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ABSTRACT

Hyperbaric Oxygen Therapy (HBOT) is a new treatment
modality in which the patient intermittently breathes 100%
oxygen while the treatment chamber is pressurized to a
pressure greater than sea level (hyperbaric environment).
Application on modern HBOT was introduced as early as
the 1950’s and has rapidly been practiced all over the world
mainly in developed countries as well as developing coun-
tries. In Malaysia, it was introduced as early as the 1960’s
by the Royal Malaysian Navy (RMN) to treat underwater
mishaps. It gained popularity and recognition when the In-
stitute of Underwater and Hyperbaric Medicine (IUHM)
started treating specific clinical diseases in the late 1990’s
using HBOT. Since then, there have been demands of HBOT
among civilian patients, with more hyperbaric facilities ex-
pected in the near future. The objective of this paper is to
provide a brief report on HBOT as a new modality of treat-
ment in Malaysia, as well as to discuss some of its issues and
challenges.
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INTRODUCTION

The earliest hyperbaric therapy trial was documented as early
as in 1662, when Henshaw built the first hyperbaric chamber, or
‘domicilium’. There were a number of beneficial effects report-
ed from increased pressure, and by the year of 1877, chambers
were used widely for many conditions, though there was little
scientific rationale or evidence at that time '.

The first report on the use of modern Hyperbaric Oxygen Thera-
py (HBOT) was in 1956 by Professor I. Boerema of Amsterdam.
He published an article on the practice of administering oxygen
to patients under hyperbaric conditions as well as the rationale
of using HBOT 2. Research conducted by the US military af-
ter the Second World War throughout the late 1950’ s and early
1960’ s brought greater knowledge about survivable pressures '.
Based on their findings, extensive research was conducted and
HBOT was recommended and used in a wide variety of medical
conditions.

Since then, many developed countries have set up their hyper-

baric recompression chamber facilities for HBOT as well as for
research and development °.
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Developing countries have also developed this treatment modal-
ity by installing hyperbaric recompression chambers facilities
mainly in their military settings *. With this continuing growth
all over the world, it has been found that HBOT has a distinct
role in the modern era.

In South East Asia, HBOT is widely used in Thailand, Philip-
pines, Brunei, Singapore and Indonesia as well as in Malaysia
4567 Tn Malaysia, it was introduced as early as the 1960’s by
the Royal Malaysian Navy (RMN) to treat their injured divers
from underwater mishaps (mainly decompression illness and
arterial gas embolism) >, HBOT gained popularity and recogni-
tion when the Institute of Underwater and Hyperbaric Medicine
(IUHM) of Malaysian Armed Forces started treating specific
clinical diseases based on the recommendation by the Undersea
and Hyperbaric Medical Society (UHMS) in the late 1990’s 5%,

With increasing demands for patients and potential benefits of
HBOT, a few private hospitals and medical centers in Malay-
sia have set up hyperbaric recompression chamber facilities in
their premises. The first private hyperbaric recompression cham-
ber facility was set up in Ipoh (Northern Peninsular Malaysia),
which began treating patients in early 2001 *¢. This was followed
by others in Penang and Kuala Lumpur *%%. A leading University
Hospital also set up its own hyperbaric recompression chamber
facility in early 2004 >¢. Recently, the Hospital Angkatan Tentera
(HAT) Tuanku Mizan, a military hospital in Kuala Lumpur in-
stalled the latest hospital-based hyperbaric recompression cham-
ber facility for similar purposes °.

HYPERBARIC OXYGEN THERAPY (HBOT)

HBOT is a treatment modality in which a patient intermittently
breathes 100% oxygen while the treatment chamber is pressur-
ized to a pressure greater than sea level (1 atmosphere absolute,
ATA) 10. It has been considered as a controversial treatment in
the mainstream medical community. However, the implementa-
tion of HBOT in a variety of diseases has been increasing to the
present day 12,

Indications and benefits of HBOT
The UHMS approves the use of HBOT for a few conditions for
which there are reasonable scientific evidence and well-validat-

ed clinical experience. The UHMS currently approves the treat-
ment of 13 conditions for HBOT (summarized in Figurel).
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The benefits of HBOT can be classified into four categories: (1)
mechanical effects, (2) bacteriostatic effects, (3) treatment of
poisoning, and (4) treatment of hypoxia. Mechanical effects are
used to reduce air bubble size in situations of air or gas embo-
lism or decompression sickness. Bacteriostatic effects are used
to treat necrotizing infections and osteomyelitis. Treatment of
poisoning is generally for carbon monoxide or cyanide poison-
ing by enhancing the displacement of carbon monoxide from he-
moglobin and enhancing tissue oxygenation. As HBOT enhanc-
es tissue oxygenation, hyperbaric treatment of hypoxia promotes
healing in certain wounds such as those resulting from delayed
radiation injuries or compromised skin grafts and flaps '>.

Air or gas embolism

Carbon monoxide poisoining

3. Clostridal myocitis and myonecrosis (Gas Gan-
grene)

4. Crush, compartment syndrome an other acute trau-

matic ischemias

Decompression sickness

6. Enhancement of healing in selected problem
wounds

7. Exceptional blood loss (anemia)

Intracranial abscess

9. Necotizing sft tissue infection (necrotizing fascia-
tis)

10. Osteomylitis (refractory)

11. Delayed radiation injury (soft tissue and bony
necrosis)

12. Skin grafs and flaps (compromised)

13. Thermal burns

14. Idiopathic Sensorineural Hearing Loss

N =

e

*®

Figure 1. Indication as approved HBOT by Undersea and
Hyperbaric Medical Society (UHMS)

Method of administration of HBOT

HBOT method of administration can be applied in monoplace
or multiplace chambers. In a monoplace chamber (Figure 2), a
single patient is placed in the chamber which is pressured with
100% oxygen. Monoplace chambers are used to treat stable pa-
tients with chronic medical conditions, where multiplace cham-
bers (Figure 3) are pressurized with air, and oxygen is given via
a face-mask, a hood tent or with an endotracheal tube 1. Multi-
place chambers are used to treat many patients at the same time
and also for treating critically ill patients who require a medical
attendant within the chamber. The treatment is given at 2 ATA or
3 ATA and the average duration of therapy is 60 to 90 minutes
and is administrated intermittently, usually once a day 13.

Physiological basis of HBOT

The effects of HBOT are based on the physiological and bio-
chemical effects of hyperoxia and can be explained by three gas
laws (Boyle’s, Dalton’s and Henry’s Law). Boyle’s Law states
that at a constant temperature, the pressure and volume of a gas
are inversely proportional. Dalton’s Law states that in a mixed
gas, each element exerts a pressure proportional to its fraction
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of the total volume (partial pressure). Henry’s Law states that
the amount of gas dissolved in a liquid or tissue is proportional
to the partial pressure of that gas in contact with the liquid or
tissue !.

Most oxygen carried in the blood is bound to hemoglobin,
which is 97% saturated at atmospheric pressure. Some oxygen
is however, carried in solution, and this portion is increased at
pressure according to Henry’s Law, maximizing tissue oxygen-
ation. When breathing normobaric air, arterial oxygen tension
is approximately 100 mmHg, and tissue oxygen tension is ap-
proximately 55 mmHg. When the concentration of oxygen is
increased to 100% at 3 ATA, arterial oxygen tensions can be in-
creased to 2000 mmHg, and tissue oxygen tensions to around
500 mmHg. This increase allows a delivery of 60 ml oxygen
per liter of blood (compared to 3 ml/l at atmosphere pressure),
which can reach physically obstructed areas where red blood
cells cannot pass. This enables tissue oxygenation even with im-
paired hemoglobin oxygen carriage, such as in carbon monoxide
poisoning and severe anemia '.

IMPLEMENTATION OF HBOT IN MALAYSIA

Military Hyperbaric Recompression Chamber Facilities

Figure 3. Patients in multiplace chamber
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Currently, there are a few hyperbaric recompression chamber
facilities in Malaysia. The existing are mainly available in mil-
itary settings (RMN and Special Forces (Commando)), and are
managed by military personnel for treatment of diving accidents
during diving training and exercises °.

The ITUHM which is part of the 96 Armed Forces Hospital in
Lumut Naval Base, is the first kind of hospital-based hyperbaric
recompression chamber in Malaysia, and is considered a pioneer
in expanding HBOT as a new treatment modality in Malaysia.
Its set-up was accelerated with the acquisition of a multi-place
three-compartment recompression chamber in 1996 which is
able to accommodate 14 patients at any one time '. It expanded
its services to not only treating diving-related illnesses, but also
clinical cases recommended by the UHMS such as non-healing
ulcers mainly diabetic foot ulcers as well as osteomylitis, nec-
rotizing soft tissue infections, carbon monoxide poisoning, radi-
ation-induced necrosis, compartment syndromes and skin graft/
flap 5.

The Tuanku Mizan Armed Forces Hospital, the newest military
hospital has installed a multiplace hyperbaric recompression
chamber in its premises in early 2009 and fully operational since
then. The acquisition of the chamber is mainly to cater for armed
forces personnel as well as civillians and will be a referral centre
for HBOT in Malaysia °.

Civilian Hyperbaric Recompression Chamber Facilities

Until now, there is no hyperbaric recompression facility avail-
able in any government clinic or government hospital. However,
the Hospital Universiti Sains Malaysia (HUSM) in Kubang Ke-
rian has become the first University Hospital in Malaysia prac-
ticing HBOT in 2004 ©.

Several private hospitals and medical centers have also set up
hyperbaric recompression chamber facilities in their premises.
The first private HBOT medical centre was set up in 2001 in
Ipoh. This was followed by other centers in Kuala Lumpur 3¢
A few established private hospitals in Penang have also imple-
mented HBOT as part of their available services in the past few
years.

ISSUES AND CHALLENGES
Cost Impact on Government and Stakeholders

The cost is tremendous as one hyperbaric recompression cham-
ber facility can cost up to a few million of ringgit (RM). For
example, the Malaysian Armed Forces (MAF) spent almost RM
4.6 million (1996) in total to install a hyperbaric recompression
chamber facility (3 compartment 14 men chamber) in [UHM at
the Armed Forces Hospital in Lumut Naval Base '¢. This hospi-
tal spends more than RM 100 thousand per year for maintenance
of its hyperbaric chamber. The cost for a monoplace chamber
ranges from RM 300 to RM 400 thousand each.

Other factors which need consideration are human resources,
such as training, competency and accreditation of staff as well
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as where the hyperbaric recompression chamber facility should
be located. Therefore, proper long term planning in terms of cost
effectiveness and benefits are necessary for developing HBOT
in the future.

Cost Impact on Patients

The charges for a session of HBOT differ from place to place.
An average 90-minute HBOT in the United States costs between
US$300 and US$400 7. The cost of 30 to 40 sessions for the
treatment of a problem wound can therefore range from US
$9000 to US$16000 7. Meanwhile, the hyperbaric recompres-
sion chamber facility in Canada charges only C$100 per 90-min-
ute session '8.

Cost for one session of HBOT in a private health sector in Ma-
laysia ranges from RM140 to RM360 depending on the type of
disease, duration of treatment and the type of HBOT treatment
which is used. Fifteen sessions are needed in the treatment of di-
abetic ulcers or non-healing ulcers, which range from RM5000
to RM6000 for a complete session. Cost plays a major role in
getting HBOT treatment since it is rather expensive in private
sectors and most of the expenses are not covered by any medical
insurance. To cut the cost, patients can be treated as outpatients;
for example patient with stable diabetic foot ulcers.

Occupational Safety and Health in a Hyperbaric Recom-
pression Chamber Facility

Workers who operate hyperbaric recompression chamber facili-
ties namely chamber operator, chamber nurses and HBOT physi-
cians are at higher risk of being exposed to a variety of hazards.
This also includes patients who receive HBOT. Physical hazards
(pressure, heat, noise, and fire), chemical hazards (oxygen leak-
age and toxicity, carbon dioxide toxicity), ergonomic problems
and occupational stressors are common and identified hazards
in operating hyperbaric recompression chamber facilities. These
hazards should be monitored and minimized to ensure the oc-
cupational safety and health of these groups of workers as well
people in surrounding areas. Hazard assessments should be con-
ducted regularly, preventive measures should be adhered to, and
the workers need appropriate work schedules to avoid over-ex-
posure to these hazards.

Pre, periodic and post medical employment screenings are rec-
ommended for workers involved in operating hyperbaric recom-
pression chamber facilities. Those with past medical history of
untreated pneumothorax, malignancies, pacemakers, chronic
sinusitis, seizure disorders, emphysema, history of thoracic sur-
gery, optic neuritis or otoslerosis, and congenital spherocytosis
are not fit to work in this setting. If these personnel have illness,
such as acute respiratory tract infections or acute sinusitis or are
pregnant, they should not be working in the operating chambers
until all signs and symptoms cleared, or after giving birth. To
ensure the safety and health of the workers, strict medical guide-
lines should be implemented and reviewed regularly.

Only trained professional workers are recommended to perform
HBOT procedures. HBOT physicians should be present during
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critical phases of the treatment, namely pressurization and de-
pressurization of the chambers.Chamber operators should be
efficient in chamber operations, as well as be knowledgeable
in the theory and application of gas laws, chamber safety, and
patient assessment. Chamber nurses should be trained to recog-
nize signs and symptoms of gas toxicity, and actions to be taken
during HBOT '2. The workers should be provided with medical
insurance, as well as contribute to the Social Security Organi-
zation (SOCSO), for compensations and protection in case of
accidents or death.

In monitoring the risk of fire in the recompression chambers, a
safety guideline or protocol should be available. For example,
in the United States, the National Fire Protection Association
(NFPA) published a Manual on Fire Hazards in Oxygen-En-
riched Atmospheres in 1969 and later in 1970, a Standard for
Hyperbaric Facilities. These manuals are updated and reviewed
regularly every three years *!?. The hyperbaric recompression
chamber facilities have to set up their own safety guidelines and
protocols based on international standard requirements, such as
emergency fire procedures and handling liquid oxygen and ox-
ygen toxicity.

Authorization from higher authorities is needed before a hyper-
baric recompression chamber facility can be ready to operate.
Authorized government and private sectors, such as the Depart-
ment of Safety and Health (DOSH) should inspect these facil-
ities and produce reports to ensure that the hyperbaric recom-
pression chamber is safe for use. Surrounding signage is also
very important when operating the hyperbaric recompression
chambers. Signs such, as “No Smoking Area” and “Prohibited
Area” should be available in operating areas. Safety procedures,
occupational hazards monitoring and security for the workers
should be emphasized and practiced.

CONCLUSION

With increased awareness among medical specialists and pa-
tients, HBOT is expected to become a popular alternative or ad-
junctive modality of treatment in Malaysia. All related agencies
and institutions of higher learning need to network in order to
develop this treatment modality into a well recognized subspe-
cialty. At present, there are a few local publications on HBOT
in Malaysia **2*, There is a need for hyperbaric recompression
chamber centers to share their findings and reports on the uses
of HBOT.

ACKNOWLEDGEMENT
The authors are grateful and wish to acknowledge and thank to

those who were involved in the initial development and imple-
mentation of the HBOT in Malaysia.

Jurnal KKD Vol 4 No 1 September 2017

REFERENCES

1. Gill AL, Bell CAN. Hyperbaric oxygen: its uses, mecha-
nisms of action and outcomes. Quarterly Journal of Medi-
cine 2004; 97(7): 385-395.

2. Sheffield PJ, Desautels DA. Hyperbaric and hypobaric
chamber fires: a 7-year analysis. Undersea and Hyperbaric
Medical Society 1997.

3. Undersea and Hyperbaric Medical Society Chamber Expe-
rience and Mishap Database Report for 1923-1998.

4. Dive safety in Southern Asia (online): http:// www.starfish.
ch/dive/Divesafety.html (1 October 2008).

5. Rozali A, Rampal KG, Mohd Zin B, Sherina MS, Khairud-
din H, Abd Halim M & Sulaiman A. Development of Un-
derwater and Hyperbaric Medicine in Malaysia, Med J Ma-
laysia 2006; 61(5): 647-650.

6. Rozali A, Mohd Zin B, Khairuddin H, Sherina MS & Su-
laiman A. Development of recompression chamber facili-
ties in Malaysia. SPUMS Journal 2007; 37(2): 88-90.

7. Dive safety in Southern Asia(online): http:// www.starfish.
ch/dive/Divesafety.html (1 October 2008).

8. Penang Adventist Hospital (Hyperbaric Oxygen Therapy)
(online): http:// www.pah.com.my(1 October 2008).

9. Kertas Cadangan Penyusunan Semula dan Penubuhan Per-
jawatan Hospital Angkatan Tentera Kuala Lumpur (HAT-
KL). MATM/J9RAN/5007 bertarikh Ogos 2008.

10. Hampson NB. Hyperbaric oxygen therapy: Committee Re-
port. Kensington (MD): Undersea and Hyperbaric Medical
Society; 1999.

11. Leach RM, Rees PJ, Wilmshurst P. ABC of oxygen: Hyper-
baric oxygen therapy. BMJ 1998; 317: 1140-1143.

12. Broussard CL, Pieper B. Hyperbaric oxygenation and
wound healing. Journal of Wound, Ostomy and Continence
Nursing 2003; 30(4): 210-216.

13. Sahni T, Hakku S, Jain M et al. Recent Advances in Hyper-
baric Oxygen Therapy. Medicine Updated 2004; 14: 632-
639.

14. Angkatan Tentera Malaysia. Bahagian Perkhidmatan Kesi-
hatan:35 Tahun Kor Kesihatan DiRaja 1967-2002. Kor Kes-
ihatan DiRaja, 2003.

15. 15. Institute of Underwater and Hyperbaric Medicine. An-
nual statistics of underwater and hyperbaric diseases from
1996 to 2001; 2004.

16. Anugerah Kualiti Menteri Pertahanan. Sejarah Penubuhan
Hospital Angkatan Tentera Lumut. Bahagian Perkhidmatan
Kesihatan 2001. Kementerian Pertahanan.

17. Tibbles PM, Edelsberg JS.Medical progress: Hyperbar-
ic-Oxygen therapy. The New England Journal of Medicine
1996; 334(25): 1642-1648.

18. Kent H .Customers lining up for high-cost hyperbaric ther-
apy. Canadian Medical Association Journal 1999; 160 (7):
1043.

19. Steve G, Christy P. The requirements of a therapeutic re-
compression chambers. Diving and hyperbaric medicine
1993.

20. Rozali A, Sulaiman A, Mohd Zin B, Khairuddin H, Abd
Halim M & Sherina MS. Pulmonary overinflation syndrome
in an underwater logger: A case report. Med J Malaysia
2006; 61 (4): 496-498.

24



ORIGINAL ARTICLE

21.

22.

Rozali A, Mohd Zin B, Khairuddin H, Sherina MS & Su-
laiman A. Diving accidents treated at a military hospital-re-
compression chamber facility in Peninsular Malaysia. Med
J Malaysia 2008; 63(2): 91-95.

Rozali A, Khairuddin H, Sherina MS, Mohd Zin B & Su-
laiman A. A case study of decompression illness secondary
to occupational diving: Recommended management based
on current legislations and practice in Malaysia. Med J Ma-
laysia 2008; 63(2): 166-1609.

23. Loke YK, Tee MH, Tan MH. Decompression illness asso-

ciated with underwater logging: 6 cases report from Kenyir
Lake, Malaysia. Med J Malaysia 1998; 53(1): 496-498.

24. Ng SL. Hyperbaric Medicine and its role in chronic wounds,

late radiation tissue injury and acute sensorineural hearing
loss. Newsletter of the Academy of Family Physicians of
Malaysia 2007; 7(1): 24-27.

Correspondence: Brigadier General (Dr) Rozali Ahmad, MPH (Occupational Health), Army Hospital, Syed Sirajuddin Camp, Ge-
mas, Negeri Sembilan, Malaysia. Tel: +60192402484. Email: drrozaliahmad@gmail.com

Jurnal KKD Vol 4 No 1 September 2017

25



