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Introduction

“For the life of the flesh is in the blood” (Leviticus 17:11)

Adequate delivery of blood and oxygen is essential to sustain life. This 
truth was already recognised in 1727 BC in the Code of Hammurabi 
of Mesopotamia that contains a phrase: “to pour out his life-blood 
like water”. In the Enuma Elish, blood was considered the essential 
ingredient in the creation of mankind. Ugaritic and Egyptian sources 
also recognised the importance of blood as a life source.1 Indeed, not 
only life, but also wound healing, depends on it.

The transport and delivery of oxygen to tissue is a function of blood 
flow. Under normal physiological conditions blood flow and blood 
oxygen content are matched to ensure normal function of body 
tissues. In the event of injury, increased oxygen demands may be 
met by an increase in the extraction of oxygen from haemoglobin as 
well as by increases in perfusion. These mechanisms offer limited 
physiological reserve, however. Importantly, both mechanisms 
depend on a patent conduit whereby the oxygen can be transported 
from the alveoli to the affected tissue. 

Ischaemia (isch – restriction; -hema – blood) is a restriction in blood 
supply, generally due to factors related to blood vessels such as 
stenoses or occlusions, leading to damage or dysfunction of tissue.2 

Hypoxia (hyp – low; -oxia – oxygen) is a condition in which tissues 
are deprived of oxygen, irrespective of the cause. This distinguishes 
it from hypoxaemia, which is a reduction in blood oxygen content 
specifically.2 Whether due to ischaemia or hypoxaemia, hypoxia is 

a final common pathway in many causes of wound healing failure.

Unfortunately, methods for reversing hypoxia in chronic wounds are 
often complex and costly. Essentially there are two strategies: (a) 
improving circulation and (b) improving oxygenation. The reason 
why many of these interventions work is that intact skin requires 
very low quantities of oxygen to survive, but 30 to 40 mmHg pO2 at 
tissue level to heal. So, if oxygen delivery can be maintained to the 
point of healing, a subsequent return to a lower baseline may not 
be detrimental. Importantly, this also emphasises the importance of 
preventing primary wounding of ischaemic tissues. 

The aim of this article is to list and describe the various therapeutic 
options for treating ischaemia and/or hypoxia that are available to 
clinicians. It emphasises the important elements that may favour the 
use of one modality above another as well as indicating where a 
combination may be helpful. 

Perfusion strategies

Perfusion strategies are aimed at reversing ischaemia. They usually 
fall within the clinical disciplines of vascular surgery, intervention 
radiology and cardiology. Optimal medical perfusion strategies are 
advocated for all patients with arterial disease.♠3,4 These may even be 
adequate for mild arterial disease. They include smoking cessation5; 
lipid, hypertension and diabetes control; and antiplatelet therapy. 
Even if surgery is indicated, antiplatelet therapy should be started 
preoperatively and be continued as adjuvant pharmacotherapy after 
the endovascular or surgical procedure. Co-existing morbidities such 
as coronary and renal artery stenosis or cerebrovascular disease 

should also be addressed when indicated.3,4 
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♠ Recent trials do not support the value of prostanoids in promoting amputation free survival. There is also no other pharmacotherapy that can be recommended for the treatment of 
critical limb ischaemia. Gene therapy has shown promising early efficacy but further trials are warranted.4

♣	 The Inter-Society Consensus for the Management of Peripheral Arterial Disease (TASC II) recommends that the term critical limb ischaemia be used for all patients with (a) chronic 
ischaemic rest pain; and/or (b) ulcers or gangrene, attributable to objectively proven arterial occlusive disease. The term implies chronicity and is to be distinguished from acute limb 
ischaemia.
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If a patient has evidence of critical limb ischaemia,♣4 the use of 

endovascular or surgical perfusion strategies is justified in an 

attempt to save the extremity. The choice of endovascular vs open 

surgical alternatives is not always easy. However, the Inter-Society 

Consensus for the Management of Peripheral Arterial Disease 

(TASC II) offers some guidance by stratifying vascular lesions in 

the following way: so-called ‘A’ lesions represent those where 

endovascular interventions offer good resolution; ‘B’ lesions offer 

adequate results using endovascular methods, so that this approach 

is the preferred option, unless open revascularisation is indicated 

for other associated lesions in the same anatomical area; ‘C’ lesions 

have superior long-term outcomes using open revascularisation, so 

that endovascular methods are used only in the case of patients with 

a high operative risk; and ‘D’ lesions where endovascular methods 

do not yield adequate results, thus excluding them as a primary 

treatment.

A. Endovascular perfusion strategies: The following 

endovascular perfusion strategies are in common use:

•	 Angioplasty

This is arguably the least invasive intervention to restore circulation. 

A percutaneous Seldinger technique is used to insert a cannula 

into a large artery, either proximal or distal to the lesion, under 

local anaesthetic. Usually the common femoral artery is the point 

of access or, in selected cases, the brachial artery. A guide wire 

is placed through the cannula into the artery under fluoroscopic 

guidance. An arterial sheath is then placed over the guide wire to 

protect the punctured artery. Intra-arterial contrast is administered 

to identify lesions within the arterial lumen. These lesions can then 

be crossed using the guide wire (Figure 1). An angioplasty balloon 

is inserted over the guide wire, whereupon the diseased section of 

the artery is dilated by inflation of the balloon. In selected cases, 

a stent can be placed into the artery to maintain the lumen. The 

success of the procedure is dependent on the length of the stenosis 

or occlusion, the quality of inflow proximally and the quality of run-

off distally.

Even very long occluded segments can be crossed with a sub-intimal 

angioplasty technique that tunnels between the tunica intima and 

tunica media of the artery rather than through the stenosis (Figure 2).

Potential complications associated with endovascular procedures 

include haemorrhage, thrombosis, restenosis and occlusion. 

Although the patency rates for some of these procedures may only 

be measured in months, they may allow wounds to heal during 

that time. It also affords the patient the opportunity to form a more 

extensive network of collateral vessels. Risk factor modification 

and optimal medical therapy contribute significantly towards a 

favourable outcome.

Recommendation 35 of the Inter-Society Consensus for the 

Management of Peripheral Arterial Disease (TASC II) states that, in 

situations where the outcome of endovascular revascularisation vs 

open repair/bypass are considered equivocal (in terms of short-term 

and long-term symptomatic improvement), endovascular techniques 

should be used first.4 

•	 Catheter	directed	thrombolytic	therapy

Thrombolysis has become increasingly common in emergency, 

medical and surgical practice. It is the standard of care for most 

myocardial infarctions and it is used extensively in hyperacute 

thrombotic stroke. Within the context of acute thrombotic events 

involving limb arteries, catheter directed thrombolysis is used to 

dissolve thrombus, exposing the underlying stenosis. The stenosis 

can then be addressed by means of an angioplasty or bypass 

surgery, if required.

B. Surgical Perfusion Strategies: The following surgical 

perfusion strategies are available for selected patients:

•	 Endarterectomy

This is an open surgical procedure, requiring limited access, during 

which the endothelial lining and subjacent atheromatous lesions 

are removed from the vessel. It is performed quite frequently for 

carotid artery stenosis. For ischaemia of the lower extremity, femoral 

Figure 1: Percutaneous transluminal angioplasty Figure 2: Percutaneous sub-intimal angioplasty
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artery endarterectomies can be performed in patients with isolated 

occlusions of that artery. The limited access makes this procedure 

appropriate for higher surgical risk patients. It can even be performed 

under local anaesthesia. 

•	 Arterial	bypass

Extensive vascular pathology sometimes requires the use of 

vascular bypass procedures. The objective is to create a natural 

(i.e. autogenous) or artificial (i.e. prosthetic) conduit able to bypass 

the obstruction. The proximal anastomosis is made in a relatively 

disease-free segment of the artery. The distal anastomosis is done 

beyond the most distal occlusion. The success of bypass procedure 

depends on good arterial inflow (i.e. proximal arterial circulation), 

good arterial outflow (i.e. distal arterial circulation) and an adequate 

conduit. As a rule the conduit of choice is an autogenous vein. 

Reversed saphenous vein, when used for a femoro-popliteal bypass, 

has superior patency when compared to prosthetic conduits (i.e. 

polyester or PTFE)4,6 (Figure 3). This becomes both clinically and 

statistically significant when the bypass is performed distal to the 

knee joint. If an autogenous conduit is not available, the use of a 

prosthetic conduit is justified. Prosthetic conduits are used as a 

matter of routine in bypass procedures of larger diameter vessels, 

e.g. aorta-bifemoral bypass with a bifurcated prosthesis for aorta-

iliac occlusive disease and abdominal aortic aneurisms. The use of 

prosthetic graft material is associated with a higher risk of sepsis, 

which carries high morbidity and mortality. Notwithstanding the 

risks, durable salvage can be obtained in 85 to 89% of cases of 

critical limb ischaemia.7 

Diabetic patients with skin ulceration present unique challenges. 

Typically they have extensive pathology of the infra-popliteal 

arteries. Although some of the lesions can be addressed with 

balloon angioplasty, a large proportion cannot be managed using 

endovascular techniques. Femoro-pedal bypasses have been used 

quite frequently with surprisingly good results. In spite of the fact 

that the long-term patency rates of these bypasses are low, they 

still improve overall limb salvage rates. This may be because bypass 

procedures afford enough time for wounds to heal; they palliate rest 

pain; and they allow time for new collateral vessels to form. Average 

patency rates are listed in Figure 4. Primary amputation is only 

considered in those patients where retaining the limb will directly 

contribute to an increased risk of mortality.

Oxygenation strategies

For patients with incomplete arterial obstruction, adequate 

oxygenation may be achieved by increasing dissolved blood oxygen 

content using either normobaric (i.e. O
2 delivered to the patient at 

1 atmosphere) or hyperbaric (i.e. O2 delivered to the patient at 2 to 3 

atmospheres) oxygen therapy.8

A.  Normobaric oxygen

This is used every day in surgical theatres and in hospital wards. 

It is generally underutilised, given the wealth of scientific support 

confirming its value in wound healing and its ability to prevent wound 

sepsis and dehiscence, particularly following abdominal surgery.9

Oxygen delivery systems range in terms of the route, volume and 

concentration of oxygen they provide. Venturi masks can offer  

24 to 60% oxygen. They deliberately mix the oxygen with air, thereby 

delivering a high volume of oxygen enriched air able to keep up with 

a patient’s inspiratory flow rate, without being unduly wasteful of 

the oxygen supply. For lower concentrations of oxygen, this is the 

most reliable system. Simple oronasal masks and nasal cannulas are 

not ideal. Oronasal masks rarely fit properly and patients frequently 

dislodge them or have them hanging around their necks or blowing 

in their ears. Nasal cannulas deliver 24–40% oxygen within tolerable 

flow rates, but they require nasal breathing. It is not uncommon to 

see patients snoring through the mouth as the nasal cannula fizzes 

gently in the background. Tight fitting non-rebreather masks are the 

best way to deliver high concentrations of oxygen, i.e. 80–90%. 

Breathing high concentrations of normobaric oxygen can increase 

plasma dissolved oxygen by up to 2 mL/dL – which is approximately 

40% of the average quantity of oxygen extracted from haemoglobin 

by body tissues.8 More important than blood oxygen content, 

however, is the ability of this increased oxygen concentration in 

plasma to diffuse further into tissues. This concept is often difficult 

to convey to medical professionals who consider, quite erroneously, 

that haemoglobin saturation is a definitive measure of tissue 

oxygenation.

There are no limits or restrictions on the use of normobaric oxygen 

at inspired fractions of < 0.5 (i.e. < 50%). The continuous delivery of 

80 to 100% oxygen should be limited to 24–36 hours.

Figure 3: Femoro-popliteal bypass with reversed saphenous vein
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Figure 4: Average results for surgical treatment: Ao-bi-fem – aorto-bifemoral 
bypass; Fem-pop – femoro-popliteal; BK – below knee; Ax-bi-fem – axillo-
bifemoral; PTA – percutaneous transluminal angioplasty; Ax-uni-fem – axillo-
unifemoral bypass; pros – prosthetic4
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B.  Hyperbaric oxygen (HBO2)

By delivering oxygen to patients at increased ambient pressure, HBO2 

is able to extend the beneficial effects of oxygen supplementation. 

However, even though HBO2 therapy can increase dissolved blood 

oxygen by up to 6 mL/ dL (enough to sustain life without blood), it 

still requires a conduit to transport the oxygen to the affected tissue.

The application of HBO
2 therapy, being less familiar, frequently has 

to compete with a number of other medical and surgical therapies 

that have already established themselves through common practice 

and/or modern evidence-based medical processes. To secure more 

general acceptance and to ensure its appropriate use, HBO
2 has to 

meet the same standards and should be applied judiciously.8

At a consensus meeting in Lille, France, in December 2004, the 

evidence supporting the use of HBO2 was evaluated using modern 

evidence-based medicine criteria.10 From a wound care perspective 

the accepted indications for HBO2 treatment were rated (See Table I).

A recent Cochrane review concluded that hyperbaric therapy 

significantly reduces the risk of major amputation in patients 

with diabetic ulcers.11 The results have been criticised due to 

methodological shortcomings. Nevertheless, the TASC II document 

suggests that HBO
2 may be considered in selected patients with 

ischaemic ulcers who have not responded to, or are not candidates 

for, revascularisation.4 There is no clinical evidence to justify the use 

of topical oxygen therapy.12

Discussion

The availability of perfusion and oxygenation strategies offers a 

unique spectrum of potential solutions and risk-benefit choices for 

patients with ischaemic/hypoxic wounds. Therefore, the respective 

specialists should be included in the multi-disciplinary teams serving 

these patients. Ultimately, the goal is to offer patients a holistic 

approach to their problems; a cost-effective solution to effectively 

heal their wounds; a sound method for removing or attenuating the 

underlying causes; and the opportunity to improve the quality of their 

lives. A multidisciplinary approach also protects patients against 

possible maverick enthusiasts who favour one specific treatment 

modality.

Although one cannot overstate the importance of involving the 

patient in the decision-making process, direct communication 

between the members of the team managing the patient is equally 

important. If it is thought that more advanced and costly strategies 

should be implemented, a multidisciplinary meeting is appropriate 

to consider the alternatives and then present them to the patient. 

Baseline clinical and special investigations that should be available 

for discussion include the following:

A. Patient demographics

B. Patient history (medical, surgical, wound care)

C. Current medication

D. Vital signs (blood pressure, pulse)

E. Clinical examination

F. Serum glucose 

G. Ankle-brachial pressure indices (ABPI)♥

Following initial assessment of the patient, the next step is to 

determine the need for, and selection of, appropriate special 

investigations and interventions depending on the clinical situation. 

The relevance and value of any special investigation should 

be based on whether it will influence the management of the 

patient. These may include transcutaneous oximetry, magnetic 

resonance angiography – regarded as superior to digital subtraction 

angiography, and CT-angiography,13 X-rays, wound biopsy, and 

wound or tissue microbiology. 

All patients with critical limb ischaemia should undergo 
comprehensive vascular workup.4 If any doubts exist on the 
interpretation of preliminary vascular assessments, patients should 
be offered the benefit of further vascular investigations. This is 
particularly important in diabetic patients. A delayed diagnosis 
of significant peripheral vascular disease may have disastrous 
complications. The American College of Cardiology and American 
Heart Association’s guidelines on the management of patients with 
peripheral arterial disease include the recommendation, based on 
Class I Level B evidence, that patients with critical limb ischaemia 

Table I: Accepted indications for the use of HBO2 treatment in the patient with a 
chronic wound9

Condition
Evidence

level
Evidence

type

Osteoradionecrosis (mandible) I B

Soft tissue radionecrosis (cystitis) I B

Anaerobic or mixed bacterial anaerobic infections I C

Diabetic foot lesions II B

Compromised skin graft and musculocutaneous flap II C

Osteoradionecrosis (other bones) II C

Radio-induced lesions of soft tissues II C

Surgery and implant in irradiated tissue 
(preventative action)

II C

Ischaemic ulcers II C

Refractory chronic osteomyelitis II C

Post-vascular procedure reperfusion syndrome III C

Burns > 20 % of surface area and 2nd degree III C

Selected non-healing wounds secondary to 
inflammatory processes

III C

♥ Ankle-brachial pressure measurement is absolutely essential in the examination of a patient with a wound of his lower extremity. An ankle-brachial pressure index (ABPI) is determined 
by dividing the highest Doppler pressure of a limb at the level of the ankle, by the highest Doppler pressure of either upper limb at the level of the fossa cubiti. An ABPI of less than 0.9 
or higher than 1.3, is considered abnormal. Higher indices (> 1.3) might indicate severe sclerosis with poor compressibility of the arteries. Diabetes should then be excluded. Lower 
indices (< 0.9) are indicative of occlusive arterial disease. An ABPI of less than 0.5 should be followed by an urgent referral to a vascular surgeon, especially in the presence of an 
ulcer. The presence of an abnormal ABPI is also associated with an increased risk of cardiovascular morbidity and mortality. Standard ankle-brachial pressures are not always accurate 
in diabetics. False high values are often obtained due to arterial sclerosis. Toe pressures are more sensitive in this group of patients.
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and skin breakdown should be referred to healthcare providers with 

specialised expertise in wound management.3 

Diagnostic evaluation of patients with critical limb ischaemia should 

provide: (a) objective confirmation of the diagnosis; (b) localisation 

of the responsible lesion(s) with an assessment of relative severity; 

(c) assessment of the haemodynamic requirements for successful 

revascularisation (i.e. proximal vs combined revascularisation of 

multilevel disease); and (d) assessment of the individual patient’s 

endovascular or operative risk.14

Patients with complex ischaemic/hypoxic wounds, who either 

do not have clinically significant arterial disease (i.e. they have 

microvascular disease) or are not candidates for endovascular or 

surgical perfusion strategies, should be considered for HBO2 therapy. 

Transcutaneous oximetry offers an objective method for determining 

which patients are most likely to benefit from HBO2.
15 Patients, who 

have had successful revascularisation procedures, should also be 

reconsidered for oxygen therapy if their wounds do not respond 

adequately following the vascular intervention. 

Not surprisingly, a grey area exists between the choice of perfusion 

strategies and oxygenation strategies. The following flow chart has 

been used at our centres and offers a structured way to evaluate and 

manage patients with complex wounds (See Figure 5).

The presence of macrovascular arterial insufficiency per se is not 

a contra-indication to HBO2.
16 In our clinical experience, a ptcO2 

> 40 mmHg on air or during 100% normobaric oxygen inhalation 

has been the tipping point for the decision of whether patients with 

acceptable ABPIs should preferentially receive HBO2 rather than 

vascular surgery as the primary intervention. However, to continue 

HBO2, transcutaneous oximetry must confirm that the minimum 

therapeutic value (i.e. > 200 mmHg ptcO2) can be achieved under 

hyperbaric conditions.15

If there is no improvement in ptcO2 levels with the patient 

breathing oxygen and hyperbaric oxygen, revascularisation 

should be reconsidered. Age is not considered a contraindication 

to revascularisation procedures. A study by Ouriel has even 

demonstrated statistically significant benefit in terms of morbidity 

Figure 5: Flowchart for the management of hypoxic/ischaemic wounds
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and mortality, when comparing bypass procedures to amputations.17 

However, if perfusion strategies remain inappropriate, amputation 

may need to be considered. 

In some situations, however, multidisciplinary teams should exercise 

self-restraint. If the patient is considered high risk for intervention, 

or if HBO
2 is contraindicated, a conservative approach may be 

appropriate. If so, the patient should be reassessed frequently to 

ensure appropriate control of the patient’s pain and risk factors 

and to monitor the wound. If the conservative approach fails due to 

propagating sepsis or intractable pain, or if it becomes unacceptable 

to the patient, intervention becomes unavoidable. 

For patients with advanced disease and functional impairment, an 

early amputation and rehabilitation might be more appropriate than 

a prolonged, expensive and labour intensive attempt to salvage a 

dysfunctional limb that will continue to reduce the patient’s quality 

of life. Psychological support and rehabilitation are then imperative. 

The decision to amputate and the choice of the level of amputation 

should be considered carefully. It should weigh up the patient’s 

chances of healing, rehabilitation potential and overall quality of life.4 

Accordingly, an orthopaedic surgeon is a vital member of the wound 

care team. They should be involved early in the overall assessment 

of the patient, irrespective of the prognosis or the perfusion and 

oxygenation strategies that may be available. 

Finally, there are patients who will present with unsalvageable 

ischaemia who also have a negligible chance of survival or quality 

of life after amputation. The most appropriate, humanitarian decision 

may then be to opt for effective pain management and palliative 

wound care.18

Conclusion

The perfusion and oxygenation strategies described in this article 

can help the clinician to improve the delivery of oxygen and essential 

nutrients to a compromised wound. If these strategies are available 

at your facility, involve and consider them. If not, consider timely 

referral for the benefit of your patient.     
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