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Cortical microstructural change
linked to clinical recovery Iin
subacute delayed
encephalopathy after acute
carbon monoxide poisoning: a
longitudinal case report
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Hidehiko Takahashi'? and Genichi Sugihara*

‘Department of Psychiatry and Behavioral Sciences, Graduate School of Medical and Dental Sciences,
Institute of Science Tokyo, Tokyo, Japan, Center for Brain Integration Research, Institute of Biomedical
Engineering, Institute of Science Tokyo, Tokyo, Japan

Delayed encephalopathy after acute carbon monoxide poisoning (DEACMP)
causes disabling cognitive—behavioral symptoms. While cortical atrophy is
recognized as a correlate of long-term outcome, links between intracortical
microstructural dynamics and clinical presentation remain largely unexplored.
We followed a 51-year-old man with new-onset DEACMP for 5 months, using
serial MRI combining cortical thickness with T1-weighted/T2-weighted (T1w/
T2w) mapping as a proxy for intracortical microstructure. Despite progressive
cortical thinning, Tlw/T2w signals showed heterogeneous, region-specific
trajectories. In the frontal networks, increases within premotor and
dorsolateral prefrontal cortices aligned with improvements in executive
function, whereas limited change in orbitofrontal/ventrolateral cortices was
consistent with behavioral disinhibition. Overall, the clinical picture tracked
more closely with intracortical signals than with morphometric atrophy. By
combining T1lw/T2w mapping with morphometry, this case provides the first
longitudinal evidence of divergent cortical trajectories in subacute
DEACMP—progressive thinning versus early intracortical improvement;
confirmation in larger cohorts is warranted.

KEYWORDS

carbon monoxide poisoning, delayed encephalopathy after acute carbon monoxide
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Introduction

The syndrome of delayed encephalopathy after acute carbon monoxide poisoning
(DEACMP) is characterized by the delayed onset of neuropsychiatric symptoms, which
emerge days to weeks after an apparent recovery from acute poisoning (Wang et al., 2025;
Huang et al., 2020). The transient asymptomatic period is typically called the lucid interval.
After that interval, patients can develop a broad spectrum of cognitive and behavioral
disturbances, most notably deficits in memory, attention, and executive functioning, which
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can persist and significantly impair social reintegration (Wang et al.,
2025). The pathophysiology of DEACMP has not been fully
elucidated; however, diffuse white matter injury—particularly
demyelination—has consistently been implicated as a central
mechanism (Beppu, 2014). Given that myelin disruption plays a
key role in both the onset and progression of symptoms (Wang et al.,
2025), a detailed examination of the brain structures potentially
affected by the underlying myelin pathology might provide valuable
insights into the clinical course of DEACMP.

DEACMP identified
characteristic focal lesions, particularly globus pallidus necrosis,

Early neuroimaging studies in
alongside nonspecific cortical atrophy (Chang et al, 1992).
Subsequently, diffuse white matter damage was recognized as the
central pathologic feature of the syndrome (Chang et al., 1992). The
observed leukoencephalopathy is characterized by periventricular
hyperintensities on T2-weighted magnetic resonance imaging
(MRI) and microstructural disruptions in tracts such as the
corpus callosum and frontal projections (Fujiwara et al, 2012;
Porter, 2002; Chen et al, 2015). Those alterations might
contribute not only to persistent cognitive dysfunction, but also
(as recent findings suggest) to secondary cortical atrophy, possibly
through transneuronal degeneration or deafferentation—indicating
a need to revisit cortical involvement in the disease process (Zhang
et al., 2023; Zhang et al., 2024).

Recent morphometric studies have reemphasized the role of
cortical abnormalities in DEACMP, identifying structural deficits
such as reduced cortical thickness or gray matter volume in key
prefrontal regions, including the superior and middle frontal gyri
(Chenetal., 2013; Wang et al., 2023). Those structural changes, most
prominently observed after the onset of the delayed symptoms, have
been linked to long-term cognitive outcomes (Chen et al., 2013;
Wang et al., 2023). However, the foregoing findings have been
derived primarily from cross-sectional studies using conventional
morphometric analyses. Although informative, such approaches
provide limited insight into the dynamic trajectory of cortical
pathology during the subacute recovery phase, when cognitive
functioning (including executive functioning) often undergoes
rapid change. Notably, no previous study has longitudinally
assessed both cortical thickness and intracortical microstructural
integrity, including myelin-related changes, within a single
individual after DEACMP onset.

Among the neuroimaging techniques used to probe myelin
integrity, the T1-weighted to T2-weighted (T1w/T2w) signal
intensity ratio has been proposed as a surrogate marker of
intracortical myelin content, showing good correspondence with
histologic myelin density (Glasser and Van Essen, 2011; Sandrone
et al, 2023). That method enables in vivo mapping of the
intracortical microstructure with relatively high spatial resolution.
Importantly, the T1w/T2w ratio is also sensitive to other tissue
properties such as neuroinflammation and edema that alter tissue
water content. T1w/T2w mapping has been applied in various
neurologic conditions, including multiple sclerosis (Cooper et al.,
2019), but has yet to be explored in DEACMP. Because DEACMP
involves an interaction between demyelination and inflammatory
processes (Huang et al, 2020), Tlw/T2w mapping offers a
promising avenue for capturing dynamic cortical changes that
might underlie cognitive and behavioral symptoms.
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Here, we present the case of a middle-aged man who developed
DEACMP during prophylactic hyperbaric oxygen therapy (HBOT)
for acute carbon monoxide poisoning. To our knowledge, this
longitudinal investigation is the first to simultaneously evaluate
(through T1w/T2w
myelin mapping) and cortical thickness in the same individual

intracortical microstructural alterations

during the early recovery phase. Furthermore, it explores the

temporal associations between those cortical metrics and
cognitive function over time. By combining morphometric and
microstructural assessments, we hoped to provide new insights
into the region-specific vulnerabilities and plasticities of the

cortex in DEACMP.

Case description
Clinical course

Acute carbon monoxide poisoning phase
(days 0-9)

A 51-year-old man attempted suicide by burning charcoal after
severe work-related psychological stress. His carboxyhemoglobin
level was 36.2% on day 0. HBOT was initiated the next day (day 1).
The patient was then transferred to the psychiatric ward (day 9) after
completing five HBOT sessions.

In the psychiatric ward, the Revised Hasegawa Dementia Scale
(HDS-R), Mini-Mental State Examination (MMSE), and Frontal
Assessment Battery (FAB) were repeatedly administered to track
longitudinal change in cognitive function, including executive
functioning. For this case report, executive functioning was
operationally defined as performance on the FAB. For reference,
normal is generally considered to be 21 or greater on the HDS-R,
24 or greater on the MMSE, and 14 or greater on the FAB (Kato
et al., 1991; Folstein et al., 1975; Dubois et al., 2000).

Lucid interval and onset of DEACMP (days 9-23)

Brain MRI (session 1, day 9) revealed no obvious signal
abnormalities, including in the globus pallidus or deep white
matter. Bedside cognitive testing on the same day indicated
partial recovery from coma, with borderline global cognition
(HDS-R/MMSE: 21/24) and preserved executive functioning
(FAB: 16). Although global scores improved by day 17 (23/28),
the FAB declined to 12, suggesting secondary emergence of
executive dysfunction. Electroencephalography (EEG) on the
same day revealed irregular slow waves predominantly in the
bilateral frontopolar regions.

By day 21, the patient had developed psychomotor slowing,
bradyphrenia, and features suggestive of akinetic mutism, with
HDS-R/MMSE/FAB scores sharply declining (8/11/7). Repeat
electroencephalography demonstrated progression of irregular
slow waves to the middle temporal lobes and generalized
background slowing (7-9 Hz). MRI session 2 (day 23) revealed
widespread high-intensity lesions in the bilateral deep white matter.
Cortical atrophy also appeared to have progressed on visual
inspection. Those findings supported the diagnosis of DEACMP.
Despite the prophylactic HBOT, delayed sequelae nevertheless
developed. A cerebrospinal fluid assessment was unremarkable.
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FIGURE 1

another hospital

Timeline of the patient’s clinical course. Key events in the patient’s clinical chronology from admission to transfer (days 1-153) are illustrated,
including the timing of diagnoses (acute carbon monoxide poisoning and delayed encephalopathy after acute carbon monoxide poisoning [DEACMP]),
major therapeutic interventions including hyperbaric oxygen therapy (HBOT) and pharmacotherapy (valproate [VPA] and olanzapine [OLZ]), serial
magnetic resonance imaging (MRI) sessions, and the evolution of prominent neuropsychiatric symptoms.

Progression and recovery phase (days 23-152)
Given the accumulating evidence that therapeutic HBOT can
improve cognitive outcomes in established DEACMP (Liao et al,
2021), the patient's HBOT treatment was continued. By day 47, his
cognition had deteriorated markedly (HDS-R/MMSE/FAB: 1/0/0).
HBOT was completed on day 56 (30 sessions total, the standard
course at our institution). On day 60, MRI session 3 revealed
progression of the deep white matter lesions since session 2, and
cognitive function remained severely impaired (3/3/3). However,
around this time, subtle signs of clinical improvement emerged:
facial expressivity became more frequent, flexible, and positive,
accompanied by spontaneous eye contact. Electroencephalography on
day 67 was already normal. By day 81 (MRI session 4), global cognitive
scores had improved (HDS-R/MMSE: 21/20), but executive functioning
remained impaired (FAB: 6). On day 115 (MRI session 5), cognitive
scores had further improved (23/22/11), with some evident recovery.
At approximately day 123, the patient developed prominent
and
Those
symptoms responded well to valproate and olanzapine. On day
140, the patient’s FAB score reached 14, the first nonimpaired level
since day 9. The final MRI (session 6, day 152) demonstrated no
marked interval change in the deep white matter lesions since MRI

disinhibition, including excessive demands, logorrhea,

irritability, ~without disturbance of consciousness.

session 3. The patient was transferred to another facility on day
153 (Figure 1).
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Follow-up and outcomes

HBOT began on Day 1 to treat acute CO poisoning
and prevent DEACMP. Nevertheless, DEACMP developed by
Day 23, at which time T2w MRI showed widespread
hyperintense lesions in the bilateral deep white matter.
HBOT was continued for a total of 30 sessions through
Day 56. Executive function (FAB) improved more
gradually than global cognition (HDS-R/MMSE). Marked
behavioral disinhibition around Day 123 improved with
valproate and olanzapine. By Day 140, FAB scores had also
reached the lower end of the normal range, along with HDS-R
and MMSE, whereas the deep white-matter hyperintensities
showed no marked interval change on follow-up MRI. No
noteworthy HBOT- or medication-related adverse events
were recorded.

Patient perspective

The patient had limited recall of the early phase of his illness and
expressed little concern about his cognitive or behavioral changes,
focusing instead on day-to-day matters. He was pleased that he
could work hard in his daily rehabilitation and enjoy brief social
contacts, and he smiled when staff told him he was getting better.
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FIGURE 2

Longitudinal changes in cognitive function, cortical thickness, and T1-weighted/T2-weighted (T1w/T2w) signal intensity ratio during the recovery
phase from delayed encephalopathy after acute carbon monoxide poisoning (DEACMP). (A) Full time course of normalized (0—100) cognitive scores. The
black rectangle, expanded in (B), highlights the recovery phase from magnetic resonance imaging (MRI) session 3 (day 60) to session 6 (day 152). Orange
line, Mini—Mental State Examination (MMSE); teal line, Revised Hasegawa Dementia Scale (HDS-R); green line, Frontal Assessment Battery (FAB).
Scores were normalized to percentages using (observed score/test-specific maximum) x 100 (maximum scores: MMSE, 30; HDS-R, 30; FAB, 18). For
reference, commonly used lower thresholds for normal performance are 70% for HDS-R (21/30), 80% for MMSE (24/30), and 78% for FAB (14/18). (C)
Longitudinal cortical thickness and (D) intracortical myelin maps during recovery from DEACMP. Lateral views of the left and right hemispheres at MRI
sessions 3 (day 60), 4 (day 81), 5 (day 115), and 6 (day 152). (C) Color scale 2.50-3.80 mm; warmer colors indicate greater cortical thickness (cooler colors
indicate cortical thinning). (D) Color scale 0.70-1.60; warmer colors indicate higher Tlw/T2w ratios, reflecting greater intracortical myelin signal. (E—-J)
Longitudinal change in cortical thickness relative to the MRI session 3 baseline across six functional networks: (E) orbitofrontal/ventrolateral, (F)
frontopolar/dorsolateral prefrontal, (G) medial temporal DMN subsystem, (H) core default mode network (DMN-core), (I) premotor, (J) dorsal attention
network (DAN). Each bold line denotes the mean change in cortical thickness (in millimeters) across the constituent subregions; the thin lines denote the
individual subregions. Positive values indicate thickening relative to MRI session 3; negative values indicate thinning. (K—P) Longitudinal changes in the
Tlw/T2w ratio relative to the MRI session 3 baseline for the same networks. (Panel order as in E-J.) Each bold line denotes the mean change in T1w/T2w
(unitless) across the constituent subregions; the thin lines denote individual subregions. Positive values indicate a higher T1w/T2w ratio relative to MRI
session 3; negative values indicate a lower ratio.

10.3389/ftox.2025.1701308

Neuroimaging acquisition and processing

High-resolution T1w and T2w magnetic resonance images with a
slice thickness of 1 mm were acquired at four time points on a 3T
General Electric scanner. T1w/T2w (myelin) maps were derived
using the Human Connectome Project minimal preprocessing
pipelines during the subacute recovery phase after the onset of
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DEACMP (MRI sessions 3-6) (Glasser et al, 2013), and analyses
emphasized within-subject longitudinal change rather than absolute
values. Cortical thickness was estimated using the FreeSurfer (version
6.0.0: Laboratories for Computational Neuroimaging, Charlestown,
MA, United States) longitudinal reconstruction processing stream
during the same period (Reuter et al., 2012). Detailed acquisition
parameters are provided in Supplementary Material SI.
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Regions of interest were categorized by functional network, based
on the Desikan-Killiany and Glasser cortical parcellations (Desikan
et al., 2006; Glasser et al., 2016), and included these networks: (1)
(2) orbitofrontal/
ventrolateral network, (3) premotor network, (4) dorsal attention
network (DAN), (5) core default mode network (DMN-core), and
(6) medial temporal DMN subsystem. For detailed neuroanatomic

frontopolar/dorsolateral ~ prefrontal network,

definitions of each area, see Supplementary Table SI.

Results

The patient’s cortical structure was evaluated using brain MRI at
four time points during the recovery phase from acute DEACMP,
accompanied by repeated cognitive assessments. Quantitative
analyses began with MRI session 3 (day 60), defined as the
clinical baseline of the recovery phase based on the emergence of
subtle cognitive and behavioral improvements (HDS-R/MMSE/FAB:
3/3/3) after the most severe phase of impairment (Figures 2A,B).
2C.D thickness and
intracortical myelin maps from MRI session 3 to session 6. To

Figures illustrate longitudinal cortical
provide a qualitative visualization of the structural change,
overlays of coregistered T1w images from Sessions 3 and Session
6 at corresponding axial and coronal levels are shown in
Supplementary Figure SI, highlighting ventricular enlargement
and sulcal widening consistent with global cortical atrophy.

By MRI session 4 (day 81), a dissociation in cognitive recovery was
evident: Although global cognitive scores showed marked improvement
(HDS-R/MMSE: 21/20), executive functioning remained severely
impaired (FAB: 6). This clinical improvement was observed despite
MRI findings of continued cortical thinning (Figures 2E-]) and reduced
T1w/T2w ratios in many regions between MRI sessions 3 and 4 (Figures
2K-P). However, during the same period, increases in the T1w/T2w
ratio were observed in several functional networks, including the
premotor cortex and the DAN (Figures 20,P).

Between MRI session 4 (day 81) and the final follow-up at session
6 (day 152), a continued decline in cortical thickness was observed in
most regions. In contrast, the T1w/T2w ratio increased notably in
and DMN-related

improvements in the FAB score (to 14 from 6). However, T1w/

some frontal regions, paralleling the
T2w increases in the orbitofrontal and ventrolateral regions
remained limited throughout the observation period, a finding
consistent with the clinical emergence of marked disinhibition
and emotional lability at approximately day 123 (Figure 1). In
that later recovery phase, the improvement in global cognition
scores plateaued before reaching full recovery, even as the FAB
continued to improve. That cognitive dissociation was mirrored
by divergent patterns of microstructural change: Whereas several
frontal and DMN-related regions showed sustained T1w/T2w
increases, the T1w/T2w ratio within the DAN reversed its initial

gains and began to decline (Figure 2P).

Discussion

This case report presents the first longitudinal investigation into
the relationship between cortical pathology—namely, cortical
thickness and intracortical microstructure—and clinical recovery
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in a patient with subacute DEACMP. Our findings revealed that, in
this patient, changes in the intracortical microstructure, as measured
by the T1w/T2w ratio, appeared to track the clinical course more
closely than did cortical thickness.

Despite continued diffuse cortical thinning during the subacute
phase, global cognition—including executive functioning—improved,
and an early increase in the T1w/T2w ratio was evident across several
cortical networks. That divergence might reflect two parallel pathologic
processes: one involving irreversible structural loss, and the other
representing a potentially reversible microstructural response. The
progressive cortical thinning likely resulted from irreversible
degeneration triggered by the initial hypoxic-ischemic insult and
subsequent neuroinflammatory cascades (Thom et al, 2004; Rose
et al, 2017; Beppu, 2014; Huang et al,, 2020). In contrast, increases
in the T1w/T2w ratio pointed to a reversible microstructural process,
such as remyelination or edema resolution (Huang et al., 2020). Because
substantial remyelination typically requires months to become evident
(Terajima et al., 2008; Franklin and Goldman, 2015), the relatively rapid
changes observed in our patient are more plausibly explained by edema
resolution, with a possible contribution from nascent remyelination. In
this framework, the clearance of excess free water from the cortical tissue
would yield a swift increase in the T1w/T2w ratio (Ho et al,, 2012).
HBOT might have facilitated that normalization by improving tissue
oxygenation and attenuating inflammatory cascades (Bin-Alamer
et al, 2024).

Notably, the T1w/T2w ratio is not strictly myelin-specific and
can also vary with tissue water and iron; accordingly, we interpret
the increases as evidence of microstructural rather than purely
(Uddin et al, 2018). In addition,
progressive cortical thinning can influence the Tlw/T2w ratio
through partial volume effects at the gray-cerebrospinal fluid

myelin  improvement

interface, so some apparent longitudinal changes—particularly in
regions with marked atrophy—may partly reflect geometric rather
than purely microstructural factors (Glasser and Van Essen, 2011;
Sandrone et al., 2023).

Beyond the evident cross-modal divergence, the T1w/T2w ratio
itself showed regional heterogeneity: Increases within key frontal
networks—particularly the premotor and dorsolateral prefrontal
cortices—were temporally associated with improvements in
executive functioning and could be interpreted as early
microstructural recovery. In contrast, the TIw/T2w ratios in the
orbitofrontal and ventrolateral prefrontal regions remained
persistently low, coinciding with the emergence of behavioral
disinhibition. Clinically, the marked behavioral disinhibition
improved in close temporal proximity to the initiation of
valproate and olanzapine, even though T1w/T2w ratios in the
orbitofrontal and ventrolateral prefrontal network showed no
clear upward trend and cortical thinning progressed over the
same interval. This pattern is therefore most consistent with a
pharmacologic modulation of behavior rather than cortical
microstructural recovery detectable with the present measures.
Those

heterogeneous cortical change in DEACMP, reflecting region-

contrasting  trajectories  indicate  anatomically

specific vulnerabilities and capacities for microstructural repair or
resilience (Chen et al., 2013). Thus, even as irreversible cortical
atrophy—including neuronal

loss—progresses, partial and

reversible intracortical microstructural improvement

might
contribute to early clinical recovery in subacute DEACMP.
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This report has several limitations. First, being a single case report,
its findings might not be generalizable to all patients with DEACMP, a
syndrome whose clinical course can be highly heterogeneous. Second,
our quantitative imaging analysis commenced at MRI session 3 (day
60), after the clinical nadir had passed, which prevented complete
characterization of the entire pathologic trajectory. Third, our analysis
focused exclusively on the cortex, and changes in the deep white
matter—often considered the primary pathology in DEACMP—were
assessed only visually, precluding not only a direct quantitative
comparison between gray and white matter recovery, but also an
exploration of how primary white matter injury might secondarily
affect cortical integrity. Future longitudinal studies simultaneously
quantifying both cortical and white matter pathology are needed to
fully elucidate the complex interplay between the two compartments.
Fourth, our network-level behavioral inferences—especially regarding
orbitofrontal contributions to disinhibition—were not directly tested
neuropsychologically, because our bedside assessment was limited to
the FAB, which, although pragmatic, lacks anatomical specificity
(Dubois et al, 2000). Direct verification of these inferences will
require a more differentiated Dbattery targeting dorsolateral
prefrontal mechanisms (set-shifting/working-memory) (Owen et al,
2005), medial/anterior cingulate functions (response inhibition)
(Carter and van Veen, 2007), and orbitofrontal-sensitive behavioral
tests (value-based decision-making and probabilistic reversal learning)
(Hornak et al., 2004; Tsuchida et al., 2010), together with informant-
based disinhibition ratings. Fifth, it is impossible to disentangle the
effects of the multiple interventions the patient received, most notably a
full course of HBOT, from the natural history of the disease.

In conclusion, this case study suggests that, in subacute
DEACMP, clinical recovery might be more closely linked with
intracortical microstructural improvement than with ongoing
global macrostructural cortical atrophy. Tlw/T2w mapping
therefore holds promise as a potential biomarker for specific
aspects of cortical repair and the corresponding functional
networks in DEACMP. Future prospective studies in larger
patient cohorts are warranted to validate these preliminary
observations and to establish the T1w/T2w ratio as a reliable
biomarker for evaluating therapeutic interventions in DEACMP.

Data availability statement

The datasets presented in this article are not readily available
because they consist of individual-level clinical and neuroimaging
data from a single patient and are subject to patient privacy and
institutional regulations. Requests to access the datasets should be
directed to the corresponding author.

Ethics statement

All procedures contributing to this work complied with the
ethical standards of the relevant national and institutional
committees on human experimentation and with the Helsinki
Declaration of 1975, as revised in 2013. Written informed
consent was obtained from the patient for publication of the
details of their medical case and the accompanying images.

According to the policy of the Ethics Review Committee of the

Frontiers in Toxicology

10.3389/ftox.2025.1701308

Faculty of Medicine, Institute of Science Tokyo, formal ethics review
is not required for single-patient case reports when individual
written consent has been obtained; therefore, separate ethics
approval was not required for this case study. The study was
conducted in accordance with local legislation and institutional
requirements.

Author contributions

TT: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Resources,
Validation,
Writing - original draft, Writing - review and editing. YF:
Conceptualization, Data curation, Visualization, Writing — review

Software, Supervision, Visualization,

and editing. HN: Conceptualization, Data curation, Investigation,
Writing - review and editing. YT: Conceptualization, Data curation,
Investigation, Writing — review and editing. JF: Conceptualization,
Data curation, Investigation, Supervision, Writing — review and
editing. ST: Conceptualization, Data curation, Investigation,
editing.  HT:
Conceptualization, Methodology, Supervision, Writing - review

Supervision, ~ Writing -  review  and
and editing. GS: Conceptualization, Data curation, Investigation,
Methodology,

and editing.

Supervision, Visualization, Writing - review

Funding

The authors declare that no financial support was received for
the research and/or publication of this article.

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.

Generative Al statement

The authors declare that Generative Al was used in the creation
of this manuscript. Generative AI (ChatGPT, OpenAl) was used
only for English language editing and polishing. The authors
reviewed and edited all content and take full responsibility for
the manuscript’s integrity.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

frontiersin.org


https://www.frontiersin.org/journals/toxicology
https://www.frontiersin.org
https://doi.org/10.3389/ftox.2025.1701308

Tamura et al.

organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated
that

guaranteed or

in this article, or claim may be made by

its manufacturer, is not

the publisher.

endorsed by

References

Beppu, T. (2014). The role of MR imaging in assessment of brain damage from carbon
monoxide poisoning: a review of the literature. AJNR Am. J. Neuroradiol. 35, 625-631.
doi:10.3174/ajnr.A3489

Bin-Alamer, O., Abou-AL-Shaar, H., Efrati, S., Hadanny, A., Beckman, R. L., Elamir,
M, et al. (2024). Hyperbaric oxygen therapy as a neuromodulatory technique: a review
of the recent evidence. Front. Neurol. 15, 1450134. doi:10.3389/fneur.2024.1450134

Carter, C. S, and Van Veen, V. (2007). Anterior cingulate cortex and conflict
detection: an update of theory and data. Cogn. Affect Behav. Neurosci. 7, 367-379.
doi:10.3758/cabn.7.4.367

Chang, K. H., Han, M. H,, Kim, H. S., Wie, B. A,, and Han, M. C. (1992). Delayed
encephalopathy after acute carbon monoxide intoxication: MR imaging features and
distribution of cerebral white matter lesions. Radiology 184, 117-122. doi:10.1148/
radiology.184.1.1609067

Chen, H. L., Chen, P. C,, Lu, C. H., Hsu, N. W,, Chou, K. H., Lin, C. P, et al. (2013).
Structural and cognitive deficits in chronic carbon monoxide intoxication: a voxel-based
morphometry study. BMC Neurol. 13, 129. doi:10.1186/1471-2377-13-129

Chen, N. C,, Huang, C. W., Huang, S. H., Chang, W. N,, Chang, Y. T., Lui, C. C,, et al.
(2015). Cognitive severity-specific neuronal degenerative network in charcoal burning
suicide-related carbon monoxide intoxication: a multimodality neuroimaging study in
Taiwan. Med. Baltim. 94, €783. doi:10.1097/MD.0000000000000783

Cooper, G., Finke, C., Chien, C., Brandt, A. U,, Asseyer, S., Ruprecht, K., et al. (2019).
Standardization of TIw/T2w ratio improves detection of tissue damage in multiple
sclerosis. Front. Neurol. 10, 334. doi:10.3389/fneur.2019.00334

Desikan, R. S., Segonne, F., Fischl, B., Quinn, B. T., Dickerson, B. C., Blacker, D., et al.
(2006). An automated labeling system for subdividing the human cerebral cortex on
MRI scans into gyral based regions of interest. Neuroimage 31, 968-980. doi:10.1016/j.
neuroimage.2006.01.021

Dubois, B., Slachevsky, A., Litvan, I, and Pillon, B. (2000). The FAB: a frontal
assessment battery at bedside. Neurology 55, 1621-1626. doi:10.1212/wnl.55.11.1621

Folstein, M. F., Folstein, S. E., and Mchugh, P. R. (1975). Mini-mental state. A practical
method for grading the cognitive state of patients for the clinician. J. Psychiatr. Res. 12,
189-198. doi:10.1016/0022-3956(75)90026-6

Franklin, R. ], and Goldman, S. A. (2015). Glia disease and repair-remyelination. Cold
Spring Harb. Perspect. Biol. 7, a020594. doi:10.1101/cshperspect.a020594

Fujiwara, S., Beppu, T., Nishimoto, H., Sanjo, K., Koeda, A., Mori, K,, et al. (2012).
Detecting damaged regions of cerebral white matter in the subacute phase after carbon
monoxide poisoning using voxel-based analysis with diffusion tensor imaging.
Neuromdiology 54, 681-689. d0i:10.1007/s00234-011-0958-8

Glasser, M. F., and Van Essen, D. C. (2011). Mapping human cortical areas in vivo
based on myelin content as revealed by T1-and T2-weighted MRI. J. Neurosci. 31,
11597-11616. doi:10.1523/]NEUROSCI.2180-11.2011

Glasser, M. F., Sotiropoulos, S. N., Wilson, J. A., Coalson, T. S., Fischl, B., Andersson,
J. L., et al. (2013). The minimal preprocessing pipelines for the human connectome
project. Neuroimage 80, 105-124. doi:10.1016/j.neuroimage.2013.04.127

Glasser, M. F., Coalson, T. S., Robinson, E. C., Hacker, C. D., Harwell, J., Yacoub, E.,

etal. (2016). A multi-modal parcellation of human cerebral cortex. Nature 536, 171-178.
doi:10.1038/nature18933

Ho, M. L., Rojas, R, and Eisenberg, R. L. (2012). Cerebral edema. AJR Am.
J. Roentgenol. 199, W258-W273. doi:10.2214/AJR.11.8081

Hornak, J., O’Doherty, J., Bramham, J., Rolls, E. T., Morris, R. G., Bullock, P. R, et al.
(2004). Reward-related reversal learning after surgical excisions in orbito-frontal or
dorsolateral prefrontal cortex in humans. J. Cogn. Neurosci. 16, 463-478. doi:10.1162/
089892904322926791

Frontiers in Toxicology

10.3389/ftox.2025.1701308

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/ft0x.2025.1701308/
full#supplementary-material

Huang, Y. Q,, Peng, Z. R., Huang, F. L., and Yang, A. L. (2020). Mechanism of delayed
encephalopathy after acute carbon monoxide poisoning. Neural Regen. Res. 15,
2286-2295. doi:10.4103/1673-5374.284995

Kato, S. H. K., Shimogaki, H., Onodera, A., Ueda, H., Oikawa, K., Ikeda, K., et al.
(1991). Development of the revised version of Hasegawa’s dementia scale (HDS-R). Jpn.
J. Geriatr. Psychiatry 2, 1339-1347.

Liao, S. C., Shao, S. C,, Yang, K. J., and Yang, C. C. (2021). Real-world effectiveness of
hyperbaric oxygen therapy for delayed neuropsychiatric sequelae after carbon monoxide
poisoning. Sci. Rep. 11, 19212. doi:10.1038/s41598-021-98539-y

Owen, A. M., Mcmillan, K. M., Laird, A. R,, and Bullmore, E. (2005). N-back working
memory paradigm: a meta-analysis of normative functional neuroimaging studies.
Hum. Brain Mapp. 25, 46-59. doi:10.1002/hbm.20131

Porter, S., Hopkins, R. O., Weaver, L. K., Bigler, E. D., and Blatter, D. D. (2002).
Corpus callosum atrophy and neuropsychological outcome following carbon monoxide
poisoning. Archives Clin. Neuropsychology 17, 195-204. doi:10.1016/s0887-6177(00)
00110-4

Reuter, M., Schmansky, N. J., Rosas, H. D., and Fischl, B. (2012). Within-subject
template estimation for unbiased longitudinal image analysis. Neuroimage 61,
1402-1418. doi:10.1016/j.neuroimage.2012.02.084

Rose, J. J., Wang, L., Xu, Q., Mctiernan, C. F., Shiva, S., Tejero, J., et al. (2017). Carbon
monoxide poisoning: pathogenesis, management, and future directions of therapy. Am.
J. Respir. Crit. Care Med. 195, 596-606. doi:10.1164/rccm.201606-1275CI

Sandrone, S., Aiello, M., Cavaliere, C., Thiebaut De Schotten, M., Reimann, K,
Troakes, C., et al. (2023). Mapping myelin in white matter with T1-weighted/T2-
weighted maps: discrepancy with histology and other myelin MRI measures. Brain
Struct. Funct. 228, 525-535. doi:10.1007/s00429-022-02600-z

Terajima, K., Igarashi, H., Hirose, M., Matsuzawa, H., Nishizawa, M., and Nakada, T.
(2008). Serial assessments of delayed encephalopathy after carbon monoxide poisoning
using magnetic resonance spectroscopy and diffusion tensor imaging on 3.0T system.
Eur. Neurol. 59, 55-61. doi:10.1159/000109262

Thom, S. R,, Bhopale, V. M., Fisher, D., Zhang, J., and Gimotty, P. (2004). Delayed
neuropathology after carbon monoxide poisoning is immune-mediated. Proc. Natl.
Acad. Sci. U. S. A. 101, 13660-13665. doi:10.1073/pnas.0405642101

Tsuchida, A., Doll, B. B,, and Fellows, L. K. (2010). Beyond reversal: a critical role for
human orbitofrontal cortex in flexible learning from probabilistic feedback. J. Neurosci.
30, 16868-16875. doi:10.1523/JNEUROSCI.1958-10.2010

Uddin, M. N,, Figley, T. D., Marrie, R. A,, Figley, C. RCCOMS Study Group (2018).
CanT1w/T2w ratio be used as a myelin-specific measure in subcortical structures?
Comparisons between FSE-basedT1w/T2w ratios, GRASE-basedT1w/T2w ratios and
multi-echo GRASE-based myelin water fractions. NMR Biomed. 31, €3868. doi:10.1002/
nbm.3868

Wang, T., Zhang, Y., Nan, J., Li, J., Lei, J., and Guo, S. (2023). Surface-based
morphometry study of brain in patients with carbon monoxide poisoning. Eur.
J. Radiol. 160, 110711. doi:10.1016/j.ejrad.2023.110711

Wang, Y., Zhou, Z., Zhang, D., and Jiang, Y. (2025). Predictors of delayed
encephalopathy after acute carbon monoxide poisoning: a literature review. Front.
Med. (Lausanne) 12, 1559264. doi:10.3389/fmed.2025.1559264

Zhang, Y., Wang, T., Wang, S., Gao, Y., Wang, S., Guo, S., et al. (2023). Early gray
matter atrophy and neurological deficits in patients with carbon monoxide poisoning.
Neuroradiology 65, 245-256. d0i:10.1007/s00234-022-03041-5

Zhang, Y., Wang, T., Wang, S., Zhuang, X,, Li, J., Guo, S., et al. (2024). Gray matter
atrophy and white matter lesions burden in delayed cognitive decline following carbon
monoxide poisoning. Hum. Brain Mapp. 45, €26656. doi:10.1002/hbm.26656

frontiersin.org


https://www.frontiersin.org/articles/10.3389/ftox.2025.1701308/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/ftox.2025.1701308/full#supplementary-material
https://doi.org/10.3174/ajnr.A3489
https://doi.org/10.3389/fneur.2024.1450134
https://doi.org/10.3758/cabn.7.4.367
https://doi.org/10.1148/radiology.184.1.1609067
https://doi.org/10.1148/radiology.184.1.1609067
https://doi.org/10.1186/1471-2377-13-129
https://doi.org/10.1097/MD.0000000000000783
https://doi.org/10.3389/fneur.2019.00334
https://doi.org/10.1016/j.neuroimage.2006.01.021
https://doi.org/10.1016/j.neuroimage.2006.01.021
https://doi.org/10.1212/wnl.55.11.1621
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1101/cshperspect.a020594
https://doi.org/10.1007/s00234-011-0958-8
https://doi.org/10.1523/JNEUROSCI.2180-11.2011
https://doi.org/10.1016/j.neuroimage.2013.04.127
https://doi.org/10.1038/nature18933
https://doi.org/10.2214/AJR.11.8081
https://doi.org/10.1162/089892904322926791
https://doi.org/10.1162/089892904322926791
https://doi.org/10.4103/1673-5374.284995
https://doi.org/10.1038/s41598-021-98539-y
https://doi.org/10.1002/hbm.20131
https://doi.org/10.1016/s0887-6177(00)00110-4
https://doi.org/10.1016/s0887-6177(00)00110-4
https://doi.org/10.1016/j.neuroimage.2012.02.084
https://doi.org/10.1164/rccm.201606-1275CI
https://doi.org/10.1007/s00429-022-02600-z
https://doi.org/10.1159/000109262
https://doi.org/10.1073/pnas.0405642101
https://doi.org/10.1523/JNEUROSCI.1958-10.2010
https://doi.org/10.1002/nbm.3868
https://doi.org/10.1002/nbm.3868
https://doi.org/10.1016/j.ejrad.2023.110711
https://doi.org/10.3389/fmed.2025.1559264
https://doi.org/10.1007/s00234-022-03041-5
https://doi.org/10.1002/hbm.26656
https://www.frontiersin.org/journals/toxicology
https://www.frontiersin.org
https://doi.org/10.3389/ftox.2025.1701308

	Cortical microstructural change linked to clinical recovery in subacute delayed encephalopathy after acute carbon monoxide  ...
	Introduction
	Case description
	Clinical course
	Acute carbon monoxide poisoning phase (days 0–9)
	Lucid interval and onset of DEACMP (days 9–23)
	Progression and recovery phase (days 23–152)

	Follow-up and outcomes
	Patient perspective
	Neuroimaging acquisition and processing

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Author contributionsTT: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administrati ...
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


