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Background: Many therapeutic options exist for chronic wounds. Hyperbaric oxygen therapy (HBOT)
is one such option. It may be used for diabetic, venous, arterial and pressure ulcers.
Methods: Following a systematic search of the literature, pooled analyses of predetermined clinical
outcomes of randomized controlled trials involving the use of HBOT for chronic wounds were performed.
Relative risks (RR) and number needed to treat (NNT) with 95 per cent confidence intervals (c.i.) were
calculated.
Results: Six studies met the inclusion criteria. No appropriate trials were located for arterial and pressure
ulcers. Pooled data from five trials on diabetic ulcers (118 patients) suggested a significant reduction in
the risk of major amputation with HBOT (RR: 0·31; c.i. 0·13 to 0·71) with a NNT of 4 (c.i. 3 to 11).
Sensitivity analyses did not alter the results. Ulcer healing and the rate of minor amputation were not
influenced by HBOT. Data from one trial on venous ulcers suggested significant wound size reduction
at the end of the treatment, but not at follow-up.
Conclusions: There is evidence that HBOT reduces the risk of major amputation in diabetic patients.
For venous, arterial or pressure ulcers there is a lack of data. Further trials may be warranted.
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Introduction

Chronic wounds are defined as lesions that take a long time
to heal, fail to heal or recur1,2. They are very common
in industrialized countries and cause significant pain and
discomfort3. The true incidence and economic impact of
chronic wounds are difficult to assess because of the wide
range of causative diseases and available treatment options.
Nevertheless, it has been suggested that 1 per cent of the
population of western countries will suffer some kind of leg
ulcer at some time4, and the annual cost for the treatment
of all chronic wounds may be as high as £1 billion in the
UK alone5. Chronic wounds are more common in elderly
patients and in those with multiple health problems6. With
an aging population one may expect both the incidence
and cost of chronic wounds to continue to rise.

Chronic wound types

The aetiology of chronic wounds is diverse. For this

systematic review, four chronic wound types were
considered. Diabetic foot ulcers are the most common
chronic wounds in western industrialized countries. The
prevalence of diabetes mellitus in the UK has been
estimated at 2 per cent of the population7,8, of whom
15 per cent will suffer foot ulceration. In these patients the
amputation rate is 15–70 times higher than in the general
population9,10. Venous leg ulcers are caused by the presence
of sustained high venous pressures secondary to reflux or
obstruction11. The prevalence of venous leg ulcers ranges
between 1·5 and 3 per 1000 adults and increases up to 20
per 1000 for those over 80 years12. Arterial leg ulcers are
caused by arterial insufficiency and usually indicate general
arteriosclerosis13; 25 per cent of leg ulcers are likely to be
arterial14. Pressure ulcers are caused by unrelieved pressure
or friction. Increased age, immobility and malnutrition are
risk factors15. The prevalence of pressure ulcers in NHS
hospitals in the UK is about 10 per cent16.
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Treatment options and wound healing

Wound management varies according to aetiology and
includes treatment of the underlying pathology (e.g. bypass
surgery for arterial ulcers), systematic treatment (e.g.
nutritional supplements), and local treatment designed
to improve the wound environment (e.g. dressings and
pressure-relieving mattresses). There are many other
treatment options but, despite multiple simultaneous and
sequential therapeutic approaches, chronic wounds are
highly resistant to treatment and are often indolent or
even slowly progressive.

Wound healing is multifaceted. Some stages of
the process appear to be triggered by hypoxia (e.g.
angiogenesis)17,18, while other phases of tissue repair
are oxygen-dependent (e.g. fibroblast proliferation and
bacterial killing by macrophages)19–21. A delicate balance
between intra-wound hypoxia as a consequence of
blood vessel disruption and peri-wound oxygenation
seems to be associated with successful healing. Wounds
that occur in hypoxic tissue beds, however, are often
resistant to healing22,23. Improving oxygenation in the
microenvironment surrounding the wound might enhance
healing19,22,24.

Hyperbaric oxygen treatment

Hyperbaric oxygen therapy (HBOT) has been proposed as
a useful adjunct in the treatment of problematic wounds25.
HBOT is defined as the administration of oxygen at
pressures greater than 1 atmosphere absolute (ATA) and
has been shown in vivo to cause hyper-oxygenation of
normal tissue and of tissue with poor blood perfusion23.
Arterial oxygen tensions of greater than 1000 mmHg
are routinely achieved during HBOT and such tensions
in plasma cause up regulation of growth factors, down
regulation of inflammatory cytokines23,26,27, increased
fibroblast activation, angiogenesis, antibacterial effects and
enhanced antibiotic action28–30.

HBOT is always presented as an adjunctive therapy to
normal wound care measures31. Its administration requires
the patient to be confined within an airtight vessel and
given 100 per cent oxygen for respiration. HBOT sessions
are usually conducted from 45 to 120 minutes once or
twice daily at pressures between 1·5 and 3·0 ATA. A typical
course of treatment for a chronic wound involves 20 to 30
such sessions31.

Oxygen in high doses is toxic, particularly in richly
perfused tissue such as the brain (acute cerebral oxygen
toxicity) and lungs (chronic pulmonary oxygen toxicity).
Acute cerebral toxicity occurs in approximately 1 in
2000 exposures and does not result in any permanent

injury, while the pulmonary changes are dose-related and
reversible at doses used therapeutically32. Other potential
risks associated with HBOT include damage to the ears,
sinuses and lungs from the effect of pressure (barotrauma)
and the psychological effect of confinement25,31.

Despite promising experimental findings both in vitro
and in a number of animal models, the clinical evidence of
the effectiveness of HBOT in healing chronic wounds
is sparse and difficult to interpret33,34. The object of
this systematic review was to assess the randomized
controlled trial (RCT) evidence of impact of HBOT in
the management of diabetic, venous, arterial and pressure
ulcers.

Patients and methods

Inclusion and exclusion criteria

RCTs were eligible for inclusion if they compared the effect
of adjunctive HBOT with no HBOT or sham therapy on
air for chronic wound healing. Only studies in which
allocation to treatment was random were included; studies
that enrolled patients with chronic wounds associated with
diabetes mellitus, venous or arterial disease, or external
pressure were accepted. Chronic wounds were defined as
wounds that had failed to heal with specific wound therapies
and had not received HBOT previously. Animal studies and
studies dealing with topical HBOT were excluded.

Outcome measurements

All clinically important possible outcomes were predeter-
mined. Studies were eligible for inclusion if they reported
at least one of the following outcome measures: wound size
reduction, proportion healed, risk of major amputation
(amputation of the lower or upper limb proximal the ankle
or wrist) and minor amputation (amputation of the distal
end of hand or foot), pain, recurrence rate after healing,
quality of life or transcutaneous oxygen tension (TcPO2)

changes. Any reported adverse events of HBOT were also
recorded.

Search strategy

Specific search strategies were developed to identify eligible
reports from Medline (1966–2003), Embase (1974–2003),
Cochrane Central Register of Controlled Trials (CEN-
TRAL) (1988–2003) and DORCTHIM (1998–2003).
This last is a specifically designed database of RCTs in
hyperbaric medicine (http://www.hboevidence.com). The
results of these searches were cross-referenced with the
Cochrane Wounds Group Special Trials Register, which
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contains citations of trials from 19 electronic databases.
Medical subject headings (MeSH) and main key words
used were ‘wounds and injuries’, ‘ulcer’, ‘skin ulcer’, ‘foot
ulcer’, ‘leg ulcer’, ‘varicose ulcer’, ‘venous ulcer’, ‘diabetic
foot’, and ‘hyperbaric oxygenation’. Variants of the main
key words and free text terms were applied. No restrictions
of language were made. Relevant hyperbaric textbooks,
journals and conference proceedings were hand searched.
Experts in the field were contacted for published, unpub-
lished and ongoing RCTs. Additional trials were identified
from the citations within obtained papers.

Data extraction and management

The reviewers independently assessed the electronic
search results and selected potentially relevant studies.
Disagreements were settled by examination of the full paper
and consensus. The quality scale of Jadad35 was applied
to assess methodological quality and detect potential
sources of bias; this scale assesses randomization, blinding
and description of withdrawals. We further recorded the
adequacy of allocation concealment. Relevant data on study
design, disease aetiology, included patients, intervention
and reported outcome measurements were recorded on an
extraction form designed for this review. If any relevant
data were missing from trial reports, the authors were
contacted. To allow an intention to treat analysis, the data
reflecting the original allocation group were extracted.
Losses to follow-up were reported. Disagreements were
again settled by consensus. Following agreement, the data
were entered into Review Manager 4·2·1. (Cochrane
Collaboration, Oxford, UK) for analysis.

Statistical analyses

Trials were grouped by wound aetiology. For dichotomous
outcomes (e.g. risk of amputation) relative risks (RR)
with 95 per cent confidence interval (c.i.) was calculated. A
statistically significant difference from control was assumed
when the 95 per cent c.i. of the RR did not include the value
1·0. For continuous outcomes (e.g. percentage wound
size reduction), the weighted mean difference (WMD)
between groups with 95 per cent c.i. was calculated. A
fixed-effects model was used when heterogeneity between
the studies was not likely and a random-effects model when
heterogeneity was likely. Heterogeneity was assessed using
the I2 statistic, which describes the variability in effect
estimate across studies that is due to differences between
studies rather than random sampling error. Heterogeneity
was deemed significant if the I2 analysis suggested more
than 30 per cent of the variability in an analysis was due to

differences between trials. Consideration was then given to
the appropriateness of pooling and meta-analysis. Number
needed to treat (NNT) and number needed to harm
(NNH) with 95 per cent c.i. were calculated when the RR
estimates were statistically significant. Sensitivity analyses
were carried out for missing data using best-case and worst-
case scenarios. The best-case scenario assumed that none
of the originally enrolled patients missing from the primary
analysis in the HBOT group had the negative outcome of
interest while all those missing from the control group did.
The worst-case scenario was the reverse.

Results

Excluded and included studies

The initial search yielded 78 articles, of which 21 were
considered to be suitable human trials dealing with the
treatment of chronic wounds using adjunctive systematic
HBOT36–56. Appraisal of the full report of these papers led
to the exclusion of 15 publications because of non-random
allocation37,39,40,45,47,54, use of topical HBOT38,46, chronic
wound aetiology other than defined36, not entirely limited
to humans53, no appropriate outcome data44,51 or repeat
publication of the same dataset48–50.

Six publications met the inclusion criteria41–43,52,55,56.
Five included patients with diabetic foot ulcers41,43,52,55,56

and one included patients with venous ulcers42. No eligible
trials were found investigating the impact of HBOT on
arterial or pressure ulcers. The total number of patients
was 191, 100 receiving a standard wound protocol plus
HBOT, and 91 standard wound protocol alone (control).

Clinical characteristics

A total of 175 patients with diabetic ulcers were included,
92 receiving HBOT and 83 controls. Inclusion criteria
varied between the trials. Doctor et al.41 included any
diabetic with a chronic foot lesion, Lin et al.52 and Faglia
et al.43 patients with ulcers of Wagner grade 0 to 2 and 2 to
4 respectively, while Abidia et al.56 specified diabetic foot
ulcers with a size of 1–10 mm diameter for at least 6 weeks.
Treatment pressure (2·2 to 3·0 ATA), time schedule (45 to
120 min), and number of sessions (30 to 38) of HBOT
differed between trials. Lin et al.52 and Abidia et al.56

used a blinded sham regimen, while the remaining trials
did not41,43,55. All described a multidisciplinary wound
management strategy covering items like optimization
of metabolic control, antibiotics, wound care, podiatry,
orthopaedic shoe, and vascular surgery in both groups.
The follow-up period ranged from immediately following
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the last HBOT session52 to 1 year56. Individual trial
characteristics are given in Table 1.

Only one study42 was found dealing with venous ulcers.
The duration of persistent ulcers was at least 1 year
before enrolment. Sixteen patients were randomized, eight
receiving usual wound care plus HBOT and eight receiving
usual wound care plus sham therapy. HBOT was 2·4 ATA
for 90 minutes to a total of 30 sessions over 6 weeks.
Patients with chronic illnesses such as diabetes and smokers
were excluded (Table 1).

Methodological characteristics

Abidia et al.56 scored all 5 points on the Jadad scale.
Randomization was reliably concealed. They employed
a sham therapy with air and blinded all participants except
the hyperbaric facility operator. The blinding in their study
was deemed successful because the majority of patients in
both groups guessed they were receiving HBOT. Lin
et al.52 scored 4 points after supplying further information
concerning randomization concealment and sham therapy.
The other studies41,43,55 scored 2 points each because they
did not adequately describe randomization procedures,

appeared to have been completely unblinded and did not
use sham therapy.

Hammarlund and Sundberg42 scored 4 points and
appeared to conceal allocation adequately. The authors
employed sham therapy.

Outcomes

Statistical pooling was not possible for the majority of
preplanned outcome measures owing to lack of suitable
data. Problems included the small number of studies, the
modest number of patients and the variability in outcome
measures employed. The individual data are presented in
Table 2.

Diabetic ulcer

Proportion healed
Two trials reported the proportion of ulcers healed in the
period immediately after56 and 2 weeks after55 HBOT.
These two studies involved 46 patients (26 per cent of
the diabetic patients in this review), 24 receiving HBOT
and 22 controls. Seven ulcers (29 per cent) healed in the
HBOT group versus one (5 per cent) in the control group,

Table 1 Characteristics of included studies

Reference
and year

Description
of chronic
wounds

No. of
patients

Control
treatment

Intervention
treatment Outcomes

Jadad
score*

Diabetic ulcers
Doctor et al.,

199241
Not specified 30 Multi- disciplinary wound

care† only
Multi-disciplinary wound

care plus HBOT 4 times,
45 min, 3·0 ATA

Major amputation, minor
amputation

2

Faglia et al.,
199643

> 3 months, Wagner grade
2–4, signs of
neuropathy similar in
both groups

70 Multi-disciplinary wound
care only

Multi-disciplinary wound
care plus HBOT 30
times, 90 min, 2·2–2·5
ATA

Major amputation, TcPO2 2

Lin et al., 200152 Duration not specified,
Wagner grade 0–2

29 Control treatment not
specified plus sham
therapy on air

Control treatment not
specified plus HBOT 30
times, 120 min, 2·5 ATA

TcPO2 4

Kessler et al.,
200355

> 3 months, Wagner grade
1–3, signs of
neuropathy in all
patients

28 Multi-disciplinary wound
management only

Multi-disciplinary wound
management plus HBOT
20 times, 90 min, 2·5
ATA

Proportion of ulcers
healed, wound size
reduction

2

Abidia et al.,
200356

Diabetes mellitus,
ischaemic, > 6 weeks,
1–10 mm diameter

18 Multi-disciplinary wound
clinic plus sham therapy
on air

Multi-disciplinary wound
clinic plus HBOT 30
times, 90 min, 2·4 ATA

Proportion of ulcers
healed, minor/major
amputation, TcPO2

5

Venous ulcers
Hammar-lund and

Sundberg
199442

> 1 year duration, normal
ABI†

16 Usual care plus sham
therapy on air

Usual care plus HBOT 30
times, 90 min, 2·5 ATA

Proportion of ulcers
healed, wound size
reduction

4

*Trials are scored one point each for ‘randomization’, ‘randomization method described/adequate’, ‘double blinding’, ‘double blinding
described/adequate’ and ‘description of withdrawals/dropouts’. †Mostly included ‘optimization of metabolic control’, ‘antibiotics’, ‘wound care’,
‘podiatry’, ‘orthopaedic shoes’, and ‘vascular surgery’. ‡ABI: distal blood pressure at the ankle and the first digit. HBOT, hyperbaric oxygen therapy;
ATA, atmosphere absolute; TcPO2, transcutaneous oxygen tension.
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Table 2 Outcomes assessed

Outcome Studies
No. of
patients

Efficacy data* and
NNT with 95% c.i.

Best-case
scenario

Worst-case
scenario

Diabetic ulcers
Wound size reduction at end of treatment (2

weeks)
Kessler et al.55 28 WMD: 20·10†

(4·26, 35·94)
— —

Wound size reduction at 4 weeks Kessler et al.55 28 WMD: 6·80
(− 9·80, 23·40)

— —

Proportion healed within 2 weeks of treatment Kessler et al.55

Abidia et al.56
46 RR: 4·78

(0·94, 24·24)
RR: 6·04
(1·23, 29·80)

RR: 2·89
(0·83, 10·14)

Proportion healed at 6 months Abidia et al.56 18 RR: 1·75
(0·78, 3·93)

RR: 2·33
(0·87, 6·27)

RR: 1·50
(0·63, 3·56)

Proportion healed at final follow-up (1 year) Abidia et al.56 18 RR: 2·25†
(1·08, 4·67)
NNT: 2†
(1 to 5)

RR: 3·00†
(1·19, 7·56)

RR: 2·00
(0·93, 4·30)

Difference in absolute transcutaneous oxygen
tension before and after a HBOT course

Faglia et al.43

Lin et al.52

Abidia et al.56

117 WMD (mmHg):
11·76†
(5·67, 17·84)

— —

Major amputation at discharge41, after 7 weeks43

and after 1 year56
Doctor et al.41

Faglia et al.43

Abidia et al.56

118 RR: 0·31†
(0·13, 0·71)
NNT: 4†
(3–11)

RR: 0·28†
(0·12, 0·64)

RR: 0·41†
(0·19, 0·86)

Minor amputation at discharge41 and after 1
year56

Doctor et al.41

Abidia et al.56
48 RR: 2·20

(0·56, 8·72)
RR: 1·67
(0·45, 6·18)

RR: 2·60
(0·68, 10·01)

Venous ulcers
Proportion healed at 18 weeks Hammarlund and

Sundberg42
16 RR: 1·33

(0·89, 1·99)
RR: 2·00
(1·00, 4,00)

RR: 0·83
(0·43, 1·63)

Wound size reduction at end of treatment (6
weeks)

Hammarlund and
Sundberg42

16 WMD: 33·00†
(18·97, 47·03)

— —

Wound size reduction at 18 weeks Hammarlund and
Sundberg42

16 WMD: 29·60
(− 22·99, 82·19)

— —

*Using fixed effects model: WMD, weighted mean difference (%); RR, relative risks. †Significant outcomes (statistical difference is assumed if the
95 per cent c.i. does not include the value 1·0). NNT, number needed to treat; HBOT, hyperbaric oxygen therapy.

but pooled data from these two studies suggested that there
was no significant difference in the proportion of ulcers
healed between the groups (RR: 4·78; 95 per cent c.i. 0·94
to 24·24) within 2 weeks of HBOT. Heterogeneity did
not account for a significant proportion of the variability
between studies (I2 = 0 per cent). The effect of allocation
of dropouts suggested a benefit with HBOT in the best-
case scenario (RR: 6·04; 95 per cent c.i. 1·23 to 29·80), but
not in the worst-case scenario (RR: 2·89; 95 per cent c.i.
0·83 to 10·14).

Only one trial56 reported the proportion of ulcers healed
at final follow-up at 1 year. This study involved 18 patients,
nine in each group, and covered 10 per cent of the diabetic
patients in this review. Five ulcers (56 per cent) healed in
the HBOT group versus one (11 per cent) in the control
group. The study suggests a significantly higher proportion
of ulcers were healed in patients following a course of
HBOT (RR: 2·25; 95 per cent c.i. 1·08 to 4·67) compared
with patients with standard wound protocol after 1 year.
This result was, however, sensitive to the allocation of

dropouts (best-case scenario: RR: 3·00; 95 per cent c.i.
1·19 to 7·56), with significance lost in a worst-case scenario
(RR: 2·00; 95 per cent c.i. 0·93 to 4·30).

Wound size reduction
One trial55 reported wound size reduction. This study
involved 28 patients, 15 patients receiving HBOT and 13
controls, and covered 16 per cent of the diabetic patients in
this review. There was a significant wound size reduction of
approximately 20 per cent immediately following a course
of HBOT (WMD: 20·10, 95 per cent c.i. 4·26 to 35·94), but
not at final follow-up 4 weeks later (WMD: 6·8, 95 per cent
c.i. − 9·80 to 23·40).

Major amputation
Three trials41,43,56 presented the rate of major amputation
and involved 118 patients (67 per cent of the diabetic
patients in this review). Doctor et al.41 examined the
major amputation rate at discharge, Faglia et al.43 after
7 weeks and Abidia et al.56 after 1 year. Faglia et al.43
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contributed 59 per cent of the patients. No heterogeneity
was found between the studies (I2 = 0). Sixty patients were
randomized to HBOT and 58 to control. Six (10 per cent)
underwent major amputation in the HBOT group versus
19 (33 per cent) in the control group. The risk of major
amputation was significantly reduced with HBOT (RR:
0·31; 95 per cent c.i. 0·13 to 0·71). Sensitivity analyses
did not affect the result. The NNT to avoid one major
amputation was four (95 per cent c.i. 3 to 11).

Minor amputation
Two trials41,56 reported the rate of minor amputation, and
involved 48 patients (27 per cent of the diabetic patients
in this review). Twenty-four patients were randomized
to receive HBOT and 24 as controls. Doctor et al.41

contributed 63 per cent of the patients. No heterogeneity
was found between the studies (I2 = 0). Five patients
(21 per cent) underwent minor amputation in the HBOT
group versus two (8 per cent) in the control group. Pooled
data of these two trials suggested that the risk of
minor amputation was increased with HBOT, but not
significantly (RR: 2·20; 95 per cent c.i. 0·56 to 8·72).
Sensitivity analyses for withdrawals did not alter the result.

Absolute difference in transcutaneous oxygen tensions
Three trials43,52,56 reported absolute difference in tran-
scutaneous oxygen tensions (TcPO2) in the affected foot
before and immediately after the treatment course. The
trials involved 117 patients (67 per cent of the diabetic
patients in this review) and the study of Faglia et al.43

contributed 40 per cent of the patients. TcPO2 was signif-
icantly higher in the HBOT group at the end of treatment
(WMD: 11·76 mmHg, 95 per cent c.i. 5·67 to 17·84). Het-
erogeneity between studies was low to moderate (I2 = 25·4
per cent).

Venous ulcer

Wound size reduction and proportion healed
Hammarlund and Sundberg42 recruited 16 patients,
randomized eight to treatment (usual wound care plus
HBOT) and eight to control (usual wound care plus
sham therapy). Mean wound area reduction immediately
after treatment was significantly greater after HBOT
(WMD: 33 per cent, 95 per cent c.i. 18·97 to 47·03). This
effect persisted at 18 weeks’ follow-up, but was no longer
statistically significant (WMD: 29·60 per cent, 95 per cent
c.i. −22·99 to 82·19). However, five patients (two in the
HBOT group and three in the control group) were not
reported at final follow-up. There was no statistically
significant difference in the chance of healing following
HBOT (RR: 1·33; 95 per cent c.i. 0·89 to 1·99).

Adverse events of HBOT

Doctor et al.41 and Abidia et al.56 explicitly reported that
there were no adverse events related to HBOT. Faglia
et al.43 and Kessler et al.55 reported two instances of
aural barotrauma, one of which caused withdrawal from
treatment, while the other did not interrupt therapy. The
other studies42,52 did not report on adverse events or
complications of therapy in either arm.

Discussion

HBOT has been suggested as a treatment option for
chronic wounds for at least 40 years57 and the rationale
is well described in the literature17,19,23,24,26–30,58,59 .
Although HBOT is used throughout the world for patients
with chronic wounds25,31, it has not been widely adopted
outside a small number of specialist centres, and there
are few clinical data regarding effectiveness. Routine
application remains controversial33,34.

This systematic review provides some evidence that,
for patients with diabetic ulcers resistant to standard care,
HBOT decreases the risk of major amputation. Patients
receiving HBOT are one-third as likely to require such
an amputation as controls (RR: 0·31; 95 per cent c.i. 0·13
to 0·71) and it can be estimated that one need treat only
four patients with HBOT to avoid one major amputation
(95 per cent c.i. 3 to 11). The finding that TcPO2 around
the ulcers is significantly raised following a course of
HBOT supports a mechanism for this benefit. On the other
hand, this review is unable to confirm any significant benefit
from HBOT on ulcer healing, wound area reduction or
need for a minor amputation in patients with diabetic
ulcers. There is a trend toward greater ulcer healing after
HBOT but statistical significance cannot be realized on
the small numbers of patients included in this analysis. For
patients with venous ulceration, the one small randomized
trial available suggests a benefit from HBOT with regard
to ulcer area, but not healing. The authors were unable to
find appropriate data to confirm or refute the long-term
effect of therapy. No appropriate data were available on the
effect of HBOT on healing of arterial or pressure ulcers.

Several problems exist. Only six randomized
trials41–43,52,55,56 were suitable for inclusion in this review.
Study quality was very variable with most trials reporting
methodology poorly. Blinding of the patients, investigators
and/or outcome assessors was achieved in only two52,56

trials. This is a potential source of bias60–62, as was
the often inadequate accounting of withdrawals41,43,55,63.
Small sample size (four trials had 30 patients or fewer)
and different inclusion criteria between trials are further
problems. Entry criteria ranged from ‘any chronic foot
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lesion’41 or ‘chronic foot lesions for longer than six weeks’56

to ulcers with different Wagner grade classification43,52,
but not both. The authors are unable to state which ulcer
grade is most likely to benefit from HBOT.

While the oxygen dose under study was relatively
uniform across the trials, there was considerable variability
in outcome measurements employed, making data pooling
problematic. Surprisingly, only two studies55,56 recorded
the proportion of ulcers healed at any time, and only one56

of these after an appropriate follow-up period.
The authors believe that all relevant studies were

identified for this review. While publication bias is possible,
they have consulted widely in the field and are not aware
of any other completed but unreported studies.

For venous ulcers only the data from Hammarlund and
Sundberg42 is available. This trial suggests that HBOT
reduces ulcer area in the short term, but there is no evidence
that the ulcers are more likely to heal. Apart from issues
of power, the methodological quality of this study was
reasonable but the high withdrawal rate (31 per cent) by
the time of final follow-up at 18 weeks reduces confidence
in the reported findings.

The included trials reported no major adverse effects in
either treatment arm. Major adverse effects of HBOT are
rare, and it is not surprising that none were reported in this
small sample. However, from larger descriptive studies it is
known that about 20 per cent of patients experience some
degree of middle ear barotrauma, and 60 to 70 per cent a
measurable, reversible worsening of myopia64.

Present findings are comparable to those of previous
reviews by Wunderlich33 and Wang34. Both included
studies with different designs and did not focus on
RCTs. They concluded that HBOT may be beneficial
as an adjunctive therapy for chronic non-healing diabetic
wounds, compromised skin grafts, gas gangrene and
irradiation injury33,34.

In contrast to the work of those authors, however, the
present review is of the randomized evidence alone, using
Cochrane Collaboration methodology, to limit interest to
trials of relatively high internal validity. Some evidence
supports the use of adjuvant HBOT to treat chronic
diabetic foot ulcers in order to avoid major amputation
and possibly to improve the chance of healing, but the
small numbers of patients and methodological problems
necessitate a cautious interpretation of the results.

There is a need to verify any possible benefit of
HBOT in a large RCT using healing as an outcome
measure at clinically meaningful follow-up intervals. Such
a trial should be appropriately powered, based on this
review, and should include explicit entry criteria, allocation
concealment and appropriate comparator therapy. While

acknowledging the difficulties of employing sham therapy
in this area, effective blinding strategies are possible and
should be used. Economic evaluation of HBOT should
also be studied. In the meantime, HBOT may be regarded
as promising treatment option when other strategies have
failed.

Acknowledgements

This work was first published as a Cochrane Review with
the title ‘‘Hyperbaric oxygen therapy for chronic wounds’’
in The Cochrane Library 2004, Issue 2. Parts of that review
combined with newly acquired data are now reproduced
with permission. Cochrane Reviews are regularly updated
as new evidence emerges and in response to comments and
criticisms, and The Cochrane Library should be consulted
for the most recent version of the Review. The help of the
Cochrane Wounds Group in the conduct of this review
is kindly appreciated. The authors also thank all authors
of the primary studies who responded to our requests and
provided additional data.

References

1 Wysocki AB. Wound fluids and the pathogenesis of chronic
wounds. J Wound Ostomy Continence Nurs 1996; 23: 283–290.

2 Mutschler W, Muth CM. Hyperbaric oxygen therapy in
trauma surgery. Unfallchirurg 2001; 104: 102–114.

3 Dealey C. The Care of Wounds: a Guide for Nurses (2nd edn).
Blackwell Science Publications: Oxford, 1999.

4 Baker SR, Stacey MC, Jopp-McKay AG, Hoskin SE,
Thompson PJ. Epidemiology of chronic venous ulcers. Br J
Surg 1991; 78: 864–867.

5 Banwell PE. Topical negative pressure therapy in wound
care. J Wound Care 1999; 8: 79–84.

6 Dealey C. The Care of Wounds: a Guide for Nurses. Blackwell
Scientific Publications: Oxford, 1994.

7 Veves A, Murray HJ, Young MJ, Boulton AJ. The risk of foot
ulceration in diabetic patients with high foot pressure: a
prospective study. Diabetologica 1992; 35: 660–663.

8 Scottish Intercollegiate Guidelines Network. Management of
diabetic foot disease. Implementations of the St. Vincent
Declaration. The Care of Diabetic Patients in Scotland. Scottish
Intercollegiate Guidelines Network: Edinburgh: 1997.

9 Apelqvist J, Larsson J, Agardh CD. Long-term prognosis for
diabetic patients with foot ulcers. J Intern Med 1993; 233:
485–491.

10 Humphrey AR, Dowse GK, Thoma K, Zimmet PZ.
Diabetes and nontraumatic lower extremity amputations.
Incidence, risk factors, and prevention – a 12-year follow-up
study in Nauru. Diabetes Care 1996; 19: 710–714.

11 Cullum N, Nelson EA, Fletcher AW, Sheldon TA.
Compression for venous ulcers (Cochrane Review). In The

Copyright  2005 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2005; 92: 24–32
Published by John Wiley & Sons Ltd



Hyperbaric Oxygen 31

Cochrane Library 2004; 4. John Wiley & Sons, Ltd:
Chichester.

12 Callam MJ, Ruckley CV, Harper DR, Dale JJ. Chronic
ulceration of the leg: extent of the problem and provision of
care. Br Med J 1985; 290: 1855–1856.

13 Leng GC, Davis M, Baker D. Bypass surgery for chronic
lower limb ischaemia (Cochrane Review). In The Cochrane
Library, 2004; 4. John Wiley & Sons, Ltd: Chichester.

14 Andersson E, Hansson C, Swanbeck G. Leg and foot ulcer
prevalence and investigation of the peripherial arterial and
venous circulation in a randomized elderly population. An
epidemiological survey and clinical investigation. Acta Derm
Venerol 1993; 73: 57–61.

15 Allman RM. Pressure ulcer prevalence, incidence, risk
factors, and impact. Clin Geriatr Med 1997; 13: 421–436.

16 O’Dea K. The prevalence of pressure damage in acute care
hospital patients in the UK. J Wound Care 1999; 8: 192–194.

17 Knighton DR, Hunt TK, Scheuenstuhl H, Halliday BJ,
Werb Z, Banda MJ. Oxygen tension regulates the expression
of angiogenesis factor by macrophages. Science 1983; 221:
1283–1285.

18 Jensen JA, Hunt TK, Scheuenstuhl H, Banda MJ. Effect of
lactate, pyruvate and pH on secretion of angiogenesis and
mitogenesis factors by macrophages. Lab Invest 1986; 54:
574–578.

19 Hunt TK, Pai MP. The effect of varying oxygen tensions on
wound metabolism and collagen synthesis. Surg Gynecol
Obstet 1972; 135: 561–567.

20 Niinikoski J, Grislis G, Hunt TK. Respiratory gas tensions
and collagen in infected wounds. Ann Surg 1972; 175:
588–593.

21 Hohn DC, MacKay RD, Halliday B, Hunt TK. Effect of O2

tension on microbicidal function of leukocytes in wounds and
in vitro. Surg Forum 1976; 27: 18–20.

22 Niinikoski J, Hunt TK. Measurement of wound oxygen with
implanted Silastic tube. Surgery 1972; 71: 22–26.

23 Sheffield PJ. Tissue oxygen measurements with respect to
soft-tissue wound healing with nomobaric and hyperbaric
oxygen. HBO Rev 1985; 6: 18–46.

24 Sheikh AY, Gibson JJ, Rollins MD, Hopf HW, Hussain Z,
Hunt TK. Effect of hyperoxia on vascular endothelial growth
factor levels in wound model. Arch Surg 2000; 135:
1293–1297.

25 Hyperbaric Oxygen Therapy Committee of the Undersea
and Hyperbaric Medical Society. Hyperbaric Oxygen Therapy
Committee Report. Undersea and Hyperbaric Medical Society:
Kensington MD, 2001.

26 Dimitrijevich SD, Paranjape S, Wilson JR, Gracy RW,
Mills JG. Effect of hyperbaric oxygen on human skin cells in
culture and in human dermal and skin equivalents. Wound
Repair Regen 1999; 7: 53–64.

27 Cianci P, Hunt TK. Adjunctive hyperbaric oxygen therapy in
treatment of diabetic foot wounds. In The Diabetic Foot (5th

edn), Levin ME, O’Neal LW, Bowker JH (eds). Mosby Year
Book: St. Louis MO, 1993; 305–319.

28 Bayati S, Russell RC, Roth AC. Stimulation of angiogenesis
to improve the viability of prefabricated flaps. Plas Reconst
Surg 1998; 101: 1290–1295.

29 Rabkin JM, Hunt TK. Infection and oxygen. In Problem
Wounds. The Role of Oxygen, Davis JC, Hunt TK (eds).
Elsevier: New York, 1988; 1–16.

30 Stevens DL, Bryant AE, Adams K, Mader JT. Evaluation of
therapy with hyperbaric oxygen for experimental infection
with Clostridium perfringens. Clin Infect Dis 1993; 17:
231–237.

31 Undersea and Hyperbaric Medical Society. Hyperbaric
Chambers North & Central America: a Directory of Hyperbaric
Treatment Chambers. Undersea and Hyperbaric Medical
Society: Kensington MD, 2000.

32 Clark JM, Whelan HT. Oxygen toxicity. In Hyperbaric
Medicine Practice, Kindwall EP, Whelan HT (eds). Best
Publishing Company: Flagstaff AZ, 1999; 69–82.

33 Wunderlich RP, Peters EJ, Lavery LA. Systematic
hyperbaric oxygen therapy: lower-extremity wound healing
and the diabetic foot. Diabetes Care 2003; 23: 1551–1555.

34 Wang C, Schwaitzberg S, Berliner E, Zarin DA, Lau J.
Hyperbaric oxygen for treating wounds. A systematic review
of the literature. Arch Surg 2003; 138: 272–279.

35 Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ,
Gavaghan DJ et al. Assessing the quality of reports of
randomized clinical trials: is blinding necessary? Control Clin
Trials 1996; 17: 1–12.

36 Perrins DJ. Influence of hyperbaric oxygen on the survival of
split skin grafts. Lancet 1967; 1: 868–871.

37 Holbach KH. Indications for and results of hyperbaric
oxygenation. Hefte Unfallheilkd 1978; 132: 214–217.

38 Heng MC, Pilgrim JP, Beck FW. A simplified hyperbaric
oxygen technique for leg ulcers. Arch Dermatol 1984; 120:
640–645.

39 Baroni G, Porro T, Faglia E, Pizzi G, Mastropasqua A,
Oriani G et al. Hyperbaric oxygen in diabetic gangrene
treatment. Diabetes Care 1987; 10: 81–86.

40 Oriani G, Meazza D, Favales F, Pizzi GL, Aldeghi A,
Faglia E. Hyperbaric oxygen therapy in diabetic gangrene. J
Hyperbar Med 1990; 5: 171–175.

41 Doctor N, Pandya S, Supe A. Hyperbaric oxygen therapy in
diabetic foot. J Postgrad Med 1992; 38: 112–114.

42 Hammarlund C, Sundberg T. Hyperbaric oxygen reduced
size of chronic leg ulcers: a randomized double-blind study.
Plast Reconstr Surg 1994; 93: 829–833.

43 Faglia E, Favales F, Aldeghi A, Calia P, Quarantiello A,
Oriani G et al. Adjunctive systemic hyperbaric oxygen
therapy in treatment of severe prevalently ischemic diabetic
foot ulcer. A randomized study. Diabetes Care 1996; 19:
1338–1343.

44 Faglia E, Favales F, Aldeghi A, Calia P, Quarantiello A,
Oriani G et al. Adjunctive systemic hyperbaric oxygen
therapy in treatment of diabetic foot ulcer. A randomized
study. In Proceedings of the International Joint Meeting on
Hyperbaric and Underwater Medicine, Marroni A, Oriani G,
Wattel F (eds). Grafica Victoria: Bologna, 1996; 391–399.

Copyright  2005 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2005; 92: 24–32
Published by John Wiley & Sons Ltd



32 I. Roeckl-Wiedmann, M. Bennett and P. Kranke

45 Zamboni WA, Wong HP, Stephenson LL, Pfeifer MA.
Evaluation of hyperbaric oxygen for diabetic wounds: a
prospective study. Undersea Hyperb Med 1997; 24: 175–179.

46 Heng MC, Harker J, Csathy G, Marshall C, Brazier J,
Sumampong S et al. Angiogenesis in necrotic ulcers treated
with hyperbaric oxygen. Ostomy Wound Manage 2000; 46:
18–32.

47 Kalani M, Naderi N, Lind F. Hyperbaric oxygen therapy for
wound healing and limb salvage in diabetic foot lesions: three
year follow-up. Undersea Hyperb Med 2000; 27(Suppl): 44–45.

48 Abidia A, Kuhan G, Laden G, Bahia H, Johnson BF,
Wilkinson AR et al. Hyperbaric oxygen therapy for diabetic
leg ulcers – a double-blind randomized-controlled trial.
Undersea Hyperb Med 2001; 28(suppl): 64.

49 Abidia A, Kuhan G, Laden G, Bahia H, Johnson B,
Wilkinson A et al. Role of hyperbaric oxygen therapy in
ischaemic, diabetic, lower-extremity ulcers: a double-blind
randomized controlled trial. Br J Surg 2001; 88: 744
(Abstract).

50 Abidia A, Kuhan G, Laden G. The role of hyperbaric oxygen
therapy for diabetic leg ulcers: a double-blind randomized-
controlled trial. Abstracts of the 20th annual meeting
EUBS, Malta 2000. Undersea Hyperb Med 2001; 28: 48.

51 Chin K, Xie Y, Abidia A, Laden G, Greenman J, Monson J
et al. The relationship of hyperbaric oxygen therapy and
vascular endothelial growth factor in diabetic patients with
leg ulcers: a double-blind randomized controlled trail.
Undersea Hyperb Med 2001; 28: (Suppl): 63.

52 Lin TF, Chen SB, Niu KC. The vascular effects of
hyperbaric oxygen therapy in treatment of early diabetic foot.
Undersea Hyperb Med 2001; 28(suppl): 63.

53 Whelan HT, Buchmann EV, Dhokalia A, Kane MP,
Whelan NT, Wong-Riley MT et al. Effect of NASA
light-emitting diode irradiation on molecular changes for
wound healing in diabetic mice. J Clin Laser Med Surg 2001;
21: 67–74.

54 Kalani M, Jorneskog G, Naderi N, Lind F, Brismar K.

Hyperbaric oxygen (HBO) therapy in treatment of diabetic
foot ulcers. Long-term follow-up. J Diabetes Complications
2002; 16: 153–158.

55 Kessler L, Bilbault P, Ortegà F, Grasso C, Passemard R,
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