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Background: This study aims to investigate the impact of continuous topical oxygen therapy (cTOT) as an adjunct to routine standard of care (SoC)
in several patients with chronic, hard-to-heal wounds at the Wound Management Centre in Pretoria, South Africa.

Patients and methods: Patients with non-healing wounds lasting more than 30 days without active, untreated infection or osteomyelitis were
included in this study. Following review and informed consent, patient, wound, and pain assessments (numeric rating scale, NRS) were performed.The
CTOT system (cTOT, NATROX® O, wound therapy) was applied to the wound and covered with an appropriate secondary dressing. Wound assessments
and dressing changes were performed weekly until healing was achieved.

Results: A total of 14 patients received cTOT. Two patients were lost to follow-up, and one failed to return to the clinic after eight weeks of treatment;
however, data from that point were included. Six wounds healed within a mean duration of 11.7 weeks. The diabetic foot ulcer (DFU, Texas grade 2B,
patient 4) took the longest time to heal (17 weeks), whereas the fastest healing was seen in a venous ulcer (VU) reported to heal in just six weeks,
despite a duration of seven months before cTOT. The mean area reduction across the 12 wounds was 78.6%. The NRS pain score was shown to reduce
in 5/6 wounds by 3.2 points on average (2-4 range).

Conclusion: cTOT proved to be a valuable adjunct to help improve wound healing and reduce pain in these challenging wounds in South Africa,

highlighting the possible benefit of access to this therapy for patients with chronic, non-healing wounds in the region.
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Introduction

There is a paucity of data on the burden of wounds across South
Africa. However, a recent study reported a wound burden of 34.6% in
patients admitted to hospital.' Several factors drive the increased need
for efficient wound care in South Africa, including a demand for faster
recovery of patients with wounds, the need for shortened hospital
stay, the rising incidence of chronic diseases that can result in wounds
(diabetes, cancer, autoimmune diseases), and the expected increase in
the number of surgical procedures. Therefore, more effective treatment
pathways will be required to support a growing number of non-healing
wounds.

Evidence-based care algorithms can be further optimised with the
addition of advanced wound interventions, such as topical oxygen
therapy (TOT), that can be easily used and adapted to a patient’s
lifestyle. TOT is advocated as adjunctive to good standard of care (SoC)
when a hard-to-heal wound has not reduced size by more than 40-50%
within one month.>* Oxygen supports multiple essential wound-
healing functions. Oxygen demand is high in a wound, initially due to
the inflammatory processes, as the production of reactive oxidative
species (ROS) by phagocytes is oxygen-dependent. Adequate oxygen
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is also needed for cellular activity throughout the many tissue repair
processes, such as the maturation of collagen fibres and appropriate
fibroblast proliferation in wounds.6 ™

Following injury, poor blood circulation, oedema, injured
microcirculation, and contraction of vessels in traumatised tissue
all limit oxygen distribution to a wound2 These issues are common
across all chronic, non-healing wounds. Whilst the pathologies that
lead to chronic wounds differ on a macro scale, such as diabetes vessel
damage, venous skin damage, oedema vascular constriction, and
vascular insufficiency, the impact of these states on the actual wound
environment in any non-healing wound provides similar challenges.™'?
This environment results in reduced wound perfusion and oxygen in
the localised wound, thereby reducing the wound's capacity to heal."?
Thus, reversing hypoxic conditions in any chronic non-healing wound
should support faster healing by supporting the increased demand for
oxygen required by the immune response, cell migration, and tissue

repair processes.

This case series examined the impact of incorporating continuous
topical oxygen therapy (cTOT) as an adjunct to routine SoC in
patients with hard-to-heal wounds at the Eloquent Advanced Wound
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WOUND

4 weeks

|

Standard of care*

l

Has the wound area reduced
by > 40-50%?

Is the wound at risk of becoming
chronic/complex?

Yes No

Continue standard of care

L’ Review every 4 weeks

Figure 1: Recommended treatment pathway for the use of cTOT*'®
cTOT - continuous topical oxygen therapy
* Standard of care appropriate to wound and patient

Table I: Patient demographics and wound information

Fltzpatnck Comorbidities
scale
1

M Diabetes (type 1), hypertension,
neuropathy
2 53 M 3 Hypertension, PAD, previous MI,

DVT, heart failure

3 83 F 2 Hypertension, PAD, oedema, heart
failure

4 62 M 3 Diabetes (type 2), hypertension,
neuropathy (both feet), Charcot

5 73 F 6 Hypertension

6 4 F 5 Vitiligo, Lupus

7 69 F 2 Venous hypertension

8 25 M 2 Quadriplegia C4-C5

9 80 M 2 Hypertension, PAD, venous
hypertension, revascularisation

10 25 M 2 None

1 62 M 6 TB, lung removed, extensive thorax
surgery

12 60 F 6 Hypertension, venous insufficiency,
venous hypertension, limb
deformity

13 67 F 2 Hypertension, renal failure, venous
insufficiency

14 70 M 2 Paraplegic, colostomy, venous

hypertension, venous insufficiency,
dependent oedema partly
resulting from paraplegia

Yes

Consider cTOT

No

Continue standard of care

.

Type Location Duration | Previous treatments
(months)

DFU (Texas Left forefoot

3B)

AU Left lower leg
lateral

VU Right leg anterior

DFU (Texas Left plantar

2B) midfoot

VU Left leg medial

Burn (using IR Left thigh

heat lamp)

VU Left lower leg

Pl (stage 3) Sacrum

Mixed Left leg posterior

vascular ulcer  medial

Surgical
(postoperative
dehiscence)

Left leg lateral

Surgical Thorax left lateral
side

VU Right leg anterior

VU Bilateral lower legs

VU, the Left leg lateral

wound started

as spider bite

12 years ago

Cadexomer iodine with foam,
Hydrofiber Ag dressing, silver foam
dressings, PHMB foam, silicone foam

3 Medical-grade honey with silicone
foam and light compression

4 Silicone foam dressing with medical-
grade honey ointment to deslough

12 PHMB foam, honey, silver, PHMB and
betaine gel, NPWT, cadexomer iodine

30 Variety of treatments

3 Petroleum-impregnated tulle, various
dressings, antibiotics and analgesia,
medical-grade honey with foam
dressings, blister graft

7 Silicone foam dressing, cadexomer
iodine, silver foam dressings

2 Medical-grade honey ointment

3 Icing sugar, medical-grade honey,

fusidic acid cream

2 Impregnated povidone-iodine tulle,
foam dressing

14 Povidone-iodine ointment and gauze,
ceramic granules, whole blood clot
therapy

23 Medical-grade honey, petroleum-
impregnated gauze tulle, PHMB, SSD
cream

> 144 Various, including compression

144 Variety of treatments, including
compression

AU - arterial ulcer, DFU - diabetic foot ulcer, DVT - deep vein thrombosis, F - female, IR - infrared, M - male, Ml - myocardial infarction, N/A - not applicable, ND - no data/lost to follow-up, NPWT - negative pressure wound
therapy, PAD - peripheral artery disease, PHMB - polyhexamethylene biguanide, Pl - pressure injury, TB - tuberculosis, SSD - silver sulfadiazine, VU - venous ulcer
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Management Centre in Pretoria, South Africa, between 2022 and 2023.

Patients and methods

Patients with a history of hard-to-heal wounds of any aetiology for

longer than 30 days were included in this case series. Patients were
s ulcer 43%

excludedifany active, untreated infection or osteomyelitis was reported. Burns 7%

Patients were eligible for adjunctive therapy if they had less than 40-

Arterial ulcer

50% reduction in the wound area in alignment with recommendations, 7%

detailed in Figure 1.3

Wound assessment

Pressure
injury Diabetic foot
7% ulcer 15%

Following informed, written consent from the patients, standard patient
and wound assessments were performed, capturing the previous
management regime, wound aetiology, and wound details (tissue

description, size, duration, and location). Pain was assessed using a
numeric rating scale (NRS) scored 0-10, where 0 is no pain and 10 is the Figure 2: Breakdown of assessed wound aetiologies (1 = 14)

worst pain possible.

Table Il: Wound assessment information from 14 patients treated with NATROX® O, cTOT

I T

Wound Pain score | Wound Wound Pain score Wound area
appearance (NRS area (cm?) | appearance (NRS reduction (%)

Time to

healing*
(weeks)

0-10)

1 DFU (Texas 24 Granulation, epithelial 0 0
3B) tissue
2 AU 13 Sloughy, some granulation, 5 ND
epithelial tissue
3 W 17.5 Sloughy, some granulation, 3 25
epithelial tissue
4 DFU(Texas 1.5 Slough, granulation, 0 0
2B) epithelial tissue
5 W 6.3 Slough, granulation tissue 3 32
6 Burn 28 Granulation, epithelial 0 0
tissue
7 W 293 Slough, granulation tissue 4 0
8 Pl(stage3) 75 Sloughy, some granulation, 0 0

epithelial tissue

9  Mixed 113 Slough, necrotic, some 3 0.5
vascular granulation
ulcer
10 Surgical 2.1 Granulation, epithelial 2 0
tissue
11 Surgical 45 Granulation, epithelial 0 27
tissue, exposed muscle/
bone
12 W 32 Some slough, granulation, 4 25
epithelial tissue
13 W 60 Some slough, granulation, 0 ND
epithelial tissue
14 W 40 Slough, granulation tissue 0 19.6

Healed

ND

Granulation, epithelial
tissue

Healed

Some slough,
granulation tissue

Healed

Healed
Healed

Nearly healed, patient
self-care

Healed

Granulation, epithelial
tissue

Granulation, epithelial
tissue

ND

Some slough,
granulation, epithelial
tissue

0-10)

ND

AU - arterial ulcer, DFU - diabetic foot ulcer, N/A - not applicable, ND - no data/lost to follow-up, NRS - numeric rating scale, PI - pressure injury, VU - venous ulcer

*If applicable

14

ND

20

ND

100

ND

85.7

100

49.2

100

100
100

95.6

100

40

219

ND

51

ND

N/A

N/A

N/A

ND

N/A

Wound area (cm?) was calculated by multiplying the maximum wound length (cm) by the maximum wound width (cm). Patients 2 and 13 were lost to follow-up (no data past week 0) and were not included in the analysis.

Patient 12 had eight weeks of treatment but failed to return to the clinic.
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Treatment regime

The wound was initially cleaned with cleansing solutions containing
either hypochlorous acid or polyhexamethylene biguanide (PHMB),
and betaine. If required, either sharp debridement or mechanical
debridement pads were used. A baseline wound image was then
captured using a tablet or mobile phone device (Samsung, Korea).
The cTOT system (NATROX™ O,, NATROX Wound Care, Cambridge,
United Kingdom) was applied directly to the wound bed and covered
with a semipermeable, secondary dressing appropriate for exudate
management based on wound assessment and needs.

Wound assessments were performed weekly to monitor progress and
change dressings for up to six visits or until healing was achieved.
Patients were followed up a month after wound closure.

Results

Atotal of 14 patients were eligible for adjunctive treatment with wound
aetiologies, shown in Figure 2, and additional patient demographics
and wound information are in Table I. Two patients were lost to follow-
up, and one failed to return to the clinic after eight weeks of treatment;
however, data from that point were included. The remaining 11 patients
showed either complete healing (n = 6) or ongoing progression to
healing (n=5).

The wound area, pain score (NRS 0-10), and appearance at baseline
and the end of cTOT treatment are shown in Table Il. Six wounds healed
within a mean duration of 11.7 weeks. The DFU Texas grade 2B (patient
4) took the longest time to heal (17 weeks), whereas the fastest healing
was seen in a venous ulce (VU) reported to heal in just six weeks despite
a duration of seven months before cTOT. The mean area reduction
across the 12 wounds was 78.6% during the treatment period (64.3%
excluding the six healed patients). Of the six patients that identified
initial wound pain, the score from 0 to 10 was reduced by the end of
treatment in five wounds by 3.2 points on average (2-4 range). Clinician
feedback reported that the ease of application of the device also made
it user-friendly for the patients, who, in some cases, could apply the
cTOT device by themselves at home.

Below is a summary of four cases as examples within the different
types of wounds in the study (Figure 3). The cTOT was well tolerated
by the patients with rapid wound healing progression despite the
previously long non-healing duration, as demonstrated in Figure 3. Two
complicated diabetic foot ulcers (DFUs) (patients 1 and 4) briefly used
TOT for 12 and 14 weeks, respectively. Healing was demonstrated by
week 14 for patient 1 and week 17 for patient 4. Similar results were
shown in patient 6 (burn), which healed in 12 weeks with softer quality
scarring reported anecdotally by the clinical team following six weeks
of cTOT treatment and good SoC. Finally, patient 8 highlights the
management of a stage 3 pressure ulcer; cTOT was applied under a semi-
occlusive foam dressing along with SoC for nine weeks, with complete
healing recorded at this time, which remained healed at follow-up.

Discussion

The burden of non-healing wounds is growing globally, and South Africa
is no exception.'*™> Whilst acute traumatic wounds tend to predominate
in terms of prevalence in South Africa, more complex and severe chronic

wounds are increasingly reported in ageing demographics and those
with comorbidities.""®"” Furthermore, the financial burden of wounds in
South Africa was reported with an estimated spend on wound care of
$1.1630 billion in 2019, quoted as purchasing power parity in billions of
international dollars, (PPP international $ billion).” In addition, patients
with non-healing wounds will often have a lower quality of life score
compared with other chronic conditions.’?

Non-healing wounds require timely interventions in addition to good
SoC to progress healing. The availability and access to advanced
therapies have been shown to directly impact on reducing morbidities
in chronic wounds, with a recent United States study highlighting a
33% reduction in amputation rates in diabetes patients with access
to Medicaid healthcare.?’ TOT is advocated as adjunctive to good SoC
when a hard-to-heal wound has not reduced size by more than 40-50%
within one month.3? Moreover, TOT use is endorsed and recommended
by international expert guidance, including the International Working
Group on the Diabetic Foot (IWGDF), the Wound Healing Society (WHS),
and the American Diabetes Association (ADA), with potential benefits
highlighted across any non-healing wound.>”10222

This guidance is supported by a growing body of high-level evidence
that advocates using cTOT as a beneficial adjunct to wound healing in
these hypoxic wounds. The substantive meta-analysis and randomised
controlled trial (RCT)-level evidence in DFU is supported by broader
real-world evidence in DFU and other chronic wound aetiologies,
including leg ulcers (venous and arterial) and other traumatic or surgical
non-healing, chronic wounds."%+3

cTOT delivers a continuous low flow of low-pressure oxygen to the
wound, 24 hours a day, seven days a week. The oxygen is generated from
the surrounding air using a small electrochemical oxygen generator
unit, powered by rechargeable batteries and is wearable and silent. The
oxygen is delivered to the wound through a thin, flexible tube using
an oxygen delivery system (ODS) and is covered by a semi-occlusive
dressing. Once positioned, the ODS is covered with an appropriate
secondary semi-occlusive dressing to manage the wound exudate.
cTOT is compatible as an adjunctive therapy alongside the gold SoC for
the specific wound (i.e. compression for VUs and offloading for DFU).
The device is portable, discreet, and silent, enabling the patient to
continue their daily activities with minimal disruption.?

In this case series, cTOT, along with SoC as appropriate for the wound
and the patient, was successfully employed across challenging wounds
of different aetiologies with a previous long duration of non-healing.
During treatment, rapid progress was observed in wound size reduction
(almost 80%). The wounds that healed completely (42.8%) did so, on
average, within less than 12 weeks. This concurs with published data,
demonstrating a 44.4% healing rate compared to standard care alone
(28.1% healed), and a 70.1% reduction in wound area compared to only
a 40% reduction in the standard care group in a recent RCT in DFU in
a 12-week study.” Similar outcomes were reported in other chronic
wounds, particularly VUs. In a recent case series of 20 patients with non-
healing VUs, 40% of wounds demonstrated complete healing.”

Findings were further corroborated in two large observational studies
from Kaufman et al3¢ in which ¢TOT was effective in healing DFUs,
pressure ulcers, and “other” chronic wounds. However, it was most
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Patient 1: Complicated DFU on Patient 4: Complicated Charcot DFU | Patient 6: Complicated full- Patient 8: Quadriplegic patient; multiple
forefoot with history of underlying plantar. No underlying osteomyelitis | thickness burn on right thigh. pressure ulcers due to defective
osteomyelitis and amputation of the | present. NATROX® applied to the main equipment during loadshedding in SA.
second toe. Duration: 12 months ulcer. Sacral pressure ulcer stage 3.

Duration: 3 months Duration: 3 months Duration: 2 months

Week 1 Week 1

T e veasa 06

Week 6 Week 6 Week 6 Week 4
cTOT therapy discontinued

Week 12 Week 17 Week 12 Week 8
cTOT therapy discontinued at week 9% | cTOT therapy discontinued at week 14* Wound healed cTOT therapy discontinued at week 9*

Patient continued home care with Wound healed at week 17 and is still Follow-up to monitor scaring and Patient continued with pressure care;
silicone-bordered dressing; healed at intact at home. overall healing. Hypertrophic healed at 12 weeks.

14 weeks. I 2 * scarring improved. The TOT site
u m{ i had better, softer quality scarring

M

Figure 3: Four case examples of different non-healing wound aetiologies from the study highlighting the progress of cTOT treatmentcTOT - continuous topical oxygen
therapy, DFU - diabetic foot ulcer, SA - South Africa

*Therapy discontinued before complete healing due to clinic access issues

present.

effective in healing chronic venous leg ulcers (60% VUs in the healed/ a duration of seven months before cTOT. This promising data highlights
the beneficial healing outcomes across multiple types of chronic

healing group vs. 18% in the non-responder group).® An overall
wounds and warrants further exploration in controlled studies.

reduction in VU wound area of 52% was achieved following the cTOT
intervention."* This remarkable effect was also reflected in this case In this study, a marked reduction in pain in five patients during and
series with the fastest healing observed in aVU in just six weeks, despite following treatment highlights the additional benefits of cTOT use,
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which may aid patient well-being and engagement with care. This
finding is congruent with the published data of cTOT use in DFU,
showing a significant reduction in mean pain scores from 2.4 (+ 1.8) at
baseline to 0.5 (£ 1.0) at three months (p = 0.008).3' Furthermore, recent
data from Sweden highlighted that 76% of patients whose wounds
were treated with cTOT reported a substantial relief of pain during
the therapy, and 53% had complete resolution of all pain symptoms,
resulting in a concurrent cessation of opioid medication in 69% of
patients.”

Injury-associated pain, combined with inflammation, oedema,
ischaemic nerve damage, and infection, can lead to a vicious cycle
of pain in chronic wounds.®#' This is compounded by the fact that
opioid medications used for chronic wound pain can delay wound
healing, and the literature reports that some wounds are refractory to
analgesic treatments.”>** Patients with chronic wounds find the pain
particularly distressing, with one recent qualitative meta-synthesis of
studies highlighting pain as one of the most common symptoms of
venous leg ulcer (VLU), which significantly affects the patient’s life.*4
Therefore, adequate pain management is an essential part of the patient
journey and may help improve patient compliance with treatment
plans.’ Hence, as demonstrated in this report, alternative technology
interventions, such as cTOT, that can support pain reduction in addition
to the multiple benefits of wound progression and healing, should be
considered to help patients regain their lives.

In this series, an improvement in the quality of granulation tissue and
scarring was reported, an area that wider controlled trials should further
substantiate. Furthermore, none of the cases with healed wounds had
any further breakdown at the one-month follow-up visit, frequently
observed with previous treatment strategies in those patients. This
enhanced durability concurs with a post hoc analysis in a follow-up to a
recent RCT, which demonstrated that 85% of wounds healed with cTOT
remained healed at one year following treatment compared to only
60% with good SoC.*

Conclusion

The role of oxygen is critical to the wound environment and progression
of wound healing, irrespective of aetiology, and has been substantiated
in this case series using cTOT as an advanced intervention that positively
influences wound healing. cTOT was found to be a beneficial adjunctive
therapy to progress wound healing in these previously recalcitrant,
challenging wounds. The ease of application of the device and pain
reduction in the wounds supported a user-friendly, patient-centred
approach to care, allowing patients to regain control of their wounds.
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