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HYPERBARIC OXYGENATION FOR ASSISTING RECOVERY OF ATHLETES INCLUDING THOSE AFFECTED
BY COVID-19 UNDER MEDIUM-ALTITUDE CONDITIONS

Gukas N. Ter-Akopov, Yulia V. Koryagina™, Sabina M. Abutalimova, Sergey V. Nopin, Yulia V. Kushnareva

North-Caucasian Federal Research-Clinical Center, Essentuki, Russia

Introduction. Modern scientific studies demonstrate the effectiveness of hyperbaric oxygenation in assisting recovery following physical exertion including
those affected by COVID-19 infection.

Objective. The study sets out to identify the beneficial effects of hyperbaric oxygenation therapy in assisting the recovery of athletes under medium-altitude
conditions, including those who have previously undergone COVID-19, by examining respiratory and circulatory systems.

Materials and methods. The study was performed on 39 highly qualified athletes during a period of training in mountainous areas. The athletes’ heart rate
variability, central hemodynamics, saturation and external respiration were determined prior to hyperbaric oxygenation, as well as immediately following the
procedure, 10 min after the procedure, and following a course of 7 procedures.

Results. According to heart rate variability indices in women who underwent COVID-19, there was a tendency to decrease heart rate 10 min after hyperbaric
oxygenation and very a slow wave power index after the course of (before — 665.65 (592.54; 921.07) ms?; after — 541.47 (371.01; 840.89) ms?, p < 0.05).
After the first session there was a decrease in systolic blood pressure (before — 117 (111; 120) mm Hg; after — 109 (104; 115) mm Hg, p < 0.03), as well as
in the index of volumetric airflow velocity at the moment of exhalation of 50% of forced vital capacity of lungs. A comparison of men’s parameters revealed
a decrease in peripheral vascular resistance and blood pressure. In women and men who had previously suffered COVID-19 infection, the index of impaired
oxygen uptake from the microcirculation system decreased under the influence of hyperbaric oxygenation.

Conclusions. Hyperbaric oxygenation therapy is a safe and effective method for assisting the recovery of athletes under medium-altitude conditions, including
those who have previously suffered COVID-19 infection. The observed improvements in functional state are manifested over the course of application (7 sessions).
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MPUMEHEHWE M’MMNEPBAPUYECKOW OKCUMEHALIMU )11 BOCCTAHOBJIEHUSI CMIOPTCMEHOB,
B TOM YNCIE PAHEE NEPEHECLLNX COVID-19, B YCJIOBUAX CPEOHEIOPbS1

IH. Tep-Akonos, K0.B. KopsruHa™, C.M. Abytanumosa, C.B. HonvH, FO.B. KylwHapesa

CeBepo-Kaskasckuin hefepanbHblii HayYHO-KIMHUYeCKniA LeHTp PefepanbHoro Meamnko-bnonornieckoro areHTcTea, EcceHTykn, Poccus

BBepeHue. B coBpeMeHHbIX Hay4HbIX paboTax UMEeoTCs AaHHble, NokasbiBatoLLye 3HEKTUBHOCTb MPYMEHEHWS rMnepbapu4ecKoin OKCUreHaLum As Boc-
cTaHoBneHust nocne COVID-19, a Takxe BOCCTAHOBEHNS CMOPTCMEHOB Moce (n3n4eckinx Harpy3oK.

Llenb. BoisiBneHne apdexkToB npuMeHeHust runepbapuyeckoi OKCUreHaumm Ansi BOCCTAHOBJIEHWS CMOPTCMEHOB, B TOM YMC/E paHee MepeHecLunx
COVID-19, B ycnoBusix cpeaHeropbsi Mo AaHHbIM NCCNeA0BaHWSA CUCTEM [ObIXaHus 1 KPOBOOBpaLLIEHWS.

Matepuan n metopabl. /iccnenoBaHve NPoxoauno B Nepunog noaroToBky B cpeaHeropbe y 39 CnopTCMEHOB BbICOKON KBanudvkaumn. [1o runepbapunye-
CKOW OKCcUreHaumm, cpady nocne, Yepes 10 MvH nocne, nocne Kypca 13 7 npoueayp y CNOPTCMEHOB ONpPeAeNnsnicb nokasartenm BaprabenbHOCTV cepaey-
HOro pUT™Ma, LEHTPasbHON reMOANHAMYKI, CaTypaLmnm 1 BHELLHErO AbIXaHus.

Pesynbratbl. CornacHo nokasartensmM BapunabesibHOCTN CepAeyHOro putMa y »eHLmnH, nepeHeclunx COVID-19, nmenach TEHAEHUMS K CHUKEHMIO Ya-
CTOTbl cepaeqHoro putma Yepe3 10 MuH nocne runepbapnyeckon OKCUreHaummn 1 nokasaTenss MOLHOCTU OYeHb MEeAEHHbIX BOJH nocne Kypca (o —
665,65 (592,54; 921,07) mc?; nocne — 541,47 (371,01; 840,89) mc?, p < 0,05). [Nocne NepBoro ceaHca BbiSBNEHO CHUXKEHME CUCTONMYECKOro apTepmnasnbHOro
nasnenns (0o — 117 (111; 120) mm pT. cT.; nocne — 109 (104; 115) mm pT. cT.,, p < 0,03), a Tak>xe nokazarens 06beMHON CKOPOCTH BO3AYLLUHOMO NOTOKa B MO-
MeHT Bblgoxa 50% (HopCUpPOBaHHOM XNIHEHHOM EMKOCTI Nerknx. CpaBHeHne nokasaTenen My>KHuH BbISIBUIIO CHUKEHWE Nepnepnyeckoro CoCyanucToro
COMPOTMBNEHWS U apTepmnanbHOro AaBneHs. Y )KeHLLMH 1 My>X4iH, paHee 6oneslurx COVID-19, nog gencTememM runepbapnyeckor OKCureHaLmm CHKancs
nokasartefb HapyLUEeHWs NOroLWEHNST KUCNOPOoAa U3 CUCTEMbI MUKPOLMPKYISLNAN.

BbiBoabl. [Mnepbapunyeckas okcureHaumsa — 6e3onacHbi 1 9OPeKTUBHbBIN METO BOCCTAHOBNEHNSA OpraHn3Ma CNoPTCMEHOB B YCIOBUSX CPEAHErOpbs,
B TOM 4ucne y paHee nepeHeclumx COVID-19. BbipaxkeHHble yny4leHns dyHKLUMOHaNbHOrO COCTOSIHAS, MPOSBASIOTCS NMPU KYPCOBOM NpuMeHeHun (7
CeaHcoB).

KnioueBble cnoBa: CNopTCMeHbl; (DYHKLMOHANbHOE COCTOSHNE; CepAeYHO-COCYANCTas CMcTeMa; AblxaTebHas CUCTeMa; cpeaHeropbe; rmnepbapunyeckas
okeureHaupms; COVID-19
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INTRODUCTION

Hyperbaric oxygen therapy (HBOT) provides an artificial in-
crease in blood oxygen capacity due to additional dissolu-
tion of oxygen in plasma as a result of increase in the partial
pressure of oxygen in the inhaled gas mixture related to the
total barometric pressure of the external environment [1, 2].
When subjected to HBOT in suboptimal or optimal doses,
the human organism switches to a qualitatively new state
characterized by economy (hypofunction) of physiological
systems [3, 4].

Due to the onset of the novel coronavirus COVID-19
pandemic, a need arose for the use of methods to amelio-
rate complications associated with this disease manifesting
as hypoxia and requiring supplemental oxygen support [5].
Thus, the issue of ensuring the safety of HBOT therapy in
patients with COVID-19 becomes relevant. The inclusion of
daily HBOT sessions (at least 4) in “soft” modes (1.4-1.6
atm.) as part of complex therapy for COVID-19 has dem-
onstrated its safety and a preliminary positive effect on the
subjective state of the examined patients and blood oxygen
saturation dynamics [6].

According to A.G. Shchurov’s studies, HBOT can be
used in various sports to quickly eliminate fatigue resulting
from the performed load. This may serve as a preliminary
stimulation of performance before training or competitions,
as well as for the prevention and elimination of organ and
system dysfunctions due to excessive physical overstrain
[8]. Published data demonstrate the effectiveness of HBOT
for the recovery of patients after COVID-19, as well as for
the recovery of athletes after physical exertion. However,
no data on the use of HBOT for the recovery of athletes
training under hypobaric hypoxia (medium-altitude) condi-
tions, or athletes who have previously suffered COVID-19
infection under such conditions, were found in the available
sources.

The study set out to reveal the beneficial effects of hy-
perbaric oxygenation therapy in the recovery of athletes,
including those who had previously contacted COVID-19,
under medium-altitude conditions according to the study
of respiratory and circulatory systems.

MATERIALS AND METHODS
The study of HBOT effects during training of athletes in the

medium-altitude conditions was carried out during training
camps at an altitude of 1240 meters in Russia on 39 highly

qualified athletes (mean age — 21.5 (18; 25) years; sports
qualification — Candidates Masters of Sports and Masters
of Sports; mixed groups in sports: sambo, ski racing, fig-
ure skating, handball), including 27 women (main group
(MG) — 16; control group (CG) —11), and 12 men (7 MG
and 5 CG).

As our earlier studies showed, athletes may experience
strain of adaptation mechanisms during training in the mid-
dle mountains without the use of special means of recovery
(HBOT). The observed strain, as manifested in increased
sympathetic activity and central hemodynamics, was es-
pecially pronounced in athletes who had previously expe-
rienced COVID-19 [11, 12]. Due to the fact that these data
have already been published, the division into MG and CG
was based only on the presence of COVID-19 in the an-
amnesis in the present study. Consequently, athletes with
a history of COVID-19 were categorized as MG and those
without COVID-19 were categorized as CG. All athletes
participating in the study were administered HBOT treat-
ment.

Inclusion criteria: high qualification of athletes, high
training loads under medium-altitude conditions. Exclusion
criteria: refusal to participate in the study, acute illnesses
and injuries, contraindications to HBOT (history of epilepsy,
claustrophobia, hyperthermia, uncontrolled arterial hyper-
tension, hypotension, sinusitis, impaired patency of the eu-
stachian tubes and channels connecting the sinuses with
the external environment, hypersensitivity to oxygen).

The course of HBOT procedures was carried out in a
“BaroOx 1.0” barocamera using a “Covidien LLC” (USA)
mask according to a preset program having the follow-
ing parameters: overpressure — 30 kPa; oxygen con-
tent — 93+2 %; air flow rate — 45 L/min; compression/
decompression rate — 6 kPa/min; duration of one proce-
dure — 30 min; course — at least 7 procedures (1 proce-
dure per day); body position — half-lying.

The study of central hemodynamics, heart rate variabil-
ity (HRV) and oxygen parameters (impaired oxygen uptake
from the microcirculation system and blood saturation) was
performed using the ESTECK System Complex device
(LD Technology, USA). The spirometric indices of the ath-
letes were determined using a “Carefusion MicroLab Mk8”
spirometer (South Wales, UK).

Statistical processing of the data was performed us-
ing the “Statistica 13.0” computer program. A comparison
of indicators between the main and control groups was
carried out using the Mann-Whitney criterion; indicators of
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the main and control groups when HBOT was applied to
them in dynamics were compared using the nonparametric
Wilcoxon criterion. The indicators are presented in the form
of medians and quartiles.

RESULTS

When analyzing the data of the HBOT effect, the indica-
tors of athletes before HBOT (baseling), immediately fol-
lowing HBOT administration, 10 min after HBOT, as well
as after a course of 7 HBOT sessions, were compared.
The baseline MG and CG parameters did not differ sta-
tistically significantly. Although the dynamics of heart
rate (HR) did not reveal statistically significant changes
according to the HRV parameters in women, all women
(COVID-19 infected and non-infected) displayed a tenden-
cy to decrease HR 10 min after HBOT as compared to the
baseline level (Fig. 1A).

The same positive trend was observed for the power
index of fast high-frequency (HF) waves, which increased
10 min after administration of HBOT in female athletes who
had not previously had COVID-19 (before — 758.38 (585.11;
1015.1) ms?; 10 min after — 1734.57 (998.57; 2086.71) ms?).

The low-frequency (LF) wave power index in female ath-
letes with no previous COVID-19 infection tended to de-
crease after the HBOT course (before — 731.07 (505.87;
984.3) ms?; immediately after the 1st session — 711.66
(441.24; 894.39) ms?; 10 min after the 1st session — 808.8
(619.2; 1086.15) ms?; after the course — 426.23 (265.4;
940.66) ms?).

The power index of very low frequency waves (VLF) re-
flecting the work of the slowest level of regulation (supraseg-
mental or energetic metabolic) in female athletes who had
previously undergone COVID-19 decreased by the end of
the course (before the course — 665.65 (592.54; 921.07)
ms?; after the course — 541.47 (371.01; 840.89) ms?,
p < 0.05). In female athletes who had not previously had
CQOVID-19, there was also a tendency for this index to de-
crease following the HBOT course, but to increase after the
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Figure prepared by the authors using their own data
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1st session (up to — 665.24 (618.97; 848.75) ms?; immedi-
ately after the 1st session — 695.94 (639.81; 992.72) ms?;
10 min after the 1st session — 1219.29 (577.34; 1759.04)
ms?; after the course — 620.17 (414; 712.03) ms?). In wom-
en who had not previously been infected with COVID-19,
there is an additional tendency towards decreased stress
index (SI) immediately after the 1st HBOT session (be-
fore — 100.3 (73.8; 128.2) conventional units; immediately
after the 1st session — 81.55 (39.7; 111.5) conventional
units; 10 min after the 1st session — 48.35 (44.9; 113.35)
conventional units; after the course — 107.3 (65.1; 149.4)
conventional units).

When analyzing the central hemodynamic parameters
in women who had previously had COVID-19, a decrease
in systolic blood pressure was revealed after the first ses-
sion (before — 117 (111; 120) mmHg; immediately after the
1st session — 109 (104; 115) mmHg, p < 0.03; 10 minutes
after the 1st session — 114 (107; 117) mmHg, p < 0.05; af-
ter the course — 114 (108; 122.5) mmHg) (Fig. 1B). The
index of impaired oxygen absorption from the microcir-
culation system VO2 decreased (before — 320 (310; 320)
mL/min/m?; immediately after the 1st session — 130 (130;
180) mL/min/m?, p < 0.001; 10 minutes after the 1st ses-
sion — 130 (130; 130) mL/min/m?, p < 0.001; after the
course — 320 (310; 330) mL/min/m3).

In women without a history of COVID-19, a decrease
in the stiffness index, which characterizes blood pressure
in large arteries, was observed both after one session and
after a course of HBOT procedures (before — 6.22 (5.26;
6.86) m/s; immediately after the 1st session — 6.02 (5.27;
6.29) m/s, p < 0.05; 10 minutes after the 1st session — 6.15
(6.02; 6.62) m/s; after the course — 5.94 (5.24; 6.56) m/s,
p < 0.05). After the first session, the same group showed
a decrease in the PSS (before — 1207.6 (1132.9; 1243.8)
MPa*s/m?; immediately after the 1st session — 1180.3
(975.5; 1243.5) MPa*s/m?, p < 0.05; 10 minutes after the
1st session — 1062.9 (823.15; 1330.2) MPa*s/m?, p < 0.05;
after the course — 1156.6 (1074.3; 1342.5) MPa*s/m?
(Fig. 34)) and diastolic blood (arterial) pressure (DBP)
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Fig. 1. HRV (A) and Systolic blood pressure (SBP) (B) in highly qualified female athletes with and without COVID-19 under the influence of HBOT: MG — before
HBOT sessions; MG1 — immediately after HBOT, MG2 — 10th min after HBOT; MG3 — after HBOT course; CG — before HBOT sessions; CG1 — immediately

after HBOT; CG2 — 10th min after HBOT; CG3 — 3 after HBOT course
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Fig. 2. VLF (A) and stress index (B) indicators in male athletes with and without COVID-19, under the influence of HBOT: MG — before HBOT, MG1 — immediately
after HBOT, MG2 — 10th minute after HBOT, MG3 — after the HBOT course, CG — before HBOT sessions, CG1 — immediately after HBOT, CG2 — 10th minute

after HBOT, CG3 — 3 after the HBOT course

(before — 67 (64; 74) mmHg, p < 0.05; immediately after
the 1st session — 64 (59.5; 69.5) mmHg, p < 0.05; 10 min-
utes after the 1st session — 65.5 (61.5; 70) mmHg; after the
course — 64 (61; 69)) mmHg.

In terms of external respiratory function in women who
had previously undergone COVID-19, no significant chang-
es were observed during HBOT application apart from
MEF,, (maximal expiratory flow at 50% of forced vital ca-
pacity), which significantly decreased (before — 4.99 (4.42;
5.83) L; immediately after — 4.66 (4.09; 5.62) L, p < 0.01),
apparently due to relaxation of respiratory muscles. In
women with no previous history of COVID-19, forced vital
capacity of lungs (FVC) decreased statistically significantly
after the HBOT course (before — 4.25 (4; 4.77) L; after the
course — 4.13 (3.85; 4.53) L, p < 0.02).

A comparison of HRV indices during HBOT sessions in
COVID-19 male athletes with previous COVID-19 revealed
a statistically significant increase in the power of very low
frequency (VLF) waves (p < 0.05) (Fig. 2A). In male ath-
letes who had not previously had COVID-19, there was a

tendency towards decreased stress index after a course
of HBOT (up to — 96.2 (61.5; 141.1) conventional units; im-
mediately after the 1st session — 95.6 (86.6; 95.8) conven-
tional units; 10 min after the 1st session — 90.2 (56.3; 103)
conventional units; after the course — 70.45 (59.2; 82.8)
conventional units (Fig. 2B).

According to the central hemodynamic parameters
(Table 1), the peripheral vascular resistance decreased im-
mediately after the first HBOT session (p < 0.05); however,
following the course, this parameter returned to the initial
values. There was also a tendency towards decreased sys-
tolic and diastolic blood pressure. Male athletes who had
previously contacted COVID-19 also exhibited statistically
significantly decreased impaired oxygen uptake indicator
from the VO, microcirculation system under the influence of
HBQOT. Both in in men who had previously had COVID-19
and those who did not have a history of COVID-19, spirom-
etry parameters did not change statistically significantly. In
male athletes who had not previously had COVID-19, sta-
tistically significant differences in heart rate variability (HRV)

Table 1. Indices of central hemodynamics and impaired oxygen uptake from the microcirculation system in male athletes who previously underwent COVID-19

during HBOT application, Me (Q1; Q3),n =7

Indices MG MG 1 MG 2 MG 3 P
SVR, MPa*s/m? 1020.3 (857.9; 1232.5) | 970.3 (822.6; 1247.2) | 972.6 (823.1; 1036.6) | 1045.15 (995.3; 1086.5) MG-MG1 < 0.05
CO, L/min 7.3 (6.6; 8.4) 7.5 (6.6; 8.5) 7.7 (6.8; 8.7) 7(6.7;7.1) -
Cl, L/min/m? 3.4(3.3;3.9) 3.9(3.2;3.9) 3.9(3.4;4.2) 3.55(3.2; 3.9) -
Average blood pressure, mmHg 92 (90; 95.3) 87.7 (83; 103) 90 (83; 103) 90.65 (87.3; 93) -
VO,, mL/min/m? 320 (320; 320) 180 (130; 320) 190 (130; 320) 315 (310; 320) MG-MG2,
MG-MG3 < 0.05
SBP, mmHg 127 (120; 136) 122 (115; 133) 122 123 -
(115; 133) (120; 129)
DBP, mmHg 75 (73; 78) 69 (67; 88) 73 (67; 88) 74.5 (71; 78) -

Table prepared by the authors using their own data

Note: VO, — index of oxygen uptake disturbance from the microcirculation system, SVR — peripheral (systemic) vascular resistance, CO — cardiac output,
Cl — cardiac index or index of volumetric blood flow velocity, MG — before HBOT, MG1 — immediately after HBOT, MG2 — 10 min after HBOT, MG3 — after

HBOT course.
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and central hemodynamic parameters were not revealed
during the session or over the course of HBOT.

DISCUSSION

Researchers have previously noted not only accelerated
recovery of the body as a result of HBOT therapy, but also
an expansion of physiological reserves [8]. Significant dif-
ferences between the groups using HBOT and normobaric
oxygenation were observed in blood saturation and tissue
saturation indexes [13]. Data in foreign literature describing
not always effective use of HBOT for restoring the perfor-
mance of athletes and recovery from sports injuries [14, 15]
may be due to the different protocols of the procedures
followed.

In our study carried out under medium-altitude condi-
tions, it was found that the use of HBOT does not have
an unambiguously positive effect on increasing the func-
tional capabilities of the body, but rather promotes relaxa-
tion. Saturation indicators following HBOT did not change
(before and after were within normal limits); however, after
the 1st session, the indicator of impaired oxygen absorp-
tion from the microcirculation system decreases, indicat-
ing a beneficial effect and the necessary saturation of tis-
sues with oxygen. The more pronounced positive effects
of HBOT in women were particularly evident in the form
of increased parasympathetic activity following the entire
course. The general condition caused by the increased
tone of the parasympathetic division of the autonomic nerv-
ous system (ANS) in women manifested itself in a relaxing
effect, including on the respiratory muscles.

Currently, the following models of training at different
altitudes are known. The classic approach is the “Live
high — train high” model, when athletes live and train at
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the same altitude in mountainous terrain [12, 16]. There is
also a model of mountain training using hyperoxia, “Live
high — train low with additional oxygen”. In this case, ath-
letes train in the mid-altitude zone, but simulate sea level
using additional oxygen inhalation [17]. As part of develop-
ing the directions of mountain training for athletes based on
the obtained data, we propose a new training model des-
ignated as “Live high — train high — recover with HBOT”.

CONCLUSION

The use of HBOT in medium-altitude conditions has proven
to be a safe and effective method of restoring the body,
including in athletes who have previously had COVID-19.
However, the use of one session does not have an imme-
diately positive effect in terms of increasing the functional-
ity of the circulatory and respiratory systems; rather, this
method is effective when used over the course of at least
7 sessions. Following the first HBOT session, the dynam-
ics of functional indicators in athletes (both those who had
been infected with COVID-19 and those who had not) un-
der the influence of HBOT under medium-altitude training
conditions was manifested by decreased vascular tone and
blood pressure producing a hyperadaptive response. The
positive effects of an entire course of HBOT, which were
manifested in the form of increased parasympathetic activ-
ity, were more pronounced in women, leading to a relax-
ing effect, including on the respiratory muscles. All athletes
experienced improved tissue oxygen saturation. In gen-
eral, this method is recommended for general recovery of
the body following a training day, as well as micro- and
mesocycles and during the off-season preparation period.
However, the method is not recommended immediately
before training sessions and competitions.
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