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Abstract.

Carbon monoxide (CO) poisoning is a serious worldwide public health concern and the primary cause of
unintentional toxic fatalities > 151, Many instances remain undiagnosed, leading to increased morbidity and death.
As it is colorless, odorless, and non-irritating, it is also known as the “silent killer.” [> 11 Its toxicity is largely due
to carboxyhemoglobin production, which lowers oxygen supply, combined with mitochondrial dysfunction,
oxidative stress, and inflammation, notably damaging the brain and heart > 8 0 The clinical presentation varies
from modest symptoms such as headache and dizziness to severe neurological impairment, cardiac problems,
coma, and death. [& 1. 151 Diagnosis might be challenging since signs and symptoms are non-specific and the usual
methods of COHb testing and imaging are limited, especially in fatal cases [* 1% This review covers CO
toxicokinetics, etiology, clinical characteristics, diagnostics, and treatment options, including hyperbaric oxygen
therapy 2 4 351 |t also discusses the delayed neurological sequelae and forensic aspects of CO poisoning,
including autopsy results and medico-legal review 2 3 as well as novel biomarkers and preventative methods
for future clinical and forensic practice.

Keywords: carbon monoxide poisoning, carboxyhemoglobin, hyperbaric oxygen treatment, forensic toxicology,
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Introduction:

Carbon monoxide (CO) poisoning is a leading cause of preventable inhalational illness and death worldwide > &
31, Exposure is often encountered in confined or inadequately ventilated areas owing to residential heating
systems, engines, fires, and industrial sources [+ 11, People are generally unaware of exposure to CO until they
have serious symptoms, since CO is colorless, odorless, and non-irritating; hence, it has a significant risk of death
[ 11,8,151 CO toxicity has been related for a long time to the development of carboxyhemoglobin and decreased
delivery of oxygen, but it also includes oxidative stress, mitochondrial dysfunction, inflammation, and damage to
lipid membranes [> 0.8 151 Mechanisms of action are especially important in high oxygen demand organs such as
the brain and heart and may cause delayed neurological consequences even after apparent recovery 5107121 The
first symptoms, including headache, dizziness, exhaustion, and nausea, are vague and may resemble other
ilinesses, which can delay detection and complicate diagnosis & 1% 191, In fatal instances, interpretation is further
confounded by limits of postmortem carboxyhemoglobin assays and varied results [ 231, This review provides an
overview of the epidemiology, pathophysiology, diagnosis, treatment, and forensic aspects of CO poisoning with
a focus on diagnostic problems, delayed neurological sequelae, and new therapeutic and investigative
breakthroughs that can improve future outcomes [t 2 13,151,

Epidemiology and Sources of Exposure:

Carbon monoxide (CO) poisoning is one of the primary causes of inhalation-related illness and death globally &
51, It is commonly underdiagnosed or underreported in a number of nations; therefore, the real impact is larger
than acknowledged 4. Cases are higher in winter months owing to increased indoor usage of combustion-based
heating systems [* 13, Unintentional home exposures are the cause of most instances [ 31,
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Exposure may be purposeful or unintentional. Common causes include car exhausts, malfunctioning residential
appliances, charcoal fires, generators, industrial combustion systems, and smoke from burning buildings, which
may also include additional dangerous gases, including hydrogen cyanide ® 511,

The high-risk populations are youngsters, the elderly, pregnant women, and those with cardiovascular or
respiratory problems [ & 131 Poor ventilation, malfunctioning equipment, absence of CO alarms, and low
knowledge (particularly in under-resourced settings) significantly enhance risk 4 151, In general, CO poisoning
is a major environmental and public health problem [ 21,

Table 1. Common Sources of Carbon Monoxide Exposure.

Category Common Sources Typical Setting
Domestic Gas heaters, stoves, charcoal burners, generators Homes and residential buildings
. Industrial furnaces, mining operations, vehicle repair . . .
Occupational g op P Workplaces and industrial settings
workshops
Fire-related Structural fires, smoke inhalation Residential and commercial fires
. . L Garages, tunnels, enclosed parkin
Transportation | Vehicle exhaust emissions g P g
areas
Environmental | Poorly ventilated combustion sources Confined or enclosed spaces

Toxicokinetics and Pathophysiology:

Carbon monoxide (CO) is readily absorbed in the lungs and enters the bloodstream, where it binds to hemoglobin
200 to 250 times more tightly than oxygen, creating carboxyhemoglobin (COHD) [s g. This results in a decreased
oxygen supply and a leftward shift of the oxyhemoglobin dissociation curve © ° The half-life of COHb depends
on oxygen concentration and is greatly shortened by supplementary oxygen treatment [*2 14 CO toxicity is not
only hypoxia but also includes myoglobin, cytochromes, and other heme proteins. It disrupts mitochondrial
oxidative phosphorylation via inhibition of cytochrome ¢ oxidase 1% This leads to decreased cellular respiration,
oxidative stress, and energy failure, which are important contributors to damage @ 1 51 Inflammation also
contributes to harm via leukocyte activation, endothelial dysfunction, and production of pro-inflammatory
mediators and contributes to microvascular and neuronal injury and delayed neuropsychiatric sequelae 19251, The
brain and heart are especially susceptible, with frequent observations of basal ganglia, hippocampus, and white
matter injury, as well as myocardial ischemia, arrhythmias, and cardiac failure [7- 10 13,15}
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Figure 1: Pathophysiologic Mechanisms of Carbon Monoxide Poisoning
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Clinical Manifestations:

The symptoms of carbon monoxide (CO) poisoning depend on exposure and time and the individual susceptibility
[8. 11,151 nitial symptoms are vague and include headache, dizziness, tiredness, nausea, vomiting, and muscular
weakness, which commonly results in delayed diagnosis [ &, As exposure increases, neurological symptoms such
as disorientation, poor judgement, blurred vision, and lack of coordination may develop & 51 In extreme
situations, CO poisoning may induce convulsions, loss of consciousness, and coma [ 8 Cardiovascular
consequences include tachycardia, chest discomfort, arrhythmias, myocardial ischemia, and general cardiac
dysfunction [3 151 Respiratory symptoms may also be present, especially with smoke inhalation & 1,
High-risk people include pregnant women, children, the elderly, and those with cardiovascular disease [5, 8].
Importantly, the levels of COHb do not necessarily correspond with the severity of symptoms, and some patients
have delayed neurocognitive consequences such as memory loss and mood abnormalities even after apparent

recovery [7-12.15],

Table 2: Clinical Manifestations of Carbon Monoxide Poisoning

Severity Common Manifestations

Mild Headache, dizziness, fatigue, nausea, vomiting

Moderate Weakness, confusion, impaired concentration, visual disturbances
Severe Altered consciousness, seizures, coma, respiratory failure
Cardiovascular

Effects Chest pain, arrhythmias, myocardial ischemia, myocardial injury

Memory impairment, personality changes, cognitive dysfunction, movement

Delayed Effects disorders

Diagnosis and Biomarkers:

Diagnosis of CO poisoning is based on the history, physical examination, and laboratory work-up of the patient.
COHb values are the gold standard for patient diagnosis. However, there are substantial challenges in
interpretation. The COHb level may be reduced even before the visit to the physician, particularly when the patient

was treated for the disease; smokers have elevated baseline COHDb levels [> 11,151,

Lab tests may show metabolic acidosis, elevated lactate in blood, and evidence of damage to organs. For instance,
cardiac markers such as troponins and creatine kinase may be helpful in evaluating myocardial involvement in
CO poisoning and may be indicative of a bad prognosis in this regard 3 3 Furthermore, currently, neuroimaging
tests using magnetic resonance imaging are usually conducted for the diagnosis of brain damage in severe
poisoning 1.

The latest studies related to CO biomarkers include metabolomics and oxidative stress indices. These approaches
are useful to forecast the prognosis of patients and to encourage the early diagnosis of severe CO poisoning & 151,
In situations of death, diagnosis should be made by thorough interpretation of postmortem COHb level,
toxicological tests, and probable evidence of tissue damage by decomposition or injuries incurred during fire or

co-toxicant exposure 23,
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Table 3: Diagnostic Modalities and Biomarkers in Carbon Monoxide Poisoning

Diagnostic Tool / Biomarker

Clinical Significance

Limitation

Carboxyhemoglobin (COHb)

Confirms exposure to carbon monoxide

Levels may decrease before
testing.

Arterial Blood Gas Analysis

Assesses oxygenation and acid-base status

Findings may be nonspecific

Serum Lactate

Indicates tissue hypoxia and poisoning
severity

Not specific to CO poisoning

Cardiac Troponin

Detects myocardial injury and prognostic
risk

Elevated in other -cardiac

conditions

Magnetic Resonance
(MRI)

Imaging

Identifies neurological injury and predicts
sequelae

Expensive and not always
available

Metabolomic Biomarkers

Emerging tool for prognosis and forensic

Requires further validation

evaluation

Management and Treatment:
And so the critical thing to do when someone gets carbon monoxide poisoning is to get them away from the object
that is creating the carbon monoxide immediately. Then we have to give them enough oxygen to breathe. This

helps clear the carbon monoxide from their blood and ensures their body receives the oxygen it needs. [ 12 141

Supportive treatment is especially important in moderate to severe instances. Management involves ensuring that
the airway is clear, giving oxygen, and careful monitoring of cardiovascular and respiratory function to avoid

complications. > 8 141

Hyperbaric oxygen therapy (HBOT) is a common treatment researched for carbon monoxide intoxication. HBOT
provides 100% oxygen at increased ambient pressure and enhances carbon monoxide removal and tissue
oxygenation [ 241 Potential advantages include reduced neuronal injury, limitation of inflammatory damage, and
prevention of later neurological sequelae. However, the clinical usage has been variable, with ambiguity about
patient selection, timing, and long-term efficacy [ 14 191,

Each patient should be treated in a method that is exactly suited for him or her. We have to watch the people who
are experiencing issues and what their brains are like if they're not awake or if they're having convulsions. We
should also assess the hearts of individuals who may have damaged their hearts, particularly if they are older or
if they already have cardiac issues [*3 1. If a person has inhaled smoke, we need to consider the possibility of
toxic substances, such as cyanide, and treat them accordingly &

Recently novel treatment techniques such as phototherapy, antioxidant approaches, and tailored ways to reduce
oxidative stress and inflammation have been examined [ 1%, These treatments are still primarily experimental, but
they do suggest a growing interest in addressing pathways of harm beyond hypoxia alone. Early diagnosis and

rapid treatment remain the most significant predictors of a good prognosis [ 10 2],

Delayed neurologic consequences:
Delayed neurological sequelae (DNS) are among the most severe effects of carbon monoxide poisoning and may
arise days to weeks after apparent recovery. The most frequent signs are memory loss, cognitive impairment,

mood changes, personality changes, gait abnormalities, and parkinsonian characteristics ["» 12151,
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Chronic neuroinflammation, oxidative stress, demyelination, and delayed neuronal damage have been associated
with the development of DNS. Abnormalities of the hippocampus, basal ganglia, and cerebral white matter are

often seen in neuroimaging investigations [7- 101,

It is important to evaluate patients after first therapy since DNS may arise even with clinical recovery. Early

identification of high-risk groups of patients may assist in decreasing long-term neurological damage 1% 11,

Prevention and Public Health:

Carbon monoxide poisoning is often prevented. Public health interventions should aim to raise knowledge of the
hazards of exposure, encourage appropriate maintenance of fuel-burning equipment, and improve ventilation in
enclosed spaces [4, 15]. The best preventative measure remains the installation of carbon monoxide monitors in
homes and businesses. Occupational safety legislation and public education initiatives aimed at reducing the

occurrence of accidental exposures and associated deaths are also critical [ 41,

Emerging Research and Future Perspectives:

New research and views—progress in CO-related investigations—have enhanced insights into illness causes and
diagnostic powers. Metabolomics analysis, novel biomarkers for oxidative stress, and state-of-the-art
neuroimaging modalities might be potentially beneficial in early detection of severe instances of poisoning and
more exact assessment of neurological prognosis I - 151 The search is going underway for new therapy strategies
targeting inflammation, poor mitochondrial activity, and destruction of brain cells %10,

In the future, modern breakthroughs in Al-supported diagnostics and precision medicine may be beneficial for
clinical decision-making. Additional study on forensic markers and post-mortem diagnostics may also assist in a
better identification of fatal instances [ 131

Conclusion:

Carbon monoxide poisoning is a frequent, avoidable cause of illness and death globally. It is not simply a result
of hypoxia but also of other complex pathophysiologic processes such as oxidative stress, mitochondrial
dysfunction, and inflammatory damage ' 1% %I Difficulties in management are caused by the persistent difficulty
with diagnosis, late neurological sequelae, and forensic concerns. Additional measures such as enhanced
awareness and preventative procedures have a crucial role in the reduction of the incidence of carbon monoxide

poisoning 4 131,
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