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Background: Serious delayed neuropsychological sequelae may complicate carbon monoxide intoxi-
cation. The existence of minor manifestations, especially memory disturbances, is not well documented.
Aims: To study several memory functions after carbon monoxide intoxication.
Methods: In a prospective study, 32 poisoned patients without risk factors for cognitive disturbances
were compared to 32 paired control subjects one month after acute carbon monoxide intoxication
(blood carbon monoxide concentration at least 1.0 mmol/l), who had been treated with standard con-
ventional therapy. Psychometric tests included Buschke’s verbal memory testing, verbal digit span, Cor-
si’s visuospatial span, reaction times, Stroop’s colours decoding test, and verbal fluency test.
Results: (1) Memory functions in poisoned subjects were not worse than in the control group and were
even better in some areas: learning, word recall, and quality of learning by Buschke’s verbal memory
testing. Attention was also better in the patients, in whom visual reaction time was shorter than in con-
trols. (2) Results of several memory functions—quality of learning and immediate visual memory—were
positively correlated with the initial carbon monoxide level.
Conclusions: In a highly selected subset of patients devoid of risk factors for memory impairment,
memory, objectively evaluated by psychometric testing, was not worse one month after carbon monox-
ide intoxication in patients undergoing standard treatment than in paired control subjects.

Acute carbon monoxide (CO) poisoning is one of the most

frequent causes of acute intoxication,1 and is the most

common cause of household toxic death; it may also

result from occupational accidental exposure. In addition to

well known risks of immediate morbidity, including cognitive

disturbances,2 delayed neuropsychological sequelae may occur

after a period of improvement or apparent recovery. Many

clinical manifestations have been described (seizures, halluci-

nations, behavioural disorders, extrapyramidal syndrome, cor-

tical blindness, dementia, etc).2 In addition to these obvious

disorders, more subtle disturbances of cerebral function,

particularly of memory, may occur. Experimental data suggest

a specific toxicity of CO on memory functions: in animals,

delayed neuronal death occurs in areas involved in memory

process.3 4 In humans, subtle cognitive disorders have been

reported with a frequency up to 67%.5 However, these neuro-

psychological sequelae were most often studied without

psychometric testing,6–8 or the description or the results of the

tests were not fully detailed, with no comparison to

non-poisoned controls.5 9 10 Moreover, confounding factors or

potential bias were seldom taken into account.

We performed a prospective study of psychometric testing

of memory one month after an acute CO intoxication in 32

patients without other risk factors for cognitive disturbance

who had received standard treatment with hyperbaric and/or

normobaric oxygen therapy.11 The aims were: (1) to investigate

differences between patients and paired controls; and (2) to

look for a correlation between each parameter and the initial

blood CO concentration.

METHODS
Patients referred for CO intoxication, whatever the cause, were

examined with a view to decide whether or not they should be

included in the study. Inclusion criteria were: age between 18

and 60, French maternal language (or perfectly fluent), suffi-

cient educational level to understand and perform the

psychometric tests (that is, at least the level normally reached

at 10 years, according to a standardised French scale), and

concentration of CO in the first blood sample at least equal to

1.0 mmol/l (equivalent to 11% of carboxyhaemoglobin in

patients with a normal haemoglobin level). Patients with a

disease or a risk factor which might impair memory were not

included: excessive alcohol consumption (detected either by a

known ingestion above 1 g/kg/day or by an increase in serum

γ-glutamyltransferase activity), treatment with a psychotropic

drug, psychiatric disease, drug abuse, professional or recrea-

tional exposure to solvents or metals, history of central neuro-

logical disease (particularly head injury with loss of con-

sciousness, epilepsy), or known infection by HIV virus.

Information about symptoms of the intoxication and treat-

ment (normobaric or hyperbaric oxygen therapy) was

recorded systematically. Patients freely gave informed con-

sent.
Blood CO concentration was measured by infrared

spectroscopy12 in a sample taken either at the site of the
intoxication or when the patient arrived at hospital. The initial
concentration at the end of exposure to the toxic atmosphere
was calculated from CO kinetics, according to the treatment
applied before sampling: CO half life was 240 minutes without
oxygen treatment and 55 minutes with normobaric oxygen
(personal data) which is similar to that reported previously.13

Treatment was either normobaric or hyperbaric oxygen
therapy, according to normalised criteria,11 in addition to sup-
portive therapy as needed. All the included patients were con-
tacted by phone during the week before the examination, to
reduce the loss to follow up, and to ascertain the cause, if any.

Each patient was paired with a control with respect to gen-
der, age, and educational level (according to a standardised
French scale). The controls were either relatives of the
patients, if possible; or if not, relatives of the investigators. The
same inclusion criteria were used for the controls and for the
patients. The same examiner tested both patients and controls
with an open testing procedure. Psychometric tests were per-
formed one month after intoxication. This interval was chosen
because the majority of the cases of obvious delayed
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neurological sequelae occur after a clear period preceding the

onset of symptoms between one week and one month.14 Tests

(table 1) were selected to study several types of memory (long

term, short term, and working memories) and different areas

of memory (verbal, significant and non-significant, and visu-

ospatial). Other tests addressed disturbances of attention,

which is involved in the working of memory. These tests were

the verbal Buschke’s testing,15 verbal digit span,16 the

visuospatial span of Corsi,17 simple reaction time and dual task

with simultaneous reaction time and counting,18 decoding of

the colours of Stroop,19 and the verbal fluency test.20 Table 2

presents details of the parameters analysed for each test.

Statistical analysis was performed with NCSS software.21

The Martinez and Iglewicz test was performed to assess

whether the distributions were normal or not. Comparisons

were made by means of the paired t test or Wilcoxon’s test as

appropriate, and Spearman’s correlations were performed.

Results are expressed as either mean (SEM) or median

(range).

RESULTS
Over four years, 944 consecutive patients were examined in

the hospital for suspicion of acute CO intoxication not result-

ing in death or obvious neurological sequelae; 230 patients

had a blood CO concentration in a sample taken on arrival at

hospital or at the place of intoxication at least equal to 1.0

mmol/l; and 192 had at least one non-inclusion criterion (lan-

guage for 76; age for 55; psychiatric disease, or alcohol or psy-

chotropic drug consumption for 41; other non-inclusion crite-

ria for 20). Thus, only 38 patients were suitable for inclusion,

of which 32 were examined (20 women, 12 men). CO was the

only toxin in 23 and was associated with smoke inhalation in

nine. Median age was 27.5 in both patients and controls

(range 18–60). Median blood CO concentration in the first

blood sample was 2.08 mmol/l (range 1.00–8.58) which is

equivalent to 23% carboxyhaemoglobin (range 11–96). Me-

dian blood CO concentration at the end of exposure, calculated

from CO concentration in the first blood sample, was 2.71

mmol/l (range 1.07–8.58) which is equivalent to 30% carboxy-

haemoglobin (range 12–96). The median number of days

between intoxication and psychometric testing was 31 (range

26–36). Eight patients experienced a loss of consciousness, 24

were treated with hyperbaric oxygen.

Comparison of patients and controls
Table 3 presents a comparison of patients and controls. The

patients performed better at Buschke’s verbal significance trial

than controls: the number of patients who remembered all the

words at least at the last trial was higher than the number of

controls (28 v 19, p < 0.05) and the number of trials needed to

learn all 15 words was less (p < 0.05) for patients (6.7 (SEM

0.37)) than for controls (8.2 (SEM 0.54)). Recall memory was

also better in patients than in controls: 30 minutes after the

end of learning, patients remembered more (p < 0.005) words

(14.2 (SEM 0.28)) than controls (12.7 (SEM 0.37)). The qual-

ity of learning (that is, the efficiency of committing to

memory), measured by the list learning test, was better

(p < 0.005) in patients (0.75 (SEM 0.02)) than in controls

(0.64 (SEM 0.03)). On the other hand, working memory and

long term memory did not significantly differ between

patients and controls.
On the contrary, immediate verbal non-significant memory,

assessed with number recall (recall of numbers in the order of
recitation), was worse (p < 0.05) in patients (6.1 (SEM 0.23))
than in controls (6.7 (SEM 0.21)).

Finally, immediate and non-significant visual memory,
evaluated with Corsi’s test, did not significantly differ between
patients and controls (number of blocks designed 5.3 (SEM

0.15) v 5.1 (0.15)).

Attention was better in patients than in controls: simple

mean reaction time was lower (p < 0.05) in patients (270 ms,

range 218–747) than in controls (282 ms, range 242–756).

Constancy of attention effort was better (p < 0.005) in

patients: standard deviation was lower: 39 ms (range 19–356)

versus 55 ms (range 31–1320) in controls. On the contrary,

fatigability was higher in patients: the mean reaction time was

higher for the second part of the trial than for the first part in

patients, and the opposite was observed in controls. The

difference between the first and the second part was therefore

negative in patients (−6.4 ms, range −190 to 49) and positive

in controls (4.7 ms, range −50 to 486) (p < 0.05). Divided

attention did not differ between patients and control subjects

as results of visual mean reaction time with double task and

interference in the colours decoding trial (Stroop’s test) were

not significantly different.

Relation between initial blood carbon monoxide
concentration and memory results
Results of three memory tests were positively correlated with

initial blood CO concentration, calculated from CO concentra-

tion in the first blood sample (table 3; fig 1). Learning quality

was better when intoxication was greater, as initial CO blood

concentration was positively correlated with results of list

learning (r = 0.40; p < 0.05) of Buschke’s trial. This was also

observed for non-significant, immediate visual memory

assessed with Corsi’s test (r = 0.42; p < 0.05). On the

contrary, non-significant verbal memory (recall of numbers)

was not linked to the initial blood CO concentration. Among

tests assessing attention, intra-individual SD of simple

reaction time, which investigates constancy of attention effort,

was the only test in which results were correlated with initial

blood CO concentration: they were better (SD was lower)

when initial blood CO concentration was high (r = −0.36;

p < 0.05). These three correlations remained significant when

excluding the outliers.

Main message

• In this prospective comparative and objective study of
memory, CO poisoned patients devoid of any risk factor
regarding memory impairment did not have worse
memories than paired controls.

Table 1 Functions assessed with the psychometric tests

Memory Attention Divided attention

Short term memory
Non-significant and verbal: digit span Simple reaction time test Reaction time test with double task
Non-significant and visual: Corsi’s test Verbal fluence test Colour/word decoding test

Working memory and learning
Verbal Buschke’s test

Long term memory
Verbal Buschke’s test
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As heterogeneity of age and educational level (two factors

that greatly influence results of tests) could have masked corre-

lations between initial blood CO concentration and results of

the tests, investigation for correlations between results of the

tests and initial blood CO concentration was performed in the

restricted groups of 16 patients with an educational level corre-

sponding to that normally reached at 15 years, and of 26

patients aged less than 40. No significant correlation for other

parameters was found (except for mean of simple reaction time

in patients with this educational level: r = 0.55; p < 0.05).

DISCUSSION
As a prerequisite to cognitive tests, this study was limited to

patients who were very fluent in French and without any risk

factors for memory disorder. It focused on delayed neurologi-

cal effects of CO, but not on immediate neurological

symptoms, which are well known in volunteers22 and in

poisoned patients.23 It showed that, one month after CO

poisoning, without any obvious sequelae immediately after

intoxication, memory of patients receiving standard treatment

with normobaric or hyperbaric oxygen was not lower than in

paired controls, and was even better for learning and word

recall. In patients, attention was also better for several tests,

while fatigability was greater. Furthermore, results of several

trials of memory and attention were better when initial blood

CO level had been high.

Several factors could explain these results. First, inappropri-

ate pairing of patients and controls could have been

performed. A plausible reason for better results among

controls could be identified in three pairs only: although they

had perfect knowledge of the French language, maternal lan-

guage was not French in two controls; and one patient had

taken, before the examination, a β blocker drug which could

have improved his performance. A new analysis without these

three pairs did not change the results: therefore, we do not

believe they were caused by inappropriate pairing. Second, in

addition to the 32 studied subjects, six patients did not

undergo the tests and could have had different results than

the examined patients if they had forgotten their appointment

because of a memory impairment. All were called by phone

before the fixed date and said that they could not come for

familial or professional reasons. Therefore, a bias related to

loss of follow up cannot explain the results. Third, the study

was not conducted with blinded examination, and the behav-

iour of the psychologist who applied the tests could have

Table 2 Main functions evaluated by each
parameter

Parameters Functions

Buschke’s test Significant auditory memory
Number of trials Learning
Delayed recall Delayed memory
Recognition Recognition memory
Consistent long term retrieval Long term memory
List learning Quality of learning
Short term retrieval Working memory

Digit span (forward and
backward)

Short term auditory non-significant
memory

Corsi’s test Visuospatial memory
Verbal fluency Attention
Visual reaction time
• With simple task Attention

Mean (all presentations) Reaction speed
Standard deviation Attentional investment constancy
Difference between mean

reaction times of the 32 first
and the 32 last presentations

Fatigability

• With double task (counting) Divided attention
Variation of mean/mean of

simple reaction
Number of counting errors on

total number of given
numbers

Stroop’s colour word test Divided attention
Interference (duration of

decoding – duration of
colour reading)

Table 3 Comparison of patients and controls and search for a correlation between initial blood CO and tests results

Test

Comparison: mean (SE) or median (range) Correlation

Patients Controls
Paired t test or
Wilcoxon r (Spearman)

Buschke’s test
Number of trials 6.7 (0.37) 8.2 (0.54) * 0.01 NS
Delayed recall 14.2 (0.28) 12.7 (0.37) ** 0.35 NS
Consistent long term retrieval 61.9 (2.73) 64.5 (28–100) NS 0.14 NS
Short term retrieval 8 (3–31) 11.5 (3–33) NS −0.13 NS
List learning 0.75 (0.02) 0.64 (0.03) ** 0.40 *

Digit span
Forward 6.1 (0.23) 6.7 (0.21) * −0.05 NS
Backward 4.7 (0.24) 4.8 (0.24) NS 0.14 NS

Corsi’s test
Number of blocks 5.3 (0.15) 5.1 (0.15) NS 0.42 *

Stroop’s colour word test
Interference 58.5 (26–163) 55.5 (27–140) NS −0.08 NS

Visual reaction time
• With simple task

Mean 270 (218–747) 282 (242–756) * −0.06 NS
Standard deviation 39 (19–356) 55 (31–1320) ** −0.36 *
Difference between mean reaction times of

the 32 first and the 32 last presentations
−6.4 (−190 to 49) 4.7 (−50 to 486) * −0.01 NS

• With double task (counting)
Variation of mean/mean of simple reaction 0.80 (0.04–4.57) 0.94 (−206 to 3.4) NS 0.08 NS
Number of counting errors on total number

of given numbers
0.093 (0.017) 0.122 (0.17) NS −0.11 NS

Verbal fluency
Letter p 14.1 (0.9) 15.8 (0.8) NS 0.02 NS
Letter f 11.5 (5–20) 12.5 (3–18) NS −0.02 NS
Letter l 10.3 (0.66) 10 (0.57) NS 0.25 NS

NS, not significant; *p<0.05; **p<0.01.
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influenced the results24; however, the administration of the

tests was standardised; furthermore, as our hypothesis was

that CO poisoned patients would perform memory tests worse

than controls, an influence of the examiner would probably

have led to the opposite result. Therefore, we do not think that

the behaviour of the examiner could explain the results.

Fourth, the size of the sample could have been too small to

detect a memory impairment in poisoned patients in

comparison with controls. However, significant opposite

results were observed. Fifth, intoxications could have been too

moderate to show an effect of CO on memory. In order to pre-

vent this risk, patients were included only if blood CO concen-

tration in the first sample was at least equal to 1.0 mmol/l

(11% carboxyhaemoglobin). Sixth, one can theoretically not

exclude an effect of oxygen therapy. However, such a delayed

effect is not expected.25 Finally, it should be noted that oxygen

therapy, normobaric with or without hyperbaric, was admin-

istered according to standard criteria11 and that the aim of the

study was not to compare normobaric versus hyperbaric oxy-

gen therapy.

In our patients, who did not complain of neurological

symptoms, no radioimaging examination such as magnetic

resonance radioimaging (MRI) or single photon emission

computed tomography (SPECT) was performed. However, in

patients with brain injury following CO poisoning, neuro-

psychological examination is more sensitive than brain

imaging.26

Our study focused on a very small subset of patients

(according to highly selected population criteria) treated in

standardised way11 and compared to healthy paired controls.

The results lead us to speculate that the psychological trauma
of the intoxication led to the desire for a better performance,
resulting in a better effort in the tests and thus in a participa-
tive effect. This could explain the better attention in patients
compared to controls, which could in turn explain both better
performances in several subtypes of memory and a greater
fatigability.

In a report of four cases, Weaver et al failed to find abnormal
results at extensive neuropsychological memory testing six
months after severe CO poisoning in four patients who did not
undergo hyperbaric oxygen therapy.27

The study methodology could explain why our results, as do
those of Weaver et al, differ from most data in the literature,5 10

in which the incidence of sequelae after CO poisoning may
reach 67%. First, our study is a prospective study of CO
poisoned patients, without obvious neurological sequelae. In
retrospective studies of patients referred for neurological
investigations, as the patients suffered from clinical symp-
toms, they may have had different results.26 Second, possible
bias or confounding factors related to patients’ medical and
psychiatric histories were not taken into account in several
studies; on the contrary, we did not include patients with such
factors, which limited the size of the sample but increased the
validity. Indeed, only 16% of the patients with CO blood level
over 1.0 mmol/l were included: in our experience, many
patients suffering from a CO intoxication have one or several
factors (psychiatric disease, alcoholism, psychotropic drug
treatment, etc) that may lead to neuropsychological distur-
bances. However, patients who already suffer from such disor-
ders for another reason, or in whom memory function is
physiologically lower, because of age or low educational level,
may be more susceptible to a possible action of CO on
memory: we did not test this hypothesis. Third, our study was
performed on detailed memory fonction assessed with
psychometric testing precisely described and statistically ana-
lysed. In one of the two studies utilising psychometric testing
one month after poisoning, results of subjects treated with
normobaric oxygen therapy were worse than those of healthy
controls for a subtest of temporospatial orientation, but
memory was not extensively studied.28 In the other study with
psychometric testing one month after poisoning, patients
treated with hyperbaric oxygen therapy showed no difference
with those treated with normobaric oxygen therapy, but
detailed results were not provided and no comparison to a
non-poisoned control group was performed.29 The other previ-
ous published studies were most often conducted without
psychometric testing, or the results of the tests were not pro-
vided. It is possible that, in these previously published studies,
the frequent minor subjective neuropsychological sequelae
which were most often reported, resulted not only from
potential confounding factors, but also from psychological
trauma which may be severe and is related to the occurrence
of the intoxication itself, and not to a specific toxic action of
CO. The sensation of impending death, followed by a
disruption of everyday life after a fire in the home, may lead to
anxiety and sleep disturbances, and sometimes may induce or
reveal a depressive syndrome. These conditions can lead to
vague and various complaints, among them sensation of
memory decrease, which is in fact not related to a true
impairment of memory function, as evaluated with psycho-
metric tests. The aim of our study was not to answer this
question, and patients were tested not for their subjective
evaluation of memory loss, but for their objective functioning
of memory.

In conclusion, in a small subset of patients highly selected
and devoid of any risk factor regarding memory impairment,
the objective study of memory one month after intoxication
showed that memory is no worse in CO poisoned patients
treated with standardised oxygen therapy than in paired con-
trols. We hypothesised that a better effort at attention of these
patients, especially when intoxication had been severe, could

Figure 1 Correlation between initial blood CO concentration (at
the end of exposure, calculated from CO concentration in the first
blood sample) and test results.
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explain better results in several subtests. Further studies

should be performed to confirm this result and investigate

explanatory hypotheses.
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