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Introduction

Hard-to-heal wounds, also referred to as chronic, 

non-healing or complex wounds, are de�ned as 

‘wounds that do not heal properly during an amount 

of time that normally should be su�cient for 

healing’.1 In the US, hard-to-heal wounds a�ected 

about 8.2 million Medicare bene�ciaries in 2018, and 

cost projections for all wounds ranged from $28.1 to 

$96.8 billion.2 UK estimates for all wounds in 

2017/2018 were £8.3 billion. Between 2012/2013 and 

2017/2018, the prevalence of wounds in the UK 

increased by 71%, accompanied by substantial 

increases in resource use and a 48% increase in 

patient management costs.3 It is estimated that 

around 1–3% of the total healthcare expenditures in 

developed countries is devoted to chronic wounds.4 

In Wales alone, it was estimated that 5.5% of the UK's 

National Health Service (NHS) expenditures are 

devoted to wound care.4 Incidence rates and costs are 

growing due to aging populations with concurrent 

increases in their comorbidities, such as diabetes, 

obesity, arterial hypertension and peripheral 

vascular disease,5 as well as general in�ationary 

pressures on the healthcare system. �e rising 

population of patients with hard-to-heal wounds 

necessitates improvements in wound treatment 

technology and delivery of care. Treatments that 

empower patients in their home setting will be 

especially impactful.

Wound healing requires, among other things, the 

restoration of macro- and micro-circulation. 

Adequate blood �ow delivers many key components 

to the site of a wound; chief among those is oxygen. 

Oxygen plays an important role in the reconstruction 

of new vessels and connective tissue, as well as the 

migration of epithelial cells, and it allows for normal 

local metabolism while facilitating resistance to 
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infection. One way of locally delivering more oxygen 

to a wound is using topical oxygen therapy (TOT), an 

umbrella term for several modalities for topically 

administering oxygen to wounds or ulcers to 

promote tissue healing. 

In 2022, an expert panel of nine key opinion 

leaders from the US and Europe met to discuss the 

clinical evidence in support of TOT in the care and 

treatment of hard-to-heal wounds, with the aim of 

providing expert consensus recommendations on 

best practices. �e meeting resulted in this 

consensus document, which is intended to be an 

update on a 2017 document on oxygen therapies in 

wound healing published by the European Wound 

Management Association (EWMA).6

�is consensus document �rst explains the role of 

oxygen and its derivatives in normal wound healing, 

including the impact of hypoxia. It then introduces 

TOT and its speci�c modalities, detailing their 

mechanisms of action with an overview of treatment 

options. �is document includes a thorough 

assessment of the best available evidence for the 

utility of TOT in hard-to-heal wounds (Box 1).7 

However, it does not directly compare the various 

TOT modalities and devices or provide a 

comprehensive review of systemic hyperbaric oxygen 

therapy (HBOT). It does examine the practical 

incorporation of TOT into wound care clinical 

practice, engaging with current discussions on the 

topic and the recommendations of internationally 

recognised organisations. Its �nal sections explore 

patient perspectives on TOT, the cost-e�ectiveness of 

TOT and gaps in the evidence on TOT, with 

suggestions for future actions. 

Box 1. Research rating method

The panel rated the quality of evidence available 

(confidence in the estimates) and the strength of 

recommendations based on the American 

Diabetes Association (ADA) Grades of 

Recommendation Assessment, Development 

and Evaluation (GRADE) system. This system, 

last updated by the ADA in 2023,7 provides 

ratings of A, B or C, depending on the quality of 

the grade. Expert opinion E is a separate 

category for ratings where there is no clinical 

trials evidence, trials are impractical or there is 

conflicting evidence. The E grades are informed 

by key opinion leaders identified by the ADA. All 

standard-of-care recommendations evaluated 

herein receive a rating for the strength of the 

evidence and not for the strength of the 

recommendation. Recommendations with 

A-level evidence are based on large, well-

designed randomised controlled trials (RCTs) or 

well-conducted meta-analyses of RCTs. 

Generally, these recommendations have the best 

chance of improving outcomes when applied to 

the appropriate population. Recommendations 

with lower levels of evidence may be equally 

important but are not as robustly supported. The 

2023 ADA Standards of Care for the first-time 

recommended topical oxygen therapy (TOT) for 

the treatment of chronic diabetic foot ulcers, 

with the highest level of evidence grade (A).45 

The 2022 panel review initiated with all the 

publications included in the 2017 European 

Wound Management Association document.6 

Panelists discussed the relevant research 

published in the intervening 5 years and 

included over 45 additional peer reviewed 

articles deemed to impact the knowledge and 

usage of TOT into this 2023 analysis. 

Generally, RCTs are considered level 1, cohort 

studies level 2, case studies as level 3 and case 

reports level 4 evidence. After assessment of 

availability and levels of evidence, the evidence 

level that supports each recommendation is 

graded as follows:

A. Clear evidence from well-conducted, 

generalisable RCTs that are 

adequately powered

B. Supportive evidence from well-conducted 

cohort studies

C. Supportive evidence from poorly controlled 

or uncontrolled studies

D. Expert consensus or clinical experience.
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Understanding TOT requires an understanding 

of the role of molecular oxygen and its 

derivative molecules in wound healing.

Flow of oxygen in the body
Oxygen delivery to tissues begins with oxygenation of 

arterial blood in the lungs. �e oxygen is then 

transported by haemoglobin through the blood and 

delivered to the tissues. �e balance between the 

arterial blood �ow to the tissues and the rate of 

oxygen consumption in the tissue is known as oxygen 

tension (or partial pressure of oxygen).8 In the small 

intercapillary distances of the muscle where there is 

high consumption of oxygen, the main source of 

oxygen is that bound to haemoglobin, rather than 

arterial oxygen tension.9 However, where 

intercapillary distances are higher and the 

consumption of oxygen is relatively low, as in the 

subcutaneous tissue, the arterial oxygen tension is 

the main means of oxygenation. When a wound 

disrupts tissue, microcirculation di�usion distances 

increase, and therefore the arterial oxygen tension 

becomes the major means of oxygen transportation.10

Normally, the oxygen tension in healthy tissue is 

approximately 100 mmHg. However, upon injury 

there is an initial hypoxia, where oxygen 

consumption exceeds delivery, stimulating essential 

in�ammatory processes. In instances where hypoxia 

becomes prolonged, there is wound deterioration.11–13 

Causes of hypoxia include high biological activity in 

the wound (which depletes oxygen), inadequate 

oxygen delivery and poor blood perfusion. As the 

oxygen tension levels in the tissue drops below 

30 mmHg towards 10 mmHg, a critical hypoxic 

threshold is reached where low oxygen tension may 

lead to the development of hard-to-heal wounds.8,14 

Molecular oxygen and its 
derivatives in wound healing
Oxygen and its derivatives a�ect cytokines, cell 

mediation and tissues and are involved in a 

multitude of wound-healing processes, in all wound 

types and aetiologies (Table 1), including energy 

generation, bacterial defenses, cell signaling, 

angiogenesis and collagen deposition. Various 

enzymes and substrates in the body react with 

oxygen to produce derivative molecules (Figure 1). 

Oxygen drives the synthesis of oxidative 

metabolism-derived energy, proteins and nitric 

oxide. Nitric oxide has key roles in the regulation of 

vascular tone (vasodilatation and vasoconstriction) 

and formation of new blood vessels (angiogenesis). 

�e availability of oxygen is key to the production of 

adenosine 5’-triphosphate (ATP), which is 

synthesised via the enzymes ATP synthase and 

cytochrome C and the electron transport chain in the 

mitochondria (Figure 2). ATP is used in protein 

synthesis, chemical energy for metabolism and many 

other cell functions. Oxygen is also used in the 

hydroxylation of other molecules, all of which are 

involved in wound healing; this includes the 

hydroxylation of mature collagen, a key substrate for 

wound healing that is deposited and crosslinked to 

form �broblasts and extracellular matrix.

In a wound setting, oxygen is partially reduced in 

large quantities to form reactive oxygen species 

(ROS), which include the free-radical anion 

superoxide (the one electron-reduction product of 

oxygen) and the non-radical hydrogen peroxide.14 

Role of molecular oxygen 

in wound healing

Table 1. Roles of oxygen and oxygen derivatives 
in wounds

Chemical Roles

Oxygen

• Oxidative metabolism-derived 
energy synthesis

• Protein synthesis

• Nitric oxide synthesis

• Collagen maturation

• Reduction of reactive oxygen 
species, including superoxide and 
hydrogen peroxide

• Adenosine 5’-triphosphate synthesis

Nitric oxide
• Angiogenesis

• Vasodilatation and vasoconstriction

Superoxide
• Endothelial cell signalling

• Dismutation to hydrogen peroxide

Hydrogen 

peroxide

• Redox signalling

• Peroxidation of hypochlorous acid

Hypochlorous 

acid

• Phagocytosis/bactericide/
bacteriostasis

Adenosine 

5’-triphosphate

• Protein synthesis

• Chemical energy for metabolism
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�is is known as a respiratory or oxidative burst. ROS 

are involved in migration and phagocytosis of 

leukocytes, as well as the upregulation of 

bacteriostatic hydrogen peroxide, nitric oxide, 

platelet derived growth factor (PDGF) and vascular 

endothelial growth factor (VEGF). A major source of 

superoxide at the wound site is receipt of a single 

electron from nicotinamide adenine dinucleotide 

phosphate (NADPH)-oxidase in phagocytic cells, 

which help kill bacteria. 

Superoxide generation drives endothelial cell 

signalling, such as is required during angiogenesis, 

division and migration of cells, reconstruction of 

connective tissue and upregulation of growth factors 

(e.g., �broblast growth factor (FGF), PDGF and VEGF). 

In biological tissues, superoxide can rapidly and 

spontaneously dismutate to create hydrogen 

peroxide—either spontaneously or facilitated by 

enzymes called superoxide dismutases. Superoxide 

dismutase converts two superoxide molecules into a 

hydrogen peroxide and a water molecule. Endogenous 

hydrogen peroxide powers a cellular signalling 

network (redox signalling) to support cell migration 

and proliferation and angiogenesis, positively 

impacting important aspects of wound healing. 

Redox-sensitive cysteine residues can be modi�ed by 

Figure 1. Enzymatic and molecular derivation of oxygen in wound healing
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hydrogen peroxide to change cellular signalling. 

Hydrogen peroxide may be used by myeloperoxidase 

within neutrophils to mediate chloride ions, resulting 

in the formation of hypochlorous acid, a potent 

disinfectant, antimicrobial and bactericidal agent in 

phagocytic cells. Reduction of hydrogen peroxide to 

water occurs by glutathione peroxidases, 

peroxiredoxins or catalase.14 

Effects of bacterial burden on 
local oxygen consumption
Physiological features of wounds that a�ect 

oxygenation include high metabolic activity in the 

tissue, oedema, poor blood circulation, di�usion 

constraints (surface area vs volume) and bacterial 

oxygen consumption. It is the physical damage of a 

wound that injures the microvasculature and 

reduces tissue perfusion. Following microvascular 

injury, tissue oedema and venous out�ow congestion 

contribute to ischaemia-reperfusion tissue injury.15 

Additionally, bio�lms produced by both gram-

positive and gram-negative bacteria impact oxygen 

consumption and have gained increasing attention 

as a contributor to wound chronicity.16–18 

Neutrophils have been shown to accumulate in 

bio�lms in mouse-wound models.19 In response to an 

infection, neutrophils activate NADPH-oxidase to 

produce ROS and reduce oxygen through NADPH 

oxidase-2, all of which will deplete the levels of 

oxygen. Indeed, steep gradients of oxygen are 

detected in bio�lms, with little or no oxygen 

measured 100 µm below the surface.20,21 

Alternatively, once neutrophils clear microorganisms 

and macrophages remove debris, their activation 

comes to an end, in�ammation diminishes, 

consumption of oxygen decreases and the wound can 

progress towards closure. Complications arise when 

the bacterial bio�lm persists and attracts activated 

neutrophils, creating an environment of depleted 

oxygen and decreasing the opportunity to create the 

ROS needed for antimicrobial activity.18 Wound 

healing is impaired by bio�lms, which promote 

wound chronicity by contributing to and 

maintaining low oxygen tension via bacterial 

metabolism and recruitment of 

oxygen-consuming neutrophils.18,22

Figure 2. Oxygen and 
adenosine 5’-triphosphate (ATP)

 

Molecular oxygen

 
ATP synthase, cytochrome C and electron 

transport chain in the mitochondria

 
ATP

 
Protein synthesis, chemical energy for 
metabolism and other cell functions
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When the oxygen tension becomes suboptimal, 

enzymes involved in these wound-healing processes 

are less e�cient, contributing to impairment of 

wound healing.11,12 �e depletion of oxygen has a 

direct e�ect on the e�ciency of many enzymes 

(Figure 3).23 Typical oxygen tension in normal tissues 

is approximately 100 mmHg, which supports 

enzymatic activity levels relative to maximal 

e�ciency of around 95% for cytochrome oxydase 

(involved in ATP synthesis), 80% for prolyl 

hydroxylase (involved in collagen synthesis) and 60% 

for NADPH oxidase (involved in antimicrobial 

activity).24 Conversely, typical oxygen tension at the 

centre of a wound is closer to 10 mmHg, which 

reduces activity of these enzymes to 10–30% of their 

maximal e�ciency, with infection-�ghting enzymes 

being most susceptible to low oxygen tension.25

In clinical practice, there are several indicators of 

low oxygen in a wound. �e presence of facultative 

aerobic and strictly anaerobic bacterial species can 

serve as a surrogate biomarker for persistent hypoxia 

in hard-to-heal wounds.26,27 Investigators have also 

observed that the biochemical composition of wound 

exudate compared to serum, speci�cally high lactate 

Figure 3. Enzymatic activity by oxygen tension23
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Key points
 n Oxygen and its chemical derivatives are essential 

for many wound-healing processes

 n Healing is impeded by lack of oxygen in a wound 
(hypoxia), caused by high biological activity and 
poor oxygen delivery and perfusion

 n Enzymatic activity is affected by oxygen levels

 n Bacterial burden impacts oxygen consumption

 n Facultative aerobic and strictly anaerobic bacterial 
species can be surrogate biomarkers for hypoxia

 n Several methods for measuring levels of oxygen in 
wounds can be used to estimate oxygenation and 
treatment efficacy
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concentratons,28 indicate hypoxic metabolic 

conditions from anaerobic glycolysis and 

neutrophil activity.

Several methods for measuring levels of oxygen in 

wounds are used to estimate oxygenation and the 

e�cacy of treatments (Table 2).15,29–37 �ese methods 

measure local hypoxia, but they o�er no estimate on 

the activity level of neutrophils. Although not 

necessary for TOT therapy management monitoring 

oxygen levels has the potential to provide guidance 

on whether a non-healing wound is associated with a 

lack of oxygen and if supplemental oxygen is likely to 

result in improved healing. One method, 

transcutaneous oximetry (TCPO2), has been 

validated mathematically to predict failure-to-heal 

rates for diabetic foot ulcers (DFUs) treated with 

HBOT,6 and it holds promise for TOT.34 Near-infrared 

spectroscopy (NIRS), remission spectroscopy and 

tissue oxygen tension measurements have also been 

favourably reviewed. 

Table 2. Methods for measuring levels of oxygen in wounds

Method Parameters Mechanism
Advantages (+) and 
limitations (–)

Near-infrared 

spectroscopy

Light 
reflectance and 
absorbance at 
760–1100 nm

Computerised algorithms measure 
skeletal muscle oxygen saturation of 
tissue, correlating to tissue 
perfusion, using oxygenated and 
deoxygenated haemoglobin as the 
primary absorbers 
(chromophores)31,32,35

+ Colour visualisation; 
completed in a few minutes; 
noninvasive

– Disposable costs; potential of 
presence of dermal melanin to 
limit accuracy

Tissue oxygen 

tension

Local oxygen 
tension in a 
specific tissue 
volume around 
the probe

Measurements are based on 
polarography, in which tissue 
oxygen passes through a 
semipermeable membrane and is 
reduced to hydroxide ions on a 
noble-metal cathode polarised by 
an anode; the electrochemical 
reduction of oxygen produces a 
current that is directly proportional 
to oxygen tension in the tissue15,29,33

+ Minimally invasive, 
continuous measurement

– Dependency of electrode 
currents on tissue 
temperature, patient 
movement; reading errors due 
to tissue trauma and oedema 
by electrode insertion or 
misplacement of 
oxygen sensors

Transcutaneous 

oxygen tension 

measurement

Blood 
perfusion in 
tissue 
immediately 
below skin

Measures oxygen tension of the 
skin, as cutaneous oxygen-tension 
values reflect arterial oxygen-
tension values; heated Clark 
electrodes provide a practical 
method to monitor skin-surface 
(transcutaneous) 
oxygen tension31,34–36

+ Measures oxygen tension; 
correlation with local 
microcirculation status

– Reading errors due to tissue 
oedema and states of 
inflammation and infection; 
potential for readings to be 
affected by temperature

Remission 

spectroscopy

Hyperspectral 
imaging; 
complete 
remission 
spectra; spatial 
frequency 
domain 
imaging

Hyperspectral (multispectral) 
imaging provides complete 3D 
remission spectra in the visible–
near-infrared region in the form of 
theta perfusion depth profiles, 
compiled by advanced model-
based data processing; classifies 
and segments different types of 
tissue (e.g., necrosis, granulation and 
epithelium); estimates perfusion in 
the superficial tissue, wound depth 
and surrounding tissue110

+ Contact-free; high 
information content

– Lack of continuous 
measurement; sensitivity to 
environmental light influence
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The panel de�ned TOT as ‘the administration of 

oxygen applied topically to wounds by either 

mechanical or non-mechanical means to promote 

tissue healing’. Distinct from HBOT (Box 2), TOT can 

be provided by a clinician or self-administered, and it 

is easily used in a variety of settings, from long-term 

care and acute hospitals to skilled nursing facilities 

and home care.38

TOT works on the rationale that higher oxygen 

tension has been demonstrated to reverse local 

hypoxia.39 High oxygen concentrations are 

detrimental to anaerobic bacteria, while other 

pathogens are more readily cleared by leukocytes 

activated by oxygen.40,41 Furthermore, wounds stalled 

in the in�ammatory phase of wound healing can 

bene�t, and oxygen can proceed to upregulate 

angiogenic growth factors (e.g. VEGF and FGF-2).41 As 

angiogenesis progresses with enhanced �broblast 

activity, wound-bed granulation and tissue collagen 

formation ensues, with the growth of new blood 

vessels, ultimately leading to wound healing.13,41,42 

Multiple modalities of TOT can be used to restore 

oxygen tension to levels necessary to support the 

enzymatic processes required for tissue regeneration.14 

A study on DFUs investigated the impact of one TOT 

modality, continuous delivery of oxygen (CDO) 

(Figure 4), on in�ammatory cytokines (IL-6, IL-8 and 

TNF-α), growth factors (VEGF, PDGF, IGF and TGF-β) 

and perfusion changes in the peripheral wound bed 

over 3 weeks.43 Signi�cant increases in cytokines, 

growth factors and TCPO2 measurements were 

observed 1 week after CDO application. �e study also 

measured perfusion, bacterial load and healing. 

Growth factors signi�cantly increased from 280% to 

820% in the �rst week. Several cytokines increased over 

400% in the �rst 2 weeks before decreasing. Signi�cant 

increases in TCPO2 indicated increased oxygen 

perfusion in the wound periphery. Over half the 

wounds healed at least 50% in 3 weeks.43 An earlier 

mechanistic study13 further demonstrated that 

pressurised topical oxygen penetrated to at least 2 mm 

below the wound bed and increased oxygen tension 

eightfold in 4 minutes. �ese results demonstrate the 

e�ects of rapid oxygen delivery into the wound bed and 

periphery, as well as its signi�cant positive impacts on 

multiple factors involved in wound healing.

Evidence
Historically, there has been a lack of the highest-level 

evidence for wound care in general and TOT 

speci�cally. �is can be attributed to several factors, 

such as complex biological mechanisms of action, 

di�culties in  clinical trial design, commercial barriers 

to serving target patient populations and a regulatory 

landscape that changes over time and di�ers across 

agencies (e.g., the US Food and Drug Administration 

Topical oxygen therapy

Box 2. Hyperbaric oxygen therapy

Hyperbaric oxygen therapy (HBOT) is a 

systemic therapy in which the patient inhales 

oxygen within a hyperbaric chamber. This 

provides super-physiologic oxygen tension—

over 1800 mmHg at 2.4 ATA—which translates 

to different clinical and treatment indications 

from those of topical oxygen therapy (TOT). 

However, in principle, HBOT and TOT are not 

competing therapeutic methods and could 

be used together or sequentially.

HBOT has been in use for decades111–113 and 

thus has a greater recognition and usage in 

the medical community than TOT. However, 

HBOT has the practical limitations of being 

relatively expensive and only accessible in a 

specialised care facility.114 There has been 

tremendous variation in the accessibility of 

HBOT, on a country by-country basis and 

frequently by insurer as well, although the US 

Centres for Medicare and Medicaid Services 

have recognised HBOT use and provided 

coverage for several clinical indications, 

including diabetic foot ulcers (DFUs).115

The data on HBOT is inconsistent on its 

efficacy for various reasons. Reported trials in 

DFUs have been heterogenous, with 

inconsistent results and high drop-out rates 

due to inconvenience or complications.111–113 

Consequently, routine use of HBOT for chronic 

superficial non-ischaemic, non-infected DFUs 

is not recommended.114 Two RCTs comparing 

HBOT to placebo in leg ulcers found 

significant improvements in wound-area 

reduction but not in overall healing.116,117 The 

latest Cochrane review on HBOT found no 

eligible studies in pressure ulcers.114
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(FDA), US Centers for Medicare and Medicaid Services, 

European Medicines Agency, Japan Pharmaceuticals 

and Medical Devices Agency and commercial payers). 

While most studies to date are supportive of TOT, other, 

mostly earlier studies present con�icting reports on this 

therapy. As knowledge of wound healing has advanced, 

so too have trial designs. Patient- and wound-selection 

issues, duration of treatment, durability of wound 

closure and de�ning appropriate standard of care (SoC) 

have remained challenges for clinicians, academics and 

industry to standardise.44 Nonetheless, in recent years, 

a series of randomised controlled trials (RCTs) and 

systematic reviews have validated many aspects of TOT. 

Due to the quality of recent TOT clinical trials and 

the positive results in the aforementioned systematic 

reviews, the ADA gave TOT the highest-level evidence 

rating for the �rst time in its 2023 ‘Standards of Care’ 

guideline.45 Equally important, the International 

Working Group on the Diabetic Foot (IWGDF) for the 

�rst time in 2023 made a recommendation to consider 

adjunctive TOT for hard-to-heal DFUs.46

Recommendations
�ere is an expanding evidence base for improved 

wound healing after treatment with TOT products, 

especially in a subset of patients with hard-to-heal 

wounds who failed to achieve adequate closure with 

SoC. �erefore, the panel endorses the adjunctive 

administration of TOT in particular for hard-to-heal 

wounds. Some products have completed multicentre 

prospective placebo-controlled trials a�rming their 

clinical e�cacy. Expanded studies to include 

additional clinical subpopulations (e.g. venous leg 

ulcers, pressure ulcers or some post-surgical wounds) 

and a�rming studies for some products remain to be 

completed, although the requirement for and impact 

of oxygen in wounds of di�erent aetiology is the same.

Key points
 n Topical oxygen therapy (TOT) aims to increase 

oxygen tension to support tissue regeneration

 n Rapid oxygen delivery has significant positive 
impacts on wound healing

 n Unlike hyperbaric oxygen, TOT can be administered 
by clinicians or patients in various settings

Figure 4. Topical oxygen therapies

Continuous delivery of oxygen

Oxygen wound dressing

Haemoglobin spray

Higher cyclical or low constant pressure oxygenHigher cyclical or low constant pressure oxygen
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There are several TOT modalities available 

(Table 3), with di�erent methods of increasing 

wound oxygenation, and some of these modalities 

can be delivered by di�erent devices (Table 4). More 

established modalities are supported by evidence 

from multiple reasonably robust RCTs, systematic 

reviews and meta-analyses.47–54 More recently 

introduced modalities are also mentioned in these 

systematic reviews and are supported in most 

instances by evidence at the level of controlled cohort 

studies. TOT modalities are not all the same, and 

variations in the delivery of oxygen results in 

di�erent oxygen tension applied to wounds, with 

observed di�erences in outcomes.55 In order to 

evaluate these modalities, the most recent or 

highest-grade studies from each technology were 

identi�ed by the panel members. Following is a 

summary of the representative evidence from each 

modality that met the panel’s criteria.

Continuous delivery of oxygen 
Continuous delivery of oxygen (CDO) devices deliver 

a continuous low �ow of pure, humidi�ed, 

low-pressure oxygen to blanket the wound, 24 hours 

a day, 7 days a week. �e oxygen is generated from the 

surrounding air using compression-stack 

electrochemical oxygen generator units, which are 

small (about the size of a cell phone), rechargeable, 

wearable and silent. �e oxygen is then delivered 

through a thin �exible tube (cannula) to either an 

Methods of topical 

oxygen therapy

Table 3. Topical oxygen therapy modalities

Modality Mode of delivery
Treatment 
time

Treatment 
frequency

ADA grade7

Continuous 

delivery of 

oxygen

Continuous flow of pure oxygen delivered 
from a generator, through a cannula, to an 
oxygen diffuser or diffusion dressing on the 
wound bed

24 hours 
a day

7 days 
a week

A (4 RCTs56–59 
and 
3 CCSs43,60,61)*

Disposable 

continuous 

delivery of 

oxygen

Continuous flow of pure oxygen delivered 
from a disposable generator, through a 
cannula, to an open end below an 
occlusive dressing

24 hours 
a day

7 days 
a week

C (1 RCT62)*

Higher 

cyclical 

pressure 

oxygen

Humidified oxygen provided under cyclical 
pressure, managed by a controller unit 
connected to an oxygen concentrator, 
delivered via a disposable plastic chamber 
around the wound

90 minutes 
a day

5 days 
a week

A (3 RCTs12,65,66 
and 2 CCSs67,105)*

Low constant 

pressure 

oxygen

Oxygen delivered at a constant pressure 
from a concentrator to a disposable plastic 
chamber around the wound

60–90 
minutes 
a day

3–7 days 
a week

C (1 CCS41)

Haemoglobin 

spray

Liquid with 10% purified haemoglobin 
sprayed onto the wound bed and covered 
with a non-occlusive dressing

24 hours 
a day

7 days 
a week

B (1 RCT,75 
5 CCSs73,76,77,118,119 
and 1 meta-
analysis49)†

Oxygen 

dressings

Continuous-release dressings: pure oxygen 
in an occlusive dressing is dissolved on 
contact with moisture and released across 
a semipermeable membrane

Hydrogel dressings: oxygen is released 
from chemical reactions on combining the 
two parts of a hydrogel primary dressing

24 hours 
a day

7 days 
a week

C (1 PCS79)

Note: ADA=American Diabetes Association; CCS=controlled cohort study; PCS=prospective comparative study; RCT=randomised controlled 
trial; *these devices were considered in five systematic reviews or meta-analyses all supportive of the efficacy of TOT in healing hard-to-heal 
wounds;50–54 †>50,000 documented treatments in more than 20 countries
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occlusive oxygen di�usion dressing or an oxygen 

di�user (below a semi-occlusive dressing), placed in 

direct contact with the wound bed.

As previously mentioned, a clinical study of CDO 

in DFUs showed signi�cant increases in cytokines 

and growth factors 1 week after application.43

A double-blind multicentre study using CDO with 

oxygen di�usion dressings on 146 non-healing DFUs 

with placebo controls and a 12-week endpoint found 

signi�cant improvement with CDO compared to 

control.56–58 A signi�cantly higher proportion of 

wounds, more than twice as many (204%), healed in 

the CDO arm compared to the placebo (46% vs 22%, 

p=0.016). Frequent debridement increased the 

relative performance to 240% (51% vs 21%, p=0.006). 

�e relative performance became greater as wounds 

were larger (273%), more chronic (334%, p=0.008) and 

weight-bearing (plantar, 465%, p=0.003). Patients 

with CDO experienced signi�cantly faster rates of 

healing relative to the placebo (p<0.001), with the 

time to 50% wound healing being almost halved 

with CDO.

In another study, a 12-week, multicentre, open-

label, community-based RCT of 145 patients with 

DFUs or minor amputation wounds treated with 

total contact casting and SoC compared those who 

were and were not receiving adjunctive CDO with an 

oxygen di�user.59 Primary endpoints were the 

number of patients to achieve complete wound 

closure and percentage change in wound size. �is 

study demonstrated that adjunctive CDO to SoC 

supports wound closure in patients with non-healing 

DFUs. At 12 weeks, 18/64 (28.1%) patients healed in 

the SoC group vs 36/81 (44.4%) in the SoC plus CDO 

group (p=0.044). Additionally, the mean wound area 

reduction for the SoC cohort (40% +/-72.1), compared 

with the SoC plus CDO cohort (70% +/-45.5), was 

signi�cantly lower (p=0.005).

Results from a non-comparative prospective trial 

of 20 patients to investigate reduction in pain in 

patients with 23 hard-to-heal lower-extremity 

wounds found that subjects experienced wound-

associated pain relief quickly after starting CDO.60 

Over half the patients experienced at least a 75% 

reduction in pain relief by the �rst follow-up visit 

(median of 4 days), and over 90% had noticeable pain 

reduction (>25%) by the �rst follow-up visit. All 

patients (100%) experienced complete pain relief 

regardless of wound closure rate while the wounds 

were open. Patients with wounds as large as 117 cm2 

experienced complete pain relief by the �rst follow-

up visit from a baseline pain score of 10/10. Multiple 

Table 4. Topical oxygen therapy devices

Device Manufacturer Modality Flow rate Pressure

NATROX O
2 Inotec AMD CDO with oxygen diffuser Low, ~12–15 ml/h n/a

OxyGeni EO2 Concepts
CDO with diffusion dressing, pressure 
monitor and adjustable flow

Low, 3–15 ml/h n/a

EpiFlo Ogenix Disposable CDO Low, 3 ml/h n/a

TWO2 AOTI Higher cyclical pressure oxygen High, 10 l/min 10–50 mbar

O2 TopiCare OxyCare GmbH LCPO with extremity chamber High, 2–5 I/min <22 mbar

O2Boot and 

O2Sacral
GWR Medical

LCPO with extremity 
or sacral chamber

High, 2–5 I/min <29 mbar

Granulox
Hälsa Diapharm/ 
Mölnlycke

Haemoglobin spray n/a n/a

OxyBand
OxyBand 
Technologies

Continuous-release oxygen 
wound dressing

n/a n/a

OxyGenesys
AcryMed/
Kimberly Clark

Continuous-release oxygen 
wound dressing

n/a n/a

Oxyzyme Crawford Healthcare Hydrogel oxygen wound dressing n/a n/a

Note: CDO=Continuous delivery of oxygen; LCPO=low constant pressure oxygen
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subjects reported complete pain relief within hours 

of application of CDO. Subjects also reported being 

able to cease using narcotics with CDO. Overall, 83% 

of wounds experienced complete or signi�cant 

wound closure. Pain relief was also reported in a 

retrospective analysis of 20 patients in which 76% of 

patients had ‘substantial, rapid pain relief ’, and 69% 

stopped taking opioids completely.61 

Disposable continuous delivery 
of oxygen
Disposable CDO devices, introduced in the 

mid-2000s, also deliver a continuous, low �ow of pure 

oxygen to the wound. �ey di�er from other CDO 

devices in that the entire system is disposable and 

intended to be used for up to 15 days before being 

thrown away and replaced with a new device and 

tubing. Oxygen is generated from ambient air using 

fragile,54 tape-based electrochemical generators and 

delivered through a cannula, with an open end 

placed within a moist occlusive wound dressing. 

Disposable CDO devices are small, lightweight, 

wearable and completely silent.

A prospective, randomised, blinded, multicentre, 

parallel study, conducted from October 2009 to 

November 2012, evaluated healing time and the 

proportion of DFUs healed after 12 weeks of moist 

wound therapy with or without disposable CDO.62 

While the study showed some improvements in 

healing, none were statistically signi�cant. A 

meta-analysis of studies on TOT identi�ed reasons 

for these results, including the fragile construction of 

the oxygen generator, which can result in the unit 

failing in low humidity, and improper o�oading by 

the patient, with no alert to the user.54 �e meta-

analysis went further to state that, if the results of 

the disposable CDO study are removed from the 

meta-analysis on the basis of suspected premature 

failure, the heterogeneity disappears, and the 

meta-analysis yields statistically signi�cant results. 

Disposable CDO is one of the few TOTs that has 

also been evaluated for pressure ulcers in an RCT. An 

RCT, conducted in Iran, randomly assigned 

100 patients with stage II–IV pressure ulcers on the 

sacral or ischial areas to either control or 

experimental groups. �e experimental group 

received 12-days of disposable CDO and 

demonstrated a total mean reduction in wound area 

that was signi�cantly lower than the control 

group (p=0.0011).63

Higher cyclical pressure oxygen
Higher cyclical pressure oxygen (HCPO) devices 

deliver oxygen at variable pressure, cycled between 

10 mbar and 50 mbar (1.07 ATA). �ese cycles are 

generated in a computer-controlled concentrator, 

where oxygen can be combined with humidi�cation 

if desired, and delivered in a disposable plastic 

chamber placed around the wound, either as a 

boot-like extremity chamber or a patch. �is 

modality is based on the theory that higher pressure 

gradients result in oxygen molecules di�using deeper 

into the hypoxic wound tissue to enhance various 

molecular and enzymatic functions.13,64 �e cyclical 

pressure applied creates sequential non-contact 

compression of the limb that helps to reduce 

peripheral oedema and stimulates wound site 

perfusion further.65,66 As with wearable CDO devices, 

HCPO can be delivered at home or in long-term 

care settings. Unlike CDO devices, HCPO is applied 

for only 90 minutes per day, 5 days per week.

A multinational, multicentre, prospective, 

double-blinded, placebo-controlled RCT evaluated 

the e�cacy of HCPO with SoC vis sham therapy and 

SoC in the treatment of hard-to-heal DFUs.12 SoC was 

a foam dressing, hydrogel and a diabetic o�oading 

boot, equivalent to total contact cast. �e patients 

self-treated 5 days a week for 90 minutes. �e 

primary outcome measure was the intention-to-treat 

percentage of ulcers in each group achieving 100% 

closure at 12 weeks. A group sequential design was 

used for the study, with three predetermined 

analyses and hard-stopping rules once 73, 146 and 

ultimately 220 patients completed the 12-week 

treatment phase. �is RCT demonstrated that, at 

both 12 weeks (intervention closure rate of 41.7% 

compared with 13.5%, p=0.007) and 12 months (56% 

intervention closure rate vs 27%, p=0.013), adjunctive 

HCPO was superior in healing hard-to-heal DFUs 

compared with SoC alone.12

Additionally, a retrospective cohort analysis of 

over 200 DFU patients was undertaken using 
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de-identi�ed patient medical records from two US 

Department of Veterans A�airs (VA) hospitals.67 

Patients were allocated to control or HCPO cohorts 

based on their treatment records. �e control arm 

had received appropriate SoC, potentially including 

other advanced wound treatments, such as cellular, 

acellular and matrix-like products (CAMPS)—

formerly known as skin substitutes or cellular and/or 

tissue-based products (CTPs)68—negative pressure 

wound therapy (NPWT) and growth factors. Primary 

outcome measures were rates of hospitalisation and 

amputation within 360 days, with additional analysis 

in propensity-matched groups of 140 patients. �e 

study found that treating DFU patients with HCPO in 

a real-world setting led to an 82% reduction in 

hospitalisations (p<0.0001) and 73% fewer 

amputations (p<0.0007). Additionally, when 

compared with other advanced wound treatments, 

HCPO demonstrated an 88% reduction in 

hospitalisations (p<0.0001) and a 71% reduction in 

amputations (p=0.016) at 12 months.67 

Several further prospective clinical studies have 

been conducted using cyclically pressurised topical 

oxygen on both venous leg ulcers (VLUs) and DFUs. 

One non-randomised parallel arm study of 

83 patients was conducted on VLUs to measure the 

e�ect of HCPO compared with conventional 

compression dressings (CCD) on wound healing with 

primary outcome measures of ulcers healed at 

12 weeks (80% HCPO closure vs 35% for CCD).65 �e 

median time to full closure was 45 days in the study 

arm and 182 days in CCD arm. Criticism of patient-

selection bias led the authors to conduct another 

comparative study of HCPO versus CCD in the 

management of refractory non-healing VLUs with a 

duration of at least 2 years.66 In this study, 67 non-

randomised patients were enrolled (mean age: 

69 years) using HCPO and 65 patients (mean age: 

68 years) using CCDs for 12 weeks or until full 

closure. At 12 weeks, 76% of the HCPO-managed 

wounds had completely healed, compared with 46% 

of the CCD-managed wounds (p<0.0001), with a 

median time to full healing of 57 days and 107 days, 

respectively (p<0.0001). Importantly, wounds 

colonised by methicillin-resistant Staphylococcus 

aureus (MRSA) were eliminated in 46% of patients 

managed with HCPO and 0% of patients managed 

with CCD. After 36 months follow-up, 14 of the 30 

CCD-healed ulcers showed recurrence, compared 

with only three of the 51 HCPO-healed ulcers 

(p<0.0001).66 

Low constant pressure oxygen
Low constant pressure oxygen (LCPO) devices deliver 

a high �ow (2–5 I/min) of low-pressure oxygen, 

maintaining constant pressures of up to 29 mbar. 

Oxygen is delivered from a concentrator to a 

disposable plastic chamber (extremity chamber or 

patch) placed around the wound.

LCPO has shown good clinical e�cacy in several 

studies conducted over the past four decades. �e 

mechanism of action was explored in multiple tests, 

including a pre-clinical porcine dermal excision 

wound model.13 Ten porcine open full-thickness 

dermal wounds were split into control (exposed to 

open air) and intervention (LCPO at 3–6 l/min for 

3 hours a day for 7 days). An oxygen electrode placed 

at 2 mm depth in the centre of the wound bed 

monitored the oxygen tension, and 3 mm punch 

biopsies were taken for histology from two animals 

from each cohort. �e data show that exposure of the 

open dermal wounds to LCPO increased tissue 

oxygen tension of super�cial wound tissue from a 

baseline of 5–7 mmHg to >40 mmHg in as little as 

4 minutes. Histological evidence for improvement 

was observed, and LCPO-treated wounds showed 

signs of improved angiogenesis and tissue 

oxygenation. Repeating the treatment accelerated 

wound closure signi�cantly over controls (Figure 5).13 

However, no high-quality RCTs have been completed, 

and the majority of data supporting the use of LCPO 

comes from case series or uncontrolled trials.41 

Haemoglobin spray
Topical haemoglobin spray, also known as oxygen 

di�usion enhancement or oxygen transfer, involves 

spraying the wound bed with a thin layer of a liquid 

containing 10% puri�ed haemoglobin. �e 

haemoglobin molecules increase the local delivery of 

oxygen by facilitating di�usion, rather than by a 

pharmacological or metabolic e�ect.69 During 

treatment of a wound, the haemoglobin spray should 
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be applied adjunctively to SoC, after wound-bed 

preparation, before the wound is covered by a 

non-occlusive dressing. Haemoglobin spray can be 

applied from twice weekly up to once daily, to 

coincide with routine dressing changes, depending 

on wound status. Applications take less than 

5 seconds, and a standard container has around 

30 applications, for a wound with an area of 6 cm2. 

Haemoglobin spray can be used concomitantly with 

most wound treatments, but occlusive dressings 

should be avoided.70

Haemoglobin spray was veri�ed in an initial pilot 

study where researchers using photo-acoustic 

tomography were able to visualise the conversion of 

carboxy-haemoglobin to oxy-haemoglobin in under 

20 minutes after application. Furthermore, they 

observed an increase of haemoglobin oxygenation in 

the tissue, concluding that the increased di�usion of 

oxygen was facilitated by the haemoglobin spray.71,72

In another set of recently collected data cohorts, 

patients were recruited prospectively from 

sequentially presented diverse hard-to-heal wounds, 

in particular, sloughy wounds. �e number of 

patients recruited to each cohort was 20, 50 and 100, 

respectively. As a control group, data from clinical 

notes of an equal number of patients were collected 

retrospectively. �ese were selected sequentially by 

date in the notes without reported as matching to 

prospective cases. �e DFU cohort was treated in a 

hospital setting, and the hard-to-heal wound and 

sloughy wound cohorts were treated in primary care. 

All three cohorts shared the inclusion criterion of a 

wound that failed to heal (de�ned as a <40% 

reduction in area in the previous 4 weeks). In the DFU 

cohort, the mean wound size reduction was greater 

in the haemoglobin spray group at week 4 (−63% vs 

−21%), week 16 (−91% vs −43%) and week 28 (−95% vs 

−63%). At week 28, 15/20 patients in the haemoglobin 

spray cohort had complete healing, compared with 

8/20 in the control cohort. �e hard-to-heal wound 

cohort reported mean wound size reductions of −73% 

in the haemoglobin spray group compared with −12% 

in the control group at 4 weeks. �e bene�t persisted 

at 8 weeks (−87% vs −14%) and the �nal 26-week 

follow-up (−89% vs −75%). Altogether, 45/50 patients 

had complete healing at the �nal 26-week follow-up 

compared with 19/50 in the control group. �e 

sloughy wound cohort results were reported in a 

more limited fashion. At week 8, there was a mean 

wound size reduction of −93% in the haemoglobin 

spray group compared with −32% in the control 

group. At week 6, complete wound closure was 

observed for 65/100 patients in the haemoglobin 

spray group and 37/100 patients in the 

control group.73,74

A single-blinded prospective RCT included 

72 patients with VLUs and compared adjunctive 

haemoglobin spray therapy on wound size reduction 

Figure 5. Low constant pressure oxygen in a porcine model9
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in hard-to-heal wounds to an SoC-only cohort (moist 

wound treatment and compression therapy).75 After 

13 weeks of treatment, the group receiving 

haemoglobin spray demonstrated a mean wound 

size reduction of 53% (40%–62%, p<0.01) with 

signi�cant and continuous healing noted 

throughout. In contrast, no statistically signi�cant 

reduction in wound size was demonstrated in the 

control group.75 

Additional, less robust studies on DFUs have also 

shown a wound size reduction when haemoglobin 

spray is used as an adjunct to SoC73,76,77 However, no 

large, well-designed RCTs corroborating earlier 

�ndings for this modality have been published 

to date.

Oxygen wound dressings
Oxygen wound dressings deliver topical oxygen 

directly to a wound without the need for gaseous 

di�usion. �ere are two main types:

	● Continuous-release oxygen dressings are occlusive 

dressings that contain pure oxygen embedded in a 

reservoir at >2800 ppm or in foam vesicles. Contact 

with moisture from the wound exudate dissolves 

the oxygen, allowing it to be continually released 

to the wound bed for up to 5 days through direct 

di�usion across a semipermeable membrane. In 

vitro experiments with these dressings have 

measured signi�cant increases in oxygen levels in 

the wound.78 A 17-patient RCT on the treatment of 

larger donor-site wounds in burn patients 

observed a decrease in healing time and reported 

pain scores in dressings with a reservoir 

compared to SoC alone.79 No further clinical data 

are available in the public domain. 

	● Hydrogel oxygen dressings increase the dissolved 

oxygen concentration at the wound bed via a 

chemical or biochemical reaction.70 In one 

example, an occlusive dressing with a hydrogel 

containing 0.3% hydrogen peroxide generates 

water and dissolved oxygen, which can di�use via 

a permeable separator to the wound bed. Another 

example is a hydrogel primary dressing with two 

component sheets: the �rst containing glucose 

and a low-concentration gel matrix with less than 

0.04% w/w of iodide ions and the second 

containing glucose oxidase. In the presence of 

oxygen, the glucose oxidase catalyses the 

oxidation of β-D-glucose to D-gluconic acid and 

hydrogen peroxide. �e released hydrogen 

peroxide is thought to di�use through the 

dressing and either oxidise any available iodide 

ions to free iodine and oxygen or, if it reaches the 

wound surface, metabolise to water and oxygen.70 

Used in early stage wound treatment, oxygen is 

released when both layers are attached to each 

other. �is modality may also bene�t from the 

antimicrobial e�ect of iodine. Clinical data from 

several case studies have shown improved healing 

of di�erent wound types.80,81 No RCTs have been 

carried out to date. 

To optimise conditions for use of oxygen wound 

dressings, the wound should be regularly debrided 

and cleansed. �e interval depends on the wound 

status and any other adjunctive therapies. In general, 

these dressings should be replaced no less frequently 

than at each debridement. An improvement of wound 

healing within 4 weeks should be used as an 

indicator to maintain therapy.70

Key points
 n Topical oxygen therapy is an umbrella term for several 

different modalities and devices

 n Continuous delivery of oxygen (CDO) and disposable CDO 
devices are worn 24 hours a day, 7 days a week and deliver 
oxygen from a wearable generator to the wound bed

 n Higher cyclical and low constant pressure oxygen (HCPO 
and LCPO) devices deliver a relatively high flow of 
pressurised oxygen to a disposable plastic chamber around 
the wound for 90 minutes a day, 5 days a week; in HCPO 
devices, this pressure varies in cycles

 n Haemoglobin spray with 10% purified haemoglobin is 
sprayed on the wound bed and covered with a 
non-occlusive dressing; in continuous-release dressings, 
oxygen in an occlusive dressing is dissolved on contact with 
moisture and released across a semipermeable membrane, 
while, in hydrogel dressing, oxygen is released from 
chemical reactions on combining the two parts of a 
primary dressing

 n The supporting evidence is strongest (grade A) for CDO and 
HCPO, followed by haemoglobin spray (grade B)
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To date, most evidence on TOT comes from studies 

of patients with DFUs. Recent review panels have 

suggested that ischaemic ulcers, DFUs and VLUs are 

all anticipated to be responsive to TOT, 82 since 

hard-to-heal wound require oxygen (as detailed 

earlier in this document) and are typically hypoxic, 

and, therefore, they should bene�t from TOT. From 

this evidence, the panel makes the 

following recommendations: 

	● TOT is an appropriate adjunctive therapy for 

wounds that have failed to reduce in size by 50% 

or more after 4 weeks of optimal SoC

	● TOT is generalisable to most kinds of non-

neoplastic hard-to-heal wounds (not just DFUs)

	● Earlier consideration of TOT usage, rather than 

later, is appropriate for those with hard-to-heal 

wounds; such e�orts will notably improve with the 

development of assessment tools to identify 

regional ischaemia to guide the decision of when 

to implement TOT

	● In patients with critical limb ischaemia, there is 

insu�cient evidence to support the use of TOT; 

however, the therapy has been used anecdotally in 

patients with no option for revascularisation, and 

patients were only able to be partially 

revascularised, including revascularisation of a 

non-contiguous angiosome

	● TOT can be considered for early treatment of 

ischaemic DFUs

	● Broad access to TOT should be available, with 

appropriate reimbursement by payers and 

healthcare systems

	● As the clinical data expands, then TOT might also 

be used as a �rst-line therapy.11,12

Incorporation of topical oxygen 
therapy into practice
Every patient should undergo an initial validated 

wound assessment, on which their progress is based. 

�e panel generated a treatment algorithm to guide 

the incorporation of TOT into practice (assuming 

universal access) (Figure 6). Patients who progress 

<50% wound closure in 4 weeks should have good 

wound practice continued and adjunctive TOT 

initiated. Wounds that are healing su�ciently can 

continue SoC without TOT. Re-evaluation of progress 

at weekly-to-biweekly intervals should be maintained 

until wound closure. When wounds stall after initial 

progress, they should be re-evaluated and then also 

considered for TOT to assist in wound healing.

Of note, a 2022 study on patients with DFUs 

demonstrated that patients are 8.7 times more likely 

to be hospitalised and 4.5–5.0 times more likely to 

have an amputation if they did not use HCPO 

compared with those who had the bene�t of the 

therapy. Additionally, once a wound closed, enhanced 

durability of healing was demonstrated with HCPO (a 

low wound recurrence rate).12 Additional studies 

support the use of TOT in VLUs and pressure ulcers 

as well.60,63,65,66

Standard of care
�e panel recommends that patients should have 

noninvasive vascular studies performed as part of 

their initial assessment. �e wound aetiology and the 

presence of any vascular issues or other physical 

deformities must be considered. �e patient should 

be treated for any contributing comorbidities and 

provided with medical management of 

cardiovascular issues, glucose levels and nutrition. A 

2022 consensus document had 75–100% support for 

assessment of limb perfusion, nutrition and infection, 

as well as management of oedema, debridement and 

o�oading.82 �e consensus of this review is that 

vascular intervention should be provided 

when necessary. 

For most kinds of hard-to-heal wounds, TOT should 

be considered as an adjunctive therapy to promote 

wound healing where 4 weeks of optimal SoC has 

failed to reduce wound size by 50% or more. Wound 

care should also include frequent and adequate 

debridement,83 e�ective o�oading, compression as 

required, management of any infections (including 

osteomyelitis) and management of patient pain. �e 

panel emphasises the need for a multidisciplinary 

approach, since this structure of care has been shown 

to provide optimal long-term results.84

Appropriate education of patients and caregivers 

has been seen to activate patient engagement in their 

care and provide for e�ective treatment. �e patient 

should receive appropriate education on wound care 

Optimising topical oxygen 

therapy in clinical practice
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and of any underlying comorbidities or deformities 

they may have. �e patient should understand that 

hard-to-heal wounds often take longer to heal than 

they might expect. Education should include 

managing the patients’ expectations and making 

them aware of important lifestyle changes, such as 

smoking cessation. Involving patients and their 

families in their care is viewed as key to compliance, 

so clinicians should discuss the rationale for using a 

speci�c therapy, device-speci�c recommendations 

and the importance of maintaining adherence to 

both SoC and any indicated advanced therapies, 

including TOT, for maximal bene�t. �e use of NIRS 

imaging to demonstrate the response of the tissue to 

TOT can enhance patient education e�orts and foster 

adherence to treatment plan of care.

�ere are few contraindications and precautions 

for TOT, but the limits are still under investigation. 

Patients should be provided consultation in the 

following circumstances:

	● Upon initial presentation, the provider anticipates 

perfusion will not support wound healing by TOT

	● �e wound is completely covered with eschar 

or �brin

	● Presence of �stulae or deep sinus tracts where the 

end cannot be probed 

	● �e patient will not agree to refrain from smoking 

during TOT.85

�e panel notes that TOT should not be used on 

wounds with an untreated infection or osteomyelitis, 

in the presence of a malignancy and in un-debrided 

or necrotic wounds. TOT treatment is also not 

advised without a vascular assessment and 

appropriate intervention. Lastly, hydrogels, foam 

dressings, mutilayer compression, petrolatum-based 

salves or occlusive dressings underneath the chosen 

treatment modality that can prevent access of oxygen 

to the wound should be avoided.85

Figure 6. Treatment algorithm for topical oxygen therapy in hard-to-heal wounds

Assess, initiate standard of care 

and re-assess at 4 weeks

Discharge with 

follow-up

Continue standard of care 

and re-assess at 1–2 weeks

Continue topical oxygen therapy 

and re-assess at 1–2 weeks

Re-evaluate 

wound

Consider topical oxygen therapy 

and re-assess at 1–2 weeks

Key
 Fully healed

 Healing (≥50% size reduction)

 Stalled (<50% size reduction)

Key points
 n Compression, offloading and vascular intervention should 

be provided as required, while pain and infection should be 
managed as appropriate

 n Wound care should include frequent and 
adequate debridement

 n Adjunctive topical oxygen therapy (TOT) should be 
considered where standard of care alone has not achieved 
≥50% wound closure after 4 weeks

 n Patient progress should be based on an initial wound 
assessment and re-evaluated every 2 weeks

 n Optimal long-term results can be achieved with a 
multidisciplinary approach 
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Most research on oxygen therapy has been for 

HBOT and pulmonary delivery of oxygen.86–89 

Lessons from these related treatments demonstrate 

that patients’ understanding of and concerns about 

oxygen therapy are important and will likely impact 

their use of home therapy.88 Health professionals 

providing information and education on oxygen 

delivery methods do in�uence patients trying to 

decide the best path for their healing needs. 

Ultimately, the patient’s own experience of TOT and 

the progress of their wound will dictate the 

perspectives on TOT that they hold and share with 

others. However, both patients and providers may not 

�nd the information they want. Much of the 

discussion presented here is extrapolated from 

related oxygen therapies and lower-level studies.

Patient-centred outcomes
Outcomes that are important to patients have been 

measured in the Wound-QoL, a validated tool for 

longitudinal assessment of quality of life (QoL) in 

patients with hard-to-heal wounds.90–92 �e 

questionnaire was validated on 277 patients, with 

indications including VLUs, pyoderma gangrenosum, 

diabetic or ischaemic foot ulcers and pressure ulcers, 

and it is suitable for use in clinical trials and quality-

of-care studies.90 However, endpoints speci�cally 

identifying the patient’s perspective on TOT need to be 

added to show improved disease-related QoL. 

Patient education
Information and education shape a patient’s 

perspective about the treatment they are about to 

undertake, necessitating straightforward education 

be provided to the patient93 before any collaborative 

healthcare decision is made. Other researchers have 

suggested four ‘rights’ of health literacy: the right 

information, the right literacy level, the right 

modality and the right time, with ‘due respect for any 

cultural, language and socioeconomic barriers’.94

TOT education is based on the essential tenets of 

education and right to know, which enable patients to 

commence the TOT modality and device best suited 

to their situation. Patients are frequently pleased to 

hear that there are e�cacious treatment modalities 

that can be carried out in the privacy of their home or 

long-term care facility, but the methods require 

explanation. It is expected that patients will want to 

know about the probability of improvement, pain and 

side e�ects, as well as changes in routine, dosage and 

stoppage, among other considerations. Responses to 

common patient concerns are given in Table 5. All 

TOTs are challenging to describe by words alone, thus 

the use of multimedia technology has allowed health 

professionals to address this issue.94 Clinical facilities 

are increasingly using social media to o�er easily 

accessed and relatable patient experiences via 

photographs and videos.

Patient experience
�ere is little qualitative research into the experience 

of patients undergoing TOT.95,96 However, speci�c 

expert recommendations for impacting the patient 

experience include the following:

	● Suitable patient selection

	● Patient preparation

	● Appropriate training for TOT application

	● �erapy evaluation 

	● Providing patients with realistic expectations.96 

Researchers note that TOT is well adopted by 

patients.95,96 TOT in the home has been documented 

to be an easy process,77 and telemedicine adoption 

during the COVID-19 pandemic has seen a notable 

case-report success.97 Several authors have noted a 

high level of patient acceptance of topical 

haemoglobin spray and reported on the ease of 

product use for the patient.77,98 A study on HCPO 

noted a 96% adherence to the prescribed therapy.12 

�e panel concluded that:

‘TOT is easily self-administered by patients or 

caregivers at home or long-term care after a brief 

initial training on appropriate application, thereby 

facilitating patient activation in their self-care.’ 

Additionally, a CDO placebo study on DFUs noted 

that over 99% of patients could manage their therapy 

without assistance, including dressing changes, 

between study visits.56

�e reduction of wound-related pain has support 

Patient perspectives 

on topical oxygen therapy
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from several studies. Patients who used HCPO for 

VLUs indicated that their pain levels fell from 8/10 to 

3/10 on the pain scale shortly after commencement of 

the therapy. It is believed that the oscillating cyclical 

nature of the therapy contributes to removing the 

interstitial oedema in the wounded tissue, relieving 

pain associated with the extreme tensions and venous 

stasis of the tissues.65 Similar results were observed in 

a CDO study on painful wounds, primarily VLUs. In 

this study, over half of the patients had a 75% 

reduction in pain, and over 90% had a noticeable 

reduction in pain at the �rst follow-up visit (3–4 

days).60 Additionally, observed reductions in pain 

have been noted with the use of haemoglobin spray 

and oxygen wound dressings.61,75,98

Patient-centred recommendations
�is review of published data on the patient’s 

perspective on TOT shows a need for large-scale, 

qualitative research on speci�c areas, especially:

	● Measurement of patient-centred outcomes 

associated with TOT

	● QoL among patients receiving TOT

	● Advantages of TOT for patients, from 

their perspective

	● Exploration of health literacy associated with TOT.

Oxygen delivery to wounds to improve wound 

healing is a dynamic, evolving �eld. It is increasingly 

clear that the patient’s perspective will impact their 

usage, experience and perceptions of TOT for wound 

management. It will likely fall to health professionals 

to shape, understand and respond to the patient’s 

perspective to corroboratively achieve healing.

Key points
 n Clinicians should educate patients and address their 

concerns about topical oxygen therapy (TOT)

 n Wound-QoL can measure patient-centred outcomes

 n TOT has been shown to reduce wound-related pain

 n After initial training, self-administered is easy and facilitates 
patient activation and engagement in their self-care

Table 5. Addressing patient concerns about topical oxygen therapy by modality6

Modality
Continuous delivery 

of oxygen

Higher cyclical or low 

constant pressure oxygen

Haemoglobin 

spray

Oxygen wound 

dressings

Pain 
management

Reported reductions 
in pain levels

Reported reductions in 
pain levels

Reported 
reductions in pain 
levels

Reported 
reductions in pain 
levels

Duration and 
frequency of 
treatment

Applied weekly and 
worn 24 hours a day, 
7 days a week

90 minutes each day, 
5 days a week, at home

Twice weekly 
applications of less 
than 5 seconds

Limited information

Side effects 
or reactions

None reported None reported None reported None reported

Probability of 
improvement

Stimulates wound 
healing when used 
with good 
standard care

Stimulates wound healing 
when used with good 
standard care

Reduces slough 
and exudate in the 
wound bed

Limited evidence of 
healing; promoted 
as supplying oxygen 
directly to wound

Changes to 
daily routine

Allows full mobility; 
offloading as 
required per 
standard of care

User must be immobile for 
90-minute treatment; 
offloading as required per 
standard of care

No change to daily 
routine (can be 
applied at user’s 
convenience)

No change to 
daily routine

Risk of sudden 
cessation

No disadvantages to 
stopping suddenly

No disadvantages to 
stopping suddenly

No disadvantages 
to stopping 
suddenly

No disadvantages to 
stopping suddenly

Safety 
considerations

No safety 
considerations 

Patients must not smoke 
during treatments

No safety 
considerations

No safety 
considerations
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There is an increasing amount of evidence for the 

e�ectiveness of TOT in promoting wound 

healing, relative to the cost of TOT application, in 

speci�c subpopulations of patients.77 �e expectation 

is that accelerating wound healing will reduce or 

avoid the costs of ongoing care associated with 

potential infection, hospitalisation and/or 

amputation. �ere is a need for further studies that 

include economic outcomes to make 

recommendations on the cost-e�ectiveness of 

applying TOT to a broader range of wound-care 

indications and for various payer systems.

Cost-efficiency principles
A robust understanding of health economics requires 

well-designed trials, providing measurable outcomes 

that can be generalised to a broader population. �e 

international health community commonly 

measures outcomes by quality-adjusted life years 

(QALYs) and costs measured in local currencies. 

Wound-treatment analyses should always include the 

primary costs of treatment and may fairly include 

secondary cost savings, such as the value of a shorter 

time to wound healing or reduced risk of 

hospitalisations, amputations and/or 

prosthetics.99,100 Tertiary costs, such as assistance 

rendered to patients by family, are not typically 

included, nor are costs of failed treatments. 

Cost-e�ectiveness analyses should also include 

the type of wound, care setting, type of dressing, and 

patient-related characteristics.100 In simple terms, 

this can be illustrated with a cost-e�ectiveness plane, 

presenting treatment cost on the vertical axis and 

treatment e�ectiveness (in QALYs) on the horizontal 

axis (Figure 6).101 Commonly, the treatment of 

interest is compared to SoC. If the unit cost for a 

QALY is less than the local willingness-to-pay 

threshold (typically $50 000 or $100 000 per QALY in 

the US and UK), then adoption of the treatment is 

deemed incrementally cost-e�ective. Above the 

threshold, it is deemed not to be cost-e�ective. In 

recent years, the publication of peer-reviewed results 

from quality RCTs provides the opportunity to 

calculate increasingly accurate cos-e�ectiveness 

analyses. Appropriate cost-e�ectiveness analysis is 

an important consideration for most insurers and 

payers to consider coverage adoption of 

new technologies.

Cost-effectiveness of topical 
oxygen therapy
�e cost-e�ectiveness of TOT in wound healing is 

di�cult to estimate, as it is dependent on the TOT 

modality used; the payment mechanism for the 

primary medical procedure and service; and 

secondary costs, such as rehabilitation, sickness 

bene�ts and compensation for disablement. 

�erefore, analyses have country-dependent and 

payer-dependent components. However, there are an 

increasing number of reports showing that using 

TOT as an adjunct to good wound care demonstrates 

cost-e�ective principles.56,102–104 

Hard-to-heal wounds reoccur up to 70% at 1 year 

and commonly result in hospitalisations and 

amputations, creating a considerable revolving 

health-economic burden.1,3 TOT o�ers the potential 

to reduce these costs by providing better-quality and 

more-durable wound healing. A 2020 RCT on HCPO 

in DFUs demonstrated signi�cant sustained 

12-month healing, reducing recurrence by 83%.12 A 

Economics of topical 

oxygen therapy

Figure 6. Cost-effectiveness plane 
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follow-on 2021 real-world study on HCPO showed 

signi�cant 12-month reductions in hospitalisations 

and amputations, concluding that this therapy would 

likely be associated with important QoL and 

health-economic bene�ts.67

A 2020 cost-e�ectiveness analysis compared CDO 

trial results on patients with DFUs56,58 with results 

from other therapies.102 �e analysis evaluated 

multiple outcomes for CDO and NPWT, including 

wound chronicity, wound size and e�ect of 

debridement. A cost-utility analysis was used to 

calculate savings in year 1, and a six-health-state 

microsimulation model was used to calculate savings 

for up to 10 years, all in US dollars, for an episodic 

cost per wound treatment. Impacts on both cost 

savings and QALYs were reported. �e model 

predicted that CDO would save $4800 compared with 

NPWT and increase QALYs by 0.025. Lower cost and 

improved outcomes were observed in most scenarios, 

with savings ranging from $1800 to $14 060 versus 

moist wound therapy, NPWT and HBOT (Figure 7). 

Savings compared with NPWT were particularly 

notable for larger wounds (up to $5900), frequently 

debrided wounds ($6100) and hard-to-heal wounds 

($6455). Importantly, a probabilistic analysis—based 

on 5000 repetitions of a simulation, varying 

parameters within uncertainty—resulted in 87% of 

the simulations providing a cost savings for CDO and 

90% of the simulations resulting in a positive 

incremental QALY. In 3947 of the simulations (79%), 

CDO was cost e�ective and resulted in positive 

QALYs (Figure 8). �e results of this economic 

evaluation demonstrate that CDO therapy reduces 

healthcare economic burdens, with a modest 

increase on QALYs.102 �e study is well grounded, but 

its applicability is limited by being primarily based 

on Canadian and US healthcare costs.47

Preliminary studies have shown that HCPO has 

the potential for cost savings.96 Studies have 

established positive outcomes for wound 

healing.12,65,66 One researcher stated that ‘�e 

signi�cant di�erences in treatment outcomes 

con�rm the potential in the bene�ts of topical 

pressurised oxygen therapy in the management of 

di�cult to heal DFUs. Clinical e�cacy and cost‐

e�ectiveness studies are warranted.’105 Comparing 

HCPO groups with the controls, researchers 

identi�ed likely cost savings with the number of 

physician visits, debridement, dressing, antibiotics 

and hospitalisations, as well as in reduced 

amputations, compared with those patients not 

receiving HCPO therapy.65,66

An assessment by the Scottish Health 

Technologies Group found haemoglobin spray ‘to be 

more e�ective and less costly than standard care’.104 

�e assessment was based on one RCT75 in VLU and 

Figure 7. Cost savings of continuous delivery of oxygen (CDO)102 
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three cohort studies73,76,77 performed in the UK with 

fair enrolment numbers. �e health-economic 

impact of adding haemoglobin spray to SoC resulted 

in an estimated UK healthcare system cost savings of 

an about £2330 for every DFU patient and £1469 for 

every hard-to-heal wound patient after 6 months.104 

Limitations of the assessment include the 

weaknesses of the VLU RCT and retrospective 

recruitment in the cohort study controls.106 �e 

impact of haemoglobin spray on treatment costs was 

also analysed from the perspective of the German 

statutory health insurance.103 �e group applied a 

28-week, six-health-state Markov model to the 

existing clinical data and calculated approximately 

40% lower costs for the treatment of DFUs when 

adding the haemoglobin spray to the treatment 

regimen. Savings achieved with adjunctive 

haemoglobin spray included reductions in nursing 

care and dressing changes (average of 806 € in 

savings) and standard wound-care regimen (average 

of 474 €).103 Sensitivity analyses con�rmed these 

results, leading to the conclusion that, with 

adjunctive treatment, a substantial cost reduction 

could be achieved from the perspective of the 

German statutory health insurance. Another study 

evaluated haemoglobin spray on 50 patients over 

26 weeks as an adjunct to SoC, compared to a 

retrospective SoC cohort. �e researchers used a 

micro-costing approach and found reduced healing 

times and dressing costs in a UK NHS 

community setting.107

Reimbursement and challenges
�e following TOT devices have been cleared to 

market in the US by the FDA: 

	● EpiFlo (Ogenix)

	● NATROX O2 (Inotec AMD)

	● O2Boot and O2Sacral (GWR Medical)

	● OxyBand (OxyBand Technologies)

Figure 8. Cost-effectiveness of continuous delivery of oxygen102 
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	● OxyGeni (EO2 Concepts)

	● TWO2 (AOTI).

�e largest US government insurer, Medicare, is 

managed by the US Centers for Medicare & Medicaid 

Services (CMS), which allow for coverage of TOT for 

the treatment of hard-to-heal wounds to be 

determined by local contractors.108 Medicaid 

managed care covers TOT use in New York and 

various other US states. Other than in the various 

federal health systems (VA, Department of Defense, 

Indian Health Service, etc), only a few commercial or 

government payers in the US currently provide for 

reimbursement. Across Europe, TOT is typically paid 

for as part of local wound treatment. Some devices, 

such as the haemoglobin spray Granulox (Hälsa 

Diapharm/Mölnlycke), are not available in the US but 

are reimbursed in EU countries, including the 

Netherlands, Czechia and Croatia. Cost-e�ectiveness 

modelling supports the use of CDO for DFUs in 

Canada and the US102 and haemoglobin spray in 

Germany103 and the UK.107 

Cost-efficiency recommendations
�ere is increasing evidence that using TOT 

adjunctively to SoC is a cost-e�ective approach to 

expediting healing in patients with hard-to-heal 

wounds. Strong outcomes and good modelling using 

peer-reviewed costs support the use of TOT, 

especially for DFUs.12,67,102 Furthermore, 

haemoglobin spray as an adjunct treatment has 

demonstrated improved wound healing and cost 

reduction in some studies.103,104 Ultimately, more 

accurate data on cost-e�ectiveness for speci�c 

indications is going to be necessary before healthcare 

systems, especially those that are taxpayer-funded, 

can con�dently adopt TOT into their treatment 

algorithms. �e consensus panel states the following:

‘Recently published evidence shows inherent 

cost savings associated with TOT, based on faster 

healing and fewer hospitalisations (and 

amputations in DFUs), as well as lower costs for 

patients, better adherence, greater equity, reduced 

pain and improved QoL.’

�ere is growing evidence to support the use of 

CDO and HCPO for DFUs as cost e�ective in the US 

healthcare system, and for haemoglobin spray in the 

UK NHS and the German statutory health insurance 

system. Based on current evidence, the consensus 

panel recommends the following:

	● More robust health-economic data, based on large 

placebo-controlled RCTs, to make 

recommendations on the cost-e�ectiveness of 

TOT in di�erent wound types and in 

additional countries

	● Vascular screening to evaluate if any intervention 

is indicated before TOT

	● �e creation of a European or global wound 

register to further evaluate the bene�t of TOT in 

wound care

	● Broad access to therapy with appropriate 

reimbursement by payers and health systems

	● Use of TOT as an adjunctive therapy after 4 weeks 

of optimal SoC without achieving at least 50% 

reduction in wound area

	● Consideration of TOT earlier rather than later, 

especially for those with modestly impaired 

perfusion or complicating comorbidities.

Key points
 n Evidence supports the cost-effectiveness of 

adjunctive TOT in specific patients populations 

 n By accelerating wound healing, TOT should reduce 
the costs associated with potential infection, 
hospitalisation and/or amputation

 n Cost-effectiveness likely varies by TOT modality, 
payment mechanism and secondary costs, such as 
rehabilitation, sickness benefits and compensation 
for disablement

 n The evidence for the cost-efficacy of TOT is 
strongest in diabetic foot ulcers

 n Further studies are needed on the economic 
outcomes of TOT in different indications and 
payer systems
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Oxygen plays a crucial role in wound healing, 

including �ghting infection, and the clinical 

and scienti�c interest in its role is expected to 

increase in the future.

Diagnostic tools, such as NIRS imaging for 

measuring local hypoxia, are improving and will 

further elucidate the role of TOT in wound healing. 

Regular measurements of oxygenation should be 

included in clinical trials and may be incorporated 

into clinical practice. �e e�ort to delineate 

mechanisms of action of TOT in wound healing, 

infection prevention and infection resolution 

continues. Monitoring oxygen levels in response to 

therapy would inform future studies and aid in the 

di�erentiation of which treatment modality is best 

for a patient. Smart dressings containing oxygen 

sensors that continuously measure oxygen levels, 

combined with an oxygen delivery system that can 

correct oxygen de�cits, are on the horizon.

�e future of healthcare is moving towards 

telehealth, and TOT is suited for ambulatory and 

home care. �e panel consensus is that:

‘After a brief initial training on appropriate 

application, TOT is easily self-administered by 

patients or caregivers at home or in long-term care 

setting, thereby facilitating patient activation in 

their care’.

Smart dressings and supportive software for 

tracking oxygen levels and wound healing should 

allow health providers to monitor their patients and 

identify when a visit is needed. �is can help achieve 

individualised wound therapy by providing the right 

treatment at the right time for the right patient.

�ere remains a need for additional well-designed 

prospective RCTs using intention to treat analyses to 

critically evaluate the e�cacy and e�ectiveness of 

TOT for the management of di�erent types of 

hard-to-heal wounds. �is should include the study 

of the important gaps identi�ed in Box 3. 

Future developments

Box 3. Evidentiary gaps regarding 
topical oxygen therapy

 ■ Other types of hard-to-heal wounds, such 

as pressure ulcers,63 pyoderma 

gangrenosum, surgical wound dehiscence, 

soft tissue radiation injuries and surgical 

site infections

 ■ Better differentiation between modalities 

for different wound aetiologies

 ■ Technologies to identify wounds most at 

risk of failure to heal due to tissue hypoxia 

and thus most likely to benefit from 

topical oxygen

 ■ Patients with peripheral artery disease and 

ischaemic ulcers

 ■ Impact in patients with renal failure

 ■ The cost-effectiveness of various 

indications and each modality 

 ■ Mechanisms of pain reduction

 ■ The impact of early vs late implementation

 ■ Adjunctive use with other treatment 

modalities, such as cellular, acellular and 

matrix-like products (CAMPS),68 vascular 

intervention or skin grafting

Key points
 n There is increasing clinical and scientific interest in 

the crucial role of oxygen in wound healing 

 n Regular oxygenation measurements should be 
included in trials and may be incorporated 
into practice

 n Intention to treat analysis should be used to 
evaluate the efficacy of topical oxygen therapy 
(TOT) in different wound types

 n Smart dressings and software for tracking oxygen 
levels and wound healing should allow providers 
to monitor patients and identify if a visit is needed

 n Monitoring oxygen levels in response to therapy 
would help determine which TOT modality is best 
for a patient

 n There are evidentiary gaps in knowledge on TOT 
that require further research
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On the principle that su�cient availability of 

oxygen is essential for wound healing, the 

various modalities of TOT aim to improve the local 

wound oxygen environment in hard-to-heal wounds. 

�e clinical evidence for the e�cacy of TOT is 

heterogeneous, ranging from uncontrolled case 

reports to RCTs and meta-analyses, some with 

notable limitations. Meanwhile, important questions 

about adjunctive use of TOT with other therapeutic 

procedures remain unanswered.

In spite of this, the increasing amount of clinical 

evidence evaluated in this consensus document 

shows TOT to be safe and clinically e�ective. 

Accordingly, TOT received the highest-level evidence 

rating for the �rst time in the ADA's 2023 Standards of 

Care ADA Standards of Care; use of TOT in ischaemic, 

diabetic and leg ulcers was broadly recommended in 

Delphi consensus guidelines published in 2022;82 and 

the IWGDF made its �rst-time recommendation to 

consider adjunctive TOT for hard-to-heal DFUs in 

2023.46 Likewise, there is growing evidence that TOT 

is cost-e�cient in speci�c subpopulations and clinical 

settings.109 Moreover, TOT has the important added 

bene�t of patient empowerment, since most TOT 

modalities can be easily carried out in everyday 

clinical or home-based practice. �is relative 

accessibility could allow TOT to help address growing 

concerns about disparities in healthcare access in 

rural or primarily minority localities.

It is hoped that this document will inform readers 

of the important advances in TOT, increase access to 

these therapies for the management of hard-to-heal 

wounds and thus improve patient outcomes. In this, 

it is important to consider the patient’s perspective, 

which will likely have an impact on their uptake, 

experience and perceptions. �e panel also hopes 

that it will assist with education of wound care 

providers, insurers and payers who are evaluating the 

cost e�cacy of TOT. Lastly, by highlighting some 

developing technologies, the panel hopes to 

demonstrate the great potential of future 

treatment strategies.

Conclusion

Consensus panel recommendations

1. Consideration in hard-to-heal wounds 

(those that have failed to achieve a 50% size 

reduction after 4 weeks of standard of care)

2. Applicability to most kinds of 

non-neoplastic hard-to-heal wounds

3. Contraindication in untreated infection, 

malignancy or necrosis 

4. Avoidance in critical limb ischaemia while 

there is insufficient evidence

5. Earlier rather than later consideration

6. Initial vascular assessment and possible 

vascular intervention

7. Frequent and adequate debridement

8. Adjunctive use alongside standard of care 

9. Treatment of underlying aetiology, such as 

offloading, compression or glucose control

10. Management of any pain, infection 

or comorbidities

11. Avoidance of wound dressings that might 

impede oxygen diffusion

12. Multidisciplinary approach to treatment

13. Appropriate training to facilitate self-

administration by patients or caregivers

14. Broad access, with appropriate 

reimbursement by payers and 

healthcare systems

15. Education of providers, insurers and payers 

on cost-efficacy of treatment

16. Collection of health-economic data on 

cost-effectiveness in different wound types

17. Creation of a European or global wound 

register to further evaluate benefits

18. Development of assessment tools to 

identify regional ischaemia

19. Research into potential as a 

first-line therapy
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