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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Long COVID is a common occurrence after an infection with 

COVID-19. Most 
frequent symptoms are fatigue, shortness of breath, and 

cognitive dysfunction. Options for treatment are limited, mainly 
symptomatic. There is a solid theoretical background for the 
successful treatment with Hyperbaric Oxygen Therapy (HBOT) 
of the pathophysiological changes caused by the COVID-19 
infection and their reversal.

Case presentation: The data presented was collected from the 
test results of total of 63 male and female patients, treated from 
15th January 2021 to 19th April 2022, aged 22 to 74 years old, all 
of them presenting with symptoms of Long COVID. A standard 
2.4 ATA HBOT treatment table for approved elective HBOT 
indications was used for the treatment of Long COVID patients, 
with a course duration of 10 or 15 sessions. The key concept 
is that HBOT works on a cellular level, specifically affecting 
the oxidative phosphorylation and energy metabolism in the 
mitochondria.

Results: Hyperbaric Oxygen Therapy delivered positive results 
in all observed Long COVID related symptoms, particularly 
those associated with the nervous system, cognitive function, 
psychological well-being, and physical fatigue. Approximately 
90% of all patients improved compared to their initial state, 
in most cases significantly. No adverse effects were reported. 
Feedback received three months after treatment demonstrated 
that the benefits were persistent.

Key words. Long COVID, HBOT, HBO2, Post COVID 
Fatigue, cognitive dysfunction, hyperbaric oxygen therapy.
Introduction.

Severe acute respiratory syndrome corona virus two (SARS-
CoV-2) is a virus member of the Coronavirus family. It is 
known to be responsible for the development of a variety of 
symptoms, ranging from mild respiratory disease to pneumonia, 
respiratory failure, and death. Some of the damage persists for 
a prolonged period - weeks and months after testing positive 
for COVID-19. This is described as Long COVID [1-16]. The 
long-term effects can be present in all body systems, with the 
cardiovascular, respiratory, and neurological systems affected 
the most. There are prominent psychological effects as well [8].

The World Health Organisation defines Long COVID as the 
continuation or development of new symptoms 3 months after 
the initial SARS-CoV-2 infection, with these symptoms lasting 
for at least 2 months with no other explanation. While common 
symptoms of Long COVID can include fatigue, shortness of 
breath, and cognitive dysfunction, over 200 different symptoms 
have been reported that have an impact on everyday functioning 
[16]. These symptoms may be with a new onset, following 
initial recovery from an acute COVID-19 episode, or they can 

persist since the beginning of the initial infection. They may 
also fluctuate or relapse with time.

Long COVID has a tremendous impact on the life of the patients 
who suffer from it. There are no officially approved effective 
treatments for this condition at present. Most treatments are 
at best only symptomatic. There has been significant interest 
in using HBOT for the treatment of Long Covid and several 
randomised clinical trials have taken place. HBOT has gained 
popularity, and it has been successfully used in Europe and 
across the world as an alternative treatment for Long COVID.
What is Hyperbaric Oxygen Therapy?

Hyperbaric Oxygen Therapy (HBOT) is defined as an 
intervention in which an 

individual breathes medical grade oxygen (>99% purity) 
intermittently, while inside a hard sided hyperbaric chamber 
that is pressurised. The pressure used must be not less than 2.0 
ATA for the treatment to be considered Hyperbaric Oxygen 
Therapy. This treatment can be administered in either mono or 
multi-place chambers. The mono chamber can accommodate 
usually only a single patient. The whole chamber is filled 
with 100% Oxygen, which the patient breathes directly from 
the surrounding atmosphere. Depending on its size, the multi-
place chamber can accommodate more 3 than one patient and a 
supervisor. 100% medical grade oxygen is administered either 
via a mask or a hood, typically for a duration of 90-120 min 
[14].

HBOT is approved for treatment of fourteen indications for 
both elective (e.g., soft tissue radiation injury complications, 
non-healing wounds) and emergency indications (e.g., 
decompression illness, arterial gas embolism, carbon 
monoxide poisoning). There are other conditions that are under 
investigation as well. HBOT is considered extremely safe, 
with minimal potential side effects, most of them mild and 
transitional, commonly involving ear equalisation (i.e., middle 
ear barotrauma), reversible myopia, claustrophobia, and self-
limiting oxygen toxicity (<1:10.000). HBOT is inexpensive, 
non-invasive, low risk for the patient, and provides excellent 
results.
Case presentation and treatment.

A total of 63 male and female patients, aged 22 to 74 years 
old, presenting with various symptoms of Long COVID were 
offered a HBOT treatment with the aim of reversing the damage 
caused by the COVID-19 infection.

The treatment was provided in a multi-place (10-seater) 
hyperbaric chamber. The usual number of patients for each 
compression was eight or less. The whole process of screening, 
control, and treatment was overseen by a hyperbaric physician. 
Inside the chamber, patients were accompanied and monitored 
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by a trained hyperbaric supervisor. All Long COVID patients 
were treated with a standard 2·4 ATA Hyperbaric Oxygen 
Therapy (HBOT) treatment protocol, normally used for 
treatment of elective patients with one of the approved HBO2 
therapy indications. (Figure 1: HBOT Treatment table for Long 
COVID).

Figure 1. HBOT Treatment table for Long COVID.

The treatment was administered in a short, ten and fifteen 
sessions course. 21 patients received 10 HBOT sessions and 
42 patients received 15 HBOT sessions. The sessions were 
administered daily, five times a week, Monday to Friday, over 
a two or three-week period. The number of sessions was chosen 
with an obvious correlation with the severity and duration of 
Long COVID symptoms, presence of co-morbidities, etc. In each 
session patients were breathing 100% medical grade oxygen, 
administered via masks for 90 minutes with two 5 minutes air 
breaks. The treatment progress was monitored with standardised 
tests, aiming to cover a vast array of symptoms, from the purely 
physical to the psychological. Below are presented the results 
from "NeuroTrax", a computerised cognitive test, "Chalder 
Fatigue scale", measuring physical and psychological fatigue, 
and RAND SF-36, measuring quality of life, both based on self-
rating assessment.
Assessment method and Results.

NeuroTrax-Computerised cognitive test:
The test assesses brain wellness across an array of cognitive 

domains, including memory, executive function, visual spatial 
perception, verbal function, attention, information processing 
speed, and motor skills [3].

This test is particularly useful when it comes down to 
measuring cognitive dysfunction in Long COVID, where 
attention, information processing speed, memory and executive 
function seem to be the parameters affected the most.

The test is user friendly and requires little orientation and 
computer proficiency. 

Patients perform different tasks. The test takes 45 to 60 minutes 
to complete, depending on the patient’s age and cognitive 
ability. A battery of tests maps out patient’s capabilities across 
seven categories – Memory, Executive Function, Attention, 
Information Processing Speed, Visual Spatial, Verbal Function, 
and Motor Skills5. The test is performed at the beginning and 

at the end of treatment course. The number of patients whose 
results indicate improvement after HBOT is 86% in the 10 
sessions group and even higher, 95% in the 15 sessions group.

Figure 2 gives a further look into the results of those whose 
treatment was successful. The dotted line represents the score 
in the initial (pre-treatment) assessment, and the solid line - the 
scores from the final assessment. The score range is min 70 to 
max 130 points. Increasing score indicates improvement. The 
results demonstrate improvement across all categories. (Figure 2: 
NeuroTrax test average scores – First and last day of treatment).

Figure 2. NeuroTrax test average scores - first and last day of treatment.

The Chalder Fatigue Scale questionnaire.
This test, as suggested by its name, assesses fatigue, a 

prominent problem in Long COVID patients. Chalder Fatigue 
Scale (CFQ) is widely used and trusted method of assessing 
fatigue, both physical and psychological.

The test comprises of eleven questions with an overall score 
ranging from 0 to 33 points, when using "Likert" style. The 
higher the number, the worse the health status of the individual. 
Decreasing scores indicate improvement. A difference of less 
than four points, while using "Likert" style scoring, is not 
considered important, and only patients who scored greater than 
that are considered to have achieved improvement. 

The percentage of patients who have felt benefit from the 
treatment ("the success rate") is significant: 95% for the ten 
sessions group, and 78% for the fifteen sessions group. There is 
also a well pronounced difference between the first and last day 
of treatment, with an average score of 26 - 27 on the first day, 
decreasing to 7 to 10 points on the last day. As a comparison, in a 
study involving 361 Fatigue sufferers and 1615 individuals from 
the community, the mean Likert score among Fatigue sufferers 
was 24.4; for the community sample, the score was 14.2 [1]. 
The two Long Covid patients’ groups results indicate significant 
improvement. (Figure 3: Chalder Fatigue Scale. Results).
RAND SF-36 questionnaire.

This questionnaire is a self-reported assessment of health, 
often used to measure a 

person’s Quality of Life (QOL). It comprises of 36 questions 
that cover eight health domains:

1) Physical functioning
2) Limitations in physical activities because of health problems
3) Limitations in usual role activities because of physical 

health problems
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oxidative phosphorylation and energy metabolism in the 
mitochondria. A strong supporting point for this is that there 
has been no success in identifying abnormal laboratory test 
results or a particular body structure that can be responsible for 
the symptoms of Long COVID. Generally, most investigations, 
blood work, and various imaging modalities come back within 
the range of normal, which is in stark contrast with the severe 
and obvious impairment that these patients report.

The potential mechanisms by which HBOT works for Long 
COVID patients are discussed below.

Restoration of adequate blood and tissue oxygen levels and 
reversal of hypoxemia and tissue hypoxia.

One of the most important signs of a very serious and life-
threatening COVID infection is hypoxemia, followed by 
secondary tissue hypoxia.

We now know that Corona virus gains access to body cells via 
the ACE receptors. Through transcription and translation, the 
host cells are modified to produce structural and non-structural 
proteins, ORF3 and ORF10. These secreted viral non-structural 
proteins attack the beta chain of haemoglobin and release 
the porphyrin molecule. This makes haemoglobin inefficient 
in oxygen binding, thereby reducing its oxygen carrying 
capacity, leading to hypoxemia and subsequently to tissue 
hypoxia [10]. Some patients struggle to get adequate levels 
of oxygen saturation in their blood, despite the administration 
of additional oxygen. It is believed that due to vasodilation of 
the pulmonary vasculature, blood is shunted away from the 
pulmonary circulation and as a result, a ventilation perfusion 
(V/Q) mismatch is created. The result is severe hypoxia that 
does not respond to oxygen administration [4]. From an energy 
generating perspective, hypoxia can be described as a state in 
which aerobic metabolism is reduced by a fall in PO₂ (oxygen 
pressure) within the mitochondria. This interferes with the 
process of oxidative phosphorylation and the synthesis of ATP. 
Hypoxia results in a complete stop of oxidative phosphorylation 
and the energy generation and synthesis of ATP. Of particular 
interest is Complex IV (Cytochrome Oxidase), which has O₂ 
as an electron acceptor. This Complex IV is the same target for 
carbon monoxide (CO) and cyanide (CN⁻), which also results 
in complete block of electron transport and energy generation. 
(Figure 7: Oxidative Phosphorylation Electron transport).

HBOT is a known treatment modality that is used successfully 
in carbon monoxide (CO) and cyanide (CN⁻) poisoning [6]. 
Cellular hypoxia may develop multiple organ failure because of 
the increased oxygen demand at tissue level. HBOT allows the 
delivery of oxygen at a high partial pressure, reaching tissues 
rapidly at elevated concentrations, which could reverse the 
hypoxic condition and preserve cellular metabolism [2]. HBOT 
has been shown to preserve mitochondrial activity [12].
Effects of Hypoxia on the Central Nervous System (CNS). 

A leading symptom in Long COVID is cognitive dysfunction, 
otherwise known as “brain fog”. The effect of hypoxia on the 
CNS therefore is of particular significance. Cerebral metabolism 
also changes during hypoxia. The following changes in 
neurotransmitter metabolism are particularly significant:

– Hypoxia impairs the synthesis of acetylcholine. Decrease 
of acetylcholine following cerebral hypoxia correlates with 

4) Vitality (energy and fatigue)
5) General mental health (psychological distress and well-

being)
6) Limitations in social activities because of physical or 

emotional problems 
7) Bodily pain
8) General health perceptions
All questions are evaluated on a scale from 0 to 100, with 100 

representing the highest level of functioning possible. Aggregate 
scores are compiled as a percentage of the total points. The 
scores from those questions that address each specific area of 
functional health status are then averaged together, for a final 
score within each of the eight measured parameters [7].

The average scores presented on Figure 4 and Figure 5 below, 
first day against the last day of treatment, show significant 
improvement (across all categories for both groups. The 
percentage of patients who demonstrated improvement across 
all categories was 96% for the 10 procedures group and 90% for 
the 15 procedures group.
Patient’s feedback

We have sent feedback form - EQ-5D-3L to all treated patients. 
They have been asked to provide feedback using a numerical 
scale (1 to 100) at three points in time: before the treatment, at 
the end of treatment, and at present time (three months and more 
after completion of treatment). To help people report the state of 
their health, a scale (rather like a thermometer) has been drawn, 
on which the best state of health was marked with 100 and the 
worst state of health was marked with 0. Patients were asked to 
indicate on the scale how good or bad their health was before 
the treatment began (Pre), when they finished treatment (Post), 
and right now (Now). We have received correctly completed 
feedback forms from 20 patients. The general trend shows 
retaining higher scores months after they have completed the 
treatment, compared to their pre-treatment score.

Out of these 20, 18 have reported that they are experiencing 
positive results from the treatment. Only one did not see 
any benefit from the treatment; one had seen good results 
immediately after HBOT, but months later relapsed to their 
initial state. From the 18 patients who had improved, 13 
experienced slight regression three months after HBOT therapy, 
but reported that they still feel significantly better compared 
to their pre-treatment state. Two reported that they have kept 
the same high level of wellness, achieved after the treatment; 
another three reported that they have continued to improve 
even after the treatment course was completed. In most cases, 
the improvement was significant. (Figure 6: Patient feedback. 
Average score of all feedback received).
Discussion.

Why HBOT works for Long COVID. Pathophysiology of 
Long COVID and the place of the Hyperbaric Oxygen Therapy.

The pathophysiology of Long COVID is likely multifactorial 
but there are several potential mechanisms through which 
HBOT works in these patients. The primary one is reduction 
of hypoxemia, subsequent tissue hypoxia, and resulting 
inflammation and neuro inflammation. The argument is that 
HBOT works on a cellular level, specifically affecting the 
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Figure 3. Chalder Fatigue Scale results.

Figure 5. RAND SF-36 Test results on 1st, 5th, 10th, and 15th day of treatment, 15 procedures group.

Figure 4. RAND SF-36 Test results on 1st, 5th, and 10th day of treatment, 10 procedures group.
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Figure 6. Patient feedback (N=20). Average score of all feedback received.

Figure 7. Oxidative Phosphorylation Electron transport.
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impairment of memory and learning. – Reduction of brain 
catecholamines. Norepinephrine, epinephrine, and dopamine are 
synthesized by a combination of tyrosine and oxygen. Hypoxia 
limits this biosynthesis. Similar reduction has been observed in 
the synthesis of glucose-derived amino acids as well [6]. 

– The electrical activity of the neurons in the brain is also 
remarkably sensitive to hypoxia. Disappearance of EEG 
activity with hypoxia and reappearance with oxygenation is 
related to the creatine phosphate/creatine quotient, pointing to 
a close relationship between brain energy potentials and EEG 
activity. Hypoxia is considered a causal factor in the decline 
in intellectual function in the elderly [6]. HBOT has a major 
role in the treatment of hypoxic states. HBO2 can facilitate 
the recovery process of neurons to synthesize protein, produce 
ATP, and generate action potentials.
Oxygen Debt. 

Oxygen debt can be described as the minimum requirement of 
oxygen necessary for the tissues to maintain aerobic metabolism, 
minus the oxygen supply available. When there is not enough 
supply of oxygen, progressive oxygen debt develops leading to 
hypoxemia.

A characteristic feature of an infection with COVID-19 
is severe arterial hypoxemia with no signs or symptoms of 
respiratory distress or dyspnoea. There is a discrepancy between 
the objective abnormal CT imaging findings and the clinical 
signs of dyspnoea. Guan has reported dyspnoea in only 18·7% 
of 1099 hospitalized COVID-19 patients despite low PaO2/
FiO2. Eighty six percent of these patients had abnormal CT 
scans and 41% of these patients required supplemental oxygen 
[5]. This phenomenon has been termed silent hypoxia. The 
understanding of the physiology of silent hypoxia gives us a clue 
of how oxygen debt can be created due to prolonged periods of 
hypoxemia. The ability of HBOT to reverse oxygen debt is an 
important effect that has a prominent place in the treatment of 
Long COVID.

Reduction of the inflammation induced by the exaggerated 
immune response to COVID.

HBO2 is likely to attenuate production of pro inflammatory and 
inflammatory cytokines and chemokines, which are generated 
in response to the COVID infection [4]. There is existing 
evidence that HBOT can significantly reduce the generation of 
inflammatory stimuli of different kinds, and it has been clearly 
demonstrated after exercise, radiation, and surgery [15].

Reduction of inflammation via mobilisation of hematopoietic 
and mesenchymal stem cells. 

This is another important mechanism by which HBOT has a 
potential long-term effect in Long COVID patients, weeks, and 
months after the treatment with HBOT is completed. 

HBOT is known to increase the mobilisation of haematopoietic 
stem cells and there is existing data that they can reduce 
inflammation [13]. The mesenchymal stem cells have strong 
anti-inflammatory and immune regulatory functions [11].
Conclusion.

The rationale for treatment of Long COVID with Hyperbaric 
Oxygen Therapy is based on the premises that the problems of 

Long COVID develop on a cellular level, specifically affecting 
the oxidative phosphorylation in the mitochondria. The treatment 
with HBOT shows very encouraging results, in both the short 
and long term. The results presented here are observational, 
which does not diminish their importance. This justifies further 
investigation with a properly designed, randomised, double-
blind, placebo controlled clinical trial, which will give more 
credibility to this promising treatment.
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