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ABSTRACT

Introduction: Carbon monoxide (CO) is one of the most com-
mon causes of fatal gas poisoning through the airways mainly
due to central heating faults. Carbon monoxide inhibits oxy-
gen transport by binding to haemoglobin and the formation
of carboxyhaemoglobin. The neuropsychological symptoms
of poisoning are defined as delayed neurological sequelae and
usually occur after a lucid interval.

Case report: We present a patient with neurological symptoms
that occurred 27 days after acute poisoning that had been treated
with the use of hyperbaric oxygen therapy. On examination the
patient was in a mutism-like state, had severe cognitive disor-
ders, hypomimia, bilateral limb stiffness, increased deep tendon
reflexes, bilateral Babinski sign and sphincter incontinence. The
brain magnetic resonance imaging showed diffused bilateral

ABSTRAKT

Wstep: Tlenek wegla (CO) jest jedna z najczestszych przyczyn
$miertelnego zatrucia poprzez drogi oddechowe, spowodowane
gtéwnie niesprawno$cia urzadzen grzewczych. Tlenek wegla
prowadzi do hamowania transportu tlenu przez potaczenie
z hemoglobing i utworzenie karboksyhemoglobiny. Objawy
neuropsychologiczne okreslane jako op6znione nastepstwa
neurologiczne zatrucia pojawiaja sie zwykle po okresie prze-
jas$nienia.

Opis przypadku: Objawy neurologiczne pojawity sie 27 dni
po zatruciu tlenkiem wegla leczonym terapia hiperbaryczna.
W badaniu stwierdzono objawy mutyzmu, znaczne zaburzenia
poznawcze, hipomimie, obustronng sztywnosc¢ konczyn, wzmo-
zone odruchy gtebokie, obustronnie objaw Babinskiego i nie-
trzymanie zwieraczy. W badaniu rezonansem magnetycznym

INTRODUCTION

Carbon monoxide (CO) is an odourless gas and is one of the
most common causes of fatal poisoning through the airways.
The source of CO is the incomplete combustion of carbon-con-
taining fuels, but in practice most accidents are caused by cen-
tral heating faults. As a result of exposure to CO oxygen trans-
portis inhibited due to a competitive binding to haemoglobin

hyperintensities in the white matter with additional lesions in
semioval centres. She was treated with amantadine infusions,
sertraline, levodopa and piracetam with gradual improvement.
Besides neurological improvement the outcome was fatal. In
our patient the initial Glasgow Coma Scale score was 7 points,
and leukocytosis and troponin increase were detected. These
results might be potentially used as prognostic factors in the
course of the observed neurological symptoms.

Conclusions: Further studies should be performed for a better
understanding of delayed neurological sequelae pathogenesis
aiming at the prevention or effective treatment of this signifi-
cantly disabling disorder.

Keywords: delayed neurological sequelae; carbon monoxide;
intoxication; encephalopathy; treatment.

moézgowia zaobserwowano rozlane zmiany hiperintensywne
obustronnie w istocie biatej i w sSrodkach pétowalnych. W lecze-
niu stosowano wlewy amantadyny, sertraline, lewodope oraz
piracetam, uzyskujac stopniowa poprawe. Pomimo poprawy
stanu neurologicznego zachorowanie skonczyto sie zgonem.
Poczatkowy wynik w skali Glasgow wynidst 7 pkt, obserwowano
leukocytoze, podwyzszony poziom troponiny. Wyniki te moga
by¢ potencjalnie wykorzystane jako czynniki predykcyjne roko-
wania w przebiegu obserwowanych objawéw neurologicznych.
Whioski: Kolejne badania powinny mie¢ za cel lepsze poznanie
patogenezy powiktan neurologicznych w przebiegu zatrucia
CO w celu prewencji i skutecznego leczenia schorzenia, ktore
powoduje istotng niepetnosprawnos¢.

Stowa kluczowe: opdznione nastepstwa neurologiczne; tlenek
wegla; zatrucie; encefalopatia; leczenie.

into carboxyhaemoglobin (COHb) [1, 2]. In the heating season
2015/2016 in Poland there were 3,878 cases of exposure to CO,
with 2,229 injured and 50 deaths [3]. Neurological symp-
toms may be both acute and delayed, with clinical presenta-
tion depending on the severity and duration of the exposure
to CO [4]. With regard to COHb concentration, different symp-
toms appear, such as headache, malaise, shortness of breath
(10-20% COHD), vertigo, consciousness disturbaces, muscle
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weakness (20-30% COHDb), and death within minutes (60-70%
COHD) [5]. Of note is that the average level of COHb in healthy
individuals is about 1%, 5% in pregnancy and haemolytic anae-
mias, and up to 15% in heavy smokers |2, 6].

Neuropsychological sequelae appear after recovery from
acute poisoning and are present in 2.75% of poisoned patients.
Onset is preceded by a lucid interval lasting from 2 days to 26
weeks [7, 8, 9]. The most common symptoms are the persistent
akinetic state with mutism, seizures, disorders of conscious-
ness, behaviour and personality changes, apathy, gait distur-
bances, incontinence, movement disorders, behavioural and
cognitive impairment with possible improvement, progressive
course, relapses or even death in about 13% of cases. There is
also a decline in attention, visuospatial organization, execu-
tive system functions, cognitive processing speed, psychomo-
tor abilities, and reaction time [10]. Classically, clinical symp-
toms are divided into two main categories: parkinsonism or
akinetic-mutism. In addition to characteristic parkinsonian
motor features (mask face, rigidity, short-stepped gait, tremor),
symptoms such as dystonic posturing, agitation, apathy, hal-
lucinations, or odd behaviours may also be present. Verbal
responses are very slow, with varying degrees of impaired
cognition or emotional liability. Akinetic-mute patients are
profoundly apathetic and develop functional bowel and blad-
der incontinence, and pathologic laughter or crying. Common
findings on examination may include frontal release signs
(e.g. snout, glabellar) and corticospinal tract signs. Early on,
cognitive symptoms are so profound that detailed testing is
difficult to obtain [9, 11, 12]. Less common symptoms are supra-
nuclear gaze palsy, peripheral neuropathy and choreoateto-
sis [13, 14].

The complex clinical symptomatology results from the main
involvement within the white matter, which is an essential part
of the human brain and consists of clusters of myelinated axons
linking neurons in various brain regions. Myelin increases the
speed of impulse conduction through the axons in the nervous
system and can be regulated by impulse activity. White matter
structure is dynamic and is implicated in cognitive develop-
ment, learning skills, information-processing, and working
memory. Myelin is involved in cognition, learning, develop-
ment of skills and memory. Abnormalities in myelin genes
and toxic changes in the integrity of white matter structure
cause slowed and desynchronized impulse traffic between
distant cortical regions and contribute to the disorders of cog-
nitive ability, thinking, mood, hallucinations, and neurological
and psychological dysfunction. Myelin damage can also lead
to paralysis, sensory-motor dysfunction, mental retardation
and death [15]. White matter hyperintensity volume has been
described in association with episodic memory and executive
function impairment. Changes in bilateral temporal-occipital
and right parietal periventricular white matter are responsible
for episodic memory disorders, whereas changes in bilateral
inferior frontal white matter, bilateral temporal-occipital, right
parietal periventricular white matter and the anterior limb
of the capsule bilaterally are responsible for lower executive
functions [16].
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CASE REPORT

Patient description

A 62-year-old female patient was admitted to the Neurology
Department due to strange behaviour since the day before.
These changes gradually increased during that day.

In the medical history there was carbon monoxide poisoning
28 days before the present admission with subsequent coma,
intubation and oxygen hyperbaric treatment (COHb concen-
tration before therapy was 24.8%). Other selected initial lab-
oratory tests are presented in Table 1. After two courses of
hyperbaric treatment the patient was awake with gradual
improvement of consciousness. Another complication that
occurred 2 days after the intoxication was myocardial infarct
with decreased ejection fraction (35-40%) and heart relaxa-
tion. After 8 days of treatment in a cardiology department the
patient was discharged in good general condition and without
disturbances of consciousness.

On admission to the Neurology Department the patient had
just slight contact disturbances with slight bradyphrenia and
bradykinesia. Initial brain computed tomography (CT) was nor-
mal, and additional laboratory tests did not reveal any abnor-
malities. Two days after admission a sudden worsening of con-
tact appeared. The patient was awake, in a mutism-like state,
responding just using single words with a delay, obeying par-
tially just single, simple commands. The patient had swallowing
difficulties due to executional disturbances, which demanded
a feeding tube insertion. At this time hypomimia appeared
together with bilateral limb stiffness, increased deep tendon
reflexes, bilateral Babinski sign and sphincter incontinence.

The neuropsychological assessment showed significant
decline in the cognitive functions of the patient, memory
impairment, anterograde amnesia, visuospatial functions
impairment, adynamia, passivity, and aspontaneity. In this situ-
ation contact with the patient was difficult to obtain. She was
not able to complete any of the standardized neuropsychologi-
cal tests. The examination was based on clinical experiments
and observation. The patient was characterized by a significant
lack of verbal and motor spontaneity, psychomotor retardation,
and lack of initiative. She was unable to perform her normal
self-care activities or fulfil daily needs. External stimulation,
prompts and commands could invigorate her to action tem-
porarily, whereas lack of stimulation made her passive. Psy-
chomotor impairment caused slowing down of thoughts, cog-
nitive processing speed, reaction times, emotional reactions
and speech. Spontaneous speech was abolished. Usually, there
were no answers to open questions. Other answers were very
short, usually one- or two-word answers with intact articula-
tion and comprehension.

During the hospital stay the patient received drugs that
affected the central nervous system, such as amantadine infu-
sions in a daily dose of 400 mg for 10 days, sertraline, levo-
dopa, and piracetam. During the 20-day hospitalization some
improvement was observed. The patient responded to a greater
extent, muscle tone decreased partially, and at the end of
hospitalization she was able to stand with the assistance
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of a physiotherapist, but no spontaneous gait activity was
observed. Eighteen days after the termination of the hospital
stay the patient died due to acute renal failure.

Additional tests results

The results of laboratory tests performed at the onset are pre-
sented in Table 1.

TABLE 1. Initial laboratory tests’ results during an acute poisoning

Parameter Value
Leukocytes 13.18 G/L
pH 7448
Erythrocytes 418 T/L
Hemoglobin 13.7 g/dL
Platelets 263 G/L
Creatine kinase-MB 239 U/L
Creatine phosphokinase 517 1V
Glasgow Coma Scale 7 points
C-reactive protein 11.13 mg/L
Troponin T 0.062 ng/mL
Creatinine 0.86 mg/dL
Blood glucose 148 mg/dL

A spinal tap was performed with normal cerebrospinal
fluid analysis. In a further investigation electroencephalog-
raphy - EEG (Fig. 1) and brain MRI (Fig. 2-4) were done. The
brain magnetic resonance imaging -MRI showed a general-
ized increase in signal in the white matter in T2-weighted and
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FIGURE 1. The electroencephalography record
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FLAIR scans with additional bilateral irregular hyperintense
foci in the semioval centres with predominance on the right.
No gadolinium enhancement was noticed.

The EEG showed irregular, high-amplitude record with alpha,
beta and theta waves in the occipito-temporal and occipito-pari-
etal areas. More evident bilateral theta waves were observed
in frontal areas. No epileptiform discharges were noticed.

DISCUSSION

We present a case report showing the current state of knowl-
edge regarding delayed neurological complications after CO poi-
soning. A patient underwent hyperbaric oxygen treatment the
same day with significant clinical improvement, but the onset-
to-treatment time was not precisely known, because the patient
was found unconscious in the morning, having been seen for the
last time the day before. The time-window within which hyper-
baric oxygen is most effective has not yet been established. In
one large retrospective study it was ineffective if started after 6
hours [17]. This type of treatment is nowadays a first-line treat-
ment as hyperbaric oxygenation (HBO) therapy decreases COHb
levels, restores tissue oxygenation, mitochondrial function
and cellular energy metabolism, but even transient exposure
to high concentrations of CO may cause brain injury acutely
or within days to weeks. Hyperbaric oxygenation therapy is
especially advised for patients with transient or prolonged
episodes of loss of consciousness, abnormal neurological signs,
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FIGURE 2. Brain magnetic resonance
imaging presenting the hyperintense
signal in the white matter bilaterally
(FLAIR scan)

cardiovascular dysfunction, severe acidosis, patients who are 36
years or older, pregnant women, when exposed for more than
24 hours, or those who have COHb levels of 25% or more [4].

Of note is the fact that the first analyses of HBO treatment
in preventing neurological complications did not show sig-
nificant efficacy, but further studies indicated such a possibil-
ity [18, 19]. According to the newest systematic review published
in 2011, there were no available data to establish whether HBO
treatment in CO-intoxicated patients reduces the incidence of
neurological sequelae as there were limited numbers of high
quality papers, as well as the methodological and statistical
heterogeneity [20]. Moreover, HBO may also have potential
neurological complications, such as hearing loss or seizures [21].

In our patient we found severe cognitive disability with
bilateral pyramidal and extrapyramidal symptoms. The patient
was staying in bed, because of the lack of spontaneous activ-
ity, but at the end of hospitalization she was able to stand with
assistance. First symptoms of delayed neurological sequelae
(DNS) appeared 27 days after the intoxication. Delayed neuro-
logical sequelae usually develop in patients with a mean age
of 45.8-56.1 years. The lucid interval before appearance varies
from 2 days to 26 weeks, but parkinsonism develops within
1month after intoxication in the majority of patients. The most
frequent symptoms are mental deterioration, urinary or faecal
incontinence, gait disturbance and mutism. The most frequent
signs are hypokinesia, masked face, glabella sign, grasp reflex,
increased muscle tone, short-step gait, and retropulsion. Inten-
tional tremor may occasionally be found, but resting tremor
is not observed. There are no factors increasing the risk of
DNS incidence except age and the severity of anoxia. There
is no correlation between the neuroimaging findings and the
development of parkinsonism. Previous associated diseases
do not hasten the development of sequelae [7, 8, 9]. Possible
prognostic factors for the development of DNS in patients
with severe CO poisoning are serious disorders of conscious-
ness or loss of consciousness at emergency admission, low
Glasgow Coma Scale (GCS) score, head CT findings indicating
hypoxic encephalopathy, haematology findings including high
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FIGURE 3. Brain magnetic resonance
imaging presenting the hyperintensities
in the semioval centres (FLAIR scan)

FIGURE &. Brain magnetic resonance imaging presenting the
hyperintense signal in the white matter (T2-weighted, sagittal scan)

troponin, creatine phosphokinase, creatine kinase-MB and
lactate dehydrogenase levels, low Global Assessment Scale
scores, and intubation requirement [22, 23]. Other factors that
may be associated with increased risk of DNS development are:
CO exposure duration >6 hours, GCS score <9, seizures, systolic
blood pressure <90 mmHg and leukocytosis, but in the multi-
variate analysis the independent factors were only the GCS <9
(OR 7.15; CI 95%: 1.04-48.8) and leukocytosis (OR 3.31; CI 95%:
1.02-10.71) [24]. From the abovementioned factors we found
in our patient only the GCS score <9 points, leukocytosis and
troponin increase as the initial factors potentially affecting
the risk of DNS development.

In an analysis of 36 patients followed up for 2 years, 27 (75%)
recovered within 1 year. In a study of 16 patients with parkin-
sonism followed up for 1 year, 13 (81.3%) recovered sponta-
neously within 6 months [7, 8]. Other authors reported that
about 60-75% of patients with DNS recover within a year and
about 15% continue to suffer from dementia and Parkinsonism.
Poor outcome was seen in patients who had cardiorespira-
tory arrest or evidence of persisting basal ganglia hypodensi-
ties on CT scan and MRI hyperintensities in pallidum or white
matter [25, 26]. More advanced neuroimaging tests may be of
importance in the assessment and risk stratification regarding
DNS. The presence of a lactate peak was a predictor for a poor
long-term outcome in proton magnetic resonance spectros-
copy - (JH-MRS [27]. Full clinical correlation with radiologi-
cal findings regards the MRI and SPECT studies, without such
utility of CT [28].

The laboratory tests of myelin basic protein (MBP) levels in
the cerebrospinal fluid can serve as a sensitive predictor of both
the development and outcomes of DNS [12]. We found bilateral
hiperintesities in the white matter on MRI scans, which may
suggest worse prognosis.

We treated our patient with drugs potentially influencing
the cognitive, motoric functions and affect (amantadine infu-
sions, sertraline, levodopa, piracetam) with some improvement.
In other observations drugs such as levodopa and anticho-
linergics were not effective [8]. There are initial reports of
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bromocriptine alone or with levodopa to produce some ben-
eficial effect [29]. There are opinions that stimulants, aman-
tadine or levodopa, may be considered for lasting cognitive or
parkinsonian symptoms [9]. Other authors found that early
administration of erythropoietin improved neurological out-
comes and reduced the incidence of DNS [30].

Another study demonstrated a neuroprotective strategy
using the protocol for severe traumatic brain injury [31]. Early
dexamethasone treatment may be useful for preventing DNS
and may reduce serum MBP levels [32]. Potentially beneficial
treatment methods may also be hypothermia and antioxidants
such as N-acetylcysteine [33]. We suggest that these, as well
as immunomodulating substances such as statins, be studied
due to their pleiotropic properties [34].

In the presented case the EEG record was abnormal, which
is consistent with other data indicating slowing in the EEG in
57% of patients with neurological symptoms [4].

In our patient there were hyperintense, diffused lesions
of white matter with additional hyperintensities in semioval
centres. There are similar descriptions of neuroimaging tests
in other reports, such as bilateral white matter changes sug-
gestive of demyelination with hypoperfusion in frontal regions
detected in a 9" Tc-ECD SPECT study. The MRI descriptions
are as follows: globus pallidus lesions with periventricular
deep white matter T2 signal, patchy areas of non-enhancing
T1isointense to mildly hyperintense, T2 and flair hyperintense
signal changes over bilateral frontal and occipital subcortical,
deep white matter and bilateral cerebral peduncles [22, 25].

Carbon monoxide intoxication causes damage in various
areas of the cerebral white matter, but the semioval centre
has been believed to be the main region responsible for neu-
ropsychiatric symptoms [35]. Research using diffusion tensor
imaging scans of MRI at different phases after CO poisoning
has shown that fractional anisotropy changes in the semioval
centre occur simultaneously with cognitive impairment or
neurological symptoms. Two weeks after CO poisoning, in the
subacute phase, patients with chronic symptoms had demyeli-
nated white matter fibres in the semioval centres [36]. White
matter in the semioval centre is the principal component of the
frontal-subcortical pathway. White matter lesions, in particu-
lar of frontal-subcortical circuits, can lead to cognitive decline,
and affect executive functions and working memory [37].

Acute CO poisoning causes damage to brain areas with great
susceptibility to hypoxic injury, including the second and third
cortical layers, watershed areas within the white matter, the
basal ganglia, and the Purkinje cells of the cerebellum. The
nature and distribution of brain lesions depend on the acute-
ness, severity, and the duration of exposure to CO. The neuro-
logical complications may be mediated by inflammatory and
immune responses. There are different pathological effects
and pathophysiological processes involved in the development
of DNS after CO intoxication: injury of neurons of cortical lay-
ers Il and V, decreased volume of the hippocampus, globus pal-
lidus injury, Grinberg type demyelination of the white matter,
loss of Purkinje cells in the cerebellum, oedematous necrosis,
apoptosis, interruption of cellular respiration, and decreased
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glucose metabolism. The pathophysiological effects include
increase in lactic acid, production of reactive oxygen species,
over-reactivity of neuronal nitric oxide synthase, which pro-
duces nitrous oxygen, endothelial peroxynitrate deposition,
decreased dopamine turnover in caudate nucleus, activation
of the inflammatory cascade, peroxidation product malonly-
laldehyde alters the ionic charge and configuration of myelin
basic protein, inducing change in its antigenic nature, increased
intracellular iron deposition, increased nitric oxide levels, P450
inhibition, increase of cytosol heme concentration, activation
of genes mediating apoptosis, lipid peroxidation with degra-
dation of unsaturated fatty acids leading to demyelination of
CNS lipids and damage to myelin and axons [4, 38].

CONCLUSIONS

We presented the case of a patient with characteristic clinical

findings as a result of CO poisoning. The symptoms of acute

intoxication and the management in such cases is common

knowledge, but the delayed neurological complications may still

be misleading for clinicians, and are not fully known. Delayed

neurological sequelae need further analyses, including histo-
logical processes aimed at the prevention or effective treat-
ment of a disorder that is life-threatening and is characterized

by significant psychomotor disability.
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