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Application of wound healing management algorithms 

in hyperbaric oxygen therapy improve clinical outcomes 

and, at the same time, markedly reduce expenditures.

Wound healing management algorithms increasingly 

incorporate hyperbaric oxygen (HBO) therapy, and the 

premise for its use is sound.

Oxygen plays key nutritional and “cell signal” roles 

across the many phases of wound healing: hypoxia is 

a common etiology in wounds that fail to respond to 

standard management within anticipated time lines, 

and hyperbaric doses of oxygen are known to increase 

hypoxic wound oxygen tensions to normal, even 

supraphysiologic levels. If HBO therapy is to be effective, 

therefore, prospective demonstration of hypoxia is 

critical.

Equally important is the determination of a therapeutic 

end point if this esoteric and expensive intervention is to 

be cost-effectively applied.

Historically, these two issues were largely overlooked, 

resulting in extensive courses of therapy that all too 

frequently involved poor clinical outcomes at great 

expense to the health insurance system.

The modern application of HBO therapy in problem 

wound healing has evolved along “evidence-based” 

algorithmic lines. Transcutaneous oxygen technology 

is incorporated throughout the consultation and case 

management process. Periwound transcutaneous 

oxygen mapping is employed to:

1) identify the presence of underlying hypoxia, 2) assess 

whether regional perfusion is present in sufficient 

volumes to transfer centrally delivered hyperbaric 

oxygenation to the wound margin, 3) test for early 

angiogenic response, and 4) evaluate for “normalized” 

tissue transcutaneous oxygen/patient host competency.

The net results are more appropriate patient selection, 

and therapeutic dosing limited to “normalizing” the 

wound healing process rather than treating hyperbar-
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ically to complete wound resolution. In this locally 

host-competent state spontaneous healing continues 

with conservative wound care alone.Such brief courses 

of algorithmically applied HBO therapy greatly improve 

clinical outcomes while markedly reducing expenditures.

Introduction

Over the past decade the North American practice of 

hyperbaric medicine has been dominated by the problem 

wound referral. While this has not yet reached the same 

extent elsewhere, it may soon do so. There is growing 

appreciation of the therapeutic impact of hyperbaric 

oxygen therapy in the management of wound healing 

complications [1, 2, 3].

The premise on which hyperbaric doses of oxygen are 

prescribed is correction of hypoxia. A number of factors 

are known to compromise the orderly process of wound 

repair [4], but hypoxia is dominant among them [5]. 

Hypoxia serves to impair healing [6] and weaken host 

defenses [7].

Traditional thinking is that oxygen is simply a metabolite. 

Healing, therefore, is considered to be dependent upon 

the availability of adequate volumes of oxygen. Recent 

research, however, suggests that oxygen’s role is far 

more complex [8].

While clearly serving a vital nutritional function, oxygen 

appears to represent a key cell signal or “growth factor” 

[9, 10]. Tissues otherwise rendered hypoxic respond to 

hyperbarically induced supraphysiologic elevations in 

oxygen in sufficient degrees to stimulate normal wound 

healing responses. Daily, such exposures may act to 

initiate and subsequently reinforce oxygen-dependent 

mechanisms that regulate the control of wound healing.

Where tissue hypoxia is large-vessel mediated, work-up 

for medical or surgical flow augmentation takes 

precedence. There is no point in employing hyperbaric 

oxygenation in patients who lack the physiologic 

capacity to respond locally (the wound) to centrally (the 

lung) delivered hyperbaric hyperoxia.

The benefits of hyperbaric treatment are derived from 

its systemic delivery [11]. There is no topical effect of 

oxygen on cutaneous wound healing [12]. Inspired 

oxygen must be capable of travelling from the lungs via 

the heart to the central then peripheral vasculature, in 

order to arrive at the wound margin.

Unless the distinction regarding relative contributions of 

large- and small-vessel pathology is made, it is difficult 

to justify hyperbaric oxygen therapy on both clinical and 

economic grounds. One only has to review the early 

application of hyperbaric medicine for problem wounds 

to appreciate this point.

It was common for patients to undergo very extensive 

courses of hyperbaric oxygen therapy, exceeding 100 

treatments in some cases. Invariably, no attempt was 

made to determine whether or not reversible hypoxia 

was complicating wound healing. As one might expect, 

clinical outcomes were mixed, and financial expenditures 

poorly justified.

The modern day application of hyperbaric oxygen 

therapy is infinitely more discriminating. Today’s goal 

is not to employ hyperbaric oxygen therapy to heal 

the wound, per se. Rather, it is to “normalize” the 

environment around the wound by producing a critical 

mass of angiogenesis [13].

The patient is presumably converted to a locally 

host-competent state, and able to support spontaneous 

healing, from an oxygen-dependent standpoint. This 
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management approach has considerable clinical and 

financial implications. Applied appropriately, it will 

elevate hyperbaric oxygen therapy to the position of 

credibility and respect it should have enjoyed several 

decades ago.

Hyperbaric oxygen therapy

Hyperbaric oxygen is a treatment in which patients 

breath 100 % oxygen at greater than sea level pressure 

(1.0 atmosphere absolute). High pressures are achieved 

by the use of single- (Fig. 1) or multiple-occupancy 

hyperbaric chambers. Pressures range from 2.0 to 3.0 

atmospheres absolute (200-300 % oxygen equivalent), 

and treatments last for approximately 90 minutes. A 

course of treatments will range from 1 to 50, depending 

on the condition to be treated.

Hyperbaric medicine is by no means new. It has been 

employed since the late 1800s. Until the second half of 

the 20th century, however, its application was limited 

to the treatment of divers and others who suffered 

decompression accidents. Its beneficial mechanism was 

based upon the simple concept of Boyle’s Law.

If pressure is increased (such as in a hyperbaric 

chamber), gas volume (bubbles within the bloodstream, 

i.e., decompression sickness or “the bends”) decreases. 

Today, decompression illness represents a mere fraction 

of the total number of cases referred to hyperbaric 

medicine programs.

The modern application of this unique medical 

technology is infinitely more sophisticated. Intermittent 

exposure to hyperbaric doses of oxygen has been 

demonstrated to produce a number of complex physio-

logical and biochemical effects. In turn, these effects 

represent a series of “beneficial mechanisms” (Table I).

A great deal of published research, involving many 

thousands of articles, has addressed these mechanisms 

and the various conditions that might benefit from 

them. The majority of this work has been conducted 

at the basic science level. It is only quite recently that 

controlled human data have begun to validate clinical 

efficacy [20, 21] and cost effectiveness [22, 23].

Today, in carefully selected and algorithmically managed 

patients, hyperbaric oxygen therapy:

• Confers advanced wound healing in otherwise 

refractory and chronic ischemic lesions [2, 3] with 

enduring results [23];

• Markedly reduces the incidence of amputation in both 

diabetic patients [20, 23] and trauma victims [21];

• Is central nervous system sparing [25];

• Decreases morbidity and mortality in certain 

anaerobic [26] and mixed soft-tissue infections [27];

• Reduces length of stay and need for skin grafting in 

acute thermal burns [28].
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Beneficial mechanisms of action

• Direct pressure [14] 

• Mass action of gases [15] 

• Neovascularization [16] 

• Antimicrobial [7] 

• Vasoconstriction [17] 

• Hyperoxygenation [18] 

• Attenuation of reperfusion injury [19]

Approved uses of hyperbaric oxygen Therapy [11]

• Air or gas embolism

• Carbon monoxide poisoning and smoke 

inhalation: carbon monoxide complicated by 

cyanide poisoning

• Clostridia myonecrosis (gas gangrene)

• Crush injury, compartment syndrome, and 

other acute traumatic ischemias

• Decompression sickness

• Enhancement of healing in selected problem 

wounds

• Exceptional blood loss (anemia)

• Necrotizing soft tissue infections 

(subcutaneous tissue, muscle, fascia)

• Osteomyelitis (refractory)

• Radiation tissue damage (osteoradionecrosis)

• Skin grafts and flaps (compromised)

• Thermal burns

• Adjunctive hyperbaric oxygen in intracranial 

abscess

TABLE I

TABLE II
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The North American practice of hyperbaric medicine 

is based upon an Undersea and Hyperbaric Medical 

Society listing of “Approved Uses” [11] (Table II). It will 

be noted that some of these conditions are uncommon. 

Further, many involve more established procedures and 

therapies initially, with hyperbaric oxygen reserved for 

refractory or more complex cases.

The evaluation and management of refractory wound 

healing and related financial expenditures, however, 

represent an enormous burden on the healthcare 

system. In one study, 16 % of all hospital admissions 

and 23 % of total hospital days were the result of 

diabetic foot lesions [29]. All too frequently, the care of 

these patients is unsuccessful. It has been estimated that 

several billion dollars is expended in the United States 

each year to amputate the extremities and rehabilitate 

diabetics suffering foot and leg lesions [23].

To fully appreciate the enormity of the “wound healing 

problem”, one must also consider the many other 

etiologies known to complicate wounds and retard their 

healing. Peripheral arterial occlusive disease, venous 

stasis disease, late radiation tissue injury, and sickle cell 

disease, are examples.

Not surprisingly, “problem wound healing” patients 

represent a significant percentage of the total hyperbaric 

referral volume.

Transcutaneous pO2 measurements

The critical role of oxygen in wound healing has been 

the subject of several decades of research and has 

been extensively reviewed elsewhere [2, 6]. Some local 

wound hypoxia is inevitable in injured tissue states 

and is thought to act as a stimulus for repair [6]. Local 

ischemia, however, is a completely different matter.

Flow deficits and resultant reductions in oxygen delivery 

represent a major impediment to healing [6]. Therefore, 

to effectively manage hypoxic wounds one must work up 

for ischemia. Findings of ischemia are commonly the result 

of macro- and/or microvascular disruptions. Distinction 

between large- and small-vessel disease is important.

If ischemia is significant and large-vessel mediated, 

some form of flow augmentation procedure will be 

necessary if the wound is to heal and the limb salvaged. 

If regional ischemia is modest, or if the problem is chiefly 

microvascular in nature, hyperbaric oxygen becomes a 

therapeutic option.

Of the several methods that evaluate vascular 

competence, transcutaneous pO2 monitoring appears 

best suited to guide hyperbaric decision making. 

In contrast with pressure and volume assessments, 

transcutaneous pO2 monitoring precisely measures the 

“end point” of the oxygen delivery system, i.e., oxygen 

tensions present within the skin or subjacent tissues.

Threshold oxygen tensions have been established for 

healthy [30, 31] and critically ischemic [32] tissues. 

Transcutaneous pO2 directly reflects the indication 

for hyperbaric oxygen therapy and any subsequent 

therapeutic effect. Furthermore it provides information 

regarding the relative contributions of macro and 

microvascular flow disruption. First introduced as a 

non-invasive assessment of arterial oxygen tension in 

neonates [33], transcutaneous oxygen mapping has 

been employed in vascular [34], orthopedic [35, 36], 

and plastic surgery [37] settings.

Most recently, the importance of transcutaneous pO2 

measurement in the management of distal lower 

extremity disease has been prospectively demonstrated 

[38, 39, 40]. Its value in predicting the risk of amputation 

in the diabetic population is very evident [41].
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For the hyperbaricist, tcpO2 is critical to the successful 

evaluation and management of problem wound referrals. 

As a number of local and systemic factors are known 

to adversely influence wound healing, it is important to 

identify underlying hypoxia if hyperbaric oxygen therapy 

is to be effectively applied. As several etiologies may 

exist in the same patient, one must work up each patient 

comprehensively and manage accordingly.

Transcutaneous pO2 monitoring is employed algorithmically 

throughout the evaluation and case management periods.

Transcutaneous oxygen management 
algorithm

Hyperbaric wound healing referrals undergo a compre-

hensive work-up, including a detailed medical history, 

physical examination, and selected diagnostic testing. 

Baseline transcutaneous oxygen screening is followed 

up in an algorithmic manner in those patients whose 

risk-benefit ratio is in favor of a trial of hyperbaric oxygen 

therapy. The algorithm addresses four essential questions:

I Is wound healing complicated by hypoxia? 

II When present, is hypoxia reversible? 

III Is the patient responding to hyperbaric oxygen therapy? 

IV Has the patient reached a therapeutic end point?

I: Is wound healing complicated by hypoxia?

• Normal lower extremity tcpO2 values exceed 50 

mmHg when recorded at one atmosphere absolute 

(760 mmHg) [39, 40].

• Values ranging from 35-40 mmHg and higher are 

considered sufficient to support oxygen-dependent 

wound healing [28, 39, 41, 42].

• Values below this range represent a risk of healing 

compromise, the degree of which increases as 

values decrease [42].

II: When present, is hypoxia reversible?

For hyperbaric oxygen (a systemic method of dose 

delivery) to be effective, a certain degree of regional 

perfusion must be present.

• Breathing 100 % oxygen at normobaric pressure 

following the recording of a steady-state ambient 

tcpO2 value evaluates the state of regional arterial flow.

• Oxygen challenge values in excess of 300 mmHg 

represent essentially uncompromised regional 

perfusion.

• Screening values in excess of approximately 

100 mmHg are suggestive of adequate regional 

perfusion for limb viability and reflect a suitable 

hyperbaric candidate.

• Screening values that fail to reach 100 mmHg 

are consistent with significant ischemia and 

warrant further vascular work-up. The decision to 

incorporate hyperbaric oxygen therapy into the 

treatment plan is made on a case-by-case basis and 

following decisions regarding any flow augmen-

tation options.

III: Is the patient responding to hyperbaric 
oxygen therapy?

The above patient selection process does not predict 

outcome. It identifies those patients who have the 

physiologic capacity to deliver high pressures of oxygen 

to the wound margin. There has been an effort to 

incorporate tcpO2 as an outcome predictor [43]. This is 

an unresolved issue, however [44].

It is probably asking too much of this technology, for the 

diabetic patient in particular and given the complexity of 

such lesions. Consequently, early evidence of therapeutic 

response is sought. Improvement in ambient (21 % 

O2) tcpO2 over time has consistently been the best 

indicator of therapeutic response [44]. The absence of 

such a response might alert the clinician to a potential 

non-responder.

This should permit evaluation for other possible 

impediments to wound repair, thereby avoiding an 

otherwise unsuccessful and expensive course of therapy.

Hyperoxic-induced angiogenic responses have been 

monitored transcutaneously in tissues rendered ischemic 

secondary to therapeutic radiation [16]. A distinct “rapid 

rise phase” in tcpO2 occurs following 8-10 treatments. 
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This rise tends to plateau at 20-22 treatments. As a 

point of re-evaluation we have selected 14 treatments, 

essentially midway through this period of rapid change 

in tcpO2. If neovascularization is taking place, there 

should be improved baseline (21 % O2) periwound 

values at this point.

• If values are increasing, the patient is considered a 

responder, and hyperbaric treatments are continued 

to Step IV.

• If there has been no change or if deterioration is 

evident, the patient undergoes further work-up for 

etiologies other than hypoxia. Hyperbaric oxygen 

therapy may be held at this point.

The goal of Step III is to avoid lengthy and ultimately 

unsuccessful courses of hyperbaric oxygen therapy.

IV: Has the patient reached a therapeutic 
end point?

In this era of healthcare reform with efforts to contain 

costs, greater scrutiny is being directed at the healthcare 

delivery system in general, and those modalities not 

entirely entrenched within mainstream medical practice 

in particular. It is important, therefore, that the decision 

to utilize hyperbaric oxygen therapy be mediated, in 

part, by its financial impact.

In carefully selected patients, managed along algorithmic 

and evidence-based lines, hyperbaric oxygen therapy 

provides excellent and enduring clinical outcomes 

while reducing the total healthcare cost. When used 

in a non-discriminating manner, it is expensive and of 

questionable clinical value.

In terms of the wound healing referral, transcutaneous 

oxygen monitoring holds great promise as a cost 

containment tool. It is already noted that patient selection 

today is much more discriminating. Well-oxygenated 

chronic wounds are directed to management strategies 

other than hyperbaric oxygenation. Hypoxic wounds 

that are the consequence of high-grade regional 

ischemia are likewise referred from the hyperbaricist to 

the vascular service.

In those patients entered into a hyperbaric treatment 

protocol, non-responders are identified early rather than 

following many weeks or even months of treatment.

The final step is to identify when the prescribed course 

of hyperbaric oxygen therapy has produced sufficient 

angiogenesis to support spontaneous healing. It is 

neither necessary nor cost-effective to treat such 

wounds to complete resolution.

Once the environment around the wound has been 

“normalized” and the patient converted to a locally 

host-competent state, hyperbaric oxygen can be 

stopped. Periwound transcutaneous oxygen values that 

reach or exceed 40 mmHg suggest adequate neovascu-

larization has been formed. Typically, clinical evidence of 

healing responses will be apparent at this time, however, 

the wound may not be fully healed.

At this point hyperbaric oxygen therapy can be stopped. 

Standard wound care measures remain in force, and the 

patient is followed for continued healing responses. If 

the wound plateaus or regresses, hyperbaric oxygen 

therapy is reinstituted.

In the setting for which this protocol is designed i.e., 

the chronic and refractory skin ulceration, withholding 

hyperbaric therapy for one or two weeks is unlikely to 

represent a limb-threatening event.

Cost-benefit implications

The healthcare profession remains under increasing 

pressure to maximize clinical outcomes while 

containing expenditures. As with other specialized 

medical technologies, HBO therapy is firmly under 

the “outcomes microscope”. To be deemed a clinical 

and cost-effective intervention, HBO therapy must be 

practiced in a selective and judicious manner.

Treatments are expensive. In the United States, the 

average cost of a single treatment (combining hospital 

and physician fees) is of the order of USD 650.00. In 

the case of severe carbon monoxide poisoning involving 

just one or two treatments, this may not seem an 
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unreasonable cost. On the other end of the spectrum is 

the problem wound referral. If poorly managed, these 

cases may involve very lengthy courses of treatment 

that are difficult to justify on both clinical and financial 

grounds.

Transcutaneous pO2 guides the hyperbaricist by 

providing an “evidence-based” element of decision 

making. Where chronic and refractory wounds are 

found to involve reversible hypoxia, a trial of HBO 

therapy would appear indicated. Nonhypoxic wounds 

and hypoxic wounds involving high-grade regional 

ischemia are referred on to those who can best address 

macrovascular flow. Patients who begin HBO therapy are 

followed closely for early evidence of healing responses, 

then “normalization” of local hypoxia.

The application of the above management algorithm 

has had a significant impact at our institution. A marked 

reduction in the total number of hyperbaric treatments 

provided for wound healing referrals has resulted, while 

clinical outcomes have continued to improve.

This approach has not been lost on the health insurance 

industry. It is becoming increasingly common for insurers 

to question the diagnosis of hypoxia-mediated healing 

compromise and the need for hyperbaric oxygen 

therapy. Transcutaneous oxygen studies play a key role 

in substantiating the diagnosis and subsequent medical 

decision making.

In a very recent development, Medicare has published 

a list of “indications for effective treatment outcomes 

for HBO” therapy [42]. One such indication is “resolved 

hypoxia”, which is further defined as oxygen levels 

greater than 40 mmHg. Medicare is the US Govern-

ment’s program that provides health benefits to the 

elderly. Medicare beneficiaries make up the majority of 

patients treated hyperbarically, so this definition which 

goes on to state that “the body can now resume most 

functions of wound healing and antimicrobial defenses 

without need of HBO” has an enormous implication.

It demands the application of the management 

algorithm described herein.
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