LETTER TO EDITOR

DELAYED NEUROPSYCHIATRIC SYNDROME AFTER
CARBON MONOXIDE POISONING

Silvia Yelmo-Cruz'
Juan Fernando Dorta-Gonzalez'!
José Juan Tascon-Cervera’

'Servicio de Psiquiatria. Hospital Universitario de Canarias.
Ofra s/n. La Cuesta 38320. La Laguna (Santa Cruz de Tenerife),
Espafia

CORRESPONDENCIA:

Silvia Yelmo-Cruz

Teléfono +34 922 678241

correo electronico: silviayelmo@gmail.com

INTRODUCTION

Carbon monoxide (CO) is an odorless, tasteless, colorless
and nonirritating gas '. In Spain, most of the accidents due
to CO poisoning are caused by water heaters***. CO binds
to hemoglobin with much greater affinity than oxygen, for-
ming carboxyhemoglobin (COHb) and resulting in impaired
oxygen transport and utilization.XS In up to 40 percent of
patients with significant CO exposure, a delayed neuropsy-
chiatric syndrome (DNS) can arise 3 to 240 days after appa-
rent recovery, characterized by cognitive deficits, personality
changes, movement disorders, and focal neurologic deficits,
which may persist for a year or longer®. COHb levels at the
acute intoxication are poorly correlated with DNS develop-
ment, although the majority of cases are associated with loss
of consciousness during acute intoxication®.

CASE REPORT

We present the case of a 60-year-old man who attempt-
ed suicide by inhalation of CO in the kitchen. He lost con-
sciousness after the attempt and went to the emergency
room three days later, when he recovered consciousness.
He smoked 20 cigarettes a day. He suffered from chronic
depressive disorder, with a suicide attempt with anxiolytic
medication when he was young. Currently he does not go to
consultation.

In emergency blood analysis, levels of carboxyhemoglo-
bin were normal (3%), and no significant alterations were
observed in the rest of parameters. EEG and EKG were nor-
mal. Finally, the patient was transferred to the psychiatric
unit. Day fifteen starting to count from the suicide attempt

the patient reported paresthesia in his left foot without any
other neurological symptoms. On day 21 an attention dis-
order, bradypsychia, nocturnal disorientation and echolalia
were reported. Cranial CT and lumbar puncture were per-
formed without pathological meaning. On day 34 brain MRI
was normal. The patient’s evolution was bad, requiring help
with every single activity of daily living. Second brain MRI
(10 days after first one) showed In T2 and Flair sequence, as
well as in diffusion, extensive high-signal images in periven-
tricular white matter, in semioval centrum and in bilateral
globus pallidus (predominantly left) (Figure 1). On day 51 due
to feeding difficulties he had to use a nasogastric tube. The
diagnostic impression was of a severe cognitive impairment,
with motor aphasia. From day 59 a progressive recovery was
appreciated, answering simple questions. On Day 64 he start-
ed rehabilitation. On day 79 a significant improvement was
perceived, with more physical independence and cognitive
improvement, being able to maintain a conversation. Final-
ly, on day 119 he was discharged. He was correctly oriented
and he could independently perform basic activities of daily
living.

DISCUSSION

CO binds to the iron moiety of heme with approximately
240 times the affinity of oxygen. The degree of carboxyhe-
moglobin (COHb) is in function of the relative amounts of
CO and oxygen in the environment, duration of exposure,
and minute ventilation. Levels above 3% in nonsmokers and
above to 10 to 15 percent in smokers are consistent with CO
poisoning®.

The half-life of CO while a patient is breathing room
air is approximately 250 to 320 minutes, while breathing hi-
gh-flow oxygen via a nonrebreathing face mask is about 90
minutes and with 100 percent hyperbaric oxygen is approxi-
mately 30 minutes. Standard pulse oximetry (Sp02) cannot
screen for CO exposure, because it does not differentiate car-
boxyhemoglobin from oxyhemoglobin’. A carboxyhemoglo-
bin measurement is essential for determining exposure, but
levels are not predictive of DNS.

Symptoms after CO poisoning can be mild or as severe as
death from central nervous system or cardiovascular system
involvement. Headache, dizziness, nausea, vomiting, diarr-
hea, asthenia, weakness, decreased level of awareness, rhab-
domyolysis, as well as heart rhythm disturbances or cardiac
ischemia may appear. After an apparent recovery from acute
CO poisoning, neurological or behavioral disturbances may
appear after days to several months, which is called DNS.

DNS is divided into cognitive, motor or affective symp-
toms. Cognitive symptoms are disorientation, concentration
and attention deficits, decreased spatial and visual skills, less
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verbal fluency and memory impairment, and in extreme ca-
ses there may be dementia. Motor symptoms include par-
kinsonism, dystonia, chorea, and myoclonus, and affective/
psychiatric symptoms may include anxiety, depression and
irritability that should be clarified if they are present after
the poisoning or were previously present, especially in sui-
cide attempts. All these symptoms usually have a favorable
evolution from months to a year after the onset of DNS,
with a 50-75% recovery in less than a year, although some
are left with definitive sequelae’’®.

Factors which predict the development of DNS are older
age, duration of exposure to CO, longer time to treatment,
transient loss of consciousness, increased serum levels of
neuron specific enolase™, increased levels of myelin basic
protein in the cerebrospinal fluid or hyperthermia in the first
24 hours after poisoning™.

COHb concentration was not a predictive factor for
DNS, but some studies have found a higher number of
DNS in patients with COHb greater than 249%?, as well as
initial consciousness problems and the modification of the
tendon reflexes'?. Neuropsychological sequelae of CO poi-
soning could be significantly reduced with one session of
hyperbaric oxygen (HBO)™. In DNS development, a hyper-
signal in FLAIR (demyelination and gliosis zones), and in
T2 are found at globus pallidus and white matter. Atrophy
of the hippocampus is related to memory problems, for-
nix atrophy is related to verbal memory impairment, and
visuospatial and visuoconstructive alterations are related
to parietal and globe pallidus damage. Presence of acu-
te brain injury in diffusion-weighted imaging during the
acute phase of CO is associated with 14 times higher risk
of developing DNS compared to patients without brain
injury. The most common location was globus pallidus.
Therefore, presence of acute brain injury can help to make
the decision to apply HBO in order to prevent the appea-
rance of DNS™,

HBO has been associated with lower mortality after CO
poisoning in the acute phase and should be administered as
soon as possible (first 6 hours). There is controversy regar-
ding the prevention of DNS, some recommend it, but others
do not find advantages'. A Cochrane review'® recommended
HBO, also other studies found less appearance of DNS with
HBO''® and another Spanish study did not find statistically
significant differences but did improve with HBO in a small
sample with COHb higher than 35% .

HBO is also performed in the chronic phase, as the case
of a patient who improved in symptoms such as dystonia or
parkinsonism and recovery in verbal fluency 14 months after
the poisoning and more than 100 sessions with HBO later?®.

Figure 1 Second brain MRI

It has been published a case of DNS improvement and
disappearance of the MRI lesions, after umbilical cord blood
(UCB) stem cells transplantation, combined with injection of
nicholine and intranasal inhalation of insulin?. UCB trans-
plantation is associated with angiogenesis, neurogenesis,
the inhibition of apoptosis and inflammation, and increased
trophic support.

CONCLUSION

It would have been important to consider that the pa-
tient lost consciousness days before coming to the emergen-
cy room in order to treat him with HBO despite the absence
of symptoms. It is possible that HBO could have prevented
the development of DNS. Once the DNS was established the
patient recovered spontaneously and without sequels. Even
though there are limited publications about DNS, acute and
long-term treatment must be considered as was explained
before.

REFERENCES

1. Donati SY, Chibane-Donati O. Intoxication au monoxyde de
carbone. EMC - Anesthésie-Réanimation. 2005:2(1):46-67.

2. Duenas-Laita A, Ruiz-Mambrilla M, Gandia M. Epidemiolo-
gy of acute carbon monoxide poisoning in Spanish region.
Clin Toxicol. 2001;39:53-7.

66 Actas Esp Psiquiatr 2022;50(1):65-67 | ISSN: 1578-2735



Silvia Yelmo-Cruz, et al.

Delayed neuropsychiatric syndrome after carbon monoxide poisoning

10.

"

12.

13.

Borras L, Constant E, de Timary P, Huguelet P, Yhazaal Y.
Long-term psychiatric consequences of carbon monoxide
poisoning: A case report and literature review. Rev Med In-
ter. 2009;30:43-8.

Raphael JC, Jars-Guincestre MC, Gajdos P. Intoxication
aigue par le monoxyde de carbone. Réanimation Urgences.
1992;1(5):723-5.

Hampson NB, Hauff NM. Risk factors for short-term mortal-
ity from carbon monoxide poisoning treated with hyperbar-
ic oxygen. Crit Care Med. 2008;36:2523.

Ernst A, Zibrak JD. Carbon monoxide poisoning. N Engl J
Med. 1998;339:1603-8.

Bozeman WP, Myers RA, Barish RA. Confirmation of the
pulse oximetry gap in carbon monoxide poisoning. Ann
Emerg Med. 1997;30:608

Boone M, Sini V, Le Page L, Godefroy O, Krystkowiak P. Per-
sistent neurological disturbances. La Revue de Médecine
Interne. 2010;31(9):643-4.

Liao SC, Mao YC, Yang KJ, Wang KC, Wu LY, Yang CC. Target-
ing optimal time for hyperbaric oxygen therapy following
carbon monoxide poisoning for prevention of delayed neu-
ropsychiatric sequelae: A retrospective study. J Neurol Sci.
2019;396:187-92

Abdel Salam ME, Elawady EH, Khater AS, Eweda SA, Abd
El Moneam MH. Neuropsychiatric sequelae of acute carbon
monoxide poisoning: The predictive role of neuron specific
enolase and glial fibrillary acidic protein. Neurotoxicology.
2021,85:115-20.

. Moon JM, Chun BJ, Lee SD, Shin MH. The impact of hyper-

thermia after acute carbon monoxide poisoning on neu-
rological sequelae. Human and experimental toxicology.
2019;38(4):455-65.

Weaver LK, Valentine KJ, Hopkins RO. Carbon monoxide poi-
soning: risk factors for cognitive sequelae and the role of hy-
perbaric oxygen. Am J Respir Crit Care Med. 2007;176:491-7

Smith JS, Brandon S. Morbidity from acute carbon mon-
oxide poisoning at three-year follow-up. Br Med J
1973;1(5849):318-21.

Actas Esp Psiquiatr 2022;50(1):65-67 | ISSN: 1578-2735

14.

Jeon SB, Sohn CH, Seo DW, Oh BJ, Lim KS, Kang DW, et al.
Acute brain lesions on magnetic resonance imaging and de-
layed neurological sequelae in carbon monoxide poisoning.
JAMA Neurol. 2018;75:436-43.

. Kumarihamy P, Kularatne SAM, Pathirage M, Gunaratne W,

Waduge R. A case of delayed neurological manifestation
following carbon monoxide poisoning in Sri Lanka: epide-
miology of exposure and literature review. BMC Pharmacol
Toxicol. 2019;20(1):17

. Juurlink DN, Buckley NA, Stanbrook MB, Isbister GK, Ben-

nett M, McGuigan MA. Hyperbaric oxygen for carbon mon-
oxide poisoning. Cochrane Database Syst Rev. 2005; (1):
CD002041

17.Thom SR, Taber RL, Mendiguren I, Clark JM, Hardy KR, Fisher

AB. Delayed Neuropsychologic Sequelae After Carbon Mon-
oxide Poisoning: Prevention by Treatment with Hyperbaric
Oxygen. Ann Emerg Med. 1995;25:474-80.

. Weaver LK, Hopkins RO, Chan KJ, Churchill S, Elliott CG,

Clemmer TP, et al. Hyperbaric oxygen for acute carbon mon-
oxide poisoning. N Engl J Med. 2002;347(14): 1057 67.

. Vazquez-Lima MJ, Alvarez—Rodrfguez C, Cruz-Landeira A,

Lopez-Rivadulla M. Sindrome neurologico tardio tras in-
toxicacion por mondxido de carbono. Rev Neurol. 2015;
61:153-8.

20.Keim L, Koneru S, RamosV, Murr N, Hoffnung DS, Murman DL,

et al. Hyperbaric oxygen for late sequelae of carbon monox-
ide poisoning enhances neurological recovery: case report.
Undersea and hyperbaric medicine: journal of the Undersea
and Hyperbaric Medical Society, Inc. 2018;45(1):83-7.

21. Yom DY, Hwang SK, Jon SG, Ri R. Delayed neuropsychiatric

syndrome of acute carbon monoxide poisoning from oak
burning gas cured by therapy combined with transplanta-
tion of human umbilical cord blood stem cell, injection of
nicholine, and intranasal inhalation of insulin. Neurocase.
2020;26(1):64-8.

67



