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ABSTRACT
During the last decades, there has been a rapid development in the research and use of hyperbaric oxygen therapy (HBO), and modern medicine is
increasingly taking advantage of its beneficial effects. The aim of the study was to check the level of knowledge of future doctors (medical students) on
hyperbaric oxygen therapy.
The survey was conducted among 240 students of the medical faculty (3rd and 5th year of study) of the Military and Medical Faculty of the Medical
University of Lodz. The author's questionnaire with forced-choice questions was used as research tool.
The students' knowledge of hyperbaric oxygen therapy was varied and in some cases was not dependent on the year of study. It was observed that
students' knowledge of the subject matter depends on the number of teaching hours allocated to it.
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INTRODUCTION
Hyperbaric oxygen therapy (HBO) is a treatment
involving the use of oxygen at a pressure greater than
1 atm. in a hyperbaric chamber. In the currently available
chamber the pressure applied during therapeutic
procedures commonly amounts to 2.5 ATA [1,2]. Thanks
to this, it is possible to repeatedly increase the amount of
oxygen delivered to the body's cells, as in the course of
the treatment patients breathe with 100% oxygen.
Oxygen under hyperbaric conditions is supplied to the
body's cells not only through haemoglobin oxygenation,
but also in the dissolved form in blood plasma [3].
It has been shown that one litre of blood serum
contains 3 ml of physically dissolved oxygen. It is known
that by breathing 100% oxygen in normobaric conditions,
the oxygen saturation of the blood serum increases to 20
ml/l. The full oxygen demand of an organism can be met
by breathing 100% oxygen in hyperbaric conditions,
which leads to an increase in the concentration of oxygen
dissolved in the serum of up to 50 ml/l [1,2,3,4].
Indications for HBO include: decompression
sickness, carbon monoxide poisoning, air or other gas
embolism, gas gangrene, necrotic soft tissue infections,
multi-organ injuries or thermal burns, wounds difficult to
heal, states of an extremely high blood loss, intracranial
abscesses, necrotising soft tissue infections, osteoarthritis
resistant to treatment, late radiation injuries, skin grafts
at risk of rejection, thermal burns, actinomycosis
[5,6,7,8,9]. The list of indications and contraindications to
the use of HBO, was established in 2013 by the European
Committee of Hyperbaric Medicine (ECHM) and is
regularly updated with the National Health Fund
providing refunds on hyperbaric treatment.
Hyperbaric oxygen has been used in medical
procedures for many years. The interest of researchers in
looking for new possibilities of practical application of
HBOT (Hyperbaric Oxygen Treatment) procedures is also
unabated [15].
Individuals seeking to become medically
proficient should acquire knowledge and practical skills
in the field of prevention, diagnosis and treatment of
medical conditions, these skills being necessary to
function in the medical profession. Also, scholars of the
Ministry of National Defence should additionally acquire
the necessary knowledge to carry out the work of
a doctor-officer. The specificity of the doctor's work is
also constant education to best serve the patients. Taking
the above into account, it seems essential to check the

level of knowledge on hyperbaric oxygen therapy
possessed by medical students - i.e. future doctors.

MATERIAL AND METHODS
The study covered 240 students of the medical
faculty of the Military and Medical Department of the
Medical University of Lodz. 120 students from both the
3rd and 5th years were randomly selected for the study,
including 60 students studying within the framework of
places limitation of the Ministry of National Defence
(MON) from each analysed year.
The research tool was the authors'
questionnaire containing 30 forced-choice questions
concerned with hyperbaric oxygen therapy in the field of
hyperbaric oxygen therapy and respondents' particulars.
A statistical analysis was performed using the
STATISTICA 12 PL programme, and the significance level
was assumed at α = 0.05. For clear data illustration in the
graphs, the results are presented numerically, indicating
the number of correct and incorrect answers obtained in
each group. In this work, WWL - MON - refers to students
studying within the places limitation of the Ministry of
National Defence, whereas the abbreviation WWL - means
other ("civilian") students of the medical faculty.

RESULTS AND DISCUSSION
Hyperbaric oxygen therapy is carried out in
hyperbaric chambers, which the NFPA (National Fire
Protective Association) has divided into three classes:
A - single seater, B - multi-seater and C - dedicated for
animals [10,11]. The surveyed students who have already
encountered the topic of hyperbaric oxygen therapy (the
5th year) easily indicated the types of hyperbaric
chambers (90% of the answers given). They also
possessed basic historical knowledge on hyperbaric
chambers (75% correct answers). Unfortunately, the
knowledge of third-year students in this field was
insufficient (15% of correct answers).
The atmosphere rich in oxygen is defined as gas
mixtures in which the oxygen content exceeds 23%.
Unfortunately, in own study, a large part of the 3rd year
students were unable to indicate the right answer
(despite the already completed courses in biophysics or
pathophysiology) (Fig. 1).

Fig. 1 The respondents’ knowledge of safety issues related to the use of hyperbaric chambers.
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For safety reasons, in multi-person hyperbaric
chambers only air is used to generate the pressure.
Oxygen is administered to patients through hoods with
tight rubber collars or special face masks. The regulations
allow [10,11] to use in them a breathing mixture with
a maximum oxygen content of 23%, thanks to which it is
possible to use monitoring equipment, respirators and
infusion pumps.
Among the respondents, knowledge of these
security regulations varied. The best results were
obtained by the MON scholarship holders of the fifth year
- 58 correct answers. Slightly fewer correct answers (55)
were obtained by "civilian" students of this year. Among
the students of the 3rd year, the correctness of answers

oscillated around 50% - irrespective of the group.
Regardless of the year of study, the respondents did not
see that with elevated pressures and oxygen-rich
atmospheres, the energy needed for an ignition was lower
than in normal conditions. The number of correct
answers in each group did not exceed 25.
Today, thanks to technical capabilities, patients
with symptoms of respiratory failure are not deprived of
the opportunity to use hyperbaric oxygen therapy. In fact,
there are several types of respirators that are used in
hyperbaric chambers [12]. It is surprising that
a significant part of the 5th year students were unable to
indicate the right answer in the survey (Fig. 2).

Fig. 2 Students’ knowledge regarding the use of hyperbaric oxygen therapy in patients with respiratory failure.

It was difficult for the surveyed students to
indicate other gases, apart from oxygen, used in
hyperbaric oxygen therapy. Only students of the 5th year,
studying within the framework of the places limitation
programme of the Ministry of National Defence had no
doubts indicating the right answers (Fig. 3). This may be
due to the increased number of didactic hours allocated to
the subject.

Fig. 3 Gases used in hyperbaric oxygen therapy according to the respondents.

A similar situation is concerned with the
knowledge of legal and organisational regulations in the
field of hyperbaric oxygen therapy. A significant
proportion of third-year students did not know that
hyperbaric oxygen therapy belongs to services contracted
separately by the NHF (National Health Fund). They were
also unaware of the NHF requirements regarding the
composition of the medical staff of hyperbaric oxygen
therapy centres (Fig. 4) [6].

2018 Vol. 62 Issue 1

Fig. 4 Respondents’ knowledge concerning the composition of the medical staff of a hyperbaric oxygen therapy centre.

Depending on the physical parameters used,
hyperbaric oxygen shows both positive and negative
effects on the human organism. Benefits include changes
in the functioning of the circulatory system, respiratory
system, and processes related to the healing of chronic
wounds. Increased tissue oxygenation accelerates
fibroblast
proliferation,
thus
accelerating
the
regeneration of ischaemic skin fragments. In addition, it
results in the acceleration of granulation and wound
skinning processes, intensification of the angiogenesis
process, as well as improvement of blood supply to the
arterial and venous tissues [13,14].
The vast majority (63.75%) of students, both in
the 3rd and 5th year of study, were able to name the
benefits resulting from the applied increased oxygen
partial pressure. The respondents pointed to the
improvement of wound healing in the areas of hypoxia, as
well as the reduction of oedema in burnt tissues.
Wound healing is a complex and dynamic
process consisting of three phases: exudative
inflammation (about 4 days from wound formation),
granulation (4th to 7th day of healing) and scar

formation. The entire uncomplicated wound healing
process usually lasts about three weeks from its
occurrence.
Among the external factors that significantly
influence the healing process, one may distinguish the
method of wound treatment. The important role of
anaerobic bacteria in the development of wound infection
has been demonstrated [16,17]. In the conditions of
elevated pressure, oxygen exerts the toxic effect on
anaerobic bacteria. At the pressure of 2-3 ata, a significant
reduction in anaerobic growth has been observed [3,18].
Already in the 1960s studies by Winter et al. showed that
the dressing of wounds with oxygen-permeable dressings
significantly accelerates the repair processes as compared
to wounds dressed in a standard manner [19].
Therefore, wounds difficult to heal should be
mentioned among indications for hyperbaric oxygen
therapy, including wounds resulting from diabetic foot
syndrome, as well as infections and necrotic amputation
stumps. Unfortunately, a significant number of thirdyears do not possess this knowledge yet (Fig. 5).

Fig. 5 Respondents’ knowledge on the use of hyperbaric oxygen therapy in selected conditions.

The growing interest in the underwater world,
the increasing availability of diving schools and the rapid
development of diving techniques unfortunately result in
a growing number of diving-related diseases and
accidents. Decompression sickness (DSC) is caused by
desaturation, or a sudden formation of gas bubbles in the
body which had previously dissolved in the tissues during
a dive. Half of the cases of decompression sickness are
revealed 30 min after surfacing, 90% –up to 3 hours after,
99% – p to 12 hours after, 100% – up to 36 hours after
[20]. DSC is treated as a condition of a sudden threat to
human life. Accidents usually occur when the pressure
drops too fast (for example as the result of an incorrectly
performed ascent). The only effective method of
treatment of decompression sickness is placing the
patient in a hyperbaric chamber and subjecting him to
recompression [3,21].

Hyperbaric oxygen therapy is also used as
a basic method of treatment of carbon monoxide
poisoning [8,21,22]. The poisoning usually occurs as the
result of being in a smoke filled room during a fire, or as
a result of leaks or inoperative gas installations, as well as
leaks in ventilation ducts. The average half-life of HbCO in
the blood when breathing with atmospheric oxygen is 5-6
hours. Oxygen therapy with 100% oxygen reduces the
half-life of HbCO to 30-90 min. Whereas the application of
hyperbaric oxygen therapy with 100% oxygen at 2.5 ATA,
shortens this time to 15-20 min [22].
In the case of carbon monoxide poisoning in
pregnant women, regardless of pregnancy duration,
hyperbaric oxygen therapy with HbCO levels exceeding
10% should constitute the treatment of choice. The foetal
carboxyhemoglobin concentration is 20-30% higher than
in the mother, and foetal haemoglobin has a higher
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affinity for CO. Therefore, it is important to use
hyperbaric oxygen therapy and not merely passive
oxygen therapy to reduce HbCO only in the mother,
leaving foetal blood saturated with carbon monoxide
[3,23,24].
In own research, almost all of the respondents
(234 people) knew that hyperbaric oxygen therapy

constitutes
proper
therapeutic
treatment
in
decompression sickness or carbon monoxide poisoning.
Unfortunately, 13-15 people from each study group were
unable to indicate whether pregnant women could
undergo hyperbaric oxygen therapy in the case of CO
poisoning (Fig. 6).

Fig. 6 Respondents’ knowledge regarding the treatment of carbon monoxide poisoning.

Another indication for treatment with
hyperbaric oxygen therapy is sudden deafness [25]. Its
occurrence is usually noted between 30 and 50 years of
age, and the incidence rate is estimated at 5 - 20 cases per
population of 100,000. HBO causes a significant increase
in oxygen partial pressure in tissues, in this case in the
cochlea, which is very sensitive to hypoxia. Sensory cells
of the inner ear depend on the oxygen uptake from
endolymph by diffusion as they are not directly supplied
with oxygen via blood vessels. Therefore, an increase of
oxygen partial pressure in endolymph due to hyperbaric
therapy may lead to oxygen deficiency in these cells
[3,26,27]. Unfortunately, over 30% of the surveyed
students of the 5th year and as much as 55% of the 3rd
year did not know that the indication for hyperbaric
oxygen treatment include sudden deafness and deafness
as a result of an acoustic trauma.
One of the relative contraindications to HBO is
inflammation of the paranasal sinuses. Unfortunately, less
than half (n = 28) of the surveyed third year students and
only 60% of the fifth year students indicated this answer.
The majority of correct answers (n = 38) were obtained
among the MON scholarship holders from the 5th year of
study. Pressure trauma to the paranasal sinuses, mainly
frontal sinuses, almost always involves an acute infection
of the mucous membrane of the upper respiratory tract.
In emergency situations it is possible to apply hyperbaric
oxygen therapy, taking into account that each
compression must be preceded by careful anemisation of

the nasal mucosa and pharyngeal opening of the auditory
tubes, and compression and decompression – which must
to carried out very slowly [5,27,28].
The subjects also had difficulty in determining
whether HBO is recommended for inflammation of bone
and bone marrow. Only 20% of all respondents gave
correct answers. The knowledge of the subjects
concerning the use of hyperbaric oxygen therapy in
radiation damage to tissues and organs was similar. It is
surprising that the majority of surveyed students of both
the third and fifth year (75% and 70% respectively)
decided that individuals with pacemakers can freely use
HBO.

CONCLUSIONS
The knowledge of students regarding hyperbaric
oxygen therapy varies and depends on the number of
hours of didactic classes devoted to this subject. The
programme of studies as well as individual interests in
hyperbaric medicine also have a great impact.
It is important to familiarise medical students
with the physical basics of hyperbaric oxygen therapy,
scientific research and clinical experience, by increasing
the number of teaching hours of thematically related
subjects, so that the knowledge they acquire could be
better used in their future work.

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Jain KK: Textbook of hyperbaric medicine. Wyd. 4. Hogrefe & Huber Publishers, Göttingen 2004.
Mathieu D: Handbook on hyperbaric medicine. Springer, Dordecht 2006.
Sieroń A., Cieślar G., Kawecki M. (ed.) An outline of hyperbaric medicine. Publ. α-medica press, Bielsko-Biała 2007.
Boerema I, Meyne N, Brummelkamp W et al.: Life without blood: a study of the influence of high atmospheric pressure and hypothermia on
dilution of the blood. J Cardiovasc Surg 1960; 1: 133-146.
Mathieu D, Marroni A, Kot J Tenth European Consensus Conference on Hyperbaric Medicine: recommendations for accepted and nonaccepted
clinical indications and practice of hyperbaric oxygen treatment. Diving Hyperb Med, 2017, 47(1): 24-32. PMID: 28357821.
Ordinance of the President of the National Health Fund No. 88/2013/DSOZ of 18 December 2013 on defining the terms and conditions for
concluding and implementing contracts such as: health services contracted separately.
Narożny W, Siebert J: The possibilities and limitations of the use of hyperbaric oxygen in medicine. Forum Med Rodz 2007; 1(4): 368-375.
Abramovich A, Shupak A, Ramon Y et al.: Hyperbaric oxygen for carbon monoxide poisoning. Harefuah 1997; 132: 21-24.
Cianci P, Lueders H, Lee H et al.: Adjunctive hyperbaric oxygen reduced the need for surgery in 40-80% burns. J Hyperb Med 1988; 3: 97-171
National Fire Protection Association. Manual on fire hazards in oxygen enriched atmospheres. NFPA 53-94. Boston 1994
National Fire Protection Association. Standards for Health Care Facilities. NFPA 99, Ch.19. Hyperbaric facilities. Boston 1996
Barach P.: Management of the critically ill patient in the hyperbaric chamber. Int. Anesthesiol. Clin., 2000, 38, (1), 153-166.
Thackham J.A., McElwain D.L., Long R.J.: The use of hyperbaric oxygen therapy to treat chronic wounds: A review. Wound Repair Regen.
2008; 16(3): 321-30.

2018 Vol. 62 Issue 1
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

Knefel G., Kawecki M., Szymańska B., Nowak M., Glik J., et al.: Hyperbaric oxygen therapy as a supplement to surgical treatment of diabetic
foot syndrome. Inż Biomed. 2008; 14(1): 47-50.
Olszański R, Konarski M, Siermontowski P.: Hyperbaric oxygen therapy (HBOT) as a therapeutic option for patients with atopic dermatitis (AD) own experiences and literature review. Polish Hyperbaric Research, 2017, 3(60), 27-36. DOI: 10.1515/phr-2017-00012
Gaździk T.: Infections in ortopaedics. Wydawnictwo Urban & Partner, Wrocław 2005, 155-156
Hunter S, Langemo DK, Anderson J, Hanson D, Thompson P: Hyperbaric oxygen therapy for chronic wounds. Adv Skin Wound Care 2010;
23(3): 116-9.
Mandell G.L.: Bactericidal activity of aerobic and anaerobic polymorphonocelulear neurophilis. Infect. Immun. 1974, 9, (2), 337-341
Winter G.D.: A note on wound healing under dressing with special reference to perforated-film dressing. J. Invest. Dermatol, 1965,45,(4), 299302
Olszański R.: Choroby i wypadki nurkowe. Medical Tribune, 2006, 11, 22-23.
Wróblewski P., Nowak M., Jagodziński L.: Urgent cases and life-saving activities with the use of hyperbaric oxygen therapy. W: Sieroń A.,
Cieślar G., Kawecki M. (ed.). An outline of hyperbaric medicine. 2nd edition. α-medica press, Bielsko-Biała 2007.
Guzman J: Carbon monoxide poisoning. Crit Care Clin 2012; 28: 537-548
Elkharrat D., Raphael J.C., Korach J.M., et al.: Acute carbon monoxide intoxication and hyperbaric oxygen on pregnancy. Intensive Care Med.,
1991, 17 (5), 289-292
Norkool D, Kirkpatrick J: Treatment of acute carbon monoxide poisoning with hyperbaric oxygen. A review of 115 cases. Ann. Emerg Med 1985;
14: 1168-1171.
Silvermann R.K., Montano J.: Hyperbaric oxygen treatment during pregnancy in acute carbon monoxide poisoning. A case report. J. Reprod.
Med,1997, 42, (5), 309-311
Jadczak M, Rapiejko P, Kantor I et al.: Evaluation of results of treatment of idiopathic deafness with the use of hyperbaric oxygen therapy.
Otolaryngol Pol 2007; 61: 887-891.
Narożny W: Hyperbaric oxygen therapy in the pathology of the inner ear – facts and myths. Otolar Pol 2006; 5: 153-161.
Plafki C., Peters P., Almeling M., Welslau W., Busch R.: Complications and side effects of hyperbaric oxygen therapy. Aviat Space Environ
Med. 2000; 71(2): 119-24.

dr n. med. Gabriela Henrykowska
Zakład Epidemiologii i Zdrowia Publicznego,
Uniwersytet Medyczny w Łodzi
gabriela.henrykowska@umed.lodz.pl

Journal of Polish Hyperbaric Medicine and Technology Society
Faculty of Mechanical and Electrical Engineering of the Polish Naval Academy

