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Abstract

Background: Carbon monoxide (CO) is known as silent killer; since it is a colorless, odorless and non-irritating but
highly toxic gas. It results from incomplete combustion of carbonaceous substances. The current method for CO
poisoning begins with clinical suspicion and a review of the patient's medical history. It is then confirmed by detecting
elevated CO-HD levels (greater than 10%), which can be measured through invasive blood gas analysis or non-invasive
techniques like multi-wave pulse oximetry. Objective: we summarize recent advances in understanding challenges in
early diagnosis of CO induced cardiotoxicity and neurotoxicity. Traditional diagnostic markers such as cardiac enzymes,
ECG, and brain CT scans remain essential for diagnosing CO-induced cardiotoxicity and neurotoxicity. Emerging
biomarkers like heart-type fatty acid-binding protein (H-FABP) and neurogranin show potential for earlier and more
accurate detection of CO poisoning-related organ damage. Conclusions: Recent markers are needed for early detection
of acute in CO induced cardiotoxicity and neurotoxicity other than traditional markers.
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1. Introduction:

Various poisons, including natural toxins and
synthetic chemicals, exist in our environment and can
harm living organisms in numerous ways [1]. Carbon
monoxide (CO) is an environmental toxin often called
the “silent killer” due to its colorless, odorless, and non-
irritating nature [2].

Carbon monoxide poisoning (COP) is the primary

factor leading to fatalities among fire victims. About 30%

to 40% of individuals affected by CO poisoning do not
survive until they reach the hospital. Among those
hospitalized, around 2% result in fatalities, 10%
achieve partial recovery, and 23% to 47% experience
delayed neurological sequelae [1].

The current estimates for the worldwide
cumulative incidence and fatality rates of COP are 137
cases and 4.6 deaths per million, respectively. Over the
previous quarter of a century, the worldwide incidence
has stayed unchanged, although the death rates and the
proportion of patients who have passed away have both
fallen by 36 percent and forty percent, respectively [3].
2. Methods

A systematic literature review was conducted using
primary databases such as PubMed and Medscape
Online, along with supplementary sources like Google
Scholar and Baidu Scholar. Relevant articles were
identified through a search using specific keywords
such as "CO," ‘'exposure sources," "toxicity
mechanisms," "diagnostic measures," "CO-induced
cardiotoxicity,"” and "CO-induced neurotoxicity."
Inclusion criteria were as follows: only original
research articles were included, and articles published
in English within the last 10 years were considered.
Studies focusing on CO-induced toxicity (cardiotoxicity
and neurotoxicity) and diagnostic methods were
prioritized. Articles that were not directly related to the
topic of CO-induced toxicity or were not original
research were excluded.

A total of 80 articles were reviewed, with topics
distributed as follows: 71 articles on diagnostic
methods, 9 articles on clinical guidelines. Filters
applied during the search included focusing on original
research studies, limiting results to English-language
publications, and considering only articles published in
the last 10 years. This approach ensured that the review
was comprehensive and up-to-date, addressing current
knowledge and advances in the diagnosis and
pathophysiology of CO poisoning.

3. Results and discussion
3.1. Sources of CO Exposure

Certain industrial activities, as well as the
combustion of fossil fuels and biomass, are primary
human-induced sources of CO. Scientists estimate that
the total annual CO production from both human and
natural sources ranges between two and five gigatons.
Natural sources of CO include forest fire smoke, gases
from coal mines, and even lightning [4]. CO is also
present in mainstream cigarette smoke, comprising
about 3-4%, leading to an increase in blood
carboxyhemoglobin (CO-Hb) levels by approximately
10-15% in heavy smokers [5]. Additionally, methylene
chloride, a solvent commonly used in paint or varnish
removers, is metabolized into CO in the body. Severe
CO poisoning, with CO-Hb saturation reaching up to
50%, has been documented following exposure to
methylene chloride [6].

The primary sources of CO found in poisoning
cases are home fires (the air near a house fire can
contain up to 5% CO, incomplete fuel combustion
(charcoal,  briquettes, fuel gas, petroleum),
insufficiently ventilated or poorly maintained heating or
cooling equipment, exhaust gas from internal
combustion engine-powered vehicles, and industrial
accidents (like those at chemical plants or iron
foundries) [7].

3.2. Routes of Exposure:
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Poisoning occurs when a relatively high quantity of
carbon monoxide gas is inhaled. This is because carbon
monoxide enters the circulation via the lungs, which in
turn limits the amount of oxygen that is delivered to the
organs and tissues of the body. Individuals who suffer
from cardiovascular disorders, such as angina pectoris,
are the ones who are most at risk for adverse health
effects when exposed to lower amounts of carbon
monoxide. It is possible for carbon monoxide to be
poisonous at dramatically high levels of exposure, and
even those who are in excellent health may be
vulnerable to harmful effects [5].

3.3. Mechanisms of carbon monoxide poisoning

Despite the robust bond between CO and
hemoglobin, this bond can be disrupted, resulting in the
gradual displacement of CO by oxygen. As well, CO
binds to myoglobin in the myocardium and skeletal
muscle, resulting in dysfunctional tissue oxygen
transport. In the myocardium, this leads to cardiac
dysfunction [8]. In acute CO poisoning, the primary
toxic effect is functional anemia, which is caused by the
formation of CO-Hb. This results in insufficient
oxygenation at the tissue level, as the oxygen transport
capacity is reduced.

A shift to the left occurs in the oxygen-hemoglobin
dissociation curve as a result of the binding of CO to a
hemoglobin subunit. This occurs because CO enhances
the oxygen affinity at the other binding sites. Because

of this shift, oxygen release is inhibited in regions with
low oxygen levels, which makes tissue hypoxia severity
worse [9]. CO is also capable of directly inhibiting
enzymes such as cytochrome c¢ oxidase, which may
have a negative impact on the activities of the heart and
the nervous system [10].

By increasing vascular permeability, tissue hypoxia
brought on by exposure to CO causes an increase in the
buildup of interstitial fluid and a reduction in the
amount of blood that is circulating
(hemoconcentration), which impacts a number of
organs. Edema of the brain, which may cause
neurological symptoms and a change in consciousness,
pulmonary edema, which can lead to respiratory failure,
decreased myocardial contractility, arrhythmias, heart
failure, and renal failure are all potential outcomes of
this condition [11].

3.4. Clinical presentation of Acute CO Poisoning

When CO-Hb levels are below 10%, there are no
notable symptoms observed. Neurological symptoms
such as nausea, headache, and dizziness manifest when
CO-Hb exceeds 10%. CO-HbD levels ranging from 30%
to 50% lead to heightened respiratory and heart rates,
loss of consciousness, motor paralysis, and confusion.
CO-Hb levels exceeding 50% pose a significant threat
to life and are crucial for diagnosing CO poisoning
[12].

Table 1: Carboxyhemoglobin (CO-Hb) saturation levels % and symptoms of acute carbon monoxide poisoning [13]

CO-Hb (%) Clinical symptom

<1 Normal range (due to endogenous production)

<10 Smoker’s blood (no symptom)

10-20 Headache, fatigue, ear ringing

20-30 Headache, weakness, nausea, vomiting

3040 Severe headache, dizziness, nausea, vomiting

40-50 Syncope, confusion, increased respiration and heart rate
50-60 Coma, convulsions, depressed respiration

60-70 Coma, convulsions, cardiopulmonary depression, often fatal
70 < Respiratory failure, death

Images and Markers for Early Diagnosis of CO
Induced Organ Injuries:

Many researchers have focused on identifying
biomarkers to predict complications and severity after
COP. Biomarkers such as creatine kinase (CK), creatine
kinase-MB, troponins, natriuretic peptides (NT-
proANP, NT-proBNP), and S100B have been used to
assess the toxicity of CO on the brain and heart [14].
3.5. Laboratory investigation for diagnosis of CO

poisoning
A. Measurement of carboxyhemoglobin level in

blood

Measuring elevated CO-Hb levels in the blood is
essential for confirming a diagnosis of suspected

exposure [15]. CO-Hb levels, on the other hand, can be
deceiving in patients who smoke heavily or who suffer
from conditions such as chronic obstructive pulmonary
disease and high blood pressure. A further point of
contention is the dependability of non-invasive
methods. Injuries have been observed even at CO-Hb
levels of 5-10%, and sudden death from severe
arteriosclerotic heart disease has been reported at CO-
Hb levels of 20-30%. The principal targets of carbon
monoxide are the brain and the heart [16, 17].
B. Pulse oximetry:

The delay in the administration of hyperbaric
oxygen (HBO) to patients has been demonstrated to be
reduced by pulse CO oximetry, which offers fingertip
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measurement at the site of the injury. Regrettably, the

accuracy of pulse CO oximetry alone in comparison to

CO-Hb measured by spectrophotometry from a

laboratory CO oximeter is still uncertain. Consequently,

it is necessary to confirm pulse CO oximetry levels
with laboratory ~ measurements. Furthermore,
conventional pulse oximetry is unable to differentiate
between oxy-Hb and CO-Hb, which can result in the
omission of significant CO-Hb levels and profound

hypoxia [18].

C. Images and Markers for Early Diagnosis of CO

Induced Organ Injuries:

Many researchers have investigated biomarkers
that can predict complications and severity following
COP. Specific biomarkers like CK, CK-MB, troponins,
natriuretic peptides (NT-proANP, NT-proBNP), and
S100B have been used to predict the harmful effects of
carbon monoxide on the cardiovascular system and the
brain[14].

3.6. Diagnosis of CO induced cardiotoxicity:

3.5.1. Cardiac Enzymes:

In the majority of cases, the enzymes that are
utilized are CK-MB and Troponin I (Tnl). Troponin I
and CK-MB levels were found to be elevated in
patients with chronic obstructive pulmonary disease
[19]. Myocardial damage causes an increase in the
levels of three cardiac proteins: creatine kinase-
myocardial band (CK-MB), Tnl, and brain natriuretic
peptide (BNP). These proteins are expressed in the
heart muscle.

According to reports, CO-induced cardiomyopathy
can be reliably diagnosed on echocardiography by
elevated concentrations of CK-MB and high-sensitivity
troponin I (hsTnl). Screening for myocardial
dysfunction in patients with CO poisoning may be
made possible by cardiac enzymes (excluding BNP)
[20, 21]. Patients at high risk for CO-induced
cardiomyopathy may be identified by higher hsTnl or
CK-MB levels upon admission to the emergency
department (ED). Because of this, these biomarkers
may be useful for screening patients for acute CO
poisoning to decide if they need to have transthoracic
echocardiography [22].

3.5.2. Electrocardiogram (ECG):

The most prevalent ECG findings are sinus
tachycardia and ST-T depressions, despite the absence
of a distinct "CO" ECG pattern. Myocardial infarction
can be precipitated by even a minute amount of
exposure to CO, particularly in patients with coronary
artery disease. Patients who present to the emergency
department with chest pain and ECG changes may be
suspected of having CO poisoning. Patients who have
CO poisoning must undergo a thorough evaluation for
cardiovascular disease [23].

3.5.3. Human fatty acid-binding protein Biomarkers
(heart type) in early Diagnosis of CO
induced cardiac injury

Fatty acid-binding proteins (FABPs) are a
subfamily of intracellular lipid-binding proteins that
carry out the reversible binding and trafficking of

hydrophobic ligands within cells to various organelles
and regions, including the nucleus, endoplasmic
reticulum, mitochondria, and peroxisomes [24].
Myocytes contain heart-type fatty acid-binding protein
(H-FABP), which is released from damaged
myocardium [19].

® Heart-type fatty acid-binding protein (H-

FABP):

A variety of tissues, including the heart, skeletal
muscle, brain, kidney, lung, testis, aorta, adrenal gland,
mammary gland, placenta, ovary, and brown adipose
tissue, have yielded H-FABP, additionally known as
FABP3 [25].

When cardiomyocytes sustain damage, they
quickly release H-FABP into the bloodstream, despite
the protein's abundance in the myocardium. As a
sensitive indicator for detecting and assessing
myocardial damage in patients with heart failure, the
serum concentration of H-FABP has been proposed as
an early biochemical marker for acute myocardial
infarction [26].

% Prognostic value of H-FABP:

The prognostic significance of H-FABP for the
early prediction of unfavorable clinical outcomes in
patients with suspected ACS has only recently been
explored. Despite the limited number of studies
conducted, the findings are encouraging, as heightened
plasma concentrations of H-FABP in patients with ACS
are significantly associated with elevated rates of
cardiac events and cardiac mortality [27].

In patients with congestive heart failure (CHF),
increased plasma concentrations of H-FABP are
associated with higher rates of cardiac events. During
the initial stages of ACS, H-FABP should be utilized to
identify patients at high risk for cardiac events who
may benefit from more aggressive treatment strategies
[28].

3.6. Diagnosis of CO induced neurotoxicity
3.6.1.Brain computerized tomography (CT) scans:

A computerized tomography (CT) scan of the brain
is a rapid and readily accessible diagnostic procedure,
thus it typically constitutes the initial examination
conducted for these patients. Computed tomography
(CT) is regarded as the initial diagnostic method for
assessing patients suspected of poisoning, especially in
instances of altered consciousness. CT scans in the
acute phase of COP often show focal, bilateral, and
symmetrical hypodensities in the globus pallidus,
indicating necrosis in these areas..

The selective damage observed in the globus
pallidus during CO poisoning may be related to the
hypotensive effects of CO on the inadequate
anastomotic vascular supply to these structures, or it
may be the result of a direct interaction between CO
and the heme iron present in the globus pallidus, which
is known to have one of the highest concentrations of
iron in the brain [29]. The globus pallidus may be
unaffected in extremely rare cases, but the caudate
nucleus, putamen, or thalamus may be involved.
Because the cerebellum and brainstem are posterior
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structures and thus more resistant to hypoxia, their
involvement during the acute phase is rare and usually
indicative of more severe poisoning.

Involvement of the cortex during the acute phase is
uncommon and usually impacts the hippocampus and
temporal lobes. As the disease advances, CT scans may
show widespread demyelination, which appears as
diffuse hypodense areas in the centrum semiovale and
bilateral periventricular white matter. The corpus
callosum, subcortical white matter, internal and external
capsules, and other structures may be involved in more
severe cases of this process [30].
3.6.2.Neurogranin as a biomarker for -early

diagnosis of CO induced brain injuries:

Neurogranin (Ng) is a small, neural-specific
postsynaptic protein consisting of 78 amino acids,
primarily localized intracellularly, and plays a crucial
role in postsynaptic signal transmission. It is
concentrated on dendritic spines in areas such as the
hippocampus and basal forebrain. Ng interacts with
calmodulin (CaM) to regulate calcium influx, with the
binding process being phosphorylated by protein kinase
C (PKC) and influenced by calcium concentrations. Ng
is involved in the regulation of CaM-dependent nitric
oxide synthase activity by targeting CaM. Nitric oxide
modulates Ng by reducing its ability to bind to CaM or
undergo phosphorylation by PKC. This is because Ng is
involved in targeting CaM. Ng is found in high
concentrations in certain regions of the brain, including
the cerebral cortex, hippocampus, amygdala, caudate
nucleus, and putamen; however, it is not nearly as
common in the cerebellum, brainstem, or spinal cord
[31].

Ng is recognized as a substrate of PKC and is
crucial in connecting PKC and Ca/CaM signaling,
which is pertinent to synaptic plasticity [32]. In animal
models, Ng knockdown impairs long-term potentiation
(LTP) and cognitive function, whereas upregulation
enhances LTP and cognitive performance [33].

Ng concentrations diminish in the hippocampi with
advancing age and are associated with central nervous
system dysfunction. The brain-specific protein
neurogranin was hypothesized to aid in the diagnosis of
brain injury. A significant advantage of Ng is its
measurability in whole blood samples. Current research
partially seeks to assess Ng potential role in mitigating
the overutilization of CT scans in mild brain injuries
[34].

The expression and localization of Ng appear to be
modified in pathological conditions of neuronal tissue.
Ng has been identified as being relocated from its
intracellular position to the extracellular space,
allowing for its detection in blood and cerebrospinal
fluid during acute or chronic conditions that result in
brain tissue damage, with its quantification reflecting
neuronal disintegration [35].

3.7. Evaluation of acute monoxide poisoning severity

The conventional approach to evaluate exposure
severity centers on neurological and cardiac
manifestations indicative of tissue hypoxia, including

loss of consciousness and chest pain. Objective
evidence of ischemic injury may present with
neurological symptoms; however, the identification of
cardiac ischemia necessitates examinations for
electrocardiographic (ECQG) alterations and elevations
in cardiac enzymes, specifically troponin and CK-MB.
Myocardial injury is prevalent, especially among
individuals experiencing loss of consciousness or
possessing underlying vascular disease, or both [5].
Conclusions:

This paper concludes that carbon monoxide (CO)
poisoning remains a significant global health concern
due to its high morbidity and mortality rates. Cardiac
and neuronal toxicity from CO exposure often result in
severe health complications. While traditional
biomarkers such as CK-MB, troponins, NT-proBNP,
and Brain CT scans have demonstrated utility in
diagnosing CO-induced cardiotoxicity and
neurotoxicity, there is an ongoing need for earlier and
more sensitive markers. Identifying such markers could
significantly reduce the morbidity and mortality
associated with CO poisoning.

Recommendations:

Future research should focus on the validation of
emerging biomarkers, such as heart-type fatty acid-
binding protein (H-FABP) and neurogranin, for early
detection of cardiac and neurotoxic effects of CO
poisoning. Clinical studies are needed to assess their
sensitivity, specificity, and reliability in real-world
settings. Further work is also required to explore the
potential of these biomarkers in improving early
diagnosis, enabling more timely interventions, and
ultimately reducing the long-term consequences of CO

exposure.
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