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Abstract:  25 

Background: Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a debilitating disorder characterized by 26 

profound fatigue, cognitive impairment, autonomic dysfunction, and exertional intolerance with strongly impaired 27 

physical functioning. Hyperbaric oxygen therapy (HBOT) has been proposed as a potential treatment, but its effects on 28 

ME/CFS patients remain largely unexplored. This study aimed to evaluate the effectiveness and feasibility of HBOT in 29 

ME/CFS patients and to investigate its effects on functional brain changes. 30 

Methods: 30 ME/CFS patients (mean age: 42·3 ± 11·7 years; seven males, 23 females) received 40 HBOT sessions 31 

each. Outcomes were assessed at baseline, during treatment, and four weeks post-treatment. The primary outcome 32 

was change in the Physical Functioning subscale of the Short Form-36 Health Survey (SF-36 PF). Secondary outcomes 33 

included severity of core symptoms assessed via questionnaires, exercise capacity, handgrip strength, cognitive per-34 

formance, orthostatic intolerance, and brain MRI (volumetry and functional connectivity, (FC)). Thirty age- and 35 

sex-matched healthy controls (HCs) (mean age: 42·3 ± 11·3 years; seven males, 23 females) were included for MRI 36 

comparison. 37 
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Findings: In the linear mixed model, SF-36 PF significantly improved during HBOT compared with baseline (g = 0.71, p 38 

= 0.006). SF36 pain (p = 0·002, g = 0·79) and CFQ fatigue showed clinically meaningful reductions (p < 0·001, g = - 0·87) 39 

during HBOT. Exercise capacity (g = 0·66), muscle strength (g = 0·40), and information processing speed (g = 0·52), all 40 

improved significantly after HBOT compared to baseline (all p < 0·05). Treatment adherence was high, and tolerability 41 

was favorable, with no major side effects reported. Functional MRI analyses revealed increased thalamic FC in ME/CFS 42 

patients compared to HCs in bilateral sensorimotor (p < 0·001, t = 5·65, FDR-corrected) and visuo-occipital regions (p < 43 

0·001, t = 5·4, FDR-corrected) at baseline. After HBOT, thalamic hyperconnectivity normalized. Responders (defined as 44 

a ≥ 10 point increase in SF-36 PF) showed greater reductions in thalamic hyperconnectivity than non-responders (p < 45 

0·001, t = - 4·34 to -5·18, FDR-corrected). 46 

Interpretation: HBOT was well-tolerated and was associated with significant improvements in physical functioning, 47 

fatigue, pain, and cognitive performance and provides the rationale for a controlled trial in ME/CFS to confirm thera-48 

peutic efficacy. The normalization of thalamic hyperconnectivity following HBOT and its association with clinical re-49 

sponse highlights the role of thalamic FC in ME/CFS pathophysiology and underscores the need for larger, controlled 50 

trials in ME/CFS to confirm therapeutic efficacy. 51 

Funding: Funded by The Federal Ministry of Education and Research (NKSG, 01EP2201), the Klinik Bavaria Kreischa, 52 

and the Weidenhammer Zöbele Research Foundation. 53 

Keywords: Myalgic encephalomyelitis, Chronic fatigue syndrome, ME/CFS, Post-COVID syndrome, HBOT, Hyperbaric 54 

oxygen therapy, Resting state fMRI, Brain connectivity   55 
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1. Introduction 56 

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a chronic, debilitating systemic disease involving 57 

dysfunction of the neurological, vascular, immune, autonomic, and energy metabolism systems [1], [2], [3], [4], [5], [6], 58 

[7]. It is characterized by profound fatigue along with a range of other symptoms including pain, cognitive impairment, 59 

autonomic dysfunction, and sleep disturbances [8]. Symptoms are typically worsened by often minor physical or mental 60 

exertion referred to as post-exertional malaise (PEM) [8]. 61 

ME/CFS affects a significant number of patients, though estimates vary depending on the case definition. The worldwide 62 

pre-pandemic prevalence is estimated in the range of 0·1% to 0·7% [8]. The condition is triggered by an infection in the 63 

majority of cases [8]. ME/CFS has been shown in a subset of patients with post-COVID syndrome, and SARS-CoV-2 is 64 

now among the most frequent triggers of the disease [9]. Therefore, prevalence is expected to have risen significantly in 65 

the aftermath of the COVID-19 pandemic. Despite the high demand for curative options, there is currently no regulatory 66 

approved therapeutic option for ME/CFS. Several targeted treatments are currently assessed in clinical trials including 67 

antiviral drugs, immunomodulators, and neuromodulators [10]. While some approaches have shown promise in small 68 

studies, no treatment has yet demonstrated consistent efficacy across broader patient populations and current guide-69 

lines do not recommend the use of these treatments outside of clinical trials [11]. Consequently, there remains a strong 70 

need for further research aimed at identifying effective treatments.  71 

Hyperbaric Oxygen Therapy (HBOT) is an established treatment for conditions such as decompression sickness, ne-72 

crotizing soft tissue infections, carbon monoxide poisoning, and traumatic ischemia, where improving oxygen delivery 73 

can aid recovery. HBOT involves breathing 100% oxygen in a pressurized chamber, typically at 1·5 to 2·5 times normal 74 

atmospheric pressure. These conditions permit a significant increment of the oxygen supply to blood and to tissues even 75 

without the contribution from hemoglobin [12].  76 

When applying HBOT in multiple sessions, the intermittent exposure to supraphysiological oxygen levels followed by 77 

normoxia can trigger many of the same cellular pathways as true hypoxia, an effect summarized as the 78 

hyperoxia-hypoxia paradox [13]. Through this effect, HBOT elicits a cascade of cellular responses that collectively may 79 

address many pathophysiological aspects of ME/CFS: HBOT may stabilize HIF-1α and thereby lead to an upregulation 80 

of enzymes for anaerobic glycolysis to sustain ATP production when oxygen is low, while tempering oxidative stress 81 

over time [14]. Simultaneously, HIF-1α can drive the expression of growth factors like vascular endothelial growth factor 82 

(VEGF), leading to angiogenesis and improving oxygen delivery [13]. Concurrently, HBOT modulates the immune 83 

system by reducing excessive inflammatory cytokines (IL-1, IL-6, TNF-α) and promoting anti-inflammatory profiles (e.g. 84 

IL-10, TGF-β) [15], [16]. 85 

In ME/CFS patients, in 2013, an uncontrolled trial (n = 16) reported significant reductions in fatigue after 15 HBOT 86 

sessions, whereas an earlier pilot study had found no significant improvements in fatigue, pain, or physical functioning 87 

[17], [18]. Both trials lacked follow-up assessments, leaving the durability of the effect unknown, and did not evaluate 88 

further outcome measures. Following the COVID-19 pandemic however, several studies, including one randomized 89 

controlled trial (RCT) and case series, investigated the potential effects of HBOT in post-COVID syndrome, a condition 90 

with overlapping symptoms and presumed pathophysiology. Overall, the findings consistently showed improvements in 91 

quality of life, fatigue, cognitive function, neuropsychiatric symptoms, and cardiopulmonary function [19]. Most notably, 92 

an RCT from 2022 showed improvements in executive functions, psychiatric symptoms, pain and fatigue [20]. These 93 
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clinical improvements were correlated with increased gray-matter perfusion and microstructural integrity in several brain 94 

regions, including the insula and frontal gyrus [21]. A one-year follow-up after the last HBOT session reported lasting 95 

effects [22]. 96 

Given the overlaps in symptomatology and pathophysiology with post-COVID syndrome, here we aimed to explore the 97 

effectiveness and feasibility of HBOT treatment in ME/CFS patients. Effectiveness was evaluated using both pa-98 

tient-reported as well as physician-assessed outcomes. Furthermore, we explored structural and functional brain 99 

changes in ME/CFS using MRI to identify potential neural mechanisms associated with therapeutic response. Several 100 

resting-state functional MRI (fMRI) studies suggest aberrant connectivity across multiple large-scale neural networks in 101 

ME/CFS [23]. In addition, arterial spin labeling (ASL) studies have demonstrated reduced regional cerebral blood flow in 102 

patients with ME/CFS, which may be associated with altered functional network dynamics [24], [25]. By integrating 103 

clinical and neuroimaging data, this study seeks to clarify the role of HBOT in post-COVID ME/CFS and contribute to the 104 

development of evidence-based treatments. 105 

2. Materials and Methods 106 

2.1 Study design 107 

This prospective cohort study was conducted at the Institute of Medical Immunology, Charité - Universitätsmedizin 108 

Berlin, recruited patients between August 2023 and March 2025. Thirty patients completed 40 sessions of HBOT, as 109 

well as one baseline and one follow-up visit four weeks after treatment. This study was being conducted within the 110 

National Clinical Studies Group (NKSG), a clinical trial and translational research platform focused on developing 111 

therapies for post-COVID syndrome and ME/CFS, funded by the German Ministry of Education and Research (BMBF) 112 

[10]. 113 

 114 

2.2 Participants 115 

Patients were diagnosed and recruited at the Institute of Medical Immunology at the Charité. The diagnosis of ME/CFS 116 

was based on the Canadian Consensus Criteria (CCC) and PEM lasting for a minimum of 14 hours [26], [27]. Patients 117 

were excluded from this study if they had relevant comorbidities [28], pre-existing fatigue, evidence of organ dysfunction, 118 

or acute or chronic infections such as HIV or hepatitis. Additionally, patients with absolute or relative contraindications 119 

for HBOT, including a history of epileptic seizures, pneumothorax, or severe obstructive pulmonary disease, were 120 

excluded [12]. Patients who were unable to leave their homes due to the severity of their illness were also excluded. 121 

All patients provided written informed consent prior to study participation. The Ethics Committee of the Charité - 122 

Universitätsmedizin Berlin approved this study in accordance with the 1964 Declaration of Helsinki and its later 123 

amendments (protocol code EA1/129/23, date of approval: 04 July 2023). 124 

In addition, a group of age- and sex-matched healthy individuals (HCs) was recruited for imaging comparisons. HCs had 125 

no history of neurological or psychiatric disorders, chronic fatigue, or any contraindications to MRI. All HCs provided 126 

written informed consent. 127 

 128 

2.3 Procedures 129 

HBOT was administered in a multiplace Starmed-Quadro chamber (HAUX, Germany) at the Center for Hyperbaric 130 

Oxygen Therapy and Diving Medicine at the Department of Anaesthesia, Intensive Care Medicine, Emergency Medicine 131 

and Pain Therapy of the Vivantes Klinikum im Friedrichshain, Berlin, Germany. Patients received 40 sessions of HBOT 132 

over eight to 16 weeks, with up to five sessions per week in an outpatient setting. The HBOT protocol consisted of 133 
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breathing 100% oxygen via mask at 2 ATA (athmospheres absolute) for 90 minutes, with five-minute air breaks every 20 134 

minutes.  135 

 136 

For patient-reported outcomes, questionnaires were completed before HBOT, at four weeks into treatment, on the final 137 

day of HBOT, and four weeks after completion, and were validated by physicians. Follow-up assessments continued at 138 

bimonthly intervals. Patients’ health-related quality of life was assessed using the 36-Item Short-Form Survey (SF-36), 139 

with scores ranging from 0 to 100 and 100 indicating no limitations [29]. Response to HBOT treatment was defined as a 140 

minimum increase of 10 points in the SF-36 physical functioning domain (SF-36 PF) from baseline to four weeks post 141 

HBOT, indicating a clinically relevant improvement [30]. Fatigue was evaluated using the Chalder Fatigue Scale (CFQ), 142 

which ranges from 0 to 33, with a total score of 29 or more suggesting relevant fatigue [31]. Additionally, disease-related 143 

disability was scored using the Bell score, which rates restriction in daily functioning on a scale from 0 to 100, with 100 144 

indicating no restriction [32].  145 

 146 

Physician-assessed outcomes were recorded at baseline and four weeks after HBOT completion. Handgrip strength of 147 

the dominant hand was measured using a digital hand dynamometer (EH101, Deyard, Shenzhen, China). Measure-148 

ments were conducted with patients sitting upright, facing a standard table. The forearm of the dominant hand was 149 

placed on the table in full supination while holding the dynamometer. Under supervision and with verbal encouragement, 150 

patients pulled the handle ten times with maximum force for three seconds, followed by a five-second relaxation phase. 151 

The dynamometer displayed the highest value reached within each repetition measured in kg. The highest recorded 152 

value across ten repetitions was noted as the maximum strength (Fmax), and the average strength (Fmean) of each 153 

session was calculated [33]. 154 

Orthostatic dysfunction was assessed using a passive standing test. During the test, the patient’s blood pressure, heart 155 

rate, and any reported symptoms were recorded at one-minute intervals. Resting measurements were taken in a supine 156 

position. Subsequently, patients were asked to stand straight with their shoulders leaned against a wall and their heels 157 

one step away from the wall for ten minutes. The test was terminated early if the patient was unable to continue standing 158 

due to severe orthostatic dysfunction [34].  159 

The symbol digit modalities test (SDMT) was used to assess information processing speed and efficiency. Patients were 160 

timed to determine the number of correct responses they could complete within 90 seconds. The absolute number of 161 

correct responses was recorded, along with standard deviations adjusted for age, gender, and education status, as 162 

specified in the test manual [35]. 163 

The 1-minute sit-to-stand test was used to assess exercise capacity. The test was conducted using a standard chair. 164 

Patients were asked to sit forward with their feet flat on the floor and arms crossed over the chest. The total number of 165 

complete sit-to-stand cycles within one minute was recorded as the final score. While resting during the test was al-166 

lowed, the test was terminated early if the patient was unable to continue, and the total number of completed sit-to-stand 167 

cycles up to that point was then recorded as the final score [36].  168 

Study data were collected and managed using the REDCap electronic data capture tools hosted at Charité - 169 

Universitätsmedizin Berlin [37]. 170 

 171 

2.4 MRI data acquisition 172 

MRI data were acquired at the Berlin Center of Advanced Neuroimaging (BCAN) using a Siemens 3T PRISMA scanner 173 

with a 64-channel head coil (Siemens, Erlangen, Germany). A high-resolution three-dimensional T1-weighted MRI 174 
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sequence (3D-MPRAGE; TR = 2500ms, TE = 2·64ms; TI = 1000 mm, voxel size 1·0 mm3) and a ten-minute resting-state 175 

functional MRI (fMRI) scan (720 volumes, TR = 0·8sec, TE = 37 ms, voxel size = 2·0 mm3) were acquired. Patients 176 

underwent a baseline MRI session within four weeks prior to HBOT therapy and a follow-up session within four weeks 177 

after the conclusion of therapy. HCs underwent a single MRI scan. Both patients and HCs followed the same scanning 178 

protocol. 179 

 180 

2.5 MRI data analysis  181 

Whole-brain volumetric analyses were performed using the FreeSurfer image analysis suite (version 7.4.1) [38]. Rest-182 

ing-state fMRI data preprocessing was conducted using fMRIPrep (version 23.2.0) [39], including skull-stripping, 183 

co-registration, normalization, unwarping, noise component extraction, and segmentation. In addition, functional data 184 

were smoothed (6 mm Gaussian kernel) and denoised in the CONN Toolbox (version 22, update v24.07) [40]. Denoising 185 

included regression of confounding effects from white matter and cerebrospinal fluid components (10 CompCor com-186 

ponents each [41]), motion parameters and their first-order derivatives (12 regressors), and outlier volumes. The 187 

denoised BOLD signal was then band-pass filtered between 0·008 and 0·09 Hz.  188 

Seed-based functional connectivity (FC) analyses were also performed in CONN. Regions of interest (ROIs) included 189 

the bilateral thalamus (Harvard-Oxford subcortical structural atlas) and thalamic subregions [42] (connectivity-based 190 

parcellation by Boeken et al [43]. Original masks were transformed to each subject’s functional space and used without 191 

modification as seed ROIs. Three main comparisons were conducted: (1) patients pre-treatment vs. HCs, (2) patients 192 

post-treatment vs. HC, and (3) patients post-treatment vs. pre-treatment. Age and sex were included as covariates in the 193 

comparisons with HC but not in the within-patient comparison. Additionally, correlation analyses were conducted to 194 

examine associations between pre- and post-treatment functional connectivity changes and clinical outcome measures. 195 

These measures included the main outcome “response to HBOT treatment” as well as fatigue severity (assessed with 196 

the CFQ), disease-related disability, handgrip strength, SDMT scores, and exercise capacity (assessed using the 197 

1-minute sit-to-stand test). 198 

 199 

2.6 Statistical analysis 200 

Statistical analyses were conducted using R version 4.3.0 and RStudio version 2023.03.1. A linear mixed-effects model 201 

(LMM) was employed to assess changes in patient-reported variables across different time points. This analysis was 202 

performed using the lmer function from the lme4 package (version 1.1-35.5), and ggplot2 (version 3.5.0) was used for 203 

data visualization. For each outcome variable, the LMM included time as a fixed effect and patient number as a random 204 

effect to account for within-patient correlation. The mixed model was fitted using restricted maximum likelihood (REML), 205 

and statistical significance was evaluated using t-tests with p-values approximated through Satterthwaite's method for 206 

degrees of freedom, implemented via the lmerTest package (version 3.1-3). Missing data were accounted for by using 207 

all available observations in the model, allowing for the estimation of fixed and random effects without listwise deletion, 208 

assuming data were missing at random. 209 

For group comparisons, the non-parametric Mann-Whitney U test was used for unpaired data, and the Wilcoxon 210 

signed-rank test was used for paired data. Group comparisons for categorical data were performed using Fisher’s exact 211 

test and corrected for multiple comparisons using the Bonferroni method. Correlation analysis was performed using the 212 

nonparametric Spearman coefficient. Effect sizes were reported throughout as standardized mean differences (Hedges’ 213 

g) with a g of 0·2 is considered a small, 0·5 a medium and 0·8 a large effect. A two-tailed p-value of <0·05 was con-214 

sidered to indicate statistical significance. 215 
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To identify baseline predictors of treatment response, exploratory logistic regression analyses were performed with 216 

responder status as the dependent variable. Baseline SF-36 general health, CFQ physical fatigue, and SDMT perfor-217 

mance were entered as independent variables.  218 

For imaging data, second-level general linear model (GLM) analyses were conducted in the CONN Toolbox to assess 219 

group differences and within-subject changes in FC. Statistical significance for group comparisons of imaging results 220 

was determined using a voxel-wise threshold of p < 0.001 and a cluster-level threshold of p < 0·05, both corrected for 221 

multiple comparisons to control the false discovery rate (FDR). For within-subject comparisons, a less stringent 222 

voxel-wise threshold of p < 0·01 was also applied, with the same cluster-level FDR correction, to account for the smaller 223 

sample size. 224 

 225 

2.7 Role of the funding source 226 

The funders of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the 227 

report. 228 

 229 

3. Results 230 

3.1 Patient characteristics 231 

A total of 253 patients who met the CCC for post-infectious ME/CFS and had consented to be contacted for clinical trials 232 

were screened for study participation between August 2023 and March 2025. Of these, 39 patients living more than 100 233 

km from the study site were excluded for practical reasons. Among the remaining 214 patients, 95 responded and 234 

expressed interest in participating. Of these 95 patients, 37 were included in this study. Another 30 were offered to 235 

participate in a follow-up study with shorter treatment of 20 HBOT sessions and 28 were excluded due to contraindica-236 

tions for HBOT or because they self-assessed their illness as too severe to attend regular appointments outside their 237 

home. 238 

 239 

Of the remaining 37 patients, 30 underwent 40 sessions of HBOT and comprise the treatment cohort analyzed in this 240 

study (Fig. 1). Seven patients were male, and 23 were female, with a mean age of 42·33 ± 11·73. In 27 patients (90%), 241 

SARS-CoV-2 infection was identified as the disease trigger, while the remaining patients had other viral triggers. The 242 

mean disease duration at study inclusion was 27·03 ± 11·21 months. All patients had a severe to moderate degree of 243 

disability, with Bell scores ranging from 30 to 70. Additional patient characteristics are presented in Table 1. Thirteen 244 

patients had comorbid POTS, and eight had a preexisting autoimmune condition.  245 

 246 

 247 

 248 
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Figure 1: Consort diagram of patients eligible, recruited, followed up, and included in analysis.  249 

 250 

 251 

3.2 Treatment course, adverse events, and response 252 

A total of 37 patients were enrolled. One patient was unable to complete the treatment due to recurrent u253 

respiratory tract infections, while six patients had to discontinue early due to pressure-related pain in the sinuses254 

ears (n = 4) or a feeling of tightness and anxiety (n = 2). Accordingly, 30 patients completed 40-sessions of HB255 

within eight to 16 weeks, the average time to complete all 40 sessions was 13 weeks. Patients often required bre256 

between sessions to prevent symptom exacerbation. 257 

 258 
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After completing the 40 HBOT sessions, 23 patients (76·67%) reported subjective improvement, and 26 patients 259 

(86.67%) reported that they would like to receive HBOT again in the future. The most commonly reported side effects 260 

included a feeling of pressure or mild ear pain (n = 13, 43·33 %) and reversible myopia (n = 17, 56·67%). None of the 261 

patients reported severe or permanent side effects, and none had to discontinue the treatment due to PEM or 262 

worsening of other ME/CFS symptoms.  263 

 264 

As shown in Figure 2a, the greatest improvement in SF-36 PF was observed on the last day of HBOT, with a mean 265 

increase of 6·3 points (CI: 1·98–10·68, p = 0·006) in the cohort of 30 patients. This corresponds to a standardized mean 266 

difference of Hedges’ g = 0·71 (95% CI: 0·21–1·21), indicating a moderate to large effect. Four weeks after HBOT 267 

completion, a significant mean increase of 4.5 points compared to baseline (CI: 0·15–8·85, p = 0·047) was documented, 268 

corresponding to a standardized mean difference of Hedges’ g = 0·51 (95% CI: 0·01–1·01) indicating a moderate effect. 269 

A clinically meaningful improvement defined as an increase of at least 10 points in SF-36 PF [29], was observed in 11 270 

out of 30 patients (36·67%) 4 weeks post-HBOT, with the highest individual improvement reaching 35 points.  271 

 272 

Patients reported improvements in several core clinical symptoms following HBOT, including a significant reduction in 273 

fatigue and pain. The total CFQ fatigue score decreased, with the greatest improvement observed 4 weeks post-HBOT 274 

(-2·93 points; CI: -4·54 to -1·33, p < 0·001), corresponding to a standardized mean difference of Hedges’ g = - 0·89 (95% 275 

CI: -1·39 to -0·39) indicating a strong effect. Individual scores for mental and physical fatigue both significantly 276 

improved, as presented in Figure 2c and Figure 2d. Pain, measured by the SF-36 pain domain, improved with a 277 

maximum increase of 10·25 points (CI, 3·86–16·64, p = 0·002) occurring on the last day of HBOT, corresponding to a 278 

standardized mean difference of Hedges’ g = 0·79 (95% CI: 0·29–1·28). These improvements remained significant 279 

through month 1, as shown in Figure 2b.  280 

 281 

Table 1: Patient characteristics at study inclusion  282 

Characteristics   

Total patients (n) 30 

  Male (n, %) 7 (23·33%) 

  Female (n, %) 23 (76·67%) 

Age, years (mean ± SD) 42·33 ± 11·73 

BMI, kg/m2 (mean ± SD) 24·45 ± 4·04 

Education level (n, %)  

  No degree 0 (0%) 

  High School 4 (13·33%) 

  Vocational Training 10 (33·33%) 

  University degree 16 (53·33%) 

Disease duration, months (mean ± SD)  27·03 ± 11·21 

Infectious trigger (n, %) 30 (100%) 

  COVID-19  27 (90%) 

  EBV  1 (3·33%) 

  Upper respiratory tract infection  2 (6·67%) 

Diagnostic criteria used (n, %)  

  CCC 30 (100%) 

  IOM 30 (100%) 
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SF-36 PF score (mean ± SD) 37·50 ± 20·63 

Bell Score (mean ± SD) 38·00 ± 10·95 

Handgrip strength, kg (mean ± SD)  

  Mean handgrip strength (Fmean)  15·82 ± 11·03 

  Maximum handgrip strength (Fmax) 19·02 ± 12·02 

Comorbidities (n, %)  

  POTS 13 (43·33%) 

  Immunodeficiency 8 (26·67%) 

    CD4 lymphocytopenia 1 (3·33%) 

    IgM deficiency 2 (6·67%) 

    IgA deficiency 1 (3·33%) 

    MBL deficiency 5 (16·67%) 

  Autoimmune condition 8 (26·67%) 

    Hashimoto's thyroiditis 6 (20%) 

    Alopecia areata 1 (3·33%) 

    Graves' disease 1 (3·33%) 

    Celiac disease 2 (6·67%) 

Lifestyle Factors   

  Smoking/nicotine use (n, %)  1 (3.33%) 

  Alcohol use (n, %) 10 (33.33%) 

Previous Treatments (n, %)  

  Inpatient rehab 15 (50%) 

  Low dose naltrexone (LDN) 8 (26·67%) 

  Ivabradine 6 (20%) 

  Pyridostigmine 4 (13·33%) 

  Antidepressants 9 (30%) 

  Antihistamines 9 (30%) 

BMI: Body mass index, CCC: Canadian Consensus Criteria; COVID-19: Coronavirus disease 2019; EBV: Epstein-Barr virus, IOM: Institute of 283 

Medicine, POTS: Postural tachycardia syndrome, SF-36 PF: Short Form-36 Health Survey - Physical Functioning. 284 

  285 
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 316 

Figure 2: Course of patient-reported symptoms over the study period.  317 

The duration of HBOT therapy is indicated by the blue bar. Error bars represent 95% confidence intervals. Data were analyzed using 318 

a linear mixed-effects model fitted by restricted maximum likelihood (REML), with t-tests computed using Satterthwaite's method for 319 

degrees of freedom. Significance levels are indicated as ∗p < 0·05, ∗∗p < 0·01, ∗∗∗p < 0·001. The panels display the trajectories of: a) 320 

Mean 36-Item Short-Form Survey physical functioning domain (SF-36 PF) scores over the study period. A higher score indicates 321 

less restriction in physical functioning. b) Mean 36-Item Short-Form Survey pain domain (SF-36 pain) scores over the study period. 322 

A higher score indicates less pain. c) Mean Chalder Fatigue Scale physical fatigue domain (CFQ physical fatigue) scores over the 323 

study period. A higher score indicates more severe fatigue. d) Mean Chalder Fatigue Scale mental fatigue domain (CFQ mental 324 

fatigue) scores over the study period. A higher score indicates more severe fatigue. 325 

  326 
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3.3 Functional tests 327 

To further quantify and objectively assess the self-reported improvement, we conducted several functional tests during 328 

the study visits at baseline and 4 weeks post-HBOT. Processing speed, as measured by the SDMT, significantly 329 

improved after HBOT, increasing from a median of -1·07 SD (IQR: -1·7 to -0·25; SD; values >-1.0 indicating reduced 330 

processing speed) to a median of -0·7 SD (IQR: -1·4 to 0·2 SD) (V = 91, p = 0·011) after HBOT, corresponding to a 331 

standardized mean difference of Hedges’ g = 0·52 (95% CI: 0·15–0·89) reflecting a medium size effect (Figure 3a). The 332 

improvement in SDMT scores was comparable between responders and non-responders on the SF-36 PF subscale 333 

(Table 2). 334 

Performance in the 1-minute sit-to-stand test significantly improved from the baseline visit (median = 14 repetitions, 335 

IQR: 9–22) to the follow-up visit (median = 17·5 repetitions, IQR: 12–22) (V = 52, p = 0·001) (Figure 3b). This 336 

corresponds to a standardized mean difference of Hedges’ g = 0·66 (95% CI: 0·25–1·07), indicating a moderate effect.  337 

Mean handgrip strength (Fmean) significantly improved from baseline to the visit 4 weeks post-HBOT, with a median 338 

increase of 1·14 kg. When calculating the percentage increase for each patient individually, the median improvement in 339 

Fmean was 106% (IQR: 92·49–131·7%) (V = 136, p = 0·048), equating to Hedges’ g = 0·40 (95% CI: 0·04–0·76) 340 

(Figure 3c), and 106% (IQR: 98·97–135·3%) for the maximum handgrip strength (Fmax) (V = 117, p = 0·031). This 341 

corresponded to a standardized mean difference of Hedges’ g = 0·42 (95% CI: 0·05–0·78), indicating a 342 

small-to-moderate effect. 343 

While there was no significant change in resting supine heart rate, we observed a significant increase in the maximum 344 

standing heart rate after HBOT (V = 58, p < 0·001, Hedges’ g = 0·65 (95% CI: 0·26–1·03)). The median supine to 345 

standing heart rate difference increased from 16 bpm (IQR: 11–25) baseline to 24 bpm (IQR: 17–31) at 4 weeks 346 

post-HBOT (V = 59, p = 0·002, Hedges’ g = 0·65 (95% CI: 0·25–1·04) ). Resting and maximum heart rates during the 347 

passive standing test are shown in Figure 3d.  348 

  349 
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 380 

Figure 3: Physician-assessed parameters at baseline and one month post-HBOT.  381 

Data were analyzed using the paired Wilcoxon signed-rank test, with significance levels indicated as ∗p < 0·05, ∗∗p < 0·01, ∗∗∗p < 382 

0·001. The panels display the results of: a) Symbol Digit Modalities Test (SDMT) reported as standard deviations adjusted for age, 383 

gender, and education status, as specified in the test manual [35]; b) repetitions in the 1 minute sit-to-stand test; c) mean handgrip 384 

strength over ten repetitions (Fmean), shown as the percentage increase; d) resting supine heart rate and maximum standing heart 385 

rate in beats per minute (bpm) during the passive standig test. 386 

 387 

3.4 Predictive parameters for response 388 

There were no significant differences in any of the patient characteristics presented in Table 1 between patients who 389 

responded to the treatment (defined as an increase of at least 10 points in SF-36 PF) and those who did not. Results 390 

for patient-reported outcomes as well as functional test results before and 4 weeks after HBOT in responders (n = 11) 391 

and non-responders (n = 19) are summarized in Table 2.  392 
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Greater improvement in SF-36 PF at 4 weeks post-HBOT was significantly associated with better baseline SF-36 393 

general health (r = 0·38, p = 0·039), lower baseline CFQ physical fatigue (r = -0·39, p = 0·033), and better baseline 394 

SDMT performance (r = 0·36, p = 0·048). To explore predictors of treatment response in SF-36 PF, logistic regression 395 

analyses were conducted with responder status (n = 11 responders, n = 19 non-responders) as the dependent variable. 396 

In univariate analyses, lower baseline CFQ physical fatigue scores showed a trend toward predicting response (OR = 397 

0·79, 95% CI: 0·58–1·02; p = 0.096), whereas baseline SF-36 general health (OR = 1·02, 95% CI: 0·96–1·08; p = 0.50) 398 

and baseline SDMT performance (OR = 1·04, 95% CI: 0·51–2·18; p = 0·92) were not associated with response. In the 399 

multivariable model including all three predictors, lower baseline CFQ physical fatigue remained the strongest predictor, 400 

although the association did not reach statistical significance (OR = 0·76, 95% CI: 0·50–1·03; p = 0·11). The overall 401 

discriminative ability of the model was modest (AUC = 0.66). 402 

 403 

Table 2: Patient-reported outcomes and functional test results before and 4 weeks after HBOT in responders (n = 11) and 404 

non-responders (n = 19). Responders were defined as patients with an improvement of ≥10 points in SF-36 physical functioning. 405 

Patient-reported outcomes were analyzed using a linear mixed-effects model fitted by restricted maximum likelihood (REML), with 406 

t-tests computed using Satterthwaite's method for degrees of freedom with significance levels indicated as ∗p < 0·05, ∗∗p < 0·01, ∗∗∗p 407 

< 0·001. Functional tests were analyzed using the paired Wilcoxon Signed Rank Test with significance levels indicated as ∗p < 0.05, 408 

∗∗p < 0.01, ∗∗∗p < 0.001. 409 

 Responders (n=11) non-responders (n=19) 

Characteristics  baseline month 3 baseline month 3 

SF-36 score (mean ± SD)     

  Physical functioning 33·18 ± 21·48  50·91 ± 26·25 *** 40·00 ± 20·28  36·84 ± 22·68  

  Role limitations due to 

  physical health 

4·55 ± 10·11 18·18 ± 33·71 1·32 ± 5·74 1·32 ± 5·74  

  Role limitations due to  

  emotional health 

75·76 ± 42·40 96·97 ± 10·05 54·39 ± 43·33 33·33 ± 47·14 * 

  Energy/fatigue 20·00 ± 20·86 28·64 ± 18·72 13.42 ± 15.28 14·74 ± 15·50 

  Emotional well-being 62·55 ± 21·41 69·45 ± 17·28 53·26 ± 21·99 54·74 ± 20·91 

  Social functioning 27·27 ± 20·78 48·86 ± 33·75 ** 23·68 ± 18·11 17·11 ± 20·07 *  

  Pain 37·50 ± 21·99 47·73 ± 24·12 27·76 ± 20·27 34·21 ± 28·92 

  General health 28·18 ± 14·37 32·73 ± 19·45 24·74 ± 13·49 24·21 ± 14·65  

CFQ score(mean ± SD) 26·73 ± 5·08 21·45 ± 6·09 ** 28·26 ± 3·16 26·68 ± 4·33 

  Physical fatigue 16·64 ± 3·61 13·73 ± 4·47 * 18·63 ± 2·43 17·95 ± 3·46  

  Mental fatigue 10·09 ± 1·70 7·73 ± 2·69 ** 9·63 ± 1·46 8·74 ± 1·52 

Bell score (mean ± SD) 39·09 ± 13·00 40·91 ± 17·58 37·37 ± 9·91 36·32 ± 12·12 

Handgrip strength, kg, % 

(mean ± SD) 

    

  Mean handgrip strength 

  (Fmean)  

17·28 ± 9·56 

100% 

18.98 ± 10.18 

115.10% ± 27.31%  

14·97 ± 11·96 

100% 

15·46 ± 11·56  

117·15% ± 46·06%  

  Maximum handgrip strength 

  (Fmax) 

21·14 ± 11·29 

100 %  

21·67 ± 10·97 

111·26%± 30·41% 

17·80 ± 12·56 

100 %  

19·04 ± 12·52 

117·37% ± 38·05% 

SDMT, SD (mean ± SD) -1·01 ± 1·03 -0·79 ± 1·13 -1·05 ± 1·10 -0·61  ± 1·35 * 

1-minute sit-to-stand, 

repetitions (mean ± SD) 

14·40 ± 8·26 21·45 ± 14·05 ** 16·35 ± 8·60 17·37 ± 10·58  
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Passive standing test heart 

rate, bpm (mean ± SD)  

    

  Maximum standing heart  

  Rate 

82·82 ± 12·01 92·00 ± 17·01 * 84·63 ± 12·02 93·26± 13·65 * 

  Δ Heart rate (supine to  

  standing) 

18·27 ± 8·79 26·82 ± 11·59 *  19·22 ± 11·10 23·89 ± 9·93 * 

CFQ: Chalder Fatigue Questionnaire, SDMT: symbol digit modalities test, SF-36: Short Form-36 Health Survey  410 

 411 

3.5 Brain imaging analyses 412 

Volumetric analysis revealed no significant differences in whole-brain or regional volumes between patients 413 

pre-treatment and HCs, between patients post-treatment and HCs, or between patients pre- and post-treatment. 414 

Baseline seed-to-voxel FC analysis showed increased thalamic connectivity with bilateral motor and somatosensory 415 

regions as well as bilateral visuo-occipital regions in ME/CFS patients compared to HCs. Specifically, clusters of 416 

increased thalamic connectivity were observed with the bilateral precentral and postcentral gyri and the left superior 417 

parietal lobule (p < 0·001, t = 5·48, FDR-corrected), the right lateral occipital cortex and lingual gyrus (p < 0·001, t = 5·4, 418 

FDR-corrected), and the left occipital pole, lateral occipital cortex, and cuneal cortex (p < 0·001, t = 4·86, 419 

FDR-corrected) (see Figure 4a). At follow-up, no significant differences in FC between patients and HCs were 420 

observed. 421 

Given the functional segregation of the thalamus, an additional analysis was conducted to investigate thalamic 422 

subregions. Longitudinal analysis revealed a significant reduction in FC from pre- to post-treatment in patients, 423 

specifically between the left sensorimotor cluster of the thalamus and bilateral sensorimotor regions (precentral gyri 424 

and postcentral gyri, supramarginal gyrus and superior parietal lobule), as well as the left visuo-occipital regions (lateral 425 

occipital cortex, occipital pole, and occipital fusiform gyrus) (right sensorimotor/parietal cluster: t = −6·05; left 426 

sensorimotor/parietal: t = −6·70; left occipital: t = −5·56; all p < 0·001, FDR-corrected) (Figure 4b). 427 

  428 
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 429 

 430 

Figure 4: Thalamic functional connectivity in ME/CFS patients 431 

Seed�to�voxel functional connectivity maps are displayed as t�maps on the MNI�152 template. Warm colors indicate stronger 432 

positive connectivity; cool colors indicate reduced connectivity. (a) Patients vs HCs pre-treatment, seed: bilateral thalamus. Patients 433 

showed significantly increased thalamic connectivity with bilateral sensorimotor regions (precentral and postcentral gyri, superior 434 

parietal lobule) and bilateral visuo-occipital regions (lateral occipital cortex, lingual gyrus, cuneus, occipital pole). No significant 435 

differences were observed post-treatment compared to HCs. Threshold: voxel-wise p�<�0·001; cluster-level p�<�0·05, 436 

FDR-corrected. (b) Patients longitudinal (pre- vs post-treatment), seed: left thalamic sensorimotor cluster. Post-treatment reductions 437 

in thalamic connectivity were observed with bilateral sensorimotor regions (precentral and postcentral gyri), left superior parietal 438 

lobule, bilateral supramarginal gyri, and left visuo-occipital regions (lateral occipital cortex, occipital pole, occipital fusiform gyrus). 439 

Threshold: voxel-wise p�<�0·01; cluster-level p�<�0·05, FDR-corrected. 440 

 441 

3.6  Correlation between connectivity changes and clinical outcomes  442 

Subsequently, we examined thalamic FC in physical function responders (n = 11; defined by a ≥10-point increase in 443 

SF-36 PF score) compared to non-responders (n = 19).  444 

In responders, connectivity was significantly reduced from pre- to post-treatment between the left thalamic 445 

sensorimotor cluster and the left superior parietal lobule, lateral occipital cortex, supramarginal gyrus, postcentral gyrus, 446 

and occipital pole (t = −7·54), as well as with the right lateral occipital cortex, superior parietal lobule, and postcentral 447 

gyrus (t = −5·21). Reduced connectivity was also observed between the left thalamic sensorimotor cluster and the left 448 

occipital pole, lingual gyrus, and occipital fusiform gyrus (t = −4·79) (all p < 0·01, FDR-corrected; Figure 5a). 449 

In non-responders, significant FC reductions were limited to small clusters in the right precentral and postcentral gyri (t 450 

= −6·44) and the left precentral and postcentral gyri (t = −5·55) (all p < 0.01, FDR-corrected; Figure 5b). 451 

No significant group differences were observed at baseline. At follow-up, responders exhibited greater reductions in 452 

connectivity relative to non-responders between the left sensorimotor cluster and both visuo-occipital and sensorimotor 453 

regions. These included the right occipital pole and lateral occipital cortex (t = −4·34), the right superior parietal lobule 454 
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and postcentral gyrus (t = −5·18), and the left lateral occipital cortex, superior parietal lobule, and postcentral gyrus (t = 455 

−4·71) (all p < 0·01, FDR-corrected).  456 

No significant associations were found between changes in thalamic connectivity and other clinical variables. 457 

 458 

 459 

Figure 5: Functional connectivity differences between clinical responders and non-responders  460 

Seed-to-voxel functional connectivity maps are displayed as t-maps over the MNI-152 template. Cool colors indicate reduced 461 

connectivity. (a) Responders, longitudinal analysis (pre- vs post-treatment), seed: left thalamic sensorimotor cluster. Connectivity 462 

was reduced from pre- to post-treatment in the left superior parietal lobule, lateral occipital cortex, supramarginal gyrus, postcentral 463 

gyrus, and occipital pole, as well as the right lateral occipital cortex, superior parietal lobule, and postcentral gyrus. (b) 464 

Non-responders, longitudinal analysis (pre- vs post-treatment), seed: left thalamic sensorimotor cluster. Connectivity was reduced 465 

from pre- to post-treatment in the bilateral precentral and postcentral gyri. Threshold: voxel-wise p�<�0·01; cluster-level p�<�0·05, 466 

FDR-corrected. 467 

 468 

4. Discussion 469 

This observational study suggests that HBOT may improve physical functioning, reduce pain and fatigue severity, and 470 

enhance exercise capacity, muscle strength, and information processing speed in a subset of ME/CFS patients. 471 

To date, only two small studies, in 2003 and 2013, have specifically evaluated HBOT in ME/CFS patients, yielding 472 

conflicting results [17], [18]. Recently, interest in HBOT has re-emerged as a potential treatment for post-COVID syn-473 

drome [19]. Most notably, a sham-controlled RCT in post-COVID patients demonstrated significant improvements in 474 

cognitive function and fatigue, accompanied by parallel improvements in brain perfusion and microstructure [20], [21]. 475 

While these results are broadly consistent with our findings, notable differences exist between study populations and 476 

treatment protocols. Both protocols employed 40 sessions of 90 minutes each at 2 ATA [20], however, the RCT included 477 

five sessions per week and enrolled patients of whom only 77% reported fatigue. ME/CFS patients are generally more 478 

severly ill and suffer considerably from post-exertional malaise with the risk of worsening of symptoms due to traveling to 479 

a b 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 31, 2025. ; https://doi.org/10.1101/2025.10.29.25339096doi: medRxiv preprint 

https://doi.org/10.1101/2025.10.29.25339096
http://creativecommons.org/licenses/by-nc-nd/4.0/


 18 of 24 

 

the treatment center or sitting upright during therapy. To accommodate this, we implemented a flexible therapy duration 480 

and reduced session frequency, ranging from eight to 16 weeks rather than a fixed eight-week schedule. This adjust-481 

ment resulted in high therapy adherence and no early terminations due to PEM. A small number of patients discontinued 482 

treatment early due to pressure-related issues in the sinuses and middle ear. Given that the vast majority of participants 483 

reported subjective improvements and expressed interest in receiving HBOT again, we consider this treatment both 484 

feasible and acceptable for ME/CFS patients.  485 

 486 

Improvement in SF-36 PF at four weeks post-HBOT was the primary outcome of our study. Self-reported physical 487 

functioning improved both during treatment and at follow-up, with effect sizes in the moderate-to-large range. 11 out of 488 

the 30 (37%) patients experienced a clinically meaningful physical function improvement, defined as an increase of at 489 

least 10 points. To complement patient-reported outcomes, we conducted physician-assessed measurements of 490 

physical performance, including the 1-minute sit-to-stand test and handgrip strength measurements, both showing 491 

significant improvements from pre- to post-HBOT. Improvement in the 1-minute sit-to-stand test was observed only in 492 

the group that also reported a clinical meaningful improvement in the SF36 PF, confirming this finding. While the 493 

aforementioned ME/CFS trials did not include direct assessments of exercise capacity or muscle strength, findings from 494 

post-COVID studies suggest improved exercise capacity post-HBOT, including anecdotal reports of increased 6-minute 495 

walk distance and significant improvements in 2-minute step and 30-second sit-to-stand tests [19].  496 

In our study, responders in SF36PF also demonstrated a significant reduction in fatigue[31]. Comparable results were 497 

reported in a case series of ten post-COVID patients treated with only ten HBOT sessions, with a large effect size on 498 

the CFQ [44]. The same study also reported significant improvements in information processing speed and verbal 499 

memory, cognitive domains comparable to those assessed by the SDMT, which likewise improved significantly in our 500 

cohort. Interestingly, in our study the improvement in SDMT scores was comparable between responders and 501 

non-responders on the SF-36 PF subscale, suggesting that cognitive gains may occur independently of improvements 502 

in physical function and fatigue. Similary, pain, as measured by the SF-36 pain domain, improved after HBOT with 503 

comparable changes in both groups. Consistent with our findings, post-COVID HBOT studies have reported significant 504 

pain relief [20], [45]. 505 

In summary, we observed therapeutic effects on several core symptoms in ME/CFS patients, closely resembling those 506 

reported in post-COVID patients, despite differences in the treatment duration and frequency of the HBOT protocols 507 

used across studies. Findings from our study also suggest heterogenous response patterns, with some patients im-508 

proving in physical function, fatigue, cognition and pain, while in others improvement was limited to cognition and pain. 509 

Notably, in the passive standing test, patients showed an increased maximum heart rate upon standing, while resting 510 

heart rate remained unchanged. This may suggest that HBOT induces subtle changes in cardiovascular regulation 511 

improving baroreflex sensitivity and the autonomic responsiveness and could lead to a more robust autonomic reaction 512 

to orthostatic stress.  513 

Functional connectivity analyses revealed significantly increased thalamic connectivity with bilateral sensorimotor and 514 

visuo-occipital cortices in ME/CFS patients at baseline. These regions have previously been implicated in fatigue, 515 

sensory overload, and motor slowing in ME/CFS [24], [25], as well as in related central sensitivity syndromes such as 516 

fibromyalgia [46], [47]. This increased connectivity, which may reflect impaired filtering, heightened sensory gain, or 517 

compensatory over-engagement of thalamocortical circuits, was no longer present at follow-up, suggesting normaliza-518 

tion after treatment. Notably, longitudinal within-group analyses in the patient cohort showed post-treatment reductions 519 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 31, 2025. ; https://doi.org/10.1101/2025.10.29.25339096doi: medRxiv preprint 

https://doi.org/10.1101/2025.10.29.25339096
http://creativecommons.org/licenses/by-nc-nd/4.0/


 19 of 24 

 

in the FC of thalamic subcluster for sensorimotor integration [43]. The thalamus, a key relay hub for motor and sensory 520 

information [48], [49], has been linked to fatigue across various conditions, including post�COVID syndrome [50]. 521 

Leitner�et�al. [50] recently reported that post�COVID patients with fatigue exhibit aberrant thalamic connectivity with 522 

motor�associated cortices compared to non�fatigued patients, with connectivity strength correlating with fatigue se-523 

verity and processing speed. While their fatigued cohort exhibited reduced thalamo-motor FC, and our ME/CFS cohort 524 

showed thalamic hyperconnectivity, both studies highlight disrupted thalamocortical communication in sensorimotor 525 

circuits as a shared neural signature of persistent fatigue. Similar neuroimaging findings in other neurological conditions, 526 

including multiple sclerosis and stroke, further implicate thalamocortical circuit dysfunction in fatigue [51], [52], [53], [54]. 527 

Further analyses in responders and non-responders showed that normalization of FC in longitudinal analyses was 528 

mainly driven by larger FC reductions from pre- to post-treatment in responders, whereas FC changes in 529 

non-responders were limited to small clusters. This suggests that clinical improvement in physical functioning in 530 

ME/CFS (as measured by a ≥10-point increase in SF-36 Physical Function score) may be mediated by changes in 531 

thalamic regulation of cortical networks, particularly those involved in sensorimotor integration. Notably, non-responders 532 

showed improvements comparable to responders in processing speed and pain, suggesting that HBOT may exert 533 

broader effects beyond physical functioning, potentially involving cognitive and pain-related neural networks that were 534 

not captured by our thalamic FC analyses. Importantly, we found no significant volumetric alterations in ME/CFS pa-535 

tients across any comparison, supporting the notion that ME/CFS symptoms may be related to functional network 536 

changes rather than macrostructural abnormalities. Taken together, our imaging findings complement the clinical ob-537 

servations and support the hypothesis that disrupted sensorimotor FC, likely driven by dysfunctional thalamic relay, is a 538 

feature of ME/CFS, and that HBOT may contribute to rebalancing these circuits. 539 

This study has several limitations. First, the small sample size and observational, non-controlled design limit the gen-540 

eralizability and causal interpretation of our findings. Second, our findings regarding the feasibility and safety of HBOT 541 

may not extend to more severely affected, homebound patients, who were excluded from this study. Third, while our 542 

imaging results suggest normalization of thalamocortical hyperconnectivity following HBOT, the absence of a 543 

sham-treated control group prevents definitive attribution of these changes to the intervention. Furthermore, although 544 

our findings imply that functional, rather than structural, brain alterations may underlie key ME/CFS symptoms, future 545 

studies should include longitudinal multimodal imaging and consider network dynamics. Finally, several questions 546 

remain, including the optimal number and frequency of HBOT sessions, the durability of the reported effects, and the 547 

identification of patient subgroups most likely to benefit from HBOT therapy. These aspects will be addressed in our 548 

ongoing research, including a second cohort currently undergoing a shortened 20 session protocol. Additionally, la-549 

boratory analyses, as well as endothelial function tests, are underway and will be integrated in future analyses.  550 

Strengths of this study include its multidimensional assessment of HBOT effects, integrating patient-reported outcomes 551 

with physician assessed functional tests and neuroimaging. This comprehensive approach allowed evaluation of both 552 

subjective improvements and objective physiological changes. In particular, the functional brain analyses revealed 553 

baseline thalamic hyperconnectivity in ME/CFS patients, which normalized following HBOT and was most pronounced 554 

in clinical responders, providing mechanistic plausibility and a potential biomarker of treatment response. The consistent 555 

improvements across multiple symptom domains, together with high adherence to the demanding treatment protocol 556 

and favorable tolerability, further support the feasibility and clinical relevance of HBOT in this patient population. 557 

5. Conclusion 558 
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In conclusion, this observational study provides encouraging evidence that HBOT may lead to significant improvements 559 

in physical functioning, enhance exercise capacity and muscle strength, improve information processing speed and 560 

reduce fatigue and pain in ME/CFS patients. These findings are consistent with results reported in post-COVID patients, 561 

despite some variations in treatment protocols. Furthermore, resting�state fMRI revealed a post-treatment 562 

normalization of thalamocortical hyperconnectivity with sensorimotor and visuo�occipital networks, with greater 563 

reductions associated with more pronounced physical improvement. These results suggest that functional brain 564 

network dysregulation, rather than macrostructural abnormalities, may contribute to core ME/CFS symptoms and that 565 

such dysregulation may be modulated by HBOT. Given its favorable safety profile, promising clinical outcomes, and 566 

high patient adherence, HBOT may represent a potentially valuable therapeutic option for ME/CFS. Larger, 567 

randomized controlled trials are needed to confirm its efficacy and to further explore its mechanisms of action. 568 
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