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Hyperbaric Oxygen Therapy

The Hyperbaric Oxygen Unit (HBO) at the Misericordia opened in April of 1994 in
response to an initiative by the Craniofacial Osseointegration and Maxillofacial Prosthetic
Rehabilitation Unit (C.0.M.P.R.U.) and Respiratory Care.

Hyperbaric Oxygen Therapy is the medical use of 100% oxygen at increased atmospheric
pressure. This increased pressure provides more oxygen to the body than is possible under
normal atmospheric conditions. Most treatments range between two and three atmospheres
of pressure, typically referred to as “diving” because the pressure change closely
approximates scuba diving. This increase of pressure dissolves more oxygen into body
tissue and blood so that the body is saturated with more oxygen than normal to enhance
healing.

There are 14 areas of pathology where efficacy is well documented by over 60 scientific
studies (see reference list at the end of this guide). They are:

1. Air/Gas embolism

Carbon monoxide poisoning, smoke inhalation/cyanide poisoning
Clostridial myonecrosis

Crush injury, compartment syndrome, acute traumatic ischemias
Wound healing problems

Necrotizing soft tissue infections

Refractory osteomyelitis

Radiation tissue damage: Osteoradionecrosis
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High risk post-irradiation dental extractions
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. Therapeutically irradiated patients requiring osseointegrated implants
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. Compromised Skin grafts and flaps

=
N

. Decompression sickness
13. Exceptional blood loss anemia

Reperfusion Injuries - Frostbite



The Chambers

The Hyperbaric chambers are monoplace design which can
accommodate a patient in the supine position. The chambers
are designed and built to meet or exceed all hyperbaric
chamber safety codes. The maximum operating pressure of the §
chamber is three atmospheres absolute (3 ATA or about 30
PSIG). The chamber is operated under strict safety procedures
by qualified Registered Respiratory Therapists.




Transcutaneous Oxygen Measure (TCOM)

HBO referrals for non-healing wounds may be assessed with
transcutaneous oxygen measurements (TCOM).

The applications of TCOM include: assessment of healing
potential of problem wounds, selection of surgical
debridement and amputation levels and selection of
appropriate candidates for Hyperbaric Oxygen Therapy.

Based on the results of a TCOM study, a determination can
be made as to whether the wound will heal with HBO
therapy.

Selecting appropriate candidates for HBO treatment can be
accomplished with an oxygen challenge in conjunction with
TCOM.

Only patients that have a documented poor to fair chance of
healing spontaneously and demonstrate a good response to
oxygen administration are treated with HBO.



Patient Referral and
o - Consultation
I Procedures

All patients who are candidates for HBO are seen by a hyperbaric unit physician upon
referral from their attending physician.

Hyperbaric oxygen therapy is offered as a referral and consultation service only. To refer a
patient for evaluation during our normal working hours, Monday through Friday, 8:30 a.m.
to 5:00 p.m., call:

Routine referrals - (780) 735-2768
Emergency - (780) 735-2627
HBO Unit - (780) 735-2537

Where hyperbaric oxygen therapy is considered appropriate, a treatment protocol and
schedule will be established, and the hyperbaric consultants recommendations will be
communicated to the referring physician. The referring/primary care physician will remain
responsible for the patient’s general medical management and will be updated from a
hyperbaric perspective, as appropriate, by the H.B.O. team. Out-of-town patients may be
referred to an appropriate local physician at the discretion of the referring physician.
Patients with chronic conditions such as osteoradionecrosis and other wound healing
conditions account for the majority of patients being treated at this facility. These patients
are typically ambulatory, but have conditions that require a 4 - 8 week treatment period.
These patients account for 80 - 90% of H.B.O. chamber utilization.

In distinction to the chronic conditions, the acute conditions require a small number of
H.B.O. treatments (usually between 1 - 5 treatments). Patients with acute life threatening
conditions, requiring critical care support should be directly referred to the On Call
physician in the Emergency department.



Beneficial Mechanisms Associated
with
Hyperbaric Oxygen Therapy

Several beneficial mechanisms are associated with intermittent exposure to hyperbaric doses
of oxygen. Either alone, or more commonly in combination with other medical and surgical
procedures, these mechanisms serve to enhance the healing or toxic process of treatable
conditions.

1.

Hyperoxygenation provides immediate support to poorly perfused tissue in areas of
compromised blood flow. The elevated pressure within the hyperbaric chamber
results in a 10 - 15 fold increase in plasma oxygen concentration. This translates to
arterial oxygen values of between 1,500 and 2,000 mmHg, thereby producing a four-
fold increase in the diffusing distance of oxygen from functioning capillaries. While
this form of hyperoxygenation is only a temporary measure, it will serve to buy time
and maintain tissue viability until corrective measures can be implemented or a new
blood supply is established.

Neovascularization represents an indirect and delayed response to hyperbaric oxygen
exposure. Therapeutic effects include enhanced fibroblast proliferation,
neoformation of collagen and capillary angiogenesis in areas of sluggish
neovascularization such as late radiation damaged tissue, refractory osteomyelitis
and chronic wounds.

Hyperoxia-enhanced antimicrobial activity has been demonstrated at a number of
levels. Hyperbaric oxygen causes toxin inhibition and toxin inactivation in
Clostridial myonecrosis infections (gas gangrene). Hyperoxia enhances phagocytosis
and white cell oxidative killing, and has been shown to enhance aminoglycocide
activity. Recent research has demonstrated a prolonged post-antibiotic effect, when
hyperbaric oxygen is combined with tobramycin against Pseudomonas aeruginosa.

Direct pressure utilizes the concept of Boyle’s Law to reduce the volume of
intravascular or other free gas. For more than a century this mechanism has formed
the basis of hyperbaric oxygen therapy as the standard of care for decompression
sickness and cerebral arterial gas embolism (CAGE). Commonly associated with
divers, CAGE is a frequent iatrogenic event in modern medical practice. It results in
significant morbidity and mortality and remains grossly underdiagnosed.

Hyperoxia-induced vasoconstriction is another important mechanism. It occurs
without component hypoxia and is helpful in managing intermediate compartment
syndrome and other acute ischemias in injured extremities, and reducing interstitial



edema in grafted tissue. Studies in burn wound applications have indicated a
significant decrease in fluid resuscitation requirements when HBO therapy is added
to standard burn wound management protocols.

. Attenuation of reperfusion injury is the most recent mechanism to be discovered.
Much of the damage associated with reperfusion is brought about by the
inappropriate activation of leukocytes. Following an ischemic interval the total
injury pattern is the result of two components: a direct irreversible injury component
from hypoxia, and an indirect injury which is largely mediated by the inappropriate
activation of leukocytes. Hyperbaric oxygen reduces the indirect component of
injury by preventing the inappropriate activation of leukocytes. The net effect is the
preservation of marginal tissues that would otherwise be lost to ischemia-reperfusion
injury.



Indications for Hyperbaric Oxygen
| Therapy

1. Cerebral Arterial Gas Embolism
decompression and iatrogenically induced

A major life-threatening event, with significant morbidity and mortality, CAGE can
occur following reductions in ambient pressure (in divers and aviators),
traumatically, in penetrating chest injuries, and, most commonly, in the clinical
setting

secondary to invasive diagnostic or therapeutic procedures.

Cost Impact:

HBOT is the primary choice of treatment for CAGE. HBOT decreases the high
mortality and prevents or medicates neurological sequelae. HBOT is a cost effective
treatment considering the potential costs of rehabilitation from a neurological event.

2. Carbon Monoxide Poisoning
smoke inhalation and cyanide

Carbon monoxide is one of the most common causes of poisoning in Canada. In its
subtle forms, the diagnosis is easily missed. A new application for the phenomenon
of clinical relapse following non-H.B.O. treatment and its potential long-term
sequelae has increased the importance of early referral for hyperbaric evaluation.

Cost Impact:

The modest cost of HBO therapy for CO poisoning represents a potentially large
dollar savings when compared to the cost of treatment for delayed neurological
sequelae.

3. Clostridial Myonecrosis
gas gangrene

Anaerobic infections are among the most challenging infectious diseases. Optimum
management of Clostridial Perfringens infections is well established. The
combination of antibiotic therapy, surgical debridement, and hyperbaric oxygen will
reduce mortality and limit tissue loss.

Cost Impact:
The addition of HBOT to the treatment regime reduces morbidity and improves the
level of amputation in affected limbs, thus justifying the cost.

4. Crush Injury: Other Acute Ischemias
compartment syndrome



Hyperbaric oxygen has been observed to arrest the progression of a skeletal muscle
compartment syndrome. Its use is based upon a number of mechanisms and serves to
limit tissue necrosis. While not proposed as a replacement for surgical
decompression in severe cases, hyperbaric oxygen has been used effectively in
intermediate settings and in other acute ischemias to preserve marginally perfused
tissue.

Cost Impact:

The cost of decompression of compartment syndrome by HBO therapy is about one
fourth that of surgical intervention. The cost of HBO therapy is small relative to that
of treating the

complications of acute traumatic ischemias.

5. Problem (non-healing) Wounds

Problem wounds are defined as wounds that fail to show improvement in four weeks
or complete healing in eight weeks despite standard medical and surgical
intervention. These may include diabetic foot ulcers, vascular insufficient wounds,
and non-healing traumatic wounds. All of these wounds have the underlying
problems of tissue hypoxia. Therefore, HBO is an adjunctive therapy in treatment of
hypoxic wounds by producing effects of fibroblast proliferation, neo-vascularization
and leukocyte oxidative killing. Recent literature has shown reduction in major
amputation for patients with diabetic foot ulcers. HBO for problem wounds should
be undertaken with the clear understanding that it must be part of a vigorous and
coordinated multidisciplinary team approach to wound care.

Cost Impact:
The treatment and follow-up costs for HBO and wound care for healing are
significantly lower than those who undergo major amputation and rehabilitation.

6. Necrotizing Soft Tissue Infections
(Subcutaneous Tissue, Muscle, Fascia):

Hyperbaric oxygen is used as an adjunct to surgical debridement and antibiotic
therapy. Limited clinical trials have indicated reduced mortality, and a reduction in
the need for repeated debridements when hyperbaric oxygen is added to surgical and
medical management.

Cost Impact:

These infections are associated with high mortality and morbidity. The addition of
HBOT, in many cases, has reduced the number of surgical interventions and
shortened hospital stay.

7. Refractory Osteomyelitis

Osteomyelitis is essentially a surgical disease. Appropriate antibiotics and
debridement are effective in the majority of cases.

Where bone infections persist, adjunctive hyperbaric oxygen has been demonstrated
to help the healing process in



a high percentage of otherwise refractory cases, through a number of direct and
indirect mechanisms.

Cost Impact:

When used according to guidelines and as an adjunct to

adequate surgical care and antibiotic therapy, HBOT is clinically efficacious and
cost effective. In one review, cost effectiveness was five-fold in favor of using
adjunctive HBOT for chronic refractory osteomyelitis.

8. Osteoradionecrosis
mandible

Laboratory investigations and recently reported controlled trials have demonstrated
the clinical and cost-effective advantages of hyperbaric oxygen therapy in effectively
managing this particularly difficult problem.

Cost Impact:

Osteoradionecrosis, at best, is an extremely painful and debilitating condition. It can
be potentially fatal if a major vessel becomes involved. The introduction of HBOT to
the treatment plan can have a significant impact on a potentially long and expensive
treatment course.

9. Radiation Tissue Injury

Based upon laboratory and clinical studies of osteoradionecrosis, the use of
hyperbaric oxygen has been extended to late radiation change in soft tissue, where
similar pathophysiologies, therapeutic and cost saving responses are reported.

Cost Impact:

The incorporation of HBOT to the treatment plan can have a significant impact on
surgical intervention, standard drug therapy and a potentially long and expensive
treatment course.

10. Therapeutically Irradiated Patients requiring Osseointegrated
Implants or High Risk Dental Extractions

HBO is central to the management of patients undergoing implantation in irradiated
bone. Dental extractions in these patients often lead to non-healing wounds.

Cost Impact:

It has been found that in irradiated patients, the osseointegrated implant failure rate
was 54%, whereas in the irradiated and HBOT managed group the failure rate was
reduced to 8%.

11. Compromised Skin Grafts and Flaps
preparation for grafting

While not indicated in non-compromised settings, postoperative hyperbaric oxygen
has been particularly helpful in host compromised patients where graft of flap
viability is in question, and in preparing the poorly responding wound for coverage.



Cost Impact:

A failed flap or graft may conservatively cost up to $30,000 in additional care.
HBOT can reduce this extra cost by contributing to the salvage of transplanted
tissue.

12. Decompression Sickness

The occupational disease of divers, aviators and tunnel workers is no longer limited
in presentation to coastal regions and military institutions. With more recreational
divers flying to and from various dive sites, the potential for this illness must be
considered, regardless of geographical location.

Cost Impact:

Untreated, DCS can result in permanent nerve, spinal cord, or brain damage. HBOT
is cost effective considering the limited number of persons who acquire DCS,
balanced against the expensive support of those not treated.

13. Acute Exceptional Blood Loss Anemia

Hyperbaric oxygen is used to extend the physiologic limits of the cardiovascular
system in those patients who cannot or will not accept blood transfusions during
acute and severe episodes of blood loss anemia.

Cost Impact:
In this difficult clinical challenge, a course of HBOT would
represent additional cost, but could be lifesaving.

14. Reperfusion Injuries: Frostbite

The pathophysiology for frostbite is similar to that of other reperfusion injuries such
as crush injury, compartment syndrome, and acute traumatic ischemia. Tissue
destruction results from the primary injury where tissue damage is unrepairable, or
by secondary injury during reperfusion. Most tissue loss is from the body’s inability
to handle the primary injury thus resulting in secondary injury. As the tissue receives
the first available oxygen it is converted to toxic radicals which are overwhelmed
causing a vasoconstriction, thrombosis and ischemic swelling of soft tissues such as
muscles. Delivery of oxygen and nutrients to the tissues is disrupted due to the stasis
of the microcirculation.

During rewarming, oxygen demands are greatest therefore the primary and most
important role is hyperoxygenation to maintain tissue viability. The key to a
successful outcome with Hyperbaric oxygen therapy is when it is applied during the
ischemic phase within hours of injury.

Cost Impact:

Hyperbaric Oxygen Therapy when applied during the ischemic phase will decrease
edema and congestion limiting tissue damage. HBOT hastens demarcation for
nonviable tissue and prevents the extension of infection from necrotic tissue to the
adjacent severely injured tissue. The cost effectiveness is in promoting wound
healing and decreasing the number of surgical amputations.



Absolute Contraindications to HBO
Therapy

Untreated Pneumothorax

A patient presenting with an undrained pneumothorax in a pressurized hyperbaric
chamber is always considered a concern. If the pneumothorax tensions at pressure,
decompression will be extremely hazardous and potentially life-threatening. A
patient with a pre-existing pneumothorax should have a chest tube inserted prior to
pressurization, and, if a pneumothorax occurs under pressure a chest tube should be
inserted prior to decompression. It is prudent to obtain a chest x-ray after the
placement of a subclavian line, to rule out the occurrence of pneumothorax before a
patient is pressurized in the chamber.

Doxorubivin (AdrimycinR) - Antineoplastic agent

While HBOT was being investigated as a non-surgical

“antidote” for tissue damage caused by the extravasation of Doxorubicin, it was
discovered that this drug combined with HBOT caused an 87% mortality rate in lab
rats. This mortality rate did not vary with reduced HBOT frequency. A patient
should be discontinued from Doxorubicin at least one week prior to beginning
HBOT.

Disulfiram (AntabuseR) - Antialcoholic

Disulfiram was found to block both pulmonary and central

nervous system oxygen toxicity. However, additional work revealed that the body’s
superoxide dismutase (SOD) was reduced by Disulfiram. The SOD system is the
body’s main defense against oxygen toxicity. Therefore, Disulfiram use is
contraindicated during HBOT in all cases except Carbon Monoxide poisoning
(single treatment). Patients in need of

serial HBO treatments should be discontinued from Disulfiram at least one week
prior to commencing HBOT.

Cis-Platinum - Antineoplastic

Cis-Platinum is an agent that is useful in the control of a number of cancers by
interfering with DNA synthesis and subsequent delays in fibroblast production and
collagen synthesis. The incompatibility with HBOT occurred because the wound
breaking strength was found to be considerably less in the HBOT/Cis-Platinum
group than in the control group. HBOT should be delayed until the patient has been



discontinued from Cis-Platinum for at least one week.
Mafenide Acetate (SulfamylonR) - Antibacterial

This antibacterial cream was found useful in suppressing infection in burn patients.
However, Mafenide is also a carbonic anhydrase inhibitor which tends to encourage
carbon dioxide buildup that causes a peripheral vasodilator. A synergistic
detrimental effect occurs when this effect is combined with the

central vasoconstriction caused by HBOT. Patients, who are being prepared for
HBOT and are receiving Mafenide cream therapy, should have all of the cream
removed by rubbing. Silver Sulfadiazine (FlamazineR) is an effective substitute and
is compatible with HBOT.



Relative Contraindications

With the following conditions, patients may be treated with caution:

Upper respiratory infections and chronic sinusitis
Seizure disorders

Emphysema and carbon dioxide retention

High Fever

History of spontaneous pneumothorax

History of thoracic surgery

History of surgery for otosclerosis

Viral infections

Congenital spherocytosis

History of optic neuritis



Complications and Side Effects

o Barotrauma of the ear

e Pulmonary barotrauma

e Round window blowout

e Sinus squeeze

e Temporary vision changes (myopia)

o Acute finger numbness

e Dental problems (airspaces)

o Confinement anxiety

e Oxygen induced seizures (self-limited)
e Pulmonary oxygen toxicity

HBOT referrals are considered on a case by case basis in relation to all contraindications,
potential benefits, and proven outcomes. The HBO staff will gladly provide the referring
physician with any additional information that may be required.



Case Studies
Chronic Arterial Ulcer

left lateral ankle and lower leg with exposed
) bone

49 year old female with history of Lupus Vasculitis.
Patient developed areas of necrosis of the skin and
subcutaneous tissue at the lateral aspect lower leg as
well as the lateral ankle. The patient required 1.V.
antibiotics and underwent an extensive debridement and
split thickness skin graft. Angiograms done pregrafting
revealed poor blood flow to the lower extremity with
poor distal run off. If graft failed, the patient would be
scheduled for a below knee amputation. Four months
post grafting the patient was referred to the Hyperbaric
Unit with a failed graft and nonhealing wound.

Assessment revealed an ulcerated area over and
proximal to left lateral malleolus with areas of full
thickness skin loss down to the malleolus and distal
tibular shaft. Transcutaneous Oxygen mapping
indicated areas adjacent to the wound site to be hypoxic
with partial pressures below 30 mmHg. The wound
would have a poor chance of healing in an ambient
environment. HBOT was initiated, using 90 minute
treatment protocol of 2.0 atmospheres absolute pressure
five days per week for a total of 50 treatments. Moist
wound care with IntraSite Gel® and Allevyn® were
applied changed Q3D.

Completion of 50 HBOT resulted in granulation tissue
formation and epithelization over the malleolus and
tibular shaft with salvage of the leg.
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Case Studies

Ox

Compromised Skin Graft and Flap

This 42 year old male diagnosed with a basal cell carinoma
adjacent to his left ear. Patient underwent an extensive left sided
resection involving the temporal bone and adjacent soft tissue,
parotid gland, and selective node dissection. A trapezius flap
and a split thickness tissue graft, from the thigh were used to
graft over the temporal bony region. Five days post skin graft
and flap the edges appeared slightly dusky. Evidence of
increased ischemia and infection in the flap was noted on day
ten. The graft and flap continued to fail despite aerobic and
anaerobic coverage. On the twentieth day post grafting extensive
debridement of the flap and graft was done due to failure.

Patient was then referred for HBOT for Compromised skin graft
and flap. HBOT was initiated using a 90 minute treatment with
BID treatment for first two days, remaining treatments on a
daily basis.

Post tenth HBOT a good bed of granulation tissue was formed
and partial regrafting was done. After the twentieth HBOT
regrafting was completed. Patient received 26 HBOT with
complete healing of the graft and flap.




Case Studies

Treatment of a Problem Wound

43 year old male, IDDM x 30 yrs. Presented to hospital with an
infected right 5th toe and cellulitis, as a result of a tight ski boot.

Patient started on IV antibiotics, HBO therapy, appropriate
wound care and offloading.

No surgical interventions were done. Bone scan showed an
osteomyelitis.

Transcutaneous oxygen mapping was performed. The results
indicated the wound would not heal in an ambient environment
as the partial pressures of oxygen were far below 30 mmHg.

Wound care treatment was moist wound healing with
debridement of wound and offloading the pressure. Dressings
consisted of an Intrasite® Gel to base of wound with an
Allevyn® dressing. A light compression with a Tubigrip® was
used to decrease the edema to the leg. The dressings were
changed every second day. A Darco® Boot was fitted to the
patient’s foot for offloading of pressure at the wound site.

Patient underwent a course of 30 HBO treatments daily using a
90 minute treatment interval at pressures of 2.5 atmospheres
absolute.

Appearance of the wound after completion of HBO. The result
was excellent salvage of the leg and toe. Patient continued on
oral antibiotics for 1 month.

2 month follow-up: healing is complete.




Case Studies

Mandibulectomy Reconstructed

with Vascularized Fibular Flap and Osseointegrated Implant
Supported Prosthesis

This 42 year old man was diagnosed with squamous
cell carcinoma of the tongue. He was treated with
chemotherapy and both external beam and interstitial
radiation therapy. He developed an
osteoradionecrosis of the left mandible. The necrotic
bone was ressected and a vascularized fibular flap
was used to reconstruct the mandible.

To provide the patient with a mandibular prosthesis,
osseointegrated implants were placed into the
reconstructed mandible. The implants had to be
placed into both native mandible and the
vascularized fibula. As the native mandible had been
in the field of radiation therapy, 20 hyperbaric
treatments were provided prior to implant placement
and immediately after implant placement a further 10 = =v t\
treatments were undertaken. The hyperbaric

treatment consisted of 90 minutes at 2.5 atmospheres

absolute once a day.

The reconstructed mandible, showing oseointegrated
implants in both native mandible and vascularized
fibula. Endodontic treatment together with posts and
cores were used to support an overdenture in the
maxilla.

The bar superstructure used to retain the mandibular
prosthesis.




Anterior view of the completed mandibular and
maxillary prosthesis.

The prosthesis has been in function for almost three
years without major incident.




Case Studies

Temporal Bone Resection
resulting in loss of the ear

This 68 year old man was diagnosed with squamous cell
carcinoma of the left external auditory meatus. The temporal
bone resection resulted in loss of the left ear. Following the
resection, the patient was treated with therapeutic radiation.

The surgery and radiation therapy precluded any form of
autogenous reconstruction. Craniofacial oseointegrated implants
were used to retain an auricular prosthesis. As the patient had
been therapeutically irradiated, hyperbaric treatment was
undertaken. Twenty dives prior to implant placement and ten
dives after implant placement were administered. The
hyperbaric treatment consisted of 90 minutes at 2.5 atmospheres
absolute once a day.

A bar superstructure was connected to the percutaneous titanium
abutments. A clip system within the ear prosthesis allowed the
prosthesis to be retained on to the bar superstructure.




A close-up view of the auricular prosthesis retained on the
craniofacial osseointegrated implants.




Hyperbaric Medicine
Scientific Resources

Textbooks

Hyperbaric Medicine Practice

E.P. Kindwall, Editor 1994
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Textbook of Hyperbaric Medicine
2nd Revised Edition, K. K. Jain 1996
Hogrefe and Huber Publishers
Seattle, Washington

ISBN 0-88937-127-X
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Caritas Health Group is Alberta’s largest
voluntary-sector health care provider,
combining leading-edge science with the
values of faith-based health care. Caritas is
primarily funded through Capital Health, a
Regional Health Authority which co-
ordinates an integrated, publicly funded
health system for 800,000 people in the
Capital Health Region.

Hyperbaric oxygen therapy is a medical
treatment that is used to treat a limited but
diverse series of illnesses. It is the primary
treatment for disorders such as carbon
monoxide poisoning, decompression
sickness and arterial gas embolism. It is
also an effective adjunct in a combined
program involving antibiotics, dressing
changes and surgery for the enhancement
of healing.

DAN is a unique organization dedicated to
safety, education and research in the scuba
diving community. Divers Alert Network
was founded in 1980 at Duke University
Medical Center as recreational scuba
diving’s 24-hour emergency hotline for
injured divers. The Misericordia is the
DAN referral centre for Alberta.

COMPRU is a clinical/research centre for
head and neck reconstruction and has a
specific interest in the use of
osseointegration biotechnology. COMPRU
has registered an 1ISO9001 quality system
for osseointegration. COMPRU was
nominated as a member of the Association
of Branemark Osseointegration Centres.



