemiology, symptoms, diagnosis and the therapy of this

multidisciplinary challenge.

© 2018 Elsevier Ltd and ISBI. All rights reserved.
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1. Epidemiology

Carbon monoxide (CO) is a gas, which by its nature is colorless,
odorless and tasteless, making it an invisible threat. It arises
from the incomplete burning of hydrocarbons. Its affinity to
hemoglobin molecules is roughly 240 times higher than that of
oxygen (O2) [1], leading when present to the formation of
carboxyhemoglobin by replacing the bounded O2 [2]. Once
inhaled CO leads to tissue hypoxia primarily effecting areas of
high blood flow and oxygen demand [3]. The affinity of CO to
myoglobin is also 60 times greater than that of O2 causing
cardiac depression and potentially hypotension [4]. However,
the main pathomechanism has not proven to be the reduction
of the oxygen-carrying capacity caused by the increased
carboxyhemoglobin forming. The toxic effect is the result of
CO binding to cytochrome oxidase and inhibiting the electron
transport chain [5]. Death certificates from 1999 to 2004 in the
United States recorded CO intoxication as a contributing cause
of death in 16,447 cases. During the same period CO
intoxication alone accounted for 439 deaths per year [6].
According to estimations 40,000 people per year require
medical attention due to CO intoxication in the United States
[7]. Reviewing the data on worldwide injuries and deaths after
poisoning, CO intoxication is the most common cause [8].
Sources causing accidental CO poisoning are open fires (42%),
work-related exposure in industry (26%) and faulty furnaces
(19%). Motor vehicles only explain a small proportion (4%), of
which 88% however are the result of a suicidal attempt [9]. The
high morbidity and mortality stand face to face with the risk of
oversight due to non-specific symptoms and difficulties in
detection [10]

2. Symptoms

CO poisoning causes a variety of symptoms of which nausea
(40%), headache (46%), dyspnea (20%) and tachycardia (41%)
seem to be the most common. Vertigo and vomiting are
furthermore described [9,11]. Specific cardiovascular effects
include electrocardiographic QT prolongation, myocardial
ischemia, low blood pressure, ventricular arrhythmia and in
rare cases atrial thrombus [12,13]. CO poisoning can also lead
to left ventricle dysfunction with systolic and diastolic
impairment [14]. Moreover, multiple neurological and psy-
chological disorders are associated with CO intoxication such
as status epilepticus, polyneuropathy, Korsakoff syndrome,
MS-like syndrome, dementia, Parkinson’s syndrome, psycho-
sis, depression and kleptomania [15–17]. In addition, symp-
toms involving the central nervous system can lead to
hallucinations, dizziness, confusion, seizures and at a maxi-
mum extent to respiratory arrest [18,19]. These enumerations
highlight that the clinical presentation is unspecific and
complex involving multiple organ systems. Therefore, the
diagnosis can easily be overlooked or misdiagnosed possibly
leading to coma and death at worst [10]. The comparison of two
case reports by Grieb et al. clearly emphasizes the difficulties
in everyday clinic life: the first patient was a fireman working
in a silo who reported chest pain and nausea, then became
somnolent and collapsed. The physical examination showed

neurological deficits and paresthesia of the upper legs as well
as rosy complexion and livid coloration. A CO poisoning was
suspected in consideration of the symptoms and work
environment. Slight but not significant ST elevations in the
initial electrocardiography (ECG) were explained as transient
ischemia compatible with CO intoxication. After hyperbaric
oxygen therapy and extubation in stable condition the man
still complained about severe chest pain. The diagnosis of a
myocardial infarction (MI) was then correctly made based on
an elevated Troponin level and a second ECG with significant
ST elevations [20]. In comparison the second patient an older
man presented with chest pain, palpations and inner agita-
tion. His medical history included type II diabetes, nicotine and
alcohol abuse and schizophrenic psychosis. The physical
examination showed a sufficient general health, however an
ECG indicated ST elevations. The leading diagnosis of a MI was
ruled out via clinical chemistry. Only on second admission a
week later with identical symptoms the correct diagnosis was
found. The man had an CO poisoning from a defective furnace
in his garden cottage [20]. CO intoxication successfully mimics
other diseases and therefore is a differential diagnosis to
always bear in mind.

3. Diagnosis

To detect a CO intoxication the percentage of COHb is
measured. Arterial blood gas tests are the most reliable source.
An advantage is the pre-clinical determination via pulse CO-
oximetry which is competent possible with the suitable
equipment [21]. A normal ratio of carboxyhemoglobin to
hemoglobin is up to 5%, in smokers up to 9% [22]. However,
COHb measurement alone is an insufficient marker for
assessing the severity of disease. A case report on two patients
with almost equal COHb levels showed major differences in
presentation and severity of symptoms as well as course of
disease [23]: the patients, a young male and female both
healthy, nonsmokers and without significant medical history
had been exposed to the same source of CO for approximately
the same amount of time causing similar COHb levels (34.7%
vs. 38%). The male presented somnolent, spontaneously
breathing and reactive to verbal stimuli (Glasgow Coma Scale
13). He recovered quickly after receiving oxygen and was fully
orientated to all qualities. He felt minor nausea but no further
symptoms. ECG, serum analysis and chest x-ray showed no
abnormalities. He received hyperbaric oxygen therapy without
complications, remained free of symptoms and left the
hospital the next day against medical advice [23]. The female
was unconscious and gasping (GCS: 3) and required direct
intubation and ventilation with 100% O2. She initially only
showed tachycardia but also became hypotonic needing
treatment. Her ECG was normal, serum analysis only showed
elevated hepatic enzymes however the chest x-ray revealed
severe toxic lung edema. She received hyperbaric oxygen
therapy without complications but had to remain intubated for
a total of 43h. The lung edema declined and after extubation
she presented no neurologic deficits but needed further
oxygen support. She left the hospital after 4 days. This
comparison furthermore emphasizes the lacking correlation
of COHb levels with the severity of symptoms and the

b u r n s 4 5 ( 2 0 1 9 ) 5 2 6 – 5 3 0 527



prognosis [15,24]. In addition, it has been demonstrated that
COHb levels also do not correlate with the duration of inpatient
treatment. On the other hand a significant inverse correlation
between the initial GCS and the duration of inpatient stay has
been revealed. Along with it an association between the
duration of inpatient treatment and elevated leukocyte
numbers, CRP serum concentration and the occurrence of
lung infiltrates has been published. COHb is a helpful
parameter supporting the initial diagnosis of CO poisoning.
To judge the severity of disease further examinations are
needed. GCS, leucocyte count, CRP serum concentration and
pulmonary infiltrates on chest x-ray are promising tools [9]. In
case of suspected CO intoxication the investigation should also
include a complete blood count, a liver function test as well as
the determination of electrolyte, urea and glucose levels [25–
27]. Some studies suggest a correlation between measured
lactate blood levels and loss of consciousness and convulsion
in children. This parameter is used as a tool to decide for
hyperbaric oxygen treatment [28]. Especially in burn victims
with possible smoke inhalation injuries a fiberoptic bronchos-
copy can be useful to judge erythema, edema and ulceration.
Furthermore, it is a meaningful tool to perform airway
management during an ICU stay [29,30]. The most important
measurements and parameters for diagnosing and treating CO
intoxication are summarized in Table 1.

4. Therapy

Due to the large spectrum of symptoms a critical management
of CO intoxications is recommended. This includes an
inpatient treatment in a specialized clinic, a detailed medical
history and physical examination. Furthermore, the vital
parameters such as heart rate, blood pressure, percutaneous
oxygen saturation and blood gas analysis should be monitored
continuously. Intubation and ventilation with 100% O2 is
required in patients with respiratory insufficiency [9,23].

If there is a preclinical suspicion of CO intoxication
emergency staff should administer high levels of oxygen

(e.g. high-flow oxygen, reservoir face mask, 100% oxygen in
terms of artificial air way) [31,32]. It is essential to focus on
ventilation and perfusion and establish an appropriated
monitoring as stated above (ECG, blood pressure, measure-
ment of oxyhemoglobin and if available carboxyhemoglobin).
To assess the neurological status immediately, GCS is the
appropriate tool even preclinically [9,18,19]. If possible the
circumstances of exposure have to be determined (duration,
source, other injured patients) and documented for further
inpatient hospital therapy. In case of a suicide attempt
toxicologic labor investigations have to be considered [18].

The half-life of COHb under standard atmospheric con-
ditions is 4–8h and can be reduced to 2h under administration
of 100% O2. Due to the fact that carbon monoxide may have
severe effects on the fetus, pregnant women are treated for
longer periods with oxygen insufflation [30]. The greatest
lowering to 30min can be achieved under hyperbaric oxygen
therapy at 3atm of pressure [2]. Nevertheless, hyperbaric
oxygen therapy is under debate as some studies criticize the
insufficiently proven benefit of a routine use in the treatment
of CO poisoning [2,33,34]. However, many authors argue that
the majority of patients benefit from hyperbaric oxygen
therapy [34] and a convincing advantage is the effective
minimization of delayed neurological sequelae, cerebral
edema and pathological central nervous system changes
[35,36]. Possible side effects of HBO treatment are pneumotho-
rax, decompression sickness, gas embolism and middle ear
barotrauma. Bessereau et al. report about up to 13.6% of
barotrauma auris in patients [37]. In 2002 Weaver and
colleagues published in The New England Journal of Medicine
results of a double-blinded, randomized trial regarding
cognitive sequelae after acute carbon monoxide poisoning
to compare the effects of HBO versus NBO. Six weeks after CO-
poisoning neurological pathologies detected with neuropsy-
chological testing revealed a significantly lower rate in the
hyperbaric-oxygen group (25 vs. 46.1%; p=0.007). There are
multiple different designs of HBO procedures. Weaver et al., as
the only study to show a positive effect in a double-blinded,
randomized trial, used an initial session of 150min (75min of

Table 1 – Most important parameters for diagnosing and treating CO-intoxication.

Parameters Comment

Carboxyhemoglobin - Initial diagnosis of co-intoxication [9,21]
- Preclinical use with percutaneous co-oximetry [21]
- No correlation to duration of inpatient treatment, severity of symptoms, prognosis [9,15,24]

Oxyhemoglobin - Respiratory arrest is a possible symptom of CO-intoxication [18,19]
Lactate blood level - Tissue hypoxia [27]

- Correlation to time of co-exposure and severity [25]
- Tool to decide for HBO treatment in children [28]

Leucocytes - Correlation between elevated leucocytes and duration of inpatient treatment [9]
C-reactive protein - Correlation between increased CRP and duration of inpatient treatment [9]
Chest x-ray - Lung infiltrates, lung edema [9]

- Correlation between pulmonary infiltrates and severity [9]
Glasgow-Coma-Scale - Possible symptoms: dizziness, confusion, seizures [18,19]

- Inverse correlation to inpatient stay and severity [9]
Electrocardiography - Possible heart disorder e.g. tachycardia, QT prolongation, myocardial ischemia, ventricular arrhythmia

[9,11–13]
Bronchoscopy (if inhalation injury
is suspected)

- Degree of erythema, edema, ulceration [29,30]
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3atm+75min of 2atm) following two sessions of 120min
(2atm) [38].

There even is a study by Annane et al. from 2011 which
shows a lower recovery rate after two HBO sessions compared
to one HBO session in comatose patients (trial B). This led to a
premature termination of the trial. Additionally, recovery
rates in patients with transient loss of consciousness (trial A)
were close to even (61% versus 58%) so that this arm was
discontinued as well. The authors concluded that HBO therapy
is not superior to NBO therapy [39].

Buckley et al. included six randomized trials with a large
heterogeneity regarding different treatment regimes, follow-
ups and biases in a systematic review involving 1361 patients.
The pooled analysis revealed no statistical significance
between NBO and HBO therapy. In conclusion routine HBO
treatment is not recommended but may be beneficial for
patients with severe poisoning [40].

Therefore, a hyperbaric oxygen therapy is recommended
for patients with neurological deficits, respiratory insufficien-
cy or a COHb level >15% [23].

Recovery after acute CO-intoxication depends on the
development of sequelae. Those can develop immediately
(persistent neurological sequelae — PNS) or weeks later
(delayed neurological sequelae — DNS) and can be permanent
[31]. Signs and symptoms can have a great variety and can be
non-specific. It is recommended to treat symptoms with
cognitive, psychiatric, vocational, speech, occupational and
physical rehabilitation. Therefore, a long-term follow up after
hospital discharge is required [18].

5. Conclusion

Carbon monoxide intoxication is one of the most common
inhalative poisoning worldwide which can lead to high
morbidity and mortality involving multiple organ systems.
Due to its variety of clinical presentations and lack of reliable
blood tests with correlation to the clinical outcome it remains a
multidisciplinary challenge. Therapy of CO intoxication
depends on variable factors. Even the benefit of hyperbaric
oxygen therapy is still under current debate. Carbon monoxide
intoxication is a differential diagnosis to always bear in mind
and treat thoroughly.
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