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Objective: To conduct a systematic review and meta-analysis of recently
published randomized controlled trials (RCTs) that employed the use of topical
oxygen therapy (TOT) as an adjunct therapy in the treatment of Wagner 1 and
2 diabetic foot ulcers.
Approach: Following a literature search of eligible studies from 2010 on-
ward, four RCTs were included. Studies were analyzed for patient and wound
characteristics, outcomes, risk of bias, and quality of the evidence assessed
using the Grading of Recommendations Assessment, Development, and Evalua-
tion (GRADE) methodology. A random-effects meta-analysis for complete wound
healing was carried out due to statistical heterogeneity of included studies. Submitted for publication March 8, 2022.
Results: Risk of bias judgment (RoB2 analysis) resulted in one low-risk trial and  Accepted in revised form May 13, 2022
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three trials with some risk. One study was determined to be the origin of the 37 yoyager Lane, Bozeman, MT 59718, UsA
statistical heterogeneity. Pooled results showed statistical significance with a risk  (e-mail: mcarter@strategic-solutions-inc.com).
ratio (RR) of 1.59 (95% confidence interval [CI]: 1.07-2.37; p=0.021). Sensitivity
analysis, based on imputed values for missing outcomes, demonstrated that
both the RR and 95% ClIs changed little. The GRADE ratings for each do-
main were as follows: (a) risk of bias: moderate (3); (b) imprecision: mod-
erate (2), high (1); (¢) inconsistency: low (2), high (1); (d) indirectness:
moderate (2), high (1); and (e) publication bias: moderate (1), high (2).
Overall, the evidence was moderate.
Innovation: Our study shows that TOT is a viable diabetic foot ulcer therapy.
Conclusions: These data support the use of TOT for the treatment of chronic
Wagner 1 or 2 diabetic foot ulcers in the absence of infection and ischemia.
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INTRODUCTION

D1aBETES-RELATED FOOT ULCERS (DFUs), affect-
ing up to one third of patients with diabetes during
the course of their disease, have long been con-
sidered major precursors to lower extremity am-
putation, whether of neuropathic, ischemic, or
neuroischemic etiology.’? A recent systematic re-
view reported a worldwide prevalence of DFU of
6.3%, with the highest prevalence being 13% in
North America.® Another report found the global
burden of diabetes-related lower extremity com-
plications to be high, with a crude estimate of DFUs
affecting 18.6 million persons.* The costs of treat-
ing chronic DFUs are commensurate with the
frequent complexity of the problem itself. A 2014
U.S.-based administrative database study found
that such costs can range from $9 to $13 billion, and
the excess health care costs of DFU approximately
double the cost of treating diabetes itself.’

The rapid growth of the global population with
diabetes will lead to a greater number of pa-
tients suffering from DFUs and a concomitant
increase in global amputation rates. Current pro-
tocols for managing acute or chronic DFUs focus on
thorough systematic assessment, debridement, ef-
fective offloading, wound bed preparation, and re-
vascularization, as necessary.®® Unfortunately,
many DFUs are refractory to optimal standard of
care (SOC) as defined by healing less than 50% in
4 weeks. These patients require reassessment of
vascular, nutritional, and infection status; exami-
nation of the effectiveness of debridement and off-
loading regimens; and reevaluation of renal status,
diabetic control, residual small artery disease
(not amenable to intervention), or other significant
metabolic abnormalities that may adversely affect
wound healing. These patients are likely to benefit
from advanced wound healing therapies, such as
topical oxygen therapy (TOT).”%10

When TOT was introduced to clinical practice
over 50 years ago, practitioners initially viewed it
as a controversial therapy, due to the sparse evi-
dence supporting its use. Technological advances
in delivery systems and recent clinical trials sug-
gest that TOT is a viable advanced treatment mo-
dality for DFUs.1%-15

There are several types of TOT devices on
the market, including continuous diffusion of oxy-
gen (CDO) delivery systems, devices delivering
low constant pressure O, (at 22mmHg), and a
system that delivers cyclically pressurized oxygen
(from 10 to 50 mb above atmospheric pressure).'%16
CDO devices, delivering a low constant flow of pure
oxygen at 3-15mL/h, are designed for continu-
ous ambulatory use through proprietary wound

dressings, whereas the latter two devices de-
liver oxygen within a flexible, disposable extremity
chamber used in the home.

Early clinical studies on TOT lacked scientific
rigor. For example, a poorly designed, unblinded,
and inadequately powered trial published in 1988
compared 12 hospitalized patients with chronic
DFUs who received 14 days of topical “hyperbaric”
oxygen therapy with 16 similar patients treated
with standard care. The investigators reported
no difference in healing outcomes after 2 weeks
of treatment, and they concluded that TOT pro-
vided no appreciable benefit in the treatment of
DFUs.""

Despite this early report, several reviews, ob-
servational human studies, and preclinical animal
work suggested a positive wound healing benefit
associated with TOT.*®2* A very compelling ani-
mal study was published by Fries et al. in 2017 that
clearly demonstrated an upregulation of growth
factors and significant increases in tissue level
oxygen partial pressures after treatment with TOT
compared with control wounds.'® Furthermore,
these physiological attributes were corroborated by
clinical as well as histological evidence of improved
healing in the oxygen-treated wounds.

The last decade, however, has given rise to
several more robust randomized controlled trials
(RCTs) that demonstrate the efficacy of TOT in
treatment of chronic DFUs compared with controls
treated with SOC alone.'*~'5 Additionally, several
recent independent systematic reviews and meta-
analyses validate the additional benefit of TOT in
this regard.?>27 These systematic reviews, how-
ever, were fairly heterogeneous in the types of
studies analyzed and did not include the most re-
cent RCT published in 2021.13

Our aim in this systematic review and meta-
analysis was to provide a rigorous assessment of
recently reported RCTs comparing adjunctive TOT
with control patients receiving SOC for the treat-
ment of chronic DFUs. Distinct from the several
other systematic reviews, we include only robust
prospective RCTs with primary outcomes of com-
plete healing at 12 weeks. Complete healing (or
complete wound closure), as used in this analy-
sis, is defined as complete reepithelialization
with no further evidence of drainage nor visible
granulation tissue. To avoid potential duplication
of patient data, we have specifically excluded
those publications with reported interim data.
The data from studies evaluating CDO and cy-
clically pressurized systems were included and
pooled. There were too few studies to perform
separate meta-analyses.
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INNOVATION

TOT has had a checkered history as an adjunc-
tive therapy in wound healing in part due to the
development of the technology itself. Recent ad-
vances have made the devices more robust and
reliable with the potential to accelerate wound
healing in chronic diabetic foot ulcers. By con-
ducting a systematic review of all the relevant
RCTs using the most conservative outcome of
complete wound healing at a minimum of 12 weeks,
we demonstrate that more robust devices do have
the ability to improve wound healing in less severe
chronic diabetic foot ulcers.

CLINICAL PROBLEM ADDRESSED

Chronic diabetic foot ulcers are an unfortunate
but common complication of diabetes. While con-
sistent SOC can heal many DFUs given enough
time, a substantial proportion of these wound types
are stuck in the inflammatory phase of wound
healing and need an adjunctive treatment to ad-
dress the issue(s) so that the wound can tran-
sition to the proliferative phase. While a variety
of treatments have demonstrated efficacy in this
regard, many are expensive, and some are not
available to all patients. Given that TOT is a pos-
sible adjunctive therapy for DFUs, we decided to
formally assess the RCTs conducted to date using
the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE), including
meta-analysis, to determine if this mode of therapy
can be recommended.

MATERIALS AND METHODS

The study was performed according to the
2015 Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols (PRISMA-P)
statement®® and was registered at PROSPERO
(CRD42021259090).

Eligibility

Studies involving patients with chronic DFUs
using TOT (intermittent or continuous application
of oxygen) in addition to SOC (debridement, off-
loading, and moist wound care) in any health care
setting were eligible provided that they were RCTs.
Data of studies with 20 patients or fewer or with-
out primary outcomes of healing at 12 weeks were
excluded from the assessment.

Literature search
The following databases were used in the search:

o PubMed
¢ MEDLINE/OVID

Embase
Cochrane Central Register of Controlled Trials
Cochrane Database of Systematic Reviews

e Health Technology Assessment Database
e ClinicalTrials.gov

e International Clinical Trials Registry Plat-
form Search Portal.

The following search terms were used: Topical
Oxygen OR Topical Wound Oxygen OR Continuous
Diffusion of Oxygen OR Continuous Topical Oxy-
gen OR Topical Hyperbaric Oxygen OR High-
Pressure Cyclical Oxygen AND Clinical Trial OR
Trial OR Placebo OR Random.

In addition, the full-text document (e.g., journal
article or clinical study report) had to be available
and published after January 1, 2010. Any language
was permissible provided that English titles and
abstracts were available and indicated potential
relevance.

Figure 1 summarizes the literature search and
study selection process. On October 20, 2021, 2
authors conducted the literature search, which
yielded 51 clinical trials and 240 publications with
11 RCTs (14 publications) meeting search criteria
(Table 1). All members of the study team discussed
the search results and reached a consensus that
four studies met the predefined inclusion criteria
(Supplementary Tables S1 and S2).11-13:15

Data extraction and risk of bias analysis

The primary outcome of interest was complete
wound healing (skin reepithelialization without
drainage or dressing requirements confirmed at
two consecutive study visits 2 weeks or more apart)
at 12 weeks with the following secondary out-
comes collected if available: wound-related pain,
readmission to the hospital, health-related quality
of life, dependence on outside help or need for
care, adherence to prescribed therapy, and adverse
events (AEs), including amputation and mortality.

SOC in treatment of DFUs includes debride-
ment as necessary (typically sharp debridement),
offloading of plantar ulcers, appropriate dressings
to maintain a moist wound care bed, and infec-
tion control. Reporting should include debridement
type and frequency, as well as details of dressings
and offloading. Although findings were not tabu-
lated, we noted if details were missing.

Two reviewers independently extracted key
study metrics and outcomes, and a third member
checked congruity of the data. A consensus among
the team members was reached that only complete
wound healing was a useful outcome, as not all
studies provided other wound healing outcomes.
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Figure 1. PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Review and Meta-Analysis.

The risk of bias analysis used the RoB2 approach
developed by the Cochrane group.?® The same re-
viewers who extracted the data carried out the risk
of bias analysis independently. The senior sys-
tematic reviewer/statistician adjudicated differ-
ences in assessment for each domain for each study
and reviewed the overall results.

Meta-analysis

Meta-analysis was conducted for complete
wound healing at 12 weeks using all eligible stud-
ies, as only one study was low risk. A fixed-effects
model (inverse variance method; Mantel-Haenszel)
was used when heterogeneity was judged nonsig-
nificant, including the I? and Cochran’s @ metrics.
A random-effects model (DerSimonian and Laird
method) was used when heterogeneity was judged

significant. Heterogeneity was explored by sys-
tematically omitting one of the included studies.
The effect measure used was relative risk, and the
analysis was conducted using MedCalc and SPSS
(v 28.0).

Table 1. Literature search data

Parameter Clinical Trials FPublications

Unique results from search terms 51 240

Those involving gaseous, topically 30 101
applied oxygen

RCTs meeting criteria " 14

Completed with full-text publication 4 10°

®Two clinical trials had multiple publications. Only one reference from
each study contained the primary outcomes used in the meta-analysis.
Refer to Supplementary Tables S1 and S2.

RCT, randomized controlled trial.
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The primary sensitivity analysis was carried
out using a modified jump-to-reference (J2R) ap-
proach,®® in which subjects lost to follow-up or
withdrawals due to other reasons for the complete
wound healing outcome in the TOT group were
assumed to have had the same proportional out-
comes as the control/sham/SOC only group. Since
outcomes for subjects withdrawn from the studies
depend on the reason why the subjects were with-
drawn, for serious adverse events (SAEs) or AEs in
which the event was serious enough that a subject
was withdrawn from the study, the event would
likely have affected the wound healing trajectory in
an adverse manner. For nonserious AEs or most
other reasons for withdrawals, the wound healing
trajectory would likely have been similar to the
healing rate of the uncensored control/sham/SOC
only group.

Thus, the algorithm for a secondary sensitivity
analysis was implemented first for the control/
sham/SOC only group as: (a) index wounds of
subjects who had an SAE/AE that forced with-
drawal or caused a voluntary withdrawal by the
subject were scored as not healed; death was scored
as not healed. If insufficient data were reported to
enable a determination, then the algorithm as-
sumed that this category was 0; (b) all other index

Table 2. Characteristics of included studies

wounds were scored as healed/not healed according
to the J2R method, which uses complete case re-
sults. The adjusted healing rate thus obtained was
then used as the J2R value for the TOT group.
When calculating the number of subjects in a sen-
sitivity analysis, if fractions were involved, num-
bers of subjects were rounded up or down to
integers depending on whether the fraction was
>0.5 or not.

Grading of Recommendations Assessment,
Development, and Evaluation

Three team members evaluated independently
the body of evidence using the GRADE methodol-
ogy.?! Consensus among all authors determined
recommendations.

RESULTS
Study details

Three of the four studies had larger and similar
numbers of enrolled participants (N=130-146),
whereas the Frykberg RCT'® was smaller (N=73)
(Table 2). The mean wound age was comparable
among all studies, although the Driver study'!
enrolled smaller area wounds on average (Table 2).
All RCTs had a study length of 12 weeks.

Study
RCT Study No. of Subjects  Duration, Intention-to-Treat Right-Censored
Study Year Design Randomized Weeks Setting Analysis Wound Characteristics Outcomes
Driver 2017 e Subject blinded 130 12 22 Wound clinics o Active: 65 e (Class: UT 1A e Active: 12
et al" e Assessor blinded e Active®: 66 (United States o Sham: 63° e Mean wound age: Active: e SOC: 17
e 2 Groups e Sham?: 64 and Canada) 17.7 weeks; Sham: 14.9
weeks
e Mean wound area: Active:
2.0cm?% Sham: 2.3¢m?
Niederauer 2018 e Subject blinded 146 12 34 Wound clinics e Active: 74 e (Class: UT 1A e Active: 22
et al"? o Assessor blinded e Active: 74 (United States) e Sham: 72 e Mean wound age: Active: e SOC: 19
e 2 Groups e Sham: 72 18.8 weeks; Sham: 20.5
weeks
e Mean wound area: Active:
3.5cm?% Sham: 3.9¢m?
Frykberg 2020 e Subject blinded 73 12 17 Diabetic e Active: 36 e (lass: UT 1A-D, 2A-D e Active: 3
et al'® e Assessor blinded e Active: 36 foot centers e Sham: 37 e Mean wound age: Active: o SOC: 4
e 2 Groups e Sham: 37 (United States, 22.9 weeks; Sham: 24.9
United Kingdom, weeks
France, Germany, e Mean wound area: Active:
and Luxembourg) 3.0cm? Sham: 3.2 cm?
Serena 2021 e No blinding 145 12 19 Wound clinics e Active: 81 e (Class: Wagner 1 or 2 e Active: 15
et al®® e 2 Groups o Active: 81 (United States) e SOC: 64 e Mean wound age: Active: e SOC: 12
e SOC: 64 24.5 weeks; SOC: 23.8

weeks
Mean wound area: Active:
2.9cm? SOC: 3.5¢m?

#Active group defined as the group allocated to the intervention; sham group defined as the group allocated to SOC alone using a sham device.

bSubjects randomized and also received allocated treatment.
SOC, standard of care; UT, University of Texas.
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Table 3. Complete wound healing outcomes and safety analysis of included studies

Study Year Outcome Data® Safety Results Healing Confirmation Visit
Driver et al." 2017 o Active®: 35/65 (54%) e SAEs: Active: 12; Sham: 13 2 Weeks after initial healing date
o Sham®: 31/63 (49%) o All unrelated/unlikely related to device
e p=042 e AEs: Active: 53 Sham: 55
o 1 Probably related to SOC
o 3 Possibly related to device
e Infections: Active: 3; Sham: 10
Niederauer et al."? 2018 o Active: 24/74 (32%) e AEs: Active: 11; Sham: 13 Follow-up telephone call/12-week
o Sham: 12/72 (17%) o Related to study wound: Active: 6; Sham: 10 durability visit
e p=0.027
Frykberg et al.'® 2020 o Active: 15/36 (41%) e SAEs: Active: 10; Sham: 10 2 Weeks after initial healing date
e Sham: 5/37 (14%) o AEs: Active: 8; Sham: 8
e p=0.007 e Index limb amputations: Active: 2; Sham: 3
Serena et al'® 2021 o Active: 36/81 (44%) o AEs: Active: 41; SOC: 32 2-Week confirmation visit
e SOC: 18/64 (28%) o Severe/life-threatening AEs: Active: 7; SOC: 8 (T.E. Serena, pers. comm.)
e p=004 o Possibly/probably related to product: Active: 1; SOC: 12 AEs

@Based on proportions of wounds healed at 12 weeks.

PActive group defined as the group allocated to the intervention; sham group defined as the group allocated to SOC alone using a sham device.

AE, adverse event; SAE, serious adverse event.

The difference between intervention and SOC
groups in terms of complete wound healing ranged
from 5% to 27% (all rates had higher healing rates
compared with the SOC group), but only the Driver
trial reported statistically nonsignificant results
(Table 3). AEs were similar in both groups for all
studies, although the absolute rates varied con-
siderably.

Risk of bias analysis

There were eight disagreements between the
two reviewers regarding judgment of the five do-
mains for the four studies, half of which were for
the Driver study.!! There was also a disagreement
about the overall judgment for the Driver trial.!!
After adjudication, this resulted in one low-risk
trial and three trials with some risk (Table 4).

Meta-analysis

Since only one study was low risk, meta-analysis
proceeded with all eligible studies. A random-effects
model was chosen because there was substan-
tial heterogeneity (I%: 55.7%; p =0.081). The simple
explanation for the origin of the heterogeneity was
the Driver study,!! as its removal resulted in no
heterogeneity.

The pooled results showed statistical signifi-
cance with a risk ratio (RR) of 1.59 (95% confi-
dence interval [CI]: 1.07-2.37; p=0.021) (Fig. 2 and

Table 5). A funnel plot suggested that the magni-
tude of the intervention response varied consider-
ably with the degree of precision (Fig. 3).
Sensitivity analysis using imputed values for
missing outcomes, which was based on random-
effects models, demonstrated that despite some
fairly high levels of missing outcomes in three
studies, neither the pooled estimate or 95% Cls
changed substantially (Table 6) (p=0.039).

Grading of Recommendations Assessment,
Development, and Evaluation

The ratings for each domain were as follows: (a)
risk of bias: moderate (3); (b) imprecision: moderate
(2), high (1); (¢) inconsistency: low (2), high (1); (d)
indirectness: moderate (2), high (1); and (e) publi-
cation bias: moderate (1), high (2). All agreed that
the overall evidence was moderate. Based on our
meta-analysis and GRADE review, the study panel
agreed that TOT can be recommended for the in-
dication of chronic DFUs that have not responded
to an initial trial of effective offloading and
sharp debridement in the absence of infection and
ischemia.

DISCUSSION

Our systematic review of RCT evidence for TOT
indicates that it is a viable treatment for Wagner 1

Table 4. Final summary table risk of bias judgment for complete wound healing outcome at 12 weeks

Study Domain 1 Domain 2 Domain 3 Domain 4 Domain 5 Overall
Driver et al." Low risk Low risk Some concerns Low risk Low risk Some concerns
Frykberg et al.'® Low risk Low risk Low risk Low risk Low risk Low risk
Niederauer et al."? Some concerns Low risk Some concerns Low risk Low risk Some concerns
Serena et al."”® Low risk Some concerns Some concerns Low risk Low risk Some concerns
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Figure 2. Forest plot for the random-effects model including all studies.

and 2 DFUs. The meta-analysis supports efficacy
in the defined populations under study; that is,
chronic nonischemic DFUs of at least 4 weeks
duration and not adequately responding to SOC
alone. Our recommendation corroborates and is
consistent with the other aforementioned system-
atic reviews that also support TOT for the treat-
ment of chronic DFUs.2°~2" Additional studies are
needed to clarify the indications for use and effi-
cacy in other wound types.

The meta-analysis demonstrated that, even in
the presence of statistical heterogeneity addressed
using random-effects models, results were statis-
tically significant and remained so when apply-
ing reasonable sensitivity analysis. While other
systematic reviews have already reported positive
findings,?* 2" our study was the first to analyze
only RCTs, including the most recent trial,'® and
we applied the most rigorous form of risk of bias
analysis, GRADE, and meta-analysis.

It is interesting to note that if the Driver study'’
is removed from meta-analysis, there is no het-
erogeneity, and a fixed-effects model is possible
with extremely statistically significant results.
One possible reason for the failure to achieve sta-

Table 5. Results of the random-effects model
including all studies

Risk Weight,
Study o1 soc Ratio 95% Cl %
Driver et al" 35/65 31/63 109 0.78-153 35.2
Niederauer et al." 24/74 12/72 1.95 1.06-3.59 22.2
Frykberg et al.'® 15/36 5/37 308 1.25-7.60 13.7
Serena et al."® 36/81 18/64 158 1.00-2.51 288
Total 110/256  66/236 159  1.07-2.37 100.0

Cl, confidence interval; TOT, topical oxygen therapy.

Standard Error

05 [sesusacsiusd i Foseufsiaduitad. fodossisinianad fous v fassi |
0.1 1 10
Relative risk

Figure 3. Funnel plot of the magnitude of the intervention response in-
cluding all studies.

tistical significance in the Driver study'! could be
premature failure of the active device, Epiflo™
(Neogenix, formerly Ogenix, Beachwood, OH). This
older continuous topical oxygen (CTO) device uses
an electrochemical generator to produce oxygen at
a flow rate of 3ml/h. While the device has a
blinking red light that indicates when the power is
on, it does not contain an alarm or indicator to
notify the patient or provider that the generator is
not functioning properly. If the device fails, the
patient and clinician may believe that the device is
working properly, even though it is no longer gen-
erating oxygen. In addition, CTO devices may not
function in regions with low humidity levels.>?
These weaknesses may explain the poorer re-
sults in the CTO clinical trials compared with the
other systems. While the trial was generally well
designed, the control group achieved nearly a 50%
closure rate at 12 weeks compared with 54% in the
active group. This would ostensibly indicate that
those ulcers enrolled would have been as likely to
heal with SOC as with active therapy. Further-
more, the authors acknowledged that they specifi-
cally excluded patients with typical comorbidities

Table 6. Sensitivity analysis of the complete wound
healing outcome using a random-effects model
in the meta-analysis (p=0.039)

Risk Weight,
Study o1 soc Ratio 95% Cl %
Driver et al." 41/65 38/63 105  0.80-1.37 339
Niederauer et al.'? 26/74 13/72 1.95 1.09-3.48 233
Frykberg et al.'® 15/36 5/37 308 125-760 14.8
Serena et al."® 38/81 19/64 158 1.02-2.46 28.0
Total 120/256  75/236 159  1.02-2.48 100.0
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seen in patients with DFU (ischemia,

X . . KEY FINDINGS
renal insufficiency, etc.) and patients
with deeper ulcers that would be consid- e TOT has been recognized as a potential adjunctive therapy for the
ered more difficult to heal.!! treatment of diabetic foot ulcers.

The current SARS-Cov-2 pandemic
has resulted considerable disruption to
wound care especially for patients par-
ticularly for treatments that involve
wound care clinics and hospitals.?® Con-
sequently, treatments that can be con-
ducted in the patient’s home care setting

o A random-effects meta-analysis of four RCTs showed that TOT improved
wound healing at 12 weeks over SOC alone (RR: 1.59; 95% Cl: 1.07—-2.37;
p=0.021).

e Investigation of statistical heterogeneity indicated that older TOT tech-
nology might be the reason for earlier poor results.

o The overall GRADE level of evidence for TOT was moderate.

may have some advantage,®® including

TOT for treatment of DFUs. It remains unknown
whether the economics of using TOT are favorable
since no studies have been published on the sub-
ject. Although any advanced therapy will be more
costly initially, long-term benefits are almost uni-
formly supportive of such therapies since they heal
wounds faster and avoid hospitalizations and am-
putations. Indeed, a recent publication supports
this premise.?®

There are some limitations to this meta-
analysis. First, complete wound healing was the
only common endpoint available for this review
and meta-analysis. The U.S. Food and Drug Ad-
ministration favors this endpoint®; however, the
analysis was unable to assess patient-centered
outcomes, such as quality of life or wound-associated
pain, or clinical endpoints of interest, such as pre-
vention of infection or amputation. Second, there
is invariably some heterogeneity in applying
SOC for DFU treatment even in RCTs in which
there is considerable training and assessment at
each participating site; examples include types of
dressings, debridement frequencies, and types of
permissible offloading. Within a trial, heterogene-
ity is usually minimal due to randomization pro-
cedures, but between trials, differences can be a
factor in determining what the overall SOC healing
rate is over the length of the study.

However, what really matters is the difference
between the treatment groups in regard to healing
rates rather than absolute values. SOC can also be
insufficiently detailed in the study publication,
which is a reporting issue; for example, only two of
the trials described debridement, and offloading
details were missing in one trial. This can lead to
uncertainty in regard to study assessment, partic-
ularly for assessors not familiar with the trials.
Third, our recommendations are limited to Wagner
grade 1 or 2 DFUs: none of the clinical trials in-
cluded more severe ulcers. Similarly, the trials
primarily treated chronic uninfected ulcers with
adequate perfusion. Therefore, the conclusions do
not extend to infected or ischemic ulcers. Last, our

recommendations are based on only four RCTs;
more well-conducted trials would be likely to
strengthen or amend our conclusions.

In conclusion, this systemic review and meta-
analysis supports the use of TOT as an adjunctive
therapy in the treatment of Wagner 1 and 2 DFUs
that have not responded to preliminary treatment
with optimal SOC alone.
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Abbreviations and Acronyms

AE = adverse event
CDO = continuous diffusion of oxygen
Cl = confidence interval
CTO = continuous topical oxygen
DFU = diabetes-related foot ulcer
GRADE = Grading of Recommendations
Assessment, Development,
and Evaluation
J2R = jump-to-reference
PRISMA-P = Preferred Reporting Items
for Systematic Review
and Meta-Analysis Protocols
RCT = randomized controlled trial
RR = risk ratio
SAE = serious adverse event
SOC = standard of care
TOT = topical oxygen therapy
UT = University of Texas
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