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Carbon monoxide (CO) poisoning is a serious health problem. The main
pathophysiological mechanism of acute CO poisoning is hypoxia due to the formation of
carboxyhemoglobin (COHb). Delayed neuropsychiatric sequel (DNPS) occurs following
an interval of several days to several weeks post-CO exposure and can present in many
different manifestations, ranging from behavioral and mood disorders to encephalopathy
and seizures and cause long-term neuropsychiatric sequel. The pathogenesis of
DNPS following CO poisoning is a complex one that encompasses hypoxia-induced
encephalopathy as well as inflammation, direct cellular changes and damage. The
incidence varies and treatment is debated. We display a case of a previously healthy
13-year-old boy suffering from DNPS, presenting with seizures and encephalopathy and
later developing optic nerve damage. Increased awareness to this condition might help
diagnose future patients and aid in the understanding of the pathogenesis and treatment
options for this poorly understood condition.

Keywords: carbon monoxide poisoning, delayed neuropsychiatric sequel, encephalopathy, delayed neurological
sequel, seizure, neurological disorders

INTRODUCTION

Carbon monoxide (CO) poisoning is a serious health problem resulting in approximately 50,000
annual visits to emergency departments in the United States (1–3). CO is a colorless, odorless,
tasteless, and non-irritating gas and a common lethal toxicant due to an accidental or intentional
(suicidal) exposure. The outcome of exposure ranges from subtle cardiovascular and respiratory
effects to neuropsychiatric and other systemic complications and even fatality (1–3).

Delayed neuropsychiatric sequel (DNPS), also known as delayed encephalopathy (DE) or
delayed neurological sequel (DNS), occurs following interval of days to several weeks post-exposure
and after the disappearance of the symptoms of acute CO poisoning. The risk factors, pathogenesis,
post exposure prevention, and efficient treatment are complex (1, 2, 4, 5).

The aim of this manuscript is to present a case of DNPS in a child intoxicated by CO.

Abbreviations: DNPS, delayed neuropsychiatric sequel; DE, delayed encephalopathy; DNS, delayed neurological sequel;
CO, carbon monoxide; COHb, carboxyhemoglobin; EF, ejection fraction; PER, pediatric emergency room; EEG,
electroencephalogram; CRP, C-reactive protein; CT, computed tomography; MRI, brain magnetic resonance imaging; HBO,
hyperbaric oxygen.
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CASE PRESENTATION

A previously healthy 13-year-old boy was hospitalized following
CO poisoning after breathing in a gas-heated shower. His
younger brother was found dead at the scene. The period they
were exposed to CO is unknown. The child was brought to
the hospital intubated and sedated. After stopping sedation, his
Glasgow Coma Scale was 7. Physical examination was normal.
The patient’s carboxyhemoglobin (COHb) at arterial blood gases
was of 23.6% (normal range < 3% in non-smokers). He had
moderate respiratory acidosis; pH – 7.17, PCO2 – 75 mmHg,
HCO3 – 27.4 mEq/L. The Troponin level was 58 ng/L and
later increased later increased to 139 ng/L (normal range, 0.00–
14 ng/L). On echocardiogram examination, a decrease in cardiac
contractility was noted with ejection fraction (EF) of 45%
(normal ≥ 50%).

The child was transferred to a high-pressure oxygen
chamber where he received three consecutive treatments of
about 2 h each within 24 h – the first two treatments
were at 2.4 atmospheres and the 3rd treatment at two
atmospheres. By the end of the hyperbaric treatment, he
returned to full and normal apparent base-line neurological
function. His COHb decreased to 1.1%, while echocardiogram
examination demonstrated normal heart function. He was
discharged home without any apparent neurologic impairment
5 days after the CO poisoning but returned on the same
day complaining of weakness and headache. His neurologic
examination revealed no pathological findings. Later that day,
he had multiple seizure episodes; some were focal seizures,
involving mainly the left arm accompanied with mouth
automatism; others were generalized tonic clonic, requiring
treatment with midazolam and phenytoin. Several hours later,
the patient gained consciousness and became aware of his
surroundings, but his neurological examination was abnormal
and consistent with encephalopathy. Myoclonic jerks and
repetitive dystonic/choreic movements of the limbs were noted.
Muscle tone was increased in all limbs; hyperactive tendon
reflexes with cross adduction and bilateral positive (extensor)
Babinski reflex were found. Non-contrast and contrast enhanced,
including the venous phase, computed tomography (CT) was
within normal limits; electroencephalogram (EEG) demonstrated
diffuse slow delta waves, consistent with encephalopathy without
focal findings or epileptiform activity (Figure 1A). On the 8th
day, following the CO poisoning, there was improvement in
involuntary movements and marked improvement of muscle
tone. Brain magnetic resonance imaging (MRI) demonstrated
no pathological findings (Figure 2). The encephalopathy
later improved, and involuntary movements decreased further.
Repeated EEG demonstrated improvement of background
activity (Figure 1B), consistent with the clinical improvement,
and the child was discharged from the hospital.

The patient complained of vision impairment 19 days
following the CO poisoning. Neuro-ophthalmologic examination
revealed visual acuity of 6/10 in both eyes and impaired color
vision, while visual fields by confrontation showed binocular
peripheral vision loss. Fundus examination showed mild disk
elevation in both eyes with the left eye nasal border slightly

blurred (non-hyperemic) and mild temporal pallor in the
right optic disk.

Two months after CO poisoning, the patient reported
occasional myoclonic jerks of the right arm, some memory
difficulties, and improvement of vision. Neurological
examination disclosed clumsy alternating rapid movements.
Bilateral sectorial paleness in the temporal regions of the optic
disks was noted. EEG demonstrated further improvement of the
background activity without interictal epileptiform discharges.

Seven months after the CO intoxication, flesh visual-evoked
potentials (FVEP) test demonstrated a defect in nerve conduction
and brain response to light in both eyes.

DISCUSSION

Delayed neuropsychiatric sequel can present in many different
manifestations, including memory loss, behavioral and mood
disorders, subtle cognitive deficits to severe dementia, vision loss,
psychosis, and Parkinsonism (1–6). Incidence is estimated to be
anywhere from 3 to 67% (1–4, 7–9).

The pathogenesis of CO poisoning includes tissue hypoxia
caused by decreased oxygen delivery due to the formation of
COHb, which has 200 times greater affinity to hemoglobin
than oxygen (1–3) and direct cellular changes demonstrated
in experimental models (10–12). These changes involve
nitric oxide (NO) generation, mitochondrial oxidative
stress, and inflammation mediated by several mechanisms,
such as astrocytes-derived microparticles, platelets, and
neutrophils activation (1, 2, 10–12). CO poisoning also causes
adduct formation between myelin basic protein (MBP) and
malonylaldehyde, a reactive product of lipid peroxidation,
resulting in an immunological cascade, contributing to the
development of delayed CO neuropathology (13).

A study that compared the pathophysiological features
of DNPS vs. hypoxia alone (in randomized groups of rats)
demonstrated distinct differences between the groups: (1)
demyelination induced by CO is more severe and lasts longer
than that induced by hypoxia alone; (2) microglial cells’ number
in the hippocampus was decreased after CO exposure; and
(3) neurotrophic factors are decreased in the hippocampus
after CO exposure as compared with exposure to low
oxygen (4).

In patients suffering from DNPS, focal and generalized
neuroanatomical abnormalities are observed on MRI and CT
imaging. Acute demyelination, damage to the sub-cortical white
matter, and cerebral atrophy are seen. Focal structural lesions
are reported in the thalamus, basal ganglia, hippocampus, corpus
callosum, white matter, and fornix (14).

A patient’s initial presentation following CO poisoning does
not predict the development of DNPS, but some factors have
been shown to increase the risk of its development, such as older
age, long exposure to CO, and myocardial injury (7–9). Elevated
inflammatory markers have also been proposed to increase the
risk for DNPS (7, 9).

Hyperbaric oxygen (HBO) therapy has been suggested both
as preventive measure and as treatment for DNPS- for the short

Frontiers in Pediatrics | www.frontiersin.org 2 May 2022 | Volume 10 | Article 861254

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pediatrics#articles


fped-10-861254 April 28, 2022 Time: 10:52 # 3

Gavrieli et al. Delayed Neuropsychiatric Sequel

FIGURE 1 | (A) Electroencephalogram (EEG) done on day 6 following the CO poisoning and a day after the onset of seizures. The EEG demonstrates severe
encephalopathy with no focal findings. (B) EEG done on day 10 following the CO poisoning and 4 days after the onset of seizures. EEG demonstrates improvement
background activity of Theta waves with several Delta waves.

FIGURE 2 | MRI done on day 9 following the CO poisoning and 3 days after the onset of seizures. The MRI of the basal ganglia in a single coronal localizer image
and multiple axial images including T1 pre- and post-contrast, diffusion, FLAIR, T2 at the level of the basal ganglia show normal signal within the basal ganglia and
deep nuclei.

term by eliminating CO and raising oxygen partial pressure
and for the long-term sequel by reducing oxidative stress and
inflammation (1, 2, 10, 12, 15).

A large double-blind randomized control study on 152
patients with acute CO poisoning (less than 24 h from exposure),
including patients with severe poisoning leading to loss of
conscious, demonstrated that HBO therapy reduced cognitive
sequelae when assessed after 6 weeks and after 12 months from
insult compared to therapy with 100% O2 administration (16).

The prophylactic effect of HBO therapy on DNS was related
to the inhibition of MBP-induced lymphocyte activation after CO
poisoning (10).

However, it was found in two randomized controlled trials
that, in patients with transient loss of consciousness, there was
no evidence of superiority in terms of "complete" neurologic
recovery after 4 weeks of HBO over normobaric oxygen therapy
(17). In comatose patients, two HBO sessions were associated
with significant worse outcomes than one HBO session (17).

In a recent review on the role of HBO in CO poisoning,
its biologic effects were emphasized: HBO inhibits lipid
peroxidation transiently, reduces leukocyte adhesion to injured
microvasculature, and reduces brain inflammation caused by
the CO-induced adduct formation of myelin basic protein.
It also improves mitochondrial function (18). Therefore, the
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author suggested considering HBO therapy for all cases of acute
symptomatic CO poisoning (18).

The effects of dexamethasone combined with HBO have been
compared in a randomized clinical trial in 120 patients with
DNPS after acute CO poisoning HBO monotherapy (19). After
4 weeks of treatment, the experimental group had a significantly
higher average mini-mental state examination (MMSE) score
and a significantly lower average National Institutes of Health
Stroke Scale (NIHSS) score compared to the control group
(19). The level of MBP in the CSF of patients was significantly
lower in the experimental group than in the control group
(19). The long-term effect of combination therapy of 3-N-
butylphthalide, a Chinese medication for cerebrovascular disease,
dexamethasone, and HBO, was compared to patients with DNPS
receiving HBO monotherapy (20). At 1 month, 3 months, and
1 year after the treatment, cognitive scores were all significantly
higher in the combined therapy group than those in the control
group (20).

To conclude, DNPS can range from mild mood and behavioral
changes to encephalopathy and seizures (as seen with our
patient). Due to its unpredicted nature (of CO poisoning and
the development of the neuropsychological sequel) and lack of
routine baseline neuropsychiatric evaluation in most patients, it is
extremely difficult to assess the true incidence and consequences
of DNPS. In a literature review, there are very few case reports
and even fewer pediatric case reports of DNPS (3, 5, 21, 22).
It seems that DNPS incidence in children is even lower than
the incidence in adults (an older age was suggested as being
a risk factor) (3, 5). In the pediatric cases that have been
reported, the manifestation of DNPS varied, but, as in our

case, children suffered from visual disturbances (21, 22). The
typical basal ganglia lesions reported on MRI of adult patients
with DNPS were almost absent in the pediatric case reports
(as with our patient), but a cortical involvement was reported
in all (3, 21, 22). We chose to present this case to raise the
awareness of DNPS and the need for a close neurological
follow-up of patients that underwent CO intoxication. Collecting
data on these patients will help understand the risk factors,
pathogenesis, and constructing treatment guidelines for this
condition in children.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

HG and GH were the doctors to diagnose the patient and
conceptualized and drafted the initial manuscript. IN was the
treating pediatric neurologist treating the patient and reviewed
and revised the manuscript. BT was the pediatric radiologist
treating the patient and reviewed and revised the manuscript.
EH was the senior doctor treating the patient and reviewed
and revised the manuscript. All authors approved the final
manuscript as submitted and agreed to be accountable for all
aspects of the work.

REFERENCES
1. Weaver LK. Clinical practice. Carbon monoxide poisoning. N Engl J Med.

(2009) 360:1217–25.
2. Rose JJ, Wang L, Xu Q, McTiernan CF, Shiva S, Tejero J, et al. Carbon

monoxide poisoning: pathogenesis, management, and future directions of
therapy. Am J Respir Crit Care Med. (2017) 195:596–606. doi: 10.1164/rccm.
201606-1275ci

3. Chang YC, Lee HY, Huang JL, Chiu CH, Chen CL, Wu CT. Risk factors
and outcome analysis in children with carbon monoxide poisoning. Pediatr
Neonatol. (2017) 58:171–7. doi: 10.1016/j.pedneo.2016.03.007

4. Sekiya K, Nishihara T, Abe N, Konishi A, Nandate H, Hamada T, et al.
Carbon monoxide poisoning-induced delayed encephalopathy accompanies
decreased microglial cell numbers: distinctive pathophysiological features
from hypoxemia-induced brain damage. Brain Res. (2019) 1710:22–32. doi:
10.1016/j.brainres.2018.12.027

5. Karaman D, Metin S, Kara K, Ozdemir A, Yildiz S, Durukan I, et al.
Neuropsychological evaluation of children and adolescents with acute carbon
monoxide poisoning. Pediatr Emerg Care. (2016) 32:303–6. doi: 10.1097/PEC.
0000000000000441

6. Katirci Y, Kandis H, Aslan S, Kirpinar I. Neuropsychiatric
disorders and risk factors in carbon monoxide intoxication.
Toxicol Ind Health. (2011) 27:397–406. doi: 10.1177/074823371038
7632

7. Lin MS, Lin CC, Yang CC, Weng SC, Wang SM, Chen CY, et al. Myocardial
injury was associated with neurological sequelae of acute carbon monoxide
poisoning in Taiwan. J Chin Med Assoc. (2018) 81:682–90. doi: 10.1016/j.jcma.
2017.12.006

8. Kuroda H, Fujihara K, Kushimoto S, Aoki M. Novel clinical grading of delayed
neurologic sequelae after carbon monoxide poisoning and factors associated

with outcome.Neurotoxicology. (2015) 48:35–43. doi: 10.1016/j.neuro.2015.03.
002

9. Pang L, Wang HL, Wang ZH, Wu Y, Dong N, Xu DH, et al. Plasma copeptin
as a predictor of intoxication severity and delayed neurological sequelae in
acute carbon monoxide poisoning. Peptides. (2014) 59:89–93. doi: 10.1016/j.
peptides.2014.07.007

10. Thom SR, Bhopale VM, Fisher D. Hyperbaric oxygen reduces
delayed immune-mediated neuropathology in experimental carbon
monoxide toxicity. Toxicol Appl Pharmacol. (2006) 213:152–9.
doi: 10.1016/j.taap.2005.10.006

11. Ruhela D, Bhopale VM, Kalakonda S, Thom SR. Astrocyte-derived
microparticles initiate a neuroinflammatory cycle due to carbon monoxide
poisoning. Brain Behav Immun Health. (2021) 18:100398. doi: 10.1016/j.bbih.
2021.100398

12. Hampson NB, Piantadosi CA, Thom SR, Weaver LK. Practice
recommendations in the diagnosis, management, and prevention of carbon
monoxide poisoning. Am J Respir Crit Care Med. (2012) 186:1095–101.
doi: 10.1164/rccm.201207-1284CI

13. Thom SR, Bhopale VM, Fisher D, Zhang J, Gimotty P. Delayed
neuropathology after carbon monoxide poisoning is immune-mediated.
Proc Natl Acad Sci USA. (2004) 101:13660–5. doi: 10.1073/pnas.04056
42101

14. Hopkins RO, Fearing MA, Weaver LK, Foley JF. Basal ganglia lesions following
carbon monoxide poisoning. Brain Inj. (2006) 20:273–81. doi: 10.1080/
02699050500488181

15. Costanza A, Ambrosetti J, Spagnoli P, Amerio A, Aguglia A, Serafini G, et al.
Urgent hyperbaric oxygen therapy for suicidal carbon monoxide poisoning:
from a preliminary survey to a proposal for an integrated somatic-psychiatric
protocol. Int J Emerg Med. (2020) 13:61. doi: 10.1186/s12245-020-00
321-w

Frontiers in Pediatrics | www.frontiersin.org 4 May 2022 | Volume 10 | Article 861254

https://doi.org/10.1164/rccm.201606-1275ci
https://doi.org/10.1164/rccm.201606-1275ci
https://doi.org/10.1016/j.pedneo.2016.03.007
https://doi.org/10.1016/j.brainres.2018.12.027
https://doi.org/10.1016/j.brainres.2018.12.027
https://doi.org/10.1097/PEC.0000000000000441
https://doi.org/10.1097/PEC.0000000000000441
https://doi.org/10.1177/0748233710387632
https://doi.org/10.1177/0748233710387632
https://doi.org/10.1016/j.jcma.2017.12.006
https://doi.org/10.1016/j.jcma.2017.12.006
https://doi.org/10.1016/j.neuro.2015.03.002
https://doi.org/10.1016/j.neuro.2015.03.002
https://doi.org/10.1016/j.peptides.2014.07.007
https://doi.org/10.1016/j.peptides.2014.07.007
https://doi.org/10.1016/j.taap.2005.10.006
https://doi.org/10.1016/j.bbih.2021.100398
https://doi.org/10.1016/j.bbih.2021.100398
https://doi.org/10.1164/rccm.201207-1284CI
https://doi.org/10.1073/pnas.0405642101
https://doi.org/10.1073/pnas.0405642101
https://doi.org/10.1080/02699050500488181
https://doi.org/10.1080/02699050500488181
https://doi.org/10.1186/s12245-020-00321-w
https://doi.org/10.1186/s12245-020-00321-w
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pediatrics#articles


fped-10-861254 April 28, 2022 Time: 10:52 # 5

Gavrieli et al. Delayed Neuropsychiatric Sequel

16. Weaver LK, Hopkins RO, Chan KJ, Churchill S, Elliott CG, Clemmer TP,
et al. Hyperbaric oxygen for acute carbon monoxide poisoning. N Engl J Med.
(2002) 347:1057–67.

17. Annane D, Chadda K, Gajdos P, Jars-Guincestre MC, Chevret S, Raphael
JC, et al. Hyperbaric oxygen therapy for acute domestic carbon monoxide
poisoning: two randomized controlled trials. Intensive Care Med. (2011)
37:486–92. doi: 10.1007/s00134-010-2093-0

18. Weaver LK. Carbon monoxide poisoning. Undersea Hyperb Med. (2020)
47:151–69.

19. Xiang W, Xue H, Wang B, Li Y, Zhang J, Jiang C, et al. Combined
application of dexamethasone and hyperbaric oxygen therapy yields better
efficacy for patients with delayed encephalopathy after acute carbon monoxide
poisoning. Drug Des Devel Ther. (2017) 11:513–9. doi: 10.2147/DDDT.S12
6569

20. Zhang J, Guo Y, Li W, Li G, Chen Y. The efficacy of N-Butylphthalide and
dexamethasone combined with hyperbaric oxygen on delayed encephalopathy
after acute carbon monoxide poisoning. Drug Des Devel Ther. (2020) 14:1333–
9. doi: 10.2147/DDDT.S217010

21. Hon KL, Yeung WL, Ho CH, Leung WK, Li AM, Chu WC, et al.
Neurologic and radiologic manifestations of three girls surviving acute
carbon monoxide poisoning. J Child Neurol. (2006) 21:737–41. doi: 10.1177/
08830738060210090401

22. Kondo A, Saito Y, Seki A, Sugiura C, Maegaki Y, Nakayama Y, et al.
Delayed neuropsychiatric syndrome in a child following carbon monoxide
poisoning. Brain Dev. (2007) 29:174–7. doi: 10.1016/j.braindev.2006.0
8.002

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Gavrieli, Noyman, Hershkovitz, Taragin and Hazan. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pediatrics | www.frontiersin.org 5 May 2022 | Volume 10 | Article 861254

https://doi.org/10.1007/s00134-010-2093-0
https://doi.org/10.2147/DDDT.S126569
https://doi.org/10.2147/DDDT.S126569
https://doi.org/10.2147/DDDT.S217010
https://doi.org/10.1177/08830738060210090401
https://doi.org/10.1177/08830738060210090401
https://doi.org/10.1016/j.braindev.2006.08.002
https://doi.org/10.1016/j.braindev.2006.08.002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pediatrics#articles

	Delayed Neuropsychiatric Sequel Following Pediatric Carbon Monoxide Poisoning: A Case Report and Literature Review
	Introduction
	Case Presentation
	Discussion
	Data Availability Statement
	Author Contributions
	References


