DIABETES/METABOLISM RESEARCH AND REVIEWS

REVIEW ARTICLE

Diabetes Metab Res Rev 2012; 28(Suppl 1): 142-162.
Published online in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/dmrr.2247

A systematic review of the effectiveness of
interventions in the management of infection in the

diabetic foot’

E. J. G. Peters'*

B. A. Lipsky*

A. R. Berendt®

J. M. Embil*

L. A. Lavery®

E. Senneville®

V. Urban¢i¢-Rovan’
K. Bakker®

W. J. Jeffcoate’

'Department of Internal Medicine, VU
University Medical Centre,
Amsterdam, The Netherlands

2VA Puget Sound Health Care System,
University of Washington, Seattle, WA,
USA

30xford University Hospitals NHS
Trust, Oxford, UK

4University of Manitoba, Winnipeg,
MB, Canada

SUniversity of Texas Southwestern
Medical Center and Parkland Hospital,
Dallas, TX, USA

SGustave Dron Hospital, Tourcoing, France

”University Medical Centre, Ljubljana,
Slovenia

8IWGDF, Heemstede, The Netherlands

°Nottingham University Hospitals
Trust, Nottingham, UK

*Correspondence to:

Edgar J. G. Peters, VU University
Medical Center, Department of
Internal Medicine, Room ZH-4A35 PO
Box 7057 NL-1007 MB, Amsterdam,
The Netherlands.

E-mail e.peters@vumc.nl

"Published on behalf of the
International Working group on the
Diabetic Foot

Received: 12 October 2011
Accepted: 12 October 2011

Copyright © 2012 John Wiley & Sons, Ltd.

Summary

The International Working Group on the Diabetic Foot expert panel on infection
conducted a systematic review of the published evidence relating to treatment of
foot infection in diabetes. Our search of the literature published prior to August
2010 identified 7517 articles, 29 of which fulfilled predefined criteria for detailed
data extraction. Four additional eligible papers were identified from other
sources. Of the total of 33 studies, 29 were randomized controlled trials, and four
were cohort studies.

Among 12 studies comparing different antibiotic regimens in the management of
skin and soft-tissue infection, none reported a better response with any particular
regimen. Of seven studies that compared antibiotic regimens in patients with
infection involving both soft tissue and bone, one reported a better clinical
outcome in those treated with cefoxitin compared with ampicillin/sulbactam,
but the others reported no differences between treatment regimens. In two
health economic analyses, there was a small saving using one regimen versus
another. No published data support the superiority of any particular route of
delivery of systemic antibiotics or clarify the optimal duration of antibiotic
therapy in either soft-tissue infection or osteomyelitis. In one non-randomized
cohort study, the outcome of treatment of osteomyelitis was better when the
antibiotic choice was based on culture of bone specimens as opposed to wound
swabs, but this study was not randomized, and the results may have been
affected by confounding factors.

Results from two studies suggested that early surgical intervention was associated
with a significant reduction in major amputation, but the methodological quality of
both was low. In two studies, the use of superoxidized water was associated with a
better outcome than soap or povidone iodine, but both had a high risk of bias. Studies
using granulocyte-colony stimulating factor reported mixed results. There was no
improvement in infection outcomes associated with hyperbaric oxygen therapy. No
benefit has been reported with any other intervention, and, overall, there are
currently no trial data to justify the adoption of any particular therapeutic approach
in diabetic patients with infection of either soft tissue or bone of the foot. Copyright
© 2012 John Wiley & Sons, Ltd.
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Introduction

Infection of the foot is a common complication in patients with diabetes mellitus,
and it can lead to significant morbidity (including lower extremity amputation)
and mortality. Several groups have developed guidelines for treating diabetic foot
complications on the basis of the limited available published data. The Infectious
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Diseases Society of America has developed evidence-based
guidelines specifically directed at managing diabetic foot
infections (DFI), but the recommendations are not based
on a formal systematic review of the literature.

Two systematic reviews of some aspects of DFIs have
been published. In 2008, the International Working Group
on the Diabetic Foot conducted a systematic review of
treatment of diabetic foot osteomyelitis [1], and in 2011
The National Institute for Health and Clinical Excellence
(NICE, UK) published the results of a systematic review of
the management of all aspects of care for inpatients with a
diabetic foot complication [2]. The present systematic
review includes an update of the 2008 osteomyelitis
guideline but is extended to include all types of bacterial
DFIs. This review focuses on studies of therapeutic inter-
ventions and does not cover definitions for infection,
methods for diagnosis (clinical, imaging or microbiological
sampling) and the interface between critical colonization
and infection.

Methods

Literature search was conducted using PubMed and
Embase, seeking all prospective and retrospective studies
in any language that evaluated interventions for the
treatment of foot infections in people aged 18years or
older with diabetes mellitus. The search strategy
employed is described in Appendix A. Eligible studies
included randomized controlled trials (RCTs), case—
control studies, prospective and retrospective cohort
studies and those of interrupted time series (ITS) or
controlled before-and-after design (CBA). Uncontrolled
case series, studies in which controls were historical and
case reports were excluded. Studies where patients with
DFIs formed part of the total population were excluded
if the data for the subgroup with diabetes were not
separately described.

One author assessed each identified reference by
reviewing the title and abstract for potential eligibility.
Full copies of potentially eligible publications were inde-
pendently reviewed by two authors to determine whether
they met the criteria for being included. When the two
reviewers disagreed, they worked to reach consensus,
sometimes with input from another reviewer. Using
specially prepared forms, the reviewers noted the study
design, characteristics of patient populations, type(s) of
interventions, all outcomes and the duration of follow-
up of included patients. Investigators scored all studies
for methodological quality using scoring lists developed
by the Dutch Cochrane Centre [3]. Quality items were
rated as ‘done’, ‘not done’, or ‘not reported’, and only
those rated as ‘done’ contributed to the methodological
quality score. Equal weighting was applied to each valid-
ity criterion for every study design.

The methodological quality score was translated into a
level of evidence according to the Scottish Intercollegiate
Guidelines Network (SIGN) instrument as follows: (1) RCTs
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and (2) case—control, cohort, CBA or ITS studies. Studies
were also rated as: ++ (high quality with low risk of
bias), + (well conducted with low risk of bias) and —
(low quality with higher risk of bias). Co-reviewers
agreed on the findings from the data extraction and the
evaluation of methodological quality of each paper.
Extracted data were summarized in the evidence table
(see Appendix B) and described on a study-by-study
narrative basis. Because of the heterogeneity of study
designs, interventions, follow-up and outcomes, no
attempt was made to pool the results. This evidence table
was compiled following collective discussions (by elec-
tronic and in-person conferences) by all members of the
working party.

Results

A total of 7517 papers were identified in the initial search:
4549 in PubMed and 2968 in Embase. After reviewing the
titles and abstracts and excluding duplicate citations, we
selected a total of 509 papers (460 papers in English, 26 in
Russian, six in Ukrainian, six in Spanish, four in German, four
in French, two in Chinese and one in Bulgarian) for full paper
review. Of these, 29 papers met the criteria for inclusion. All
of these papers were in English except for one which was in
Chinese. Four additional papers that were not identified by
our search strategy were added manually [4-7]. The data
of all included papers are summarized in the evidence table
(See Appendix B).

Types of study

Of the 33 studies, 29 were RCTs, and four were cohort
studies. Of the 29 reported RCTs, one was actually a
description of two studies in one article [8]. In some
reports, patients with diabetes and a foot infection formed
a subgroup of a larger group of, for instance, patients with
skin and soft-tissue infections; these studies were
excluded if sufficient detail was not specifically provided
on the diabetic foot subpopulation. Twelve studies
reported on the use of antibiotics in skin and soft-tissue
infection, eight on patients with DFIs including osteomy-
elitis, of which one study was on the use of bone biopsy
[9]. Treatment with topical antiseptic agents was
reported in three studies. There were two studies of the
role of surgery in DFIs and two that reported on the
financial costs of antibiotic use. There were four studies
that investigated treatment with granulocyte-colony
stimulating factor (G-CSF); one additional paper on the
use of G-CSF had not been identified in the literature
search because it was filed as a letter to the editor rather
than as an original study. The data of this study were
extracted and added to the evidence table [6]. One study
on the intramuscular administration of procaine plus
polyvinylpyrrolidine was included, as well as one on
the use of hyperbaric oxygen therapy (HBOT).
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Individual topics

Early surgical intervention

The two papers that reported on this topic were both
single-centre cohort studies of the effect of early surgery
and antibiotics versus antibiotics alone in deep foot
infections with and without osteomyelitis [10,11]. Both
studies suggested that there was a significant reduction
of major amputation, from 27% to 13% in one study
[10] and 8% to 0% in the other [11], with early minor
surgery. Both studies examined outcomes associated with
earlier surgery and not the particular indication for
operative intervention. Because of the high risk of selec-
tion bias in deciding on which patients underwent early
surgery in both studies, we find it hard to draw any
conclusions from these data.

Health economics

Two studies explored the cost-effectiveness of different
antibiotic regimens. The first was a cost-minimization
assessment comparing treatment with ertapenem versus
piperacillin/tazobactam [12] and was a subgroup analysis
of a larger RCT [13]. Because piperacillin/tazobactam
requires a more frequent dosing schedule than ertapenem,
total costs for this regimen, including those for drug prep-
aration and administration, were higher. The difference in
cost per patient per day was, however, only of the order of
$6. The second study, which explored cost-effectiveness in
subjects admitted to hospital with skin and soft-tissue
infection, reported a total potential cost saving of $61 per
subject treated with ceftriaxone and metronidazole as
opposed to ticarcillin/clavulanate [14].

Topical treatment with antiseptic agents

Two small single-centre RCTs have compared topical
treatment with superoxidized water with either soap or
povidone iodine. One of these studies was in patients with
infected diabetic foot ulcers and outcomes of interest, i.e.
odour reduction, cellulitis and extent of granulation
tissue, were significantly better in the group of patients
treated with superoxidized water than in controls treated
with another topical disinfectant [15]. Of note, there was
81% reduction in periwound cellulitis in the intervention
group versus 44% reduction in the controls. The other
study was non-blinded and was conducted in patients
with post-surgical wounds [16]. The duration of antibiotic
treatment was significantly longer in patients treated
with povidone iodine compared with those treated
with superoxidized water (15.8days versus 10.1 days;
p =0.016). Both studies included long-term outcomes
of wound healing, but neither specifically addressed
the potentially negative effect of other topical disinfec-
tants in the comparator groups. One additional study in
30 subjects compared the results of a single application
of a topical antiseptic, either iodophor and rivanol, with
a control group [17]. There was a significantly reduced
growth of bacteria after 24h in the iodophor group
compared with either the rivanol or control group, but
the short follow-up and strictly microbiological (rather
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than clinical) outcome criteria limit the clinical useful-
ness of this study.

Granulocyte-colony stimulating factor

Four single-centre RCTs examining the adjunctive use of
G-CSF in DFIs were identified [18-20]. A fifth study was
published as a letter to the editor [6]. Patients had soft-
tissue infection in four of the five studies and associated
osteomyelitis in one [19]. In two studies, the design was
double blinded; in one case the assessor was blinded,
and in one only the patient was blinded. Blinding was
mentioned in the fifth. In the study by Viswanathan
et al. [6], a total of 85 patients treated with 5ng/kg or a
fixed dose (263 nug) of G-CSF were compared with 82
controls not treated with G-CSF; both groups received
antibiotics and appropriate surgical wound care. Time to
infection resolution was significantly lower for subjects
who received G-CSF in the one study [21] but not in the
others. This study [21] also reported a shorter duration
of intravenous antibiotic use in G-CSF-treated patients,
but this was not observed in another study [18]. Hospital
length of stay was shorter for the G-CSF group in two
studies [6,21] but not in a third [18]. The need for surgi-
cal intervention was not statistically different between the
two groups in the three studies that examined it [6,19,21]
and neither was the time to eliminate pathogens from the
wound [19,21]. The results of these five studies are some-
what inconsistent and provide no clear evidence on
which, if any, patients with DFIs might benefit in some
clinically important way from the use of G-CSF. A meta-
analysis of these five studies also concluded that adding
G-CSF did not significantly affect the likelihood of resolu-
tion of infection or wound healing or the duration of
systemic antibiotic therapy but was associated with a
significantly reduced likelihood of lower extremity surgi-
cal interventions, including amputation and a reduced
the duration of hospital stay [22].

Procaine plus polyvinylpyrrolidone

One study assessed intramuscular injection of 0.15 mL/day
of procaine and polyvinylpyrrolidone for 10days in 118
patients with a DFI affecting an ischaemic limb [23]. This
observer-blinded, single-centre RCT found no significant
difference between groups.

Hyperbaric oxygen therapy

Although a number of trials that have examined the
effect of HBOT in patients with diabetic foot complica-
tions, including two double-blind RCTs [24,25], were
found, only one study was found that specifically investi-
gated infection as an outcome [26]. This single-centre,
open label study in patients receiving standard antibiotic
treatment and wound debridement compared outcomes
in 15 patients who received HBOT with 15 control
subjects. Although it was not explicitly stated that the
subjects had a foot infection, this was implied by the
use of antibiotics. There were no significant differences
in the numbers of positive wound cultures, major and
minor amputations or hospital stay between the inter-
vention and control groups.

Diabetes Metab Res Rev 2012; 28(Suppl 1): 142-162.
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Antibiotic choice based on bone biopsy

A single cohort study explored the effect of basing antibi-
otic selection on the results of culture of a bone biopsy
specimen in patients with diabetic foot osteomyelitis [9].
Among 50 subjects, 32 had had previous unsuccessful
treatment for osteomyelitis. The rate of remission of infec-
tion was significantly higher in the group for whom anti-
biotic choice was based on bone culture than in those in
whom therapy was based on wound swab culture [82%
vs 50%, respectively (p = 0.02)]. Nevertheless, it is possi-
ble that this difference was the result of confounding vari-
ables, especially the fact that patients in one of the highest
enrolling centres only received a rifampicin-containing
regimen if they had a bone culture.

Comparison of antibiotic regimens — skin and soft-tissue
infection alone

Of the available studies comparing different antibiotic
treatment regimens for skin and soft-tissue infections, 11
were RCTs, and one was a prospective cohort study [27].
Among the randomized trials, nine were multicentre stud-
ies [4,7,8,28-33], whereas two were single-centre trials
[14,34]. Trial design was double blinded in three [4,8,32],
investigator blinded in two [29,31] and non-blinded in
six [7,14,28,30,33,34]. Three studies were subset analyses
of larger trials [4,7,32]. One reported on two consecutive
studies of the topical antibiotic peptide pexiganan [8]. The
other studies compared systemic antimicrobial regimens:
one compared two oral antibiotic regimens [34], whereas
the rest involved parenteral regimens, often with a switch
to oral antibiotic therapy.

The following classes of antibiotics were compared in the
various studies: first, third and fifth generation cephalospo-
rins (cephalexin, ceftriaxone and ceftobiprole, respectively);
fluoroquinolones (ofloxacin, levofloxacin, ciprofloxacin
and moxifloxacin); lincosamides (clindamycin); extended-
spectrum penicillins plus beta lactamase inhibitors (pipera-
cillin/tazobactam, ticarcillin/clavulanate, amoxicillin/
clavulanate); carbapenems (ertapenem); nitroimidazoles
(metronidazole); lipopeptides (daptomycin); and glyco-
peptides (vancomycin). Each of these antibiotic agents
(except ceftobiprole) is widely used.

The mean duration of administration of antibiotic in
patients with skin and soft-tissue infection in the two
studies that reported on this ranged from 6 to 27 days
[8,14]. In the study of oral regimens, the duration of
administration was only 2 weeks, although three patients
were actually treated for longer [34]. No differences
between the regimens were observed in the ten studies
with regard to infection outcome, duration of hospital
admission or rates of amputation. Clinical cure rates in
all studies without osteomyelitis ranged from 48% [29]
to 90% [8]. One RCT of mildly infected diabetic foot
ulcers reported that a topical antibiotic, pexiganan, was
similar in clinical and microbiological effectiveness to an
oral fluoroquinolone, ofloxacin, with fewer adverse effects
[8]. No study demonstrated a significant benefit for
any specific antibiotic agent, route of administration or
duration of treatment.

Copyright © 2012 John Wiley & Sons, Ltd.

145

Comparison of antibiotic regimens — studies including
patients with osteomyelitis
In addition to the previously mentioned cohort study of the
use of bone biopsy in patients with osteomyelitis [9], there
were seven studies of antibiotic treatment of DFI in which a
proportion the patients had infection of underlying bone
[5,13,35-39]. The other seven studies were RCTs: three
were double blind, one was single blind, three were open
label, four were multicentre, and three were single-centre
trials. The prevalence of osteomyelitis varied from 6%
[8,13,29,36] to 81% [5]. The antibiotic classes compared
in these studies were as follows: penicillins plus beta lacta-
mase inhibitors (parenteral ampicillin/sulbactam and oral
amoxicillin/clavulanate); extended-spectrum penicillins
plus beta lactamase inhibitors (piperacillin/tazobactam);
carbapenems (imipenem/cilastatin, ertapenem); second
generation cephalosporins (cefoxitin); fluoroquinolones
(ofloxacin, moxifloxacin); and oxazolidinones (linezolid).
Outcomes investigated included clinical cure [5,13,36-39],
adverse drug reactions [5,13,37-39] and duration of
antibiotic therapy [5,36]. Only one study, a comparison
of ampicillin/sulbactam with cefoxitin, reported a differ-
ence in clinical and microbiological outcomes [35]. The
clinical cure rates in this study were significantly different
(p = 0.03) but were exceptionally low, and there were no
significant differences between the groups in bacteriologi-
cal response (100% vs 73%), amputations (eight in each)
or duration of hospitalization (21 vs 12days). In the
other studies in which patients with osteomyelitis were
included, clinical cure rates (variously defined) ranged
from 61% [38] to 94% [13,39]. The mean duration of
antibiotic treatment in the six studies was short, ranging
from 6days [35] to 28days [5]. No study demonstrated
a significant advantage of any particular antibiotic agent
or route of administration in diabetic foot osteomyelitis.

Discussion

In planning this review, a search was made only for stud-
ies in which a treatment of DFI was compared with a con-
temporaneous control group, with studies being included
only if at least the outcome data of the (sub)population of
subjects with diabetes were reported. This led to the
identification of only a very small number of suitable
publications. It has to be accepted that trial design can
pose problems in attempts to determine the effectiveness
of different treatments in this field, and this is especially
true for studies intended to evaluate the role of surgical
interventions. Early surgery is accepted as essential in
some cases of foot infection, and yet the trial evidence to
substantiate the benefit is weak and based on just two
studies — each of which had a very a high chance of bias.
Another caution attaches to the use of the SIGN criteria
for documenting study quality. This system ranks work
mainly on the quality of study design, rather than study
conduct, and this can result in apparent anomalies — with
weaker studies occasionally achieving higher scores.

Diabetes Metab Res Rev 2012; 28(Suppl 1): 142-162.
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In most of the clinical trials that evaluated the efficacy
of various antimicrobial agents, patients with DFIs were
either excluded or comprised a small proportion of the
study population. The design of some clinical trials allowed
a post hoc analysis focusing on the subset of patients with a
DFI, but the potential for confounding issues and the small
number of subjects limits their usefulness. Not only is the
number of reasonably designed studies in this field remark-
ably small, but most had a low score for study design, were
marred by the use of small and heterogeneous populations,
were poorly described or had a high risk of bias. Thus,
readers should be cautious in interpreting the results of
the available published work. Furthermore, circumstances
dictating the choice of treatment in different countries
and settings will vary according to the behaviours of af-
fected population, nature of the presentation of infection,
prevalence of different microorganisms and their antibiotic
sensitivities. Selection of treatment is also severely
restrained by limitation of resources in many parts of the
world and poses particular problems in the management
of those who live far from urban centres.

Notwithstanding the limitations, it is possible to draw
several important conclusions. The reported data on skin
and soft-tissue infection confirmed earlier observations
suggesting that Gram-positive microorganisms play the
leading role in DFI. There is, however, emerging observa-
tional evidence that Gram-negative species (especially
Pseudomonas aeruginosa) are frequent pathogens in some
populations, especially those in warm climates and devel-
oping countries [40-42]. If confirmed, this would have an
important impact on the selection of antibiotic regimens.
The available published data also suggest that it is possi-
ble to treat selected patients with a DFI in an outpatient
setting with an oral antibiotic regimen, either initially or
after a switch from parenteral therapy. The study of a
topical antibiotic, pexiganan, is promising, but this agent
will need to undergo further testing before it can be
evaluated for approval. We identified few new data on
the management of diabetic foot osteomyelitis since our
relatively recent systematic review [1]. There is a great
need for studies in patients with diabetic foot osteomy-
elitis to define the need for surgical intervention, the
optimal antibiotic agents and the duration of therapy.

In the studies reported here, it was also of note that
no great difference was observed in comparisons between
antibiotic regimens with a relatively broad compared
with a narrower spectrum of activity. It is also notewor-
thy that the randomized comparisons of antibiotic regi-
mens generally reported a rather short duration of
treatment (usually less than 2weeks) — even in the few
patients with bone infection- yet reported good outcomes.
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Appendix A
Search strings for each of the sections

MEDLINE SEARCH

June 1960 to August 2010

The basic search was combined with searches for spe-
cific interventions of interest by adding the search term.

((Diabetes Mellitus OR diabetic))

AND

(((Clinical Trials) OR (comparative study) OR (epide-
miologic study characteristics) OR (Clinical Trial*) OR
(case-control stud*) OR (case control stud*) OR (cohort
stud*) OR (Comparative stud*)))

AND

((Infection OR infected OR cellulitis OR abscess OR nec-
rotizing fasciitis OR osteomyelitis OR gangrene OR erysipe-
las OR osteitis OR (Bone Diseases, Infectious) OR (Diabetic
Foot)) AND (Surgery OR Amputation OR (Surgery, Plastic)
OR (Preoperative Care) OR (dead space) OR drain OR
hardware OR (bone samples) OR biopsy OR (Vascular
Surgical Procedures) OR (Thrombolytic Therapy) OR
(Costs and Cost Analysis) OR (Wound Healing) OR (Anti-
Bacterial Agents) OR (Anti-Infective Agents) OR (adminis-
tration and dosage) OR (Drug Administration Routes) OR
parenteral OR oral OR topical OR duration OR cement OR
(Methylmethacrylate) OR (Calcium Sulfate) OR implant
OR collagen OR ceramic OR (Aminoglycosides OR gentami-
cin OR amikacin OR tobramycin) OR (Glycopeptides OR
vancomycin OR Oritavancin OR dalbavancin) OR teicoplanin
OR Metronidazole OR Linezolid OR (Fusidic Acid) OR
Daptomycin OR Monobactam OR (Carbapenem OR imi-
penem OR meropenem) OR (beta-Lactams) OR (Cepha-
losporins) OR cefuroxime OR ceftazidime OR cephalexin
OR ceftriaxone OR cefpirome OR (Clavulanic Acids) OR
(Clavulanic Acid*) OR (Moxalactam) OR (Penicillins) OR
penicillin OR flucloxacillin OR oxacillin OR Methicillin
OR nafcillin OR ampicillin OR penicillin OR piperacillin
OR (Tetracyclines) OR tetracycline OR minocycline OR
doxycycline OR (Macrolides) OR erythromycin OR azith-
romycin OR clarithromycin OR (Lincomycin) OR clinda-
mycin OR (Trimethoprim-Sulfamethoxazole Combination)
OR cotrimoxazole OR co-trimoxazole OR (Quinolones) OR
ciprofloxacin OR ofloxacin OR moxifloxacin OR levofloxacin
OR (Anti-Infective Agents, Local) OR (Silver OR Silver Sulfa-
diazine OR iodine) OR honey OR larvae OR maggots OR
larval OR (hyperbaric oxygen therapy OR hyperbaric OR
(vacuum assisted wound therapy) OR (VAC therapy) OR (neg-
ative pressure therapy) OR (growth factors) OR (G-CSF) OR
(granulocyte colony stimulating growth factor)))

Copyright © 2012 John Wiley & Sons, Ltd.
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JM, Joseph WS, Karchmer AW, LeFrock
JL, Lew DP, Mader JT, Norden C, Tan
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foot infections. Clin Infect Dis 2004;
39(7): 885-910.

International Working Group on the
Diabetic Foot. International Consensus
on the Diabetic Foot and Supplements.
2007; DVD.

EMBASE SEARCH

June 1960 to August 2010

The basic search was combined with searches for
specific interventions of interest by adding the search
term.

Map to preferred terminology (with spell check).

Also search as free text.

Include sub-terms/derivatives (explosion search).

(Diabetes Mellitus) OR diabetic

AND

(Clinical Trials) OR (comparative study) OR (epidemio-
logic study characteristics) OR (Clinical Trial*) OR (case-
control stud*) OR (case control stud*) OR (cohort stud*)
OR (Comparative stud*) OR (case control study) OR
(Comparative study) OR (RCT ) OR (Randomised con-
trolled trial) OR (Costs and Cost Analysis)

AND

Infection OR infected OR cellulitis OR abscess OR
(necrotizing fasciitis) OR osteomyelitis OR gangrene
OR erysipelas OR osteitis OR (Bone Diseases, Infectious)
OR (Diabetic Foot)

AND

(Wound Healing) OR (Anti-Bacterial Agents) OR (Anti-
Infective Agents) OR (administration and dosage) OR
(Drug Administration Routes) OR parenteral OR oral OR
topical OR duration OR cement OR Methylmethacrylate
OR (Calcium Sulfate) OR implant OR collagen OR
ceramic OR Aminoglycosides OR gentamicin OR amikacin
OR tobramycin OR Glycopeptides OR vancomycin OR
Oritavancin OR dalbavancin OR teicoplanin OR Metroni-
dazole OR Linezolid OR (Fusidic Acid) OR Daptomycin
OR Monobactam OR Carbapenem OR imipenem OR
meropenem OR (beta-Lactams) OR Cephalosporins OR
cefuroxime OR ceftazidime OR cephalexin OR ceftriaxone
OR cefpirome OR (Clavulanic Acids) OR (Clavulanic
Acid*) OR Moxalactam OR Penicillins OR penicillin OR
flucloxacillin OR oxacillin OR Methicillin OR nafcillin OR
ampicillin OR penicillin OR piperacillin OR Tetracyclines
OR tetracycline OR minocycline OR doxycycline OR
Macrolides OR erythromycin OR azithromycin OR clarithro-
mycin OR Lincomycin OR clindamycin OR (Trimethoprim-
Sulfamethoxazole Combination) OR cotrimoxazole OR
(co-trimoxazole) OR Quinolones OR ciprofloxacin OR
ofloxacin OR moxifloxacin OR levofloxacin OR (Anti-
Infective Agents, Local) OR Silver OR (Silver Sulfadia-
zine) OR iodine OR honey OR larvae OR maggots OR
larval OR (hyperbaric oxygen therapy) OR hyperbaric
OR (vacuum assisted wound therapy) OR (VAC ther-
apy) OR (negative pressure therapy) OR (growth
factors) OR (G-CSF) OR (granulocyte colony stimulat-
ing growth factor)
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