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Carbon monoxide poisoning:
Pathophysiology, diagnosis,
symptoms and advances in acute

and chronic management
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Zarecka'!, Sara Hassan? Szymon Bienia®, Aleksandra

Kossakowska?, Jakub Leicht?, Klaudia Konieczna*

ABSTRACT

Carbon monoxide (CO) poisoning is most important contributor to toxic gas-
related morbidity and mortality. Acute poisoning is well-documented, but
chronic exposure remains poorly understood, often presenting with non-
pathognomonic symptoms that complicate the diagnosis. Carbon monoxide (CO)
attaches strongly to hemoglobin, hindering the transport of oxygen and
disrupting cellular respiration. Acute exposure leads to injuries caused by a lack
of oxygen, while prolonged exposure may contribute to nerve damage, memory
and thinking problems, and heart-related complications. Typical sources of CO
include exhaust fumes from vehicles, defective heating equipment, cigarette
smoke, and certain industrial substances. Acute poisoning causes headache,
dizziness, and potential neurological damage, while chronic exposure leads to
fatigue, cognitive impairment, and delayed neuropsychiatric syndrome (DNS).
Diagnosis involves carboxyhemoglobin measurement and clinical evaluation.
Oxygen therapy is the main approach to treating carbon monoxide poisoning,
with hyperbaric oxygen therapy (HBOT) proving especially beneficial in severe
cases by reducing the likelihood of delayed neurological issues. While HBOT
shows promise, more research is needed to understand chronic exposure and

improve outcomes through standardized protocols.

Keywords: Carbon monoxide intoxication, carbon monoxide, hyperbaric oxygen
therapy, delayed neuropsychiatric syndrome

1. INTRODUCTION

Carbon monoxide (CO) is the leading toxin of death by poisoning worldwide
Thom et al., (2006) and can result in significant brain damage and lasting

cognitive issues in survivors. Although acute CO poisoning is well-studied, there
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is limited understanding of the effects of chronic CO exposure. Diagnosis of chronic CO poisoning typically relies on assessing the
patient's environmental conditions, medical history, and occupational exposure (kanburoglu et al., 2016). Epidemiological analyses
show that the number of carbon monoxide (CO) poisoning cases worldwide varies greatly.

This variation is influenced by factors such as a country's economic status, the effectiveness of its safety regulations, and how much
the public understands about CO risks (Can et al., 2019). In Low-and Middle-income Countries, poor ventilation standards and the
widespread use of low-quality fuels lead to higher rates of accidental CO poisoning (Wesley et al.,, 1995). In contrast, High-income
Countries have seen a reduction in accidental exposures thanks to advancements in technology and stricter safety laws. However, these
nations still face challenges in dealing with chronic CO exposure cases and ensuring that diagnoses are made quickly and accurately
(Ernst and Zibrak, 1998).

2. METHODOLOGY

To gather information for this review, keywords such as "carbon monoxide intoxication", "carbon monoxide", "hyperbaric oxygen
therapy", and "delayed neurological syndrome" were used to search accessible medical databases, including PubMed, ScienceDirect,
and Google Scholar. The review focused on studies published between January 1960 and August 2024, selecting articles based on their
relevance to the topic as indicated by their titles and abstracts. This review incorporates clinical research, systematic reviews, and meta-
analyses that explore acute and chronic carbon monoxide poisoning, associated symptoms, and advancements in treatment. For the
sake of accessibility and consistency of interpretation, we have excluded publications not written in English.

Our included criteria were:

Articles published in English

Articles focusing on acute and chronic carbon monoxide poisoning

Research on advancements in therapies, especially hyperbaric oxygen therapy

Clinical research, systematic reviews, and meta-analyses focusing on symptomatology of carbon monoxide poisoning and treatment
Excluded criteria:

Non-English publications

Studies with methodologies with flaws, such as missing control groups, ensuring the quality and reliability of the findings

3. RESULTS AND DISCUSSION

Carbon monoxide (CO) poisoning remains a critical global health issue, leading to significant morbidity and mortality (Hasan et al.,
2024). Acute poisoning is relatively well-documented, but the effects of chronic exposure are still poorly understood due to its
nonspecific symptoms, which make diagnosis challenging. From the studies we reviewed, hyperbaric oxygen therapy (HBOT)
consistently shows promise in treating acute CO poisoning. It appears especially effective at minimizing the risk of delayed
neurological syndromes (DNS), which can pose serious, long-term challenges for some patients. While (HBOT) shows great promise for
acute CO poisoning, putting it into widespread practice can be challenging. A lot of hospitals simply do not have access to hyperbaric
chambers, and there isn’t a universally agreed-upon set of guidelines to follow.

More thorough research is needed to refine these methods, hoping that in the future, patients will receive the best possible care.
Chronic exposure presents a different, yet equally significant problem. A significant numer of people expierience mild presentation
(persistent fatigue, cognitive issues, and cardiovascular complications), which can easily be mistaken for other conditions. This
diagnostic gray area highlights the need for improved testing methods and increased awareness among healthcare professionals. In
essence, both acute and chronic CO poisoning are in need of vigilant recognition and prompt intervention. While HBOT holds
significant potential for acute cases, much work remains in addressing the long-term effects of chronic exposure. Increasing research
efforts, fine-tuning our treatment strategies, and building broader awareness, will help take meaningful steps toward safeguarding

individuals from the serious risks posed by carbon monoxide.
Pathophysiology

Carbon monoxide (CO) has a strong affinity for hemoglobin and other heme-containing proteins, including myoglobin and cytochrome

C oxidase. Carbon monoxide (CO) binds to hemoglobin with over 200 times the affinity of oxygen (Thom, 2008; Lettow et al., 2018).
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This means that even small amounts of inhaled CO can lead to the formation of carboxyhemoglobin, reducing the blood's ability to
carry oxygen. CO also raises heme levels in cells, triggering oxidative stress (Cronje et al., 2004). By binding to heme in platelets and
cytochrome C oxidase, CO disrupts normal cellular respiration, produces harmful reactive oxygen species, and ultimately causes
neuron damage, including cell death through necrosis and apoptosis (Thom, 2008). In the myocardium and skeletal muscle, CO binds
to myoglobin. Since tissues absorb up to 15% of the body's total CO, it can gradually diffuse back into the bloodstream as the blood's
saturation of CO-bound hemoglobin (CO-Hb) decreases (Roughton and Root, 1945).

Sources of carbon monoxide

Carbon monoxide is generated during the incomplete combustion of hydrocarbons. Typically, its atmospheric concentration is below
0.001 percent, with urban areas exhibiting higher levels than rural regions. Endogenous production of carbon monoxide occurs
naturally as part of the normal biochemical breakdown of hemoglobin, resulting in a low baseline level of carboxyhemoglobin in all
individuals (Ernst and Zibrak, 1998). Carbon monoxide poisoning can stem from various external sources, such as faulty heating
systems, car exhaust fumes, and breathing in smoke (Wesley et al., 1995). Tobacco smoke is a major contributor to carbon monoxide
exposure, with blood carboxyhemoglobin levels commonly reaching 10 percent in smokers and occasionally exceeding 15 percent,
compared to 1 to 3 percent in nonsmokers (Ernst and Zibrak, 1998).

A recent study conducted at a regional hyperbaric treatment center revealed that waterpipe smoking was responsible for carbon
monoxide exposure in 22% of the patients. Interestingly, individuals affected by this source were generally younger than those exposed
through other means (Coppens et al.,, 2006). Methylene chloride, a standard solvent seen in paint strippers or varnish remover, is
metabolized to CO (Ratney et al., 1974). Severe CO poisoning with CO-Hb saturation of up to 50 % has been reported following
methylene chloride exposure (Fagin et al., 1980).

Table 1 Summary of Key Points in Carbon Monoxide Poisoning

Key Points Summary

Leads to symptoms such as
headache, dizziness, and potential
Acute CO poisoning neurological damage. Immediate
intervention with oxygen therapy is

critical.

Associated with nonspecific
symptoms like fatigue and cognitive
Chronic CO exposure impairment. Diagnosis is
challenging due to subtle

presentation.

HBOT accelerates recovery and

. reduces the risk of DNS in acute
Hyperbaric Oxygen Therapy

cases. Limited availability and lack
(HBOT)

of standardized protocols remain

barriers.

Relies on carboxyhemoglobin levels,
. . L patient history, and environmental

Diagnosis of CO poisoning .
assessments. Pulse oximetry gap

complicates diagnosis.

CO binds to hemoglobin, disrupting
Pathophysiology of CO oxygen transport and causing
poisoning cellular hypoxia. Long-term effects

include ischemia and oxidative
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stress.

Generated from combustion, faulty
appliances, and tobacco smoke.

Sources of CO .
Occupational exposure and

methylene chloride also contribute.

Includes tachycardia, nausea,
syncope, and in severe cases,
Clinical manifestations seizures. Symptoms vary based on
exposure levels and individual

health conditions.

DNS can manifest weeks to months
Delayed Neuropsychiatric after acute exposure, causing
Syndrome (DNS) cognitive and neurological

impairments.

Immediate removal from exposure,

high-flow oxygen therapy, and
Management and treatment . . .
] consideration of HBOT. Prevention
strategies .
strategies focus on awareness and

safety regulations.

Carbon monoxide (CO) is a colorless, odorless, nonirritant toxic gas. Typically, it enters the body through inhalation, with the
amount absorbed depending on factors such as the concentration of CO in the air, breathing rate, and exposure duration. Once inside
the body, CO primarily binds to iron-containing molecules found in hemoglobin, myoglobin, and cytochrome C (Can et al., 2019). The
body eliminates CO mainly through exhalation, with only minimal conversion to carbon dioxide (Kano, 2009). Its toxic effects occur

through several mechanisms, some of which are still not fully understood.

Clinical manifestation

Manifestation of Acute CO Toxicity

The clinical presentation of carbon monoxide poisoning is often vague and not easily distinguishable, but it can suggest a broad range
of diagnostic possibilities (Ernst and Zibrak, 1998). CO toxicity can cause a range of acute effects, from mild symptoms to critical illness.
The degree of illness and severity of symptoms correlate with the degree of CO exposure and the patient's underlying comorbidities
(Aubard and Magne, 2000). Nonlethal exposure to carbon monoxide can cause symptoms that are similar to those of a common viral
illness. Since viral illnesses and carbon monoxide exposure bothpeak during the winter, a substantial number of initial misdiagnoses
may occur (Ernst and Zibrak, 1998). In healthy individuals who do not smoke, the concentration of carboxyhemoglobin (CO-Hb) in the
blood is typically less than 2%, while in smokers, this level can rise to as high as 15%.

Most people remain asymptomatic at CO-Hb levels below 10%. Once levels are above 10%, subtle neurological symptoms may
appear, signaling the body's response to the increased presence of carbon monoxide. As CO-Hb levels rise further into the 30-50%
range, the effects become more pronounced and alarming. The body may react with increased respiratory and heart rates, fainting
spells (syncope), muscle weakness or paralysis, and mental confusion. The danger is significant at this stage, as these symptoms can
impair a person's ability to recognize or respond to the threat. When CO-Hb concentrations exceed 50%, the situation becomes dire and
poses a serious threat to life (Thomas, 1998; WHO, 1999; Powers and Dean, 2016; Tomaszewski, 2011). Patients with carbon monoxide
poisoning often present with signs that reflect the body's struggle to cope with a lack of oxygen at the cellular level.

Common symptoms include tachycardia (a rapid heartbeat) and tachypnea (fast breathing), the body's natural attempts to
compensate for the oxygen deficit. Many patients experience headaches, nausea, and vomiting as early signs of poisoning. In more
severe cases, patients may experience presyncope (feeling faint), syncope (fainting), and even seizures. These occur due to cellular
hypoxia (lack of oxygen in the cells) and the widening of brain blood vessels, resulting in cerebral edema (swelling in the brain).

Increased cardiac output, a response to cellular hypoxia, can lead to additional complications such as angina (chest pain), pulmonary
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edema (fluid in the lungs), and arrhythmias (irregular heartbeats). These issues arise from both the effects of carbon monoxide binding
with myoglobin in muscles and a reduced ability of the blood to release oxygen (Turino, 1981; Becker and Haak, 1979; DeBias et al.,
1976).

For patients with pre-existing heart or lung conditions, carbon monoxide poisoning can worsen their symptoms, making it even
harder for the body to get the oxygen it needs (Williams et al., 1992). Classic signs often associated with carbon monoxide poisoning,
such as cherry-red lips, cyanosis (bluish skin), and retinal hemorrhages, are rare. Some patients may develop erythematous (reddened)
skin lesions or bullae (blisters) over bony areas, but these are not specific to carbon monoxide poisoning. On a microscopic level,
necrosis of the sweat glands is a distinctive feature in some cases (Torne et al., 1991). Understanding these symptoms, especially in their

early stages, is important for timely diagnosis and treatment of carbon monoxide poisoning (Table 1).

Delayed neuropsychiatric syndrome

Many individuals affected by carbon monoxide poisoning may not display immediate signs of brain dysfunction. However, in some
cases, neurological or psychological symptoms can appear well after the acute phase, sometimes taking days, weeks, or even months to
emerge, ranging from as early as three days to as late as eight months post-exposure. This delayed condition, known as delayed
neuropsychiatric syndrome, is thought to affect roughly 10 to 30 percent of those who have experienced carbon monoxide poisoning,
though reported rates can vary significantly (Hart et al., 1988; Sawa et al., 1981; Choi, 1983; Wong et al., 2016). Symptoms can be
distressing and significantly impact a person's quality of life, including cognitive difficulties, changes in personality, parkinsonism
(movement disorders similar to Parkinson's disease), loss of bladder or bowel control, dementia, and even psychosis (Choi, 1983; Min,
1986; Wong et al., 2016).

Manifestation of Chronic CO Toxicity

The issue of chronic carbon monoxide (CO) poisoning is a layered diagnostic challenge, as its symptoms are nonspecific and can easily
be misdiagnosed as other conditions. Carbon monoxide doesn't have any color and is an odorless gas, which often leads to symptoms
that do not immediately raise the alarm, making chronic poisoning particularly difficult to identify. In contrast to acute carbon
monoxide poisoning, where symptoms such as sudden headache, dizziness, confusion, or even loss of consciousness are dramatic and
typically prompt immediate medical attention, chronic poisoning develops gradually over time. Chronic or intermittent exposure to
carbon monoxide, lasting more than 24 hours, can often go unnoticed as it occurs sporadically over weeks, months, or even years.

The exact prevalence of long-term exposure is unclear, but its effects can be subtle and easily mistaken for other conditions (Penney,
2008; Weaver, 2009). The long-term effects of prolonged carbon monoxide (CO) exposure remain debated. However, it is known that
the hypoxia and ischemia caused by CO can trigger a series of reactions in the body that may continue even after the toxin is removed.
Similar to acute poisoning, the long-term consequences primarily affect the cardiovascular and neurological systems, with the
cardiovascular effects being particularly well-documented. To compensate for the lack of oxygen (anoxia), the body increases cardiac
output and uses autoregulation to direct more blood flow to critical organs such as the brain and heart.

In individuals with pre-existing coronary artery disease, this mechanism may be insufficient, leading to reduced exercise tolerance,
worsening myocardial ischemia, and an inability to boost cardiac output during physical exertion (Ekblom and Huot, 1972; Aronow
and Isbell, 1973). Animal studies provide additional insight. For example, monkeys exposed to 250 ppm of CO over two weeks showed
signs of coronary artery damage, including subendothelial swelling, fatty streak formation, and lipid-filled cells. Thesefindings
underscore the potential for prolonged CO exposure to cause lasting cardiovascular damage (Thomsen, 1974). It is suggested that
carbon monoxide (CO) may lead to reversible demyelination through direct toxicity to myelin or as a result of cerebral edema.

Imaging techniques such as CT scans, MRI, and positron emission tomography (PET) have identified changes in the brain's white
matter and basal ganglia, which align with findings observed in autopsies (Wesley et al., 1995). The symptoms of chronic carbon
monoxide poisoning can be very different from those of acute exposure and are often more subtle and wide-ranging. They may include
fatigue, emotional exhaustion, memory issues, and difficulties concentrating or performing tasks at work. Other common symptoms
are sleep disturbances, dizziness, nerve-related problems such as neuropathies and tingling sensations (paresthesias), recurring
infections, increased red blood cell count (polycythemia), abdominal pain, and diarrhea (Penney, 2008). The gradual onset and wide

range of symptoms often make it difficult to link them directly to carbon monoxide exposure (Table 1).
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Diagnosis

The diagnostic approach carbon monoxide (CO) poisoning involves several critical steps. Unfortunetlny the condition lacks
pathognomonic signs and symptoms. This makes it essential for primary care doctors and emergency medicine specialists to maintain
high suspicion when evaluating. While measuring carbon monoxide levels in the body can be helpful, it is not always definitive, as
levels might drop significantly when a patient reaches the hospital. However, in most cases, an elevated carboxyhemoglobin (COHb)
level in the blood strongly indicates CO poisoning (Touger et al., 1995; Vegfors and Lennmarken, 1991; Buckley et al., 1994; Messier and
Myers, 1991; Eichhorn et al., 2018). Key Diagnostic Considerations:

Confirming the Diagnosis

If CO poisoning is suspected, checking the air at the exposure scene or measuring CO in the patient's exhaled breath can support the
diagnosis.

Blood samples collected at the scene by paramedics can also be beneficial, as COHD levels in the blood decline once a person starts

breathing fresh air.

Blood Testing for COHb

Venous blood samples are sufficient to measure COHb levels.

Arterial blood may provide other information, such as identifying coexisting acidosis, which could be present in severe cases.
Measuring COHb requires specialized equipment, such as a spectrophotometer, as regular pulse oximeters cannot differentiate
between carboxyhemoglobin and oxyhemoglobin. This limitation, known as the "pulse oximetry gap", means that standard pulse

oximetry readings can be misleading.

The interpretation of the SpCO levels should be done in the setting of the clinical presentation
Zero to 5% is considered normal.

Five percent to 10% is considered normal in a smoker.

Greater than 10% is abnormal in any person (consider high flow oxygen)

More than 15% is significantly abnormal in any person, and treatment is mandatory.

Neurological and Psychological Assessment

Once CO poisoning is confirmed, a thorough neurological and psychological examination has to be performed.

Imaging Studies

Computed tomography (CT) of the head is actually not helpful in confirming CO poisoning. However, it can be useful for eliminating
other possibilities of altered mental status, such as brain injuries or strokes (Touger et al., 1995; Vegfors and Lennmarken, 1991;
Buckley et al., 1994; Messier and Myers, 1991; Eichhorn et al., 2018).

Treatment/Management

The carbon monoxide-intoxicated patient must first be removed from the source of carbon monoxide production without endangering
the health of the rescuing personnel. It is critical to differentiate intentional from unintentional poisoning, but if the reason for
poisoning is unknown, it is better to be suspicious of a potential suicide attempt. Highflow oxygen should be administered to the
patient immediately, preferably 100 percent as normobaric oxygen. Oxygen shortens the half-life of carboxyhemoglobin by competing
at the binding sites of hemoglobin and improves tissue oxygenation (Ilano et al., 1990).

The Role of Hyperbaric Oxygen Therapy

Hyperbaric oxygen therapy can be key in treating carbon monoxide (CO) poisoning and should be considered in emergency
departments. This treatment involves patients breathing 100% oxygen inside a hyperbaric chamber pressurized to 1.4 atmospheres
(Drinhaus et al., 2016). Physicians who rely on carboxyhemoglobin levels to determine the need for hyperbaric oxygen should know
that these levels may not accurately reflect the initial severity of poisoning. By the time measurements are taken, carboxyhemoglobin
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levels may have already decreased due to the body's natural elimination process, which is further accelerated by the administration of
oxygen by first responders before hospital arrival.

Once the diagnosis of carbon monoxide poisoning is confirmed, physicians need to assess the need for hyperbaric oxygen therapy.
The decision to treat the patient with hyperbaric oxygen therapy (HBO2) can be controversial. If the COHb is greater than 25%, this is
considered severe poisoning, and most experts agree that HBO2 treatment is justified. It is reasonable to err on the side of treating with
HBO2 because it is difficult to determine which patients are at risk of developing delayed neuropsychiatric syndrome (DNS), which is a

significant problem in 40% of severe cases (Buboltz and Robins, 2023).

Normobaric versus Hyperbaric Oxygen Therapy

The process of eliminating carbon monoxide (CO) from the body depends on factors such as how deeply you breathe (minute
ventilation), how long you were exposed, and the level of oxygen you are inhaling (fraction of inspired oxygen or FiO2). Under normal
conditions, when breathing room air, it takes 4 to 6 hours for half of the carboxyhemoglobin —a harmful compound formed when CO
binds to hemoglobin—to leave the bloodstream. Breathing 100% oxygen reduces this half-life to 40 to 80 minutes, and hyperbaric
oxygen therapy (oxygen delivered under higher pressure) takes only 15 to 30 minutes. These treatments significantly speed up
recovery from CO exposure.

Hyperbaric oxygen therapy (HBO2) plays a significant role in reducing the risk of delayed neuropsychiatric syndrome (DNS) by
addressing ischemia-reperfusion injury in the central nervous system. HBO2 accelerates the removal of CO from hemoglobin, first it
allows the rapid formation of normal oxyhemoglobin in red blood cells to happen. Additionally, HBO2 increases oxygen delivery to
tissues by dissolving more oxygen directly into the plasma ensuring that oxygen reaches areas that may have compromised blood flow.

Another advantage of HBO2 is its ability to reduce inflammation in the brain. It limits the adhesion of neutrophils to the damaged
endothelial lining of blood vessels, thereby decreasing tissue swelling and preventing lipid peroxidation. Moreover, the increased
oxygen levels delivered to the tissue help displace CO bound to cytochrome proteins in cellular mitochondria, supporting the
restoration of oxidative phosphorylation, a process essential for neuron survival and normal function, especially following ischemic
damage (Akcan et al., 2021; Kuo et al., 2018).

4. CONCLUSIONS

Carbon monoxide (CO) poisoning remains a significant global health concern, as it is the leading cause of morbidity and mortality from
toxic gas exposure. Both acute and chronic CO poisoning pose diagnostic and therapeutic challenges due to their nonspecific clinical
presentations and potential for delayed complications. Hyperbaric oxygen therapy (HBOT) demonstrates promising benefits for
reducing cognitive and neurological impairments associated with acute CO poisoning. Studies show that HBOT can effectively
accelerate the elimination of carboxyhemoglobin and reduce the likelihood of ischemic injury to the brain.

Chronic CO poisoning represents a diagnostic challenge due to its vague onset and nonspecific symptoms. Cardiovascular and
neurological long-term effects emphasize the need for early identification. Chronic exposure should be suspected in patients with
unexplained fatigue, cognitive changes, or cardiovascular symptoms, especially when environmental or occupational risk factors are
present. The decision to use HBOT should be guided by clinical factors such as the severity of exposure, carboxyhemoglobin levels, and
neuropsychiatric or cardiovascular symptoms. It is crucial to continue the reasearch and standarization of treatment protocols in the
term of HBOT.
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