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FOREWORD

N

on-healing wounds have become a
significant problem both in terms of
quality of life and the cost for healthcare
systems worldwide. In the industrialised world, at
any one time, 1–1.5% of the population will have
a non-healing wound; in Europe, it is predicted
that wound management accounts for 2–4% of
healthcare budgets.1,2 These figures will probably
rise as the elderly and diabetic populations
increase.3,4 For these reasons, it is vital that wound
healing is optimal. This raises the question: what
is important for the wound healing process?

‘It is a fundamental clinical observation that
wounds do not heal in tissue that does not bleed,
and they almost always heal in tissue [that is]
bleeding extensively’.
This statement came from one of the most
acknowledged wound-healing researchers in the
world: my old mentor, Professor TK Hunt from
San Francisco, US.
It is based on the premise that a continuous
supply of molecular oxygen to tissue is crucial
for both the healing process and resistance to
infection to occur.5-8 A wound is more likely to
become hard-to-heal when its partial pressure
of oxygen is below a critical hypoxic threshold.
Hypoxia will occur when consumption of oxygen
supersedes the delivery. Poor blood perfusion
reduces the supply of oxygen, leading to hypoxia,
although biological activities within the wound
may also significantly reduce oxygen levels.1,6
Optimal healing requires restoration of the
microcirculation and replacement of injured
vessels. In many cases, especially in hard-to-heal
wounds, supplementary delivery of oxygen is
required in the form of external ‘oxygen therapy’.
Oxygen therapy is a general term that covers
hyperbaric oxygen therapy (HBOT), topical
oxygen therapy and other treatments.9,10 HBOT
is well established as a supplementary therapy
for healing. In recent years, new therapeutic
approaches, based on topical oxygen therapy,
have been developed to support wound healing.
Owing to its relative novelty and the smaller
number of clinical studies conducted on it, there
has been less coverage on topical oxygen therapy.
Journal of Wound Care VOL 29 NO 5 (SUPPL B) MAY 2020

Furthermore, the potential for synergistic
action between topical oxygen therapy
and HBOT requires further exploration
in future studies.
This supplement on oxygen therapy
describes the role of oxygen in wound
healing in detail. It outlines the various
oxygen therapies that can be used to
address the risk of hypoxia in the wound
area. Practical considerations relating to the use
of these therapies are also described. However,
the primary focus is on Natrox, a portable system
that delivers oxygen directly to the wound. The
supplement explores what differentiates Natrox
from other continuous non-pressurised topical
oxygen therapies, highlights its clinical benefits
and describes its supporting evidence base. The
ultimate aim of the supplement, however, is to
demonstrate how topical oxygen therapy can
improve both patient outcomes and quality of life.

Finn Gottrup
Professor of Surgery,
University of Southern
Denmark, Copenhagen
Wound Healing Centre,
Bispebjerg University
Hospital, Copenhagen,
Denmark

References
1. Dale JJ, Callam MJ, Ruckley CV et al. Chronic ulcers of
the leg: a study of prevalence in a Scottish community.
Health Bull (Edinb). 1983;41(6):310–4
2. Gottrup F. A specialized wound-healing center concept:
importance of a multidisciplinary department structure
and surgical treatment facilities in the treatment of
chronic wounds. Am J Surg. 2004a;187(5A):38S-43S.
https://doi.org/10.1016/S0002-9610(03)00303-9
3. Hjort A, Gottrup F. Cost of wound treatment to increase
significantly in Denmark over the next decade. J Wound
Care. 2010; 19(5):173–84. https://doi.org/10.12968/
jowc.2010.19.5.48046
4. Posnett J, Gottrup F, Lundgren H et al. The resource
impact of wounds on health-care providers in Europe.
J Wound Care. 2009;18(4):154–61. https://doi.
org/10.12968/jowc.2009.18.4.41607
5. Gottrup F. Oxygen in wound healing and infection.
World J Surg. 2004b;28(3):312–5. https://doi.org/10.1007/
s00268-003-7398-5
6. Sen CK. Wound healing essentials: let there be oxygen.
Wound Repair Regen. 2009; 17(1):1–18. https://doi.
org/10.1111/j.1524-475X.2008.00436.x
7. Niinikoski J, Gottrup F, Hunt T. The role of oxygen in
wound repair. In: Janssen H, Rooman R, Robertson JIS,
eds. Wound healing. Blackwell Scientific, 1991
8. Gottrup F. Prevention of surgical-wound infections. N
Engl J Med. 2000;342(3):202–4. https://doi.org/10.1056/
NEJM200001203420310
9. Dissemond J, Kröger K, Storck M et al. Topical oxygen
wound therapies for chronic wounds: a review. J Wound
Care. 2015;24(2):53–63. https://doi.org/10.12968/
jowc.2015.24.2.53
10. Gottrup F, Dissemond J, Baines C et al. Use of
oxygen therapies in wound healing. J Wound Care.
2017;26(Sup5):S1–43. https://doi.org/10.12968/
jowc.2017.26.Sup5.S1

S3

Role of oxygen in wound healing

Role of oxygen in wound healing
Not only does oxygen play an essential role in each stage of the wound healing process. It also helps
to increases host resistance to infection. Any impairment to the oxygen supply can therefore delay
healing. This article explores the affects of oxygen on the wound cells and tissue, and explains how an
adequate supply is required for granulation tissue formation and epithelialisation to occur
Ibby Younis, Consultant Plastic and Reconstructive Surgeon, Royal Free London NHS Foundation Trust, London, UK

I

n healthy skin, oxygen is an essential component
for the production of cellular energy and protein,
the division of cells and the building of collagen.
This article describes the role of oxygen in wound
healing and explains why an impaired oxygen
supply is associated with non-healing.

Oxygen in healthy tissue
Oxygen is delivered to tissue cells via the blood
stream, where it is bound to haemoglobin in red
blood cells. It diffuses across the walls of blood
vessels to cells via the interstitial fluid. The partial
pressure of oxygen in the blood (pO2) is the
total pressure that oxygen alone would exert if
it occupied the whole volume that would otherwise
be filled by a mixture of gases.1 A higher partial
pressure means that a greater quantity of oxygen
is dissolved in the blood. The arterial pressure is
normally around 75–100mmHg.2 There are several
measures of wound hypoxia, including ankle
brachial pressure index, skin perfusion pressure
and laser Doppler flow, but transcutaneous oxygen
measurements are considered the most effective.3
Oxygen is not only delivered via the bloodstream;
the upper layers of the skin (the stratum corneum
and epidermis) are almost exclusively supplied by
the absorption of atmospheric oxygen.4
Energy for the majority of cellular processes is
derived from the oxidation of glucose to generate
adenosine triphosphate (ATP).5 When oxygen
is plentiful (high pO2), each glucose molecule
can generate 36 molecules of ATP via aerobic
respiration. However, in anaerobic conditions,
in which oxygen is scarce, only two molecules
of ATP are generated for each glucose molecule.6
The availability of oxygen is critical for the
S4

maintenance and repair of healthy tissue, as
cell growth and division consume a significant
amount of energy and cannot take place without
an adequate energy supply.

Oxygen and wound healing
Normal wound healing proceeds through a
series of well-controlled steps that restore the
structure and integrity of injured tissue (Figure 1).
Haemostasis is achieved through the constriction
of blood vessels and the aggregation of platelets
to form a clot. Water, salt and protein leak from
injured vessels, allowing immune cells to move
swiftly to the wound to clear microorganisms and
debris. The immune cells release mediators and
cytokines to stimulate the processes of tissue repair
via proliferation of cells, angiogenesis, granulation
tissue formation and epithelialisation.
An adequate supply of energy is critical for all
stages of tissue repair. All the processes involved in
wound healing, such as oxidative killing of bacteria,
collagen formation, epithelial cell migration
and angiogenesis, are highly energy dependent
and cannot take place effectively in a hypoxic
environment.1,2 These processes are described below.

Oxygen and the control of infection
In the early stages, hypoxia in the wound is a
natural consequence of tissue injury.7 Following
disruption to local blood vessels, cell metabolism
and oxygen consumption are increased, leading
to a hypoxic wound.8-10 This initial hypoxia acts
as a stimulus to wound repair by creating an
oxygen gradient between the central hypoxic tissue
(0–20mmHg) and the surrounding perfused tissue
(60–70mmHg), which lasts until angiogenesis
is complete and a normal blood supply is
NATROX: OXYGEN THERAPY FOR HARD-TO-HEAL WOUNDS
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Figure 1. Stages of wound healing (adapted from Vasconocelos and Cavaco-Paulo50)
restored.2,11–13 The oxygen gradient is thought to
promote the diffusion of oxygen to hypoxic tissue.7

peroxide (H2O2),11,15 which are rapidly released in a
‘respiratory burst’ to destroy the pathogens.10,16

In the early inflammatory phase of healing, the
presence of microorganisms or cellular debris triggers
neutrophils, leucocytes and macrophages to sharply
increase their oxygen uptake and engulf the bacteria
(Figure 2).14 These oxygen molecules generate large
numbers of reactive oxygen species (ROS), such
as free radicals, superoxide ions and hydrogen

The process by which immune cells destroy
microbial pathogens is driven by ATP released from
cells in injured tissue, which activates the enzyme
nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase. When phagocytosis occurs,
oxygen consumption is increased via NADPH
oxidase, which, in turn, generates elements that
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Figure 2. Multiple roles of ROS in wound healing (adapted from Dunnill et al.51)
trigger the respiratory burst,17 a process that
requires an abundant supply of oxygen. In fact,
approximately 98% of the oxygen consumed by
wound neutrophils and macrophages is utilised for
respiratory burst.18 Research suggests that oxygen
tensions of around 30–45mmHg are required for this
activity, but there are areas of the wound bed where
the oxygen supply is insufficient to achieve this.11,18
There is clinical evidence for the beneficial role
of oxygen in the control of infection: wound
tissue oxygenation was found to be an extremely
sensitive indicator for the risk of infection in
surgical patients, with a clear clinical correlation
between oxygen availability and the development
of wound infection.19 A study by Greif et al.10
provided additional clinical evidence that
enhancing wound oxygen levels through the
administration of supplemental oxygen can
improve host immune responses.
S6

Oxygen is essential for the process in which
pro-collagen peptide chains assume a cross-linked
triple helix configuration2 to enable the maturation
of collagen fibres and fibroblast proliferation. In
the absence of hydroxylation, only proto-collagen,
a functionally deficient form of collagen, is
produced,21 and the helix will unwind.22
Once the individual collagen fibres have been
formed, they are arranged into linear fibrils via
cross-linking of lysyl hydroxylase. Finally, lysyl
oxidase cross-links the larger fibrils together to
form a matrix.20,23,24 The ultimate strength of the
collagen matrix depends on the cross-links formed
between the proline and lysine residues.
Optimum collagen synthesis occurs at a pO2 of
20–25mmHg, a level of oxygen that exceeds that
normally present in wounds.2
Increased wound oxygenation through the
provision of supplemental oxygen increases
collagen deposition and tensile strength.25 In
a group of postoperative patients treated with
supplemental oxygen, three times as much
collagen was found to be deposited in the wound
cylinders in patients with well-perfused and
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oxygenated wounds compared with those with
lower oxygenation and perfusion scores.23 (Wound
cylinders are small devices inserted under the
skin to collect collagen as it is generated.) Other
clinical studies have also confirmed the association
between oxygen and collagen synthesis.26,27

Oxygen and angiogenesis
Angiogenesis is the process whereby blood vessels
and the microcirculation are re-established
within the wound. ROS drive the cell signalling
that initiates angiogenesis. Specifically, oxygen
consumption by the NADPH oxidase enzyme of
phagocytes produces lactate, which activates the
transcription factors necessary for angiogenesis.1
This stimulates the production of VEGF—the
most influential factor for angiogenesis, thereby
increasing the migration of fibroblasts to the
wound and promoting blood-vessel formation.28,29
It is generally accepted that, although mild, shortterm hypoxia may be angiogenic in acute wounds,30
greater levels of oxygen are required for the
continued release of VEGF and the maintenance
of neovascularisation and epithelialisation.7,31,32
Increased oxygen levels create the oxygen gradient
necessary to maintain angiogenesis.2,13
Studies in cells or animals have found that
oxygen treatment increases VEGF mRNA levels in
endothelial cells and macrophages33,34 and increases
the expression of VEGF protein in wounds in vivo.35
The final stage in wound healing includes the
differentiation, proliferation and migration of
epidermal keratinocytes onto the wound surface
to start the re-epithelialisation of the wound.
Tumour necrosis factor (TNF) appears to be the
main cytokine that stimulates epidermal cells
at the wound edges to start this process.
Adhesion of cells to the extracellular matrix and
migration across the wound bed are both oxygendependent processes.36

Effects on wound healing
of persistent hypoxia
Although the initial hypoxia in a wound acts
as a stimulus for wound repair by creating an
oxygen gradient between the hypoxic tissue and
surrounding perfused tissue, a chronically impaired
supply of oxygen can stall wound healing.2,11–13
Journal of Wound Care VOL 29 NO 5 (SUPPL B) MAY 2020

Table 1. Definitions
Definitions

Explanation

Growth factors

Growth factors are naturally occurring regulators that
stimulate various cellular and tissue function; in particular,
they regulate growth and the rate of proliferation

Lysyl hydroxylase

An enzyme that links collagen fibres together to form a
matrix

Nicotinamide adenine
dinucleotide phosphate
oxidase (NADPH)

An enzyme that generates elements that trigger
respiratory burst

Oxygen gradient

Difference in oxygen levels between one part of the
tissue (in this case, a wound) and adjacent parts

Oxygen tension

The partial pressure of oxygen within the interstitial space

Partial pressure

The portion of the total pressure that is exerted by one
of its components

Platelet-derived growth
factor (PDGF)

A growth factor that regulates cell growth and division,
including in the repair of damage to blood vessel walls

Prolyl hydroxylase

An enzyme that converts segments of the developing
collagen peptide chain to a format that allows the chains
to link with each other and form a triple helix

Reactive oxygen species
(ROS)

Unstable molecules that contain oxygen, e.g. superoxides
and hydrogen peroxide. Due to their instability, they can
easily react with other molecules

Respiratory burst

Rapid release of reactive oxygen species from different
types of cells

Transforming necrotis
factor (TNF)

A growth factor that stimulates epidermal cells at the
wound edges to proliferate and migrate

Vascular endothelial
growth factor (VEGF)

A growth factor that stimulates angiogenesis

The effects of persistent hypoxia limit or delay
healing. These effects include:
●

Reduced synthesis of cell components

●

Fewer fibroblasts and reduced collagen production

●

Impaired synthesis, cross-linking and
maturation of collagen

●

Reduced antimicrobial activity and angiogenesis
(Figure 3).7

The capacity of leucocytic cells to kill bacteria
is greatly impaired at a low pO2,18 as production
of ROS by phagocytes is dependent on local oxygen
tension.2,8,37 Although the initial hypoxia in a
wound stimulates ROS production, oxidative killing
of bacteria cannot be sustained without adequate
oxygen perfusion. Therefore, chronic hypoxia is
detrimental to the production of ROS.15,37,38 As ROS
are also crucial for all other stages of wound healing
S7
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1. FAILURE TO FIGHT INFECTION CAN IMPAIR HEALING
Plasma membrane

Phagocyte

Pathogen
1
2
3
4
5
6
7

Neutrophils and macrophages are key for clearing infection from wounds. During this
process, their oxygen demands increase by 50-fold. The oxygen is used to generate potent
antibacterial superoxide molecules

2. POOR-QUALITY TISSUE, WHICH IS ASSOCIATED
WITH HIGH WOUND-RECURRENCE RATES
Polypeptide synthesis

Assembly of three procollagen chains
Protein disulfide isomerase
Assembly of triple helix
Secretion of procollagen in transport vesicles
Oxygen plays a vital role in the construction of a strong collagen matrix. When oxygen
levels are low, the collagen formed is only one-third of its usual strength. The oxygen is
used to bind the strands of collagen together

3. IMPAIRED CELL MIGRATION FOR TISSUE REPAIR
Toxic compounds
Trauma

Infection
Inflammation

Regeneration

Injury

(early vasoconstriction, recruitment of lymphocytes,
direct killing of bacteria and triggering of tissue
repair), a reduction in their numbers has a negative
effect on the healing process.1
In a wound that is already hypoxic, the oxygen
consumed in respiratory bursts further reduces
that available for other steps in the wound healing
process.1 Tissue hypoxia disables the function of
several growth factors that promote the formation
and deposition of collagen, including plateletderived growth factor (PDGF), VEGF and TGF-β.39
The deposition of collagen, and its ultimate tensile
strength, are, therefore, affected by the tissue
oxygen tension in the wound.23
In hypoxic conditions, the maturation of collagen
is compromised: the collagen is unable to form a
stable triple helix20 and cannot undertake crosslinking with other collagen fibres. Collagen that is
formed in a hypoxic environment may have only
one-third of its normal strength. If insufficient
collagen is deposited, the wound will be weak and
may dehisce.40
Chronic or severe hypoxia also interferes with
angiogenesis, limiting the development of new
blood vessels.32 The extent of angiogenesis is
directly proportional to the pO2 in injured
tissues.32 In hypoxic wounds, where collagen is
deposited poorly, angiogenesis is slower and the
vessel walls are more fragile.23
Epithelial cell migration is highly dependent
on energy; as a result, wound closure can be
significantly hampered if the oxygen supply is
compromised. Many cell types respond to hypoxia
by arresting the cell growth and division cycle,41
thereby decreasing the number of cells that are
able to contribute to wound repair.42

Causes of hypoxia
Spreading and dedifferentiation

Cell migration

Redifferentiation

Cell proliferation

Epithelial cell migration is extremely energy dependent. Energy production in the
presence of adequate oxygen is 18-times more efficient than that in an hypoxic wound

Figure 3. Effects of persistent hypoxia (adapted from Kaufman et al.52)
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Delivery of oxygen to a wound depends largely
on the oxygen pressure in adjacent tissues and the
circulating blood.43 Impaired oxygen supply can
arise through the biological activities taking place
within the wound itself, including oedema, an
injured microcirculation and contraction of
vessels in traumatised tissue.1 Oedema constricts
the surrounding blood vessels and tissues, thereby
preventing the passage of fluids and oxygen.
NATROX: OXYGEN THERAPY FOR HARD-TO-HEAL WOUNDS
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Wound healing demands energy for cell growth,
proliferation and angiogenesis, as well as for the
removal of bacteria and debris. These energy
demands lead to increases in oxygen-dependent
metabolism44,45 and the demand for oxygen to
generate ATP.

The total surface area of the microcirculation
is considerably higher than that of the
macrocirculation. Therefore, impairments to the
ability of the microcirculation to deliver oxygen to
the wound have a much greater impact on healing.

The bactericidal activity of neutrophils requires a
high pO2 to generate ROS.18 In an acute wound,
the extra demand for oxygen usually resolves
within 48 hours, as the contamination and debris
are removed within this period.46 In hard-to-heal
wounds, the bacterial burden remains high, and
neutrophils continue to accumulate and maintain
the demand for oxygen. Activated neutrophils
may prolong hypoxia, preventing the wound from
progressing to the regenerative phase.47 In wounds
that are already hypoxic, oxygen consumed in the
attempted clearance of microorganisms further
reduces that available for other wound-healing
processes (Figure 4).

Oxygen is an essential component for the
maintenance of healthy tissue and for all the
processes involved in wound healing, such as
oxidative killing of bacteria, collagen formation,
epithelial cell migration and the formation of new
blood vessels.

Various physiological causes can also limit blood
circulation, thereby inhibiting the supply of
oxygen to the wound.
●

Venous leg ulcers are characterised by a high
venous pressure in the lower legs that results in
ischaemia of the microvasculature and hypoxia.
The ensuing venous insufficiency triggers an
inflammatory response in the tissue that results in
large amounts of fibrotic, non-perfused tissue and
restricts diffusion of oxygen from the capillary
bed. Oedema also impairs tissue oxygenation48

●

Diabetic foot ulcers are associated with a
thickening of the basal membrane and swelling
of endothelial capillaries. Low levels of nitric
oxide (which is associated with diabetic foot
ulceration) impair regulation of the vascular
lumen and compromise the normal formation
of arterioles. In such circumstances, the increase
in blood flow that would be expected in
response to injury is delayed or prevented49

●

In peripheral vascular disease, blood flow
in the large arteries is universally restricted,
which affects the delivery of oxygen to all
tissues beyond the point of restriction. At the
periphery, there is microangiopathy, which
markedly hinders healing.1

Journal of Wound Care VOL 29 NO 5 (SUPPL B) MAY 2020

Conclusion

Hypoxia in the wound is a natural consequence
of tissue injury, as wound healing demands
energy for cell growth, proliferation and
angiogenesis, as well as for the removal of bacteria
and debris. Furthermore, a plentiful supply of
oxygen is required to maintain neovascularisation
and epithelialisation. A chronically impaired
supply of oxygen can therefore stall healing.
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Oxygen therapy: evidence base
The evidence base for the different methods of oxygen therapy ranges from systematic reviews and
meta-analyses to case series evaluations. A common thread running through the assorted evidence is
that oxygen therapy accelerates healing and reduces healing times. This article summarises the clinical
evidence produced on this therapy
John Lantis,Vice Chairman, Department of Surgery, Chief of Vascular and Endovascular Surgery, Mount Sinai St Luke’s and West
Hospitals, Professor of Surgery, Icahn School of Medicine, New York, US

T

he rationale for applying exogenous
oxygen to a wound is to compensate for
inadequate oxygenation arising either from
biological activities in the wound itself or from a
physiological condition. Increasing oxygenation
of a wound can trigger healing responses that
have been hindered by hypoxia. A variety of
technologies have been developed for supplying
oxygen to the wound, either systemically through
the circulation or, more commonly, through
topical application. This article describes these
therapies and summarises the evidence on them.

Narrative review search procedure
To update previous rigorous reviews on oxygen
therapy, a narrative review is presented here.
Various combinations of the following terms
were used to identify papers for review: ‘oxygen
delivery device’, ‘transdermal oxygen’, ‘hyperbaric
oxygen therapy’, ‘chronic wounds’, ‘oxygen
therapy’, ‘topical oxygen’, ‘oxygen reservoir
dressing’, ‘oxygen releasing wound dressings’,
‘haemoglobin spray’ and ‘haemoglobin dressing’.

Hyperbaric oxygen therapy
A systematic Cochrane review and Health
Technology Assessment (HTA) reviewed published
evidence on hyperbaric oxygen therapy (HBOT)
dating up to 2017.1,2 Literature was searched
from 2016 onwards to identify more recently
published studies.

Topical oxygen therapy
A rigorous review was published in 2015.3
Literature was searched from this date onwards
to identify more recently published studies. This
revealed randomised controlled trials, clinical
evaluations and case studies. One randomised
Journal of Wound Care VOL 29 NO 5 (SUPPL B) MAY 2020

controlled trial (RCT) published in 2015 claimed
significantly better healing rates for pressure ulcers
(PUs) managed with transdermal oxygen plus
standard care compared with standard care alone,
but did not identify the device used.4

Oxygen releasing dressings and
haemoglobin sprays
Search revealed retrospective audits and case
series, along with a review published in 2015.3

Levels of oxygen in
supplemental therapy
In supplemental therapy, the level of oxygen
applied is usually above normal physiological levels
(sometimes referred to as pharmacological levels),
as some wound healing processes are optimised
at pO2 levels that are well above those required
by normal healthy tissue. Fibroblast proliferation
and the production of protein are optimised
at 160mmHg (which is 2–3 times higher than
normal), while optimal prolyl hydroxylase activity
takes place at 250mmHg.5,6 Optimal production of
reactive oxygen species is achieved at levels greater
than 300mmHg.7
Supplemental oxygen also accelerates
angiogenesis,8 increasing wound perfusion and
rates of epithelialisation.9 It can be applied at high
pressure, either systemically or via pressurised
devices, or administered topically at a normal
pressure through the use of delivery devices,
dressings or sprays.

Hyperbaric oxygen therapy
Systemic HBOT requires the patient to lie or sit in a
whole body chamber for at least 90 minutes a day,
typically five days a week,10 and to inhale oxygen
S11
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Table 1. Summary of the evidence on systemic hyperbaric oxygen therapy
Study
Liu et al.

18

Stoekenbroek
et al.11

Study design

Objective

Systematic review

To assess the efficacy
and safety of HBOT as
an adjunctive treatment
for DFUs

Systematic review

To assess the additional
value of HBOT in
promoting healing of
DFUs and preventing
amputations

Sample size
■

■

Findings

13 comparative trials, including seven
prospective RCTs
Total sample size: 624 patients with
DFUs

Seven RCTs:
Three RCTs with patients with
ischaemic DFUs (n=182)
Two RCTs with patients with nonischaemic DFUs (n=64)
Two RCTs with patients with
unspecified ulcer type (n=130)

■

■

■

■

■

■

■

■

Kranke et al.2

Cochrane review

To assess the benefits
and harms of HBOT plus
standard care for treating
hard-to-heal ulcers of the
lower limb

■
■

■

Twelve RCTs included (n=577)
Ten of these recruited patients with
DFU (n=531)
The remaining two recruited patients
with VLUs (n=16) and varying wound
types (n=30)

■

■

■

■

■

Health Quality
Ontario1

Health Technology
Assessment

To assess the safety,
clinical effectiveness and
cost-effectiveness of
HBOT plus standard care
in the treatment of DFUs

■

Seven RCTs and one nonrandomised controlled trial included
(n=446)

■

■

■

Chen et al.20

Prospective RCT

To compare standard
care vs HBOT plus
standard care on hard-toheal DFUs

■
■

Standard care plus HBOT: n=20
Control (standard care only): n=18

■

■

■

Erdogan et al.21

Santema et al.19

Retrospective data
review

Prospective RCT

To determine the efficacy
of HBOT in DFUs

To investigate if HBOT
plus standard care will
improve healing and
reduce amputation rates
in patients with diabetic
and ischaemic lowerextremity ulcers

■
■

■
■

Retrospective data review (n=130).
Two groups: 71 received HBOT, 59
did not

Standard care plus HBOT: n=60
Control (standard care only): n=60

■

■

■

■

Improved healing rates: RR: 2.33 (95% CI
1.51–3.60)
Significantly reduced risk of major (but
not minor) amputation
Ischaemic DFUs: at one-year follow-up,
in two RCTs more ulcers had
completely healed with HBOT (NNT:
1.8 vs 4.1); the third RCT did not report
on wound healing
Ischaemic DFUs: inconsistent effect on
amputation rates
Non-ischaemic DFUs: no improvement
in healing or amputation rates
Significant improvement in healing of
DFUs in the short-term (RR 2.35, 95%
CI 1.19-4.62, p=0.01) but not long-term
(however, low-grade evidence)
No significant difference in major
amputation rate for DFUs
No long-term improvement in healing of
VLUs compared with standard care
For varying wound types, significant
reduction in ulcer area at end of
treatment (30 days)
Trials had flaws in design and reporting
Mixed results for major amputation rates
(low GRADE74 evidence)
Significant difference in favour of
adjunctive HBOT on healing rates (low
GRADE evidence)
Poor quality of evidence makes it hard
to draw definitive conclusions on clinical
and cost-effectiveness
Five patients healed with HBOT plus
standard care group vs one with the
control
Amputation rate was 5% for the HBOT
group vs 11% for the control
HBOT group showed statistically
significant improvements in inflammation
index, blood flow and health-related
quality of life from baseline to 2 weeks
after the therapy ended (p<0.05)
No difference between groups in healing
of Wagner grade II and V ulcers
Higher but non-significant healing of
Wagner grade III and IV ulcers with
HBOT
Limb salvage was achieved in 53 patients
in the HBOT plus standard care group
vs 47 in the control group
At 12 months, 30 wounds healed in the
HBOT group vs 28 in the control group

CC – confidence interval; DFU – diabetic foot ulcer; HBOT – hypherbaric oxygen therapy; NNT – number needed to treat (number of patients that need to be treated to prevent one additional bad
outcome); RCT – randomised controlled trial; RR – relative risk
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delivered at approximately 1140–2280mmHg
(1.5–3.0 atmospheres). When effective, hyperbaric
oxygen can elevate wound oxygen to levels of
1800mmHg,11 improve wound healing rates12
and reduce limb amputation rates.13 There is also
evidence that HBOT may increase angiogenesis and
immune response14 and decrease inflammation.15
However, its success relies on the patient having
adequate blood perfusion at the wound site; in
patients with peripheral arterial disease or chronic
venous insufficiency, arterial blood flow may not be
sufficient to provide adequate wound oxygenation.
Practical considerations limit the use of HBOT
chambers, as they are not widely available and are
rarely found in the home setting, requiring the
patient to visit a treatment centre up to five times
a week. The risk of possible adverse effects, such as
middle ear barotrauma,16,17 means it is not feasible
to increase the duration of HBOT beyond the
typical frequency described above. This restricts
the ability of HBOT to raise oxygen levels at the
wound for any lengthy period. The only absolute
contraindication to HBOT is pneumothorax,7 but
some patients may find a chamber claustrophobic.
The published data on the effectiveness of HBOT
is heterogeneous and conflicting.11 A summary
of the studies can be found in Table 1. In 2013, a
systematic review looked at the evidence on the
treatment of chronic diabetic foot ulcers (DFUs).18
Although there were 89 articles comparing HBOT
with conventional therapy, only 13 met the
criteria for inclusion (well-presented controlled
comparative trials involving patients with
hard-to-heal ulcers on the lower limb that were
receiving standard care). The authors concluded
that treatment with HBOT improved the healing
rate (p=0.02) and significantly reduced the risk of
major (but not minor) amputations in patients
with DFUs.

DFUs in the short term but not the long term,
although flaws in study designs and reporting
mean that the authors are not confident in the
results.2 However, two recent RCTs indicate that
HBOT reduces amputation rates in patients with
hard-to-heal DFUs and ischaemic lower extremity
ulcers.19,20 According to above meta-analyses, there
is also evidence that HBOT provides long-term
improvement over standard treatment for venous
and arterial leg ulcers and PUs.1,2
A common criticism is that studies are
underpowered and prone to selection bias. Since
the publication of the Cochrane review and
HTA in 2015 and 2017, respectively,1,2 as stated
previously, there has been very little new data21
and nothing that changes the overall conclusions
of the previous reviews.

Pressurised devices
Topical application of pressurised oxygen is
a more convenient alternative to systemic
application and can be used at home. Limb
chambers or inflatable boots deliver hyperbaric
oxygen directly to the wound surface, rather
than via the circulation, and can achieve levels
of oxygen of 80mmHg at the wound.22 An in vivo
study confirmed that topically applied oxygen
can penetrate through more than 700μm of
intact human skin.23 An animal study on pigs
found that oxygen can be detected in open
wounds 2mm below the surface.24 Devices that
deliver pressurised oxygen have been less well
studied than static devices. There are also fewer
large-scale studies.

However, a systematic review carried out just
one year later, incorporating new data, felt that,
although there was some evidence that HBOT
improved rates of complete healing in DFUs with
ischaemia (but not without), there was not a
consistent effect on amputation rates.11

Devices that deliver pressurised oxygen increase
flexibility for patients and avoid some of the
systemic side effects of large pressure chambers.3
Nevertheless, they are still relatively cumbersome
and non-portable, requiring the patient to be
static during treatment. As with hyperbaric
chambers, the recommended treatment schedule
is for 90 minutes a day for four days. The device
should only be used for 1–2 hours a day. With
home pressurised units, more frequent dressing
changes are required, which adds to the daily
therapy period.

The most recent reviews of the data conclude
that HBOT significantly improves healing of

At least three devices delivering topical pressurised
oxygen are available:

Journal of Wound Care VOL 29 NO 5 (SUPPL B) MAY 2020
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Table 2.Topical pressurised devices
Study
Heng et al.

27

Study design

Objective

Case series

To assess the utility and
effectiveness of TPO in
patients with hard-toheal arterial leg ulcers

Sample size
■

■

■

Leslie et al.

32

Kalliainen et al.30

Gordillo et al.31

Tawfick and
Sultan25

Prospective RCT

To assess the effects of
2 weeks of TPO on the
healing of DFUs without
associated gangrene

Retrospective
data analysis
of patients
treated by seven
surgeons

To report documented
outcomes in patients
with complex wounds
treated with the GWR
device

Two simultaneous
non-randomised
studies, one of
which treated
patients with
HBOT and the
other with TPO
(GWR device)

To examine the changes
in wound closure
outcomes over 14 weeks
in patients with wounds
of varying aetiologies
(primarily DFUs, VLUs,
PUs, surgical wounds,
flaps and grafts) that were
at least 4 weeks old

Parallel
observational
comparative
study

To measure the
proportion of hard-toheal VLUs that healed at
12 weeks

■
■
■

■

■

Findings

TPO: n=6 patients with 27
ulcers
Control: n=5 patients with 10
ulcers (treatment not identified)
Device not named
TPO: n=12
Standard care: n=16
Device not named
32 patients with 58 complex
wounds followed up for 1–8
months
No comparator group

■

■

■

■

■
■

■
■

■
■

HBOT: n=32
TPO: n=25

■

■

■
■

TPO (TWO2): n=46
Compression bandages: n=37

■

■

Blackman et al.28

Tawfick and
Sultan26

Prospective
controlled study

Follow-up to
2009 study with
additional patients

To assess the clinical
efficacy of TWO2 and
identify recurrence
rates after 24 months
in patients with severe
DFUs
To measure the
proportion of hard-toheal VLUs that healed at
12 weeks

■
■

TPO: n=17
Control (silver dressing): n=11

■

■

■

■
■

TPO (TWO2): n=67
Control (compression
bandages): n=65

■

■

■

■

Frykberg et al.33

Prospective RCT

To compare efficacy of
TWO2 in healing hardto-heal DFUs

■
■

TPO plus standard care: n=36
Control (sham plus standard
care): n=37

■

■

■

18/27 ulcers (5 patients) treated with TPO
healed in 6–21 days.
50–90% reduction in wound size in the remaining
TPO-treated ulcers within 3 weeks
No ulcers healed in the control group
Progressive and significant reductions in ulcer
areas in both groups with no difference between
them
38 wounds in 15 patients healed
An additional 5 wounds in 5 patients who had
preoperative oxygen therapy healed
TPO had no effect on 10 wounds
Remaining patients were lost to follow-up, died or
had wounds that recurred post-healing
No significant reduction in wound size with
HBOT
There was a marked reduction in wound size in
the TPO group

At 12 weeks, 80% of ulcers treated with
TPO had completely healed, compared with
35% of ulcers with treated with compression
(p<0.0001)
At 12 months, no ulcers treated with TPO had
recurred compared with 5/13 ulcers treated
with compression
14/17 TPO-treated DFUs healed vs 5/11 with
silver dressing
Median healing times 56 and 93 days,
respectively
No ulcers in either group had recurred by 24
months
Mean reduction in ulcer surface area at
12 weeks: 96% in patients treated with TPO and
61% in those given compression
At 12 weeks, 76% of the TPO-treated VLUs had
completely healed, compared with 46% of those
given compression (p<0.0001)
Median healing times: 57 days in TPO patients and
107 days in the compression group (p<.0001).
After 36 months, 3/51 TPO ulcers recurred,
compared with 14/30 in the compression group
42% of DFUs treated with TPO had healed
completely at 12 weeks, compared with 13.5% in
the control group
When the analysis was adjusted to take into
account ulcer severity, the likelihood of healing by
12 weeks with TPO increased
12-month follow-up showed that only 1/15
ulcers (7%) in the TPO group recurred vs 2/5 in
the (40%) in the control group

DFU – diabetic foot ulcer; HBOT – hyperbaric oxygen therapy: PU – pressure ulcer; RCT – randomised controlled trial; TPO–topical pressurised oxygen: VLU – venous leg ulcer
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●

AOTI: hyper-box topical wound oxygen therapy
(TWO2)

●

OxyCare: O2-TopiCare

●

GWR Medical: O2 Boot.

The AOTI TWO2 system delivers pressurised
oxygen in cycles, whereas the other two provide
continuous pressure during treatment episodes. All
three systems deliver oxygen to the open wound
in a chamber or bag.
Studies on these devices have reported improved
leg ulcer healing rates25–27 and decreased recurrence
of DFUs.28 Several other studies have reported
similar results in hard-to-heal wounds such as
PUs.29,30 One evaluation in which 25 patients with
wounds of different aetiologies were treated with
pressurised topical oxygen therapy reported a
marked reduction in wound size. Biopsies taken
at the wound edges showed a higher expression
of VEGF (a key indicator of angiogenesis) in the
healing wounds.31
The TWO2 device has been the subject of more
studies than the others, but most were case series
or uncontrolled trials. There have been few
controlled trials. Of these, one did not practise
rigorous randomised allocation and did not have
well-defined verifiable endpoints.7,32 More recently,
Frykberg et al.33 conducted an RCT showing that
TWO2 compared well with a control in terms of
DFU healing times. A summary of the studies can
be found in Table 2.

Topical oxygen therapy
In topical oxygen therapy (TOT), portable units
generate a continuous supply of non-pressurised
oxygen that is delivered directly to the wound
bed under occlusive and semi-occlusive dressings.
Three devices are currently available:
●
●
●

EpiFLO (Ogenix)
TransCu O2 (EO2 Concepts)
Natrox Oxygen Wound Therapy (Inotec AMD).

These devices have been developed relatively
recently, and so the published clinical evidence
is still limited. However, studies are underway,
some of which are nearing completion. There
Journal of Wound Care VOL 29 NO 5 (SUPPL B) MAY 2020

is evidence from animal studies that the
supplemental oxygen delivered by topical oxygen
devices reverses local hypoxia34 and initiates
an inflammatory cascade that kills anaerobic
pathogens and stimulates leucocyte function,
which tackles aerobic pathogens.7,35 The additional
oxygen promotes epithelialisation, granulation
tissue formation and wound closure.7,36
EpiFlo is a portable device that generates oxygen
via a membrane electrode and uses a cannula to
deliver 3ml/hour of oxygen to the wound bed.
The device measures 5x2.5x4cm and weighs
approximately 110g, making it the smallest of
these devices. The pump has a lifespan of 15 days;
a new pump is required for longer treatment
schedules. Evidence on EpiFlo includes RCTs. The
first, by Driver et al.,37 included 17 DFUs, of which
nine were treated with the EpiFlo device; results
showed a greater reduction in average wound size
(87%) with TOT compared with standard care
(46%) after four weeks of treatment37 (Table 3). A
later study (with a randomised blinded parallel
design) involving 128 patients with hard-toheal DFUs only found a statistically significant
difference in healing times or rates in a subgroup
of patients aged ≥65 years, where 15/19 DFUs
treated with TOT plus standard care healed in
a mean of 35 days vs 8/16 in a mean of 70 days
for the controls.38 The investigators concluded
that the device may be more beneficial for older
patients. In addition, several case studies on the
EpiFlo device have been published concerning
patients with a variety of wound types: pressure
ulcers, leg ulcers, DFUs and hard-to-heal
traumatic wounds.39–43
The TransCu O2 device (EO2 in the USA) uses
a fuel cell to generate pure humidified oxygen
at flow rates of 3–15ml/hour, which is delivered
to a moist dressing via tubing. It also contains a
sensor that monitors and controls the pressure
within the wound bed. This device is combined
with a primary dressing that allows for diffusion
of oxygen and moist wound healing. However,
it is not modifiable to all anatomical locations.
It weighs around 150g and has a lifespan of five
years, and the rechargeable batteries last two years.
A 12-week RCT of 100 hard-to-heal DFUs reported
a higher proportion of healed wounds treated with
S15
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Table 3. Continuous non-pressurised oxygen
Study

Study design

Objective

Sample size

Case series or case
reports

N/A

■

Findings

Epiflo
■

■
■
■

■

Banks and
Ho39
Hirsh et al.40
Lowell et al.41
Kemp and
Hermans43
Woo42

■

■

■
■

Three PUs
Six DFUs/hard-to-heal lower
extremity wounds
Four ‘severe’ wounds on the foot or
lower limb
11 patients with 14 DFUs
Nine hard-to-heal wounds on the
lower extremity

■

■

■
■

■

■

Driver et al.37

Driver et al.38

Prospective RCT

Prospective
randomised parallel
study

To evaluate the efficacy
of 4 weeks of treatment
with TOT on hard-toheal DFUs
To evaluate efficacy of 12
weeks of treatment with
TOT on hard-to-heal
DFUs

■
■

■
■

TOT plus standard care: n=9
Control (standard care only): n=8

TOT plus standard care: n=65
Control (sham plus standard care):
n=63

■

■

■

■

■

Significant improvements in wound size in
up to 9 weeks
All wounds improved over 2–20 weeks,
with 5 wounds healing by week 20
All wounds healed
12/14 wounds closed in a mean of 46 days
(range: 13–119); epithelialisation in the
remaining wounds
Significant reduction in mean surface area
at week 4
Low-grade evidence with no comparator
group for all of the above case series/
reports
At 4 weeks mean 87% (range: 56–100%)
reduction in wound size with TOT,
compared with 46% (range: 15–99%) with
standard care (p<0.05)
At 12 weeks, 54% (35/65) DFUs in the TOT
group had healed vs 49% (31/63) in the
control group
In a subgroup of patients aged ≥65 years,
15/19 in the TOT and 8/16 in the control
group healed
Median healing times in patients who
completed the study were 63 days for the
TOT group and 77 days for the controls
In the above subgroup, the median healing
times were 35 and 70 days, respectively

TransCu
Urrea-Botero47

Retrospective
review of historical
cases

N/A

■

■

Couture48

Niederauer
et al.44

Niederauer
et al.45

Retrospective
review of historical
cases

N/A

Double-blind
prospective RCT

To investigate wound
closure rates in patients
with DFUs of at least 4
weeks’ duration

Double-blind,
placebo-controlled
randomised study
(continuation of
Niederauer et al.41)

To investigate wound
closure rates in patients
with DFUs of at least 4
weeks’ duration

■

■
■

Three cases on hard-to-heal toe
ulcers in patients with diabetic foot
complications or cellulitis
Prior use on VLUs, PUs, DFUs and
gangrenous ulcers
Twenty-five patients, most of
whom (22) had hard-to-heal
Wagner grade 1 wounds on the
foot, ankle or leg
TOT plus standard care: n=50
Control (sham TOT plus standard
care: n=50

■
■

■
■
■

■

■

■
■

TOT plus standard care: n=74
Control (sham TOT plus standard
care): n=72

■

■

■

All three wounds healed
Closure rate of 74% over a mean of
65 days for wounds that were open for a
mean of 153 days
17/25 complete healing (68%)
Average time to healing: 7 weeks.
Mean wound size at week 7: 6.1cm2
46% of TOT-treated patients healed within
12 weeks, compared with 22% with the
sham device (p=0.02)
The effect was more pronounced in
patients whose wounds were more hard to
heal at baseline: 42.5% vs 13.5%, p=0.006
In the ITT population, 32.4% in the TOT
group healed vs. 16.7% in the control
The relative risk (relative performance)
showed that the TOT-treated patients
performed 195% better than the controls
The time to 50% DFU closure was
significantly shorter in the TOT group: mean
18.4 vs 28.9 days
(continued on facing page)
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Table 3. Continuous non-pressurised oxygen (continued)
Study

Study design

Objective

Lavery et al.46

Post hoc analysis of
Niederauer et al.45)

To evaluate the
association between
the frequency of
debridement of
≥4-week-old DFUs and
the proportion of those
treated with TOT

Sample size
■
■

■

TOT plus standard care: n=74
Control (sham TOT plus standard
care): n=72
Of the 146 patients, 22 at one
site received significantly less
debridement than the 124 patients
in the other sites

Findings
■

The relative performance of TOT over the
control improved in DFUs that received
more frequent debridement, with 51.2%
healing vs 21.3% for the controls

Natrox
Mani54

Case series

To investigate the safety
of the device and record
changes in wound area
over 6 weeks

Leak et al.53

Case series

To observe use of the
device on non-healing
post-mastectomy
wounds

Yu et al.51

Prospective RCT

To compare the device
with standard best
practice on patients
with hard-to-heal DFUs
(mean baseline duration:
76 weeks)

Hayes et al.49
2017

Non-randomised
pilot study

To assess the effect
of continuous oxygen
therapy on healing in
hard-to-heal DFUs
(mean baseline duration:
43 weeks)

Jones et al.52

Registry study

Reduction in wound
surface area in hard-to
heal DFUs

Kaufman et al.50

Case series

To assess the efficacy and
safety of TOT in a realworld setting

■

■

■
■

10 patients with VLUs but no
significant comorbidities. Device
was applied under compression
bandages
5 women with complex postmastectomy wounds that had not
responded to advanced wound
dressings
Natrox: n=10
Non-placebo control (regular
dressings plus standard care): n=10

■
■

■

■

■

■

■

■

■

Natrox: n=10

42 long-term DFUs (mean wound
duration 17 months), 38% patients
had prior amputation
100 hard-to-heal wounds (VLUs,
DFUs, arterial ulcers and others)
with mean duration of 15.2
months (range: 1–192)

■

■
■

■
■

■

Hunter et al.55

Case series

To evaluate whether
TOT causes shifts in the
wound microbiome from
anaerobic species to
an aerobic community,
which favours healing

■

6 DFUs of ≥4 weeks duration

■

■

No adverse events reported
Mean wound area reduced by 59% over
6 weeks.
Three wounds healed and two improved
markedly

Decrease in wound size noted at 2 weeks
with TOT (p<0.016).
90% of TOT-treated wounds healed within
8 weeks, compared with 20% of controls.
100% grade II and 50% grade III wounds
healed with TOT, compared with none with
control treatment.
At 8 weeks, one DFU had healed and the
rest were improving; the mean ulcer size
had reduced by 51%

At 24 weeks, 33% of wounds healed
All but two of the remaining wounds had
reduced by 50%
No wounds healed in less than 3.5 weeks.
In patients treated for at least 3.5 weeks,
46% achieved complete closure; the mean
percentage reduction for this subgroup was
76%, increasing to 83% for VLUs
In this subgroup, 47% of VLUs and 57% of
DFUs and arterial ulcers closed
Five DFUs healed in the 8-week follow-up
period
Based on swab results, the microbiome
of the 5 healed wounds shifted towards a
diverse flora dominated by aerobes and
facultative anaerobes, whereas that in the
non-healed remained anaerobic

DFU – diabetic foot ulcer; ITT – intention to treat (all subjects including drop outs); PU – pressure ulcer; TOT – topical oxygen therapy; RCT – randomised controlled trial ; VLU – venous leg ulcer

the TransCu device (46%) compared with a sham
device (22%, p=0.02) (Table 3).44 A year later, a
follow-up randomised, placebo-controlled study
was published that included additional patients
Journal of Wound Care VOL 29 NO 5 (SUPPL B) MAY 2020

recruited by Niederauer et al. at a later stage, as well
as a proportion who were followed-up for 12 weeks
after wound healing occurred.45 Unlike the previous
study,44 the analysis was conducted on all patients,
S17
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including those who dropped out (intention-totreat population). Results showed that not only did
significantly more patients in the treatment group
heal, but also their healing times were significantly
faster. A post hoc analysis of the Niederauer et
al.45 study showed these results were maintained
even when surgical debridement was included as a
variable in the analysis.46 In addition, retrospective
audits have also shown good healing outcomes in
patients treated with this device.47,48
The Natrox oxygen wound therapy system
(Figure 1) generates oxygen through the
electrolysis of water drawn from the atmosphere.
The oxygen and hydrogen ions produced are
separated by a charged membrane. The oxygen
ions combine to form oxygen molecules, which
are then directed to the wound via an oxygen
delivery system at a rate of 13ml/hour. The device
is powered by rechargeable batteries, is completely
portable (weight 108g), non-intrusive and has a
lifetime of at least one year if used continuously.
The device comes with two rechargeable and
interchangeable batteries, which means that it
never needs to be connected to a electrical socket.

A number of studies on the Natrox device
are available, including one RCT,49–53 and are
summarised in Table 3. In a 20-patient RCT of
hard-to-heal DFUs, 90% of Natrox-treated wounds
healed, compared with 30% of controls at eight
weeks.51 Decreases in wound size were noted at
two weeks with the TOT device (p<0.016), and full
closure was achieved in 100% of grade II and 50%
of grade III wounds, compared with none of the
controls. In a pilot study of 10 hard-to-heal DFUs
with a mean duration of 43 weeks, mean ulcer size
reduced by 51% following eight weeks’ treatment.49
In an observational study of 100 hard-to-heal
wounds (VLUs, DFUs, arterial ulcers and other
wound types) with a mean duration of 15.2
months, 46% of wounds treated with Natrox for
longer than 3.5 weeks healed, compared with 0%
of those receiving treatment for a shorter period.50
The outcomes varied with wound type.
In another observational study, which involved
10 patients with VLUs, mean wound area was
reduced by 59% over a 6-week treatment period.54
In this study, compression bandaging was applied
over the Natrox oxygen delivery system.
A registry study in long-term DFUs (mean wound
duration prior to treatment: 1.4 years) where 38%
of the patients had had prior amputation, 42 DFUs
were treated for 24 weeks, resulting in 80% wound
closure in 58% of patients and complete closure in
36%.52 Complex surgical wounds have also been
shown to respond to oxygen therapy.53

Natrox
batteries

Natrox oxygen
generator

Natrox oxygen
delivery system

In addition to improved healing, treatment with
the Natrox device has also led to a reduction in
reported pain in patients with VLUs and DFUs.49,54
Finally, a small case series found that, based
on swab results, wounds that healed following
treatment with Natrox were shown to have a
microbiome dominated by aerobes, rather than
anaerobes.55 An anaerobic environment is more
conducive to healing.

Practical considerations

Figure 1. The three components of the Natrox oxygen wound therapy system
S18

In the first few days of treatment with any of
the topical oxygen delivery devices, it may be
necessary to increase the frequency of dressing
changes or use highly absorbent or foam dressings,
as the increased oxygen at the wound bed initially
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boosts the inflammatory process, leading to
increased neutrophil and macrophage activity
and an increase in the exudate volume.49,51,53
Furthermore, it may take around two weeks before
a reduction in wound size is seen.
The indications for devices that deliver TOT are
similar and include lightly to heavily exuding
wounds such as DFUs, VLUs, postoperative
infections, gangrenous lesions, PUs, amputations
and infected stumps, skin grafts, burns and
frostbites. Contraindications are also similar for all
the devices: malignant wounds, unexplored deep
sinuses or tracts, untreated osteomyelitis, necrotic
wounds or wounds that are being treated with
topical creams or ointments.
The devices are inherently safe and can be used
at home, where nurses can easily apply the device
every 3–5 days during scheduled dressing changes.
The exudate level and frequency with which
the secondary dressing needs to be changed will
determine the number of days the device can
be left in place. The wound location has some
significance in terms of application—for example,
it can be difficult to apply to the toes and heel.
These therapies are, of course, likely to be more
effective following debridement.

Dressings or gels
An alternative method for supplying exogenous
oxygen is to use dressings that release oxygen
directly into the wounds. The FDA-cleared
OxyBand wound dressing embeds oxygen in a
reservoir, which is released when liquidised by
wound exudate. According to the manufacturer,
the dressing can provide pure oxygen to a wound
for up to five days. The dressing has a waterproof
outer layer to provide protection and a perforated
hydrocolloid wound contact layer. OxyBand
dressings are indicated for a variety of wounds,
including burns, category I or II PUs, diabetic
and hard-to-heal skin ulcers as well as other
acute wounds. Published data are limited to one
unpublished proof-of-concept animal study56 and
a study that reported improvement in the healing
of donor sites in patients with burns.57 No further
clinical data are available.
The Mednoxa dressing, available in the US, uses
peroxides as an oxygen source, which is delivered
Journal of Wound Care VOL 29 NO 5 (SUPPL B) MAY 2020

to the wound under an occlusive dressing. The
only data to support this product is an animal
study,58 and the manufacturers refer to the results
of similar devices in support of their product.
Other dressings designed to release oxygen into
a wound are in development. The Ox66 system
claims to use a polyoxygenated metal hydroxide
that releases oxygen gas into the wound; the
OxyDressing uses an oxygenated gelling agent.

Oxygen transfer: haemoglobin spray
One of the most recent products to appear on
the market is a haemoglobin spray in aqueous
solution (Granulox, Mölnlycke Health Care).
Haemoglobin is an oxygen transporter. A pilot
study confirmed the average oxygen saturation at
10mm wound depth can be significantly increased
20 minutes after a single application of the spray.59
The haemoglobin spray is intended for use on all
types of hard-to-heal wounds and has no reported
side effects.60 It is applied at least once every three
days, either by a health professional or the patient.
Case series on a variety of wound types including
hard-to-heal DFUs, PUs and VLUs, showed positive
responses,3,61–64
A randomised clinical study undertaken in
2013 showed that the haemoglobin spray was
associated with a 53% reduction in wound size
compared with none in the control group.65 In
these trials, compression bandaging was removed
at night, after which a spray was used and a
nanofibre dressing was applied. This is contrary to
typical use of the spray. In 2018, pooled datasets
from three published studies with similar designs
involving patients with DFUs (n=40), hard-toheal wounds (n=100) and sloughly wounds
(n=200) showed a significant progression towards
healing or reduction in slough at 26 weeks, when
compared with retrospective controls.66
In a comparative cohort study including 20
patients with DFUs, 50 patients with hard-to-heal
wounds and 100 patients with sloughy wounds,
mean reductions in wound size were 95%, 89% and
93%, respectively, in the active groups, and 63%,
75% and 32% in the respectively-matched controls.
DFU and hard-to-heal wound data was reported at
28 weeks, and sloughy wound data at 8 weeks.67
S19

Evidence base

Potential disadvantages associated with this type
of product include the fact that it is porcine, to
which some patients may object on religious or
ethical grounds.

area of wound care where there is evidence of benefit
is in short-term healing of DFUs. Limb chambers,
which also apply high pressure oxygen to the
wound, have been available for at least 30 years and
are a more convenient form of delivering pressurised
oxygen to the wound bed. Studies, including a
number of controlled and comparative studies,
generally report good healing rates and reduction
in wound size. Although more convenient than
whole-body pressurised chambers, they do require
the patient to be static during treatment.

Costs of treatment
The crude cost of supplying oxygen therapy is
highest for static HBOT facilities, due to the high
resource cost, and is lowest for dressings. An
HBOT session can cost between $150 and $1000,
with 50–100 hours being required, depending on
the patient and wound characteristics.39 A full
treatment cost could therefore range from $7500–
100,000.39 The manufacturers of the Epiflo device
estimate that their unit costs around $700 weekly
and the total cost for healing a small wound has
been estimated at $1000, or $70–100 per day.68
A more meaningful measure would be to assess
the cost-effectiveness of each intervention per
treatment in terms of a specific outcome, such
as cost per ulcer healed or cost per amputation
prevented. However, economic analyses rely on
robust clinical data to feed into any cost analysis,
and most of the studies carried out in this area
have been case series or uncontrolled observational
studies. The few RCTs that are available have often
been underpowered or have a flawed methodology,
therefore interpretation of the limited amount of
cost-effectiveness data available needs to be made
with caution.69 A Health Technology Assessment
in 2017 concluded that standard wound care
alongside HBOT therapy ‘appeared to be’ costeffective compared with standard care alone.1
Figures of €19,000 and AUS$42,000 per amputation
avoided have been proposed for HBOT69,70 However,
these figures, which have not been validated,
only apply to DFUs and need to be substantiated
by clinical data. In addition, it has been claimed
that oxygen-releasing dressings can save money
compared to standard care,72 although this has
been challenged in a technology assessment.73

Conclusion
Oxygen is clearly a critical component in wound
healing and a variety of technologies have been
developed to deliver supplemental oxygen to
hypoxic wounds where healing has stalled.
Systemic HBOT is the most studied technique but
systematic reviews have concluded that the only
S20

The drive for more convenient devices has in
recent years led to the development of a number
of topical oxygen units that deliver constant
non-pressurised oxygen to the wound bed. These
devices have the advantage of portability, but are
not yet supported by the same level of evidence
as the pressurised units. Although there are plenty
of published observational studies and case series
showing good rates of wound healing in a variety
of hard-to-heal wounds, there is very little robust
comparative data to show that these healing rates
are better than would have been achieved with
other products. To address this, several studies
are in progress. Clearly, well-controlled, largescale clinical studies are needed to provide robust
evidence in this area, although an impediment to
this is that wound management has long suffered
from difficulties in ensuring parity between
treatment-group characteristics, treatments given
and assessment methods.
It is acknowledged that this is a narrative review
of the evidence; however, every effort was taken
to include all the relevant evidence since the
previous systematic reviews.
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Delayed healing following
amputation of the fifth ray
Johnson Boey, Podiatrist, Singapore General Hospital, Singapore

A

50-year-old man presented with an ulcer on
his right plantar fifth metatarsal that was
showing clinical signs of infection. He had
a history of poorly controlled diabetes, as well as
long-term immunosuppression following a renal
transplant for non-steroidal anti-inflammatory drug
(NSAID)-induced renal toxicity.
On examination, his pedal pulses were negligible.
There was dull granulation tissue and dried slough
on the wound bed, and areas of necrosis on the
wound edges. A foul smell was emanating from
the ulcer. The patient’s neutrophil and white
blood cell count were elevated. Arterial duplex
assessment revealed moderate calcification with
multiple stenoses in the vasculature of the right
lower limb.

Natrox oxygen wound therapy was used as a
stand-alone therapy because the wound bed was
dry. The oxygen delivery system was covered
with Biatain Soft-Hold Foam (Coloplast) and the
entire wound site was covered with occlusive
Tegaderm Film (3M Health Care). Anecdotal
observation indicates that occlusive dressings can
minimise leakage of oxygen from the wound. The
foam dressing was used to absorb the increase in
exudate volume that initially occurs following
application of Natrox. The patient changed the
dressings himself twice weekly and attended
weekly podiatry follow-ups, at which the slough
and necrotic tissue were sharp debrided. This
dressing combination was used throughout the
treatment period.
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d

Following angioplasty of the distal superficial
femoral artery (SFA) and proximal anterior tibial
artery (ATA), an intraoperative angiogram showed
single vessel runoff via the ATA to the foot.
Meanwhile, the right fourth and fifth toes were
amputated to remove the source of infection.
Despite concurrent medical treatment with strong
intravenous antibiotics that were sensitive to the
microbiology identified from tissue specimens and
negative pressure wound therapy, wound healing
failed to occur.
The wound was assessed as having a University of
Texas wound classification score of 2c. It measured
5.5x6cm, and was covered with 70% dry, adherent
slough and 30% necrotic tissue on the edges. The
patient described his pain as moderate. Given
the amount of dry slough present, the increase in
necrosis on the amputation site and the patient’s
history of peripheral arterial disease, it was
decided in consultation with a vascular surgeon
and diabetic foot specialist to commence Natrox
oxygen wound therapy (Figure 1a).
Journal of Wound Care VOL 29 NO 5 (SUPPL B) MAY 2020

Figure 1. Post-right fifth ray amputation: initial presentation of the
wound (a); 2 weeks after application (b); 1 month after application (c);
completion of the therapy (d)
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After two weeks of oxygen therapy, the amount
of necrotic tissue around the wound edges had
decreased by 10%. The slough was moist and
had reduced by 30%. The remaining 40% of the
wound bed was covered with granulation tissue
(Figure 1b). The patient reported a slight reduction
in pain.
After one month and multiple bedside
debridements, the amount of slough and necrotic

tissue had reduced to 30% and 10%, respectively,
and there was 50% granulation tissue on the moist
wound bed and 10% epithelial tissue (Figure 1c).
After 2 months, the wound size had reduced by
more than 50%, and measured 3x4cm. There
was healthy granulation tissue (70%) and epithelial
tissue (10%) on the proximal wound aspect, with
the remainder covered with moist slough (Figure
1d). Full healing was achieved at four months.

Arteriovenous foot ulcer
Johnson Boey, Singapore General Hospital, Singapore

A

71-year-old woman presented at the
wound care clinic with atypical venous
ulceration and erythema on the dorsal
midfoot with accompanying symptoms of
tenderness. No symptoms of resting pain or calf
cramps on ambulation were noted. The patient
had a history of chronic venous insufficiency
(CVI) and, in the previous year, had undergone a
bilateral VeneSeal closure of the great saphenous
vein. Her medical history included systemic
sclerosis-systemic lupus erythematous overlap,
immune thrombocytopenic purpura, Graves’
disease complicated by atrial fibrillation and an
episode of transient ischaemic attack (TIA) with
resultant right monoparesis.
Physical examination revealed non-palpable
pedal pulses; hand-held Doppler showed
monophasic waveform. Laboratory investigations
found that the inflammatory biomarkers were
normal. Arteriography showed chronic occlusion
of the whole segment of the anterior tibial artery
(ATA) and proximal segment of the posterior
tibial artery. Her left hallux toe pressure was
39mmHg. Venography of the right lower limb
ruled out any signs of deep vein thrombosis. The
patient underwent plain old balloon angioplasty
(POBA) of the right popliteal, posterior tibial and
tibioperoneal trunk arteries in the right lower
limb. POBA of the ATA was not attempted as it
was chronically diseased.
In view of the mixed-aetiology (arteriovenous)
ulceration present, with single-vessel runoff to

S24

the foot, following consultation with a vascular
surgeon and a diabetic foot specialist it was
decided to initiate Natrox oxygen wound therapy
in conjunction with two-layer compression
bandaging (UrgoK2, Urgo Medical). Natrox was
used to improve the oxygen supply to the wound
and the multilayer compression dressing to
address the underlying venous abnormality.
At this stage, the wound measured 3x5cm and
was covered with 50% dull granulation tissue and
50% adherent slough. It was producing minimal
exudate. However, the patient’s self-reported pain
score was 8/10.
The dressings were changed twice weekly, at which
point the slough was sharp debrided. The patient
also had an once-weekly podiatry follow-up.
Placement of the Natrox wound interface tubing
under the compression bandaging presented a
challenge. To address this, the cannula tubing was
placed over an area of the compression bandaging
where there was a 50% overlap and threaded
through until it reached the surface.
After six weeks of treatment, the wound measured
2x3cm and was fully covered with granulation
tissue. The patient’s self-reported pain score was
4/10. Epithelial tissue started to spread from the
wound edges at weeks 9 and 10, at which point
the patient’s pain score reduced to 2/10.
Complete wound closure was achieved in
3 months (Figure 2a–f).
NATROX: OXYGEN THERAPY FOR HARD-TO-HEAL WOUNDS
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Figure 2. Arteriovenous foot ulcer: initial presentation (a); 2 weeks after application (b); 4 weeks (c); 6 weeks
(d); 8 weeks (e); 12 weeks (completion of the therapy) (f).
Journal of Wound Care VOL 29 NO 5 (SUPPL B) MAY 2020
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Non-healing venous leg ulcer
Harikrishna KR Nair, Consultant, Wound Care Unit, Kuala Lumpur Hospital, Malaysia

A

48-year-old man was referred to the
complex wound clinic with an ulcer on
his right shin following the spontaneous
rupture of an abscess. The patient could
not remember what had caused the abscess.
However, as well as a history of chronic venous
insufficiency, he had diabetes mellitus type 1, as
well as very dry skin that was predominately due
to hypothyroidism, which was managed with
L-thyroxine. The diabetes and dry skin could have
led to the formation of an abscess following a
minor skin trauma.
Doppler assessment showed that his ankle
brachial pressure index (ABPI) was normal. The
patient started on a course of antibiotics (Unasyn
375mg bd) for two weeks. In addition, a silver
dressing (Aquacel Ag, ConvaTec) was applied to
manage the infection, and two-layer compression
bandaging was used to treat the venous leg
ulceration. After eight weeks of this regimen, there
was no improvement in the condition or size of
the wound. The patient was therefore referred to
the wound care unit at Kuala Lumpur Hospital.
On assessment, the wound measured 8x5cm and
was free of slough or other obvious non-viable
tissue. However, based on its duration and the
underlying diabetes, it was deemed to have an
unhealthy bioburden, even though there were no
obvious clinical signs of infection. Following a
full assessment, it was decided to initiate Natrox
oxygen wound therapy. This decision was mainly
driven by the lack of any wound progression in
the previous two months and the impact that the

non-healing wound was having on this patient’s
ability to work.
Conservative (mechanical) debridement was
performed to remove the suspected biofilm,1
after which Natrox oxygen therapy was
commenced. The oxygen delivery system was
placed directly onto the wound bed and a nonadherent superabsorbent dressing was used to
manage the increase in exudate, which generally
increases on initiation of topical oxygen therapy.
The dressing was secured in place with the
compression bandaging.
Initially, the wound was assessed twice weekly, with
a view to decreasing this to weekly visits as soon as
possible, to facilitate greater patient freedom.
After 12 days of therapy, there was evidence of
granulation tissue formation on the wound bed.
The wound had reduced slightly in size to 7x5cm
and there were signs of re-epithelialisation at the
wound edge. The dressing-change frequency was
reduced to weekly.
After 79 days of therapy, the wound had almost
completely healed, with two small open areas
measuring approximately 1.0x0.5cm and
0.5x0.3cm remaining.
Owing to the ease with which the patient adopted
Natrox and the low impact it had on his ‘normal’
lifestyle, it was decided to continue with the
therapy until complete wound closure occurred.
Fourteen days later, the wound had fully healed

Table 1.The progression of the wound towards healing
Day
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Wound size

Wound characteristics

Frequency of application

1

8x5cm

Biofilm suspected

Every 3 days

12

7x5cm

Granulation tissue

Every 5 days

79

1x0.5cm
0.5x0.3cm

Epithelialisation with minimal granulation

Weekly

93

Healed

Wound healed

N/A
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and Natrox was discontinued. The progression
towards healing is summarised in Table 1 and
Figure 3.
Although there was significant damage to the skin
and tissue on referral, following Natrox oxygen
therapy wound scarring was minimal and was
expected to improve over time, as evidenced by
studies on topical continuous oxygen wound
therapy.1 Patient concordance was relatively
straightforward, with very little clinical support
needed from the onset. This was probably due to
the patient’s relative youth and his motivation to
heal quickly. The patient reported no issues with
the wound or device during treatment and was
delighted with the results.

a

b

c

d

Conclusion
Topical continuous oxygen therapy was found
to be effective in kickstarting healing in this
non-healing wound. The patient has diabetes
mellitus and chronic venous insufficiency, which
can delay wound healing. Due to the promising
results observed with Natrox in clinical practice, a
randomised controlled trial on the clinical efficacy
of the therapy has been submitted to the Malaysian
regulatory ethics committee (MREC) for approval.

Reference

1. Consensus round table meeting: topical oxygen therapy
for healing complex wounds. Wounds International, 2018.
https://tinyurl.com/w85qvny (accessed 18 March 2020)

Figure 3. Venous leg ulcer: the wound at presentation
(a); after 12 days of application: the wound bed is
slightly smaller and healthier with signs of active
granulation tissue (b); day 79: two very small areas
remain open (c); day 93: the wound has healed
completely (d)

Diabetic foot ulcer with
osteomyelitis
Linda Hicks, Advanced Podiatrist, County Durham and Darlington NHS Foundation Trust, Darlington, UK

A

peripheral arterial disease (PAD) and sensory
neuropathy, as well as multiple digit amputations.
Previously, he had had right superficial femoral
artery and popliteal artery angioplasties.

The patient has a 50-year history of diabetes
mellitus type 1. An ex-smoker, he also has

On assessment, the wound bed was pale pink with
some surrounding callous and maceration. A MRI
scan confirmed the presence of osteomyelitis and
the patient was commenced on co-amoxiclav
625mg tds in accordance with the local protocol.

n 80-year-old male patient who presented
with a 5x3cm ulcer on the dorsal aspect
of his right second toe attended both a
community podiatry clinic and an acute-based
multidisciplinary diabetic foot clinic, which is
consultant led with input from podiatrists. The
same podiatrist saw the patient in both clinics

Journal of Wound Care VOL 29 NO 5 (SUPPL B) MAY 2020
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On discussion with the patient and after practical
checks to determine whether he could change
the device battery independently, it was decided
to commence Natrox oxygen wound therapy in
conjunction with standard care. It was thought that,
given the presence of PAD, delivery of a continuous
flow of oxygen directly to the wound bed might
help overcome some of the compounding factors
associated with a hypoxic wound bed.
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Figure 4. Wound progression trend (mm2)
Due to the underlying aetiology and numerous
previous amputations, the primary goal was to
preserve the remaining digits and so maintain the
patient’s mobility. The aim was to achieve wound
closure as quickly as possible, reducing the risk of
further complications. Given the previous issues
with healing experienced by the patient, it was
considered that use of advanced wound dressings
alone was unlikely to achieve this goal.

As the wound edge had signs of maceration, an
alginate and foam combination dressing was
selected as the absorbent secondary dressing.
Weekly dressing changes were scheduled, although
the patient was advised to observe for clinical
signs of infection and to contact the team if there
was strikethrough onto the dressing.
The podiatrist sharp debrided the callous to reduce
the pressure around the wound. The wound showed
active, albeit slow, signs of healing within the first
few weeks. After 17 weeks of Natrox oxygen wound
therapy, the wound had completely healed (Figures
4 and 5), which was surprising given the patient’s
previous history and presence of osteomyelitis.

a

b

c

d

Figure 5. Diabetic foot ulcer with osteomyelitis: the wound during treatment with Natrox (a–c); the healed
wound (d)
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The device proved to be extremely beneficial for
this patient. Although there was an initial need for
patient education on oxygen therapy and managing
the device at home, this was offset by the clinical
outcomes and the fact that the dressing-change

frequency was similar to that for standard care.
The patient found the device easy to manage and
the daily battery changes straightforward. He was
delighted that his wound healed, as he had prepared
himself for the likelihood of further amputation.

Dehisced abdominal wall
reconstruction
Ibby Younis, Consultant Plastic and Reconstructive Surgeon, Royal Free London NHS Foundation Trust, London, UK

A

74-year-old woman had an extensive
surgical history relating primarily to
diverticular disease. In May 2012, she
underwent left hemicolectomy for diverticulitis,
which resulted in the temporary formation of
an ileostomy, which was reversed three months
later. In July 2012, a further laparotomy was
performed for peritonitis, which was complicated
by cardiomyopathy and atrial fibrillation. In
2013, following stabilisation of her cardiac
condition, the patient underwent a hernia repair
at the ileostomy site; this was repeated in 2013
due to a recurrence. In 2017, the patient was
referred for further surgical intervention due to
ongoing pain at the ileostomy site and CT scan
results indicating that a small incisional hernia
was present. Abdominal wall reconstruction was
performed with no problems during theatre or
immediately postoperatively.
Four weeks postoperatively, the wound had
suffered a partial dehiscence at the T junction. At
presentation, the wound measured approximately
4.5x2.5cm, with evidence of tracking at its upper
aspect (Figure 6). Its deepest depth was 1.5cm.
The peri-wound skin was inflamed and firm to the
touch. The wound bed was 70% sloughy, with a
moderate amount of purulent exudate.
The initial management plan was to commence
negative pressure wound therapy (NPWT).
However, the patient felt the NPWT system would
be difficult to manage at home and was reluctant to
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use such a ‘bulky device’. On further consideration
of the wound management options, it was agreed
with the patient to commence Natrox oxygen
wound therapy. Anecdotally, previous experience
with this device has shown promising results, not
just in healing complex wounds but also in the
quality of healing achieved.
The Natrox interface was placed directly onto the
wound bed. Due to the likely initial increase in
exudate volume, a highly absorbent adhesive foam
was used as a secondary dressing. Weekly dressing
changes were planned; however, the patient was
advised this might need to be more frequent,
depending on the exudate levels. After just 2
weeks of therapy, the wound area had reduced
slightly to approximately 4.2x2cm. However,
its depth was less than 1cm and there was no
evidence of tracking at the upper aspect. The
exudate remained purulent in nature.
By week 4, exudate levels were normal and the
discharge was serous fluid only. The wound area
had remained relatively unchanged, but the depth
had reduced significantly, with granulation tissue
evident in the wound bed. After seven weeks of
continuous therapy, the wound had reduced by
80% and measured approximately 2x1cm. Natrox
therapy was discontinued as the depth was so
superficial. The wounds were managed with a
standard adhesive foam for a further three weeks
until complete wound healing occurred, with very
little tissue deficit and minimal scarring noted.
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The patient reported that the device did not hamper
her in any way, other than having to change the
batteries daily. In fact, she almost forgot that she was
wearing it. The weekly dressing changes reduced the
impact of wearing an active device, as the clinic’s
location made travelling to it time-consuming.

There is often a compromise between achieving
the best clinical outcomes and providing patient
autonomy. This device transfers well into the
home care setting, with anecdotal evidence of
good outcomes.

Previous issues had left the patient feeling sceptical
about the promised clinical outcome. However, she
was highly motivated, being able to see a continual
improvement over the therapy period, which built
up her confidence and wellbeing.
From a clinical perspective, devices can often be
problematic when used in the community setting.

While the priority was to heal this wound
quickly, the quality of healing is also important.
This was the patient’s third hernia repair; each
had a significant cost both to her and the
healthcare provider. Any surgical incision has a
risk of herniation; however, it is clearly higher
in dehisced wounds. Therefore, the quality and
strength of healing is of paramount importance.
Natrox delivered on all aspects for this patient.
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Figure 6. Dehisced abdominal wall reconstruction: the wound at presentation (a); 2 weeks after application (b);
the Natrox device placed centrally over the wound (c); 4 weeks (d); 7 weeks (e); 10 weeks: the wound has healed (f)
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I

t is well established that oxygen is vital
to wound healing.1,2 Most wounds will
demonstrate a degree of hypoxia due to the
tissue damage that occurs during wounding, but
this should be relatively transient. If the oxygen
demand continues to outstrip supply, this will
result in compromised healing and chronicity.3

In developed countries, wound care accounts for
around 3% of total healthcare expenditure.4 This
translates to estimated annual costs of more than
$97 billion in the US5 and £5.3 billion in the UK.6
Non-healing wounds consume resources far more
quickly than their healing counterparts (135%
more). The most effective way to reduce these
costs is to heal these wounds, but the current
standard of care is reported to heal less than 40%
of hard-to-heal wounds by 12 weeks.7
As most hard-to-heal wounds have an underlying
venous condition or complications from diabetes,
it is critical to optimise wound bed oxygenation.
Oxygen-related wound therapies, such as
hyperbaric oxygen therapy and localised topical
oxygen chambers, have been used to facilitate
wound healing by enhancing the oxygen supply
to the wound. This improves the outcomes,
although only to a certain extent. However,
these oxygen-therapy products are cumbersome,
expensive and non-continuous in nature, and
so will extend healing times and restrict care to
the point-of-care facility, resulting in significant
lifestyle and mobility limitations for the patient.
Natrox is an innovative wound care therapy that
not only tackles the underlying issue of chronicity,
but also empowers patients, thereby enhancing
their wellbeing and adherence to treatment.
Non-adherence rates in patients with hard-toheal wounds remains a major problem involving
around 50% of patients.8 Improving concordance
needs to be a key component in any wound
management strategy. A major patient benefit of
Natrox is its portability and the minimal intrusion
it exerts on the patient’s lifestyle, which can
improve patient acceptance and thus enhance
clinical outcomes. This is further optimised as the
Journal of Wound Care VOL 29 NO 5 (SUPPL B)) MAY 2020

device is battery powered and comes with two
interchangeable, rechargeable batteries, which
means the patient never has to ‘plug-in’ and so
places no restrictions on their travel or mobility.
The system is silent and discrete, as it fits under
normal clothing, further enhancing patient
wellbeing. Clinical studies have reported that
patients tolerate the device ‘extremely well’.9,10
This is supported by low study dropout rates
and high rates of overall patient adherence to
treatment (88%10 and 86%11).

Hanna Kaufman
Head of Department,
Northern District
Trauma and Wound
Clinics Division, Maccabi
Health Care Services,
Haifa, Israel

Clinical evidence generated so far, which includes
a small randomised controlled trial and a large
real-life study, shows that Natrox had a positive
effect on challenging and non-healing wounds.9-12
In summary, Natrox is a low-risk, well-tolerated
treatment that is easy to implement in practice,
so could be adopted relatively easily in treatment
pathways for non-healing wounds.
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