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Abstract 

The delayed neuropsychiatric syndrome can
arise in the period from 4 days to 5 weeks fol-
lowing carbon monoxide poisoning, and is
characterized by neuropsychological deficits,
which in some cases become chronic. This
case report describes an adult female who
apparently suffered self-inflicted carbon
monoxide poisoning. She was not treated with
hyperbaric oxygen and developed delayed
sequelae on day 20. The treatment started with
40 sessions of hyperbaric oxygen therapy and
subsequently with neuropsychological rehabil-
itation and physiotherapy. The treatment
resulted in a progressive and almost complete
physical and psychological recovery as evi-
denced by neuropsychometric tests and diag-
nostic imaging performed in the follow-up.
Recovery was attributed to hyperbaric oxygen
therapy. Although further research is required,
we propose hyperbaric oxygen therapy also in
the recovery protocol in the treatment of
delayed neuropsychiatric syndrome.

Introduction

Carbon monoxide (CO) poisoning has been
a preferred method of suicide1 due to its high
success rate of approximately 30%. CO toxicity
is the result of a combination of tissue hypox-
ia-ischemia through the formation of carboxy-
hemoglobin (COHb) and direct CO mediated
damage at a cellular level.2-4

The spectrum of symptoms depends on the
duration of the exposure and the levels of
CO.2,3 The brain and the heart are most suscep-
tible to CO toxicity. In the central nervous sys-
tem CO causes platelet to neutrophil aggrega-
tion, the release of myeloperoxidase and pro-
teases leading and oxidative damage that may
explain the clinical syndrome of delayed neu-
rological damage.2-4

Timely diagnosis of CO poisoning is critical
because the clinical presentation is non-spe-
cific. Treatment consists of the patient’s
removal from the source oxygen exposure and
the immediate administration of 100% high-
flow supplemental oxygen and supportive
measures if indicated.1,2 After an episode of CO
poisoning lasting from 4 days to 4-5 weeks,4

delayed neuropsychiatric sequelae (DNS) can
appear. The predictors for the development of
DNS following acute CO poisoning include:
serious consciousness disturbance at emer-
gency admission, head findings indicating
hypoxic encephalopathy at computed tomogra-
phy (CT), hematology findings including high
creatine kinase, creatine kinase-MB (CK-MB)
and lactate dehydrogenase levels.5,6 

When DNS appears, the most frequent
symptoms are sudden headache attacks,
impaired concentration, short-term memory
loss, comprehension difficulties, personality
change, dementia, limb rigidity with cogwheel
sign, bowel incontinence.7,8 It is still unclear
why such devastating cerebral damage can
occur some weeks after the actual episode and
what role can be precisely played by the hyper-
baric oxygen therapy (HBOT) in preventing
DNS.9

HBOT aims both to control the clinical man-
ifestations during the acute phase and to pre-
vent delayed neurological damage.10,11 A num-
ber of studies assessed the incidence of DNS,
which is reported to be between 23 to 76%.
However, intoxicated subjects treated with
appropriate HBOT were not included.9-11 The
pathogenesis may be ascribable to some
autoimmune processes, which can result in
severe neurological dysfunction.12

CO poisoning requires a specific follow-up
program. Neuropsychometric tests and diag-
nostic imaging are the examinations of choice
in the assessment of delayed neuropsychiatric
sequelae.13

Case Report

This case report describes an adult female
who apparently suffered self-inflicted carbon
monoxide poisoning. She had a serious con-
sciousness disturbance at emergency admis-
sion. Cerebral CT showed no areas of altered
density in the brain and other predictors for
the development of DNS following acute CO
poisoning were negative. The arterial blood
gas test reported a low value of COHb, yet the
staff did not consider it significant, since the
patient was reported to be a heavy smoker.
Electrocardiography was within the limit, with
the absence of QT abnormality. Toxicological
urine tests were negative for opiates, cannabi-
noids, amphetamine, cocaine, benzodi-
azepines and the blood test reported no pres-

ence of alcohol. Other laboratory tests such as
blood urea nitrogen to creatinine ratio, lactic
acid, and arterial blood gas analysis were with-
in the limits. For the cardiac enzymes, CK and
CK-MB were normal, while the troponin-I was
slightly increased to an initial laboratory test
and promptly returned to normal in a subse-
quent monitoring.
Due to the persistent comatose state, the

patient – breathing spontaneously – was
admitted to the intensive care unit and treated
with oxygen therapy with a Venturi mask at
40%.
After two days, the patient regained con-

sciousness, and was transferred to the
Psychiatric Unit in good psychological condi-
tion, despite some signs of underlying depres-
sion. She appeared calm, cooperative, lucid
and oriented, although occasionally a little
slow. The patient was not administered any
drug during her stay in the Psychiatric Unit.
Around the 20th day of her stay in the

Psychiatric Unit, and after a period of relative
well-being, the patient began to manifest vari-
ous clinical symptoms, such as semi-confused
state with slowness, impaired short-term
memory, agnosia, apraxia, distractibility, tan-
gential, indecision and overt cognitive impair-
ment. Her speech tended to be disorganized.
She had bowel incontinence and spastic
spasms mainly in the lower limbs with clumsi-
ness, uncertainty in the upright position and
uncoordinated movements. This set of symp-
toms was consistent with the onset of a DNS.
Following the onset of DNS, a treatment was

started with multiple sessions of HBOT.14-19 In
particular, HBOT treatment consisted of 40
sessions in a hyperbaric chamber at 2.5 ATA
for 80 minutes with the following sequence:
once a day for 18 days, then 10 sessions once
every second day and subsequently 8 sessions
twice a week and 4 more sessions once a week.
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Since the first sessions, a steady improve-
ment of clinical conditions was registered,
from both a physical and psychological per-
spective. It was accompanied to a gradual reco-
very of serious cognitive deficits, which per-
mitted the following neuropsychological and
physiotherapy approach. 
By the 15th session, the behavioral and clin-

ical assessments started to show good adapta-
tion to everyday life. All of the previous prob-
lems gradually disappeared: from the notable
spastic contracture of the lower limbs, the
almost total bowel incontinence, the inability
to take care of her own daily dietary and phys-
ical needs, to the psychological and relational
difficulties which, to say the least, had put the
patient in conflict with her surrounding envi-
ronment. Therefore, her personal interactions
could then be described as normal.
So, during following interviews conducted

in the Psychiatric Unit, we learned about the
obsessive-compulsive behavior of the patient,
with a clear desire to self-harm, due to incom-
patibility with her family environment. We
were also informed that she attempted suicide
by inhaling the exhaust fumes of her car late
in the evening, two days before she was taken
to the hospital, therefore after about 40 h. 
The imaging results confirmed the gradual

improvement of the clinical condition. The
electroencephalography (EEG) carried out at
the onset of DNS reported a slow electrical

activity, while it showed a normal activity by
the end of hyperbaric therapy.
Brain magnetic resonance imaging (MRI)

(Figure 1) showed initially an acute hypoxic
ischemic damage characterized by diffuse sig-
nal changes in periventricular, sub-cortical
and centrum semiovale white matter along
with frontal diffusion (diffusion weighted
imaging; DWI) restriction changes. There was
no accumulation in the basal ganglia with the
gradient-echo technique. 
The subsequent follow up after 28 HBOT

applications showed a significant improve-
ment with reduced hyperintensity in the previ-
ously described area of the white matter and
the disappearance of the frontal diffusion
(DWI) restriction changes. After the end of the
HBOT applications, the MRI showed a further
improvement in signal changes as well as in
diffusion tensor imaging (DTI). This tech-
nique shows the tractographic details of the
white matter fibers (Figure 2), which appear
particularly damaged in the anterior portion of
the centrum semiovale, while cortico-spinal
tracts, inter-emispheric tracts (corpus callo-
sum) and parietal regions are sufficiently pre-
served.
The data was confirmed by fractional

anisotropy (FA) results, radial diffusion (RD),
and mean diffusion (MD). In particular, we
observed a decrease in FA and a relative
increase in RD and MD, which gradually stabi-

lized along with the clinical improvement of
the patient.
Also the psychopathological and neurologi-

cal profile gradually improved until the time of
discharge, when the patient appeared calm,
lucid and oriented within normal parameters,
and able to relate to others.
Psychometric tests (Table 1), carried out by

the psychiatric unit showed a progressive
improvement. The mini-mental state examina-
tion score based on age and years of education
rose by 4.31 points, from 23.08 at the onset of
DNS to a final score of 27.31 after 40 sessions
of HBOT. The 15-word Rey test reported a pro-
gressive improvement of long-term memory,
from a raw score of 3 in the initial immediate
recall to a score within the normal standard
limits for long-term memory, both in immedi-
ate and deferred recall.
Finally, from an ineffective performance of

executive functions assessed by the frontal
assessment battery, the patient attained a
score within the normal range by the end of
hyperbaric treatment.

Discussion

Indication of HBOT is controversial. A 2008
clinical policy statement by American College
of Emergency Physicians concluded that HBOT
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Table 1. Psychometric tests used for follow up of delayed neuropsychiatric sequelae.

                                                                                                                         Raw score/equivalent score
                                                                            I                               II                                III                                 IV                                 V 

MMSE                                                                                  6/4.31                              13/11.31                                21/19.31                                 29/27.31                                29/27.31
FAB                                                                                           -                                         -                                             -                                           10/0                                       15/1
Rey word test immediate recall                                        -                                        3/0                                           -                                           29/0                                       55/4
Rey word test deferred recall                                           -                                                                                        -                                            8/2                                        10/3
I, at onset of DNS; DNS, delayed neuropsychiatric sequelae; II, after 22 sessions of hyperbaric oxygen therapy; III, after 28 sessions of hyperbaric oxygen therapy; IV, after 32 sessions of hyperbaric oxygen therapy; V,
after 40 sessions of hyperbaric oxygen therapy; MMSE, mini-mental state examination; FAB, frontal assessment battery.

Figure 1. Brain magnetic resonance imaging results at the onset
of delayed neuropsychiatric syndrome (a) and after 28 sessions of
hyperbaric oxygen therapy (b).

Figure 2. Diffusion tensor imaging taken at the end of the hyper-
baric oxygen therapy. 

a b
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is a therapeutic option for CO poisoned
patients. Howewer, its use could not be man-
dated. A Cochrane review after evaluating 6
randomized controlled trials concluded that
existing evidence does not establish whether
the administration of HBOT for CO poisoning
reduces the incidence of adverse neurologic
outcomes. Comatose patients with acute non-
suidical CO poisoning and high levels of COHb
may be the most suitable candidates. The use
of HBOT is controversial and if used should be
relegated for those patients presenting with
severe symptoms, high COHb levels, or preg-
nancy. The clinical course of the DNS after CO
poisoning is characterized by prolonged hospi-
tal stay and a higher number of HBOT ses-
sions. However, there is no specific treatment
in patients with DNS, therefore treatment will
be challengeable. 
The present case report suggests that HBOT

decreases the severity of impairment in
patients with DNS. Although a large random-
ized trial is required to address the efficacy of
this therapy, therapeutic application of HBOT
may be recommended in patients with DNS
after CO poisoning. 
HBOT has a positive effect on DNS because

induces cerebral vasoconstriction with reduc-
tion in cerebral edema and results in more
rapid dissociation of CO from respiratory
cytochromes.20

Conclusions

The case report in this work suggests that
HBOT decreases the severity of impairment in
patients with DNS. To evaluate the validity of
the indices of the clinical effect of HBOT, we
performed brain MRI, EEG and neurocognitive
tests. Our results showed that changes in EEG
signals and neurocognitive tests were closely
correlated with the patient’s clinical course.
Although further studies are required to evalu-
ate conclusively the efficacy of HBOT, this ther-
apy may be suggested in DNS after carbon
monoxide poisoning.
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