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Abstract: Hemorrhagic stroke resulting from the rupture of a cerebral arteriovenous malformation
is associated with high morbidity and often leads to severe and persistent neurological deficits. Tra-
ditionally, the potential for functional recovery is considered to decline significantly after the sub-
acute phase of the cerebrovascular event. However, recent evidence suggests that hyperbaric oxy-
gen therapy may stimulate neuroplasticity processes and promote functional recovery even in the
early chronic phase. This case report describes the clinical course of a previously healthy patient
who developed a hemorrhagic stroke secondary to rupture of an arteriovenous malformation in the
left hemisphere, evolving with right-sided hemiplegia and severe expressive aphasia following
emergency neurosurgical treatment. Approximately eight months after the initial event, a therapeu-
tic protocol consisting of fifty sessions of hyperbaric oxygen therapy in a multiplace chamber was
initiated, with administration of one hundred percent oxygen at pressures above atmospheric lev-
els. During treatment, progressive improvement in motor function and verbal communication was
observed, with significant gains in muscle strength and increased language fluency. Clinical reas-
sessment demonstrated relevant functional recovery and maintenance of neurological gains after
completion of therapy. This case highlights the potential of hyperbaric oxygen therapy as an ad-
junctive strategy in neurological rehabilitation during the chronic phase following severe stroke.

Keywords: Hyperbaric Oxygen Therapy; Hemorrhagic Stroke; Arteriovenous Malformations; Neu-
roplasticity; Neurological Rehabilitation.

1. Introduction

Growing evidence has indicated that HBOT may induce neuroplasticity and tissue
repair processes even in chronic phases, in which a significant therapeutic limitation is
traditionally assumed. In patients with late stroke sequelae, relevant functional improve-
ments have been described even more than one year after the cerebrovascular event, ac-
companied by objective changes on advanced neuroimaging, such as increased axonal
integrity on DTI and enhanced regional cerebral perfusion on SPECT, suggesting struc-
tural and functional reorganization in viable but metabolically compromised areas [1].

In addition to clinical reports, large-scale observational data reinforce the consistency
of these findings. In a retrospective analysis of one hundred and sixty-two chronic post-
stroke patients, statistically significant improvement was observed across multiple cogni-
tive domains, including memory, attention, processing speed, and executive function,
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with clinically relevant gains in a substantial proportion of the sample, regardless of the
type or location of the event, supporting the role of HBOT as a potentially neurorestora-
tive intervention even years after the initial insult [2].

Complementarily, randomized clinical trials have demonstrated benefits in post-
acute conditions characterized by persistent neurocognitive impairment. In patients with
post-COVID-19 syndrome, HBOT promoted significant improvement in global cognition
and reduction of psychiatric symptoms such as depression, fatigue, and somatization, ac-
companied by increased cerebral perfusion and microstructural reorganization in fron-
toparietal and limbic regions on DTI, reinforcing the neurobiological plausibility of its
therapeutic effect [3].

These regenerative mechanisms appear to extend beyond the central nervous system,
reaching systemic processes associated with aging. In older adults, increased dermal col-
lagen, stabilization of elastic fibers, enhanced vascularization, and reduction of senescent
cells have been demonstrated after repeated HBOT protocols, suggesting a structural re-
juvenation effect mediated by angiogenic and cellular repair pathways [4]. Consistently,
a randomized clinical study in healthy elderly individuals showed improved cognitive
performance associated with cerebral perfusion changes, indicating that HBOT may act
as a non-pharmacological strategy to modulate age-related cognitive decline [5].

In a more translational context, intermittent hyperoxia-based interventions have
been explored in neurodegenerative diseases. In a murine model of Alzheimer’s disease
and in elderly patients with cognitive impairment, reductions in amyloid burden, im-
provement in vascular dysfunction, and increased cerebral perfusion in critical regions
such as the hippocampus and frontal cortex were observed, suggesting modulation of
central processes in amyloidogenic and neuroinflammatory pathophysiology [6].

Recent reviews broaden this perspective by positioning HBOT as a potentially rele-
vant intervention within the spectrum of neurodegenerative diseases, in which chronic
hypoxia, microvascular dysfunction, neuroinflammation, and oxidative stress represent
convergent mechanisms of progression. In this context, HBOT is proposed to exert cyto-
protective effects by modulating pro-inflammatory cytokines and activating adaptive re-
sponses related to HIF-1a, vascular endothelial growth factor, and endogenous antioxi-
dant systems [7].

The mechanistic basis of these effects is described by the hyperoxic-hypoxic paradox,
whereby intermittent exposure to hyperoxia activates cellular cascades typically associ-
ated with adaptive hypoxia, including HIF-1a, vascular endothelial growth factor,
sirtuins, and mitochondrial biogenesis, promoting angiogenesis, stem cell mobilization,
and tissue repair without significant oxidative toxicity [8]. Integrative reviews further em-
phasize that these effects are associated with broad inflammatory, microcirculatory, and
regenerative modulation, supporting the use of HBOT as an adjuvant therapy in various
hypoxic-ischemic, infectious, and neurological conditions [9].

2. Case Report

A female patient, born on November 30, 1992, previously healthy, with no relevant
comorbidities recorded. On May 18, 2024, she sought emergency care presenting with
acute clinical signs consistent with stroke, including decreased level of consciousness,
aphasia, and right-sided hemiplegia. She was admitted to the intensive care unit (ICU),
where intracranial hypertension was detected, followed by decompressive craniotomy.
Given the severity of the neurological condition, computed tomography angiography of
the brain and cerebral vessels was performed, revealing significant findings: the presence
of an arteriovenous malformation (AVM) in the left frontal lobe, with a nidus measuring
35 x 20 mm, supplied by branches of the left middle cerebral artery and draining into the
internal cerebral vein and adjacent cortical veins.

An intraparenchymal hematoma was also observed in the same region, measuring
43 x 27 mm, associated with an extensive area of vasogenic edema exerting mass effect
and resulting in effacement of local cortical sulci. Additionally, a cystic formation was



Functional Neurological Recovery after Multiplace Hyperbaric Oxygen Therapy in Chronic Hemorrhagic Stroke Secondary to Rupture of a Cerebral 3 of7

identified in the left temporal pole, measuring approximately 39 x 28 mm, compatible with
an arachnoid cyst, as well as a hypodense extra-axial collection up to 17 mm adjacent to
the surgical bed of a previously performed craniectomy. A mild diffuse reduction in the
caliber of intracranial arterial trunks raised the diagnostic possibility of vasospasm, with
no visible aneurysms. The morphology and venous drainage pattern suggest a high-flow
arteriovenous malformation involving eloquent brain territory, contributing to the sever-
ity of the initial clinical presentation.

Given the imminent risk of cerebral herniation and neurological deterioration, ur-
gent surgical management was undertaken. The patient underwent a left frontotemporo-
parietal decompressive craniectomy aimed at reducing intracranial hypertension and con-
trolling the expansive and hemorrhagic lesions resulting from the ruptured AVM. During
the immediate postoperative period, the patient presented with significant neurological
deficits, including right-sided hemiplegia, severe expressive aphasia, and impairment of
global mobility and both oral and written communication. She remained hospitalized for
intensive neurological monitoring and initiation of functional rehabilitation.

She was admitted to the hospital’s Hemodynamics Department on June 7, 2024, with
indication for cerebral arteriography aimed at embolization of the previously diagnosed
cerebral arteriovenous malformation. After initial evaluation and preparation, the patient
underwent general anesthesia, followed by antisepsis and sterile field setup. The right
femoral artery was punctured. Angiographic examination demonstrated an arteriovenous
malformation located in the left temporoparietal and insular region, supplied by fine dis-
tal branches of the left middle cerebral artery, with early venous drainage into the internal
cerebral vein and subsequent connection to the vein of Galen system. No associated ve-
nous stenosis or aneurysms were identified.

On June 19, 2024, follow-up was requested by the CASE team (Advanced Specialized
Healthcare), given the patient’s general condition, bedridden, hemiplegic, aphasic, and
fully dependent for activities of daily living, awaiting clinical and neurological improve-
ment for subsequent definitive endovascular management of the AVM. On June 24, 2024,
the patient developed surgical wound dehiscence, requiring readmission and imaging
evaluation with contrast-enhanced cranial CT, which showed no signs of empyema. The
wound care team initiated treatment with collagenase and chloramphenicol, recom-
mended hair removal around the incision site, and started broad-spectrum antibiotic ther-
apy.

Despite the severe neurological condition, the patient maintained a preserved gen-
eral status, with stable hemodynamic parameters, spontaneous breathing, no fever, no
need for oxygen therapy, and initiation of physiotherapy and speech therapy at the hos-
pitallevel. On July 31, 2024, a physiotherapy report documented a clinically stable patient,
semi-dependent for activities of daily living, with independent sitting, with caregiver sup-
port, and assisted gait, muscle strength grade 3 in the right hemibody, hypotonia, and
mild equinovarus deformity of the left ankle.

During September 2024, the patient began speech therapy follow-up. At the initial
assessment, severe expressive aphasia was observed, with greater difficulty in word nam-
ing and in organizing complete sentences, in addition to frequent phonemic errors and
dependence on phonological and visual cues. Comprehension of simple commands and
reading of isolated words were relatively preserved; however, reading of longer texts and
written expression were significantly impaired. Strategies such as melodic intonation and
“air writing” were introduced, showing partial effectiveness.

At the same time, brain magnetic resonance imaging with intracranial arterial MR
angiography revealed structural changes consistent with the clinical condition: extensive
encephalomalacia and gliosis in the middle and inferior frontal gyri, superior temporal
gyrus, insula, periroleandic region, subcentral area, and nucleocapsular region of the left
hemisphere, as well as Wallerian degeneration of the left corticospinal tract, cystic fluid
formation in the left middle cranial fossa, hypoplasia of the adjacent temporal lobe, and
bone remodeling of the greater wing of the sphenoid. A developmental venous anomaly
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was also described in the left frontoinsular region, draining into the ipsilateral internal
cerebral vein, without evidence of mass effect. These findings are consistent with exten-
sive chronic structural brain injury in the dominant hemisphere, involving cortical and
subcortical areas associated with language and voluntary motor control.

To further investigate cerebral vascular anatomy, the patient underwent transfemo-
ral cerebral angiography on October 31, 2024. The exam confirmed the presence of the
insular venous anomaly, without identification of an active nidus or aneurysms. This find-
ing suggests absence of residual angiographic activity of the previously described arteri-
ovenous malformation, possibly related to hemodynamic changes secondary to hemor-
rhagic rupture and surgical intervention, including spontaneous thrombosis or functional
collapse of the nidus. Prior venous thrombosis of the superior sagittal sinus was also
noted, with evidence of spontaneous recanalization and preserved functional venous
drainage. These findings are compatible with a complex vascular lesion, with architecture
consistent with a previously ruptured AVM, without evidence of residual angiographic
activity at the time of examination.

On January 23, 2025, the patient initiated treatment with hyperbaric oxygen therapy
(HBOT), a therapeutic technique consisting of exposing the patient to an environment en-
riched with 100% oxygen under pressures greater than atmospheric pressure. The aim of
the therapy is to significantly increase alveolar oxygen pressure (PAQO,), thereby enhanc-
ing tissue and cerebral oxygenation, neuroplasticity, cellular repair, and inflammatory
modulation. It is noteworthy that at the time of initiation of HBOT, there was no angio-
graphic evidence of an active arteriovenous malformation, according to previously per-
formed examinations.

The therapeutic protocol followed a multiplace model in a rigid hyperbaric chamber,
with 50 consecutive sessions carried out from Monday to Saturday, excluding Sundays.
Each session lasted 2 hours of pressurized exposure at 2.0 atmospheres absolute (ATA).
The chamber was filled with compressed air, composed of nitrogen (78%), oxygen (21%),
and other gases. Pure oxygen was administered through face masks with two circuits and
unidirectional valves, separating oxygen inflow from carbon dioxide (CO,) exhalation, the
latter being evacuated from the chamber to ensure safety and therapeutic efficiency.

During treatment, significant improvement was observed in the patient’s cognitive,
communicative, and motor functions. There was progress in language organization, with
reduced dependence on phonological cues, improved verbal fluency, increased lexical
repertoire, and greater production of complete sentences. Writing showed fewer spelling
errors, and compensatory strategies became less necessary. In the motor domain, there
was progressive gain in strength in the right hemibody, improved trunk stability, and
better gait quality with assistance. These findings suggest progressive functional recovery
of previously impaired cortico-subcortical networks, possibly associated with neuro-
plastic reorganization in perilesional areas.

On February 5, 2025, a conclusive medical report confirmed sustained improvement
in aphasia and muscle strength, highlighting the clinical relevance of hyperbaric treatment
and recommending continuation of multidisciplinary rehabilitation on an outpatient ba-
sis. Hyperbaric therapy was completed on April 3, 2025, after all 50 planned sessions, with
satisfactory clinical response and progressive neurological stabilization. The patient re-
mained under follow-up with a multidisciplinary team, including physiotherapy, speech
therapy, neurology, neuropsychology, and specialized nursing. Throughout the hyper-
baric oxygen therapy sessions, the patient demonstrated good tolerance to treatment, with
no clinically relevant adverse effects observed. There were no cases of middle ear ba-
rotrauma, sinus discomfort, confinement anxiety, hemodynamic instability, or any other
clinical complications associated with the procedure.

The patient returned for reevaluation on September 11, 2025, after a 5-month and 6-
day interval without hyperbaric oxygen therapy sessions. Despite the interruption, clini-
cal improvement was observed. Mild speech difficulty persisted, but with marked im-
provement compared to the previous condition. Movements of elevation, abduction, and
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internal and external rotation of the right upper limb showed good range of motion, with
clinically relevant functional gain estimated at approximately 80%, based on serial multi-
disciplinary assessments compared to the baseline of January 23, 2025. Flexion and exten-
sion movements of the right lower limb also demonstrated very good range, with expres-
sive functional gains estimated at approximately 80%, based on the same reference.

Flexion and extension movements of the fingers of the right hand showed moderate
functional range, with an estimated improvement of approximately 40% compared to the
January 23, 2025 baseline. It is important to note that during this interval, the patient main-
tained continuous multidisciplinary rehabilitation, including physiotherapy and speech
therapy. Therefore, the functional gains observed during this period should be interpreted
with caution, considering the possible cumulative contribution of conventional rehabili-
tation over time, and cannot be attributed exclusively to hyperbaric oxygen therapy.

The patient’s clinical evolution can be organized into three distinct phases. In the
period prior to the initiation of hyperbaric oxygen therapy, between May 2024 and Janu-
ary 2025, the patient underwent continuous physiotherapy and speech therapy, showing
gradual but limited recovery, with persistent significant expressive aphasia and motor
deficit in the right hemibody. During the period of the 50 hyperbaric oxygen therapy ses-
sions, between January and April 2025, a more pronounced acceleration of functional re-
covery was observed, with progressive improvement in language organization, reduction
of phonemic errors, increased verbal fluency, and significant gains in muscle strength and
motor control. In the post-treatment period, between April and September 2025, clinical
gains were maintained without evidence of functional regression, with continued multi-
disciplinary follow-up. It is noteworthy that the percentage estimates and functional de-
scriptions presented in this report are based on multidisciplinary clinical assessments rec-
orded in medical charts, and standardized validated scales were not systematically ap-
plied throughout the patient’s course.

3. Discussion and Conclusion

The present therapeutic intervention with hyperbaric oxygen therapy (HBOT), per-
formed during the chronic phase, yet still within a period of potential residual neuroplas-
ticity following severe hemorrhagic stroke, resulted in substantial functional recovery that
challenges traditional concepts regarding the limits of late adaptive potential in the central
nervous system. While classical literature tends to associate meaningful functional gains
primarily with the subacute post-injury period, emerging evidence suggests that intensive
metabolic stimuli may reactivate hypoactive neural circuits and enable synaptic and per-
fusional reorganization even in later disease stages. Observations of motor improvement,
estimated as clinically relevant and approaching eighty percent based on serial functional
assessments, along with consistent language recovery in this case support this perspective
and point to a set of interrelated mechanisms that warrant critical analysis.

Although the patient remained under multidisciplinary rehabilitation throughout
the entire period analyzed, the acceleration of recovery observed during the HBOT phase
suggests a possible adjuvant and synergistic effect of this intervention, potentially influ-
enced by individual factors such as age and neuroplastic reserve. However, given the un-
controlled nature of this case report, it is not possible to establish a direct causal relation-
ship between HBOT and the observed clinical outcomes, and controlled studies are re-
quired to better elucidate this association.

Considering that the intervention was initiated approximately eight months after the
cerebrovascular event, still within the early chronic phase, it is important to note that most
spontaneous recovery typically occurs within the first three to six months after neurolog-
ical injury, with a significant deceleration of functional gains thereafter. In the present
case, the patient had already been undergoing continuous multidisciplinary rehabilitation
with gradual but limited progress, suggesting a possible functional plateau prior to the
introduction of HBOT. Nonetheless, the contribution of spontaneous recovery mecha-
nisms cannot be entirely excluded, particularly given the patient’s age. Additionally, the
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absence of angiographic evidence of an active arteriovenous malformation at the time of
intervention reinforces that the observed clinical findings are not associated with imme-
diate residual vascular risk, allowing for a more reliable interpretation of the therapeutic
effects observed.

Furthermore, the patient’s age should be considered as an important factor influenc-
ing the clinical evolution. At 31 years old, there is greater neuroplastic potential, func-
tional reserve, and capacity for neural reorganization compared to geriatric populations
more commonly described in the literature. This factor may have contributed significantly
to the observed recovery, and the results should therefore be interpreted within a multi-
factorial context. Studies correlating advanced neuroimaging with clinical outcomes pro-
vide support for this hypothesis. Khairy et al. demonstrated that prolonged HBOT proto-
cols can induce microstructural changes in white matter tracts and increase regional cere-
bral perfusion, even in the absence of visible alterations on conventional structural imag-
ing [1]. This pattern aligns with the concept of “hibernating” or dormant tissue, which
retains metabolic viability despite persistent functional impairment, thereby opening a
window for therapeutic intervention beyond the traditional period of spontaneous recov-
ery. Similarly, Hadanny et al. reported improvements across multiple neurocognitive do-
mains in chronic post-stroke patients, regardless of the interval between the event and
initiation of therapy, reinforcing that brain tissue may respond favorably to targeted met-
abolic stimulation long after the initial insult [2].

The mechanistic basis for these effects can be understood, from a theoretical perspec-
tive, through the hyperoxic-hypoxic paradox model, in which repeated exposures to hy-
peroxia lead, upon return to normoxia, to stabilization of hypoxia-inducible factor (HIF-
la), increased vascular endothelial growth factor (VEGF), activation of sirtuin pathways,
and stimulation of mitochondrial biogenesis. These molecular events promote functional
angiogenesis, metabolic reorganization, and enhanced cellular resilience — processes that
extend beyond the immediate hemodynamic effects of oxygenation and favor long-term
reorganization of neural circuits [8]. The sustained clinical gains observed in this report,
including after interruption of treatment, support this pathophysiological interpretation.

Preclinical evidence further reinforces the contribution of HBOT to increased cerebral
blood flow, reduction of hypoxia markers, and improvement in cognitive and behavioral
functions in experimental models, suggesting that the therapy may induce stabilized mi-
crovascular remodeling. Moreover, clinical reports across different neurological contexts
have demonstrated that hyperbaric recompression promotes restoration of perfusion, re-
duction of edema, and anti-inflammatory effects—mechanisms that share pathophysio-
logical foundations applicable to the reversibility of secondary damage in still-viable tis-
sue [9].

Finally, the integrative review by Mensah-Kane and Sumien broadens this under-
standing by demonstrating that hyperbaric oxygen therapy modulates broad biological
networks, including oxidative stress, epigenetic pathways, mitochondrial biogenesis, and
growth factor-mediated angiogenesis, suggesting that its therapeutic effect is not merely
hemodynamic but also intrinsically reprogramming of cellular metabolism [7]. This sys-
temic perspective supports the plausibility that metabolic interventions such as HBOT
may overcome chronic pathological processes and promote adaptive plasticity even years
after the initial insult.

Despite the consistency between clinical findings and the pathophysiological mech-
anisms described in the literature, no serial functional examinations, such as SPECT, func-
tional magnetic resonance imaging, or electroencephalography, were performed in this
case to directly correlate the observed clinical improvements with cerebral metabolic or
perfusion changes. Therefore, the mechanisms discussed should be interpreted as biolog-
ically plausible based on prior evidence, and not as directly confirmed in this specific pa-
tient.

In summary, the convergence of robust clinical data, functional neuroimaging evi-
dence, and integrated molecular mechanisms supports the notion that hyperbaric oxygen
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therapy may represent a neuroprotective and neurorestorative metabolic intervention in
the chronic phase of brain injury. Although case reports inherently present methodologi-
cal limitations, particularly the absence of control groups and standardized measure-
ments, the magnitude, temporal coherence, and persistence of improvement observed in
this patient suggest that the recovery should be understood as the result of a multifactorial
interaction involving the patient’s age, early surgical intervention, continuous multidisci-
plinary rehabilitation, and the possible adjuvant contribution of hyperbaric oxygen ther-
apy. These findings indicate that the window for neurological recovery may be broader
than traditionally assumed. Additionally, the interval between completion of HBOT and
clinical reassessment, combined with ongoing multidisciplinary rehabilitation, warrants
caution in interpreting the observed gains, as it is not possible to fully disentangle the
effects of hyperbaric therapy from the cumulative impact of conventional rehabilitation.

Furthermore, it is important to acknowledge limitations, including the inability to
isolate the specific effect of HBOT, as well as the lack of systematic use of validated clinical
scales such as the NIH Stroke Scale (NIHSS), modified Rankin Scale (mRS), or Fugl-Meyer
Assessment. This limits the objectivity and reproducibility of the reported outcomes, in
addition to the absence of functional neuroimaging or biomarker evaluation that could
provide objective correlation between clinical findings and the proposed pathophysiolog-
ical mechanisms.
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