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ABSTRACT

Introduction: The study analyzed the case of a 36-year-old
female patient with a congenital heart defect (patent foramen
ovale - PFO; trace left-to-right shunt) who was infected by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
and subjected to hyperbaric oxygen therapy (HBOT). Her post-
-coronavirus disease (post-COVID) symptoms included dyspnoea,
deteriorated exertional tolerance, and cognitive dysfunctions.
The study aimed to evaluate the efficiency and safety of HBOT
in this medical case.

Materials and methods: The patient underwent the therapy
according to the following schedule: 4 days of sessions, 2 days
off, 3 days of sessions, 5 days off, and 5 days of sessions. The
chamber pressure was 2.5 ATA and, due to the heart defect,
the first 3 sessions were shortened to 45 min with a prolonged
compression phase of 12 min.

INTRODUCTION

Over 2 million people were infected with the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) in the
first phase of the coronavirus disease 2019 (COVID-19) pan-
demic [1]. The virus belongs to the Coronaviridae family, which
is mainly characterized by high infectivity, with aerogenic and
airborne transmission dominance [2]. This feature made the
virus responsible for 306 million infections worldwide [3] at
the beginning of 2022, including 4 million in Poland [4]. Accord-
ing to the initial data from China, up to 26% of those infected
needed intensive therapy, and the mortality rate was 4.3% [1].
By early 2022, reports confirmed 5.5 million deaths world-
wide [5].

The SARS-CoV-2 is so infectious that, despite worldwide
restrictions, lockdowns, and vaccinations, it remains present
in all countries. Most patients experience the infection with
mild or moderately intense symptoms, primarily affecting the
respiratory system. According to the World Health Organiza-
tion (WHO), the major symptoms of COVID-19 include fever,
cough, and loss of smell and/or taste. Sore throat, muscle pain,
rash, and reddened, burning eyes are much less frequent.
A fraction of the population, however, experiences a severe
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Results: Right after the first session, the patient was able to walk
up the stairs to her 5th-floor apartment, pausing twice without
any exertional dyspnoea. After the second session, she reported
significantly fewer breathing issues while walking or talking.
When the HBOT was completed, her electrocardiogram (ECG)
displayed steady sinus rhythm, and she had heart rate (HR) 78
beats/min, symmetrical vesicular sound, respiratory rate (RR)
105/60, Sp02 97%), and lab test results within normal limits.
Conclusions: [t may be concluded that HBOT improved the clini-
cal condition of the patient and reduced the intensity of prior
symptoms, with no side effects of the therapy in the COVID-19
patient with a congenital heart defect - PFO.

Keywords: hyperbaric oxygen; therapy; safety; COVID-19 dis-
ease; congenital heart defect; patent foramen ovale.

course of the disease with breathing difficulties that can lead
to respiratory failure [6]. Research thus far has noted the
occurrence of fever (82%), cough (61%), muscle pain (36%),
breathing difficulties (26%), headache (12%), sore throat (10%),
and digestive system symptoms (9%). The extension of the
disease in the respiratory tract, observed in pulmonary tis-
sue imaging, is reflected as ground glass opacities [7].

Depending on a patient’s clinical condition, COVID-19 treat-
ment involves symptomatic, antiviral, antibacterial, steroid,
or antithrombotic medications. As a result of hypoxia and the
progression of the disease, which causes difficulties in tissue
oxygen diffusion, passive oxygen therapy and, in acute res-
piratory distress (ARDS), mechanical ventilation or extracor-
poreal membrane oxygenation (ECMO) are applied [8, 9, 10].
These methods allow only partial tissue oxygenation, due to the
hypoxia mechanism - a disturbed normobaric oxygen diffu-
sion from pulmonary alveoli to the capillary vessels caused
by inflammation, impaired capillary perfusion, and the for-
mation of microclots [9].

An increasing number of studies point to the beneficial
effect of hyperbaric oxygen in COVID-19 treatment, as it pen-
etrates tissues faster and more effectively, with its content
in the blood being 5-10 times higher than that of normobaric
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oxygen [10]. Hyperbaric therapy is based on delivering 100%
oxygen at pressures higher than atmospheric pressure (over
1.4 ATA) [11], typically ranging 1.5-3.0 ATA (1 ATA = 101.3 kPa).
Under normal oxygen pressure and 100% concentration, 3 mL
of the gas dissolves in 1 L of plasma. At a pressure of 2.5 ATA,
this amount increases to 20 mL/L as the volume of oxygen
bubbles decreases [12, 13].

Research and discussions on the advisability and safety
of hyperbaric therapy are ongoing in many countries [14, 15].
Opinions on the effectiveness and safety of hyperbaric oxygen
therapy (HBOT) vary. Harch highlights the risks of oxygen
toxicity and the danger of barotrauma or pneumothorax. He
also mentions the lack of data on the duration of the therapeu-
tic effects after treatment is discontinued [16]. Fracica et al.
also report the risk of lung damage following the application
of large doses of oxygen [17]. The Japanese Hyperbaric and
Underwater Medicine Association is cautious, stating that
HBOT is not recommended for SARS-CoV-2 patients, preferring
mechanical ventilation or ECMO [18]. The European Hyper-
baric Medicine Association also notes very limited case study
reporting but acknowledges the possibility of reducing oxygen
debt caused by ventilation/perfusion mismatch [19]. However,
Petrikov et al. report that HBOT does not induce oxidative
stress within therapeutic pressure levels (<2 ATA) and that
hyperbaric oxygen reduces cytokine levels, which is particu-
larly crucial during the course of the disease [9]. Other research
supports the anti-inflammatory properties of HBOT, demon-
strating that it inhibits inflammation by releasing cytokines
and chemokines [20, 21, 22]. This effect can be observed at
a pressure level of 2.4-2.5 ATA, as confirmed by studies from
Bosco et al. [23] and Dulai et al. [24]. Moreover, the risk of
patient intubation or mechanical ventilation decreases [25].
Researchers are also interested in the treatment of prolonged
COVID-19 complications, such as fatigue, malaise [26], and
cognitive disturbances (also known as “brain fog”), as oxygen
positively affects brain metabolism [27]. Researchers suggest
applying HBOT in COVID-19 therapy at an early stage of the
disease when symptoms are mild and the cytokine storm has
not yet developed [15].

As a conclusion to the above, it was decided to examine the
effectiveness of HBOT in treating post-COVID symptoms such
as dyspnoea, deteriorated exertional tolerance, and cognitive
dysfunctions as an innovative method of COVID-19 therapy in
a female patient with a congenital heart defect (patent fora-
men ovale - PFO) in an outpatient setting. Considering cur-
rent knowledge on COVID-19 and case studies of HBOT applied
exclusively to patients during the active course of the disease,
during hospitalization, and without PFO, there is no clear data
on the effectiveness and safety of this form of therapy.

The aim of the study was to examine the impact of outpatient
HBOT on the intensity of post-COVID symptoms. The follow-
ing research questions were formulated: “How did the applied
protocol influence the functional status of the patient treated
after SARS-CoV-2 infection?”, “Is the immediate application of
the proposed therapy indicated as a treatment for COVID-19
in patients with a trace left-to-right shunt (PF0)?”
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MATERIALS AND METHODS

Study design

The study was carried out from May 2022 to June 2022 according to the
regulations of the Declaration of Helsinki. The research was approved
by the Ethics Committee of the Opole University (No. 21/2022).

Patient

The patient is a 36-year-old Caucasian female with a history of
penicillin allergy. She has a chronic condition of PFO with a trace
left-to-right shunt (ICD 10-Q.21.1), monitored by a cardiology clinic,
without any need for pharmacological or interventional treatment.
The most recent echocardiogram (6 months prior to COVID-19
infection) revealed an atrial septal aneurysm with a trace left-to-
-right shunt, a left ventricle without local contractility disturbances
and with proper ejection fraction, a right ventricle of normal size
with proper contractile function, and mild mitral valve regurgita-
tion, tricuspid annular plane systolic excursion (TAPSE) - 2.1 cm.
The patient reported no other co-existing conditions, did
not smoke (quit 1 week before the infection, previously smoked
2 packs per week for 18 years), and had a family history of
breast cancer. The patient’s height is 176 cm, and her weight
before the infection was 59 kg.

Interventions

The hyperbaric therapy was based on delivering 100% oxygen
at pressures higher than atmospheric pressure (over 1.4 ATA).

Outcome measures

The patient’s medical records, including laboratory test results,
cardiology clinic records, and the patient’s history from the
Hospital Emergency Unit, were thoroughly examined.

The study was conducted using the hyperbaric chamber
02MON23, produced by Szutest Uygunluk Degerlendirme A.S,,
which complies with medical requirements and the following
standards: EN 14931, EN 60601-1, and EN 60601-1-2. The pres-
sure applied was 2.5 ATA. The SARS-CoV-2 test was performed
using the BD Max apparatus produced by Becton Dickinson.

To assess the level of pain, an 11-point numerical scale was
applied (0-10), where o refers to no pain and 10 to unbear-
able pain [28]. The dyspnoea intensity scale modified Medi-
cal Research Council (mMRC) was used to assess the level of
dyspnoea. This scale is useful in characterizing baseline dysp-
noea in patients with respiratory disease. The MRC dyspnoea
scale consists of 5 statements about perceived breathlessness:

— grade 1: “ only get breathless with strenuous exercise”,

— grade 2: “I get short of breath when hurrying on the level
or up a slight hill”,

— grade 3: “I walk slower than people of the same age on the
level because of breathlessness or have to stop for breath
when walking at my own pace on the level”,

— grade 4: “I stop for breath after walking 100 yards or
after a few minutes on the level”,

— grade5: “I am too breathless to leave the house”.

The patient selected the grade that applied to her [29].

ojs.pum.edu.pl/pomijlifesci
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Methods of analysis

The study was conducted using the case report method and
included an interview technique.

CASE REPORT

Timeline

The first symptoms of SARS-CoV-2 infection appeared sud-
denly in the evening and included watery rhinitis and a typical
scratchy feeling in the throat. At night, additional symptoms
occurred such as earache, headache, severe sore throat impair-
ing swallowing, fever of 38.5°C, muscle pain, and shivering. The
patient was unable to go to work the following day. The symp-
toms worsened, and after 2 days, a SARS-CoV-2 RNA test was
performed, yielding a positive result. The CT indicator was 17.5.
The patient underwent a 10-day isolation period at home. Ini-
tially, she received symptomatic treatment with over-the-counter
medications (mainly painkillers and antipyretics such as ace-
tylsalicylic acid - ASA, ibuprofen, and paracetamol). Despite the
medications, her body temperature rose to 39°C. The antipyretic
effect was only achieved after the administration of paracetamol.
The patient reported a lack of appetite and a loss of smell
and taste starting on the second day of infection. She experi-
enced sleep disturbances due to widespread body pain, which
she described as unbearable (10 points on the visual analogue
scale - VAS). She was only able to sleep for 6 h a day, waking up
frequently. This situation significantly deteriorated her mood.
On the second day, she began experiencing dyspnoea, which
made eating and talking much more difficult, if not impossible.
As the patient did not have a pulse oximeter at home, the satu-
ration values from this period of treatment are unavailable.
On the fifth day, she developed a wet cough and yellow nasal
secretion, and after a teleconsultation, she was prescribed
erythromycin 500 mg for 5 days. Additionally, she was advised
to take vitamin D3 (2000 IU) and vitamin C (1000 mg) daily. That
day, the patient reported that the body pain had lessened and
the fever no longer exceeded 38°C, though sleep issues persisted.
The patient had difficulty performing daily routine activi-
ties, as she was weak and tired quickly. For example, after
taking a shower, she needed to rest for 2 h, and while eating,
she had to pause several times due to breathing difficulties.
After the infection, her body weight dropped to 56 kg, as meas-
ured on the 12th day from the onset of the illness. Around
the eighth day of isolation, she partially regained her sense
of taste - most meals tasted sweet, and she reported a sweet
taste in her mouth even between meals.

Diagnostic assessment

After the isolation period ended, the patient went to the hos-
pital emergency room (ER), where lab tests and diagnostic
imaging were performed. On auscultation, decreased breath
sounds on the right side of the lungs and crackling at the base
of both lungs were found. The other examinations revealed:
respiratory rate (RR) -110/70, SpO2 - 91%, and heart rate (HR) -
120 beats/min. The chest radiogram description included the
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following data: pulmonary areas without lung consolidations,
mediastinal structures within normal limits, normal heart sil-
houette, no sign of pulmonary congestion, and costophrenic
angles with no pleural effusions. The chest CT was not performed.

The patient experienced walking difficulties similar to para-
paresis, which she described as the feeling as if the legs were
not hers, as if they were flaccid and made of wadding. This
situation limited her daily functioning and efficient movement,
lasting for about 4 weeks. Weakening of upper extremities
occurred less frequently, but was manifested by occasional
dropping of objects held in hands.

The patient also complained of cognitive impairment. She
suffered from nominal aphasia for the first 3 weeks after the
infection. Even after this subsided, she still experienced some
verbalization and disorientation issues, especially while shop-
ping, paying by card, or driving a car. She reported lack of
ability to divide her attention, as well as problems with con-
centration and focus. Chronic fatigue was still present and it
inhibited normal functioning.

On the second day after the isolation period ended, the patient
left home. After walking 500 m she fainted, appeared pale, felt
exertional dyspnoea, and was unable to continue walking, need-
ing to sit down. She needed assistance to come back home. She
was unable to climb the stairs up to her apartment located on the
fifth floor. She had to pause 3 times. On the 13th day after the iso-
lation ended, which was the 11th day since the HBOT started, she
was able to walk 1 km pausing several times on the way.

RESULTS

The patient was qualified for HBOT on the third day after
the isolation ended, which was the 15th day since the first
symptoms appeared. Before the first session, her vital signs
were near normal limits: RR - 105/69, HR - 100 beats/min,
Sp02 - 93%. The mMRC scale was used to assess the level of
dyspnoea. Before the therapy, the patient scored 2 at rest (due
to dyspnoea, the patient walked more slowly than their peers
or needed to rest to catch their breath while walking on flat
ground at their own pace). After the therapy, she scored o
(dyspnoea occurred only during strenuous physical activity).
In a 6-minute walk test (6MWT), the patient was able to walk
45 m before the therapy, and after the therapy, the distance
increased to 475 m. The spirometry test was also performed,
and the results are presented in Table 1.

Due to the heart defect (PFO), the first 3 sessions in the
hyperbaric chamber were shortened to 45 min, with the com-
pression and decompression phases prolonged to 12 min. Ini-
tially, the dyspnoea was so severe that the patient experienced
breathing difficulties while wearing an oxygen mask inside the
chamber. As her tolerance improved, the therapy was extended
to 60-minute sessions, with compression and decompression
times of 8 min. The pressure of 2.5 ATA was applied in all ses-
sions. Due to limited access to the HBOT facility, the patient
followed this treatment schedule: 4 days of sessions, 2 days
off, 3 days of sessions, 5 days off, followed by 5 days of sessions.
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TABLE 1. The spirometry results

Parameter Before HBOT After 5 sessions of HBOT After 10 sessions of HBOT
FVC 3.12/4.35/4.13 3.82/4.01/4.13 4.21/4.31/4.40
FEV1 2.87/2.99/2.86 2.72/3.18/3.36 2.45/3.77/3.38
PEF 2.09/3.68/3.65 2.17/3.75/3.82 2.68/6.58/6.84
FEF 25/75 1.46/2.44/2.31 1.62/2.38/2.42 1.80/3.72/3.69
FEF 25 1.64/3.11/3.23 2.08/3.27/3.82 2.97/6.11/6.18
FEF 75 0.83/1.81/1.58 1.02/1.88/1.62 1.08/1.96/1.91

HBOT - hyperbaric oxygen therapy; FVC - forced vital capacity; FEV1 - forced expiratory volume in 1 sec; PEF — peak expiratory flow; FEF - forced expiratory flow

Immediately after the first session, the patient was able
to walk up the stairs to the fifth floor, pausing twice but with-
out experiencing exertional dyspnoea. After the second ses-
sion, she reported fewer difficulties with eating or talking, and
after the third session, she felt significant improvements - she
could eat and talk without any breathing difficulties or the
need to pause. Her mood also improved.

The patient remained on sick leave until the HBOT was com-
pleted, after which she returned to work. However, 2 weeks
later, due to weakness, deteriorated exertional tolerance, and
dyspnoea, she visited her doctor and was given another sick
leave. Her electrocardiogram (ECG) showed a steady sinus
rhythm, HR - 78 beats/min, RR - 105/60, Sp02 - 97%, and
she had symmetrical vesicular breath sounds. The blood test
results are presented in Table 2. The doctor recommended
post-COVID rehabilitation.

DISCUSSION

Scientific references contain numerous studies confirming
the positive effects of HBOT on the condition of COVID-19
patients. The therapy not only improves blood oxygen satura-
tion, boosts the amount of oxygen in less-oxygenated lung areas,
and reverses tissue hypoxia, but also decreases the necessity
for mechanical ventilation [25, 30, 31]. Previous reports con-
tribute to the growing interest in confirming the therapy’s
safety and efficacy among patients with active SARS-CoV-2
infection. This interest has been present since the beginning
of the pandemic. The first attempts to apply HBOT to COVID-19
patients were conducted in Wuhan in 2020 [32]. The therapy
was applied in a hospital setting to 5 patients (4 males and
1 female) aged 24-69, with a history of coronary artery dis-
ease, hypertension, post-myocardial infarction, and diabetes.
Before therapy, all patients were diagnosed with developing
hypoxia (PaOz - 61.60 mmHg, Sp0O2 - 73.20%) while breathing
atmospheric air, along with fever. Some reported sore throat
and chest pain. Pharmacological treatment included steroids,
antiviral medications, and antibiotics, as well as passive oxy-
gen therapy and non-invasive mechanical ventilation. During
HBOT, the pressure ranged 1.6-2.0 ATA. The first session lasted
90 min, but subsequent sessions were shortened to 60 min.
Therapy continued until 2 days after SpO2 increased above 95%.
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Improvement in patients’ conditions was observed after the
first session and was confirmed by increased blood oxygen sat-
uration and a decrease in breathing rate from 27 to 20 breaths
per minute. After 3 sessions, the oxygen debt was resolved.
The authors also noted significant changes in lab blood tests
before and after HBOT, particularly in lymphocytes - LYM%
(9.46% vs. 20.78% on average), neutrophils - Neu% (83.62%
vs. 67.98% on average), C-reactive protein - CRP (30.56 mg/L
vs. 3.98 mg/L on average), D-dimer (1.84 pg/L vs. 0.42 pg/L
on average), partial thromboplastin time - APTT (23.25 s vs.
26.70 s on average), and fibrinogen - FIB (4.45 g/L vs.2.97 g/L
on average). These results suggest that HBOT improves distal
gas exchange, reduces clotting disorders, and prevents inflam-
mation or cytokine storm [33].

The case examined in this study did not show elevated values
for white blood cell (WBC) or CRP, but a decrease in D-dimer was
observed, from 258 before HBOT to 143 after therapy completion.

Research by Liang et al. conducted in a hospitalized SARS-

-CoV-2 female patient also confirms HBOT effectiveness. The
analysis involved a 69-year-old patient who had experienced
myocardial infarction and stent implantation, suffering from
a 38°C fever, chills, desaturation to 66%, and lung X-ray findings
described as ‘ground glass’. She underwent 7 95-minute ses-
sions over 7 consecutive days. Her blood oxygenation increased
to 99%, and the lung lesions disappeared [34].

Improvement in respiratory parameters was also confirmed
by a study that examined 25 hospitalized COVID-19 patients
whose infection was confirmed by polymerase chain reac-
tion (PCR) tests. All patients had respiratory insufficiency,
reduced saturation, and at least 1 risk factor (hypertension,
asthma, diabetes, heart disease, obesity with body mass index -
BMI >40, age >65, or chronic liver disease) [35]. The subjects
received HBOT for 4 days, with 2 60-minute sessions per day
at 2.2 ATA, with compression and decompression at a rate of
1m/min. The average age of the patients was 65.44, and 60%
were male. After the final session, breathing room air, a sig-
nificant increase in saturation (from 89% to 93%), a decrease
in the breathing rate (from 28 to 20 breaths per minute), and
areduction in CRP compared to pre-therapy levels were noted.
The safety of HBOT in cardiological patients seems to be fur-
ther supported by this self-reported case, in which the patient
with PFO tolerated the therapy well.
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TABLE 2. The lab test results

Parameter First lab test results before HBOT ~ Second lab test results after HBOT Norm
Troponin <3.0 <0.3 <14.0 ng/L
CK-MB mass 0.77 1.12 <3.77 ng/L
Glucose 84 93 70-100 mg/dL
Serum creatinine 0.76 0.99 0.5-0.9 mg/dL
eGFR >90 67.57 >60 ml/min/1.73m?
CPK 49 62 <170 U/L
ALAT 18 14 <33 U/L
ASPAT not found 16 <32 U/L
Bilirubin not found 0.38 0.2-1.2 mg/dL
Lipase not found 57 13-60 U/L
Amylase not found 43 28-100 U/L
Urea 271 42.3 15.0-48.0 mg/dL
CRP <1.0 <1.0 0.0-5.0 mg/L
Na 139 135 135-150 mEq/L
K 4.01 4.15 3.5-5.0 mEq/L
cl 105 100 98-108 mEq/L
Mg not found 2.06 1.9-2.5 mg/dL
proBNP 93.4 91.4 <116 ng/L
WBC L4.47 4.96 4,00-10.00 10°3/pL
1G% 0.2 0.0 0.0-1.0%
NE% 43.0 44.6 37.0-70.0%
LY% 40.7 38.1 20.0-45.0%
MO% 9.2 11.7 1.0-10.0%
E0% 6.5 5.2 1.0-5.0%
BA% 0.4 0.4 0.0-1.0%
1G 0.01 0.00 0.00-0.10 10°3/pL
NE 1.92 2.21 1.50-5.50 10°3/pL
LYM 1.82 1.89 1.00-4.50 10°3/pL
MO 0.41 0.58 0.03-1.00 10°3/uL
EO 0.29 0.26 0.00-0.50 10'3/pL
BA 0.02 0.02 0.02-0.10 10°3/pL
RBC 3.97 3.60 3.80-5.10 106/pL
HGB 13.4 12.2 12.0-15.5 g/dL
HCT 393 36.4 36.0-45.0%
MCV 99.0 101.1 80.0-95.0 fL
MCH 33.8 339 27.0-33.0 pg
MCHC 341 335 31.0-37.0 g/dL
RDW-CV 12.2 13.2 11.0-15.0%
RDW-SD Lb .4 49.9 38.9-50.0 fL
PLT 313 262 150-380 10'3/pL
MPV 9.3 9.4 9.2-12.1fL
PCT 0.29 0.25 0.19-0.41%
TSH 1.37 1.14 0.27-4.20 pu/mL
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TABLE 2. The lab test results

Parameter First lab test results before HBOT ~ Second lab test results after HBOT Norm
FT3 not found 2.99 2.04-4.40 pg/mL
FT4 not found 1.28 0.93-1.71 ng/dL
PT sec 12.4 13.0 -
INR 1.09 1.16 0.8-1.2
APTT 274 29.8 25.0-36.0 s
Ratio 0.91 0.99 0.8-1.2
D-dimer 258 143 <500 ng/mL

HBOT - hyperbaric oxygen therapy; CK-MB - MB-type of creatine kinase; eGFR - estimated glomerular filtration rate; CPK - creatine phosphokinase; ALAT - alanine
aminotransferaze; ASPAT - aspartate aminotransferaze; CRP — C-reactive protein; Na - sodium; K - potassium; Cl - chlorine; Mg — magnesium; proBNP - B-type
natriuretic peptide; WBC - white blood cells; IG% — immunoglobulin; NE% - neutrophils; LY% - lymphocytes; MO% - monocytes; EO% — eosinophils; BA% — basophils;
RBC - red blood cells; HGB — hemoglobin; HCT - hematocrit; MCV - mean corpuscular volume; MCH — mean corpuscular hemoglobin; MCHC - mean corpuscular
hemoglobin concentration; RDW-CV - red blood cell distribution width coefficient of variation; RDW-SD - red blood cell distribution width standard deviation; PLT -
platelets; MPV - mean platelet volume; PCT - procalcitonin; TSH - hyroid stimulating hormone; FT3 - free triiodothyronine; FT4 - free thyroxine; PT sec - prothrombin

time; INR - international normalized ratio; APTT - partial thromboplastin time

Research by Petrikov et al. involved 44 men and 46 women,
with an average age of 58.8 +13.6, who were hospitalized due
to SARS-CoV-2 infection and subjected to HBOT. According to the
authors, 33% were in moderately severe condition, 67% were in
serious condition, and 75.4% required supportive ventilation. The
pressure applied ranged 1.4-1.6 ATA during 40-minute sessions.
After the first session, blood oxygen saturation increased from
91.3% to 98.4% on average. After the entire course of therapy, an
improvement in general condition was observed in all subjects,
as well as a reduction in hypopnoea, which correlates with the
self-reported case [9]. Another Russian study further supports
the effectiveness of HBOT in improving respiratory parameters
among hospitalized SARS-CoV-2 patients. Eighty percent of the
subjects reported increased saturation, and 27.3% reported
the resolution of inflammatory lung lesions. Relief from short-
ness of breath and general improvement were also noted. Ini-
tial sessions lasted 30 min at a pressure of 1.4 ATA, with subse-
quent sessions extended to 40-60 min and pressure increased
to 1.6 ATA. However, some adverse side effects were observed,
such as earache and claustrophobia. In the self-reported case,
the patient did not experience any side effects and completed all
scheduled sessions. However, 2 weeks after returning to work,
she experienced weakness, dyspnoea, and deteriorated exer-
tional tolerance again, though it remains unclear whether these
symptoms were directly related to HBOT.

Gorenstein etal. selected for their study only COVID-19 patients
whose saturation was below 93% while breathing room air. The
group was mainly composed of men aged 30-79 with a history of
coronary artery disease who required oxygen supplementation
(2-15 L flow) and drug treatment (antibiotics and antivirals). The
average D-dimer result was 1142, and the average CRP was 120.
These patients underwent 5 90-minute HBOT sessions at a pres-
sure of 2.0 ATA. Ninety percent of the subjects were discharged
from the hospital after therapy, and none required mechanical ven-
tilation. Ten percent of the patients were mechanically ventilated
and died. Side effects noted during HBOT included epistaxis (in
a patient taking anticoagulants), earache, and claustrophobia [36].

Meanwhile, research by Guo et al. aligns with the self-reported
findings, confirming symptom relief such as dyspnoea and
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shortness of breath after the first session, with significant reduc-
tion after 7 days of HBOT. The authors examined 2 hospitalized
cases - a 57-year-old woman and a 64-year-old man. Both received
passive oxygen therapy, antibiotics, antivirals, and plasma. Co-
existing conditions included hypertension, diabetes, and coronary
artery disease. The breathing rate decreased as therapy pro-
gressed, and saturation increased to 93% after the first session
and 95% by the end of therapy. Lab test results in both patients
showed lower levels of D-dimer and increased levels of LYM#
and LYM% after therapy [37]. Similarly, in the self-reported case,
LYM% increased from 1.82 before therapy to 1.89 afterward.
Current research lacks data on cognitive disturbances and
neurological deficits in COVID-19 patients, and especially on the
effects of HBOT in this area. In the self-reported case, the patient
reported improvements in cognitive function and walking as
therapy progressed. These findings correlate with results from
Raskin et al., who found that shorter therapy (fewer than 15 days)
did not result in cognitive improvement [38]. Additionally, Kamat
etal. suggest that the effects could be long-lasting if 40-60 min ses-
sions were applied daily for 5 days at a pressure of 2.0-3 ATA [39].
The reference literature, however, lacks any significant data on HBOT
effects in patients with heart conditions, particularly PFO. No data are
available on patients treated in outpatient settings. The application of
HBOT for treating COVID-19 requires further confirmation of its effi-
cacy and safety and is currently considered experimental, although
indicated [16,26]. Ongoing research focuses on determining whether
COVID-19 should be considered an indication for HBOT [40, 41].

CONCLUSIONS

Analysis of the presented method applied for the treat-
ment of COVID-19 disease allows the following conclusions
to be formulated:
1. The functional status of the patient treated with HBOT
after SARS-CoV-2 infection improved.
2. Outpatient therapy using hyperbaric oxygen in a patient
with a trace left-to-right shunt (PFO) improved her clini-
cal condition and decreased the intensity of dyspnoea.
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