
1Vinkel J, et al. BMJ Open 2020;10:e031708. doi:10.1136/bmjopen-2019-031708

Open access 

Effects of adding adjunctive hyperbaric 
oxygen therapy to standard wound care 
for diabetic foot ulcers: a protocol for a 
systematic review with meta- analysis 
and trial sequential analysis

Julie Vinkel,1 Niels Frederich Rose Holm    ,1 Janus C Jakobsen,2,3,4,5 
Ole Hyldegaard1

To cite: Vinkel J, Holm NFR, 
Jakobsen JC, et al.  Effects of 
adding adjunctive hyperbaric 
oxygen therapy to standard 
wound care for diabetic 
foot ulcers: a protocol for 
a systematic review with 
meta- analysis and trial 
sequential analysis. BMJ Open 
2020;10:e031708. doi:10.1136/
bmjopen-2019-031708

 ► Prepublication history and 
additional material for this 
paper are available online. To 
view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2019- 
031708).

Received 03 June 2019
Revised 10 February 2020
Accepted 06 March 2020

For numbered affiliations see 
end of article.

Correspondence to
Dr Julie Vinkel;  
 julie. vinkel. clausen@ regionh. dk

Protocol

© Author(s) (or their 
employer(s)) 2020. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

AbstrACt
Introduction Diabetic foot ulcer represents a major 
health problem globally. Preliminary studies have 
indicated that systemic treatment of diabetic foot ulcer 
patients with hyperbaric oxygen therapy have beneficial 
effects on wound healing, risk of amputation, glycaemic 
control, atherosclerosis, inflammatory markers and other 
clinical and laboratory parameters. This protocol for a 
systematic review aims at identifying the beneficial and 
harmful effects of adding hyperbaric oxygen therapy to 
standard wound care for diabetic foot ulcers.
Methods and analysis This protocol was performed 
following the recommendations of the Cochrane 
Collaboration and the eight- step assessment procedure 
suggested by Jakobsen and colleagues. We plan to 
include all relevant randomised clinical trials assessing 
the effects of hyperbaric oxygen therapy in the 
treatment of diabetic foot ulcer versus any control group 
with any intervention defined as standard wound care or 
similar, together with sham interventions. Our primary 
outcome will be: all- cause mortality, serious adverse 
events and quality of life. Our secondary outcomes 
will be: healing of index wound, major amputation and 
wound infection. Any eligible trial will be assessed and 
classified as either high risk of bias or low risk of bias, 
and our conclusions will be based on trials with low 
risk of bias. The analyses of the extracted data will be 
performed using Review Manager 5 and Trial Sequential 
Analysis. For both our primary and secondary outcomes, 
we will create a ‘Summary of Findings’ table and use 
GRADE (Grading of Recommendations Assessment, 
Development and Evaluation) assessment to assess the 
quality of the evidence.
Ethics and dissemination We use publicly accessible 
documents as evidence, there is no participant 
involvement at an individual level and an institutional 
ethics approval is not required. The results of the review 
will be sought published in a peer- reviewed journals, 
also in the event of insignificant results or null results, 
and thereby it will be disseminated to clinicians and 
public available.
PrOsPErO registration number CRD42019139256.

IntrOduCtIOn
Diabetic foot ulcer is a pathological condi-
tion that arises from diabetes and represents 
a major health problem throughout the 
world.1 The prevalence of diabetes and its 
consequences has been steadily increasing 
for the past three decades, and the WHO esti-
mates a prevalence of 64 million persons with 
diabetes in the European region.2 The annual 
population- based incidence of diabetic foot 
ulcers ranges from 1.0% to 4.1%.3 It is esti-
mated that 7.4% of people with diabetes in 
the UK have a history of active or previous 
foot ulcer, with a lifetime risk for developing 
a foot ulcer of 15%.3 4

Diabetic foot ulcer is defined as a foot 
affected by ulceration that is associated with 
neuropathy and peripheral arterial disease 
of the lower limb in a person with diabetes.5 
Diabetic foot ulcers can be asymptomatic due 
to diabetic neuropathy, even in the presence 
of severe tissue loss.6 Neuropathy impedes 

strengths and limitations of this study

 ► Application of an eight- step procedure for better 
validation of meta- analytical results in systematic 
reviews as suggested by Jakobsen et al.

 ► The predefined methodology is based on the 
Cochrane Handbook for systematic reviews of 
interventions.

 ► Control of type I errors and type II errors with trial 
sequential analysis.

 ► Multiple treatment elements are used and the treat-
ment strategy may vary across the trials that we 
compare.

 ► The review has six outcomes and several subgroup 
analyses, and thus many comparisons are per-
formed. This statistical multiplicity increases the risk 
of type I error.
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pain impulses to the brain and leads to poor skin sensi-
tivity. The condition will gradually worsen if/as the 
person continues to walk on the insensitive foot.7 As the 
condition aggravates and penetrates deeper layers of the 
skin, symptoms related to the neuropathy and ulceration 
may arise. Symptoms of neuropathy include burning 
sensation; pins and needles; shooting, sharp or stabbing 
pains and muscle cramps that are distributed symmetri-
cally in both limbs.5 Neuropathic pain is associated with 
impaired sleep, high levels of anxiety and depression and 
may cause disability with need of help to walk (crutches 
or wheelchair).8–11 The symptoms of foot ulceration can 
be swelling, warmth around the wound, foul- smelling 
discharge seeping from the wound, as well as pain and 
firmness when the wound is touched.

Eventually the ulceration can be subject to microor-
ganisms’ invasion associated with inflammation including 
abscess formation, cellulitis, myositis, paronychia, necro-
tising fasciitis, septic arthritis, tendonitis and osteomy-
elitis by spreading to the bone after the establishment 
of infection.12 13 The incidence of amputation among 
people with diabetic foot ulcers depends on definition 
of amputation, local clinical practice as well as cultural, 
geographical and economic factors and therefore ranges 
between 8.3% to 28.6% in the literature.4 14 15 Likewise, 
the physical, emotional and psychological consequences 
of amputation vary among populations and is dependent 
on the level of amputation as well as on social and cultural 
factors.16 17

Healthcare costs
Diabetic foot ulcers inflict significant healthcare costs on 
individuals and healthcare systems.1 18

A large multicentre prospective observational study 
including several European countries estimated the 
direct cost of healing one foot ulcer was 7147 €, but if no 
healing was achieved in 12 months, the cost rose to 18 790 
€.19 When amputation was necessary the hospital cost was 
24 540 € (2005 prices). The projected European costs of 
treatment of diabetic foot ulcers was estimated to be 10 
billion euros per year in the middle of the 2000s decade.19 
Likewise, a retrospective study from the USA involving 
883 463 diabetic foot ulcer patients found that hospital 
costs per diabetic foot ulcer admission were US$8145 to 
US$11 290, depending on the cause of admission. The 
cost of diabetic foot ulcer care in the USA was estimated 
to be US$1.38 billion per year (2010 prices).20

diagnosis
Diabetic foot ulcer is a clinical diagnosis that involves 
assessing both the foot ulcer and the risk factors for devel-
opment and progression of a foot ulcer.7 21 The Interna-
tional Working Group on the Diabetic Foot (IWGDF) 
has been publishing and updating international Practical 
Guidelines on diagnostics and management of foot prob-
lems in persons with diabetes since 1999. Overall, the 
diagnostic process includes evaluating the following:21

 ► Type of foot ulcer: most ulcers can be classified as 
neuropathic, ischaemic or neuro‐ischaemic. This clas-
sification includes assessment of the vascular tree with 
symptom- directed history, palpation of foot pulses 
and measurement of distal blood pressures.

 ► Cause of foot ulcer: evaluation of ill‐fitting shoes, foot-
wear behaviour, foot deformities and calluses.

 ► Site and depth of foot ulcer: ulcers on the plantar 
surface of the foot or in areas overlying a bony 
deformity are most often neuropathic. The depth of 
the ulcer can be difficult to determine due to the pres-
ence of overlying callus or necrosis. Ulcers in the tips 
of the toes or the lateral border of the foot are most 
commonly ischaemic or neuro‐ischaemic ulcers.

 ► Signs of infection: signs and symptoms of infection 
such as fever, pain, increased white blood cell count, 
presence of substantial tissue damage and develop-
ment of an abscess. The risk of osteomyelitis should be 
determined and debridement should be performed.

Classification
There is no consensus among researchers or clinicians 
about a validated foot ulcer classification system.22–24 
More than 10 diabetic foot ulcer classification systems 
have been described by researchers.25 Historically, the 
most widely used classification system for describing 
diabetic foot ulcers is the Meggitt- Wagner classifica-
tion. The Meggitt- Wagner classification system is rela-
tively simple and includes five classes that focusses on 
infection and affected tissue layers.5 Although widely 
used both clinically and scientifically, this classifica-
tion system has been criticised for both purposes.26 
Other classification systems include more variables 
such as wound area and measures of blood perfusion 
in the skin surrounding the foot ulcer. A system used in 
routine clinical practice should be simple enough to be 
remembered and easily applied, such as University of 
Texas System or the SINBAD (Site, Ischaemia, Neurop-
athy, Bacterial Infection and Depth) system.24 For scien-
tific purpose, the IWGDF has developed a classification 
system PEDIS, that has also been shown to be correlated 
with the risk of amputation.24 27–29

Pathophysiology
The pathogenesis of diabetic foot ulcers is a triopathy 
related to the following diabetic complications; neurop-
athy, arteriopathy and a modified response to infection.30

Sensory neuropathy results in progressive loss of 
protective sensation, as well as loss of sensation of 
posture and vibration. This causes an abnormal walking 
pattern, which in turn gives rise to foot deformities, 
limited joint mobility, abnormal biomechanical loading 
of the foot, thickened skin, subcutaneous haemor-
rhage and, ultimately, ulceration. Ulceration can also 
be caused by minor trauma caused by ill- fitting shoes or 
injuries, which persons with diabetes are predisposed 
to due to sensory neuropathy.7 Autonomic neuropathy 
leads to loss of sympathetic innervation, which results in 
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dry skin that is more susceptible to lesions and bacterial 
habitation.30

Peripheral vascular disease in persons with diabetes 
plays an important role in the pathogenesis of foot ulcers 
and is directly related to the lack of healing and risk of 
amputation. However, the interaction of factors is compli-
cated. Despite a technically successful surgical revascu-
larisation, diabetic foot ulcers are slow to heal and often 
recidivates. Only 60% of the diabetic foot ulcer patients 
achieve wound healing 1 year after revascularisation and 
40% of them experience recurrences or a new foot ulcer 
within another 12 months.31 32 The pathophysiological 
mechanism is complex not only due to structural changes 
in the larger vessels, but also functional changes in the 
microcirculation.30

Persons with diabetes are at increased risk of infec-
tion, including skin infections, mycoses, pneumonia, 
sepsis, bone and joint infection and endocarditis. The 
risk of hospitalisation and/or infection- related death is 
almost twofold compared with an age- and sex- matched 
population.33 The increased risk of infection is asso-
ciated with hyperglycaemia.33 Normal wound healing 
occurs in a regulated, coordinated and orderly sequence 
that requires cells, signalling molecules and extracel-
lular matrix formation and maintenance. All these key 
ingredients have been shown to be altered with diabetes 
and diabetic wounds often remain in the inflammatory 
phase.34

standard wound care of diabetic foot ulcers
International guidelines have been published and regu-
larly updated by the IWGDF since 1999. The guidelines 
consist of five documents related to foot complications in 
diabetes with the following topics: prevention, footwear 
and offloading, peripheral artery disease, foot infections 
and wound healing interventions.6 13 35–37 The result is 
an evidence- based global consensus on prevention and 
management of foot problems in diabetes that should 
be used for developing local guidelines in each country 
adapted to local circumstance.21

In all countries, there should be at least three levels of 
foot- care management constituting a multidisciplinary 
foot care team. The first level consists of a general practi-
tioner, a podiatrist and a diabetic nurse. The second level 
is a hospital setting with diabetologist, surgeon (general, 
orthopaedic or foot), vascular surgeon, endovascular 
interventionist, podiatrist and diabetic nurse, in collab-
oration with a shoemaker, orthotist or prosthetist. The 
third level is a foot centre that is specialised in diabetic 
foot care with multiple experts from several disciplines 
that acts as a tertiary reference centre.38

Standard wound care involves:
 ► Relief of pressure and protection of the ulcer: treat-

ment elements could be offloading devices such as 
total contact cast, removable walker rendered irre-
movable, a removable device, shoe- modifications, 
temporary footwear, felted foam in combination with 
appropriate footwear, toe- spacers or orthoses. Patients 

may be instructed to limit standing and walking and 
to use crutches.

 ► Restoration of foot perfusion: this includes exam-
ination with devices such as ankle pressure, ankle 
brachial index, toe pressure or transcutaneous oxygen 
measurement. Urgent vascular imaging and revas-
cularisation should be considered. Efforts to reduce 
cardiovascular risk (cessation of smoking, control 
of hypertension and dyslipidaemia, use of aspirin or 
clopidogrel) should be emphasised.

 ► Treatment of infection: treatment element could 
be cleansing, debridement of necrotic tissue and 
surrounding callus as well as empirical oral antibiotic 
therapy. In deep infection urgent surgical interven-
tion to remove necrotic tissue and drain abscesses 
should be performed. The antibiotic regimen should 
be adjusted based on clinical response, culture and 
sensitivity results from the deepest tissue involved.

 ► Metabolic control and treatment of comorbidity: 
glycaemic control should be optimised, if necessary 
with insulin. Oedema or malnutrition should be 
treated if present.

 ► Local wound care: this includes frequent inspection 
of the ulcer with repeated debridement as needed, 
dressings to control excess exudation and maintain 
moist environment, negative pressure therapy to post-
operative wounds and hyperbaric oxygen therapy (see 
below) in poorly healing wounds.

Successful efforts to prevent and treat foot complica-
tions depend on a well- organised team that integrates 
the various disciplines involved and uses a holistic 
approach in which the ulcer is seen as a sign of multi- 
organ disease.38

definition of the intervention
The first article describing adjunctive use of hyperbaric 
oxygen therapy was written in 1879 by the French surgeon 
Fontaine, who believed that pressurised oxygen chambers 
helped in patient anaesthesia.39 In the 1950s and 1960 s 
Churchill- Davidson and Boerema’s work led to acknowl-
edgement of the value of hyperbaric oxygen therapy in 
radiation therapy, certain anaerobic infections, carbon 
monoxide poisoning and cardiac surgery.40

Hyperbaric oxygen therapy consists of breathing 100% 
oxygen (FiO2=1.0) under elevated pressure, which 
is defined as a minimum of 1.4 atmosphere absolute 
(141.86 kPa) in a pressure chamber.41 The chamber can 
either be a multi- chamber with room for treating several 
patients simultaneously, typically sitting side by side along 
the hull of the chamber, or a mono- chamber, which can 
treat only one patient in a supine position.

The oxygen is delivered by either a hood or a mask, 
and most mono- chambers are compressed with pure 
oxygen.42 A treatment session is divided into a compres-
sion phase of typically 5 to 10 min duration. A treatment 
phase and a corresponding decompression phase of 5 
to 10 min duration will be made during the ascension 
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to atmospheric pressure depending on local procedures 
and requirements to medical personnel.41

the physiological effect
The immediate effect of hyperbaric oxygen therapy is 
a rise in the oxygen partial pressure in the blood, and 
the amount of physically dissolved oxygen increases to 
a level that is sufficient to support otherwise hypoxic 
tissue. A tissue’s oxygen supply is driven by the haemo-
globin bound oxygen and tissue perfusion.43 The 
oxygen partial pressure gradient between the blood 
and the tissue cells is the vector that determines the 
diffusion direction to regions with the greatest oxygen 
turnover. The driving force is a gradual decrease in 
the oxygen partial pressure gradient that occurs when 
oxygen is transported to tissue cell mitochondria by 
diffusion. Hyperbaric oxygen therapy increases the 
oxygen tension in ischaemic wounds under conditions 
of adequate arterial inflow.44–46 A sustainable effect of 
hyperbaric oxygen therapy on tissue oxygenation is 
obtained through formation of new vessels by neovas-
cularisation. After a hyperbaric treatment session, the 
oxygen tension can only stay above baseline for hours. 
However, it is assumed that the intermittent period of 
hypoxia and hyperoxia in wounds initiates a cascade 
reaction that ultimately stimulates neovascularisation 
through, among other things, an increase in vascular 
endothelial growth factor.45

Adverse events from hyperbaric oxygen therapy are 
assumed to be low and self- limited when they do occur.47 48 
Adverse events are: barotraumatic lesions, sinus squeeze, 
seizures (oxygen toxicity), myopia (oxygen toxicity), 
cataract, pulmonary dyspnoea (oxygen toxicity), claus-
trophobia, hypoglycaemic among patients with diabetes, 
dizziness and weakness.47 49 The overall per pressurising 
incidence is described as 400 to 721:100 000, of which 
middle ear barotrauma is the most frequent.47 49 Hyper-
baric oxygen therapy has in several studies been suggested 
to be cost- effective as an adjunctive therapy to standard 
wound care.50 51

the therapeutic protocol for treatment of diabetic foot ulcers
In recent years international guidelines for adjuvant 
hyperbaric oxygen therapy of diabetic foot ulcers have 
been published.31 52 These guidelines recommend that 
patients with diabetic foot ulcers with Wagner grade 3 or 
higher, that have not shown significant improvement after 
30 days of standard wound care, should be offered adjunc-
tive hyperbaric oxygen therapy.52 Moreover, diabetic foot 
ulcer patients with Wagner grade 3 or higher, who have 
newly received a surgical debridement of an infected 
foot, should be treated with acute postoperative hyper-
baric oxygen therapy in addition to standard care.52

The therapeutic range in hyperbaric oxygen therapy 
wound healing protocols is between 2.0 to 2.5 atmosphere 
absolute.41 A frequently used treatment regimen in many 
hyperbaric centres is the administration of hyperbaric 
oxygen therapy five times a week for 90 min per session. 

The total number of sessions varies based on the response 
of the wound to treatment and may comprise 40 or more 
sessions in total.53

systemic effects of hyperbaric oxygen therapy
Diabetic foot ulcers are linked to an increased risk of 
death. A recent cohort study including 414 523 people 
with diabetes found that individuals with a diabetic foot 
ulcer were three times more likely to die at any time 
compared with individuals with diabetes who did not have 
a diabetic foot ulcer.54

The association between diabetic foot ulcers and death 
could not be explained by other known major compli-
cations of diabetes, including myocardial infarction, 
congestive heart failure, peripheral vascular disease–
arterial insufficiency, cerebrovascular accident and 
chronic kidney disease.54 In fact, when placed together 
in a fully adjusted model, these complications of diabetes 
explained <30% of the association between diabetic foot 
ulcer and death, suggesting that there are major unknown 
risk factors associated with diabetic foot ulcers.54 Hyper-
baric oxygen therapy is a systemic therapy and it has been 
shown to have beneficial effects on glycaemic control, 
atherosclerosis, inflammatory markers and other clinical 
and laboratory parameters in patients with diabetic foot 
ulcerations.55–58 Moreover, hyperbaric oxygen therapy has 
a protective effect on the heart, by preventing prolonged 
QT interval in diabetic patients with foot ulcers,59 which 
has been associated with increased survival,60 and through 
a vagotonic effect that improves cardiac neural regula-
tion in diabetic individuals with foot complications.61 An 
explanation for this effect may be that diabetes is strongly 
associated with reduced microcapillary tissue perfusion; 
tissue hypoxia and neuronal dysfunction, all of which are 
improved by microcapillary angiogenesis as induced by 
systemic hyperbaric oxygen therapy.62–64

Why is it important to do this review?
A preliminary search identified a total of 15 previous 
reviews assessing the effects of hyperbaric oxygen therapy 
for diabetic foot ulcers. Only two of the 15 reviews 
comparing adjunctive hyperbaric oxygen therapy with 
standard wound care reported data on all- cause mortality. 
The Canadian Programme for Assessment of Technology 
reported all- cause mortality as an adverse event and 
found that two randomised controlled trials and one 
observational study described death as a study outcome, 
with overall three occurrences in the hyperbaric oxygen 
therapy groups and seven occurrences in the control 
groups.65 Later Ontario health assessment 2017 reported 
all- cause mortality as a primary outcome, including 
GRADE (Grading of Recommendations Assessment,De-
velopment and Evaluation) assessment. Based on one 
randomised controlled trial and one non- randomised 
controlled study, they found three deaths in the hyper-
baric oxygen therapy groups and six deaths in the control 
groups. This difference was not significant and the quality 
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of evidence was moderate according to the GRADE 
criteria.66

Ten reviews reported adverse events of the intervention 
as descriptive outcomes.48 52 65 67–73 Two reviews reported 
adverse events as a primary outcome, including GRADE 
assessment, and found no difference between the hyper-
baric group and the control group.48 66 No former review 
comparing adjunctive hyperbaric oxygen therapy with 
standard care has reported serious adverse events as 
defined by the The International Council for Harmon-
isation of Technical Requirements for Pharmaceuticals 
for Human Use - Good Clinical Practice (ICH- GCP) 
guidelines.

Quality of life has been poorly addressed in previous 
literature. Only two randomised clinical trials have dealt 
with this topic using two different self- reporting ques-
tionnaires.26 74 The results of these two trials has been 
summarised in eight reviews.52 65 66 69 72–75 75–77 The Ontario 
health assessment found inconsistent results for quality of 
life, with moderate quality of evidence according to the 
grade criteria,66 whereas Huang et al did not find data 
available to conduct a meta- analysis.52

All the reviews, except one reported data on amputa-
tion.31 48 52 65–67 69–73 76 77 Two reviews found that hyperbaric 
oxygen therapy significantly reduces the risk of major 
amputations in persons with diabetic foot ulcers,69 71 
which was supported in another review without statistical 
strength.75 Goldman found a high level of evidence that 
hyperbaric oxygen therapy decreases the risk of ampu-
tation for patients with diabetic foot ulcers complicated 
by surgical infection.67 Huang et al looked at different 
diabetic foot ulcer patient groups and found that hyper-
baric oxygen therapy was beneficial in preventing ampu-
tation in patients with Wagner grade 3 or greater diabetic 
foot ulcers, who have just undergone surgical debride-
ment of the foot or who had not shown significant 
improvement in wound healing after 30 or more days of 
treatment.52 The two most recent reviews concluded that 
there was no statistically significant reduction in major 
or minor amputation rate with the application of hyper-
baric oxygen therapy.48 72 The remaining of the reviews 
were inconclusive regarding hyperbaric oxygen therapy’s 
effect on prevention of amputation due to heterogeneity 
of data.31 65 66 70 73 75 76

Many of the trials include Wagner grade 3 that are char-
acterised as deep ulcers with abscesses or osteomyelitis. 
However, few reviews analyse hyperbaric oxygen thera-
py’s effect on infection in foot ulcers.48 52 67 Two former 
reviews found that hyperbaric oxygen therapy reduced 
infection in diabetic foot ulcers,52 69 with very low quality 
of evidence.52

As a research outcome, diabetic foot ulcer healing is 
defined in various ways throughout the clinical trials, 
resulting in a high degree of heterogenicity of this 
outcome measure. The Ontario health assessment report 
has for the same reason resulted in low quality of evidence 
on foot ulcer heling according to the GRADE criteria.66 
Seven reviews found an effect on ulcer healing in favour 

of hyperbaric oxygen therapy.52 66 67 69 70 72 73 Three reviews 
found no difference in wound healing when comparing 
the effect of hyperbaric oxygen therapy with standard 
care.48 65 71 No review has found an effect on wound 
healing in favour of standard care as opposed to stan-
dard wound care with adjunctive hyperbaric oxygen, and 
five reviews found insufficient evidence to address this 
outcome.31 68 75–77

It is remarkable that to a wide extent the reviews 
published between 2000 and 2017 has included the same 
2 to 10 randomised clinical trials and several observa-
tional studies, with the same six randomised clinical trials 
occurring in all reviews performed after 2014. Neverthe-
less, there are great discrepancies in the outcomes of 
interest and the previous reviews have considerable meth-
odological limitations.

The Cochrane review performed by Kranke et al was the 
only study with a protocol published ahead of the review.72 
Only five reviews were based solely on randomised clinical 
trials,48 70–73 and two of these are published before 2015 and 
has therefore not included the most recent trials.70 78 The 
two most recent review that is based solely on randomised 
clinical trials48 73 has not included four trials that we have 
identified after a preliminary search.58 79–81 Three reviews 
Kranke et al 2015, Health Quality Ontario 2017 and Huang 
et al 2015 have assigned levels of evidence according to 
the GRADE approach.82–84 However, no former review 
has taken into account both risks of systematic error and 
risks of random errors (Cochrane Methodology and Trial 
Sequential Analysis).

There is a need of an updated systematic review 
including all relevant trials taking into account risks of 
design errors, random errors and systematic errors.82

Objective
To assess the beneficial and harmful effects of adding 
hyperbaric oxygen therapy to standard wound care for 
diabetic foot ulcers.

MEtHOds And AnAlysIs
The method applied in this systematic review is based 
on Preferred Reporting Items for Systematic Reviews 
and Meta- Analysis Protocols (PRISMA- P) guidelines for 
reporting systematic reviews evaluating healthcare inter-
ventions.85 86 The method has previously been applied by 
our group in systematic reviews with meta- analysis on a 
wide range of healthcare topics.87–94 A PRISMA- P check-
list file is attached (online supplementary additional file 
1).

Criteria for considering studies for this review
Types of studies
Randomised clinical trials. Trials will be considered irre-
spective of trial design, setting, publication status, publi-
cation year and publication language.

Types of participants
Persons with diabetic foot ulcers. We will accept the 
definitions used by the trialists. Persons with diabetic 
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foot ulcers will be included irrespective of age, sex and 
comorbidities.

Types of interventions
Hyperbaric oxygen therapy group
We will accept interventions with hyperbaric oxygen 
therapy in the treatment of diabetic foot ulcer. We will 
accept the definitions used by the trialists.

Standard wound care
We will primarily include trials if the trialists plan to 
deliver a similar type of wound care in both the experi-
ment and control group. We will accept any intervention 
defined as standard wound care or similar, that is, any 
intervention where the setting is described as multidisci-
plinary and where the overall aim is to facilitate healing of 
a diabetic foot ulcer. Treatment elements of the standard 
wound care could be offloading, debridement, treatment 
of infection, vascular assessment, metabolic control and 
treatment of comorbidities.

Control group
In addition to standard wound care we will accept if the 
trialists in the control group deliver a sham intervention. 
We will accept any definition of sham to hyperbaric oxygen 
therapy, that is, any regimen where the overall aim is to 
simulate hyperbaric oxygen therapy. Treatment elements of 
sham therapy could be dose of intervention; atmospheric 
pressure and inspiratory partial pressure of oxygen, dura-
tion of treatment sessions, number of air- breaks, duration 
of air- breaks, frequency of air- breaks, number of completed 
treatment sessions, number of consecutive treatment 
sessions and duration of treatment breaks.

We will also accept if the trialist delivers other types 
of co- interventions to standard wound care than hyper-
baric oxygen therapy, if the trial compares wound care 
regimens that included hyperbaric oxygen therapy with 
wound care regimens that excluded hyperbaric oxygen 
therapy. If co- interventions differed significantly between 
trials we will clearly state this and discuss the implications.

Primary outcomes
1. All- cause mortality.
2. Serious adverse events. We will define a serious ad-

verse event as any untoward medical occurrence that 
resulted in death, was life- threatening, required hos-
pitalisation or prolongation of existing hospitalisation 
and resulted in persistent or significant disability or 
jeopardised the patient.95 As we expect the trialists’ re-
porting of serious adverse events to be heterogeneous 
and not strictly according to the ICH- GCP recommen-
dations, we will include the event as a serious adverse 
if the trialists either: (1) use the term ‘serious adverse 
event’ but does not refer to ICH- GCP or (2) report the 
proportion of participants with an event that we con-
sider will fulfil the ICH- GCP definition (eg, myocardial 
infarction or hospitalisation). If several of such events 
are reported then we will choose the highest propor-
tion reported in each trial.

3. Quality of life measured on any valid scale.

secondary outcomes
1. Major amputation (as defined by trialists).
2. Healing of index wound (as defined by the trialists).
3. Wound infection (as defined by the trialists).

Exploratory outcomes
1. Any amputation.
2. Minor amputation.

All outcomes, except quality of life, will be analysed as 
proportions of participants in each group.

Assessment time points
We will use the trial results reported at maximal follow- up 
for all outcomes. However, if the trialists reported results 
at multiple time points, we will primarily use the results 
reported at the time point closest to 12 months after 
intervention start.

Patient and public involvement
There was no involvement of patients in the methodolog-
ical design of this protocol. This protocol for a system-
atic review is based on published randomised controlled 
trials and does not involve new patient recruitment. It is 
designed and conducted in accordance with recommen-
dations stated in the Cochrane Handbook for Systematic 
Reviews of Interventions. We expect to publish the review 
in a peer- reviewed scientific journal and thereby dissemi-
nated to the public. It will not be possible to disseminate 
the study results to the participants of the original trials.

search methods for identification of studies
Electronic searches
The following databases will be used; Cochrane Central 
Register of Controlled Trials (CENTRAL), Medical Liter-
ature Analysis and Retrieval System Online (MEDLINE), 
Excerpta Medica database (Embase), Latin American and 
Caribbean Health Sciences Literature (LILACS), Science 
Citation Index Expanded on Web of Science and BIOSIS 
in order to identify relevant trials. The preliminary search 
strategy for MEDLINE (Ovid) is given in (online supple-
mentary additional file 2). We will search all databases 
from their inception to the present.

Searching other resources
The reference lists of relevant publications will be checked 
for any unidentified randomised trials. Moreover, authors 
of included studies will be contacted by email and asked 
for unpublished randomised trial results. Moreover, we 
will search for ongoing trials on the following platforms:

 ►  ClinicalTrials. gov ( www. clinicaltrials. gov)
 ► Google Scholar (https:// scholar. google. dk/)
 ► The Turning Research into Practice (TRIP) Database 

(https://www. tripdatabase. com/)
 ► European Medicines Agency (EMA) (http://www. 

ema. europa. eu/ ema/)
 ► United States Food and Drug Administration (FDA) ( 

www. fda. gov)

https://dx.doi.org/10.1136/bmjopen-2019-031708
https://dx.doi.org/10.1136/bmjopen-2019-031708
www.clinicaltrials.gov
https://scholar.google.dk/
https://www.tripdatabase.com/
http://www.ema.europa.eu/ema/
http://www.ema.europa.eu/ema/
www.fda.gov
www.fda.gov
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 ► China Food and Drug Administration (CFDA) 
(http:// eng. sfda. gov. cn/ WS03/ CL0755/)

 ► Medicines and Healthcare products Regulatory
 ► Agency (https://www. gov. uk/ government/ organisa-

tions/ medicines- and- healthcare- products- regulato-
ryagency)

 ► The WHO
 ► International Clinical Trials Registry Platform (ICTRP) 

search portal (http:// apps. who. int/ trialsearch/)
Additionally, conference abstracts from conferences on 

hyperbaric oxygen therapy and on diabetic foot ulcers will 
be hand searched for relevant trials. Unpublished and grey 
literature trials will be considered for the review. A prelimi-
nary systematic search was preformed 15 April 2019.

data collection and analysis
We will perform the review in accordance with the recom-
mendations of the Cochrane Collaboration.96 The anal-
yses will be performed using Review Manager 597 and 
Trial Sequential Analysis.98 99 If Review Manager statistical 
software is inadequate for all analysis, we will use Stata 
14100 when needed.

Selection of studies
Two authors (NFRH and JV) will screen titles and abstracts 
independently. All relevant full- text study reports/publi-
cations will be retrieved. Two review authors (NFRH and 
JV) will independently screen the full texts to identify 
ineligible trials. Reasons for exclusion of trials will be 
reported. Any disagreement between the review authors 
will be resolved through discussion or, if required, a third 
person will be consulted (JCJ). Trial selection will be 
displayed in an adapted flow diagram as per the PRISMA 
statement.84

Data extraction and management
Two authors (NFRH and JV) will independently extract 
data from included trials. Disagreements will be resolved 
by discussion with a third author (JCJ). We will assess 
duplicate publications and companion papers of a trial 
together to evaluate all available data simultaneously 
(maximise data extraction and correct bias assessment). 
We will contact the trial authors by email to specify any 
additional data, which may not have been reported suffi-
ciently in the publication.

trial characteristics
Bias risk components (as defined below); trial design 
(parallel, factorial or crossover); number of intervention 
arms; length of follow- up; estimation of sample size; inclu-
sion and exclusion criteria.

Participant characteristics and diagnosis
Number of randomised participants; number of analysed 
participants; number of participants lost to follow- up/
withdrawals/crossover; compliance with hyperbaric 
therapy; age range (mean or median); compliance with 
standards care and sex ratio; foot ulcer classification 
system and grade of diabetic foot ulcer (according to the 

grading system used at the choice of the trialist); type 
of diabetic foot ulcer (neuropathic, non- neuropathic or 
unspecified); baseline numbers of diabetes mellitus type 
1; baseline numbers of diabetes mellitus type 2; baseline 
numbers of participants with diabetic comorbidities (ie, 
hypertension, hyperlipidaemia, arteriosclerosis, neurop-
athy and nephropathy); baseline numbers of smokers; 
baseline number of participants with previous cerebrovas-
cular incident; baseline number of participants with heart 
failure; baseline number of participants with previous 
myocardial infarction; baseline number of participants 
with chronic kidney disease; baseline number of partic-
ipants with peripheral vascular disease; baseline number 
of participants with arterial insufficiency; baseline 
number of participants with previous diabetic foot ulcer; 
baseline number of participants in immunosuppressive 
treatment; baseline number of participants with previous 
or active cancer; baseline number of participants with 
abuse of alcohol or elicit substances and baseline number 
of participants with previous minor or major amputation. 
We will additionally report the proportion of participants 
in the compared groups who received specialised wound 
dressings and previous peripheral revascularisation.

Hyperbaric oxygen therapy characteristics
Dose of intervention; atmospheric pressure and partial 
inspiratory pressure of oxygen; duration of treatment 
sessions; number of air- breaks; duration of air- breaks; 
number of completed treatment sessions; number of 
consecutive treatment sessions and duration of treatment 
breaks (eg, weekends).

Standard wound care characteristics
Treatment with offloading; orthotist and prosthetist; 
podiatric care; restoration of perfusion with vascular 
intervention; infection control with debridement (eg, 
partial toe or ray amputation, debridement of ulcer with 
underlying bursa, cicatrix or bone, incision and drainage 
of deep space abscess or removal of necrotising soft tissue 
infection) and antibiotics when needed; treatment of 
cardiovascular disease; treatment of chronic lung disease; 
treatment of kidney disease; metabolic control including 
treatment of oedema and malnutrition.

Sham/control intervention characteristics (when applicable)
Dose of intervention; atmospheric pressure and inspi-
ratory partial pressure of oxygen; duration of treatment 
sessions; number of air- breaks; duration of air- breaks; 
number of completed treatment sessions; oxalated or 
continuous oscillation as sham pressure; number of 
consecutive treatment sessions and duration of treatment 
breaks (eg, weekends).

Co-intervention characteristics
Type of co- intervention; dose of co- intervention; duration 
of co- intervention and mode of administration. Co- inter-
ventions could be maggot therapy, growth factor therapy, 
collagen products, bioengineered tissue and stem cells.

http://eng.sfda.gov.cn/WS03/CL0755/
https://www.gov.uk/government/organisations/medicines-and-healthcare-products-regulatoryagency
https://www.gov.uk/government/organisations/medicines-and-healthcare-products-regulatoryagency
https://www.gov.uk/government/organisations/medicines-and-healthcare-products-regulatoryagency
http://apps.who.int/trialsearch/
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Outcomes
All outcomes listed above will be extracted from each 
randomised clinical trial. Incomplete or selectively 
reported outcomes will be identified in accordance 
with the criteria described below in the sections ‘incom-
plete outcome data’ bias domain and ‘selective outcome 
reporting’ bias domain.

Notes
When available, funding of the trial and authors conflicts 
of interest will be extracted from the included trials.

Inadequately reported outcome data will be described 
in the ‘Characteristics of included studies’ table. Two 
review authors (NFRH and JV) will independently 
transfer data into the Review Manager file.86 Any disagree-
ment between the review authors will be resolved through 
discussion and a third person will be consulted when 
required (JCJ).

Assessment of risk of bias in included studies
The trial methodology of the included randomised trials 
will be evaluated according to the instructions speci-
fied in the Cochrane Handbook for Systematic Reviews 
of Interventions,96 including assessment of the risk of 
bias. Furthermore, the methodology will be evaluated in 
respect to the following criteria:

 ► Random sequence generation.
 ► Allocation concealment.
 ► Blinding of participants and treatment providers.
 ► Blinding of outcome assessment.
 ► Incomplete outcome data.
 ► Selective outcome reporting.
 ► For profit bias.
 ► Overall risk of bias.
This allows for classification of randomised trials into 

low risk of bias and high risk of bias. High risk of bias 
carries a risk of overestimation of positive intervention 
effects and underestimations of negative effects.101–107

Random sequence generation
 ► Low risk: Sequence generation was achieved using 

a random number table or a computer random 
number generator. Drawing lots, tossing a coin, shuf-
fling cards and throwing dice will also be considered 
if it was adequately performed by an independent 
adjudicator.

 ► Unclear risk: The trial was presented as being 
randomised, but the method of randomisation was 
not specified.

 ► High risk: The allocation sequence was not 
randomised or only quasi- randomised. These trials 
will be excluded.

Allocation concealment
 ► Low risk: The allocation of trial participants was 

performed by a central independent unit, including; 
on- site locked computer, identical- looking numbered 
sealed envelopes, drug bottles or containers prepared 
by an independent investigator.

 ► Uncertain risk: The allocation concealment process 
was not described, but the trial was characterised as 
randomised.

 ► High risk: The allocation sequence was familiar to the 
investigators who assigned the participants.

Blinding of participants and treatment providers
 ► Low risk: The participants and the treatment providers 

were blinded to intervention allocation and the 
blinding procedure was described comprehensively 
in the trial paper.

 ► Uncertain risk: The procedure of blinding was insuf-
ficiently described or otherwise unclear, but the trial 
was characterised as blinded.

 ► High risk: Blinding of participants and the treatment 
providers was not performed.

Blinding of outcome assessment
 ► Low risk of bias: Outcome assessors were blinded and 

the blinding procedure was described comprehen-
sively in the trial paper.

 ► Uncertain risk of bias: Blinding of outcome assessors 
was not performed or described incomprehensively.

 ► High risk of bias: No blinding had occurred or the 
blinding of outcome assessors was inadequate.

Incomplete outcome data
 ► Low risk of bias: No dropouts or withdrawals in any of 

the outcomes occurred or missing data were unlikely 
to bias treatment effects, because numbers and 
reasons for withdrawals and dropouts were similar in 
both groups and this was clearly described. Largely, 
the trial is judged to have low risk of bias due to 
incomplete outcome data if dropouts were less than 
5%. However, the 5% cut- off is not definitive.

 ► Uncertain risk of bias: There was insufficient informa-
tion on missing data to assess the bias on the results.

 ► High risk of bias: The results were likely to be biassed 
due to missing data. This could be caused by the 
different pattern of dropouts in the two groups, or by 
improper methods when dealing with missing data, 
for example, last observation carried forward.

Selective outcome reporting
 ► Low risk of bias: A protocol was published before or 

at the time the trial was initiated, and the outcomes 
described in the protocol were similar to those 
reported in the trial paper. If all- cause mortality and 
serious adverse events were reported outcomes in a 
trial, the trial will be categorised with a grade of low 
risk of bias, even if the trial protocol was absent or 
published after initiation of the trial.

 ► Uncertain risk of bias: A trial protocol was not 
published and all- cause mortality and serious adverse 
events were not reported.

 ► High risk of bias: The outcomes described in the 
protocol were different from those reported in the trial.



9Vinkel J, et al. BMJ Open 2020;10:e031708. doi:10.1136/bmjopen-2019-031708

Open access

For profit bias
 ► Low risk of bias: The trial appeared to be free of other 

components of for- profit bias.
 ► Unclear risk of bias: It was unclear whether the trial 

was free of for- profit bias.
 ► High risk of bias: There was a high risk of for- profit 

bias.

Other risks of bias
 ► Low risk of bias: The trial appears to be free of other 

components that could put it at risk of bias, for 
example, academic bias or for- profit bias.

 ► Unclear risk of bias: It is uncertain whether the trial 
is free of other components that could put it at risk 
of bias.

 ► High risk of bias: The trial is at risk of bias due to 
other factors, for example, authors conducted trials 
on the same topic or for- profit bias.

Overall risk of bias
 ► Low risk of bias: When the trial is designated with a 

‘low risk of bias’ with regard to all the bias domains 
described in the sections above then the trial will be 
categorised with an overall ‘low risk of bias’.

 ► High risk of bias: If any of the bias risk domains 
described in the sections above are categorised as 
‘unclear’ or ‘high risk of bias’ then the trial will be 
categorised as ‘high risk of bias’

In addition to judging the overall risk of bias of each 
trial, we will assess the bias risk for each outcome by eval-
uations of the risk domains ‘blinding of outcome assess-
ment’, ‘incomplete outcome data’ and ‘selective outcome 
reporting’. Our primary conclusions will be based on our 
primary outcome results with overall low risk of bias. Both 
our primary and secondary conclusions will be presented 
in the summary of findings tables.

Differences between the protocol and the review
The review will be conducted in consonance with this 
protocol and any deviations from the protocol will be 
stated in the section on ‘Differences between the protocol 
and the review’ in the systematic review.

Measures of treatment effect
Dichotomous outcomes
Risk ratios, with 95% CI, for dichotomous outcomes and 
CIs adjusted by the Trial Sequential Analysis (see below) 
will be calculated.

Continuous outcomes
The mean differences and the standardised mean differ-
ence with 95% CI for continuous outcomes and CIs 
adjusted in the Trial Sequential Analysis (see below) will 
be calculated.

Dealing with missing data
All trial authors will be contacted to obtain missing data 
as described above (ie, data extraction and assessment of 
risk of bias).

Dichotomous outcomes
Missing values will not be imputed for any outcomes in 
our primary analysis. In our sensitivity analysis we will 
impute data (see below).

Continuous outcomes
Outcome scores will primarily be assessed at single time 
points. In case that only changes from baseline scores were 
reported, then we will analyse the results together with 
follow- up scores.88 If SDs were not reported we will use 
trial data to calculate the SDs, whenever possible. We will 
only use intention- to- treat data when the randomised trial 
contains and report such data. Missing values will not be 
imputed for any outcomes in our primary analysis. However, 
in the sensitivity analysis for continuous outcomes, data will 
be imputed (see below).

Assessment of heterogeneity
Assessment of heterogeneity will primarily be inspected 
using forest plots. Second, heterogeneity will be statisti-
cally evaluated by χ2 test (threshold p<0.10) and quantita-
tively by the I2 statistic.108 109

Furthermore, possible heterogeneity will be revealed 
through subgroup analyses. Ultimately, we may decide 
that a meta- analysis should be avoided.96

Assessment of reporting biases
If 10 or more randomised trials are included in the review, 
then we will visually inspect funnel plots to assess the risk 
of bias. We are aware of the limitations of a funnel plot 
(ie, a funnel plot needs a range of studies with varying 
size and subjective judgement is involved) and this will 
be integrated when assessing possible bias. For dichoto-
mous outcomes, we will test asymmetry with the Harbord 
test if τ2 is less than 0.1 and with the Rücker test if τ2 is 
more than 0.1.110 For continuous outcomes, we will use 
the regression asymmetry test109 and the adjusted rank 
correlation.111

Unit of analysis issues
Only randomised clinical trials will be included in the 
review, and for trials using crossover design, only data 
from the first period will be included.96 112 We will not 
include cluster randomised trials. Therefore, there will 
not be any unit of analysis issues.

data synthesis
Meta-analysis
We will undertake this meta- analysis according to the 
recommendations stated in the Cochrane Handbook for 
Systematic Reviews of Interventions96 and Keus et al,84 as 
well as the eight- step assessment suggested by Jakobsen et 
al.82 The statistical software Review Manager 5.3 provided 
by Cochrane will be used to analyse data.97

We will apply both random- effects meta- analyses,113 and 
fixed- effects meta- analyses in the assessment of our inter-
vention effects,114 and the most conservative point esti-
mate will be used.82 The most conservative point estimate 
is the estimate closest to null effect. If the two estimates 
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are similar, we will use the estimate with the widest CI. 
Our review evaluates a total of six outcomes (primary and 
secondary), and we will therefore consider a p value of 
0.014 or less as our threshold for statistical significance.82 
We will use the eight- step procedure to evaluate if thresh-
olds for significance are crossed.82

In case that multiple trial arms are reported in a single 
trial, we will only include the relevant arms. If two compar-
isons are combined in the same meta- analysis, we will halve 
the number of participants in the control group to avoid 
double- counting.96 Trials with a factorial design will be 
included. In a 2×2 factorial designed trial, the two groups 
receiving standard wound care interventions will be desig-
nated standard wound care groups, while the two groups 
receiving standard wound care with adjunctive hyperbaric 
oxygen therapy interventions will be designated standard 
wound care with adjunctive hyperbaric oxygen therapy. If 
quantitative synthesis is not appropriate, we will report the 
results in a narrative way.

Trial sequential analysis
Traditional meta- analysis runs the risk of random errors 
due to sparse data and repetitive testing of accumulating 
data when updating reviews. We wish to control the risks 
of type I errors and type II errors. Therefore, for all 
outcomes we will perform a Trial Sequential Analysis to 
calculate the required information size (ie, the number 
of participants needed in a meta- analysis to detect or 
reject a certain intervention effect), and the cumulative 
Z- curve’s breach of relevant trial sequential to monitor 
boundaries.83 98 99 115–121 A more detailed description 
of Trial Sequential Analysis can be found in the Trial 
Sequential Analysis manual and at http://www. ctu. dk/ 
tsa/.99

For dichotomous outcomes, we will determine the 
required information size based on the following 
estimations:

 ► The observed proportion of participants with an 
outcome in the control group (ie, the cumulative 
proportion of participants with an event in the control 
groups relative to all participants in the control groups).

 ► A relative risk reduction of 15%.
 ► An alpha of 1.4% for our primary outcomes.
 ► An alpha of 3.3% for our secondary outcomes.
 ► A beta of 10% and diversity as suggested by the trials 

in the meta- analysis.
For continuous outcomes, we will determine the 

required information size based on:
 ► The observed SD in the Trial Sequential Analysis.
 ► A mean difference of the observed SD/2.
 ► An alpha of 2.5% for our primary outcomes.
 ► An alpha of 3.3% for our secondary outcomes.
 ► A beta of 10%.

Subgroup analysis and investigation of heterogeneity
We will perform the following subgroup analysis when 
analysing the primary outcomes (all- cause mortality, 
serious adverse event and quality of life).

1. High risk of bias trials compared with low risk of bias 
trials.

2. Comparison of contemporary clinical hyperbaric ox-
ygen therapy protocol with other hyperbaric oxygen 
interventions. The contemporary clinical hyperbaric 
oxygen therapy protocol is defined as breathing 100% 
oxygen for ≥60 min at ≥2 atmosphere absolute, for a 
total of minimum 30 sessions, administered over a 
period of no longer than 8 weeks. If 40 sessions, then 
the total treatment duration should be maximum 10 
weeks. If air- breaks, then a minimum 20 min between 
each air- break.

3. Comparison of different wound grades according to 
the Wagner classification.1–5

4. Comparison of age of participants: 0 to 59 years, 60 to 
79 years and above 80 years.

5. Comparison of active smokers to non- smokers (as de-
fined by the trialist).

6. Comparison of participants with known peripheral 
vascular disease to participants without peripheral 
vascular disease (as defined by the trialist).

7. Comparison of participants with previous extremity 
amputation (at any level) to participants without pre-
vious amputation (as defined by the trialist).

8. Comparison of participants with previous myocardial 
infarction to participants without previous myocardi-
al infarction (as defined by the trialist).

9. Comparison of participants with chronic kidney dis-
ease to participants without chronic kidney disease 
(as defined by the trialist).

10. Comparison of change in ulcer area (as defined by 
the trialist).

We will use the formal test for subgroup interactions in 
Review Manager.97

Sensitivity analysis
To assess the potential impact of the missing data for 
dichotomous outcomes, we will perform the following 
sensitivity analyses on both the primary and secondary 
outcomes:

 ► ‘Best- worst- case’ scenario: We will assume that all 
participants lost to follow- up in the standard wound 
care with adjunctive hyperbaric oxygen group have 
survived, had no serious adverse event, had complete 
healing of index wound, had no amputation and 
had no infection and that all those participants lost 
to follow- up in the standard wound care group have 
not survived, had a serious adverse event, had an 
unhealed index wound, had an amputation and had 
an infection.

 ► ‘Worst- best- case’ scenario: We will assume that all 
participants lost to follow- up in the standard wound 
care with adjunctive hyperbaric oxygen group have 
not survived, had a serious adverse event, had an 
unhealed index wound, had an amputation and 
had infection and that all those participants lost to 
follow- up in the standard wound care group have 
survived, had no serious adverse event, had complete 

http://www.ctu.dk/tsa/
http://www.ctu.dk/tsa/
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healing of the index wound, had no amputation and 
had no infection.

We will present results of both scenarios in our review. 
When analysing quality of life, a ‘beneficial outcome’ will 
be the group mean plus two SDs of the group mean. A 
‘harmful outcome’ will be the group mean minus two SDs 
of the group mean. We will again use one SD in another 
sensitivity analysis.82

To assess the potential impact of missing SDs for 
continuous outcomes we will perform the following 
sensitivity analysis; where SDs are missing and it is not 
possible to calculate them, we will impute SDs from trials 
with similar populations and low risk of bias. If we do 
not find such trials, we will impute SDs from trials with a 
similar population or we will impute SDs from all trials as 
a final option. Results of this scenario will be presented 
in our review.

Other post hoc sensitivity analyses might be warranted 
if unexpected clinical or statistical heterogeneity is identi-
fied during the analysis of the review results.82

‘Summary of Findings’ table
We will create a Summary of Findings table with each 
outcome (all- cause mortality, serious adverse event, 
quality of life, amputation, infection and healing of index 
wound). First, we will present the results from the trials 
with low risk of bias. Second, we will present the results 
on all trials.

We will use the five GRADE considerations (bias risk of 
the trials, consistency of effect, imprecision, indirectness 
and publication bias) to assess the quality of the body of 
evidence that provides data to our meta- analyses.82 99 122–124 
‘Imprecision’ will be assessed using Trial Sequential Anal-
ysis.82 All methodology will be conducted according to 
recommendations described in Chapter 8 (Section 8.5) 
and Chapter 12 of the Cochrane Handbook for System-
atic Reviews of Interventions using GRADE pro soft-
ware.96 Whenever necessary, we will support all decisions 
to downgrade the quality of trials with clear arguments in 
footnotes, in order to aid the reader’s understanding of 
the table and the process.

Current status the study
Not initiated.

EtHICs And dIssEMInAtIOn
As this is a protocol for a systematic review, we use publicly 
accessible documents as evidence and there is no partic-
ipant involvement at an individual level, the anonymity 
of research participants will not be jeopardised and an 
institutional ethics approval is not required. We will seek 
to publish the results of the review in a peer- reviewed 
academic research paper, also in the event of insignificant 
results or null results and thereby it will be disseminated 
to clinicians and public available.

dIsCussIOn
This protocol aims at assessing the beneficial and harmful 
effects of adding hyperbaric oxygen therapy to standard 
wound care in the treatment of diabetic foot ulcers. The 
outcomes assessed with this protocol will be; all- cause 
mortality, serious adverse events, quality of life, healing 
of the index foot ulcer, major amputation and wound 
infection. These outcomes are meaningful, valuable and 
helpful to persons with diabetic foot ulcers and provides 
evidence on the effectiveness, benefits and harms of 
hyperbaric oxygen therapy. We accept trials with any defi-
nition of diabetic foot ulcers, and irrespective of partici-
pants age, sex and comorbidities, and thereby minimise 
discrimination and attempt to reduce risks of research 
only benefitting specific groups. We assess the quality 
of evidence and the strength of our recommendations 
through the GRADE approach and thereby stipulates 
informed healthcare decisions for use in clinical everyday 
practice.

The limitations of this study are mostly related to 
multiple testing and a heterogeneous data set. We mini-
mise the limitations of pooling the results from a hetero-
geneous population, by systematically assessing both 
statistical and clinical heterogeneity and we have planned 
several subgroup and sensitivity analyses. Major ampu-
tation is assessed as a secondary outcome and minor 
amputation as well as any amputation are assessed as 
exploratory outcomes. The definition of minor and 
major amputation may vary across trials. Moreover, if 
the trials are not adequately blinded, the decision to 
perform a major or minor amputation in a given partic-
ipant may be biassed. We plan to thoroughly relate the 
results of ‘major amputation’ to both the results of ‘any 
amputation’ and ‘minor amputation’ when interpreting 
the review results. The Wagner classification system for 
grading diabetic foot ulcers is based on the depth of pene-
tration, the presence of osteomyelitis or gangrene and 
the extent of tissue necrosis. The drawback of the Wagner 
classification system is that it does not specifically address 
critically important parameters such as ischaemia and 
infection and is therefore by many considered outdated 
and inappropriate to assess the severity of a diabetic 
foot ulcer as discussed above. Nevertheless, we used the 
Wagner classification to grade the ulcers in our subgroup 
analysis. Our preliminary search on the trials included 
in this review showed that they did not provide enough 
details to describe the wound by any other classification 
system. The importance of ischaemia and infection will 
be revealed through separate analysis. We have adjusted 
our threshold for significance according to the number 
of primary outcomes. However, the number of subgroup 
analysis also adds to the risk of type 1 error, which will be 
considered when interpreting the review results.

If this protocol is followed the possible impact on 
organisations could be change of guideline for treat-
ment of diabetic foot ulcers and thereby possibly benefit 
numerous persons with diabetic foot ulcers.
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