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Abstract

Ataxias, a group of disorders characterized by impaired coordination, often lack effective treatments. Recent evidence
suggests hyperbaric oxygen therapy (HBOT) may promote neuroplasticity and improve brain function. However, its impact
on the core symptom of ataxia remains largely unknown. We present two cases of patients with chronic ataxia of different
etiologies who received hyperbaric oxygen therapy. Our findings provide preliminary insights into the potential benefits
of hyperbaric oxygen therapy for individuals with chronic ataxia. Two patients, aged 73 and 57, were presented with
ataxia characterized by impaired static and dynamic balance, uncoordinated gait, and reliance on walking aids following
stroke and brain injury, respectively. Pre and post-treatment evaluation included neuroimaging, gait analysis, and physical/
functional assessment. Hyperbaric oxygen therapy treatment was administered for 5 days/week, consisting of 100% oxygen
at two atmospheres of absolute pressure. Concurrently, twice-weekly physical therapy sessions were integrated into the
treatment regimen. Post-treatment evaluation revealed significant improvements in gait, coordination, and balance, which
correlated with perfusion changes in peri-lesional cerebellar tissue as measured by perfusion magnetic resonance imaging.
This study presents a pioneering case series exploring the therapeutic potential of hyperbaric oxygen therapy in patients with
cerebellar ataxia. Our findings suggest that hyperbaric oxygen therapy may enhance brain perfusion within the peri-lesional
region, which correlates with neurophysical improvements. Given the novel nature of these findings, further randomized
controlled trials with larger sample sizes and control groups are essential to validate and generalize these findings, ensuring
a comprehensive understanding of hyperbaric oxygen therapy’s effects on various brain injuries.
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diagnosis and the development of targeted therapeutic
interventions.

Ataxias, characterized by impaired coordination and bal-
ance, are broadly classified into cerebellar, proprioceptive,
and vestibular categories based on the affected region.’
Cerebellar ataxias often manifest with dysmetria,

Introduction

Ataxia, a neurological condition characterized by impaired
coordination, represents a diverse group of disorders that can
significantly impact an individual’s quality of life. While
ataxia does not involve motor paralysis or altered conscious-
ness, it markedly compromises voluntary movements, affect-
ing their direction, force, and speed.!? This impairment can
hinder an individual’s ability to perform daily tasks, leading
to a functional challenge. The etiology of ataxia is multifac-
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eted, including hereditary and acquired causes. The preva-
lence of acquired ataxia is noted to be higher than that of
hereditary ataxia; cerebellar stroke® and traumatic brain
injury* are significant causes of acquired ataxia encompass-
ing a spectrum of pathologies. Understanding the diverse
causes and manifestations of ataxia is crucial for accurate
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particularly hypermetria (exaggerated movements).> The
lesion location within the cerebellum further dictates spe-
cific impairments: hemispheric lesions primarily affect coor-
dination, vermis lesions lead to gait imbalance,'? and
thalamic lesions can cause unilateral hemiataxia, potentially
compounded by sensory deficits.® Proprioceptive ataxia, a
neurological condition primarily linked to spinal cord dis-
eases, is characterized by impaired coordination due to sen-
sory deficits. This type of ataxia can also arise from lesions
in the brainstem, thalamus, or basal nuclei and characterized
by near-normal coordination when visual feedback is avail-
able.? Lastly, vestibular ataxia typically presents with ver-
tigo, slow nystagmus with or without positional changes, and
a tendency to veer toward the ipsilateral side during ambula-
tion. These symptoms are often associated with positional
changes or inner ear disturbances.? Ataxia, regardless of its
underlying etiology, leading to impairments in activities of
daily living, diminished social participation, and a marked
decline in overall quality of life.>* While it is essential to
address any underlying reversible or progressive causes, the
primary focus of treatment lies in mitigating further func-
tional decline and optimizing patient outcomes.
Comprehensive rehabilitation programs emphasizing bal-
ance, gait, and muscle strengthening have consistently dem-
onstrated their effectiveness in enhancing motor function,
trunk stability, gait patterns, and the performance of activi-
ties of daily living.*

Hyperbaric oxygen therapy (HBOT) involves the admin-
istration of 100% oxygen at a pressure exceeding one
atmosphere absolute, leading to increased tissue oxygena-
tion. Emerging evidence from preclinical and clinical stud-
ies suggests that innovative HBOT protocols may stimulate
neuroplasticity and enhance brain function, even in the
context of chronic injury.® By increased oxygen delivery to
ischemic tissues, the hypoxia-induced neuronal damage
reduces.” Additionally, studies indicate that HBOT fosters
angiogenesis and neurogenesis, contributing to the repair
of damaged neural networks.® Furthermore, HBOT has
been investigated for its potential to target secondary
mechanisms following brain injury, such as oxidative
stress, inflammation, and neuronal.®>'? It has been shown to
mitigate inflammation and edema by inhibiting the produc-
tion of pro-inflammatory cytokines,'' while simultaneously
promoting neuroprotective factors, including vascular
endothelial growth factor.'> HBOT also attenuates oxida-
tive stress by enhancing the activity of antioxidant enzymes
and decreasing free radical production, thereby preventing
further neuronal damage.'3

Moreover, HBOT has been shown to reduce apoptosis by
modulating apoptotic pathways, such as by inhibiting cas-
pase activation, a key mediator of cellular death following
brain injury.'*!'> Given the potential overlap in pathophysio-
logical pathways between brain injury and ataxia, it suggests
a rationale for exploring HBOT’s effects on ataxia’s symp-
toms. This case series presents preliminary evidence

suggesting potential clinical benefits of HBOT in patients
with chronic ataxia resulting from acquired brain injury.

Case presentation

This is a retrospective case series investigating the effects of
HBOT in two patients with chronic ataxia. The patients were
treated at the Sagol Center for Hyperbaric Medicine and
Research, Shamir Medical Center, Israel, between January 1,
2020 and December 31, 2021. The HBOT protocol included
60 daily HBOT sessions over 12weeks in a multi-place
hyperbaric chamber (HAUX-Life-Support GmbH, Karlsbad-
Ittersbach, Germany). Each 90-min session involved 100%
oxygen exposure at two absolute atmospheres with 5-min air
breaks every 20min, delivered via tight-fitting masks.
Concurrently, patients receive twice-weekly, 30-min physi-
cal therapy sessions focusing on static and dynamic balance
exercises and gait training. The patients were assessed at
baseline, before starting the HBOT treatment. Baseline eval-
uations were compared to post-treatment assessments con-
ducted 2-3 weeks following the final HBOT session.
Clinical assessments are essential for evaluating func-
tional mobility, balance, and quality of life, informing reha-
bilitation planning and outcome assessment in ataxia. These
assessments include the Romberg Test, which evaluates pos-
tural stability by observing a patient’s ability to maintain bal-
ance with eyes open and subsequently closed for a
standardized duration, typically 30s. This test assesses the
integration of proprioceptive, vestibular, and visual inputs
for postural control. Patients with ataxia may exhibit insta-
bility within ~6s, reflecting deficits in proprioceptive, and
cerebellar functions impacting postural control.'® A Timed
Up and Go (TUG) test completion time exceeding 14 s indi-
cates increased fall risk and potential impairments in mobil-
ity and balance.!” This prolonged time frequently reflects
underlying deficits in gait velocity, postural stability, and
motor coordination. Conversely, healthy adults typically
demonstrate TUG completion times under 10s, signifying
efficient mobility and balance control.!” Utilizing the 10-m
walk test and its dual-task (DT) variant, quantitative gait
analysis demonstrates a significant reduction in walking
velocity in individuals with ataxia compared to healthy
adults. Healthy adults typically exhibit a gait speed of 1.2—
1.5m/s, whereas individuals with ataxia often present with
velocities below 0.4m/s, indicative of impaired gait patterns
and diminished motor coordination.'® A minimal detectable
change (MDC) of 0.06m/s and a minimal clinically impor-
tant difference (MCID) of 0.14 m/s have been established for
this metric.'® The 30-s sit-to-stand (STS) test, assessing func-
tional lower limb strength and endurance, quantifies the
number of repetitions completed within a 30-s interval with-
out upper extremity support, an MCID of two repetitions has
been reported."” The motor component of the Functional
Independence Measure (FIM) assesses a patient’s physical
performance across activities of daily living, encompassing
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domains such as self-care and locomotion. Each item is
scored on a seven-point ordinal scale, ranging from 1, indi-
cating total assistance, to 7, signifying complete independ-
ence.”’ The Short Form-36 (SF-36) is a validated,
self-administered instrument designed to quantify health-
related quality of life. It evaluates eight distinct health
domains: physical functioning, role limitations due to physi-
cal health, bodily pain, general health, vitality, social func-
tioning, role limitations due to emotional problems, and
mental health. Domain scores are normalized to a scale rang-
ing from 0 to 100, where higher scores reflect better health
status. Clinically significant changes in domain scores are
typically defined as a 5—10-point variation, indicating mean-
ingful shifts in perceived health. Larger changes, exceeding
10points and potentially reaching 15points, may suggest
more substantial improvements in functional capacity and
emotional well-being.?! See Supplementary Figure S1 for
additional data.

In addition to the functional assessments, we used the
Zebris FDM-T Treadmill (Zebris Medical GmbH, Isny,
Germany) for gait analysis — gait spatiotemporal parameters
were acquired using the Zebris FDM-T Treadmill (Zebris
Medical GmbH). This instrumented treadmill features a
force-sensitive mat of 10,240 miniature sensors capturing
foot-ground interactions at 120 Hz. Participants walked at
their self-selected comfortable speed for 1 min, following an
adaptation period. The following parameters were extracted:
velocity, cadence, step time, step length, stride length, center
of pressure (CoP) trajectories, and gait line.

Finally, magnetic resonance imaging (MRI) scans were
performed on a MAGNETOM VIDA 3 T scanner, config-
ured with 64-channel receiver head coils (Siemens
Healthcare, Erlangen, Germany). The MRI protocol included
T2-weighted, 3D fluid attenuated inversion recovery,
dynamic susceptibility weighted imaging, pre- and post-con-
trast high-resolution MPRAGE 3D TIl-weighted, and
dynamic susceptibility contrast for calculating whole-brain
quantitative perfusion maps. Briefly, preprocessing of
images was performed using the SPM software (version 12,
UCL, London, UK) and included motion correction, co-reg-
istration with MPRAGE T1 images, spatial normalization,
and spatial smoothing with a kernel size of 6 mm full width
half maximum. Whole-brain quantitative perfusion analysis
was performed as described in previous studies.?> MR signal
intensity was converted to Gadolinium concentrations, arte-
rial input function was determined automatically, fitted to
the gamma variate function, and deconvolved on a voxel-by-
voxel basis to calculate brain perfusion maps.

Case 1 was a 73-year-old Romanian female with a his-
tory of hypertension, atrial fibrillation, and a cerebellar
stroke on December 25, 2019. Evaluated 1year post-
stroke, MRI perfusion demonstrated reduced cerebral
blood flow in the left cerebellar lesion and the surrounding
left hemisphere (Figure 1). Significant balance impairment
limited her activities of daily living; she required caregiver

assistance for indoor ambulation and used a wheelchair
outdoors. Clinical examination revealed left limb muscle
strength of 4/5, full range of motion (ROM) in all limbs, a
motor FIM score of 13/21 (Table 1), and a positive
Romberg test. The patient was unable to independently
complete the STS, 10-m walk, 10-m walk with DT, and
TUG tests (Table 2). Post-HBOT, the patient reported
improved balance, enabling increased independence in
daily activities. Ambulation progressed from wheelchair-
bound to walker use with close supervision indoors and
caregiver assistance outdoors. Clinical examination dem-
onstrated significant improvements, including increased
motor FIM score (Table 1), ability to perform three STS
repetitions, maintain Romberg balance for 30 s with super-
vision, and complete the previously insurmountable 10-m
walk, 10-m walk DT, and TUG tests (Table 2). MRI perfu-
sion demonstrated increased cerebral blood flow in both
left and right cerebellar hemispheres without changes in
the lesion core (Figure 1).

Case 2 was a 57-year-old Yemeni male with a history of
hypertension and a traumatic brain injury in 2017, resulting
in cerebellar atrophy as confirmed by MRI (Figure 2).
Despite previous surgical intervention, he experienced per-
sistent cerebellar ataxia, manifesting as gait instability, falls,
and difficulties with activities of daily living. Clinical exam-
ination revealed bilateral lower limb weakness (4/5), full
ROM, a motor FIM score of 19/21 (Table 1), and impaired
balance (Romberg test). Functional assessments demon-
strated relatively preserved performance on the STS, 10-m
walk, 10-m walk DT, and TUG tests (Table 2). Post-HBOT,
the patient reported improved functional independence,
including the ability to dress and shower without assistance.
While muscle strength remained unchanged, clinical assess-
ments revealed significant improvements. Motor FIM scores
increased (Table 1), the Romberg test became negative, and
STS repetitions doubled to 12 (Table 2). MRI perfusion
revealed increased cerebral blood flow in both cerebellar
hemispheres without changes in cerebellar volume or atro-
phy (Figure 2).

Spatio-temporal gait parameters (Table 3) indicated clin-
ically significant improvements (=10%) across most varia-
bles in both cases, however, differential trends were
observed between spatial and temporal parameters. Spatial
parameters, specifically step and stride length, exhibited
substantial increases (12% and 24% for cases 1 and 2,
respectively), although remaining below normative values
(step length: 70-80cm; stride length: 140-160cm).
Conversely, initial temporal parameters (step time: case 1 —
right 0.58s, left 0.60s; case 2 — right 0.54s, left 0.595s),
which were at the lower limit of normal (0.6-0.8 s), showed
a 10% improvement in case 1 but minimal change in case 2.
Notably, cadence exhibited divergent patterns: case 2 main-
tained a normal cadence (107-109 steps/min; normative
range: 100-120steps/min) while demonstrating spatial
improvements, whereas case 1 showed a decrease in cadence
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20 60 100
mi/100g/min

Lesion
CBF pre [ (BF post Percent change ‘
lesion (L) 12.63 12.76 No change ]
Cerebellum L (ex lesion) 29.41 3952 34.40% ‘
Cerebellum R 41.96 62.31 48.50% J
Figure 1. Case | MR Fluid-attenuated inversion recovery (FLAIR) sequence and perfusion changes.
Table I. Functional independence score. (102-92 steps/min) concurrent with improvements in both

spatial and temporal parameters. Pre HBOT, CoP, and gait
Functional line reflect inconsistent and incoordination, while after
parameters  Baseline Post-HBOT  Baseline Post-HBOT treatment, improvement in both the CoP and gait line was
observed (Figures 3 and 4).

Case | Case 2

Mobility 47 577 6/7 7 Analysis of SF-36 questionnaire data revealed a modest
Transfer 317 317 7 7 change in physical function scores. However, clinically sig-
Stairs 417 5/7 6/7 717 . . . .

nificant improvements (=15 points) were observed in the
Total 13721 15/21 19/21 21/21

emotional and social domains for case 1. Both patients
HBOT: hyperbaric oxygen therapy. reported substantial enhancements in quality of life across
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Table 2. Outcome measure.

Case | Case 2
Outcome
measures Baseline Post-HBOT Baseline Post-HBOT
TUG NA 30s 9.4s 8.1s
10OMW NA 0.47m/s 1.05m/s 0.1.25m/s
I0OMW + DT NA 0.39m/s 0.1.41m/s 1.50m/s

0 Answer 14 Answer 4 Answer 5 Answer
Romberg Positive (20s) Positive (305s) Positive (0s) Positive (305s)
STS 0 3 reps I'l reps 12 reps

HBOT: hyperbaric oxygen therapy; TUG: timed up and go; MW: minute walk; DT: dual-task; NA: not available; reps: repetition; STS: sit-to-stand.

20 60
ml/100g/min

100

Atrophy

CBF pre CBF post Percent change
Cerebellum left 20.66 22.97 11.19%
Cerebellum right 24.14 25.31 4.84%

Figure 2. Case 2 MR Fluid-attenuated inversion recovery (FLAIR) sequence and perfusion changes.
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Table 3. Gait parameter.

Case | Case 2

Gait
parameters Baseline Post-HBOT Baseline Post-HBOT
Velocity 2km/h 2km/h I.5km/h 1.5km/h
Step length

Right 29cm 33cm 13% 20cm 25cm 25%*

Left 36cm 40cm 1% 18cm 22cm 22%*
Step time

Right 0.58s 0.64s 10%? 0.54s 0.52s 1%

Left 0.60s 0.66s 10%? 0.59s 0.58s 1%
Stride length 66cm 73cm 10%* 37cm 46 cm 24%*
Stride time 1.18s 1.31s 10%* 1.13s 1.10s 2%
Step width I'lecm Ilecm 0 2l cm 23cm 1%
Cadence 102 steps/min 92 steps/min 10%* 107 steps/min 109 steps/min 1%

HBOT: hyperbaric oxygen therapy.
2=10% improvement.

multiple SF-36 parameters, with particularly pronounced
improvements in the emotional domain (Table 4).

Discussion

We present a case series demonstrating the efficacy of HBOT
in patients with chronic cerebellar ataxia. Participants exhib-
ited profound ataxia characterized by impaired static and
dynamic balance, incoordination, and reliance on walking
aids. Following a combined regimen of HBOT and physical
therapy, patients experienced significant improvements in
gait, coordination, and balance. These clinical gains corre-
lated with increased perfusion in peri-lesional cerebellar
tissue.

Significant advancements have been made in the man-
agement of cerebellar ataxia over the past three decades,
with diverse therapeutic approaches demonstrating varying
degrees of efficacy.* Intensive physical therapy regimens
targeting balance, gait, and core stability have shown prom-
ise in improving motor function.’*?* Additionally, non-
invasive brain stimulation of the cerebellum has emerged as
a potential therapeutic avenue for enhancing motor func-
tion,?*?” gait,”*?> and potentially augmenting the effects of
physical therapy. Nonetheless, the efficacy of these inter-
ventions requires further investigation through controlled
trials. Our study presents pioneering data on the potential
synergistic benefits of HBOT when combined with physical
therapy in chronic ataxia patients. Previous studies have
demonstrated the efficacy of HBOT in enhancing cognitive
function among patients with chronic stroke and traumatic
brain injury.>?®?° Our group has also reported significant
improvements in overall neurological scores among 74
chronic stroke patients treated with HBOT.?® Similarly,
Schiavo et al. observed enhanced upper limb motor function
in chronic stroke patients following HBOT.>' However,
most of these studies focused on patients with cerebral

stroke, often characterized by mono- or hemiparesis.
However, the impact of HBOT on cerebellar ataxia, gait,
and balance remains largely unexplored.

Our two patients underwent a novel HBOT protocol
involving repeated intermittent hyperoxic exposures,
known to induce the “hyperoxic hypoxic paradox.”? This
approach exploits the cell’s sensitivity to oxygen fluctua-
tions, mimicking hypoxia without its harmful effects.
Consequently, it activates gene expression and metabolic
pathways crucial for regeneration, including immune mod-
ulation, increased cerebral perfusion, angiogenesis, restored
mitochondrial function, and neurogenesis.’> While previ-
ous studies by our group demonstrated HBOT efficacy in
cortical and basal ganglia strokes,* the impact on atypical
stroke locations and functional outcomes beyond cognition
remained unexplored.

This study extends previous findings by demonstrating
significant functional and physical improvements in patients
with cerebellar ataxia following HBOT. The improvements
in FIM scores (Table 1), reflect enhanced performance in
activities of daily living and reduced dependency, correlated
with observed improvements in mobility as measured by the
TUG, STS, and gait velocity tests (Table 2). Quantitative gait
analysis further substantiated these findings, revealing
improvements in postural stability and increased gait sym-
metry (Figures 3 and 4).

Intriguingly, while overall gait patterns demonstrated
improvement, step width, a critical measure of lateral sta-
bility, remained persistently elevated (>10cm) and out-
side the established normative range (7-9cm). This
observation is notable given the concurrent enhancements
observed in coordination and directional control, as evi-
denced by the CoP trajectories and gait line analyses pre-
sented in Figures 3 and 4. This discrepancy suggests a
potential dissociation between improvements in dynamic
control and the restoration of optimal lateral stability,
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Figure 3. Case | gait parameter (gray — pre, white — post).
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Figure 4. Case 2 gait parameter (gray — pre, white — post).



Elkarif et al.

Table 4. Quality of life SF-36 score.

Case | Case 2

Quality of life Baseline Post-HBOT Baseline Post-HBOT
parameters

Physical functioning 50 552 20 550
Physical limitation 25 0 0 25b
Emotional limitations 0 67° 33 33
Energy 25 75 10 60°
Emotional wellbeing 36 68° 48 64°
Social function 25 75° 50 38
Pain domain 78 100° 30 65°
General health domain 35 40? 40 35

SF-36: short form-36.

Score range 0-100.

2Clinically significant changes: 5—10 points.
bSubstantial improvements > 10.

warranting further investigation into the neuroplasticity
and HBOT effects.

This observation supports the hypothesis that functional
improvements in gait velocity and stability in individuals
with ataxia may occur through compensatory mechanisms
rather than a complete restoration of typical gait patterns.
Observed enhancements in the clinical assessments and gait
parameters (Tables 2 and 3) demonstrated significant corre-
lations with improvements in balance-dependent functional
tasks. These findings suggest the potential for ameliorating
functional deficits and facilitating following HBOT and
increased community reintegration. The significant improve-
ments, beyond MDC and MCID thresholds, despite baseline
heterogeneity in the time since injury, ataxia etiology, and
initial functional scores, suggest a potential for HBOT effi-
cacy that is not strictly dependent on these factors. However,
the inherent limitations of a heterogeneous cohort necessi-
tate cautious interpretation.

The SF-36 assessment revealed clinically significant
improvements exceeding 15 points in vitality, bodily pain, and
particularly, mental health domains following HBOT in
patients with ataxia. Given the established relationship
between subjective well-being and motivational states, these
findings raise the possibility that HBOT may confer positive
effects on psychological health and quality of life, in addition
to observed enhancements in physical performance within this
patient population. Finally, the convergence of observed neu-
roimaging changes with corresponding clinical improvements
provides compelling evidence supporting a causal relationship
between HBOT and functional recovery in cerebellar ataxia,
thereby underscoring its therapeutic potential.

While the preceding discussion presents a rationale for
HBOT in ataxia, a rigorous, systematic evaluation of its effi-
cacy across diverse etiologies and ataxia phenotypes is
imperative to elucidate underlying mechanisms and optimize
clinical outcomes. In addition, the absence of follow-up data

precludes assessment of the sustained effects; therefore, pro-
spective studies incorporating extended follow-up periods
are essential to assess the long-term stability and durability
of observed treatment effects.

Conclusions

This case series offers compelling preliminary evidence sup-
porting the potential efficacy of HBOT as a treatment for
cerebellar ataxia. The neurophysical improvements corre-
lated with increased cerebral perfusion within the peri-
lesional parenchyma, implying a putative mechanism of
action. While these findings offer initial insights into
HBOT’s potential benefits for neurological insult, further
investigation is warranted. Randomized controlled trials
with larger sample sizes and control groups are essential to
validate and generalize these findings, ensuring a compre-
hensive understanding of HBOT’s effects on various brain
injuries.

ORCID iDs
Vicktoria Elkarif ©2/ https://orcid.org/0009-0006-1425-3035
Amir Hadanny https://orcid.org/0000-0001-9028-7268

Ethics considerations

Our institution does not require ethical approval for reporting indi-
vidual cases or case series.

Consent for publication

Written informed consent was obtained from the patients for publi-
cation of this case report and any accompanying images. A copy of
the written consent is available for review by the Editor-in-Chief of
this journal.

Author contributions

V.E.: wrote the first draft of the article and the final version.
Collected and analyzed the patient’s data. S.E. and A.H.: reviewed
the first draft and the final version. R.T.H.: treated the patients who
were presented. E.S.: analyzed the MRI results.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Declaration of Conflicting interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: V.E., A.H., and S.E. works for AVIV scientific LDT. E.S. is
a shareholder at AVIV scientific LDT.

Data availability Statement

The datasets analyzed during the current study are available from
the Sagol Center for Hyperbaric Medicine, Shamir Medical Center,
[srael, on reasonable request.


https://orcid.org/0009-0006-1425-3035
https://orcid.org/0000-0001-9028-7268

10

SAGE Open Medical Case Reports

Supplemental material

Supplemental material for this article is available online.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Unverdi M and Alsayouri K. Neuroanatomy, cerebellar dys-
function. In: StatPearls. StatPearls Publishing, 2023.
Ashizawa T and Xia G. Ataxia. Continuum 2016; 22: 1208—
1226.

Marsden J and Harris C. Cerebellar ataxia: pathophysiology
and rehabilitation. Clin Rehabil 2011; 25: 195-216.

Mitoma H and Manto M. The physiological basis of thera-
pies for cerebellar ataxias. Ther Adv Neurol Disord 2016; 9:
396-413.

Hokkoku K, Matsukura K, Yamamoto J, et al. Isolated cere-
bellar-type hemiataxia in a thalamic infarction. J Neurol Sci
2016; 360: 100-101.

Hadanny A, Golan H, Fishlev G, et al. Hyperbaric oxygen
can induce neuroplasticity and improve cognitive functions of
patients suffering from anoxic brain damage. Restor Neurol
Neurosci 2015; 33: 471-486.

Robins M, Falkson SR, Goldfarb J, et al. Hyperbaric treat-
ment of ischemia reperfusion injury. In: StatPearls [Internet].
StatPearls Publishing, 2024.

Barata P, Camacho O, Lima CG, et al. The role of hyperbaric
oxygen therapy in neuroregeneration and neuroprotection: a
review. Cureus 2024; 16: ¢62067.

Gonzales-Portillo B, Lippert T, Nguyen H, et al. Hyperbaric
oxygen therapy: a new look on treating stroke and traumatic
brain injury. Brain Circ 2019; 5: 101-105.

Aghili-Mehrizi S, Williams E, Yan S, et al. Secondary mecha-
nisms of neurotrauma: a closer look at the evidence. Diseases
2022; 10(2): 30.

Rockswold SB, Rockswold GL, Zaun DA, et al. A prospec-
tive, randomized phase II clinical trial to evaluate the effect
of combined hyperbaric and normobaric hyperoxia on cer-
ebral metabolism, intracranial pressure, oxygen toxicity, and
clinical outcome in severe traumatic brain injury. J Neurosurg
2013; 118: 1317-1328.

Wang F, Wang Y, Sun T, et al. Hyperbaric oxygen therapy
for the treatment of traumatic brain injury: a meta-analysis.
Neurol Sci 2016; 37: 693-701.

De Wolde SD, Hulskes RH, Weenink RP, et al. The effects of
hyperbaric oxygenation on oxidative stress, inflammation and
angiogenesis. Biomolecules 2021; 11: 1210.

He H, Li X and He Y. Hyperbaric oxygen therapy attenuates
neuronal apoptosis induced by traumatic brain injury via Akt/
GSK3p/B-catenin pathway. Neuropsychiatr Dis Treat 2019;
15:369-374.

Ahmadi F and Khalatbary AR. A review on the neuroprotec-
tive effects of hyperbaric oxygen therapy. Med Gas Res 2021;
11: 72-82.

Zhang Q, Zhou X, Li Y, et al. Clinical recognition of sensory
ataxia and cerebellar ataxia. Front Hum Neurosci 2021; 15:
639871.

Podsiadlo D and Richardson S. The timed “up & go™: a test
of basic functional mobility for frail elderly persons. J Am
Geriatr Soc 1991; 39: 142—-148.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Bohannon RW, Andrews AW and Glenney SS. Minimal clini-
cally important difference for comfortable speed as a measure
of gait performance in patients undergoing inpatient rehabilita-
tion after stroke. J Phys Ther Sci 2013; 25: 1223-1225.

Lyders Johansen K, Derby Stistrup R, Skibdal Schjett C, et al.
Absolute and relative reliability of the timed “up & go” test
and “30 second chair-stand” test in hospitalised patients with
stroke. PLoS One 2016; 11: e0165663.

Milne SC, Roberts M, Ross HL, et al. Interrater reliability of
the scale for the assessment and rating of ataxia, Berg balance
scale, and functional independence measure motor domain in
individuals with hereditary cerebellar ataxia. Arch Phys Med
Rehabil 2023; 104: 1646-1651.

Ware JE Jr and Sherbourne CD. The MOS 36-item short-form
health survey (SF-36). I. Conceptual framework and item
selection. Med Care 1992; 30: 473-483.

@stergaard L, Weisskoff RM, Chesler DA, et al. High resolu-
tion measurement of cerebral blood flow using intravascular
tracer bolus passages. Part I: mathematical approach and sta-
tistical analysis. Magn Reson Med 1996; 36: 715-725.
Freund JE and Stetts DM. Use of trunk stabilization and loco-
motor training in an adult with cerebellar ataxia: a single sys-
tem design. Physiother Theory Pract 2010; 26: 447-458.
Fonteyn EM, Heeren A, Engels J-JC, et al. Gait adaptability
training improves obstacle avoidance and dynamic stability in
patients with cerebellar degeneration. Gait Posture 2014; 40:
247-251.

Bultmann U, Pierscianek D, Gizewski ER, et al. Functional
recovery and rehabilitation of postural impairment and gait
ataxia in patients with acute cerebellar stroke. Gait Posture
2014; 39: 563-569.

van Dun K, Bodranghien F, Manto M, et al. Targeting the
cerebellum by noninvasive neurostimulation: a review.
Cerebellum 2017; 16: 695-741.

Benussi A, Koch G, Cotelli M, et al. Cerebellar transcranial
direct current stimulation in patients with ataxia: a double-
blind, randomized, sham-controlled study. Mov Disord 2015;
30: 1701-1705.

Zhong X, Shan A, Xu J, et al. Hyperbaric oxygen for severe
traumatic brain injury: a randomized trial. J Int Med Res 2020;
48: 0300060520939824.

Hadanny A, Abbott S, Suzin G, et al. Effect of hyperbaric oxy-
gen therapy on chronic neurocognitive deficits of post-trau-
matic brain injury patients: retrospective analysis. BMJ Open
2018; 8: ¢023387.

Efrati S, Fishlev G, Bechor Y, et al. Hyperbaric oxygen
induces late neuroplasticity in post stroke patients — rand-
omized, prospective trial. PLoS One 2013; 8: e53716.
Schiavo S, Richardson D, Santa Mina D, et al. Hyperbaric
oxygen and focused rehabilitation program: a feasibility study
in improving upper limb motor function after stroke. Appl
Physiol Nutr Metab 2020; 45: 1345-1352.

Hadanny A and Efrati S. The hyperoxic—hypoxic paradox.
Biomolecules 2020; 10: 958.

Hadanny A, Rittblat M, Bitterman M, et al. Hyperbaric oxy-
gen therapy improves neurocognitive functions of post-stroke
patients — a retrospective analysis. Restor Neurol Neurosci
2020; 38: 93-107.



