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Evidence Appraisal Report 
 

Continuous topical oxygen therapy to treat people with chronic 
non-healing and complex diabetic foot ulcers 

 

Appraisal summary 

Why did Health Technology Wales (HTW) appraise this topic? 

Diabetic foot ulcers (DFUs) are the largest single reason for hospital admissions among people 
with diabetes. They can lead to additional mortality and morbidity and can have a large impact 
on quality of life if left unmanaged.  

Oxygen is critical to wound healing. Lack of oxygen can delay healing and increase the risk of 
complications. Continuous topical oxygen therapy (TOT) devices supply a constant flow of pure 
oxygen through small tubes to the wound for 24 hours per day. An oxygen gradient then develops 
between the overlying dressing and the wound bed, facilitating oxygen diffusion. These devices 
are light-weight and can be held in a small pouch affixed to the patient’s leg or hip. 

Continuous TOT can be given with standard of care (SoC). Cleaning and dressing the wound is 
usually part of SoC and offloading or compression therapy may also be used for DFUs. If a non-
healing wound is thought to be infected, antibiotics may be used to treat the infection. DFUs may 
be debrided regularly.  

This topic was submitted via the Innovation Service by Inotec AMD Limited, manufacturers of a 
continuous TOT device called NATROX.  

What evidence did HTW find? 

This report originally aimed to identify and summarise evidence that addresses the following 
question: what is the clinical and cost effectiveness of continuous TOT in addition to SoC for the 
treatment of chronic non-healing and complex wounds in comparison to SoC alone? However, 
the majority of the clinical- and cost-effectiveness evidence we identified was for DFUs. We have 
therefore focused on this wound type and only reported DFU outcomes in the main body of this 
Evidence Appraisal Report (EAR). Appendix 1 reports evidence for wounds of other aetiologies 
(venous ulcers, pressure ulcers, arterial wounds, burns, post-trauma wounds and postoperative 
wounds) and evidence that included DFUs with other wounds. 

For DFUs, HTW researchers identified one meta-analysis, one systematic review, three additional 
randomised controlled trials (RCTs) and one study reporting longer-term follow up from one of 
the included RCTs. For other wound types, we identified one RCT on venous ulcers and one 
observational study reporting multiple wound types. 
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The evidence we identified reported improvements across outcomes for DFUs. The outcome with 
the most participants was the number of DFUs with complete wound healing after continuous 
TOT plus SoC. This included a meta-analysis of six RCTs of 530 participants, which found that 
continuous TOT plus SoC significantly increased complete DFU healing compared to SoC alone.  
The type of DFU for the majority of participants in this analysis was not reported but was mainly 
described as being neuropathic when it was reported.  

Continuous TOT, in combination with SoC, also reduced time to DFU closure and reduced wound 
size compared to SoC alone. The risk of amputation at 12 months was significantly lower in those 
DFUs treated with a combination of continuous TOT, moist wound therapy and SoC; compared to 
continuous TOT plus SoC or moist wound therapy plus SoC. The evidence suggests that one-year 
recurrence rates are lower in people treated with continuous TOT plus SoC, versus SoC alone. The 
evidence reports that continuous TOT devices are well tolerated by people with DFUs. 

Evidence suggests that there are no significant differences in pain levels, the number of 
infections/incidents of cellulitis, 12-week recurrence rates and 12-week amputation rates 
following continuous TOT and SoC, versus SoC alone. Additionally, there were no significant 
differences between groups in the number of adverse events or serious adverse events in people 
with DFUs, with the majority not being due to the continuous TOT device.   

A de-novo cost-utility analysis was conducted to evaluate the cost effectiveness of treating 
patients with DFUs with continuous TOT in addition to SoC compared with SoC alone, from a 
Welsh perspective. Continuous TOT in addition to SoC was found to be a dominant treatment, 
meaning that it was associated with lower costs and greater benefit than SoC alone. Results of 
the analysis were robust to sensitivity analysis. 

We did not identify evidence for the effect of continuous TOT on the need for further treatment, 
length of hospital stay, outpatient service utilisation, or quality of life. However, there is a small 
ongoing RCT investigating quality of life and patient satisfaction in people with DFUs treated 
with continuous TOT, compared to SOC, due to be completed November 2022 ISRCTN17337965 
(2019). 

What was the outcome of HTW’s appraisal? 

HTW is a national body working to improve quality of care in Wales. We collaborate with partners 
across health, social care, and industry to issue independent guidance that informs 
commissioning within Wales health and social care. We are supported by an Assessment Group, 
who ensure our work adheres to high standards of methodological and scientific rigour, and an 
Appraisal Panel, who consider evidence within the Welsh context and produce HTW guidance. 
More details on our appraisal process, the Assessment Group, and the Appraisal Panel can be 
found on the HTW website. 

In this case, the HTW Assessment Group considered the evidence presented in this Evidence 
Appraisal Report (EAR043) and concluded there was sufficient evidence for the development of 
guidance. The HTW Appraisal Panel considered the evidence and after deliberation made a 
recommendation, which can be found in the HTW Guidance on the HTW website.  

Evidence Appraisal Report 043 follows below and provides full details for this topic.  
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1. Purpose of the Evidence Appraisal Report 

This report originally aimed to identify and summarise evidence that addresses the following 
question: what is the clinical and cost effectiveness of continuous topical oxygen therapy (TOT) 
in addition to standard of care (SoC) for the treatment of chronic non-healing and complex 
wounds, in comparison to SoC alone? However, the majority of the clinical- and cost-
effectiveness evidence, and the evidence of the highest certainty, we identified was for diabetic 
foot ulcers (DFUs).  We have therefore focused on this wound type and only reported DFU 
outcomes in the main body of this Evidence Appraisal Report. Appendix 1 reports evidence for 
wounds of other aetiologies (venous ulcers, pressure ulcers, arterial wounds, burns, post-trauma 
wounds and postoperative wounds) and evidence that included DFUs with other wounds. 

Evidence Appraisal Reports are based on rapid systematic literature searches, with the aim of 
published evidence identifying the best clinical and economic evidence on health technologies. 
Researchers critically evaluate this evidence. The draft Evidence Appraisal Report is reviewed by 
experts and by Health Technology Wales multidisciplinary advisory groups before publication. 

 

2. Health problem 

DFUs are the largest single reason for hospital admissions among people with diabetes and can 
lead to non-healing wounds that require amputation if left unmanaged (Boulton AJ et al. 2005). 
It is estimated that around 2,000 people with diabetes in Wales have DFUs at any given time, 
with around 330 amputations carried out each year (Diabetes UK 2019). Unlike other chronic 
wounds, DFUs are often complicated by other wide-ranging diabetic and metabolic changes, 
which can make them particularly difficult to manage and heal (Chadwick et al. 2019). DFUs can 
have different causes and are broadly categorised as those caused by loss of sensation caused 
by peripheral neuropathy (neuropathic DFUs), ischaemia due to peripheral arterial disease 
(ischaemic DFUs), or a combination of these (neuroischaemic DFUs) (Mishra SC et al. 2017). 
Experts contacted by HTW noted that wound healing and recurrence expectations are likely to 
differ between these aetiologies. 

Chronic and complex wounds pose a significant and growing challenge for healthcare as 
populations increase in age and as the prevalence of diabetes, obesity, and atherosclerosis 
increase worldwide (Castilla et al. 2012). In addition, failure to heal these wounds is associated 
with increased rates of infection, sepsis, amputation, and recurrence complications, as well as 
death from direct complications of the wounds themselves (Rayman et al. 2020). Pain, exudate, 
odour, mobility problems and sleep disruption associated with wounds can adversely impact 
activities of daily living and affect quality of life (Green J et al. 2014). 

Wound healing describes the complex sequence of events resulting in the restoration of the 
skin's surface barrier function (Rodrigues M et al. 2019). Oxygen is critical to wound healing and 
lack of oxygen (hypoxia) can delay healing and increase the risk of complications. In patients 
with comorbidities, the complex and chronic nature of wounds means there is an increased risk 
of hypoxia, which can mean that healing is delayed (Chadwick et al. 2019). 
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3. Health technology 

TOT can be defined as the administration of oxygen applied topically over injured tissue 
(Frykberg 2021). There are multiple methods of TOT delivery, including: continuous oxygen 
therapy, pressurised oxygen therapy, wound dressings that diffuse oxygen, and oxygen diffuser 
enhancers (Dissemond et al. 2015). This EAR will focus on continuous TOT, in line with the 
submission from the topic proposer. 

Continuous TOT devices provide topical continuous diffusion of non-pressurised, pure oxygen 
through small cannulas or thin tubes to semi-occlusive or proprietary wound dressings 
(Frykberg 2021). Small portable, battery-powered, electrochemical oxygen generators supply a 
continuous flow of pure oxygen over the wounds for 24 hours per day, at a flow rate of up to 15 
millilitres per hour. TOT may improve oxygen deficiency by directly delivering oxygen to the 
wound bed, without relying on an impaired vascular system or respiratory system (Sun XK et al. 
2022). An oxygen gradient then develops between the overlying dressing and the wound bed, 
thereby facilitating oxygen diffusion. 

The wound dressings are typically changed weekly, and the oxygen generators (or batteries) are 
generally replaced after one to two weeks of continuous use. These light-weight devices can be 
held in a small pouch affixed to the patient’s leg or hip (Frykberg 2021).  

HTW researchers identified three continuous TOT devices: TransCu O2/OxyGeni (EO2 Concepts); 
EPIFLO (Ogenix); and NATROX (Inotec). The characteristics of these devices are summarised in 
Appendix 6. A National Institute for Health and Care Excellence (NICE) Medtech Innovation 
Briefing (MIB208), published in 2020, states that NATROX claims to be the only portable 
continuous oxygen delivery device for managing wounds available in the UK (NICE 2020). This is 
corroborated by the topic proposer. 

Continuous TOT can be given with SoC. Cleaning and dressing the wound is usually part of SoC 
and the best dressing to use depends on wound size, depth, and amount of exudate. DFUs may 
need more advanced care than other wounds, and offloading or compression therapy may be 
used. Antibiotics may be used to treat a wound thought to be infected, and it may be debrided 
regularly. Some wounds may be treated with topical negative pressure therapy (NICE 2020).  

Experts contacted by HTW supported that these approaches to wound care would represent SoC 
in Wales. In addition, they indicated that larval therapy, protease-modulating dressings, topical 
haemoglobin spray, and moisture may be used in some cases. Experts also commented that 
patients with diabetes would be managed for glycaemic control/comorbidities, and that people 
with suspected ischaemia would be referred to a vascular specialist following vascular 
assessment. Experts suggested hyperbaric oxygen therapy is not routinely used in Wales.  

Experts contacted by HTW stated that continuous TOT should be used in people suitable for self-
management, with non-responsive ulcers despite best practice pathways and SoC being in place 
for a period of time (and tolerated by the patient). Some experts suggested that a period of four-
weeks would be appropriate to determine non-response. Some experts stated that continuous 
TOT should be used if pressure offloading was part of the routine management. Experts 
suggested that continuous TOT should be used if arterial assessment/vascular status has 
established an adequate arterial supply for healing and viability of tissue, and that the 
diabetes/underlying disease influencing healing has been addressed accordingly. Finally, 
experts highlighted that there should be re-assessment and monitoring of the wound. 
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4. Technology Assessments and Guidance 

HTW identified a number of technology assessments and guidance that were relevant to this 
topic. 

 UK 

NICE published MIB208 (2020) on ‘NATROX oxygen wound therapy for managing diabetic foot ulcers and 
complex or chronic non-healing wounds’, which summarised evidence from three studies: one 
randomised controlled trial (RCT) (Yu et al. 2016) and two observational studies (Hayes 2017, 
Kaufman et al. 2018) (NICE 2020). MIB208 concluded that whilst studies show that NATROX may 
effectively treat a range of chronic wounds, there were key uncertainties around the evidence due 
to the small sample size of the RCT and the heterogeneous population in the larger observational 
studies (NICE 2020). Use of continuous TOT has not been included in any NICE guidance or 
guidelines. 

An Expert Panel Working Group from The Diabetic Foot Journal suggested that TOT is appropriate 
as an adjunct to SoC and could be considered to treat a wound after four weeks of SoC if non-
healing is apparent (Chadwick et al. 2019).  

 International 

The International Working Group on the Diabetic Foot (IWDGF) recommended that TOT should not 
be used as a primary or adjunctive intervention in DFUs, including those that are difficult to heal 
(Rayman et al. 2020). This recommendation was based on a systematic review by Vas et al. 
(2020), which included four RCTs (Blackman et al. 2010, Driver et al. 2017, Heng et al. 2000, 
Niederauer et al. 2018). The report graded the strength of this recommendation as weak and the 
supporting evidence as low quality, based on the Grading of Recommendations, Assessment, 
Development and Evaluation (GRADE) system (Rayman et al. 2020).   

The Canadian Agency for Drugs and Technologies in Health (CADTH) published a Rapid Response 
Report on continuously diffused oxygen therapy for healing in all wound types (Edge & Frey 
2020), based on evidence from a systematic review (Sayadi et al. 2018), four additional RCTs 
(Driver et al. 2017, Driver et al. 2013, Niederauer et al. 2017, Niederauer et al. 2018) and the evidence-
based guideline by IWDGF described above (Rayman et al. 2020). They concluded that more 
evidence was needed to resolve the conflicting clinical evidence they identified before an 
evidence-based assessment of the potential role for continuously diffused oxygen therapy in 
wound healing can be well established (Edge & Frey 2020).  

 

5. Clinical effectiveness 

For details on the methodology used to identify evidence for this report, refer to Section 12.  

After reviewing the evidence, it was decided that outcomes for DFUs should be reported 
separately to other wound aetiologies, as DFUs had the most clinical- and cost-effectiveness 
evidence, and the evidence of the highest certainty. We describe the evidence for DFUs in this 
section of the EAR. Appendix 1 reports evidence for wounds of other aetiologies (venous ulcers, 
pressure ulcers, arterial wounds, burns, post-trauma wounds and postoperative wounds) and 
evidence that included DFUs with other wounds. 

For studies looking solely at DFUs, we identified one meta-analysis of six RCTs (530 participants) 
by Thanigaimani et al. (2021), which reports complete ulcer healing rates, amputation rates and 
serious adverse events in adults treated with continuous TOT plus SoC, compared to SoC alone. 
An additional RCT by He et al. (2021) was included as it reported on the amputation rates in 
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patients with DFUs after one-year, as opposed to the amputation rate at 12-weeks following 
continuous TOT reported in the meta-analysis by Thanigaimani et al. (2021). 

A systematic review by Connaghan et al. (2021), including two RCTs, one retrospective 
observational study and one pilot observational study, was also included as it reported different 
outcomes to the meta-analysis by Thanigaimani et al. (2021). The systematic review by 
Connaghan et al. (2021) reported change in DFU size, wound recurrence rates, patient 
satisfaction, levels of pain experienced, risk of infection, and time taken for DFUs to heal. Whilst 
the RCT by Yu et al. (2016) is included in the meta-analysis by Thanigaimani et al. (2021), it has 
been reported separately in the subgroup analysis section of this report (section 5.1.11) as it 
describes wound closure rate according to the grade of the ulcer, which is not reported in the 
meta-analysis.  

We included an additional RCT published since the systematic reviews, which investigated 
continuous TOT versus SoC alone for complete wound closure, reduction in wound size, pain 
levels and adverse events in adults with DFUs (Serena et al. 2021). A one-year follow-up of the 
study by Serena et al. (2021) was also included, which compared the rate of DFU recurrence and 
rate of amputation in people treated with continuous TOT and SoC, versus SoC alone (Al-Jalodi et 
al. 2022).  

We did not identify clinical evidence on the effect of continuous TOT on need for further 
treatment, length of hospital stay, outpatient service utilisation, or quality of life.  

Table 1 summarises the evidence found for each clinical outcome for DFUs. Table 2 reports the 
clinical outcomes of all studies for DFUs. Appendix 5 (Table 1) reports all study designs and 
characteristics for secondary evidence, and Appendix 5 (Tables 2 and 3) reports all study designs 
and characteristics for primary evidence on DFUS and the other wound types described in 
Appendix 1. Appendix 6 reports the characteristics of the continuous TOT devices we identified. 
Appendix 7 (Tables 1 to 3) describes the different classification systems used to grade wounds 
and some of the clinical outcomes. 
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Table 1. Summary of diabetic foot ulcer outcomes measured and sources of clinical evidence used 

Outcome (report section) Comparison Study design(s) Follow-up period 

Complete wound healing (section 5.1.1) 

SoC: hydrocolloid dressings, Tegaderm dressings, alginate 
and foam dressings, hydrogel dressings, offloading boots, 
wound cleansing, MWT, debridement 

1 meta-analysis of 6 RCTs (n = 530) 
(Thanigaimani et al. 2021) 
 

Devices used: 
TransCu O2 (n = 246) 
EPIFLO (n = 145) 
NATROX (n = 20) 
Cyclical pressurised TOT device (n = 
73) 

Between 4 weeks 
and 12 months (4 
to 12 weeks/until 
complete ulcer 
healing in leave-
one-out analysis 
of non-continuous 
device)   

SoC: wound cleansing with sterile water/saline solution, 
sharp debridement; offloading with total contact casting; 
hydrofibre/alginate dressing; reduction of bacterial burden 

1 RCT of 145 participants (Serena et 
al. 2021) 
 
Device used: NATROX  

12 weeks 

Wound area/size (section 5.1.2) 

SoC: hydrocolloid/alginate and foam dressing, and 
offloading for those with plantar ulcers 

1 RCT of 124 participants in 
systematic review by Connaghan et 
al. (2021) 
 

Device used: EPIFLO 

 4 weeks 

SoC: wound cleansing with sterile water/saline solution, 
sharp debridement; offloading with total contact casting; 
hydrofibre/alginate dressing; reduction of bacterial burden 

1 RCT of 145 participants (Serena et 
al. 2021) 
 
Device used: NATROX 

 12 weeks 

Time to wound closure (section 5.1.3) 
SoC: MWT, offloading and, as appropriate, aggressive 
debridement; hydrocolloid/alginate and foam dressing, 
and sometimes offloading 

1 RCT and 1 retrospective 
observational study (n = 114) in 
systematic review by Connaghan et 
al. (2021) 
 

Devices used: 
TransCu O2 (n = 100) 
NR (n = 14) 

12 weeks 

Wound recurrence rate (section 5.1.4) 
SoC: MWT, offloading and, as appropriate, aggressive 
debridement  

1 RCT and 1 pilot observational study 
(n = 110)  in systematic review by 
Connaghan et al. (2021) 
 

Devices used: 
TransCu O2 (n = 100) 
NATROX (n = 10) 

8 to 12 weeks 
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SoC: wound cleansing with sterile water/saline solution, 
sharp debridement; offloading with total contact casting; 
hydrofibre/alginate dressing; reduction of bacterial burden 

Follow-up questionnaire by people 
in RCT by Serena et al. (2021) 
Device used: 
NATROX (n = 22) 

1 year 

Amputation rate (section 5.1.5) 

SoC: hydrocolloid/alginate and foam dressing, and 
offloading for those with plantar ulcers 

1 RCT of 124 participants in 
systematic review by Thanigaimani 
et al. (2021) 
 

Device used: EPIFLO 

12 weeks 

Moist wound dressing therapy plus SoC,  
Continuous TOT plus moist wound dressing plus SoC 
 
SoC: offloading devices, wound cleaning with saline 
solution, alginate dressings 

1 RCT of 120 participants (He et al. 
2021) 
 

Device used: Greens O-4-3 (Institute 
of Fuel Cells, China) 

1 year 

SoC: wound cleansing with sterile water/saline solution, 
sharp debridement; offloading with total contact casting; 
hydrofibre/alginate dressing; reduction of bacterial burden 

Follow-up questionnaire by people 
in RCT by Serena et al. (2021) 
 
Device used: 
NATROX (n = 22) 

1 year 

Adverse events (section 5.1.6) 

SoC: hydrocolloid/alginate and foam dressing, offloading 
with plantar ulcers, MWT, and, as appropriate, aggressive 
debridement 

2 RCTs of 163 participants in 
systematic review by Thanigaimani 
et al. (2021) 
 

Device used: 
TransCu O2 (n = 146) 
EPIFLO (n = 17) 

12 weeks 

SoC: wound cleansing with sterile water/saline solution, 
sharp debridement; offloading with total contact casting; 
hydrofibre/alginate dressing; reduction of bacterial burden 

1 RCT of 145 participants (Serena et 
al. 2021) 
 
Device used: NATROX 

12 weeks 

Serious adverse events (section 5.1.7) 

SoC: hydrocolloid/alginate and foam dressing, offloading 
with plantar ulcers, MWT, and, as appropriate, aggressive 
debridement 

1 RCT of 146 participants in 
systematic review by Thanigaimani 
et al. (2021) 
 

Device used: TransCu O2 

12 weeks 

SoC: wound cleansing with sterile water/saline solution, 
sharp debridement; offloading with total contact casting; 
hydrofibre/alginate dressing; reduction of bacterial burden 

1 RCT of 145 participants (Serena et 
al. 2021) 
 
Device used: NATROX 

12 weeks 
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Pain (section 5.1.8) 

No comparator  

1 pilot observational study of 10 
participants in systematic review 
by Connaghan et al. (2021) 
 

Device used: NATROX 

12 weeks 

SoC: wound cleansing with sterile water/saline solution, 
sharp debridement; offloading with total contact casting; 
hydrofibre/alginate dressing; reduction of bacterial burden 

1 RCT of 145 participants (Serena et 
al. 2021) 
 
Device used: NATROX 

12 weeks 

Risk of infection (section 5.1.9) 
SoC: hydrocolloid/alginate and foam dressing, and 
offloading for those with plantar ulcers 

1 RCT of 124 participants in 
systematic review by Connaghan et 
al. (2021) 
 

Device used: EPIFLO 

4 weeks 

Patient satisfaction (section 5.1.10)  
DFUs 

No comparator 

1 pilot observational study of 10 
participants in systematic review 
by Connaghan et al. (2021) 
 

Device used: NATROX 

12 weeks 

Subgroup analysis: wound closure rate 
by wound grade (section 5.1.11) 

SoC without sham: iodine-based dressings, regular sharp 
debridement, offloading with either total contact cast or air 
cast as needed 

1 RCT of 20 participants (Yu et al. 
2016) 
 

Device used: NATROX 

8 weeks 

Quality of life No evidence found 
Need for further treatment  No evidence found 
Length of hospital stay No evidence found 
Outpatient service utilisation No evidence found 
Abbreviations: DFUs: diabetic foot ulcers; MWT: moist wound therapy; n: number of participants in the study; NR: not reported; RCT: randomised controlled trial; SoC: standard of 
care; TOT: topical oxygen therapy 
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 Clinical outcomes for studies only reporting diabetic foot ulcers 

Clinical outcome data for DFUs are reported in Table 2.  

 

5.1.1 Complete wound healing  

Secondary evidence 

The meta-analysis by Thanigaimani et al. (2021) reported that continuous TOT plus SoC 
significantly increased the likelihood of ulcer healing compared to SoC alone (with or without 
sham) (risk ratio [RR]: 1.94; 95% confidence interval [CI]: 1.19 to 3.17). Whilst this meta-analysis 
included one study which used a device not delivering continuous TOT for 24-hours per day 
(Frykberg et al. 2020), a leave-one-out sensitivity analysis (n = 457 participants) showed that 
removal of this study did not affect the significance of the findings (RR: 1.83, 95% CI: 1.03 to 3.25 
[see Table 2]). 

Primary evidence 

An RCT by Serena et al. (2021) reported complete wound healing at 12 weeks in 145 people with 
hard-to-heal DFUs. In the intention-to-treat analysis (all 145 participants were randomised), 
44.4% of participants in the continuous TOT plus SoC group healed at 12 weeks, compared to 28.1% 
of participants in the SoC group (p = 0.044). In the per protocol analysis of 128 participants, who 
completed eight or more follow-up visits, complete healing in the continuous TOT plus SoC group 
at 12 weeks was achieved by 52.2% of participants, compared to 30.5% of participants in the SoC-
only group (p = 0.013) (Serena et al. 2021).  

 

5.1.2 Wound area  

Secondary evidence 

In the systematic review by Connaghan et al. (2021), one RCT of 124 participants by Driver et al. 
(2017) reported that at week 4 of continuous TOT treatment, average wound size reduction was 
87% (range: 55.7 to 100%) in the treatment group compared with 46% (range: 15 to 99%) in those 
only treated with SoC (p < 0.05). 

Primary evidence 

An RCT by Serena et al. (2021) reported wound area at 12 weeks in 145 people with hard-to-heal 
DFUs. For the intention-to-treat analysis of all participants, there was no significant reduction in 
wound area between the groups (p = 0.718) (Serena et al. 2021). In the per protocol population of 
128 participants, who completed eight or more follow-up visits, there was a statistically 
significant reduction in wound area between the groups. The continuous TOT plus SoC group had 
a mean reduction of 70% (standard deviation [SD]: 45.5), compared to the SOC group who had a 
mean reduction of 40% (SD: 72.1) (p = 0.005) (Serena et al. 2021).  

 

5.1.3 Time taken for wound healing 

Secondary evidence 

A systematic review by Connaghan et al. (2021) included one RCT (Niederauer et al. 2017) and one 
retrospective observational study (Kemp & Hermans 2011) of continuous TOT in addition to SoC 
for DFUs (114 participants). The RCT reported that time to 50% DFU closure was significantly 
shorter in participants who received continuous TOT therapy than in the group treated with SoC 
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and continuous TOT sham therapy (mean: 18.4 days versus 28.9 days, respectively; p = 0.001) 
(Niederauer et al. 2017). The observational study by Kemp & Hermans (2011) showed a median 
time to wound closure of 46 days (range:  13 to 119  days) in those treated with continuous TOT 
plus SoC, compared to an average duration of 134  days (range:  14 to 350  days) for ulcers not 
treated with continuous TOT (Connaghan et al. 2021). 

 

5.1.4 Recurrence rates 

Secondary evidence 

A systematic review by Connaghan et al. (2021) reported no recurrence of any ulcers at the 8-week 
follow-up time in the included observational pilot study by Hayes et al. (2017) (n = 10). The 
systematic review also included an RCT by Niederauer et al. (2017) (n = 100), which found no 
statistically significant difference at 12-week’s follow-up in the continuous TOT plus SoC group 
compared to the group given a continuous TOT sham device and SoC, with 87.5% of ulcers 
remaining closed in the continuous TOT group compared to 90% in the sham plus SoC group 
(Connaghan et al. 2021). 

Primary evidence 

In a follow-up study by Al-Jalodi et al. (2022), healed patients from the RCT by Serena et al. (2021) 
were asked to complete four questionnaires one-year post study, regardless of whether they 
received continuous TOT or SoC. Data were obtained for 22 of the 54 participants in the study by 
Serena et al. (2021). Recurrence was defined as an ulcer that emerged in the same area as the 
previously treated ulcer: 85% (10/12) of the continuous TOT participants and 60% (6/10) of the SoC 
participants remained healed at one-year post study (Al-Jalodi et al. 2022).  

 

5.1.5 Risk of amputation 

Secondary evidence 

In the systematic review by Thanigaimani et al. (2021), one study by Driver et al. (2017) reported 
no amputations in the continuous TOT plus SoC group, as compared to one amputation in the 
control group during the 12-week follow-up in 124 participants. Thanigaimani et al. (2021) 
reported that data on amputation were too limited for meta-analysis. 

Primary evidence 

An RCT by He et al. (2021) investigated the amputation rate at one-year follow up in 120 people 
with DFUs treated with either continuous TOT plus SoC, moist wound dressing therapy plus SoC, 
or a combination of both plus SoC. In the moist wound therapy group, 15% of people underwent 
amputation and 12.5% of people in the continuous TOT underwent amputation at one-year. No 
patients in the combination group were treated with amputation at one-year (p = 0.045). 

In another one-year follow-up study by Al-Jalodi et al. (2022), healed patients from the RCT by 
Serena et al. (2021) were asked to complete four questionnaires one-year post study, regardless 
of whether they received continuous TOT or SoC. Data were obtained for 22 of the 54 participants 
in the study by Serena et al. (2021). One participant from the SoC group and zero participants in 
the continuous TOT group were reported as having a major amputation within the year (Al-Jalodi 
et al. 2022).  
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5.1.6 Adverse events 

Secondary evidence 

A similar number of adverse events were reported in both continuous TOT plus SoC and control 
groups in two RCTs (Driver et al. 2013, Niederauer et al. 2018), of 163 participants, in the systematic 
review by Thanigaimani et al. (2021). There were 23 and 26 adverse events in each group, 
respectively, but none of them were reported as being related to the intervention used. 

Primary evidence 

An RCT by Serena et al. (2021) reported mild-to-moderate adverse events after 12-weeks in 145 
people with hard-to-heal DFUs, treated with continuous TOT plus SoC or SoC alone. There were 24 
events reported for the SoC group and 34 events for those in the SoC plus TOT group. The majority 
of these were unrelated to any intervention used, with the patients remaining in the study. One 
adverse event was reported as probably being related to the device, which involved a mild fall 
thought to be related to the device fit. Two adverse events were deemed as possibly being due to 
the intervention used, although it is unclear what these adverse events were (one in the SoC 
group and one in TOT plus SoC group) (Serena et al. 2021).  

 

5.1.7 Serious adverse events 

Secondary evidence 

Two patients developed gangrene in one of the RCTs (Niederauer et al. 2018) investigating 
continuous TOT plus SoC in the systematic review by Thanigaimani et al. (2021), but they were 
reported as not being due to the continuous TOT device. One study (Niederauer et al. 2018) in the 
systematic review reported mortality rates and reported no deaths in the continuous TOT plus 
SoC group as compared to two deaths in control participants after 12 weeks, but they were not 
reported as being related to the intervention used (Thanigaimani et al. 2021). 

Primary evidence 

In the RCT by Serena et al. (2021) of 145 people with hard-to-heal DFUs, one patient died following 
an adverse event, but this was not related to the study (one further patient died without a wound-
related adverse event). Eight adverse events were reported in the SoC group and six were reported 
in the TOT plus SoC group. It is unclear whether any of these severe adverse events were due to 
the device (two adverse events were deemed as possibly being due to the intervention used, 
although it is unclear what these adverse events were [one in the SoC group and one in SoC plus 
TOT group]) (Serena et al. 2021). 

 

5.1.8 Pain 

Secondary evidence 

The systematic review by Connaghan et al. (2021) reported pain levels from one observational 
pilot study of 10 people (Hayes et al. 2017). Using an analogue scale, pain levels reduced, with 39% 
of participants recording pain at equal to or greater than five-out-of-ten at the start of the study, 
and 7% of participants having levels equal to or greater than five-out-of-ten at the end of the 
study (p = 0.05) (Connaghan et al. 2021). 
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Primary evidence 

An RCT by Serena et al. (2021) reported Visual Analogue Scale (VAS) scores weekly for 12 weeks in 
145 people with hard-to-heal DFUs treated with continuous TOT plus SoC or SoC alone. The 
majority of patients reported no pain, resulting in low mean values at the baseline visit, although 
a small number of patients reported pain levels towards the higher end of the scale. A similar 
pattern was observed at the final visit; there were no statistically significant differences between 
the groups using either the intention-to-treat (all participants) or per protocol analysis (128 
participants, who completed eight or more follow-up visits): p = 0.278 for intention-to-treat 
analysis, and p = 0.956 for per protocol analysis (Serena et al. 2021). 

 

5.1.9 Risk of infection 

Secondary evidence 

Connaghan et al. (2021) included one RCT of 124 participants (Driver et al. 2017), which did not 
find a statistically significant difference in the number of infections in the continuous TOT plus 
SoC group (3.5%) compared to the SoC-alone group (10.15%), nor a statistically significant 
difference in cellulitis incidents in the continuous TOT plus SoC group (1.2%) compared to the 
SoC-alone group (6.9%) (Connaghan et al. 2021). 

 

5.1.10 Patient satisfaction  

Secondary evidence 

The systematic review by Connaghan et al. (2021) reported device ease-of-use feedback from 10 
people in one observational pilot study (Hayes et al. 2017). Feedback suggested that the device 
was well tolerated by all patients, and that patients enjoyed being involved in their treatment. 
None of the patients stopped the treatment through personal choice (Connaghan et al. 2021). 

 

5.1.11 Subgroup analysis 

Primary evidence: complete healing according to grade of ulcer 

An RCT by Yu et al. (2016), of 20 people with DFUs, was included in the meta-analysis by 
Thanigaimani et al. (2021). The study used the University of Texas wound classification system 
(see Appendix 7) and assessed wounds over eight weeks. They reported that all Grade 1 ulcers 
healed completely in the continuous TOT group and SoC groups; all Grade 2 ulcers in the 
continuous TOT group healed compared with none in the SoC group; and 50% of Grade 3 ulcers 
healed with continuous TOT compared with none in the SoC group (p < 0.001) (Yu et al. 2016).  
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Table 2. Continuous topical oxygen therapy plus standard of care compared with standard of care alone: outcomes for diabetic foot ulcers 

Outcome Evidence source(s) Population Absolute effect Relative effect (95% CI)  Comments on reliability 

Complete 
wound healing 
(defined as 
complete 
epithelialisation) 

Driver et al. (2017), 
Driver et al. (2013), 
Frykberg et al. (2020), 
Niederauer et al. (2017), 
Niederauer et al. (2018), 
Yu et al. (2016) in MA by 
Thanigaimani et al. 
(2021) 
 
6 RCTs, 530 
participants 

Intervention: 5 studies 
used SoC and continuous 
TOT, with TransCu O2, 
NATROX and EPIFLO; 1 study 
used a cyclical pressurised 
TOT device (oxygen given for 
90 minutes daily five times 
per week) 
 
Control: 3 studies used SoC 
without sham; 3 studies 
used SoC with sham 
 
SoC: hydrocolloid 
dressings, Tegaderm 
dressings, alginate and 
foam dressings, hydrogel 
dressings, offloading boots, 
wound cleansing, MWT, 
debridement 
 
Wound type: T1DM or T2DM 
and wounds categorised as 
class 1A or above with the 
UT classification of DFUs, 
and a duration of at least 
4 weeks and < 52 weeks, or 
wound sizes ranging from 
1.5 cm2 to 10 cm2 
 
Follow-up period: 4 weeks, 
8 weeks, 12 weeks or 12 
months 

NNT to achieve one 
additional positive 
outcome: 5.33 

Main meta-analysis (patients 
lost during follow-up  
considered  to  have  full 
healing  [best-case scenario]): 
RR: 1.94 (1.19 to 3.17) 
Favours continuous TOT  
 
Sensitivity analysis  (patients 
lost to follow-up considered to 
have not achieved full healing 
[worst- case scenario]): 
RR: 1.57 (1.07 to 2.30) 
Favours continuous TOT  
 
Meta- analysis of 3 low ROB 
studies: 
RR: 2.37 (1.52 to 3.68) 
Favours continuous TOT  
 
Leave-one-out sensitivity 
analysis: 
Frykberg et al. (2020) omitted 
from MA: 
Effect size: 1.83 (1.03 to 3.25), I2: 
0.57 
Does not affect significance 
of MA 

- In the pooled analysis, this 
review appears to double count 
some participants who were 
included in both Driver et al. 
(2013) and Driver et al. (2017) 
and in both Niederauer et al. 
(2017) and Niederauer et al. 
(2018). This does not appear to 
have an effect on the direction 
of effect in pooled analyses but 
may impact the precision of 
findings 
- Study authors reported 3 of 
the studies being low ROB, 1 as 
moderate ROB  and 2 as high 
ROB  
- Funnel plots suggested the 
possibility of publication bias 
- Study authors reported that 
studies had moderate 
statistical heterogeneity. 
- Study authors reported 
heterogeneity due to 
differences in duration of 
treatment and follow-up,  and  
poor  reporting  of  the  
presence  of  peripheral  
ischaemia 
- Device used in 1 study did not 
use continuous TOT. However, a 
leave-one-out sensitivity 
analysis was done, which didn’t 
affect conclusions. 
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Outcome Evidence source(s) Population Absolute effect Relative effect (95% CI)  Comments on reliability 

- Reporting of ulcer aetiology 
was limited, and those studies 
that did report it mainly 
included neuropathic ulcers 

RCT by Serena et al. 
(2021) 
 
- ITT analysis (all 
those randomised): 
145 participants 

PP analysis (completed 
≥ 8 treatment visits): 
128 participants  

Wound type: DFU or minor 
amputation wound, 
classified by IDSA or 
Wagner as grade 1 or 2 with 
a duration > 4 weeks but < 
12 months and of a size 
between 0.5cm2 and 25cm2 
 
Intervention: SOC plus 
continuous TOT (NATROX) 
 
Control: SOC alone 
 
SOC: wound cleansing with 
sterile water/saline 
solution, sharp 
debridement; offloading 
with total contact casting; 
hydrofibre/alginate 
dressing 
 
Follow-up period: 12 weeks 

Number of wounds 
healed in ITT analysis: 
- Continuous TOT: 36/81 
(44.4%) 
- Control group: 18/64 
(28.1%) 

(p = 0.044) 
Favours continuous 
TOT 
 
Number of wounds 
healed in PP analysis: 
Continuous TOT: 36/69 
(52.2%) 
Control group: 18/59 
(30.5%) 
(p=0.013) 
Favours continuous 
TOT 

 - Study had high withdrawal 
rate (18.6%) 
- Lack of blinding in study may 
have increased bias 
- NG19 NICE (2019) does not 
recommend the Wagner 
system to classify severity of 
DFUs 

Time to wound 
closure 

Kemp & Hermans 
(2011), Niederauer et al. 
(2017) in SR by 
Connaghan et al. (2021) 
 
1 RCT, 102 participants; 
1 retrospective 
observational study, 12 
ulcers 

Intervention: RCT used SoC 
and continuous TOT with 
TransCu O2, NR in 
observational study  
 
Control: 1 RCT used SoC 
with sham 

Median time to full 
wound closure 
(observational study in 
SR):  
- continuous TOT: 46 
days (range:  13 to 119  
days); 

 - Authors reported that only the 
RCT was valid (using EBL 
quality appraisal described at 
end of the table), with an 
overall validity scores of 92%. 
The observational study 
received a validity score of 0%, 
the main weakness being 
sample size 



 

 
 

Page 16 of 77 
 

EAR043 September 2022 
 

Outcome Evidence source(s) Population Absolute effect Relative effect (95% CI)  Comments on reliability 

SOC: NR for observational 
study; RCT used MWT, 
offloading and, as 
appropriate, aggressive 
debridement 
 
Follow-up time: 12-weeks 
for RCT, NR for 
observational study 

- without continuous 
TOT: 134 days (range 14 
to 350 days) 

 
Mean time to 50% ulcer 
closure (RCT):  
- continuous TOT: 18.4 
days 
- sham group: 28.9 days 
(p = 0.001)   

Favours continuous 
TOT 

- SoC was not described for the 
observational study, and had to 
be taken from MA by 
Thanigaimani et al. (2021) for 
RCTs 
- Patient characteristics not 
described in detail  

Wound closure 
rate by grade of 
DFU: subgroup 
analysis 

Yu et al. (2016) 
 
RCT, 20 participants 
with DFUs 

Intervention:  
Continuous TOT (NATROX) 
plus SoC given once a week 
 
Control: 
SoC without sham  
 
SoC: iodine-based 
dressings, regular sharp 
debridement, offloading 
with either total contact 
cast or air cast as needed 
 
Follow-up period:  
8-weeks 

Grade 1 ulcer healing 
rate: 
- Continuous TOT: 100% 
- Control group: 100% 

 
Grade 2 ulcer healing 
rate: 
- Continuous TOT: 100% 
- Control group: 0% 

 
Grade 3 ulcer healing 
rate: 
- Continuous TOT: 50% 
- Control group: 0%  

 - Small sample size 
- Canadian study, so 
generalisability to UK uncertain 
- Excluded pure neuropathic 
ulcers with no arterial 
insufficiency, unless they failed 
to heal within 12 weeks of 
optimum management 

Wound size Driver et al. (2017) in SR 
by Connaghan et al. 
(2021) 
 
RCT, 124 participants 

Intervention: SoC and 
continuous TOT (EPIFLO) 
 
Control: SoC without sham 
 
SoC: hydrocolloid/alginate 
and foam dressing, and 
sometimes offloading 
 

Average wound size 
reduction: 
- Continuous TOT: 87% 
(range 55.7% to 100%) 
- control group: 46% 
(range 15 to 99%), p < 
0.05 
Favours continuous 
TOT 

 - Authors reported that the 
study was valid, with an overall 
validity score of 89% (validity 
assessed using EBL quality 
appraisal described at end of 
the table) 
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Outcome Evidence source(s) Population Absolute effect Relative effect (95% CI)  Comments on reliability 

Follow-up time: 4 weeks - SoC was not described for the 
study, and had to be taken from 
MA by Thanigaimani et al. 
(2021) for RCTs 
- Patient characteristics not 
described in detail  

RCT by Serena et al. 
(2021) 
 
- ITT analysis (all 
those randomised): 
145 participants 

PP analysis (completed 
≥ 8 treatment visits): 
128 participants 

Wound type: DFU or minor 
amputation wound, 
classified by IDSA or 
Wagner as grade 1 or 2 with 
a duration > 4 weeks but < 
12 months and of a size 
between 0.5cm2 and 25cm2 
 
Intervention: SOC plus 
continuous TOT (NATROX) 
 
Control: SOC alone 
 
SOC: wound cleansing with 
sterile water/saline 
solution, sharp 
debridement; offloading 
with total contact casting; 
hydrofibre/alginate 
dressing 
 
Follow-up period: 12 weeks 

 
 

Mean difference in reduction 
in wound area (cm2) with ITT 
analysis:  - 5.33 (-34.37 to 
23.81), p = 0.718 
No significant difference 
between 2 groups 

 
Mean difference in reduction 
in wound area (cm2) with PP 
analysis: - 29.74 (-50.54 to -
8.96), p = 0.005 
Favours continuous TOT 

- Study had high withdrawal 
rate (18.6%) 
- Lack of blinding in study may 
have increased bias 
- NG19 NICE (2019) does not 
recommend the Wagner 
system to classify severity of 
DFUs 
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Outcome Evidence source(s) Population Absolute effect Relative effect (95% CI)  Comments on reliability 

Wound 
recurrence rate 

Hayes et al. (2017), 
Niederauer et al. (2017) 
in SR by Connaghan et 
al. (2021) 
 
1 RCT, 100 participants; 
1 observational pilot 
study, 10 participants 

Intervention: 1 study used 
SoC and continuous TOT 
(NATROX); 1 study used SoC 
and continuous TOT 
(TransCu O2) 
 
Control: 1 RCT used SoC 
with sham 
 
SOC: NR for Hayes (2017); 
RCT used MWT, offloading 
and, as appropriate, 
aggressive debridement  
 
Follow-up time: 12-weeks 
for RCT, 8-weeks for 
observational pilot study 

• 0% recurrence in pilot 
study 
 

• DFUs remaining 
closed in RCT: 

- Continuous TOT group:   
87.5% 
- Control group: 90% 

No significant 
difference between 
groups 

 - Authors reported that only the 
RCT was valid, with an overall 
validity score of 92%. The pilot 
study was not deemed valid, 
with an overall validity score of 
71% (validity assessed using 
EBL quality appraisal described 
at end of the table). 
- SoC was not described for the 
pilot study, and had to be taken 
from MA by Thanigaimani et al. 
(2021) for RCT 
- Patient characteristics not 
described in detail  

29 healed participants 
consented to 
participate in longer 
term follow-up 
questionnaire study 
(Al-Jalodi et al. 2022) 
when enrolled in RCT 
by Serena et al. (2021) 
 
7/29 participants lost 
to follow-up 

Intervention: continuous 
TOT (NATROX) plus SoC  
 
Control: SoC alone 
 
SoC: wound cleansing with 
sterile water/saline 
solution, sharp 
debridement; offloading 
with total contact casting; 
hydrofibre/alginate 
dressing; reduction of 
bacterial burden 
 
Follow-up time: 1 year 

• 85% (10/12) of the 
continuous TOT 
patients remained 
healed 

• 60% (6/10) of the SoC 
participants remained 
healed  

 - Participants originally from 
RCT and healed after 12 weeks 
of treatment 
- 7/29 participants lost to 
follow-up 
- Numbers in the long-term 
follow-up were too small to 
reach statistical significance 
- Unclear of characteristics of 
patients in this follow-up study 

Amputation rate  Driver et al. (2017) in SR 
by Thanigaimani et al. 
(2021) 
 
1 RCT, 124 participants 

Intervention: SoC and 
continuous TOT (EPIFLO) 
 
Control: SoC without sham 
 

Number of 
amputations: 
- Continuous TOT: 0  
- Control group: 1  

 - Authors stated this study had 
a moderate ROB 
- Funnel plots suggested the 
possibility of publication bias 
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Outcome Evidence source(s) Population Absolute effect Relative effect (95% CI)  Comments on reliability 

SoC: hydrocolloid/alginate 
and foam dressing, and 
sometimes offloading 
 
Follow-up: 
12-weeks 

- Study authors reported that 
the included studies had 
moderate statistical 
heterogeneity. 
- Study authors reported 
heterogeneity due to 
differences in duration of 
treatment and follow- up, and 
poor reporting of the presence 
of peripheral ischaemia. 
- Reporting of ulcer aetiology 
was limited  in  the  included  
studies, and those that did 
report it mainly included 
neuropathic ulcers 

RCT by He et al. (2021) 
 
1 RCT, 120 participants 
 
DFUs Wagner grade 2 
to 4 

Group 1: MWT only plus SoC 
 
Group 2: Continuous TOT 
only plus SoC 
 
Group 3: Combination of 
MWT and continuous TOT 
plus SoC  
 
SoC: wound cleansing, 
alginate dressing, 
offloading 
 
Follow-up: 1 year 

- Group 1 amputation 
rate: 15% 
- Group 2 amputation 
rate: 12.5% 
- Group 3 amputation 
rate: 0% 

p = 0.045 
 
Favours combination of 
MWT and continuous 
TOT  

 - NG19 NICE (2019) does not 
recommend the Wagner 
system to classify severity of 
DFUs 
- Study wasn’t double-blinded 
- Patients only eligible with 
T2DM 
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Outcome Evidence source(s) Population Absolute effect Relative effect (95% CI)  Comments on reliability 

29 healed participants 
consented to 
participate in longer 
term follow-up 
questionnaire study 
(Al-Jalodi et al. 2022) 
when enrolled in RCT 
by Serena et al. (2021) 
 
7/29 participants lost 
to follow-up 

Intervention: continuous 
TOT (NATROX) plus SoC  
 
Control: SoC alone 
 
SoC: wound cleansing with 
sterile water/saline 
solution, sharp 
debridement; offloading 
with total contact casting; 
hydrofibre/alginate 
dressing; reduction of 
bacterial burden 
 
Follow-up time: 1 year 

• 1 major amputation in 
SoC group 

• O reported in 
continuous TOT group 

 - Participants originally from 
RCT and healed after 12 weeks 
of treatment 
- 7/29 participants lost to 
follow-up 
- Numbers in the long-term 
follow-up were too small to 
reach statistical significance 
- Unclear of characteristics of 
patients in this follow-up study 

Adverse events 
and serious 
adverse events  

Driver et al. (2013), 
Niederauer et al. (2018)  
in SR by Thanigaimani 
et al. (2021) 
 
2 RCTs, 163 
participants 

Intervention: SoC and 
continuous TOT using 
EPIFLO or TransCu O2 
 
Control: 1 study used SoC 
with sham; 1 study used 
SoC without sham 
 
SoC: 1 study used 
hydrocolloid/alginate and 
foam dressing, and 
sometimes offloading; 1 
study used MWT, offloading 
and, as appropriate, 
aggressive debridement 
 
Follow-up: 
12-weeks  

Number of adverse 
events 
- Continuous TOT: 23 
- Control: 26 

 
Number of serious 
adverse events 
- Continuous TOT: 0 
- Control: 2 
Number of deaths 
- Continuous TOT: 0 
- Control group: 2 

 
None of adverse events, 
including serious ones 
and death, reported as 
related to the 
intervention used 

 - Study authors reported 1 of 
the studies being low ROB and 1 
being high ROB 
- Funnel plots suggested the 
possibility of publication bias 
- Study authors reported that 
the included studies had 
moderate statistical 
heterogeneity. 
- Study authors reported 
heterogeneity due to 
differences in duration of 
treatment and follow-  up,  and  
poor  reporting  of  the  
presence  of  peripheral  
ischaemia. 
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Outcome Evidence source(s) Population Absolute effect Relative effect (95% CI)  Comments on reliability 

 RCT by Serena et al. 
(2021) 
 
- ITT analysis (all 
those randomised): 
145 participants 

PP analysis (completed 
≥ 8 treatment visits): 
128 participants 

Wound type: DFU or minor 
amputation wound, 
classified by IDSA or 
Wagner as grade 1 or 2 with 
a duration > 4 weeks but < 
12 months and of a size 
between 0.5cm2 and 25cm2 
 
Intervention: SOC plus 
continuous TOT (NATROX) 
 
Control: SOC alone 
 
SOC: wound cleansing with 
sterile water/saline 
solution, sharp 
debridement; offloading 
with total contact casting; 
hydrofibre/alginate 
dressing; reduction of 
bacterial burden 
 
Follow-up period: 12 weeks 

Severity of adverse 
events 

• Continuous TOT 
+ SoC 

- Mild: 22/42 
- Moderate: 12/42 
- Severe: 6/42 
- Life-threatening: 1/42 

• SoC alone 
- Mild: 15/32 
- Moderate: 9/32 
- Severe: 8/32 
- Life-threatening: 0/32 

 
Outcome 

• Continuous TOT 
+ SoC 

- Recovered: 35/42 
- Recovered with 
sequelae: 1/42 
- Not recovered: 1/42 
- Lost to follow-up: 3/42 
- Death*: 1/42 

• SoC alone 
- Recovered: 30/32 
- Recovered with 
sequelae: 0/32 
- Not recovered: 0/32 
- Lost to follow-up: 2/32 
- Death: 0/32 

 
Relationship to product 

• Continuous TOT 
+ SoC 

- Unrelated: 37/42 
- Unlikely: 2/42 
- Possibly related: 1/42 
- Probably related+: 1/42 

 - Study had high withdrawal 
rate (18.6%) 
- Lack of blinding in study may 
have increased bias 
- NG19 NICE (2019) does not 
recommend the Wagner 
system to classify severity of 
DFUs 
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Outcome Evidence source(s) Population Absolute effect Relative effect (95% CI)  Comments on reliability 

• SoC alone 
- Unrelated: 30/32 
- Unlikely: 1/32 
- Possibly related: 1/32 
- Probably related: 0/32 
 
Action taken  

• Continuous TOT 
+ SoC 

- Continued: 30/42 
- Interrupted time on 
study: 6/42 
- Discontinued: 5/42 

• SoC alone 
- Continued: 25/32 
- Interrupted time on 
study: 2/32 
- Discontinued: 5/32 

 
*Death not product-
related 
+Mild fall, possibly cast 
was too big 

Pain  Hayes (2017) in SR by 
Connaghan et al. (2021) 
 
1 observational pilot 
study, 10 participants 

Intervention: SoC and 
continuous TOT (NATROX) 
 
Follow-up: 
8-weeks 

Participants with pain 
rated as ≥ 5/10 (using 
analogue scale): 
- Start of study: 39% 
- End of study: 7% 

 - Authors deemed study not 
valid as it had an overall 
validity of 71% (validity 
assessed using EBL quality 
appraisal described at end of 
the table) 
- Small sample size 
- SoC not described 
- Patient characteristics not 
described in detail  



 

 
 

Page 23 of 77 
 

EAR043 September 2022 
 

Outcome Evidence source(s) Population Absolute effect Relative effect (95% CI)  Comments on reliability 

RCT by Serena et al. 
(2021) 
 
- ITT analysis (all 
those randomised): 
145 participants 

PP analysis (completed 
≥ 8 treatment visits): 
128 participants 

Wound type: DFU or minor 
amputation wound, 
classified by IDSA or 
Wagner as grade 1 or 2 with 
a duration > 4 weeks but < 
12 months and of a size 
between 0.5cm2 and 25cm2 
 
Intervention: SOC plus 
continuous TOT (NATROX) 
 
Control: SOC alone 
 
SOC: wound cleansing with 
sterile water/saline 
solution, sharp 
debridement; offloading 
with total contact casting; 
hydrofibre/alginate 
dressing; reduction of 
bacterial burden 
 
Follow-up period: 12 weeks 

Mean VAS score ± SD, 
ITT analysis: 

• Continuous TOT: 
- Baseline: 1.81±2.53 
- Final visit: 0.95±1.9 

• Control 
- Baseline: 2.02±2.57 
- Final visit: 0.68±1.43 
P = 0.278 
No significant 
difference between 
groups 

 
Mean VAS score ± SD, 
PP analysis: 

• Continuous TOT: 
- Baseline: 1.85±2.51 
- Final visit: 0.62±1.27 

• Control 
- Baseline: 1.98±2.51 
- Final visit: 0.71±1.47 
p = 0.956 

No significant 
difference between 
groups 

 - Study had high withdrawal 
rate (18.6%) 
Lack of blinding in study may 
have increased bias 
- NG19 NICE (2019) does not 
recommend the Wagner 
system to classify severity of 
DFUs 

Risk of infection  Driver et al. (2017) in SR 
by Connaghan et al. 
(2021) 
 
1 RCT, 124 participants 

Intervention: SoC and 
continuous TOT (EPIFLO) 
 
Comparator: SoC without 
sham 
 
SoC: Hydrocolloid or 
alginate and foam dressing. 
Study participants with 
plantar ulcers received 
offloading boots 

Number of infections: 
- Continuous TOT group: 
3.5% 
- Control group: 10.15% 

No significant 
difference between 
groups 
 
Cellulitis incidents: 
- Continuous TOT group: 
1.2% 

 - Authors rated the overall 
validity score of this study as 
valid (89%) (validity assessed 
using EBL quality appraisal 
described at end of the table) 
- Description of SoC was taken 
from MA by  
Thanigaimani et al. (2021) as 
not reported in this SR 
- Patient characteristics not 
described in detail 
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Outcome Evidence source(s) Population Absolute effect Relative effect (95% CI)  Comments on reliability 

 
Follow-up: 
12-weeks 

- Control group: 6.9% 
No significant 
difference between 
groups 

EBL quality appraisal: this quality appraisal tool assesses the validity, the applicability and appropriateness of a study, based on four main steps of the research process 
(population, data collection, study design, results). According to this checklist, if the overall validity of the study (Yes/Total) is ≥75% or ([No+Unclear]/Total) is ≤25%, then the study is 
valid 
 
Abbreviations: Cm: centimetres; CI: confidence interval; DFU: diabetic foot ulcer; EBL: Evidence-based librarianship; I2: heterogeneity index; IDSA: Infectious Diseases Society of 
America; ITT: intention-to-treat; MA: meta-analysis; MWT: moist wound therapy; n: number of participants: NNT: number needed to treat; NPRS: Numeric Pain Rating Scale; NR: not 
reported; PP: per protocol; RCT: randomised controlled trial; ROB: risk of bias; RR: risk ratio; SD: standard deviation; SoC: standard of care; SR: systematic review; T1DM: type 1 diabetes 
mellitus; T2DM: type 2 diabetes mellitus; TOT: topical oxygen therapy; UT: University of Texas; VAS: Visual Analogue Scale 
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 Ongoing studies 

Table 3. Summary of ongoing primary studies 

Study information Status Research question & outcome measures 

Registration:  
(ISRCTN17337965 
2019) 
 
Country: UK 
 
Target recruitment: 
24 participants 
 
Follow-up: 12 weeks 

Recruiting 
 
Last updated:  
March 2022 

Population: Adults with chronic-and delayed-healing foot ulcers 
(diabetic foot ulcers, peripheral arterial disease related wound, 
or other aetiology) 
 
Intervention: NATROX plus standard care 
 
Comparator: standard care alone 
 
Primary Outcome Measure: Participants’ experience of and 
compliance with NATROX 
 
Secondary Outcome Measure: Presence of bacteria, healing rate 

 

 Certainty of the evidence 

• The evidence we identified varied according to wound type, wound size, duration of continuous 
TOT and follow up, and duration of SoC prior to study. The type of SoC varied considerably 
between studies, which experts stated may have had an impact on outcomes.  

• However, there did appear to be improvements across outcomes for DFUs, usually over a 
period of up to 12-weeks of continuous TOT-use, but some studies reported one-year follow-up 
times.  

• Whilst most of the included studies for DFUs were RCTs, the certainty of the evidence varied, 
with study authors of the systematic review and meta-analysis reporting some of the included 
studies being of low risk-of-bias, some of moderate risk-of-bias and some of high risk-of bias. 
The study authors of the meta-analysis reported that funnel plots suggested the possibility 
of publication bias.  

• Reporting of DFU aetiology and arterial assessment was not consistent in the included 
studies, and those that did report aetiology mainly included neuropathic ulcers. Experts 
contacted by HTW noted that wound healing and recurrence expectations will differ between 
DFU aetiologies. 

• Experts contacted by HTW suggested that continuous TOT could be given in higher-grade 
DFUs. We only identified one RCT of 20 people which compared wound healing in different 
grades of DFU. 

• There were a number of wound classification/grading systems used in the studies. NICE 
guideline 19 (NG19) states that the Wagner classification system should not be used to assess 
the severity of a DFU. Instead, a standardised system, such as SINBAD or the University of 
Texas classification system should be used (NICE 2019). Some of the included studies used 
the Wagner classification system. 

• In the meta-analysis we included in this Evidence Appraisal Report, NATROX was the device 
least used, yet this is the only continuous TOT device reported as being available for use in the 
UK. The most frequently used device in these studies was TransCu O2, which, unlike NATROX, 
has a microprocessing system.  

• The majority of studies were conducted outside of the UK and so generalisability to NHS Wales 
is uncertain.  

• We did not identify clinical evidence for the effect of continuous TOT on the need for further 
treatment, length of hospital stay, number of appointments needed to attend (GP/home 
visits/outpatient), or quality of life.  
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6. Cost effectiveness 

 Health economic literature review 

We conducted a rapid systematic literature review to answer the following research question: 
what is the cost effectiveness of continuous TOT to treat diabetic foot ulcers, compared to SoC? 
Appendix 4 summarises the selection of articles for inclusion in the evidence review. The titles 
and abstracts of 2,660 records identified in the search for this research question were screened 
and 40 records were deemed potentially relevant. The full texts of these studies were reviewed 
against the inclusion/exclusion criteria and 39 studies were excluded.  

The majority of studies were excluded as they were not full health economic studies (n = 16). For 
those that were health economic studies, most of these were not looking at continuous delivery 
of TOT (n = 13), five were conference abstracts and so were not considered relevant, and four 
studies were systematic literature reviews rather than cost analyses. One study was excluded as 
it did not include any comparative information. 

The remaining included study is summarised in Table 4 (Chan & Campbell 2020). This was a 5-
year cost-utility analysis constructed from the Canadian healthcare perspective, comparing the 
continuous TOT, through a compact, wearable oxygen unit, to negative pressure wound therapy 
(NPWT). Although NPWT wouldn’t necessarily be considered SoC in Wales, the study looked at 
scenario analyses which compared TOT to the Welsh NHS SoC, described as moist wound therapy 
in the study. 

Effectiveness data for TOT and SoC was derived from Niederauer et al. (2018), with data for the 
relative effectiveness of NPWT compared to SoC derived from a study by Blume PA et al. (2008). 
Values for effectives of NPWT compared to SoC were then assumed to be applicable to the SoC 
arm of the Niederauer et al. (2018) study. The benefit of TOT therapy was assumed to occur within 
the initial 12 weeks, with any long-term benefits being due to wound closure in the initial period 
rather than long-term treatment efficacy. 

Results of the analysis found that when compared with either NPWT or SoC, TOT is deemed to be 
a dominant treatment strategy. This means that treating patients with TOT provides greater 
health-related quality of life, whilst also being the cheaper treatment option. When compared 
with SoC and NPWT, TOT was found to be associated with 5-year cost savings of $1,860 and $4,800 
and provide an additional 0.054 and 0.025 quality adjusted life years (QALYs), respectively. 
Probabilistic sensitivity analysis (PSA) showed that results of the analysis when compared to 
NPWT were robust, with 79% of the 5,000 iterations resulting in TOT being the dominant strategy. 
87% of the iterations showed TOT to be the cheaper treatment option, and 90% of iterations 
demonstrated that TOT would be associated with an increase in QALYs. 

A major limitation of this study in relation to our research question is that the main comparator 
is not SoC. Although scenario results are presented which compare TOT to SoC, no further 
sensitivity analysis is provided to ensure robustness of results when SoC is the comparator. Also, 
the lack of long-term outcomes data for chronic DFUs meant that the analysis only considered a 
5-year time horizon, rather than a lifetime.  
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Table 4. Summary of included health economic studies: Chan & Campbell (2020) 

Study details Study population and 
design  

Data sources Results Quality assessment 

Author and year:  
(Chan & Campbell 2020) 
 
Country: 
Canada 
 
Type of economic analysis: 
Cost-utility analysis 
 
Perspective: 
Ontario Ministry of Health 
and Ministry of Long-Term 
Care 
 
Currency: 
Canadian dollars but 
converted to US dollars for 
results 
 
Price year: 
2019 
 
Time horizon:  
5 years 
 
Discounting:  
1.5% 
 
Potential conflict of 
interest:  
Funding for the economic 
analysis was provided by 
EO2 Concepts Inc. as an 
unrestricted grant. KC is a 
paid consultant for EO2 
Concepts Inc. 

Population 
Individuals with hard to heal 
DFUs classified as a Grade IA 
according to the University of 
Texas staging system for 
DFU. The cohort is similar to 
those participating in the 
pivotal CDO trial (Niederauer 
et al.). Ulcer may have been 
present for more than 1 
month but less than 1 year. 
 
Interventions  
CDO through compact, 
wearable oxygen units that 
continuously provide oxygen 
to the wound. 
 
Comparator 
NPWT, standard wound 
cleansing, moist wound 
therapy and off-loading. 
 
Study design 
Cost-utility analysis using a 
microsimulation model with 
6 health states: healed from 
an ulcer, DFU, minor lower leg 
amputation, major lower leg 
amputation, infected ulcer 
and death. 

Source of baseline and effectiveness 
data: 
Initial distribution across health states 
determined by Niederauer et al. 
CDO efficacy from Niederauer et al. 
NPWT efficacy was based on the 
percentage ulcer healing at 16 weeks 
for the intent-to-treat cohort relative to 
standard of care (SoC) reported in 
Blume et al. with the calculated relative 
difference in ulcer healed multiplied by 
the number of individuals healed in the 
SoC arm of Niederauer et al. to get an 
estimate of the healing rate for NPWT. 
Transition probabilities based on 
published literature. 
No benefit of CDO after 12 weeks and 
individuals who have not healed switch 
to SoC. 
 
Source of resource use and cost data: 
Cost of CDO based on the 
manufacturers reported estimate. 
Treatment costs include weekly 
physician visits for debridement 
sourced from the Ontario Physician 
schedule of benefits, and nurse costs 
sourced from Wodchis et al. (2012) 
NPWT intervention cost were extracted 
from results published by CADTH. 
Long term age and sex-adjusted cost of 
health care based on data from an 
Ontario diabetes population cohort. 
Additional costs of health care 
associated with DFUs was extracted 
from observations of the mean 

Base case results 
Costs 
CDO - $78,500 
NPWT - $83,300 
Incremental -$4,800 
 
QALYs 
CDO – 3.650 
NPWT – 3.625 
Incremental – 0.025 
 
ICER (cost per QALY) 
Dominated 
 
Scenario analysis 
A variety of scenario 
analyses performed 
including comparing CDO to 
SoC. All resulted in a lower 
cost. Most resulted in an 
increase in QALYs. Those 
scenarios where CDO had 
lower costs, but worse 
outcomes were: 
Alternative NPWT healing 
outcomes 
Healing outcomes for 
subgroup with baseline 
ulcer size 1.5 – 2.15 cm2. 
 
Sensitivity analysis 
PSA of 5,000 iterations 
showed 87% of simulations 
having negative 
incremental cost and 90%of 

Applicability 
Partially applicable – correct 
intervention however not a UK 
setting. 
 
Limitations 
Assumed that Blume et al. and 
Niederauer et al. were similar in 
terms of patient characteristics, 
however, they were differing 
studies with different patient 
populations. 
 
Lack of direct comparison 
between CDO and NPWT – 
analysis not based off RCT. 
 
NPWT generally used for 
patients with complex wounds 
that may be larger and more 
severe than those recruited in 
the CDO trial. 
 
CDO trial only included chronic 
wounds, but it is not known if 
this is the case in the NPWT trial. 
 
Lack of long-term outcomes 
data in the chronic DFU 
population and so analysis was 
limited to a maximum of 10 
years in sensitivity analysis. 
 
Not all model inputs were 
specific to Canada. 
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Study details Study population and 
design  

Data sources Results Quality assessment 

expenditure ratio of individuals with 
DFU compared to without. 
 
Source of quality-of-life data: 
Utility values for each health state in 
the model were collected from the 
results of a study by Redekop and 
colleagues. (2004) 

simulations having positive 
incremental QALYs. 
79% of simulations resulted 
in dominance for CDO. 

Quality of life estimates were 
from published literature rather 
than using EQ-5D or similar in 
the trial itself. 

Abbreviations: CDO: continuous oxygen delivery; DFU: diabetic foot ulcer; ICER: incremental cost-effectiveness ratio; NPWT: negative pressure wound therapy; PSA: probabilistic 
sensitivity analysis; QALY: quality adjusted life year; RCT: randomised controlled trial; SoC: standard of care. 
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 HTW cost utility analysis 

As there was a lack of applicable published evidence on the cost effectiveness of continuous 
delivery of TOT for the treatment of chronic, non-healing DFUs, HTW developed an economic 
analysis to estimate cost effectiveness compared to SoC. The model replicated the cost-
effectiveness model structure built by Chan & Campbell (2020) updating the analysis to reflect 
the UK NHS and personal social services (PSS) perspective and was extended to a lifetime horizon 
(50 years). Costs used in the analysis were inflated to 2020 GBP (£) where necessary, future costs 
and benefits were discounted at an annual rate of 3.5%. 

Unlike the patient level simulation approach taken by Chan & Campbell (2020), the HTW model 
used a Markov structure with a one-month cycle length to track the progression of patients 
through six health states over a lifetime. Modelled health states were: 

• Healed ulcer 
• DFU 
• Infected ulcer 
• Minor lower leg amputation 
• Major lower leg amputation 
• Death 

Patients who had an amputation event were subject to an annual risk of re-amputation. Minor 
re-amputation can include the amputation of another toe, whilst major re-amputation would 
involve the amputation of the other limb. Patients were assumed to receive treatment in the 12 
weeks prior to model initiation, the efficacy of which determined the proportion of the modelled 
cohort initiating in the “healed ulcer” or “DFU” health states. The following two treatment 
strategies were included: 

1. Continuous delivery of TOT in addition to SoC 
2. SoC alone 

Treatment is assumed to be given to patients in the 12-week period prior to model initiation, with 
the wound response rate determining patients’ distribution across the “Healed ulcer” and “DFU” 
health states at baseline. Patients have a monthly probability of transitioning to different health 
states throughout their lifetime. Each health state in the model is associated with an annual cost 
and utility value, which is accrued for the duration of time that patients remain in the health 
state. Mortality for the general population is derived using published life tables for Wales (Office 
for National Statistics 2021), adjusted for the increased risk of mortality for people with diabetes 
at different ages, and the increased risk per health state. 

Full details of the methods and results are available in Appendix 8. 

The results of the base case analysis are presented in Table 5. The results show that using 
continuous TOT in addition to SoC is expected to reduce costs by £211 per patient and provide an 
additional 0.17 quality adjusted life years compared to SoC alone. This means that TOT is a 
dominant treatment strategy as it provides greater benefit at a lower cost. 

In addition, to demonstrate the upfront costs if all eligible patients in Wales were to be treated 
with chronic TOT in addition to SoC rather than SoC alone, a budget impact analysis was 
conducted using prevalence rates across Wales. The analysis demonstrated that an increase in 
costs is likely for the initial 2 years, with cost savings being realised over the following 3 years. 
The 5-year budget impact associated with treating all eligible patients with continuous TOT in 
addition to SoC rather than SoC alone is -£8,637. 
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Table 5. Base case cost-utility analysis results 

 Continuous TOT SoC Incremental 

Total QALYs 7.89 7,72 0.17 

Total life years 10.75 10.59 0.17 

Total costs £35,786 £35,997 -£211 

ICER   Dominant 

Abbreviations: ICER: incremental cost-effectiveness ratio; TOT: topical oxygen therapy; QALY: quality-adjusted life-
year; SoC: standard of care 

 

6.2.1 Sensitivity analysis 

Base case results were robust in probabilistic and deterministic sensitivity analyses, as well as 
scenario analyses. Deterministic analysis showed that continuous TOT is only likely to be non-
dominant when the comparative efficacy of continuous TOT to SoC is altered, the proportion of 
patients whose wound remains healed following treatment is decreased or patients baseline age 
is increased. In all cases, however, continuous TOT is still a cost-effective strategy. Results of the 
PSA also indicated that the strategy is likely to be cost-effective compared to SoC alone with a 
probability of 95.36% at a willingness-to-pay threshold of £20,000 per QALY. 

Scenario analyses were conducted to characterise the uncertainty of various modelling 
assumptions. The only scenario where continuous TOT was not a cost-effective treatment option 
was when the efficacy of continuous TOT and SoC was assumed equivalent, as was found in the 
treatment of Grade I ulcers in a study by Yu et al. (2016). This is due to higher costs being accrued 
in patients receiving continuous TOT whilst achieving equivalent outcomes.  

As the deterministic sensitivity analysis highlighted that the efficacy of continuous TOT was one 
of the most influential parameters in the model, a threshold analysis was conducted to assess 
the level at which continuous TOT in addition to SoC would no longer be considered a cost-
effective strategy. Proportions of wounds healed of 29% up to 50% were tested in the threshold 
analysis, with continuous TOT becoming a cost-effective treatment strategy when it is expected 
to heal 32% of wounds and dominated when it is expected to heal 40% of wounds.  

 

7. Organisational considerations 

Experts contacted by HTW stated that careful consideration should be taken to ensure that best 
practice treatment and rigorous patient assessment is undertaken prior to treatment 
instigation with continuous TOT.  Clear guidance should be established on when to start and 
when to stop using the device. Experts suggested that a range of health and social care 
professionals would need be trained to deliver shared care to the patient (who would also need 
to be trained).  

Experts noted treatment should fit in with national pathways to ensure appropriate use (for 
example, the All Wales DFU pathway and standards). They suggested that clear guidance is 
needed when considering secondary dressings to secure the device in place, and that the oxygen 
distribution system of the continuous TOT device should be changed each time the outer 
absorbent dressing is changed (which may be daily for some people). Experts noted that there 
may be issues faced in continuity of treatment between primary and secondary settings, 
especially around sources of funding for treatment within primary care. They stated that there 
can be disparity between payment of treatment between acute and primary care, resulting in 
issues for funding this device, depending on who commences the treatment.  
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In addition, experts commented that the following should be factored into the purchasing, 
servicing and maintaining of continuous TOT equipment: 

• Storage and tracking of each loaned continuous TOT device. 
• Loss or damage of the loaned pump, batteries or chargers: clear pathways should be in 

place to prevent misuse. 
• Procurement and potential supply issues of the oxygen delivery systems. 

The collection of national patient-reported outcome measures, patient-reported experience 
measures and wound-related outcome data was advised by experts, to contribute to the body of 
evidence already available. 

 

8. Patient, carer and family considerations 

Continuous TOT devices are portable and lightweight, meaning they can be used at home and 
whilst carrying out everyday activities. They can be worn under clothing during the day, and 
positioned for use at night. Patients can be taught how to apply the device and deal with issues 
such as changing the battery themselves (Cullen et al. 2018). Experts noted that self-
management is particularly beneficial in light of the COVID-19 situation and impact on NHS 
services.  

Studies by Hayes et al. (2017) and Kaufman et al. (2018), reported in section 5.1.10 (Patient 
satisfaction) and Appendix 1 of this EAR, respectively, suggest that continuous TOT has been well-
tolerated by patients, with high levels of satisfaction and adherence reported with their 
treatment. Experts contacted by HTW stated that patient concordance with the device will have 
an impact on wound healing and recurrence. 

The NICE MIB included comments from experts, who stated that whilst there are benefits to 
continuous TOT, some people may not be confident charging or wearing the continuous TOT 
device, and there may be an issue identifying patients that could manage it (NICE 2020). Experts 
contacted by HTW stated that continuous TOT should only be used in people who are willing to 
and have the physical and mental capacity to: replace batteries regularly, charge the device 
(people with dexterity issues may struggle with this), check functionality (e.g. whether tubes are 
kinked) and also look after and return the device.  

They noted that continuous TOT might not be suitable for people that require interactive wound 
dressings, such as those to reduce bacterial bio-burden; those that require ongoing debridement 
of non-viable tissue; people with completely necrotic wounds; or people who cannot tolerate 
adhesive dressings/tape to secure the outer dressing and help retain the oxygen delivered. Some 
experts noted that plantar ulcers may be more difficult to manage with continuous TOT due to 
the location of the wound, and that the potential for pressure damage of the TOT device and 
tubing should be considered in those with offloading devices. 

 

9. Conclusion 

There appeared to be improvements across outcomes for DFUs, usually over a period of up to 12-
weeks of continuous TOT-use, but up to one-year for some outcomes. However, the evidence we 
identified varied according to DFU aetiology, DFU grade, duration of continuous TOT treatment 
and follow-up times, duration of SoC prior to study, and type of SoC.  
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• K McDermott – project management 
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12. Evidence review methods 

We searched for evidence that could be used to answer the review question: what is the clinical 
and cost effectiveness of continuous topical oxygen therapy (TOT) in addition to standard of care 
(SOC) for the treatment of chronic non-healing and complex wounds in comparison to SOC alone?  

However, the majority of the clinical- and cost-effectiveness evidence, and the evidence of the 
highest certainty, we identified was for DFUs: we have therefore focused on this wound type and 
only reported DFU outcomes in the main body of this Evidence Appraisal Report (EAR). Appendix 
1 reports evidence for wounds of other aetiologies (venous ulcers, pressure ulcers, arterial 
wounds, burns, post-trauma wounds and postoperative wounds) and evidence that included 
DFUs with other wounds. 

The criteria used to select evidence for the appraisal are outlined in Appendix 2. These criteria 
were developed following comments from the Health Technology Wales (HTW) Assessment Group 
and UK experts. 

The systematic search followed HTW’s standard rapid review methodology. A search was 
undertaken of Medline, Embase, CINAHL, Cochrane Library, the International Network of Agencies 
for Health Technology Assessment (INAHTA) HTA database, Scopus, KSR Evidence & 
Epistemonikos. Additionally, searches were conducted of key websites and clinical trials 
registries. 

The searches were conducted between 12 to 14 April 2022 and were updated on 5 August 2022. 
Appendix 3 gives details of the search strategy used for MEDLINE. Search strategies for other 
databases are available on request.  

Appendix 4 (the PRISMA diagram) summarises the selection of articles for inclusion in the review. 
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Appendix 1.  Clinical outcomes for venous ulcers and wounds of multiple 
aetiologies 

For wounds other than DFUs, no systematic reviews were available, but we identified several 
primary studies. An RCT by Altinbas & Sahsivar (2022) was included, which reported on complete 
wound healing and wound size reduction in 64 adults with lower extremity chronic venous ulcers 
due to deep venous insufficiency, compared to SoC alone.  

A retrospective study by Kaufman et al. (2021) was included, which reported wound healing, 
including complete healing, separated according to wound type in in 200 participants with: 
venous leg ulcers (49.5% of participants), arterial wounds, DFUs, ‘other’ wounds and pressure 
ulcers. This paper does not report the characteristics of the ‘other’ wound aetiologies but an 
interim paper, by Kaufman et al. (2018), reports that the ‘other’ wound types included burns, post-
trauma and postoperative wounds. The study also reported reduction in wound size in venous 
leg ulcers, depending on treatment time with continuous TOT (Kaufman et al. 2021). Whilst the 
study results for Kaufman et al. (2018) aren’t generally reported in this EAR, as they were interim 
to the study by Kaufman et al. (2021), which is reported in this EAR, we used device adherence 
rates from the interim study in this EAR (Kaufman et al. 2018). 

There appeared to be improvements across outcomes for venous ulcers and wounds of multiple 
aetiologies. The outcome with the most participants for all wound types was the number of 
wounds with complete wound healing after continuous TOT. This outcome significantly improved 
with continuous TOT in wounds of multiple aetiologies, and a retrospective observational study 
of 200 participants reported that continuous TOT was most effective at healing venous leg ulcers 
compared to other wounds, including DFUs. Continuous TOT in combination with SoC reduced 
wound size compared to SoC alone in venous ulcers. Evidence suggests that continuous TOT 
devices are well tolerated by patients in people with wounds of multiple aetiologies.  

Experts contacted by HTW stated that NATROX had been used on wounds of multiple aetiologies 
in small-scale evaluations in Wales.   

Table 1 summarises the evidence found for each clinical outcome; Table 2 reports clinical 
outcomes of all studies investigating venous ulcers only; Table 3 reports clinical outcomes of all 
studies investigating multiple wound aetiologies; Appendix 5 (Tables 2 and 3) report all study 
designs and characteristics for primary evidence. Appendix 6 reports the characteristics of the 
continuous TOT devices we identified. Appendix 7 (Tables 1 to 3) describe the different 
classification systems used to grade wounds and some of the clinical outcomes
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Table 1. Summary of venous ulcers and multiple wound aetiology outcomes measured, and sources of clinical evidence used 

Outcome (report section) Comparison Study design(s) Follow-up period 

Complete wound healing 
(section 1.0) 

Venous 
ulcers alone 

SoC: debridement and antibiotic 
therapy, if necessary, venotonic drugs, 
lower extremity elevation and 
compression socks 

1 RCT of 64 adults (Altinbas & Sahsivar 
2022) 
 
Device used: NR 

45 days 
(measurements 
taken at baseline, 15 
days, 30 days, 45 
days) 

Multiple 
aetiologies1 

No comparator 

1 retrospective observational study of 
200 participants (Kaufman et al. 2021) 
 
Device used: NATROX 

< 25 days or > 25 
days 

Wound area (section 2.0) 
Venous 
ulcers alone 

SoC: debridement and antibiotic 
therapy, if necessary, venotonic drugs, 
lower extremity elevation and 
compression socks 

1 RCT of 64 adults (Altinbas & Sahsivar 
2022) 
 
Device used: NR 

45 days 
(measurements 
taken at baseline, 15 
days, 30 days, 45 
days) 

Time to wound closure (section 
3.0) 

Multiple 
aetiologies1 

No comparator 

1 retrospective observational study of 
200 participants (Kaufman et al. 2021) 
 
Device used: NATROX 

 < 25 days or > 25 
days 

Patient satisfaction (section 
4.0)  

Multiple 
aetiologies1 

No comparator 

1 observational study of 100 people 
(Kaufman et al. 2018) 
 
Device used: NATROX 

 < 25 days or > 25 
days 

Subgroup analysis wound 
healing by wound type (section 
5.0) 

Multiple 
aetiologies1 

No comparator 

1 retrospective observational study of 
200 participants (Kaufman et al. 2021) 
 
Device used: NATROX 

< 25 days or > 25 
days 

Quality of life No evidence found 
Need for further treatment  No evidence found 
Length of hospital stay No evidence found 
Outpatient service utilisation No evidence found 
1Multiple aetiologies: venous wounds, arterial wounds, DFUs, ‘other’ wounds, pressure ulcers 
 
Abbreviations: DFUs: diabetic foot ulcers; MWT: moist wound therapy; n: number of participants in study; NR: not reported; SoC: standard of care 
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1.0 Complete wound healing 

1.1 Venous ulcers (Table 2) 

Primary evidence  

An RCT by Altinbas & Sahsivar (2022) compared continuous TOT plus SoC in 64 adults with lower 
extremity chronic venous ulcers due to deep venous insufficiency, to SoC alone. The number of 
completely healed ulcers was 28 out of 32 in the continuous TOT group and one out of 32 in the 
control group (p < 0.001) (Altinbas & Sahsivar 2022). 

1.2 Multiple wound types (Table 3) 

Primary evidence 

Data from the retrospective observational study by Kaufman et al. (2021) of 200 people with 
wounds of various aetiologies came from a health database in Israel: 49.5% of participants had 
venous ulcers, 16% had arterial ulcers, 15.5% had DFUs, 12.5% had ‘other’ wound aetiologies and 
6.5% had pressure ulcers. This paper does not report the characteristics of the ‘other’ wound 
aetiologies but an interim paper, by Kaufman et al. (2018), reports that the ‘other’ wound types 
included burns, post-trauma and postoperative wounds. All included patients had been 
previously treated with SoC but their wounds had failed to heal, with wounds being open for an 
average of 10.7 ± 15.7 months prior to study initiation. Continuous TOT resulted in more than 90% 
healing in: 34% of venous wounds, 31% of pressure ulcers, 26% of DFUs, 20% of ‘other’ wounds and 
16% of arterial wounds. The study reported that full wound closure was obtained in 33% of long-
term chronic venous leg ulcers treated with continuous TOT plus SoC for more than 25 days, 
versus 14% of wounds treated for less than 25 days (Kaufman et al. 2021). Due to the observational 
nature of the study, it is unclear what proportion of wounds would not have resolved in the 
absence of continuous TOT.  

 

2.0 Wound area 

2.1 Venous ulcers (Table 2) 

Primary evidence  

An RCT by Altinbas & Sahsivar (2022) compared continuous TOT plus SoC in 64 adults with lower 
extremity chronic venous ulcers due to deep venous insufficiency, with SoC alone. The results of 
repeated wound area measurements on the 15th day (21.45±4.24 centimetres2 [cm2]), 30th day 
(13.21±2.64 cm2) and 45th day (4.41±2.21cm2) showed a statistically significant decrease in the 
continuous TOT group (p = 0.001). The wound area did not differ significantly in the control group 
over the 45 days (p = 0.17), with a wound area of 27.75±13.42 cm2 on the 15th day, 26.84±13.74 cm2 
on the 30th day and 27.41±13.42 cm2 on the 45th day. Moreover, the total mean of wound area in the 
continuous TOT group (6.72±3.35 cm2) was significantly lower than the control group (27.72±14.66 
cm2) (p = 0.001). It is unclear whether this is the total mean across the follow-up period or at a 
specific follow-up time. 

2.2 Multiple wound types (Table 3) 

Primary evidence 

Data from the retrospective observational study by Kaufman et al. (2021) of 200 people with 
wounds of various aetiologies came from a health database in Israel: 49.5% of participants had 
venous ulcers, 16% had arterial ulcers, 15.5% had DFUs, 12.5% had ‘other’ wound aetiologies and 
6.5% had pressure ulcers. The interim paper by Kaufman et al. (2018) reports that some of the 
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‘other’ wound types included burns, post-trauma and postoperative wounds. All included 
patients had been previously treated with SoC but their wounds had failed to heal, with wounds 
being open for an average of 10.7 ± 15.7 months prior to study initiation. Venous leg ulcers treated 
for more than 25 days achieved an average reduction in area of 67.9% (±35.3%), almost double 
the reduction in area seen in venous leg ulcers treated for less than 25 days (36.6% ± 36.4%). It is 
unclear what proportion of wounds would not have resolved in the absence of continuous TOT. 

 

3.0 Time taken for wound healing 

3.1 Multiple wound types (Table 3) 

Primary evidence 

Data from the retrospective observational study by Kaufman et al. (2021) of 200 people with 
wounds of various aetiologies came from a health database in Israel: 49.5% of participants had 
venous ulcers, 16% had arterial ulcers, 15.5% had DFUs, 12.5% had ‘other’ wound aetiologies and 
6.5% had pressure ulcers. The interim paper by Kaufman et al. (2018) reports that some of the 
‘other’ wound types included burns, post-trauma and postoperative wounds. All included 
patients had been previously treated with SoC but their wounds had failed to heal, with wounds 
being open for an average of 10.7 ± 15.7 months prior to study initiation. Chronic wounds of all 
aetiologies that healed were treated for an average of 46 days (± 30.5 days), significantly longer 
than the 29.3 (± 18.8 days) than unhealed wounds were treated (p = 0.002). It is unclear what 
proportion of wounds would not have resolved in the absence of continuous TOT. 

 

4.0 Patient satisfaction 

4.1 Multiple wound types (Table 3) 

Primary evidence 

A real-world observational study by Kaufman et al. (2018), in 100 people with many different types 
of wounds, reported that the continuous TOT device was well tolerated by the patients; complete 
adherence was achieved in 88% of patients. Of these 100 participants, 48 had VLUs, 27 had arterial 
ulcers, 13 had DFUs, four had post-trauma wounds, three had pressure ulcers, three had post-
operative wounds and two had burns. The study by Kaufman et al. (2018) was interim to the study 
reported in this EAR by Kaufman et al. (2021), so has not been reported on in any detail. The later 
study by Kaufman et al. (2021) does not report adherence rates. 

 

5.0 Subgroup analysis 

5.1 Multiple wound types (Table 3) 

Primary evidence: different levels of healing according to wound type  

Data from the retrospective observational study by Kaufman et al. (2021) of 200 people with 
wounds of various aetiologies came from a health database in Israel: 49.5% of participants had 
VLUs, 16% had arterial ulcers, 15.5% had DFUs, 12.5% had ‘other’ wound aetiologies and 6.5% had 
pressure ulcers. The interim paper by Kaufman et al. (2018) reports that some of the ‘other’ wound 
types included burns, post-trauma and postoperative wounds. All included patients had been 
previously treated with SoC but their wounds had failed to heal, with wounds being open for an 
average of 10.7 ± 15.7 months prior to study initiation. Continuous TOT resulted in more than 90% 
healing in: 34% of venous wounds, 31% of pressure ulcers, 26% of DFUs, 20% of ‘other’ wounds and 
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16% of arterial wounds. Continuous TOT resulted in more than 50% healing in 36% of ‘other’ 
wounds, 32% of DFUs, 25% of venous wounds, 23% of pressure ulcers and 16% of arterial. 
Continuous TOT resulted in less than 10% healing in 44% of arterial wounds, 36% of ‘other’ 
wounds, 23% of DFUs and pressure ulcers, and 18% of venous wounds (Kaufman et al. 2021). It is 
unclear what proportion of wounds would not have resolved in the absence of continuous TOT.
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Table 2. Continuous topical oxygen therapy plus standard of care: outcomes for venous ulcers 

Outcome Evidence 
source(s) 

Population Absolute effect Comments on 
reliability 

Complete 
wound 
healing 
(complete 
epitheliali
sation of 
the wound 
without 
drainage) 

RCT by 
Altinbas & 
Sahsivar 
(2022) 
 
64 adults 
with lower 
extremity 
chronic 
venous 
ulcers due 
to deep 
venous 
insufficien
cy  

Intervention: Continuous transdermal oxygen (3 mL/h) plus SOC (except 
compression socks) 

 
Control: SOC 
 
SOC: debridement and antibiotic therapy, if necessary, venotonic drugs, 
lower extremity elevation and compression socks 

 
Follow-up: 45 days (measurements taken at baseline, 15 days, 30 days, 45 
days) 

Number of people with complete wound 
healing: 
- Continuous TOT: 28/64 (44%) 
- Control group: 1/64 (0.02%) 

p<0.001 
Favours continuous TOT 

- Many more 
males than 
females 
- Those in 
intervention 
group not given 
compression 
socks 

Wound 
size 

RCT by 
Altinbas & 
Sahsivar 
(2022) 
 
64 adults 
with lower 
extremity 
chronic 
venous 
ulcers due 
to deep 
venous 
insufficien
cy  

Intervention: Continuous transdermal oxygen (3 mL/h) plus SOC (except 
compression socks) 

 
Control: SOC 
 
SOC: debridement and antibiotic therapy, if necessary, venotonic drugs, 
lower extremity elevation and compression socks 

 
Follow-up: 45 days (measurements taken at baseline, 15 days, 30 days, 45 
days) 

Wound size (cm2): 
• Baseline  

- Continuous TOT group: 30.82±11.93  
- Control group: 27.73±14.87  
(p = 0.15) 

• Day 15 
- Continuous TOT group: 21.45±4.24  
- Control group: 27.75±13.42  
(p = 0.005) 

• Day 30 
- Continuous TOT group: 13.21±2.64  
- Control group: 26.84±13.74  
(p = 0.003) 

• Day 45 
- Continuous TOT group: 4.41±2.21  
- Control group: 27.41±13.42  

 (p = 0.001) 
• Mean 

- Continuous TOT group: 6.72±3.35  

- Many more 
males than 
females 
- Those in 
intervention 
group not given 
compression 
socks 
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Outcome Evidence 
source(s) 

Population Absolute effect Comments on 
reliability 

- Control group: 27.72±14.66  
( p = 0.001) 
Favours continuous TOT 
 

Change of wound size within group over 
time (baseline to 45-days post-
treatment): 
- Continuous TOT: p = 0.001  
- Control: p = 0.17 
Favours continuous TOT 

Abbreviations: Cm: centimetre; RCT: randomised controlled trial; ml/H: millilitres per hour; SOC: standard of care; TOT: topical oxygen therapy 
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Table 3. Continuous topical oxygen therapy with standard of care: outcomes for multiple wound types 

Outcome Evidence source(s) Population Absolute effect Comments on reliability 

Wound 
healing and 
complete 
wound 
healing 

Retrospective real-
world study by 
Kaufman et al. (2021) 
 
200 adults 

Wound type: venous (n = 99), arterial (n = 
32), DFU (n = 31), ‘other’ (n = 25), pressure 
ulcers (n = 13) 
 
Intervention: continuous TOT plus SOC (SOC 
NR) 
 
All included patients had been previously 
treated with SoC but their wounds had failed 
to heal, with wounds being open for an 
average of 10.7 ± 15.7 months prior to study 
initiation 

Number of wounds healed (> 90% of wound 
closed): 
- Arterial: 16% 
- DFU: 26% 
- Pressure ulcer: 31% 
- Venous: 34% 
- Other: 20% 
Number of wounds healing (>50% of wound 
closed) 
- Arterial: 16% 
- DFU: 32% 
- Pressure ulcer: 23% 
- Venous: 25% 
- Other: 36% 
Number of ‘slow responders’ (wound closed 
< 50% but > 10%): 
- Arterial: 25% 
- DFU: 19% 
- Pressure ulcer: 23% 
- Venous: 22% 
- Other: 8% 
Number of non-responders (wound closed < 
10%): 
- Arterial: 44% 
- DFU: 23% 
- Pressure ulcer: 23% 
- Venous: 18% 
- Other: 36% 

- Heterogeneous in terms of 
wound aetiology, size and 
duration of treatment prior to 
study commencement 
- Sample predominantly 
venous ulcers 
- Generalisability to UK 
uncertain as undertaken in 
Israel 
- SOC NR 

Time to 
wound 
closure 

Retrospective real-
world study by 
Kaufman et al. (2021) 
 
200 adults 

Wound type: venous (n = 99), arterial (n = 
32), DFU (n = 31), ‘other’ (n = 25), pressure 
ulcers (n = 13) 
 
Intervention: continuous TOT plus SOC (SOC 
NR) 
 

- Duration of treatment of healed wounds 
of all aetiologies: 

46 days (± 30.5 days) 
- Duration of treatment of unhealed 
wounds of all aetiologies: 29.3 days (± 18.8 
days) 
p = 0.002 

- Heterogeneous in terms of 
wound aetiology, size and 
duration of treatment prior to 
study commencement 
- Sample predominantly 
venous ulcers 
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Outcome Evidence source(s) Population Absolute effect Comments on reliability 

All included patients had been previously 
treated with SoC but their wounds had failed 
to heal, with wounds being open for an 
average of 10.7 ± 15.7 months prior to study 
initiation 

Favours longer treatment of continuous 
TOT 

- Generalisability to UK 
uncertain as undertaken in 
Israel 
- SOC NR 

Wound size Retrospective real-
world study by 
Kaufman et al. (2021) 
 
200 adults 

Wound type: venous (n = 99), arterial (n = 
32), DFU (n = 31), ‘other’ (n = 25), pressure 
ulcers (n = 13) 
 
Intervention: continuous TOT plus SOC (SOC 
NR) 
 
All included patients had been previously 
treated with SoC but their wounds had failed 
to heal, with wounds being open for an 
average of 10.7 ± 15.7 months prior to study 
initiation 

Average reduction in wound area  for VLUs 
treated with continuous TOT plus SOC: 
- Treatment duration >25 days: 67.9% 
(±35.3%) 
- Treatment duration <25 days: (36.6% ± 
36.4%) 

- Outcome only reported for 
VLUs 
- Heterogeneous in terms of 
wound aetiology, size and 
duration of treatment prior to 
study commencement 
- Sample predominantly 
venous ulcers 
- Generalisability to UK 
uncertain as undertaken in 
Israel 
- SOC NR 

Abbreviations: DFU: diabetic foot ulcer; IDSA: Infectious Diseases Society of America; ITT: intention-to-treat; n: number of participants: NPRS: Numeric Pain Rating Scale; NR: not 
reported; PP: per protocol; RCT: randomised controlled trial; SD: standard deviation; SOC: standard of care; TOT: topical oxygen therapy; VAS: Visual Analogue Scale; VLU: venous leg 
ulcer 
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Appendix 2. Inclusion and exclusion criteria for evidence included in the review 

 Inclusion criteria Exclusion criteria 

Population 

People with chronic, non-healing and complex wounds. These wounds 
include, but are not limited to: 

• Diabetic foot ulcers 
• Venous leg ulcers 

• Arterial ulcers 

People with acute wounds 

Intervention 
Continuous topical oxygen wound therapy in addition to standard care.  
 
NATROX has been identified to us by the topic proposer. 

Continuous TOT in combination with therapies that are not standard care 
in Wales 
 
Devices that do not provide a continuous flow of oxygen 

Comparison/ 
Comparators 

Standard care alone, which in general is cleaning and dressing the wound. However, standard care is dependent on wound type.  
The topic proposer notes the following comparators for each wound type: 

• Diabetic foot ulcers: offloading, regular debridement, standard and advanced dressings. 
• Venous leg ulcers: compression therapy, and standard and advanced dressings. 

Arterial ulcers: revascularisation, and standard and advanced dressings. 

Outcome 
measures 

• Wound reduction (in size and time taken to reduce) 
• Wound recurrence or exacerbation 
• Need for further treatment  
• Length of hospital stay 
• Number of appointments needed to attend (GP/home visits/outpatient) 
• Risk of amputation 
• Risk of infection 
• Mortality 
• Safety 
• Quality of life/patient satisfaction 
• Compliance 
• Cost 
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Study design 

We will prioritise the following study types, in the order listed: 
• Systematic reviews of randomised controlled trials. 
• Randomised controlled trials. 
• Non-randomised comparative trials. 
• Single-arm (no control group) trials that report any relevant outcome. 
 
We will only include evidence from “lower priority” sources where this is not reported by a “higher priority” source. This could be because higher 
priority evidence: 

• Does not cover all relevant populations 
• Does not compare the technology of interest to all relevant comparators 
• Does not cover all outcomes of interest 
• Reports over short-term follow up periods, and longer follow up data is required to facilitate decision making. 

 
Where relevant and well-conducted systematic reviews exist we will use these by: 

• Reporting or adapting their reported outcome measures where these are fully relevant to the scope of our review, and appropriate 
synthesis methods have been used 

• Using these reviews as a source of potentially relevant studies where the review cannot be used as a source of outcome data 

We will prioritise systematic reviews in terms of the sources of evidence they include, using the order described above. 
Search 
limits 

No date limits apply 

Other factors 

Where the evidence allows, we will report outcomes separately according to: 

• Type of wound (e.g. diabetic foot ulcer, venous leg ulcer, arterial ulcer [not limited to these]) 
• Grade of ulcer  

• Continuous TOT alone or in combination with different types of standard care 
 
We will focus on adults but include evidence for children if available 

 

After reviewing the evidence, it was decided to report outcomes for DFUs separately to other wound aetiologies, as DFUs had the most clinical- and 
cost-effectiveness evidence, and the evidence with the highest certainty. Appendix 1 reports evidence for wounds of other aetiologies (venous ulcers, 
pressure ulcers, arterial wounds, burns, post-trauma wounds and postoperative wounds) and evidence that included DFUs with other wounds.
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Appendix 3. MEDLINE search strategy  

Ovid MEDLINE(R) ALL 1946 to August 04, 2022 
1 Diabetic Foot/ 10613 
2 Foot Ulcer/ 2025 
3 DFU.tw,kf. 1504 
4 (diabet* adj6 (ulcer* or wound*)).tw,kf. 13329 

5 Varicose Ulcer/ 5216 
6 Leg Ulcer/ 8805 
7 ((venous or varicose or arterial or leg or legs) adj2 (ulcer* or wound*)).tw,kf. 11548 
8 Skin Ulcer/ 9267 
9 Pressure Ulcer/ 13282 
10 ((skin or pressure) adj2 (ulcer* or wound*)).tw,kf. 25424 

11 (pressure adj2 sore*).tw,kf. 3285 
12 "Wounds and Injuries"/ 80888 
13 Wound Healing/ 103149 

14 
((chronic* or non-heal* or nonheal* or tough or poorly heal* or painful or hard-to-heal or 
traumatic* or acute or complex) adj2 (ulcer* or wound*)).tw,kf. 

26593 

15 ((wound or ulcer*) adj3 (heal* or treat*)).tw,kf. 115858 
16 or/1-15 308623 
17 Administration, Topical/ 40271 
18 Administration, Cutaneous/ 24085 
19 exp Bandages/ 27586 

20 exp Gels/ 62953 
21 exp Oxygen/ 195175 
22 (17 or 18 or 19 or 20) and 21 835 
23 *Oxygen/ 75743 
24 exp Oxygen/tu 4239 
25 Oxygen Saturation/ 496 

26 Hydrogels/tu 773 
27 Hydrogel, Polyethylene Glycol Dimethacrylate/tu 244 

28 
((topical* or dermal or transdermal* or cutaneous or transcutaneous or skin or local* or 
continuous or supplement* or reactive) adj3 (oxygen or o2 or h?emoglobin*) adj3 
(therap* or treat* or wound* or ulcer*)).tw,kf. 

2483 

29 
(((dressing* or bandage*) and (oxygen or o2 or h?emoglobin*)) adj3 (therap* or 
treat*)).tw,kf. 

326 

30 ((topical* or transdermal* or local* or sustain*) adj2 (oxygen or o2)).tw,kf. 1789 

31 ((oxygen or o2 or h?emoglobin*) adj3 (spray or gel)).tw,kf. 274 
32 ((oxygen* or o2) adj2 ozone* adj2 therap*).tw,kf. 122 
33 (hydrogel* adj3 (dressing* or bandage*)).tw,kf. 785 
34 ((adhesive* or bioadhesive*) adj3 hydrogel*).tw,kf. 726 
35 or/22-34 85067 
36 16 and 35 2302 

37 Oxygen/ 174095 
38 ((oxygen or o2) adj2 (therap* or treat*)).tw,kf. 19945 
39 Diabetic Foot/th 3217 
40 Foot Ulcer/th 431 
41 Varicose Ulcer/th 1920 
42 Leg Ulcer/th 2178 

43 Skin Ulcer/th 1456 
44 Pressure Ulcer/th 2142 
45 "Wounds and Injuries"/th 15960 
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46 39 or 40 or 41 or 42 or 43 or 44 or 45 25916 
47 37 or 38 189379 
48 46 and 47 646 

49 36 or 48 2729 
50 (topical oxygen adj3 (therap* or treat*)).ti. 46 
51 (Natrox* or Surgihoney* or Intrasite* Gel* or ActiFormCool* or TWO2* or Granulox).tw,kf. 97 
52 or/49-51 2795 
53 limit 52 to english language 2568 
54 Letter/ 1189409 

55 Editorial/ 614032 
56 News/ 213663 
57 exp Historical Article/ 408705 
58 Anecdotes as Topic/ 4746 
59 Comment/ 974141 
60 Case Reports/ 2284165 

61 (letter or comment*).ti. 179424 
62 or/54-61 4786463 
63 Randomized Controlled Trial/ or random*.ti,ab. 1468725 
64 62 not 63 4755734 
65 exp Animals/ not Humans/ 5034595 
66 exp Animals, Laboratory/ 942414 

67 exp Animal Experimentation/ 10207 
68 exp Models, Animal/ 631573 
69 exp Rodentia/ 3474615 
70 (rat or rats or mouse or mice).ti. 1407778 
71 or/64-70 10644287 
72 53 not 71 1703 
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Appendix 4. Flow diagram outlining selection of relevant evidence sources 

PRISMA diagram for selection of clinical papers 
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Additional records identified through 
other sources  

(n = 0) 

Records after duplicates removed 
(n = 2,800) 

Records screened  
(n = 2,800) 

Records excluded  
(n = 2,700) 

Full-text articles assessed 
for eligibility  

(n = 100) 

Papers included in Evidence Appraisal 
Report (n= 9)  

• Systematic reviews on DFUs (n = 2) 
• RCTs of DFUs (n = 3) 
• RCTs of multiple wound types (n = 1) 
• Observational (multiple wound 

types) (n = 2) 
• Economic (DFU) (n = 1) 

Full-text articles excluded, 
with reasons (n = 91) 

• Intervention not relevant 
(n = 58) 

• Outcome not relevant (n 
= 26) 

• Study design not 
relevant (n = 7) 
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PRISMA diagram for selection of economic papers 
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through other sources  

(n = 0) 

Records after duplicates removed  
(n = 2,800) 

Records screened  
(n = 2,800) 

Records excluded  
(n = 2,700)  

Full-text articles assessed 
for eligibility  

(n = 40) 

Papers included in Evidence 
Appraisal Report (n= 1)  

Cost-utility analysis 

Full-text articles excluded, with 
reasons (n = 39) 

Limited or no economic data (n 
= 16) 

Not relevant intervention (n = 
13) 

Conference abstract (n = 5) 
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Appendix 5. Full sources of evidence and outcome data for all wound types 

Table 1. Included systematic reviews: design and characteristics 

Review Design, 
search period 

Eligibility 
criteria 

Trial/patient characteristics Outcomes 
measured 

Comments 

Connaghan et 
al. (2021) 

SR of 2 RCTs 
(Driver et al. 
2017, 
Niederauer et 
al. 2017); 1 
retrospective 
observational 
study (Kemp 
& Hermans 
2011); and 1 
observational 
pilot study 
(Hayes et al. 
2017) 
 
Search dates: 
NR 

Adults with 
DFUs 

Intervention:  
SOC plus continuous TOT:  
- 1 study used TransCu O2 System (Niederauer et al. 2017),  
- 1 study used EPIFLO oxygen generators (Driver et al. 2017),  
- 1 study used NATROX (Hayes et al. 2017),  
- 1 did not report device, and only said it was a continuous 
transdermal oxygen device (Kemp & Hermans 2011) 

 
Control: 
- 1 RCT used SOC plus sham (Niederauer et al. 2017);  
- 1 RCT used SOC without sham (Driver et al. 2017) 

 
SOC: MWT (wound cleansing, moist wound care) offloading 
and, as appropriate, aggressive debridement (Niederauer et 
al. 2017). Hydrocolloid or alginate and foam dressing. Study 
participants with plantar ulcers received offloading boots 
(Driver et al. 2017). SOC for other 2 studies NR in this SR. 
 
Follow-up time: 
- 8-weeks (Hayes 2017) 
- 12-weeks (Driver et al. 2017, Niederauer et al. 2017) 

NR (Kemp & Hermans 2011) 
 
Study location: 
- USA (Driver et al. 2017, Niederauer et al. 2017) 
- Canada (Kemp & Hermans 2011) 
- Multinational study in UK (Hayes et al. 2017) 

Primary 
outcome: 

- Number of 
wounds that 
gained wound 
closure or 
reduced wound 
circumference  

Secondary 
outcomes: 

- Healing rates 
- Recurrence 
rates 
- Pain 
- Device 
satisfaction 

- Primary wound healing 
outcome not reported in this 
EAR as results from MA by 
Thanigaimani et al. (2021) 
used instead 
- Not all studies in the SR 
were included in this EAR as 
some of them did not use 
continuous TOT. 
- Authors used the evidence-
based librarianship quality 
appraisal. Only 2 of the 
studies for this outcome 
were deemed valid (the 2 
RCTs) 
- SoC was not described for 
the studies. Description of 
SoC for 2 of the studies was 
taken from MA by 
Thanigaimani et al. (2021) 
(Driver et al. 2017, Niederauer 
et al. 2017) 
- Many patient 
characteristics not 
described in SR 
- 1 of studies conducted in 
UK (pilot study) 
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Review Design, 
search period 

Eligibility 
criteria 

Trial/patient characteristics Outcomes 
measured 

Comments 

Thanigaimani 
et al. (2021) 

MA and SR of 6 
RCTs, 530 
participants 
(Driver et al. 
2017, Driver et 
al. 2013, 
Frykberg et al. 
2020, 
Niederauer et 
al. 2017, 
Niederauer et 
al. 2018, Yu et 
al. 2016) 
 
Search dates: 
to 14 October 
2020 

- People with 
a DFU (T1DM 
or T2DM) and 
a non-
healing, full 
thickness 
wound that 
could be 
categorised 
as class 1A or 
above with 
the UT 
classification 
of DFUs, and 
a duration of 
at least 
4 weeks and 
< 52 weeks or 
wound sizes 
ranging from 
1.5 cm2 to 10 
cm2. Exact 
ulcer 
sizes/grades 
were not 
reported in 
the meta-
analysis. 

 

Intervention: 
5 studies used SOC plus FDA- approved devices at home, 
which supplied ≥ 98% transdermal continuous oxygen at 
flow rate of 3 to 15 ml/hr, using the: 
- TransCu O2 System (Niederauer et al. 2017, Niederauer et 
al. 2018),  
- NATROX Oxygen Delivery System (Yu et al. 2016), and 
- EPIFLO oxygen generators (Driver et al. 2017, Driver et al. 
2013).  
- 1 study used SOC plus a cyclical topical wound oxygen 
therapy device in hospital, whereby oxygen was delivered 
intermittently using a multi-use system at variable 
pressure and flow rate (90 minutes daily five times per 
week) (Frykberg et al. 2020) 

 
Control: 
- 3 studies used SOC without any sham device (Driver et al. 
2017, Driver et al. 2013, Yu et al. 2016) 
- 3 studies used SOC with a sham device (Frykberg et al. 
2020, Niederauer et al. 2017, Niederauer et al. 2018) 

 
SOC: 
- SOC included: hydrocolloid dressing under Tegaderm 
dressing (Driver et al. 2013); hydrocolloid or alginate and 
foam dressing. People with plantar ulcers received 
offloading boots (Driver et al. 2017); none (Yu et al. 2016); 
MWT (consisting of wound cleansing, moist wound care), 
offloading and, as appropriate, aggressive debridement 
(Niederauer et al. 2017, Niederauer et al. 2018); foam 
dressings, hydrogel and offloading device (Frykberg et al. 
2020) 
- SOC given for 1, 2 or 4 weeks before wound considered 
non-healing 

 
SOC duration before intervention 

Primary outcome 
- Complete ulcer 
healing (defined 
as complete 
epithelialisation).  
- Measured using 
UT classification 
of DFUs 
(Frykberg et al. 
2020, Niederauer 
et al. 2017, 
Niederauer et al. 
2018, Yu et al. 
2016), or Wagner 
grade (Driver et 
al. 2017, Driver et 
al. 2013) 

 
Secondary 
outcome 
- Number of any 
amputations 
- Serious adverse 
events 

- In the pooled analysis, this 
review appears to double 
count some participants 
who were included in both 
Driver et al. (2013) and Driver 
et al. (2017) and in both 
Niederauer et al. (2017) and 
Niederauer et al. (2018). This 
does not appear to have an 
effect on the direction of 
effect in pooled analyses but 
may impact the precision of 
findings 
- Study authors reported 3 of 
the studies being low ROB 
(Frykberg et al. 2020, 
Niederauer et al. 2017, 
Niederauer et al. 2018), 1 as 
moderate ROB (Driver et al. 
2017) and 2 as high ROB 
(Driver et al. 2013, Yu et al. 
2016) 
- Funnel plots suggested the 
possibility of publication 
bias 
- Study authors reported 
that the included studies 
had moderate statistical 
heterogeneity. 
- Study authors reported 
heterogeneity due to 
differences in duration of 
treatment and follow-  up,  
and  poor  reporting  of  the  
presence  of  peripheral  
ischaemia. 
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Review Design, 
search period 

Eligibility 
criteria 

Trial/patient characteristics Outcomes 
measured 

Comments 

- Studies 
that  
reported  ABI  
or  toe  
pressure  
suggested  
that  
majority  
were non- 
ischaemic 
ulcers 

- 1 week: 2 studies (Driver et al. 2017, Driver et al. 2013) 
- 2 weeks: 2 studies (Niederauer et al. 2017, Niederauer et 
al. 2018) 
- 4 weeks: 1 study (Frykberg et al. 2020) 

 
Intervention duration 
- 4 weeks: 1 study (Driver et al. 2013) 
- 8 weeks: 1 study (Yu et al. 2016) 
- 12 weeks: 4 studies (Driver et al. 2017, Frykberg et al. 2020, 
Niederauer et al. 2017, Niederauer et al. 2018) 

 
Follow-up period 
- 4 weeks: 1 study (Driver et al. 2013) 
- 8 weeks or until ulcer healing: 1 study (Yu et al. 2016) 
- 12 weeks or until ulcer healing: 3 studies (Driver et al. 
2017, Niederauer et al. 2017, Niederauer et al. 2018) 
- 12 months: 1 study (Frykberg et al. 2020) 

 
Mean age: 
- TOT: 58.8 years 
- Control: 59 years 

 
Average % male gender: 
- TOT: 78.4% 
- Control: 78.9% 

 
Study location 
- 4 conducted in USA (Driver et al. 2017, Driver et al. 2013, 
Niederauer et al. 2017, Niederauer et al. 2018) 
- 1 conducted in Canada (Yu et al. 2016) 
- 1 multi-centre trial conducted in USA, Germany, UK and 
France (Frykberg et al. 2020) 

- The device used in one of 
the studies did not use 
continuous TOT, but 
delivered pressurised 
oxygen for 90 minutes daily, 
5 times per week 
- Reporting of ulcer aetiology 
was limited  in  the  included  
studies, and those that did 
report it mainly included 
neuropathic ulcers 
- NG19 NICE (2019) does not 
recommend the Wagner 
system to classify severity of 
DFUs 

Abbreviations: ABI: Ankle-brachial index; Cm: centimetres; DFU: diabetic foot ulcer; EAR: Evidence Appraisal Report; FDA: U.S. Food and Drug Administration; MA: meta-analysis; ml/hr: 
millilitres per hour; MWT: moist wound therapy; NR: not reported; RCT: randomised controlled trial; ROB: risk of bias; SOC: standard of care; SR: systematic review; T1DM: type 1 diabetes 
mellitus; T2DM: type 2 diabetes mellitus; TOT: topical oxygen therapy; UT: University of Texas 
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Table 2. Randomised controlled trials: design and characteristics 

Study 
reference 

Setting Participants Interventions Outcomes Follow-up 
time 

Comments 

Al-Jalodi 
et al. 
(2022) 

29 healed 
participants 
consented to 
participate in 
longer term 
follow-up 
questionnaire 
study (Al-
Jalodi et al. 
2022) when 
enrolled in 
RCT by Serena 
et al. (2021) in 
USA 

- 7/29 lost to follow-up 
- 12 participants had continuous TOT plus 
SoC 
- 10 participants had SoC 

Intervention: continuous 
TOT (NATROX) plus SoC  
 
Participants completed 4 
questionnaires through text 
messages or phone calls 
 
Control: SoC alone 
 
SoC: wound cleansing with 
sterile water/saline solution, 
sharp 
debridement; offloading 
with total contact casting; 
hydrofibre/alginate 
dressing; reduction of 
bacterial burden 

- DFU recurrence 
- Amputation 
rate 

1 year - Participants originally 
from RCT and healed 
after 12 weeks of 
treatment 
- 7/29 participants lost to 
follow-up 
- Numbers in the long-
term follow-up were too 
small to reach statistical 
significance 
- Unclear of 
characteristics of 
patients in this follow-up 
study 

Altinbas 
& 
Sahsivar 
(2022) 

NR - 64 adults with lower extremity chronic 
venous ulcers due to deep venous 
insufficiency  

 
Males in control group: 75% 
Males in intervention group: 78% 
 
Average age in control group (years):  
49.46±8.25  
Average age in intervention group (years):  
50.48±8.36  
 
Average wound area in control group (cm2):  
27.73±14.87  
Average wound area in intervention group 
(cm2):  
30.82±11.93  

Intervention: Continuous 
transdermal oxygen (3 
mL/h) plus SOC (except 
compression socks) 
Control: SOC (debridement 
and antibiotic therapy, if 
necessary, venotonic drugs, 
lower extremity elevation 
and compression socks) 

- Complete 
wound healing 
(complete 
epithelialisation 
of the wound 
without 
drainage) 

Wound size 

45 days 
(baseline, 15 
days, 30 
days, 45 
days) 

- Many more males than 
females 
- Those in intervention 
group not given 
compression socks 
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Study 
reference 

Setting Participants Interventions Outcomes Follow-up 
time 

Comments 

He et al. 
(2021) 

Prospective 
RCT, China 

120 participants with DFUs (Wagner grade 2 
to 4): 
 
- Ulcer had to persist for >1 month without 
any sign of healing before treatment 

 
Average age in MWT group: 63.1 ± 9.3 years 
Average age in continuous TOT group: 
62.7 ± 7.4 years 
Average age in combination group: 
63.5 ± 10.1 years 
 
% male in each of the groups: 
60% in moist wound therapy group 
62.5% in continuous TOT group 
57.5 in combination group 
 
Wagner’s grade in each group: 

• 2 
- MWT: 37.5% 
- Continuous TOT: 45.0% 
- Combination: 32.5% 

• 3 
- MWT: 62.5% 
- Continuous TOT: 55.0% 
- Combination: 67.5% 

3 intervention groups. SOC 
plus: 
- MWT group (n = 40) 
- Continuous TOT group (n = 
40) 
- Combination of MWT and 
continuous TOT ( n = 40) 

 
SOC: All patients had 
offloading devices and 
wounds were cleaned with 
saline solution. Patients in 
the combination treatment 
group were treated with 
alginate dressing 

Amputation rate  1-year - Study wasn’t double-
blinded 
- Other follow-up times 
and outcomes  included 
in study were not 
reported in this EAR as 
they are covered by other 
studies  
-  
- Patients only eligible 
with T2DM 
-  
- NG19 NICE (2019) does 
not recommend the 
Wagner system to 
classify severity of DFUs 
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Study 
reference 

Setting Participants Interventions Outcomes Follow-up 
time 

Comments 

Serena et 
al. (2021) 

19 outpatient 
centres in USA 

ITT analysis (all those randomised): 145 
participants  
PP analysis (those who completed eight or 
more treatment visits): 128 participants 
 
Wound type: adults with at least one DFU or 
minor amputation wound, classified by the 
IDSA as grade 1 or 2, or Wagner 1 or 2, with a 
duration > 4 weeks but < 12 months and of a 
size between 0.5cm2 and 25cm2 (if a patient 
had more than one active ulcer that fitted the 
inclusion criteria, then the largest ulcer was 
identified as the ‘index’ ulcer) 
 
- Patients needed to demonstrate < 40% 
healing in the four weeks before the first 
treatment visit 

 
Grade of wound 
• IDSA 
- 1: SOC (n = 49/145), SOC + TOT (n = 69/145) 
- 2: SOC (n = 14/145), SOC + TOT (n = 11/145) 
- 3: SOC (n = 0/145), SOC + TOT (n = 1/145) 

Data missing for 1 person 
• Wagner grade 
- 1: SOC (n = 48/145), SOC + TOT (n = 58/145) 
- 2: SOC (n = 14/145), SOC + TOT (22/145) 
- 3: SOC (n = 1/145), SOC + TOT (n = 0/145) 

NR: (n = 2/145) 

Intervention: NATROX plus 
SOC  
 
Control: SOC alone  
 
SOC: wound cleansing with 
sterile water/saline solution, 
and gentle irrigation of the 
study ulcer with warm tap 
water; sharp debridement; 
offloading with total contact 
casting; hydrofibre/alginate 
dressing 

• Primary 
endpoints 

- Number of 
patients to 
achieve 
complete wound 
closure 
- Percentage 
change in ulcer 
size 
• Secondary 

endpoints 
- Pain levels 
- Adverse events 

weeks - Unclear how many 
wounds were DFUs and 
how many were minor 
amputation wounds 
- Study had high 
withdrawal rate (18.6%) 
- Lack of blinding in 
study may have 
increased bias 
- Set in USA so 
generalisability to UK 
uncertain 
- NG19 (NICE 2019) does 
not recommend the 
Wagner system to 
classify severity of DFUs 
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Study 
reference 

Setting Participants Interventions Outcomes Follow-up 
time 

Comments 

Yu et al. 
(2016) 

 Canada 20 adults with DFUs (excluded if they had 
pure neuropathic ulcer with no arterial 
insufficiency unless they fail to heal within 12 
weeks of optimum management) 
 
- DFUs were present without healing for a 
mean duration of 76 weeks prior to the study 

 
Mean age: 
- Continuous TOT group: 57 ± 9.5 years 
- Control group: 58 ± 9.5 years 

 
%male: 
85% 

Intervention:  
NATROX plus SOC given once 
a week 
 
Comparator: 
SOC alone  
 
SOC: iodine-based 
dressings, regular sharp 
debridement of the wound, 
off-loading with either total 
contact cast or air cast as 
needed 
 
- Ulcer grading done using 
UT diabetic wound 
classification system 

- Ulcer surface 
area reduction 
over time 
(subgroup 
analysis as it 
reports by ulcer 
grade) 

8-weeks - This EAR only used the 
wound closure rate by 
grade of ulcer and not the 
relative effects as these 
were covered in MA by 
Thanigaimani et al. 
(2021) 
- Small sample size 
- Canadian study, so 
generalisability to UK 
uncertain 
- Pure neuropathic ulcers 
with no arterial 
insufficiency were 
excluded, unless they 
failed to heal within 12 
weeks of optimum 
management 

Abbreviations: Cm: centimetres; DFU: diabetic foot ulcer; EAR: Evidence Appraisal Report; IDSA: Infectious Diseases Society of America; MA: meta-analysis; ml/h: millilitres per hour; 
MWT: moist wound therapy; n: number of participants; NR: not reported; RCT: randomised controlled trial; SOC: standard of care; T1DM: type 1 diabetes mellitus; TOT: topical oxygen 
therapy; UT: University of Texas 
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Table 3. Observational studies: design and characteristics 

Study 
reference 

Methods, setting Participants Intervention(s) Outcomes Follow-up 
time 

Comments 

Kaufman 
et al. (2021) 

Multicentre, 
retrospective study  
 
Data taken from 
Maccabi Healthcare 
Services database, 
Israel 

200 adults with chronic wounds of all aetiologies: 
- Venous:  (n = 99) 
- Arterial: (n = 32) 
- DFU: (n = 31) 
- Other: (n = 25) 
- Pressure ulcer: (n = 13) 

 
Wound duration prior to study commencement: 
- 1 month: (n = 29) 
- 2 to 6 months: (n = 83) 
- 7 to 11 months: (n = 24) 
- 12 to 24 months: (n = 36) 
- >24 months: (n = 19) 

Wounds open for average of 10.7 ± 15.7 months 
before study 
 
Average age: 69.3 ± 15.0 years 
61.5% over 65 years 
 
%men: 61% 

NATROX plus 
best practice 
wound care 
(details NR) 

- Number 
of wounds 
healed 
- Time 
taken for 
wound 
healing 
- Reduction 
in wound 
size 

Subgroup 
analysis 
performed for 
treatment 
times of 
healed/healing 
wounds versus 
non-
responders 

- Heterogeneous in terms of 
wound aetiology, size and 
duration prior to study 
commencement  
- Sample predominantly 
venous ulcers 
- Generalisability to UK 
uncertain as undertaken in 
Israel. 
- Best practice wound care 
not reported 
- Unclear complete healing 
rate of wounds other than 
DFUs. 
- Unclear how size of 
wounds other than VLUs 
changed with continuous 
TOT 

Abbreviations: Cm: centimetres; DFU: diabetic foot ulcer; n: number of participants; NPRS scale: Numeric Pain Rating scale (11-point numerical scale in which 0 equals no pain, 1 the 
least amount of pain and 10 the worst pain the patient has ever experienced); NR: not reported; SOC: standard of care; TOT: topical oxygen therapy; UT: University of Texas; VLU: venous 
leg ulcer 
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Appendix 6. Characteristics of different continuous TOT devices 

Device Manufacturer Regulatory 
status 

Current use in UK Oxygen flow 
rate 

Oxygen 
flow rate 
display 

Oxygen 
flow 
control 

Pressure and 
blockage 
detection 

Microprocessor 
controller 

Rechargeable/
reusable 

EPIFLO Ogenix FDA-
approved 

Not available  ~3 ml/hr 
humidified 
oxygen. 
Flow rate not 
adjustable 

No No No No (no display of 
battery 
life/charge) 

Disposable and 
must be 
replaced every 
15 days 

NATROX Inotec AMD 
Limited 

CE-mark 
class IIb; 
FDA-
approved 

Manufacturer 
states it’s 
currently used in 1 
Welsh health 
board and 
numerous English 
hospitals (in 
tissue viability 
services, podiatry 
and diabetology 
departments, and 
plastics)  

~15 ml/hr 
98% 
humidified 
oxygen.  
Flow rate not 
adjustable 

No No No No (no display of 
battery 
life/charge) 

Rechargeable 
batteries with 
24-hour battery 
power 

TransCu 
O2/OxyGeni 

EO2 FDA-
approved 

Not available 3 to 10 ml/hr 
humidified 
oxygen. 
Flow rate 
adjustable 

Yes Flow 
sensor and 
microproce
ssor that 
adjusts 
flow to 
account for 
environme
ntal 
conditions 

Yes Yes (monitors 
and controls the 
flow rate and 
displays the 
status of the flow 
and battery 
conditions) 

Lithium ion 
rechargeable 
batteries (last 
approximately 
20 to 36 hours 
before 
requiring 
recharging) 

Abbreviations: FDA: U.S. Food and Drug Administration; ml/hr: millilitres per hour 
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Appendix 7. Diabetic foot ulcer classification systems 

Table 1. University of Texas Diabetic Foot Ulcer Classification System (Lavery LA et al. 
1996)  

Stage/ 
grade 

0 1 2 3 

A Pre- or post- 
ulcerative lesion 
completely 
epithelialised 

Superficial wound 
not involving 
tendon, capsule, or 
bone 

Wound penetrating 
to tendon or capsule 

Wound penetrating 
to bone or joint 

B With infection With infection With infection With infection 
C With ischaemia With ischaemia With ischaemia With ischaemia 
D With infection and 

ischaemia 
With infection and 
ischaemia 

With infection and 
ischaemia 

With infection and 
ischaemia 

 
The University of Texas Diabetic Foot Ulcer Classification System uses four grades (0 to 3) and 
four stages (A to D) to classify DFUs. The grades correspond to depth, whereas the stages account 
for the severity of the wound by marking the presence of infection, ischaemia or both 

Table 2. Infectious Diseases Society of America Classification System (Monteiro-Soares 
M et al. 2020) 

Clinical description Infectious 
Diseases 
Society of 
America 

International 
Working Group 
on the Diabetic 
Foot 

Wound without purulence or any manifestations of inflammation Uninfected 1 
≥ manifestations of inflammation (purulence or erythema, pain, 
tenderness, warmth, or induration); any cellulitis or erythema 
extends ≤ 2 cm around ulcer, and infection is limited to skin or 
superficial subcutaneous tissues; no local complications or 
systemic illness 

Mild 2 

Infection in a patient who is systemically well and metabolically 
stable but has ≥ 1 of the following: cellulitis extending ≥ 2 cm; 
lymphangitis; spread beneath fascia; deep tissue abscess; 
gangrene; muscle, tendon, bone or joint involvement 

Moderate  3 

Infection in a patient with systemic toxicity or metabolic 
instability (e.g. fever, chills, tachycardia, hypotension, confusion, 
vomiting, leucocytosis, acidosis, hyperglycaemia, or azotemia 

Severe 4 

 
The Infectious Diseases Society of America (IDSA) wound grading system divides wounds by 
whether they are clinically infected. Infected wounds are further divided into those that are 
considered to be mild, moderate or severe, on the basis of the size and depth of the infection and 
presence of systemic manifestations of infection or metabolic instability. 

Table 3. Wagner classification system of diabetic foot ulcers (Wagner 1987) 

Ulcer grading Description 

Grade 0 No ulcer but high-risk foot 

Grade 1 Superficial ulcer 

Grade 2 Deep ulcer, no bony involvement or abscess 
Grade 3 Abscess with bony involvement (as shown by X-ray) 

Grade 4 Localised gangrene, e.g. toe, heel, etc. 
Grade 5 Extensive gangrene involving the whole foot 
Note: Grade 1 to 3 ulcers are termed non-gangrenous ulcers and Grade 4 and 5 ulcers are termed gangrenous ulcers 
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The Wagner system assesses ulcer depth and the presence of osteomyelitis or gangrene by using 
the following grades: grade 0 (pre-or postulcerative lesion), grade 1 (partial/full thickness ulcer), 
grade 2 (probing to tendon or capsule), grade 3 (deep with osteitis), grade 4 (partial foot 
gangrene), and grade 5 (whole foot gangrene). 

The Numeric Pain Rating Scale 

The NPRS is an 11-point numerical scale in which 0 equals no pain, 1 the least amount of pain and 
10 the worst pain the patient has ever experienced.
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Appendix 8. HTW cost utility analysis 

1. Background and objective 

An economic analysis was developed to estimate the cost effectiveness of continuous delivery of 
topical oxygen therapy (TOT) in addition to standard of care (SoC) for patients with chronic, non-
healing diabetic foot ulcers (DFU), compared to SoC alone.  

The basic structure of the economic analysis followed that of cost-utility analysis developed by 
Chan & Campbell (2020); however, the model was adapted to reflect the UK NHS and personal 
Social services (PSS) perspective and captured both costs and benefits of both interventions to 
an extended horizon of a lifetime (50 years). 

 

2. Methods 

 Model approach 

A Markov model was developed using Microsoft Excel to comprise lifetime (50 year) predictions 
of mortality and quality of life to evaluate the cost effectiveness of treatment strategies for 
chronic, non-healing DFUs. The analysis took the perspective of the Welsh NHS and PSS. The 
following two strategies were included: 

1. Continuous delivery of TOT in addition to SoC. 
Patients receiving continuous TOT are assumed to do so in the 12 weeks prior to model 
initiation. All patients begin in the DFU health state and those who respond to 
treatment with continuous TOT will transition to the healed ulcer health state for 
model initiation. Prior to model initiation, a proportion of responders are assumed to 
have ulcer recurrence. 
 

2. SoC alone. 
Standard of care for DFU in Wales is likely to be offloading, but also includes standard 
wound cleaning and dressing.  
 

Future costs and benefits were discounted at a rate of 3.5%. 

An overview of the model structure is provided in Figure 1. The model operates a monthly cycle 
length, and patients are at risk of experiencing infection from ulcer or minor and major lower leg 
amputation, as well as the possibility of their wound healing. Wound infection is assumed to be 
a transient state, and so patients will only reside in this health state for one cycle before 
transitioning back to DFU. All patients are at a monthly risk of mortality (See section 2.2.4). 
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Figure 1. Model Schematic 

 

 Clinical data 

2.2.1 Baseline characteristics 

The cohort is initiated with an average age of 59.20 years with 24% female. These values have 
been derived from a meta-analysis identified in the clinical review by Thanigaimani et al. (2021), 
with the exclusion of one of the reported studies (Frykberg 2021) as the intervention was not a 
continuous form of TOT. Additionally, values from the meta-analysis have been supplemented 
with more recent data from Serena et al. (2021). Table 1 provides details on the derivation of these 
values. 

Table 1. Derivation of age and gender inputs 

 Study Arm N Weighting 
Proportion 

Male 
Age 

Healing 
rate (SoC) 

In meta-
analysis 

Driver et al. 
(2013) 

TOT 9 
2.82% 70.6% 

58.6 
21.80% 

Control 8 59.9 

Driver et al. 
(2017) 

TOT 65 
21.26% 

68.2% 59.2 
49.21% 

Control 63 76.6% 58.5 

Yu et al. (2016) 
TOT 10 

3.32% 85% 
57 

33.30% 
Control 10 58 
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 Study Arm N Weighting Proportion 
Male 

Age Healing 
rate (SoC) 

Niederauer et 
al. (2017) 

TOT 73 
24.25% 

78% 57.5 
22.00% 

Control 73 80% 59.1 

Niederauer et 
al. (2018) 

TOT 74 
24.25% 

79.7% 56.1 
16.70% 

Control 72 75% 56.6 

Not in 
meta-

analysis 

Serena et al. 
(2021) 

TOT 81 
24.09% 

68% 64.2 
28.10% 

Control 64 83% 62.69 

Weighted average: 76.01% 59.20 28.34% 

Abbreviations: N: number of participants in study; TOT: topical oxygen therapy; SoC: standard of care 

 
2.2.2 Efficacy data 

Within the 12 weeks prior to model initiation, patients are assumed to either be treated with 
continuous TOT in addition to SoC or SoC alone. Those treated with SoC alone are assumed to 
have a healing rate consistent with that reported in the meta-analysis by Thanigaimani et al. 
(2021), with the exclusion of one of the reported studies (Frykberg 2021) as the intervention was 
not a continuous form of TOT. Additionally, values from the meta-analysis have been 
supplemented with more recent data from Serena et al. (2021). This provides an initial 12-week 
healing rate of 28.34% in the SoC arm. The derivation of this figure is provided in Table 1. 

To determine the efficacy of continuous TOT, a relative risk (RR) derived from values reported by 
Thanigaimani et al. (2021), excluding the RR from  Frykberg (2021), has been applied to the derived 
efficacy of SoC. Thanigaimani et al. (2021) reports three different RRs. The base case RR assumes 
that all patients who were lost to follow up were assumed to have achieved full ulcer healing, 
however results are also provided assuming that no patients lost to follow up would have 
achieved full ulcer healing. To provide a more conservative estimate of the efficacy of TOT in the 
model, this “worst-case scenario” value of 1.49 has been used in the analysis. However, values of 
1.83 (all patients lost to follow up achieve wound healing) and 2.22 (only studies with low bias 
used in calculation) are tested in scenario analyses. 

The model assumes that a proportion of patients will experience wound recurrence at the end of 
the initial 12-week period. Niederauer et al. (2018) report that 90% of wounds in the placebo arm 
of their trial were still healed at follow up, with no statistically significant differences between 
treatment arms. As such, 10% of patients who respond to treatment are assumed to have wound 
recurrence prior to model initiation. 

2.2.3 Transition probabilities 

Transition probabilities described in Chan & Campbell (2020) have been applied in the model to 
capture patients transitioning between health states. Reported transition rates have been 
converted to a monthly probability for application in the current model. 

For the first 5 years of the model, patients are subject to differing transition probabilities on an 
annual basis. From 5 years onwards, the same transition probabilities are applied every month. 
Applied transition probabilities are provided in Table 2. All patients within in the model are 
subject to the same transition probabilities, regardless of treatment arm.  

It should be noted that a one-year follow-up of the study by Serena et al. (2021) was identified in 
the clinical review, which compared the rate of DFU recurrence in people treated with continuous 
TOT and SoC versus SoC alone (Al-Jalodi et al. 2022). Data from this study was considered to 
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capture different transition rates between treatments in the first year, however, due to a low 
sample size, and a lack of reported statistical significance, transition rates derived from Chan & 
Campbell (2020) have been applied across treatment arms. This is considered a conservative 
approach as the rates reported in (Al-Jalodi et al. 2022) favour treatment with continuous TOT. 

Table 2. Monthly transition probabilities applied in the model 

 Healed 
from ulcer 

DFU Minor 
Amp. 

Major Amp. Infected 
ulcer 

Minor 
re-amp 

Major 
re-amp 

Year 1 

Healed 95.83% 4.17% 0% 0% 0% 0% 0% 

DFU 1.51% 96.03% 0.94% 0.87% 0.65% 0% 0% 

Minor Amp. 0% 0% 97.87% 2.13% 0% 0.30% 0% 

Major Amp. 0% 0% 0% 100% 0% 1.02% 0.40% 

Infected 0% 100% 0% 0% 0% 0% 0% 

Year 2 

Healed 99.13% 0.87% 0% 0% 0% 0% 0% 

DFU 1.51% 97.42% 0.33% 0.42% 0.32% 0% 0% 

Minor Amp. 0% 0% 99.27% 0.73% 0% 0.67% 0% 

Major Amp. 0% 0% 0% 100% 0% 1.47% 0.31% 

Infected 0% 100% 0% 0% 0% 0% 0% 

Year 3 

Healed 99.13% 0.87% 0% 0% 0% 0% 0% 

DFU 1.51% 97.89% 0.17% 0.19% 0.24% 0% 0% 

Minor Amp. 0% 0% 99.27% 0.73% 0% 0.67% 0% 

Major Amp. 0% 0% 0% 100% 0% 1.47% 0.31% 

Infected 0% 100% 0% 0% 0% 0% 0% 

Year 4 

Healed 99.57% 0.43% 0% 0% 0% 0% 0% 

DFU 1.51% 97.89% 0.17% 0.19% 0.24% 0% 0% 

Minor Amp. 0% 0% 99.45% 0.55% 0% 0.46% 0% 

Major Amp. 0% 0% 0% 100% 0% 0.39% 0.07% 

Infected 0% 100% 0% 0% 0% 0% 0% 

Year 5 + 

Healed 99.57% 0.43% 0% 0% 0% 0% 0% 

DFU 1.51% 97.89% 0.17% 0.19% 0.24% 0% 0% 

Minor Amp. 0% 0% 99.45% 0.55% 0% 0.46% 0% 

Major Amp. 0% 0% 0% 100% 0% 0.39% 0.07% 

Infected 0% 100% 0% 0% 0% 0% 0% 

Abbreviations: DFU: diabetic foot ulcer 
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2.2.4 Mortality 

Mortality for the general population is derived using published life tables for Wales (Office for 
National Statistics 2021), and is weighted annually according to the baseline gender distribution 
in the analysis. 

Mortality data for patients in differing health states of the model has been derived by applying 
published hazard ratios to general population predictions of mortality. Age and gender specific 
hazard ratios are applied to capture the increased mortality risk for patients with diabetes, with 
additional hazard ratios applied to diabetes mortality predictions for patients with ulcer or 
amputation. For example, a male 62-year-old patient with diabetes and a minor amputation will 
have a hazard ratio of 1.91 applied to their risk of mortality, in addition to a hazard ratio of 1.89, to 
capture increased mortality of both health states. The applied hazard ratios in the analysis are 
provided in Table 3.  

Table 3. Hazard ratios applied to general population mortality 

Increase in mortality Hazard ratio Source 

Diabetes, male, 20 - 39 years 2.54 NICE (2019) NG19 

Diabetes, male, 40 - 59 years 2.17 NICE (2019) NG19 

Diabetes, male, 60 - 79 years 1.91 NICE (2019) NG19 

Diabetes, female, 20 - 39 years 3.76 NICE (2019) NG19 

Diabetes, female, 40 - 59 years 2.54 NICE (2019) NG19 

Diabetes, female, 60 - 79 years 2.53 NICE (2019) NG19 

Foot ulcer 1.89 NICE (2019) NG19 

Minor amputation 1.89 NICE (2019) NG19 

Major amputation 7.21 Chan & Campbell (2020) 

Abbreviations: NICE: National Institute for Health and Care Excellence; NG: NICE Guideline 

 

 Resource use and costs 

The costs considered in the analysis reflect the perspective of the analysis, thus only costs that 
are relevant to the UK NHS & PSS were included. Where possible, all costs were estimated in 2020 
prices. Where costs were reported in a different cost year, they were inflated to 2020 prices using 
data from the Personal Social Services Research Unit (PSSRU (Jones & Burns 2021)).  

Costs in the model include annual diabetes costs, costs associated with treatment and devices, 
and event related costs. The annual diabetes cost reflects the increased expenditure of diabetes 
compared to the general population. This has been derived from a study by Stedman et al. (2020) 
who report the average annual cost for a person without diabetes and corresponding costs for 
type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM). The additional cost for both 
T1DM and T2DM has been calculated, and a weighted average used in the model, under the 
assumption that 90% of the population with diabetes have T2DM, and the remaining population 
has T1DM (Diabetes.co.uk 2022). 

Table 4 provides the annual cost applied for a diabetes patient, and event related costs, which 
comprise an event cost, which is applied in the cycle of incidence, and a maintenance cost, which 
is applied in every cycle thereafter. Costs are input as annual values but are converted to monthly 
costs within the model to be applied per cycle. 
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Table 4. Per-patient annual diabetes and event costs 

 Cost Source 

Annual cost of diabetes £1,384 Stedman et al. (2020) 

Infected ulcer cost (event) £6,959 NICE (2019) NG19 

Minor amputation (event) £6,845 NHS NHS England (2021) 

Major amputation (event) £13,401 NHS NHS England (2021) 

Minor amputation (maintenance) £505 NICE (2019) NG19 

Major amputation (maintenance) £4,019 NICE (2019) NG19 

Abbreviations: NICE: National Institute for Health and Care Excellence; NG: NICE Guideline 

 

Table 5 provides the cost per treatment. The model assumes that the TOT therapy used is the 
Natrox Oxygen wound therapy, which comprises an oxygen generator, which can be reused, and 
a disposable oxygen delivery system. Costs of this device and resource use associated with it 
have been sourced from the manufacturer submission. It is assumed that the reusable oxygen 
generator will be used for a total of 3 patients, and that each patient will use an average of 20 
oxygen delivery systems during treatment. 

Costs associated with SoC are sourced from NG19 (NICE 2019) and are assumed to be the cost 
associated with standard ulcer care. Annual SoC costs are applied to both the SoC and the TOT 
arm of the model for patients who are in the DFU health state. 

Table 5. Treatment costs 

 Cost Source 

NATROX £847 Manufacturer submission 

SoC £3,587 NICE (2019) NG19 

Abbreviations: NICE: National Institute for Health and Care Excellence; NG: NICE Guideline; SoC: standard of care 

 

 Health-related quality of life 

As recommended in the NICE reference case, the model estimates effectiveness in terms of 
quality adjusted life years (QALYs). These are estimated by combining life year estimates with 
quality of life (QoL) values associated with being in a particular health state.  

A baseline utility value of 0.785 (Clarke et al. 2002) has been applied in the model to reflect the 
quality of life for a patient with diabetes. Health state utility values have been derived by applying 
multiplier values to the baseline utility value, sourced from NG19 (NICE 2019). These multipliers 
and corresponding health state utility values are provided in Table 6. 
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Table 6. Health state utility values 

 Multiplier Health state utility value 

Base case utility value - 0.785 

DFU 0.890 0.699 

Infected DFU 0.820 0.644 

Minor foot amputation 0.800 0.628 

Major foot amputation 0.740 0.581 

Abbreviations: DFU: diabetic foot ulcer 

 

 Budget Impact Analysis 

To assess the impact that the introduction of continuous TOT would have on the Welsh 
healthcare system, an analysis was performed on the predicted number of patients who would 
be receiving treatment over the next five years. The purpose of the analysis is to show the upfront 
costs to the healthcare system should all eligible patients be treated with chronic TOT in addition 
to SoC rather than SoC alone. 

The analysis uses a current diabetes prevalence in Wales of 209,015, and a predicted prevalence 
of 311,000 in 2030 (Diabetes UK 2021). Estimates for the intervening years have been calculated 
using linear interpolation between these figures.  

It is assumed that 2.2% of patients with diabetes in Wales will experience an incident diabetic 
foot ulcer within every year (Abbott et al. 2002), and that of these, 40% of the ulcers will be chronic, 
non-healing wounds (NHS Digital 2022). 

 

3. Results 

 Base case results 

The base case health economic results of the analysis are provided in Table 7. The results show 
that using TOT in addition to SoC is expected to reduce costs by £211 per patient and provide an 
additional 0.17 quality adjusted life years. This means that TOT is a dominant treatment strategy 
as it provides greater benefit at a lower cost.  

Table 7. Base case results 

 Continuous TOT SoC Incremental 

Total QALYs 7.89 7.72 0.17 

Total life years 10.75 10.59 0.17 

Total costs £35,786 £35,997 -£211 

ICER (cost/QALY)   Dominant 

Abbreviations: ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life-year; SoC: standard of care; 
TOT: topical oxygen therapy 

 
Although the initial treatment costs of TOT are predicted to be higher than those with SoC, the 
benefit of patients remaining in the healed health state results in long-term cost-savings due to 
the avoidance of costlier health states, such as amputation and infection. Similarly, patients 
with a healed ulcer have a lower mortality risk and higher quality of life than those with DFU and 
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other more severe health states. A breakdown of the predicted costs is provided in Table 8 and 
the breakdown of QoL per health state provided in Table 9. 

Table 8. Cost breakdown 

 Continuous TOT SoC Incremental 

Treatment £12,269 £11,918 £351 

Healed from ulcer £8,349 £7,728 £622 

DFU £4,409 £4,600 -£191 

Minor lower leg amputation £2,934 £3,207 -£273 

Major lower leg amputation £6,943 £7,602 -£659 

Infected ulcer £881 £942 -£61 

Dead £0 £0 £0 

Total £35,786 £35,997 -£211 

Abbreviations: DFU: diabetic foot ulcer; SoC: standard of care; TOT: topical oxygen therapy 

 

Table 9. Health state utility breakdown 

 Continuous TOT SoC Incremental 

Healed from ulcer 4.73 4.38 0.35 

DFU 2.22 2.32 -0.10 

Minor lower leg amputation 0.46 0.50 -0.04 

Major lower leg amputation 0.46 0.51 -0.05 

Infected ulcer 0.01 0.01 0.00 

Total 7.89 7.72 0.17 

Abbreviations: DFU: diabetic foot ulcer; SoC: standard of care; TOT: topical oxygen therapy 

 

 Scenario analysis 

A number of scenarios will be tested to assess the impact of some key assumptions in the model. 
Table 10 provides a list of scenarios that were tested and their impact on modelled results. 

Across all tested analyses, TOT remains a dominant treatment strategy, with the exception of 
looking at Grade I ulcers. As there was no difference in efficacy between treatment strategies in 
this scenario, the use of TOT resulted in greater costs for the device, but no quality-of-life benefits. 
It should be noted that whilst Yu et al. (2016) do not report the exact number of patients with 
Grade I ulcers, the sample size is very low, as the whole population with Grade I to III ulcers is only 
20 patients across both treatment arms in the study. 

The only other tested scenario which measured a decrease in efficacy of TOT compared to the 
base case analysis was testing the recurrence rate. The study by Niederauer et al. (2018) reported 
a lower proportion of patients in the TOT arm of their trial whose wounds had remained healed 
by end of follow up. However, even with this reduction in efficacy of TOT, it is still expected to be 
a dominant treatment. 
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Table 10. Scenario analyses 

Assumption Description Input Result 

Time horizon 

The base case analysis is 
conducted over a lifetime 

horizon (50 years). However, 
due to limited evidence on 
long-term consequences of 
DFUs, a 5-year time horizon 

has been tested in a scenario 
analysis. 

Time horizon = 5 years 
Incremental costs: -£237 
Incremental QALYs: 0.04 

ICER: Dominates 

Grade of ulcer 

The base case analysis looks 
at any grade of DFU. A paper 
by Yu et al. (2016) compares 

the use of the NATROX 
system with SoC in Grade I, II 

and III DFUs. 

Grade I 
TOT Efficacy: 100% 
SoC Efficacy: 100% 

Incremental costs: £847 
Incremental QALYs: 0.00 

ICER: Dominated 

Grade II 
TOT Efficacy: 100% 
SoC Efficacy: 0% 

Incremental costs: -£6,742 
Incremental QALYs: 1.21 

ICER: Dominates 

Grade III 
TOT Efficacy: 50% 
SoC Efficacy: 0% 

Incremental costs: -£2,948 
Incremental QALYs: 0.60 

ICER: Dominates 

Relative risk 
applied to TOT 

efficacy 

The base case analysis 
assumed the “worst-case” 

scenario in a paper by 
Thanigaimani et al. (2021) – 

that all patients lost to follow 
up would not have healed. 

Other relative risks are 
presented in the paper. 

RR of 1.83 for the “best-
case” scenario – that all 
patients lost to follow up 

would have healed 
completely. 

Incremental costs: -£938 
Incremental QALYs: 0.28 

ICER: Dominates 

RR of 2.22 for papers with 
low risk of bias. 

Incremental costs: -£1,777 
Incremental QALYs: 0.42 

ICER: Dominates 

Recurrence 
rate 

The base case analysis 
assumes no difference in 
recurrence rate between 

treatment arms as no 
statistical differences were 

found in the source paper by 
Niederauer et al. (2018). This 

scenario tests modelling 
differences between this rate. 

Percentage of wounds 
closed at follow up 

TOT: 87.5% 
SoC: 90% 

Incremental costs: -£122 
Incremental QALYs: 0.15 

ICER: Dominates 

Risk of events 
in initial 12 

weeks 

No risk of amputation or 
infection are assumed in the 
initial 12-week period in the 
base case analysis. Risk of 

amputation derived from He 
et al. (2021), and a risk of 

infection derived from Driver 
et al. (2017) have been tested. 

Risk of minor amputation 
in initial 12 weeks: 

TOT: 12.5% 
SoC: 15% 

Incremental costs: -£10 
Incremental QALYs: 0.23 

ICER: Dominates 

Risk of DFU infection in 
initial 12 weeks: 

TOT: 3.5% 
SoC: 10.15% 

Incremental costs: -£210 
Incremental QALYs: 0.17 

ICER: Dominates 

Abbreviations: DFU: diabetic foot ulcer; ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life-year; 
RR: relative risk; SoC: standard of care; TOT: topical oxygen therapy 
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 Deterministic sensitivity analysis results 

A series of deterministic sensitivity analyses (DSA) were conducted, whereby an input parameter 
is changed, the model is re-run, and the new cost-effectiveness result is recorded. This is a useful 
way of estimating uncertainty and determining the key drivers of the model result. For all inputs 
in the model, mean values were varied by 20% above and below the mean value for the analysis, 
with the exception of time horizon and discounting. The time horizon was tested for 5 years and 
30 years, and the discount rate applied to both costs and benefits was tested at 0% and 6%. 

The impact of the analysis on the ICER are presented in Figure 2. Most of the results have 
remained in the south-east quadrant of the cost-effectiveness plane, meaning that the 
intervention is less costly and provides greater benefit, and all results of the analysis provide 
cost-effective results. Five scenarios result in TOT being more expensive, however the additional 
benefit provided by the treatment means that the ICER is still below the cost-effectiveness 
threshold of £20,000. 

The most influential parameters are those impacting the efficacy of TOT. When the proportion of 
patients who are healed with TOT is reduced, there is less benefit to the treatment and so 
incremental QALYs reduce by 0.10 compared to the base case scenario. Costs associated with the 
TOT treatment arm are increased as less events are avoided, and so TOT becomes a more 
expensive treatment option. However, with an ICER of £6,515, TOT would still be deemed a cost-
effective treatment option. 

Increasing the age of patients results in a loss of dominance for TOT. This is due to patients 
remaining life expectancy being lower and so there is less time for the long-term benefits of TOT 
treatment to be realised. However, results are still very cost-effective under this scenario with an 
ICER of £416. 

The time horizon of the model is also a very influential parameter. When we look at treatment 
with TOT over a shorter time period, the long-term benefits of avoided events are not captured. 
As such, incremental QALYs between arms are only 0.04 in this scenario. However, results are still 
dominant as TOT is still a cost-saving strategy.  
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Figure 2. Results of the deterministic sensitivity analysis
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 Threshold analysis 

As the DSA highlighted that efficacy of TOT was the most influential parameter in the model, a 
threshold analysis was conducted to assess the level at which TOT would no longer be considered 
a cost-effective strategy. The proportion of wounds that TOT heals were tested between 29% and 
50%, the results of which are presented in Figure 3. Efficacy levels below 29% were not tested in 
the threshold analysis as this would suggest that the introduction of continuous TOT to SoC 
would be less effective than SoC alone. 

 

Figure 3: Threshold analysis 

SoC is held at a constant efficacy in this analysis (28.3% of wounds healed with SoC). TOT is not 
deemed to be cost-effective while it is expected to heal between 29 – 32% of wounds as the 
additional costs of treatment are not offset by the benefit of treatment. However, when TOT is 
expected to heal more than 32% of wounds, it becomes a cost-effective strategy, with dominance 
occurring when it is expected to heal more than 40% of wounds. 

 

 Probabilistic sensitivity analysis results 

Probabilistic sensitivity analysis (PSA) was conducted to assess the combined parameter 
uncertainty in the model. In this analysis, the mean values that were utilised in the base case 
were replaced with values drawn from distributions around the mean values. The results of 
10,000 runs of the PSA are presented using ICER scatterplots and cost-effectiveness acceptability 
curves (CEACs). The ICER scatter plots show the incremental costs and QALYs associated with 
each of the 10,000 runs of the PSA along with the mean result. The CEAC graphs show the 
probability of OLB being considered cost effective at the various cost-effectiveness thresholds 
on the x-axis. 

Table 11 presents the health economic results from the PSA. Under this analysis, TOT is still 
expected to be a dominant treatment strategy with a 95.36% chance of being cost-effective. 
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Table 11. Probabilistic sensitivity analysis: health economic results 

 Continuous TOT SoC Incremental 

Total QALYs 7.98 7.81 0.17 

Total life years 10.88 10.71 0.17 

Total costs £38,729 £39,220 -£491 

ICER (cost/QALY)   Dominant 

Abbreviations: ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life-year; SoC: standard of care; 
TOT: topical oxygen therapy 

 

Figure 4 shows the ICER scatterplot for the PSA. A large proportion of the points reside in the more 
effective side of the graph, and these are distributed between being more and less expensive. 
However, there are multiple model runs in which TOT was deemed to be less effective and more 
costly, which would result in the treatment being dominated by standard of care. The vast 
majority of the points are beneath the willingness-to-pay threshold of £20,000, indicating the 
TOT is likely to be a cost-effective strategy. 

 

 

Figure 4. Cost-effectiveness plane from the PSA 

Figure 5 presents the probability of TOT being considered cost-effective at various cost-
effectiveness thresholds. At a threshold of £20,000 per QALY, there is a 95.36% probability that 
the strategy would be cost-effective, rising to 96.47% as the threshold reaches £30,000. 
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Figure 5. Cost-effectiveness acceptability curve 

 

 Budget Impact Analysis results 

Table 12 presents the results of the budget impact analysis. In the initial 2-years, there are 
increased costs associated with treating patients due to the increased cost of the technology. 
However, by year 3 cost savings are being realised due to the reduction in amputation events as 
a larger proportion of ulcers will have healed. Over 5 years, cost savings of up to £8,637 could be 
realised if all patients eligible were treated with continuous TOT in addition to SoC, rather than 
SoC alone. 

Table 12. Budget impact analysis results 

 2025 2026 2027 2028 2029 

Prevalence figures 

Diabetes Prevalence 209,015 221,763 234,511 247,259 260,008 

Treated patients 1,839 1,952 2,064 2,176 2,288 

Annual costs 

World without TOT £10,694,142 £19,198,026 £26,772,260 £33,676,434 £40,189,829 

World with TOT £11,265,895 £19,385,111 £26,690,782 £33,408,066 £39,772,200 

Budget impact 

Annual £571,753 £187,085 -£81,478 -£268,369 -£417,629 

Total (5-year) -£8,637 
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