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ABSTRACT
The effects of carbon monoxide poisoning(CO) on the central nervous system in the late period after 
discharge are still controversial. The aim was to evaluate late stage neuropsychosis (NP) findings of 
carbon monoxide with serum carboxyhemoglobin (COHb) levels and magnetic resonance imaging 
(MRI) findings. Of the 363 patients who applied to emergency service due to CO between January 
2017 and December 2014 were included in this retrospective study. The patients who had a COHb 
level higher than 5% and those who underwent MRI in the acute-subacute period were followed for 
60 months and their development states were recorded. Mean age of the patients was 49.2 ± 8.2 years, 
123 (33.9%) were female, and approximate follow-up time was 60 months. Neuropsychosis symptoms 
were found in 33 (17.3%) of the 363 patients followed. Carboxyoglobin level and exposure time to 
CO were found to be higher in cases with neuropsychosis and MRI groups III and IV (p=0.001). NP and 
mortality were most frequent in MRI group IV (p=0.001). In addition, serum COHb level was found 
to be low in MRI groups I and II, while it was found to be high in groups III and IV (p=0.004). In the 
correlation of MRI groups with the variables, moderate and strong positive correlation was found with 
NP (r=0.684), serum COHb level (r=0.889), mortality (r=0.274), CO exposure time (r=0.425) (p=0.001). 
Mortality rate was found to be higher in MRI group IV, in patients with a COHb level higher than 56.8% 
and in male patients. In late periodneuropsychosis prediction of carbon monoxide poisoning, serum 
carboxyhemoglobin levels and MRI findings may be helpful values in the risk prediction. 
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Introduction

Carbon monoxide (CO) is still one of the most 
common poisonings in daily life and emergencies, 
which can result in death and sequelae. It is a 
colorless, odorless and non-irritant gas that 
occurs as a result of incomplete combustion of 
fuels [1,2].

Carbon monoxide easily replaces oxygen in 
hemoglobin. The resulting carboxyhemoglobin 
(COHb) reduces the oxygen-carrying capacity 
of blood, resulting in tissue hypoxia. Carbon 

monoxide binds to hemoglobin with 240 times 
higher affinity than oxygen, impairing the release 
of oxygen to tissues and oxygen transport [3,4]. 
Immediately after carbon monoxide poisoning 
and/or after a certain latent period, various 
neurological conditions may occur in 2-40% 
of the patients[5]. These sequelae are thought to 
occur from lipid peroxidation and inflammatory 
cascade in central nervous system [6,7]. Although 
the mechanism is still unknown, the cause is 
thought to be diffuse demyelination of the 
cerebral white matter [8]. Suggested mechanisms 
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The patients were followed for approximately 
60 months after they were discharged and their 
neuropsychiatric changes were found. 

All patients with diseases about the brain (for exp. 
Cerebrovascular disease, epilepsy, Parkinson’s, 
brain tumour), psychiatric diseases, chronic 
liver diseases, chronic renal failure, congestive 
heart failure, chronic heart and valve diseases, 
infectious and chronic inflammatory diseases, 
severe anemia and hematological diseases were 
excluded from the study. 

Carbon monoxide late-period neuropsychosis 
diagnosis was made by Neurology, Psychiatry 
and Emergency specialists based on American 
and European Neurology Committee.

The study was conducted in accordance with 
Helsinki Declaration of Human Rights after 
institutional local ethics committee approval was 
taken. 

Laboratory Design

Hemogram, biochemistry and artery blood gas 
of the patients were taken on admission to the 
emergency service. They were worked for about 
45-60 minutes. Hemogram was measured by 
using Beckman Coulter Automated CBC Analyser 
(Beckman Coulter, Inc., Fullerton, CA, USA).
Biochemistry blood was analysed with Cobas 6000 
(C6000-Core, Cobas c-501 series, Hitachi, Roche, 
USA). 

COHb levels of the patients were obtained from 
arterial blood gas analyses by using Acobas®b221 
Blood Gas system (Roche, Basel, Switzerland). 
The diagnosis of CO poisoning was made based 
on the patient’s clinical level and serum COHb 
level being >5%. CO exposure time was defined 
as the approximate CO inhalation time. 

Radiological Imaging

Magnetic resonance imaging: Axial T1A 
SE (TR: 484, TE: 11), axial and sagittal T2A 
turbo SE (TR:2660, TE: 99) and axial “fluid-
attenuated inversion recovery” (FLAIR) (TR: 
9000, TE: 87, TI: 2499) images of all patients 
were obtained with 1.5 T MRG device (Siemens, 
MagnetomAera 1.5T, Germany). MRI findings 
were reported by Radiologists. 

Statistical analysis: The data obtained from this 
study were analysed with SPSS 15.0 (SPSS, Inc, 
Chicago, IL) software package. Kolmogorov-
Smirnov test was used to examine whether the 

are cellular hypoxia, neurotoxicity, neutrophil 
activation, accumulation of peroxynitrates in the 
endothelium, apoptosis or programmed cell death 
[9-14].

It is very important to show and define the sensitive 
points of the brain in detail with advanced radiological 
imaging methods in terms of planning the treatment. 
New technological developments provide great 
convenience in diagnosis and defining pathologies. 
For this purpose, Magnetic Resonance Imaging 
(MRI) was used in the evaluation of brain tissue and 
diseases in the study. Thus, the data obtained with 
MRI method enables the determination of treatment 
approaches. Serum COHb level and Magnetic 
Resonance Imaging (MRI) in acute and subacute 
phases of carbon monoxide poisoning were 
compared in the study. The findings obtained were 
evaluated between one month and 60 months after 
the patients were discharged. The aim was to show 
the effects on the brain in late period after discharge 
in CO poisoning. 

Materials and Methods

 � Study design and population

In this cross-sectional cohort study, 2793 patients 
were found who were older than 18 years of age 
and who were admitted to emergency service 
due to CO poisoning between January 2007 and 
December 2014. Of these patients, 363 cases 
who had a COHb level higher than 5% and 
those who underwent MRI in the acute-subacute 
period were included in the study. 

Three groups were formed according to the 
findings and COHb levels of the patients; those 
with COHb level lower than 20% were classified 
as mild, those with COHb level between 20 and 
30% as moderate and those with COHb level 
higher than 30% as ‘severe’.

Four groups were formed according to the MRI 
findings of the cases; those who had normal MRI 
findings were in Group I; those who had lesions 
in a single area and smaller than 1cm2 were in 
Group II; those who had lesions in a one or two 
areas and up to 2cm2 were in Group III; and 
those who had more than two and/or bilateral 
lesions larger than 2cm2 were in Group IV.

Diagnosis, admission dates and contact 
information of the patients and their 
demographic, clinical and laboratory data were 
taken retrospectively from the hospital record 
system. The patients whose records were not 
accessed were reached through telephone or email. 
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variables were normally distributed. While 
analysing the differences between the groups, 
independent samples t test was used for the 
variables which were normally distributed 
and Mann Whitney U and Kruskal Wallis-H 
tests were used for the variables which were 
not normally distributed. In case of significant 
difference in Kruskal Wallis-H test, the groups 
with difference were found by using Post-Hoc 
Multiple Comparison Test. Chi-square analysis 
was used while examining the correlations 
between the groups with normal variables. 
Pearson Correlation Analysis was used on the 
normally distributed data. Level of significance 
was taken as 0,05 while interpreting the results. 

Results

In this retrospective cohort study, mean age 
of the patients was 49.2±8.2 (241 male, 123 
female, distribution 32-66 years, 33.9% female), 
mean follow-up time was 60 months. 

Neuropsychosis symptoms were found in 
33 (17.3%) of the 363 patients followed for 
approximately 60 months after discharge. Of 
these 33 patients, 17(4.7%) were male, while 
16 (4.4%) were female. In the neuropsychosis 
group, carboxyoglobin level (49.4%, p=0.001), 
in addition CO exposure time, White Blood Cell 
(WBC), Red Cell Distribution Width (RDW), 
Mean Platelet Volume (MPV), mean corpuscular 
hemoglobin concentration (MCHC), Mean 
Corpuscular Volume (MCV), mean corpuscular 
hemoglobin (MCH) were statistically significant 
when compared with the group which did not 
develop neuropsychosis (p=0.001). However, 
mean age, gender, blood sugar and liver enzymes 
were found to be statistically insignificant.

In analyses in terms of magnetic resonance 
imaging groups, age, blood sugar and liver 
enzymes were not statistically significant. 
However, COHb, CO exposure time, WBC, 
RDW, MPV, MCHC, MCV and MCH were 
statistically significant in terms of MRI findings 
groups (p=0.001).

In terms of magnetic resonance imaging 
groups, gender, mortality, COHb groups and 
neuropsychosis development were found to 
be statistically significant (p=0.001) In terms 
of analysis of neuropsychosis groups with 
variables, gender was found to be insignificant 
(p=0.082), while COHb groups, mortality 
and MRI groups were found to be statistically 
significant (p=0.001).In terms of analysis of 

carboxyhemoglobin groups with variables, gender 
(p=.008), mortality (p=0.004), neuropsychosis 
and MRI groups were found to be statistically 
significant (p=0.001)

In the correlation of magnetic resonance 
imaging groups with the variables, moderate 
and strong positive correlation was found with 
NP (r=0.684), serum COHb level (r=0.889), 
mortality (r=0.274), CO exposure time 
(r=0.425), RDW (r=0.355), MPV (r=0.543) 
and MCHC (r=0.399) (p=0.001). However, 
no correlation was found with age, gender and 
blood sugar (p<0.05)

Discussion

Carbon monoxide continues to be the most 
common cause of poisoning in emergency 
services in the whole world. In studies, late 
findings of CO poisoning have been defined in 
limited number of studies. Even cases with high 
carboxyhemoglobin level are discharged when 
their clinical conditions improve. The number of 
studies on late cranial pathologies of these cases 
which become asymptomatic in time is almost 
none or they have one or few cases. For this 
reason, for the first time in literature, we showed 
that MRI findings, high COHb levels and 
exposure time can predict neuropsychosis cases 
in patients admitted to the emergency service 
due to CO regardless of advanced age. 

Changes related with carbon monoxide 
poisoning occur in organs such as the brain and 
the heart where oxygen demand is high. It has 
been found that after CO poisoning10-30% 
of the cases develop personality changes, 
parkinsonism, incontinence, dementia and 
delayed neuropsychiatric syndrome characterized 
with psychosis, while young people also had 
peripheral neuropathy in addition to these [15] . 

Central nervous system histopathological 
findings consist of necrosis and demyelination 
areas. They are also known to create direct 
toxic effects by binding to proteins such as 
neuroglobin, cytochrome oxidase, cytochrome 
P-450, dopamine beta hydroxylase, tryptophan 
oxygenase in brain regions rich for iron such 
as globuspallidusand substantia nigra. In some 
cases, damage to the hippocampus and thalamus, 
cortical atrophy, loss in Purkinje and internal 
granular layer cells of the cerebellum can be 
seen. In addition to greymatter lesions, CO 
poisoning cause demyelination and destruction 
in cerebral white matter. Although white matter 
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lesions are seen in regions such as frontal and 
parietal cortex, centrum semiovale and brain 
stem, parieto-occipital region is reported to be 
the most affected region [16-22].

In our study, the highest involvement of MRI 
findings was found in the white matter and 
parieto-occipital region. In addition, it was found 
that early period COHb level and mortality and 
late period neuropsychosis were both higher and 
more permanent in areas with high involvement. 
In patients with Group I and II MRI findings, 
COHb levels were found as 17.7% and 30.7%, 
respectively and NP was found in only 1 (0.3%) 
in Group II. However, in Group III and IV 
patients who had more prevalent and more 
severe MRI findings, COHb level was found as 
44.6% and 56.8%, respectively, NP was found 
in 12(3.3%) in Group III and 20(5.5%) in 
Group IV. 

White matter involvement is characteristic in CO 
poisoning and involvement degree is associated 
with clinical prognosis in acute and subacute 
period (23-25). White matter involvement may 
occur in three forms. The first is the multiple 
small necrotic areas in the interhemispheric 
commissures and centrum semiovale, the second 
is diffuse necrosis areas that tend to merge in the 
deep white matter and the third is demyelination 
in which the axons are relatively preserved in the 
deep white matter. The third form is the most 
frequent in delayed encephalopathy. White 
matter lesions were reported to develop due to 
reversible demyelination of white matter lesions 
as a result of MRI follow-ups of four cases with 
delayed encephalopathy [23-25]. Vion-Dury et 
al. [26] suggested that demyelination is an active 
process that still continues long after poisoning 
based on a case with persistent signal increase 
and mental retardation in T2A sections in white 
matter one year after intoxication. Inagaki et al. 
[27] explained the diffuse white matter hyper 
intensity that continued unchanged in T2A 
images with irreversible axonal damage in a case 
that they followed for 18 months with serial 
MRI. They thought that on-going psychiatric 
symptoms might be associated with white matter 
damage. Similar white matter involvement was 
found almost in all of the cases with neurological 
sequelae in the chronic period published by 
Uchino et al. [28]. 

As a result of CO poisoning, globuspallidus 
necrosis, white matter lesions with demyelination 
or necrosis, spongy lesions of cerebral cortex 
and necrotic lesions of the hippocampus 

were shown with MRI in acute and subacute 
period. The most frequent finding was bilateral, 
symmetric signal density increase in the white 
matter. This involvement was found in the 
group with prevalent MRI findings. 17 of the 
cases were found to have diffuse and symmetric 
involvement in the white matter. 5 of the 
cases were found to have diffuse asymmetric 
involvement. The lowest involvement was 
found in hippocampus with three cases, it was 
in the form of patchy signal increase and NP 
was not found in these cases. It is obvious that 
clinical symptoms and signs of poisoning are 
more associated with white matter involvement 
in acute and subacute period. However, the 
fact that many of the asymptomatic cases have 
white matter involvement brings to mind that 
this association may be valid not only in acute 
and subacute period, but also in the chronic 
period. In addition, we believe that permanent 
demyelination in white matter in some of the 
cases without NP shows that demyelination is 
generally irreversible in CO poisoning and NP 
either lasts long or has a permanent association 
in cases without reversible demyelination. 

White matter involvement in acute and subacute 
period after carbon monoxide poisoning is 
usually bilateral and symmetrical. Involvement 
does not prefer any area in most. However, there 
are also asymmetric involvements [23,25,29]. 
Another study showed asymmetric signal increase 
in 12 of the 13 cases in chronic period and 
parieto-occipital region was the region with most 
frequent involvement [28]. Lesions were shown 
in many cases in the corpus callosum in subacute 
period [23]. In a study with 62 cases, corpus 
callosum atrophy was shown with quantitative 
measurements in 80% cases as a result of 
6-month-long follow-up. These studies showed 
with volumetric grading that involvement was 
diffuse and mild in many cases [30].

White matter involvement in chronic period was 
found to be similar with other studies; however, 
it differed in that it was symmetrical. The fact 
that the lesions in acute and subacute period 
were asymmetric, unlike the late period, suggests 
that some areas of the brain are potentially more 
sensitive to hypoxia. This situation may have 
emerged with the effect of chronic ischemic 
changes due to aging of the cases. We did not 
detect asymmetric involvement in cases with 
low mean age. Involvement in the hippocampus 
in the form of signal increase was observed in 
three cases. However, the fact that we did not 
examine the hippocampus might have caused us 
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to overlook mild lesions. Lesions were found in 
minimal and moderate groups of MRI findings 
in corpus callosum. Mild NP that resolved over 
time was observed in two cases. Clinic and 
prognosis were found to have good course in 
these regions. 

Since necrosis is the main pathology in CO 
poisoning, it is a natural and expected finding 
that areas damaged in early period undergo 
atrophy in late period. However, this issue is 
not clear yet. Some studies showing cerebellar 
involvement in early period have been published 
[25,31,32]. In our study, mild cerebellar cortex 
involvement, signal increase in cerebral cortex 
and atrophic appearance were found in most of 
the cases. We think that these cases developed 
due to CO poisoning and that they may be 
frequent lesions in the chronic period. In their 
study, Chang et al.[23] found cerebellar atrophy 
in MRI follow-ups and they attributed the 
cause of atrophy to CO poisoning. Cerebellum 
was found to be normal in all of the cases 
inUchino et al.’s study [28]. However, the 
atrophy findings in the cerebellum might have 
been attributed to aging and considered normal 
and compatible with their ages. The relationship 
between carboxyhemoglobin level and severity 
of poisoning continues to be controversial. 
In addition to studies indicating correlation 
between blood COHb level and severity of 
poisoning [33-35], there are also studies showing 
that this relationship is present only in mild 
poisonings [36,37].

There was a correlation between COHb level 
and symptoms, findings and NP in our study. 
While COHb was 29.4% in neuropsychosis 
negative group, it was 49.4% in positive group. 
In addition, more MRI findings were seen in 
acute and subacute phase in the group with 
high COHb level. Thus, we think that this 
accompanying NP progresses more permanently. 

Some studies have reported that establishing a 
relationship between high COHb levels of CO 
poisoning and clinical findings and prognosis 
does not yield healthy results. The time of 
exposure is more important. In CO poisoning, 
chronic exposure may progress more severe than 
the picture that occurs with acute CO poisoning, 
even if COHb is low [38-41]. However, the 
severity of CO poisoning has been reported to 
depend on the degree of COHb saturation in 
blood. Poisoning symptoms start at 20% COHb 

and these symptoms get severe when COHb is 
40%. Death usually occurs when COHb level 
rises to 60% or above [42,43].

In our study, CO exposure was 2,54 hours in 
non-NP group, while it was 5.85 hours in NP 
group. In addition, it was found that as CO 
exposure time increased, this time extended to 
2,49 hours in the group with minimal MRI 
findings and to 6,1 hours in the group with high 
MRI findings. It was found that MRI findings, 
NP incidence, mortality frequency in acute 
period and frequency of permanent NP cases in 
late period were found to increase as this time 
increased. In addition, high COHb level, long 
CO exposure and group IV MRI findings were 
NP determinants irrespective of age. COHb 
levels and CO exposure time were found to 
be significantly higher in patients with Group 
III and IV MRI findings when compared with 
Group I and II MRI findings. While early period 
mortality was found as 1.4% in the group with 
high MRI findings, mortality was found as 0.6% 
in the group with minimal findings. We believe 
that the fact that COHb level was high in similar 
studies, but low as 52.1% in our study was 
caused by more frequent mortality due to long 
CO exposure time. In addition, the fact that 
MRI findings had strong positive correlations 
with serum COHb levels, CO exposure time, 
mortality and neuropsychosis can be a predictive 
value of the severity of poisoning.

Study limitation: The present study had 
some limitations. It was a single centred and 
retrospective study. For this reason, it was difficult 
to access the follow-up data of the patients. 
Considering that the basal MRI findings of the 
patients before CO poisoning were not known, 
it was not possible to predict the differences that 
developed due to COHb’s effect. 

Conclusion

Inco poisoning, neuropsychological disorders 
that may develop in post-discharge late period 
may easily be overlooked. Especially taking 
into consideration serum COHb levels and 
MRI findings may be guiding in preventing 
neuropsychosis that may develop in the future 
and making early diagnoses. If these results can 
be supported with multi centred and prospective 
studies, they can be very useful in all patients 
with CO poisoning due to health economics 
policies. 
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