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Abstract
Carbon monoxide poisoning is potentially significant in terms of mortality rates, and survivors can have
serious deleterious neurological consequences. Diagnosis may be hampered because of symptoms that
are similar to other benign conditions. Neuropsychological assessment is complicated due to the need to
assess potentially global brain dysfunction. Assessment recommendations are presented and discussed
together with an overview of treatment options.
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The act of carbon monoxide (CO) entering
a person’s body is usually taken as being
suspicious. Direct inhalation of CO as the
result of a suicide attempt is familiar and may
be catastrophic in terms of cognitive disability
thereafter if the victim is found still alive.
However, CO can enter via the lungs if inhaled
unwittingly from the exhausts of a coal-burning
or wood-burning stove fire.
Over two decades ago, CO poisoning
was the most common cause of morbidity
due to poisoning in the United States [1] and
continues to affect about 50,000 people each
year in the United States [2]. Typical clinical
presentation is headache, dizziness, and coma,
and with a mortality rate in the United States
between 1 to 3 per cent although there is a
significant number of victims who survive but
suffer long-term neurological symptoms and
conditions [3].
CO is a colourless, tasteless and odourless
gas that is usually formed by the incomplete
combustion of carbon compounds. A
mechanism of toxicity is oxidative stress
and impaired mitochondrial activity which
sometimes makes it difficult to confirm
diagnosis if the source of poisoning is unknown
as symptoms can be similar to other benign
disease processes [4]. Of course, the converse
is true, i.e., if CO poisoning is unidentified and
symptoms are attributed incorrectly to other
neurological conditions then the consequences
may be catastrophic and fatal [5-10]. Usually,
the diagnosis can be confirmed with blood
gases as most clinicians would agree that pulse

oximeters are not helpful because they tend to
lack sensitivity and specificity.
CO binds to haemoglobin (Hb) in the
blood forming COHb [2]. Exposure to 10
ppm of CO can lead to detectable COHb of
approximately 2 per cent [11]. The World
Health Organization suggests that levels that
exceed 6 ppm are potentially toxic over a longer
period of time [12]. In non-smokers, COHb
levels of 2 per cent or greater, and 10per cent
or greater in smokers, is considered to produce
symptoms [13].
For some time, CO poisoning has been
known to be uniquely detrimental to myocardial
tissue primarily because of its sensitivity to
oxygen deprivation and particularly in patients
who are premorbid compromised such as
cardiomyopathy, myocardial infarction and
coronary artery disease [14]. Symptoms of CO
cardiovascular toxicity include heart failure,
myocardial infarction, pulmonary oedema,
arrhythmias and myocardial dysfunction,
which often subsides within 24 hours of
exposure to CO [15].

Cognitive decline, dementia and carbon
monoxide poisoning
Deterioration in cognitive functioning
is one of the signs of a dementia-process.
However, there are more than 14 different
types of dementia and each is characterised by
origin or a specific set of symptoms [16-23].
CO can result in neurological conditions that
may mimic other conditions [24-26].
Neurological and cognitive deterioration
can lead to vascular dementia when small
vessel disease and stroke is also involved
[27-31] or as the result of mini strokes (e.g.,
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transient ischaemic attacks or TIAs). Vascular dementia tends
to have step-wise cognitive decline as opposed to the insidious
and gradual decline characterised by Alzheimer’s disease [32].
Psychological and physical trauma can also contribute to
memory disorders, dementia and dementia-like presentations
[33].

Neuropsychological assessment recommendations
It is generally agreed that CO poisoning can result in global
dysfunction as many regions of the brain can be affected that
in turn cause neurological deficits and neuropsychological
difficulties. Therefore, it is helpful to assess specific functions
and of course, those functional problems that are salient in the
affected patient.
(i) Orientation Asking specific questions that taps into
the patient’s knowledge and
awareness of their current location, home address, personal
details (date of birth), name, and perhaps names of people they
should know including famous figures (e.g., premier, president)
and members of their own family.
(ii) Logical Memory (Auditory Verbal Memory) Using
the Wechsler Memory Scale [34], the patient’s memory is
tested by reading out loud two fictitious stories and recording
the responses of the patient. This assesses the patient’s ability
to remember information and again with a delay of about 20
minutes. Responses can be compared to comparative age-related
norms drawn from the general population.
(iii) Current Intelligence Quotient Using the Wechsler
Adult Intelligence Scale [35], the patient is assessed and
compared with their age-related norms across a number of
domains. Their Intelligence Quotient (IQ) can also be compared
with an estimate of their premorbid IQ to see if there has been
a change and attributable to CO poisoning (or other medical
conditions or injuries according to their medical history). Subtests of the WAIS include:
(a) Information – taps the individual's fund of general
knowledge, alertness to the environment and long-term
memory;
(b) Digit Span – measures an individual’s short-term
auditory memory for number
sequences and reflects the individual’s attention span and
ability to concentrate;
(c) Arithmetic - requires the individual to solve numerical
problems without the aid of pencil and paper where low scores
may be associated with anxiety and poor concentration;
(d) Comprehension - taps common sense reasoning and
the ability to exercise social
judgement in practical situations as well as the individual’s
degree of exposure to the mainstream culture;
(e) Similarities - calls for the ability to see relationships
between things and ideas and to categorise them into logical
groups; it also measures the capacity to form conceptual units
from verbal material and to express these concepts in words;
(f) Picture Completion - measures the individual's
alertness to visual detail and the ability to grasp the meaning of
details within a complete picture using visual memory;
(g) Picture Arrangement - requires the individual to
evaluate the social relevance of pictured situations, to anticipate
the consequences of actions, to distinguish essential from
irrelevant details and to possibly demonstrate planning ability;
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(h) Block Design - measure of the ability to analyse abstract
figures visually and construct them from their component parts
using the ability to handle spatial relations;
(i) Digit Symbol - measures visuo-motor speed which
is affected by visual memory, co-ordination, and the ability to
learn non-verbal material.
(iv) Estimate of Pre-Morbid Intelligence Quotient Using
the National Adult Reading Test [36], an estimate of the patient’s
premorbid IQ is obtained across verbal, performance and fullscale parameters which can then be compared with current
values to discern any significant changes as compared with
normative values.
(v) Verbal Fluency Controlled Oral Word Association Test
[37] is an assessment of verbal fluency and assesses the patient’s
ability to produce words for each of three letters provided and
compared to normative age-related values.
(vi) Anxiety and Depression Using the well-known
Hospital Anxiety and Depression Scale [38], the patient is
assessed on a number of statements that attempts to describe
mood over categories that are considered to demonstrate levels
of anxiety and depression.
(vii) Test of Memory Malingering This is a memory, recall
and retention test that is considered to identify both malingering
performances and degree of effort in tests [39]. It is particularly
useful in identifying those patients who may be in denial, or
who are tyring to exaggerate their responses for financial gain
(compensation) or for the achievement of other psychological
gains.
(viii) Trail Making Test Trail Making Test [40] is a
psychomotor task that tests information processing ability
and visual-motor ability. It has part A, a relatively simple task,
followed by part B which is a more complex task. Comparative
age-related norms are available.
(ix) New Learning attempts to assess ability to learn new
abstract concepts and the ability to learn new material in a
trial-by-trial paradigm using word-pairs to be remembered and
recalled [41].
(x) Clinical Interview This is a skilful tool that can
sometimes reveal much more than simple testing paradigms.
It is important not to use leading questions and to explore the
use of both “open” and “closed” questioning dependent upon the
type of information to be obtained.

Treatment options
Biomarkers are increasingly being considered for diagnosis
and prognosis of neurological disorders [23,42-45]. There is a
growing trend towards presentation of biomarkers as evidence
by court experts during legal trials [46,47].
Serious neurological sequelae are strongly predicted by
prolonged loss of consciousness and elevated S-100β [48,49].
S100β is a cytoplasmic calcium-binding protein mainly
expressed by glia. In serum or cerebrospinal fluid, it may predict
lesion outcome and prognosis for brain or spinal cord injury
[50].
The risk of neuropsychiatric sequelae may be reduced with
hyperbaric oxygen but it has also been suggested that this might
increase oxidative stress during recovery [48], or is complicated
by barotrauma [51], seizures [52], pulmonary oedema [53], and
claustrophobia [54].
Hyperbaric oxygen chambers for treatment regimens saw
popularity following their use with deep sea divers who had
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nitrogen narcosis after failing to re-compress appropriately or
rose to the surface too quickly from deep dives [55].
It is now widely accepted that the administration of normobaric 100 percent oxygen is the therapy of choice for most cases
of CO poisoning whereas hyperbaric oxygen therapy is reserved
for the severe incidences of CO poisonings [56].
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