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Objectives: Approximately 10–15 percent of individuals with diabetes mellitus develop foot ulcers, which precede 85 percent of amputations. Increased oxygen, through the use of
hyperbaric oxygen therapy (HBOT), has been suggested to encourage ulcer healing thus reducing the risk of amputation. The objective of this systematic review is to evaluate the
efficacy of systemic HBOT for nonhealing ulcers of the lower limb in diabetes patients.
Methods: A systematic search, using controlled and keyword terms focusing on “HBOT” and “lower limb diabetic ulcers,” was conducted. Databases searched included Medline,
EMBASE, CINAHL, PubMed, Wiley’s Cochrane Library, and Biosis. Randomized controlled trials (RCTs) and observational studies were included. Pooled estimates of outcomes were
determined when appropriate.
Results: Of the 654 citations identified, 157 articles underwent full-text review. Data were abstracted from twelve publications (six RCTs and six comparative observational studies).
Pooled analysis of the RCT and observational data showed that treatment with HBOT reduced the risk of major amputation by 60 percent (p = .29) and 61 percent (p = .003)
compared with standard wound care, respectively. The RCT data revealed that the relative risk of having an unhealed wound following HBOT was 0.54 (p = .10) and 0.24 (p <

.0001) based on observational data.
Conclusions: Due to the limited RCT evidence, it is not possible to conclusively establish the benefits and harms of treating diabetic lower limb ulcers with HBOT. No significant effects
on amputation rates were found in the RCT evidence and in the high quality studies, no difference was found.
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Diabetes mellitus (DM) is rapidly becoming one of the most
common chronic diseases globally. The International Diabetes
Federation estimates that 285 million people around the world
suffer from diabetes, and this number is projected to rise to
approximately 440 million by 2030 (1). Characterized by im-
paired glycemic control due to insulin deficiency (Type 1 DM)
or resistance to insulin action (Type 2 DM), diabetes is asso-
ciated with complications such as peripheral neuropathy and
peripheral vascular disease. Combined with lower limb trauma,
these complications increase the likelihood of diabetic patients
developing lower limb ulceration with a lifetime risk estimated
to be 15 percent (2). In these patients, wound healing is com-
promised due to poor circulation, and a foot injury or infection
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may not be detected due to poor sensory function in the lower
limbs and feet (3). Without early treatment, a foot ulcer may ag-
gravate until it becomes infected and chronic. Chronic wounds
are difficult to heal, despite medical and nursing care, and may
lead to impaired quality of life and functioning, amputation, or
even death (2;4).

Diabetic foot ulcers can be classified on the basis of sever-
ity through a widely used wound classification system called
the Wagner Grade Scale (5). This tool ranges from grades zero
(cellulitis) to five (foot gangrene), and encompasses the depth
of the ulcer and whether the ulcer is infected. Wagner Grades
2, 3, and 4 characterize deep ulcers, deep abscess, osteomyeli-
tis, and foot gangrene, respectively (3;4). Severe, chronic lower
limb ulcers often require amputation. For example, people with
diabetes have a 15-fold greater risk of lower extremity amputa-
tion than those without diabetes (2). Amputations are classified
as either major (an amputation of the leg above or below the
knee) or minor (which involves the amputation of toes or the
forefoot) with differing impact on quality of life and health (6).
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The standard of care for treating diabetic ulcers involves ad-
equate nutrition, proper glycemic control, regular debridement,
dressing changes, use of antibacterial agents, foot pressure re-
lief, and in some cases amputation (7;8). In addition, adjunctive
therapeutic interventions such as hyperbaric oxygen therapy
(HBOT) have been shown to improve the rate of wound heal-
ing and reduce the risk of lower extremity amputation (9–11).
HBOT has been suggested to increase plasma oxygen levels and
improve wound healing through the inhalation of 100 percent
oxygen at 2.0–2.5 atmospheres absolute (ATA) pressure in a
compression chamber (12). HBOT has been in use for more
than 50 years, it is thought to aid healing by supplying oxygen
to the wound (3).

Previously published systematic reviews evaluating adjunc-
tive HBOT to good wound care have reported mixed results
using varying methods and inclusion criteria. In 2005, Roeckl-
Wiedmann et al. (13) reviewed randomized controlled trial
(RCT) data and were unable to confirm any significant benefit
on ulcer healing or need for minor amputation with HBOT treat-
ment. The systematic review presented statistically significant
evidence that HBOT decreased the risk of major amputation
(based on fixed effects model). A review that included seven
RCTs found that 11 percent of patients treated with HBOT and
32 percent of patients in control groups had major lower extrem-
ity amputations and 83 percent versus 43 percent of wounds
healed in the HBOT and control groups, respectively (14). The
authors combined the event rates from each paper but did not
perform any statistical tests.

A recently published systematic review of the published
RCT data by the Cochrane Collaboration (15), reported a sig-
nificant improvement in wound healing in the short-term (i.e.,
6 weeks), but found no statistically significant difference in the
rates of wound healing, major or minor amputation favoring
HBOT.

There are reviews that considered data from both RCTs and
observational studies (16–18). Goldman (16) reported that the
pooled odds for major amputation decreased with the admin-
istration of HBOT and that the odds of healing are also better
with HBOT. Other reviews that looked at the randomized and
nonrandomized evidence have also concluded that HBOT is as-
sociated with improved wound healing and a reduction in the
rate of amputation (17;18). However, Wang et al. (17) did not
pool the data from the individual trials and Londahl et al. (18)
combined the event rates from each paper by study design but
did not perform any statistical tests.

The objective of this study is to systematically review the
clinical evidence from both RCT and observational studies
of HBOT for adults with nonhealing diabetic ulcers of the
lower limb to ascertain whether adjunctive HBOT decreases
the rate of amputation, improves wound healing, safety, and
quality of life compared with standard care alone (i.e., debride-
ment, dressings, antibiotics, and minimization of pressure on
the wound) or sham. Additionally, this review synthesizes im-

portant study outcomes using meta-analytic techniques where
possible.

METHODS

Literature Search Strategy
A systematic search was undertaken for the purposes of locating
clinical studies assessing HBOT for lower limb diabetic ulcers.
The search strategy was developed by an Information Specialist
(K.C.) with input from the project team. All search results were
imported into a Reference Manager Version 12 database for the
purposes of de-duplication and title/abstract screening.

A search strategy with controlled vocabulary and key-
words focusing on the concepts of “HBOT” and “lower limb
diabetic ulcers” was executed. No year or language limits
were used but the human limit was applied when available
(see Supplementary Table 1, which can be viewed online at
www.journals.cambridge.org/thc2013113). The following bib-
liographic databases were searched: Ovid Medline (1946-
present; In-Process & Other Non-Indexed Citations) and EM-
BASE (1980-present); PubMed (for non-Medline records only);
Wiley’s Cochrane Library (Issue 4, 2012); and Thomson’s Bio-
sis Previews (1995-present). OVID and PubMed search alerts
were set up to send monthly updates with any new literature until
November 1, 2012. Gray literature (literature that is not com-
mercially published) was identified by searching the websites
of health technology assessment and related agencies, the web-
sites of relevant professional associations, and their associated
databases. The Google search engine was used to search for ad-
ditional Web-based materials and information. These searches
were supplemented by reviewing the bibliographies and ab-
stracts of key papers.

Inclusion Criteria
Following the initial search, articles were selected based on the
following criteria: randomized controlled clinical trial or com-
parative observational study comparing systemic HBOT as the
intervention to standard wound care (i.e., debridement, dress-
ings, antibiotics, and minimization of pressure on the wound)
or sham therapy; human participants (age ≥ 18 years old) suf-
fering from Type 1 or Type 2 diabetes; patient group with non-
healing lower limb ulcers unresponsive to standard wound care
(including debridement, glycemic control, antibiotic therapy,
and revascularization if necessary); relevant outcomes: rate of
wound/ulcer healing, wound size reduction, rate of major ampu-
tation (amputation of the lower limb proximal the ankle), rate of
minor amputation (amputation of the distal end of foot), safety,
and quality of life.

Exclusion Criteria
Studies were excluded for the following reasons: reviews (sys-
tematic or narrative), conference abstracts, case reports, com-
ments, or editorials; animal studies; patients did not suffer from
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diabetes or lower limb ulceration; studies on topical HBOT or
interventions other than systemic HBOT; no comparison group;
irrelevant outcomes of interest; or non-English language publi-
cations.

Study Selection Method
Study selection was performed in two phases: title/abstract re-
view and full-text review. Independent reviewers conducted the
title and abstract review, using prespecified inclusion and exclu-
sion criteria. Based on the titles and abstracts (when available),
studies were excluded at this stage if both reviewers agreed that
they did not meet the inclusion criteria. Studies that were not
excluded based on title and abstract screening were retrieved
in full text and assessed by two reviewers to determine if they
should be included for data abstraction.

Data Abstraction Strategy
Data from all included studies were abstracted into pre-
designed data extraction forms. Information on the following
data items was abstracted from the papers: study design; sin-
gle/multicenter; country; patient characteristics; follow-up pe-
riod; sample size; type of intervention (e.g., type, dose, dura-
tions, and frequency of treatment) versus control intervention;
any adverse events attributable to treatment, study outcomes and
study results. In cases where data were presented in graphical
form, data were abstracted from the graphs where possible. Au-
thors were contacted if further details were required to clarify
reported results. The data abstraction was verified by a second
reviewer.

Quality Assessment
The methodological quality of all included randomized con-
trolled clinical trials was assessed using the Jadad scale (19).
The Jadad scale is a three-item scale covering the randomiza-
tion method, the blinding method, and withdrawals/dropouts.
A study is assigned one point if it was described as random-
ized or as double blind or had described withdrawals/dropouts,
respectively. If the randomization method or blinding method
described was judged to be appropriate one additional point was
awarded for that item. However, if the randomization method
or blinding method described was judged to be inappropriate
one point was deducted for that item. The final quality score
for each article could range from 0 (lowest quality) to 5 points
(highest quality).

For comparative observational studies, quality assessment
was conducted using the Newcastle-Ottawa scale (20). The
Newcastle Ottawa Quality Assessment Scale for Cohort Studies
measures the quality of three categories: selection of cohorts;
comparability of cohorts; and assessment of outcome for a max-
imum score of 9. The quality scores for the studies were used to
summarize and describe the studies. However, no sensitivity or
subgroup analyses were performed based on the quality of the
included studies.

Data Analysis
Analysis was grouped by study type (e.g., RCT, observational)
as well as by outcome (e.g., amputation, wound healing). Com-
parability of the studies was assessed by careful review of the
population, intervention, comparator, and outcomes. Relative
risk and 95 percent confidence interval were used to summarize
effect sizes for dichotomous outcome measures (i.e., proportion
of those requiring amputation, proportion of wounds unhealed)
using the “per protocol” data. When possible, a pooled estimate
of effect was assessed using meta-analytic techniques using Re-
view Manager 5.0 to explore the clinical efficacy of HBOT. A
fixed-effect model was used where there was no evidence of
significant heterogeneity between studies and a random effects
model was used when such heterogeneity was likely. Statistical
heterogeneity was assumed to be significant if the I2 analysis
suggested more than 50 percent of the variability in the analysis
was due to differences between trials. I2 is a statistic ranging
from 0 percent to 100 percent which reflects the proportion of
total variation across studies due to heterogeneity (21). Ninety-
five percent confidence intervals (CIs) were used for all effect
size estimates for both individual trials and pooled estimates.
As an estimate of clinical relevance of any difference between
HBOT and control, the number-needed-to-treat (NNT) with 95
percent CI as appropriate was calculated.

Sensitivity Analysis
If appropriate, we planned to use sensitivity analyses using
different approaches to imputing missing data.

RESULTS

Literature Search Results
A total of 654 potentially relevant citations were identified
through the literature review. Of these citations, 157 articles
were retrieved for full text screening and 145 of these were
excluded. This resulted in twelve relevant studies for review
and final data abstraction. Reasons for exclusion of articles are
outlined in the PRISMA flowchart (Figure 1) of the process
used to identify and select studies for the review. Overall, six
randomized controlled trials (RCTs) (9;22–26) and six com-
parative observational studies (10;27–31) were identified that
provided data on the efficacy of using HBOT compared with
standard wound care for the treatment of nonhealing ulcers of
the lower limb in patients with diabetes.

Study Characteristics
Randomized Controlled Trials. All six RCTs that met the inclusion cri-
teria for this review were single-center trials, with sample sizes
ranging from 16 to 100 patients and follow-up from 1 to 24
months. The studies are summarized in Table 1. The number
of patients randomized to HBOT and control/sham therapy was
reported in all trials except the trial by Doctor et al., which only
reported the total number of study participants (22). The trial
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Figure 1. PRISMA flowchart of reasons for exclusion of articles.

by Duzgun et al. was the largest with 100 patients and also had
the longest follow-up of approximately 2 years (23).

In terms of the patient population, Kessler et al. (24) and
Abidia et al. (9) included patients with ulcers classified as Wag-
ner Grades 1 or 2. On the other hand, Faglia et al. (25) and
Duzgun et al. (23) recruited patients with more severe ulcers
classified as Wagner Grade 2, 3, or 4. The study conducted by
Londahl et al. (26) recruited 94 patients with Wagner grade 2,
3, or 4 ulcers, which had been present for >3 months.

The trials by Abidia et al. (9) and Londahl et al. (26) in-
cluded sham therapy in the control group while in the other
studies the control group received standard wound care. While
the definition of standard wound care was not provided in ev-
ery study, Kessler et al. (24) described it as the stabilization
of hyperglycemia through subcutaneous insulin administration,
antibiotics for local infection, offloading measures to avoid me-
chanical stress on the foot, and debridement.

The HBOT regimen also varied across trials. In the trial
by Doctor et al. (22), patients underwent only four sessions
of HBOT over 2 weeks at 3 ATA with each session lasting

45 minutes while in the study by Abidia et al. (9), patients
underwent 30 sessions of HBOT over 6 weeks at 2.4 ATA with
each session lasting 90 minutes. In the trial by Faglia et al.
(25), treatment with HBOT was variable, starting at 2.5 ATA
for 7 days a week in the first phase for 90 minutes per session
to 2.2–2.4 ATA for 5 days a week in the second phase for 90
minutes per session. In the study by Londahl et al. (26), patients
were subjected to 2.5 ATA of pressure with each session lasting
85 minutes, 5 days per week for 8 weeks. Wound healing and
amputation rate were the most commonly reported outcomes in
the studies (Table 1).

Comparative Observational Studies. Six comparative observational studies
met the inclusion criteria for this review (10;27–31). Follow-up
times ranged from 2 months to approximately 3 years, and
the largest sample size was 115 patients (10). A summary of
the included studies’ characteristics is provided in Table 1. All
studies were prospective cohort studies with the exception of
two that were retrospective chart reviews (10;29). In one study,
the treatment regimens included variable oxygen dose in the
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Table 1. Study Designs and Findings (Randomized controlled trials and observational studies)

Author (year)
Country

Study design,
study quality

Participants; Wagner
grade Sample Size

Follow-up
period

(months) Intervention Comparator Study endpoints Key Results Conclusions

Randomized Controlled Trials (n = 6)
Löndahl

(2010)(26)
Sweden

Single centre
double-blind
RCT, Jadad 5

Diabetic pts with chronic
foot ulcer >3 months,
Wagner Grades 2
(26%), 3 (56%), and
4 (18%).

Total: 94
HBOT: 49
Control: 45

12 HBOT in multi-place
chamber at 2.5 ATA
for 85 minutes, 5
days/wk for 8 wks

Sham therapy
(hyperbaric
air in
multi-place
chamber at
2.5 ATA for
85 minutes,
5 days/wk
for 8 wks)

Complete
healing of
index ulcer,
amputation,
death

Healed: HBOT: 25,
Control: 12; Major
amputation: HBOT: 3,
Control: 1; Minor
amputation: HBOT: 4,
Control: 4; Death:
HBOT: 1, Control: 3

Adjunctive treatment with
HBOT facilitates
healing of chronic foot
ulcers in selected
patients with diabetes.

Duzgun
(2008)(23)
Turkey

Single centre
RCT, Jadad 3

Diabetic pts with foot
ulceration for ≥4
wks; Wagner Grades 2
(18%), 3 (37%), and
4 (45%)

Total 100:
HBOT: 50,
Control: 50

Mean (SD): 92
(12) weeks

HBOT in unichamber
pressure room at 2–3
ATA for 90 min, 2
sessions/day followed
by 1 session on the
following day,
alternating thru the
course of therapy for
20–30 days.

Standard
wound care

Total wound
closure
without
surgery,
amputation

Healed: HBOT: 33,
Control: 0. No change
for 5 pts in HBOT.
Major amputation:
HBOT: 0; Control: 17;
Minor amputations:
HBOT: 4, Control: 24

Use of HBOT significantly
improved healing and
reduced the need for
amputation

Abidia
(2003)(9)
UK

Single centre
double-blind
RCT, Jadad 5

Diabetic pts with
ischaemic, non-healing
lower-extremity ulcers
1–10 cm diameter for
>6 wks; Wagner
Grades 1 (6%) and 2
(94%)

Total:16,
HBOT: 8,
Control: 8

12 HBOT in multi-place
chamber at 2.4 ATA
for 90 min daily, 5
days/wk. Total of 30
treatments.

Sham therapy
(hyperbaric
air in
multi-place
chamber at
2.4 ATA for
90 min daily,
5 days/wk.
Total of 30
treatments.)

Complete
healing, ulcer
surface area,
amputation,
quality of
life, cost

Healed: HBOT: 5 &
Control: 0; Reduction
in ulcer size at 6
months: HBOT: 100%,
Control: 95%; Major
amputation: HBOT: 1,
Control: 1, Minor
amputation: HBOT: 1,
Control: 0

HBOT has the potential to
enhance healing of
ischaemic diabetic
lower-extremity ulcers
and is cost-effective.

Kessler
(2003)(24)
France

Single centre
RCT, Jadad 3

Diabetic pts hospitalized
for chronic foot ulcers
>3 months; Wagner
Grades 1–3

Total:28
HBOT:15,
Control: 13

1 HBOT in multi-place
chamber at 2.5 ATA
for 90 minutes, 2
sessions/day, 5
days/wk, for 2 weeks.

Standard
wound care

Complete
healing, ulcer
surface area,
TcPo2

Healed: HBOT: 2,
Control: 0

In addition to standard
care, HBOT doubles
the mean healing rate
of chronic foot ulcers in
selected diabetic pts.
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Table 1. Continued

Author (year)
Country

Study design,
study quality

Participants; Wagner
grade Sample Size

Follow-up
period

(months) Intervention Comparator Study endpoints Key Results Conclusions

Faglia
(1996)(25)
Italy

Single centre
RCT, Jadad 3

Diabetic pts hospitalized
for foot ulcer; Wagner
Grades 2 (13%), 3
(25%) and 4 (62%).

Total: 68,
HBOT: 35,
Control: 33

NR HBOT in multi-place
chamber at 2.5 ATA
for 90 min/day in the
1st phase and at
2.4–2.2 ATA for
hebdomadal (5/7)
sessions in the 2nd

(reparative) phase.

Standard
wound care

Amputation,
TcPo2

Major amputation: HBOT:
3, Control: 11

HBOT in conjunction with
an aggressive
multidisciplinary
therapeutic protocol is
effective in decreasing
major amputations in
diabetic pts with
ischemic foot ulcers.

Doctor
(1992)(22)
India

Single centre
RCT, Jadad 1

Diabetic pts with chronic
foot lesions; ulcer
grade NR

Total 30:
NR/NR

NR HBOT in mono-place
chamber at 3 ATA for
45 min at each sitting.
4 separate sittings
over a 2 wk period.

Standard
wound care

Amputation,
wound
healing,
wound
cultures,
hospital
length of
stay.

Major amputation: HBOT:
2, Control: 7 Minor
amputation: HBOT: 4,
Control: 2, Average
hospital stay: HBOT:
40.6 days, Control:
47 days

HBOT significantly
reduced the rate of
major amputations.
Reduction in hospital
stay was found in pts
receiving HBOT.

Comparative Observational Studies (n = 6)
Lyon

(2008)(29)
USA

Single centre,
retrospective,
comparative
observa-
tional, NCO
= 8

Pts with a diagnosis of
diabetic lower
extremity wounds;
Wagner grade NR

Total: 89, HBOT
plus standard
care: 13,
HBOT plus
growth
factor: 25,
Growth factor
therapy: 26,
Standard
care: 25.

2 HBOT plus standard
wound care, HBOT plus
growth factor therapy;
no details provided for
HBOT therapy

Standard
wound care
and growth
factor
therapy.

Wound volume Average wound volume
decrease: HBOT plus
standard care: 30%,
Standard care alone:
15%

Those who received
HBOT as part of their
wound care regimen
healed faster than
those who received
standard treatment

Kalani
(2002)(28)
Sweden

Single centre,
prospective,
comparative
observa-
tional, NCO
= 7

Diabetic pts with chronic
foot ulcers <2 months
and local hypoxia;
Wagner grade NR

Total: 38,
HBOT: 17,
Control: 21

36 HBOT in mono-place
chamber at 2.5 ATA
for 90 min/ session, 5
days/wk. Total of 40
(n = 4) or 60 (n =
13) sessions.

Standard
wound care

Patients healed,
amputation,
death, TcPo2

Healed: HBOT: 13,
Control: 10; Minor
amputation: HBOT: 2,
Control: 7; Death:
HBOT: 2, Control: 3

Adjunctive HBOT therapy
seems to accelerate
the rate of healing,
reduce the need for
amputation, and
increase the number of
healed wounds on
long-term follow-up.
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Author (year)
Country

Study design,
study quality

Participants; Wagner
grade Sample Size

Follow-up
period

(months) Intervention Comparator Study endpoints Key Results Conclusions

Faglia (1998)
(10) Italy

Single centre,
retrospective,
comparative
observa-
tional, NCO
= 6

Diabetic pts hospitalized
with foot ulcers;
Wagner Grades 2
(11%), 3 (28%) and
4 (61%)

Total: 115,
HBOT: 51,
Control: 64

36 HBOT at 2.5 ATA daily for
90 min daily sessions
in the 1st

(antibacterial) phase,
and 2.4–2.2 ATA
hebdomadal (5/7)
sessions in the 2nd

(reparative) phase.

Standard
wound care

Major
amputation

Major amputation: HBOT:
7, Control: 20

Adjunctive HBOT in a
comprehensive
multidisciplinary
protocol should be
effective in decreasing
the number of major
amputations.

Zamboni
(1997)(31)
USA

Single centre,
prospective,
comparative
observa-
tional, NCO
= 6

Insulin-dependent
diabetic pts with
chronic
lower-extremity
wounds; Wagner
grade NR

Total:10,
HBOT: 5,
Control: 5

4–6 HBOT at 2.0 ATA for 120
min/session, 5
days/wk for a total of
30 sessions

Standard
wound care

Patients healed,
Amputation,
wound
surface area

Healed: HBOT: 4 Control:
1, Amputation: HBOT:
0, Control: 0

HBOT was efficacious in
the healing of chronic
diabetic foot wounds.

Oriani
(1990)(30)
Italy

Single centre,
prospective,
comparative
observa-
tional, NCO
= 8

Diabetic pts affected by
gangrene; Wagner
grade NR

Total: 80,
HBOT: 62,
Control: 18

NR HBOT in multi-place
chamber at 2.8 ATA as
antibacterial support
and at 2.5 ATA as
reparative stimulus,
daily sessions 6
days/wk until the
beginning of
granulation, then 5
days/wk until
recovery

Standard
wound care

Patients healed,
amputation
(major and
minor)

Healed: HBOT: 59,
Control: 12;
Amputation: HBOT: 3,
Control: 6

HBOT is indicated in
diabetic gangrene in
association with strict
metabolic control and
an accurate daily
courettage.

Baroni (1987)
(27) Italy

Single centre,
prospective,
comparative
observa-
tional, NCO
= 6

Diabetic pts hospitalized
for foot gangrene or
perforating ulcer;
Wagner grade NR

Total 28:
HBOT: 18,
control: 10

36 HBOT in multi-place
chamber at 2.8 or 2.5
ATA for 90 min/day
during hospitalization.

Standard
wound care

Patients healed,
amputation,
wound size,
infections,
hospital
length of
stay

Healed: HBOT: 16,
Control: 1; Major
amputation: HBOT: 2,
Control: 4; Unchanged
lesions: HBOT: 0;
Control: 5

HBOT was effective in the
treatment of pts with
severe diabetic ulcers
and leg gangrene, with
a high cure rate and a
drastic reduction of
lower-limb
amputations.

ATA – absolute atmosphere, min – minutes, NCO – Newcastle-Ottawa, NR - not reported, pts – patients, SD – standard deviation, TcPo2 – transcutaneous oxygen pressure, wk - week

275
INTL.J.OFTECHNOLOGY

ASSESSMENTIN
HEALTH

CARE29:3,2013

https://doi.org/10.1017/S0266462313000263 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0266462313000263


O’Reilly et al.

Table 2. Summary of Effects of Outcomes using Different Models

Estimate of Effect

Event Rates Fixed Effects Model Random Effects Model Heterogeneity (I2)

Risk of Experiencing a Major Amputation
Randomized Control Trials (n = 4) HBOT: 7/142 (4.9%)

Control: 30/136
(22.1%)

0.24 (0.11, 0.51; P = 0.04) 0.40 (0.07, 2.23; P = 0.29) 63%

Observational studies (n = 4) HBOT: 11/91 (12.1%)
Control: 31/100
(31%)

0.39 (0.21, 0.73; P = 0.003) 0.39 (0.21, 0.73; P = 0.003) 0%

Risk of Experiencing a Minor Amputation
Randomized Control Trials (n = 4) HBOT: 30/142 (21.1%)

Control: 40/136
(29.4%)

0.72 (0.48, 1.08; P = 0.12) 0.79 (0.19, 3.30; P = 0.75) 84%

Observational studies (n = 4) HBOT: 5/84 (6.0%)
Control: 13/44
(29.6%)

0.23 (0.09, 0.59; P = 0.002) 0.22 (0.08, 0.56; P = 0.002) 0%

Risk of Having an Unhealed Wound
Randomized Control Trials (n = 4) HBOT: 38/120 (31.7%)

Control: 68/113
(60.2%)

0.52 (0.40, 0.68; P<0.00001) 0.54 (0.26, 1.13; P = 0.10) 87%

Observational studies (n = 4) HBOT: 10/102 (9.8%)
Control: 30/54
(55.6%)

0.24 (0.13, 0.43; P<0.00001) 0.24 (0.12, 0.46; P<0.0001) 8%

HBOT chamber (10), while two studies did not report details
regarding HBOT sessions (27;29) and three studies maintained
a consistent oxygen pressure (2 or 2.5 ATA) for each HBOT
session (28;30;31). Also, there was substantial variability in the
frequency of treatment sessions and the duration of treatment
among the studies.

In terms of outcomes, the proportion of healed wounds was
reported by four studies (27;28;30;31). Five studies reported
amputation as an outcome (10;27;28;30;31), and one study re-
ported ulcer size reduction, in terms of volume, as the primary
outcome (29).

Quality of Included Studies
Study quality scores based on the Jadad and Newcastle-Ottawa
scales are presented in Tables 1 and 2. Of the six RCTs included
in this review, study quality varied from low to high. One of the
trials was assessed as being poor quality (score of 1 on the Jadad
scale) due to the lack of blinding or use of sham therapy, no de-
scription of withdrawals or dropouts, and no description of the
method of randomization used (22). Three other trials were as-
sessed as being moderate quality (score of 3 on the Jadad scale)
due to the lack of double-blinding or method of blinding (23–
25). In the absence of blinding, decisions around debridement

and wound care in trials may be affected by the knowledge of
the treatment allocation and this may contribute to significant
bias in these studies. Only the studies by Abidia et al. (9) and
Londahl et al. (26) trials scored 5 on the Jadad scale due to ap-
propriate randomization and appropriate randomization method
being described, a description of dropouts, and appropriate pa-
tient blinding through the use of sham therapy in the control
group.

Of the six comparative observational studies included in
this review, three were assessed as being high quality (scores of
7 or 8 of 9 on the Newcastle-Ottawa scale) (28–30). The three
other studies were of moderate quality with scores of 5 or 6
(10;27;31).

Treatment Effects
Proportion of patients requiring major amputation.

Randomized controlled trials

Five of the six RCTs reported the proportion of patients re-
quiring major amputation for distinct follow–up time periods
ranging from 12 months to 2 years (9;22;23;25;26). Because
the trial by Doctor et al. (22) failed to report the number of pa-
tients randomized to intervention or control groups, this study
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Figure 2. (a) Meta-analysis of randomized controlled trials indicates no significant difference in major amputations between the two groups. (b) Meta-analysis of observational studies indicates a significant difference in
major amputation between the two groups.

was not included in the pooled analysis. However, it is worth
noting that of the 30 patients included in the study, two patients
in the HBOT group and seven in the control group required ma-
jor amputations. As a result, four trials (9;23;25;26) contributed
278 patients to the analysis, with 142 randomized to HBOT and
136 randomized to the control group. Londahl et al. (26) and
Duzgun et al. (23) contributed approximately 70 percent of the
patients to the analysis. Pooling the data revealed that there were
seven (5 percent) major amputations in the HBOT group and
30 (22 percent) major amputations in the control group. There
was significant heterogeneity among trials for the primary out-
come of major amputation (I2 = 63 percent; p = .04). As such,
a random effects model was used and the results showed that
there was no significant difference in major amputation between
the two groups (RR = 0.40; 95 percent CI, 0.07–2.23; p = .29)
(Figure 2a and Table 2). This translates into a relative risk reduc-
tion of 77 percent with a NNT to avoid one amputation equals
5 (chance of benefit is 1 in 5 or 20 percent).

Sensitivity analysis. This result was not sensitive to the inclusion
of the trial by Doctor et al. (22) (we assumed an allocation
of 15 patients to HBOT group and 15 patients to the control
group).

Comparative observational studies

Major amputation was reported in four comparative observa-
tional trials (10;27;28;31). Oriani et al. (30) reported amputation
rates by group however, they did not distinguish between major
and minor so it was decided to include them in the minor ampu-

tation estimate to be conservative. The four studies contributed
191 patients to this analysis, with 91 in the HBOT group and 100
in the control group. Because the percentage of variability in ef-
fect estimates due to heterogeneity was 0 percent, a fixed effect
model was estimated. As shown in Figure 2b and Table 2, HBOT
significantly reduced the rate of major amputation (RR of major
amputation with HBOT was 0.39; 95 percent CI, 0.21–0.73; p
= .003). The percentage of the variability in effect estimates
due to heterogeneity was 0 percent based on the I2 statistic.

Proportion of patients requiring minor amputation.

Randomized controlled trials

The rate of minor amputation was reported by five RCTs. Be-
cause the trial by Doctor et al. (22) did not report the number
of patients randomized to the treatment and control arms, it
was not included in the primary pooled analysis. Thus, the
trials by Faglia et al. (25), Londahl et al. (26), Abidia et al.
(9), and Duzgan et al. (23) contributed 278 patients to this
analysis, with 142 randomized to HBOT and 136 randomized
to the control group. There were fewer minor amputations in
the HBOT group (n = 30) compared with the control group
(n = 40), heterogeneity between the studies was high and ac-
counted for approximately 84 percent of the variability between
trials (I2 = 84 percent; p = .0003). The random effects meta-
analyses showed no significant difference in minor amputation
between the two groups (RR = 0.79; 95 percent CI, 0.19–3.30;
p = .75) (see Table 2 and Supplementary Figure 1, which can
be viewed online at www.journals.cambridge.org/thc2013114).
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Sensitivity analysis. The trial by Doctor et al. (22) found that there
were four minor amputations in the HBOT treatment arm and
two minor amputations in the control arm. Including these re-
sults in the meta-analysis, assuming 15 patients allocated to each
treatment group, the results did not change (RR of amputation
with HBOT was 0.78; 95 percent CI, 0.53–1.15).

Comparative observational studies

Three comparative observational studies reported the propor-
tion of minor amputations, with 128 patients contributing to the
analysis; 84 in the HBOT group and 44 in the control group
(28;30;31). In the pooled analysis, the trial by Oriani et al. (30)
accounted for 63 percent of the data. Similar to the situation
observed for the major amputation, there was no heterogeneity
in the data (i.e., I2 = 0 percent) and a fixed effects model was
used. As shown in see Supplementary Figure 2, which can be
viewed online at www.journals.cambridge.org/thc2013116, and
Table 2, HBOT significantly reduced the rate of minor amputa-
tion (RR = 0.23; 95 percent CI, 0.09–0.59;p = .002).

Proportion of Wounds Healed at End of Study period.

Randomized controlled trials

The proportion of healed wounds was reported by four RCTs
(9;23;24;26). The four studies included in the pooled analysis
contributed 233 patients to this analysis, with 120 in the HBOT
and 113 in the control groups. The trial by Duzgun et al. (23) ac-
counted for 43 percent of the sample in this analysis. The pooled
estimate was calculated for the negative outcome (i.e., the num-
ber of unhealed wounds as opposed to the number of healed
wounds at follow–up). There was a reduction in the proportion
of unhealed wounds with HBOT application (32 percent) com-
pared with usual care (60 percent). Given the high degree of
heterogeneity (I2 = 87 percent), a random effects model was
used and the results showed a non-significant reduction in the
proportion of unhealed wounds with HBOT treatment (RR in
unhealed wounds with HBOT was 0.54; 95 percent CI, 0.26–
1.13; p = .10) (see Supplementary Figures 2 and 3, which can
be viewed online at www.journals.cambridge.org/thc2013117).
The heterogeneity may be attributed to the differences in base-
line ulcer severity between the studies (Wagner Grade 1 and
2 included in the Abidia trial versus Wagner Grade 2, 3, 4 in-
cluded in the study by Duzgun et al.), the use of sham therapy
in the trials by Abidia et al. and Londahl et al. that was absent
in the study by Duzgun et al., and the difference in follow up (1
year versus 2 years).

Comparative observational studies

The study by Lyon (29) did not report the proportion of wounds
healed but the percent change in wound volume (length × width
× depth). The authors found that the wounds of patients receiv-
ing standard care were reduced by 15 percent and the wounds
of patients receiving HBOT plus standard care were reduced

by 30 percent. Four comparative observational studies reported
the proportion of healed wounds as an outcome (27;28;30;31).
The studies contributed 156 patients to this analysis, with 102
in the HBOT group and 54 in the control group. The study
by Oriani et al. accounted for 51 percent of the sample in this
analysis. Supplementary Figure 4, which can be viewed on-
line at www.journals.cambridge.org/thc2013118 and Supple-
mentary Table 2 show that there was a significant reduction in
the proportion of ulcers unhealed with the application of HBOT
(RR of an unhealed ulcer with HBOT was 0.24; 95 percent CI,
0.13–0.43; p < .00001). Due to the low degree of heterogeneity
(i.e., I2 = 8 percent), a fixed effects model was used.

Wound size reduction. Two RCTs reported on wound size changes
(9;24). The results of the trial by Abidia et al. (9) indicated a
statistically significant difference in the reduction in wound size
between the HBOT and control groups at 6 weeks (48 percent,
p = .027); however, no difference was found between the two
groups at 6 months. Similarly, Kessler et al. (24) observed a
statistically greater reduction in wound size for HBOT, at 2
weeks after treatment (20 percent; p = .037), with no statistically
significant difference between the groups in measurements that
took place after 4 weeks.

Safety. There was limiting reporting of adverse events in the
available studies. Overall, three of the included RCTs and one
observational study reported at least one adverse event that was
associated with HBOT. Three studies (two RCTs and one obser-
vational) collected data on death as a study outcome (25;26;28).
In the study by Londahl et al. (26), the rate of mortality was
2 percent (1/49) in the HBOT group, as compared with 7 per-
cent in the control group (3/45). The trial by Faglia et al. (25)
reported one death in the control group (3 percent) but no mor-
tality in the HBOT-treated patients. In the observational study,
12 percent (2/17) and 14 percent (3/21) of patient died in the
HBOT and control groups, respectively (28). HBOT was asso-
ciated with barotraumatic otitis in two studies (24;26), one case
in each trial. The study by Kalani et al. (28) reported that one
patient in the HBOT group complained of pain in their ears.
Londahl et al. (26) also reported one case of treatment-related
dizziness and one of worsening of cataract in the HBOT group.
The observational study also noted that one patient developed
a cataract that was assumed to be caused by HBOT (28).

Hypoglycemia, as a complication of HBOT, was described
in two studies (25;26). Faglia et al. (25) described HBOT-
induced hypoglycemia in 5 percent of the patients, with no
treatment-related hypoglycemic events in the control group.
Whereas Londahl et al. (26) found this rate to be lower in HBOT
group (4 percent) than in the control group (8 percent).

None of the studies reported oxygen toxicity, or any lung or
sinus damage.

Quality of life. Quality of life outcomes were measured in one
RCT (9) using the SF-36 Short Form survey and Hospital
Anxiety and Depression (HAD) Scale. In this study,
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statistically significant differences were found in favor of HBOT
in terms of general health (p = .012) and vitality (p = .018)
domains of SF-36. HBOT-treated patients showed a significant
improvement in depression scores (p = .011), but not anxi-
ety score in HAD scale. Whereas, both depression and anxiety
scores improved significantly in the control group (p = .023,
and p = .042, respectively). None of the observational studies
measured any quality of life outcomes.

DISCUSSION
This systematic review and meta-analysis evaluates and synthe-
sizes the most recent published evidence pertaining to HBOT
for treating diabetic lower limb ulcers; however, it differs from
previous reviews, because this review was not limited to RCTs
but considered data from both clinical trial evidence and ob-
servational studies. The article also goes beyond the clinical
outcomes of HBOT in treatment of diabetic foot ulcers and de-
scribes reported quality of life and safety data from the included
studies.

Results from a small number of randomized trials suggest
that adjunctive HBOT results in a nonsignificant reduction in the
proportion of patients with chronic diabetic foot ulcers requiring
amputation and improvements in wound healing. The results
of the nonrandomized studies showed statistically significant
reductions in major and minor amputations as well as proportion
of wounds healed.

A recently published systematic review by the Cochrane
Collaboration (15), which was limited to RCTs, analyzed data
from the same six RCTs included in our review plus one ad-
ditional study (32), which has been excluded from our review
because it was published in abstract form. This review reported
a pooled relative risk of 5.2 (95 percent CI, 1.25–21.66; p =
.02) for wound healing in short-term (6 weeks), but found no
statistically significant difference in the rates of wound heal-
ing, major or minor amputation favoring HBOT. These findings
are consistent with the results of our meta-analyses of RCT
data. However, using data from observational studies our re-
view found a statistically significant reduction in the risks of
unhealed wound, and major and minor amputations for HBOT.

Other systematic reviews that looked at the randomized
and nonrandomized evidence have also concluded that HBOT
is associated with improved wound healing and a reduction
in the rate of amputation (17;18). However, Wang et al. (17)
did not pool the data from the individual trials and Londahl
et al. (18) combined the event rates from each study by study
design but did not perform any statistical tests. In 2005, Roeckl-
Wiedmann et al. (13) reviewed the RCT data and were unable
to confirm any significant benefit on ulcer healing or need for
minor amputation with HBOT treatment. The systematic review
presented statistically significant evidence that HBOT decreased
the risk of major amputation (based on fixed effects model).
Another review by Goldman (16), that combined data from three

RCTs, one prospective and three retrospective cohort studies,
reported a pooled odds ratio of 0.24 (95 percent CI, 0.13–0.42)
for major amputations favoring HBOT. In addition, the authors
meta-analyzed data from three RCTs and three observational
studies and calculated an odds ratio of 11.64 (95 percent CI,
3.5–39.2) favoring HBOT for wound healing.

There are several limitations with the current review. First,
there were a small number of studies meeting the inclusion
criteria (six RCTs and six comparative observational studies).
Only two RCTs were deemed to be of high quality (9;26). One
of these studies had a very small sample size of 16 patients,
while the study by Londahl et al. (26) randomized 94 subjects.
It should be noted that the one large RCT of high quality (26)
tended to favor the control group with respect to major am-
putation but favored HBOT for wound healing compared with
the other studies. This may be a sign that many of the studies
overestimate the clinical effect of HBOT due to methodological
problems. In addition to the small number of trials available,
there was heterogeneity between trials in terms of patient in-
clusion criteria (ulcer severity), the intervention (oxygen dose,
length, and frequency of HBOT sessions), and the nature and
timing of outcomes. However, we could not carry out subgroup
analyses, to examine the effect of ulcer severity or HBOT proto-
col on the study outcomes, due to the lack of sufficient number
of studies in each subgroup. While most trials used standard
wound care for the control group, the definition of “standard”
was poorly described in papers, if at all. As such, the results of
the meta-analyses should be interpreted with caution.

Given that the RCT evidence was limited, it was decided
to include the observational data as well. The authors acknowl-
edge that observational studies, in general, may overestimate
the treatment effect because patients who would likely benefit
from the intervention are likely to be selected. Thus, the synthe-
sis of observational study data using meta-analytic techniques
presents particular challenges because of inherent biases; how-
ever, it was believed that observational data has merit in that
it provides evidence of the effectiveness of HBOT in every-
day practice as opposed to the special setting of a controlled
trial.

CONCLUSIONS
To the best of our knowledge, this systematic review includes
the most recent published RCTs and comparative observational
studies published in this area. Based on our findings, there is
limited evidence in the form of rigorous RCTs and observa-
tional studies that suggest that HBOT application reduces the
rate of major and minor amputations, and improves the rate of
wound healing in nonhealing diabetic ulcers of the lower limb.
The results of the largest high quality RCT found no signifi-
cant effects on amputation and some benefit for wound healing
(albeit nonsignificant). There was statistically significant reduc-
tion in amputation and improvement in wound healing when the
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data from the observational comparative studies are combined
but not significant when the RCT data are combined.

Following the appraisal of study quality, it can be concluded
that there are methodological flaws in many studies related to
patient blinding through the use of an appropriate sham therapy,
and blinding of outcome assessors, surgeons, and data analysts.
In some cases, the reporting of study design elements such
as method of randomization, allocation concealment, blinding,
description of any dropouts and withdrawals, and assessment
of adverse events is missing or inadequate. Thus, it appears
that the widespread use of HBOT as a treatment for diabetic
foot ulcers over the past decades has been founded on weak
scientific ground (i.e., few randomized trials with methodolog-
ical flaws). However, the consistency in positive outcomes in
these trials with respect to amputation reduction and ulcer heal-
ing is important (18). Rigorously conducted clinical trials are
needed to ascertain the efficacy of HBOT for nonhealing ul-
cers of the lower limb in patients with diabetes. Special con-
sideration should be given in these trials to maintain patient
blinding, and explore issues such as the appropriate dose of
oxygen and frequency of treatments, and response to treat-
ment based on varying ulcer severity. Quality of life outcomes
and the cost-effectiveness of HBOT as an adjunct compared
with standard wound care also warrant consideration in future
studies.
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