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A B S T R A C T

Background

Foot infection is the most common cause of non-traumatic amputation in people with diabetes. Most diabetic foot infections (DFIs) require
systemic antibiotic therapy and the initial choice is usually empirical. Although there are many antibiotics available, uncertainty exists
about which is the best for treating DFIs.

Objectives

To determine the eEects and safety of systemic antibiotics in the treatment of DFIs compared with other systemic antibiotics, topical foot
care or placebo.

Search methods

In April 2015 we searched the Cochrane Wounds Group Specialised Register; The Cochrane Central Register of Controlled Trials (CENTRAL;
The Cochrane Library); Ovid MEDLINE, Ovid MEDLINE (In-Process & Other Non-Indexed Citations); Ovid EMBASE, and EBSCO CINAHL. We
also searched in the Database of Abstracts of Reviews of EEects (DARE; The Cochrane Library), the Health Technology Assessment database
(HTA; The Cochrane Library), the National Health Service Economic Evaluation Database (NHS-EED; The Cochrane Library), unpublished
literature in OpenSIGLE and ProQuest Dissertations and on-going trials registers.

Selection criteria

Randomised controlled trials (RCTs) evaluating the eEects of systemic antibiotics (oral or parenteral) in people with a DFI. Primary
outcomes were clinical resolution of the infection, time to its resolution, complications and adverse eEects.

Data collection and analysis

Two review authors independently selected studies, assessed the risk of bias, and extracted data. Risk ratios (RR) were estimated for
dichotomous data and, when suEicient numbers of comparable trials were available, trials were pooled in a meta-analysis.

Main results

We included 20 trials with 3791 participants. Studies were heterogenous in study design, population, antibiotic regimens, and outcomes.
We grouped the sixteen diEerent antibiotic agents studied into six categories: 1) anti-pseudomonal penicillins (three trials); 2) broad-
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spectrum penicillins (one trial); 3) cephalosporins (two trials); 4) carbapenems (four trials); 5) fluoroquinolones (six trials); 6) other
antibiotics (four trials).

Only 9 of the 20 trials protected against detection bias with blinded outcome assessment. Only one-third of the trials provided enough
information to enable a judgement about whether the randomisation sequence was adequately concealed. Eighteen out of 20 trials
received funding from pharmaceutical industry-sponsors.

The included studies reported the following findings for clinical resolution of infection: there is evidence from one large trial at low risk
of bias that patients receiving ertapenem with or without vancomycin are more likely to have resolution of their foot infection than those
receiving tigecycline (RR 0.92, 95% confidence interval (CI) 0.85 to 0.99; 955 participants). It is unclear if there is a diEerence in rates of
clinical resolution of infection between: 1) two alternative anti-pseudomonal penicillins (one trial); 2) an anti-pseudomonal penicillin and
a broad-spectrum penicillin (one trial) or a carbapenem (one trial); 3) a broad-spectrum penicillin and a second-generation cephalosporin
(one trial); 4) cephalosporins and other beta-lactam antibiotics (two trials); 5) carbapenems and anti-pseudomonal penicillins or broad-
spectrum penicillins (four trials); 6) fluoroquinolones and anti-pseudomonal penicillins (four trials) or broad-spectrum penicillins (two
trials); 7) daptomycin and vancomycin (one trial); 8) linezolid and a combination of aminopenicillins and beta-lactamase inhibitors (one
trial); and 9) clindamycin and cephalexin (one trial).

Carbapenems combined with anti-pseudomonal agents produced fewer adverse eEects than anti-pseudomonal penicillins (RR 0.27, 95%
CI 0.09 to 0.84; 1 trial). An additional trial did not find significant diEerences in the rate of adverse events between a carbapenem alone
and an anti-pseudomonal penicillin, but the rate of diarrhoea was lower for participants treated with a carbapenem (RR 0.58, 95% CI 0.36
to 0.93; 1 trial). Daptomycin produced fewer adverse eEects than vancomycin or other semi-synthetic penicillins (RR 0.61, 95%CI 0.39 to
0.94; 1 trial). Linezolid produced more adverse eEects than ampicillin-sulbactam (RR 2.66; 95% CI 1.49 to 4.73; 1 trial), as did tigecycline
compared to ertapenem with or without vancomycin (RR 1.47, 95% CI 1.34 to 1.60; 1 trial). There was no evidence of a diEerence in safety
for the other comparisons.

Authors' conclusions

The evidence for the relative eEects of diEerent systemic antibiotics for the treatment of foot infections in diabetes is very heterogeneous
and generally at unclear or high risk of bias. Consequently it is not clear if any one systemic antibiotic treatment is better than others in
resolving infection or in terms of safety. One non-inferiority trial suggested that ertapenem with or without vancomycin is more eEective in
achieving clinical resolution of infection than tigecycline. Otherwise the relative eEects of diEerent antibiotics are unclear. The quality of
the evidence is low due to limitations in the design of the included trials and important diEerences between them in terms of the diversity
of antibiotics assessed, duration of treatments, and time points at which outcomes were assessed. Any further studies in this area should
have a blinded assessment of outcomes, use standardised criteria to classify severity of infection, define clear outcome measures, and
establish the duration of treatment.

P L A I N   L A N G U A G E   S U M M A R Y

Antibiotics to treat foot infections in people with diabetes

Review question

We reviewed the eEects on resolution of infection and safety of antibiotics given orally or intravenously (directly into the blood system)
in people with diabetes that have a foot infection.

Background

One of the most frequent complications of people with diabetes is foot disorders, specially foot ulcers or wounds. These wounds can easily
become infected, and are known as a diabetic foot infections (DFIs). If they are not treated, the infection can progress rapidly, involving
deeper tissues and threatening survival of the limb. Sometimes these infections conclude with the aEected limb needing to be amputated.

Most DFIs require treatment with systemic antibiotics, that is, antibiotics that are taken orally, or are inserted straight into the bloodstream
(intravenously), and aEect the whole body. The choice of the initial antibiotic treatment depends on several factors such as the severity of
the infection, whether the patient has received another antibiotic treatment for it, or whether the infection has been caused by a micro-
organism that is known to be resistant to usual antibiotics (e.g. methicillin-resistant Staphylococcus aureus - better known as MRSA). The
objective of antibiotic therapy is to stop the infection and ensure it does not spread.

There are many antibiotics available, but it is not known whether one particular antibiotic - or type of antibiotic - is better than the others
for treatment of DFIs.

The investigation

We searched through the medical literature up to March 2015 looking for randomised controlled trials (which produce the most reliable
results) that compared diEerent systemic antibiotics against each other, or against antibiotics applied only to the infected area (topical
application), or against a fake medicine (placebo) in the treatment of DFIs.
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Study characteristics

We identified 20 relevant randomised controlled trials, with a total of 3791 participants. Eighteen of the 20 studies were funded by
pharmaceutical companies. All trials compared systemic antibiotics with other systemic antibiotics.

Key results

It is unclear whether any particular antibiotic is better than any another for curing infection or avoiding amputation. One trial suggested
that ertapenem (an antibiotic) with or without vancomycin (another antibiotic) is more eEective than tigecycline (another antibiotic) for
resolving DFI. It is also generally unclear whether diEerent antibiotics are associated with more or fewer adverse eEects. The following
diEerences were identified:

1. carbapenems (a class of antibiotic) combined with anti-pseudomonal agents (antibiotics that kill Pseudomonas bacteria) produced fewer
adverse eEects than anti-pseudomonal penicillins (another class of antibiotic);

2. daptomycin (an antibiotic) caused fewer adverse eEects than vancomycin or other semi-synthetic penicillins (a class of antibiotic);

3. linezolid (an antibiotic) caused more harm than ampicillin-sulbactam (a combination of antibiotics);

4. tigecycline produced more adverse eEects than the combination of ertapenem with or without vancomycin.

Quality of the evidence

There were important diEerences between the trials in terms of the diversity of antibiotics assessed, the duration of treatments, and the
point at which the results were measured. The included studies had limitations in the way they were designed or performed, as a result of
these diEerences and design limitations, our confidence in the findings of this review is low.
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B A C K G R O U N D

Description of the condition

Among the serious complications of diabetes, disorders of the
feet (ulceration, infection, gangrene and amputation) are among
the most frequent causes of morbidity, and a leading cause of
hospitalisation (Boulton 2005; Frykberg 2006; IDSA 2012; Nelson
2006a). Foot infection is the most common precipitating cause
of non-traumatic amputations, hospitalisation and reduction of
quality of life in people with diabetes (Blanes 2011; IDSA 2012;
Pecoraro 1990; Raspovic 2014; Reiber 1999). Approximately 15%
of people with diabetes will have a foot ulcer during their life,
with an annual incidence of 1% to 4% (Blanes 2011). Foot ulcers
are clinically infected in just over half of patients at presentation
(Lavery 2003; Prompers 2007). A diabetic foot infection (DFI)
is defined as any type of skin, soG tissue or bone infection
aEecting tissues below the ankle in people with diabetes. These
infections include cellulitis (in deep skin), paronychia (around
nails), abscesses, myositis (in muscle), tendonitis (in tendons),
necrotising fasciitis (infection that kills tissue), osteomyelitis (in
bone) and septic arthritis (in joints; Lipsky 2004a). The major
predisposing factor to these infections is foot ulceration, which is
usually a consequence of peripheral neuropathy (nerve damage),
and is oGen accompanied by peripheral arterial disease, or trauma.
Ulcers cause disruption of the protective skin barrier, which
exposes the underlying soG tissue to bacterial colonisation (i.e.
proliferation of a micro-organism that does not cause cell damage
or an inflammatory host response). Once the foot wound is
colonised it may become actively infected, which can cause further
destruction of the tissues and, in severe cases, systemic (whole
body) inflammatory responses. The sequence from uninfected
to infected foot wound can progress relatively quickly, within
a few days, but occasionally within even hours. When infection
progresses without interruption to involve deeper tissues, it
becomes potentially limb-threatening, and even life-threatening
(Bader 2008; Lipsky 2004b; West 1995). Although rare, infection
can occasionally develop without any remembered ulceration
or traumatic lesion (Bader 2008). In addition to the associated
morbidity, DFI is also a costly complication, with a total cost
(including direct and indirect costs) that ranges from EUR 9273
to EUR 16,835, with the highest cost related to hospitalisation
(Prompers 2008).

A DFI is defined clinically, not microbiologically, by the presence
of systemic signs of infection apparently related to a foot lesion,
purulent secretions, or at least two classic signs or symptoms of
inflammation (redness, warmth, pain or tenderness, and tissue
hardening; IDSA 2012). Sometimes it is diEicult to decide whether a
chronic ulcer (i.e. a lesion that has been present for several weeks
and exhibits delayed or stalled healing) is infected (Bradley 1999;
Edmonds 2005). This is especially true in people with peripheral
neuropathy or vascular insuEiciency (impaired blood flow), which
may conceal or mimic infection. Furthermore, people with diabetes
may not show the typical inflammation response to an infection
(Bader 2008).

All infected diabetic foot wounds require treatment, which almost
always includes antimicrobial therapy. This therapy is almost
always an antibiotic agent, given through a topical (surface
application) or systemic route. The available evidence does not
support administration of antibiotic therapy for diabetic foot

wounds that are not clinically infected, though they obviously
require appropriate local care (Lipsky 2004b).

Description of the intervention

Most DFIs require systemic antibiotic therapy in addition to
other treatments, such as debridement (removal of dead tissue),
drainage, dead space management, dressing and correction of
any metabolic abnormalities (Bader 2008; IDSA 2012). Another
Cochrane review will review the eEects of topical antimicrobials for
infections of the foot in diabetes (Lipsky 2014).

Since DFIs can progress relatively rapidly, and infection is defined
clinically rather than microbiologically, there is no reason to delay
starting antibiotic therapy if infection is suspected. The selection of
an antibiotic regimen should take into consideration the particular
needs and comorbidities of the individual patient as well as the
proven or suspected pathogens and their antibiotic susceptibilities.
Then, the clinician can decide which specific drug or combination
is needed, including the optimal route of administration and the
treatment duration required.

The choice of initial antibiotic therapy is usually empirical (i.e.
based on the best guess of the nature of the causative organism(s)
and made before the results of wound cultures are available).
Treatment selection should take into account the severity of
the foot infection, any history of recent antimicrobial treatment,
previous infection with antibiotic-resistant organisms, recent
culture results, current Gram-stained smear findings and various
patient factors (Lipsky 2007). This empirical therapy should then
be reassessed and modified, when needed, on the basis of the
patient’s clinical response, the cultural results, and the sensitivity
of the pathogens identified (Bader 2008; IDSA 2012).

Almost all mild, and many moderately severe, infections in
patients who have not recently received antibiotic therapy can
be treated with an oral antibiotic regimen with a relatively
narrow spectrum of activity, such as cephalexin, clindamycin or
amoxicillin-clavulanate. For more extensive moderate infections
and all severe infections, treatment should usually be parenteral
(typically intravenous) at least until the patient is stable, and
employ relatively broad-spectrum antibiotics such as piperacillin-
tazobactam, clindamycin plus ciprofloxacin, imipenem-cilastatin
or clindamycin plus tobramycin plus ampicillin (IDSA 2012).

The selected antibiotic therapy should always cover Staphylococcus
aureus, as it is the most frequent and virulent pathogen isolated
in DFI. The decision to provide coverage for metcillin-resistantS
aureus (MRSA; also known as 'methicillin-resistant S aureus)
depends on the overall local prevalence of that micro-organism,
the presence or absence of risk-factors for MRSA infection, and
the severity of the infection. Other organisms that may cause DFIs
that raise concerns about antibiotic resistance are Pseudomonas
aeruginosa, which is resistant to many commonly prescribed
antibiotics, and various Gram-negative isolates that produce
extended spectrum beta-lactamases or carbapenemase (Lipsky
2007).

How the intervention might work

The objective of antibiotic therapy for DFIs is to kill micro-
organisms and thus, achieve resolution of the clinical signs and
symptoms of infection and avoid the consequences of infection
spreading, that is, tissue destruction, lower-extremity amputation,
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sepsis or death of patients (IDSA 2012). Prompt resolution of the
signs of infection also reduces the need for hospitalisation with
its associated financial cost and potential morbidity, and hastens
healing of the wound (Prompers 2008). At the same time, optimally,
systemic antibiotic therapy should avoid being associated with
adverse eEect. Among the more common of these are allergic
reactions, renal insuEiciency or the development of Clostridium
di icile disease (a bacterial infection that can aEect the digestive
system and commonly aEects people who have been treated
with antibiotics). The available antibiotic agents have diEerent
propensities for causing these problems. Furthermore, deployment
of antibiotic therapy should be rational in order to avoid the risk
of inducing antibiotic resistance through excessive, overly broad or
unnecessarily prolonged therapy (OMS 2014).

While all infected foot lesions in a person with diabetes likely
require antibiotic therapy, it is oGen not suEicient. Appropriate
surgical procedures (particularly incision and drainage, resection of
deep, infected tissues) and wound care are almost always needed.

Why it is important to do this review

The systematic reviews on antibiotic treatment of DFI that are
available do not support the superiority of any single drug or
combination of antibiotics (Berendt 2008; Nelson 2006a; Peters
2012). However, these systematic reviews have become out of
date as new randomised clinical trials are now available for
consideration. This systematic review should help to determine
whether any specific systemic antibiotic agents or regimens are
associated with better clinical outcomes or fewer adverse eEects
when used to treat DFIs.

O B J E C T I V E S

To determine the eEects and safety of systemic antibiotics in the
treatment of DFIs compared with other systemic antibiotics, topical
foot care or placebo.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs) that allocated
people individually or by cluster. Non-randomised or quasi-
randomised controlled trials were not eligible for inclusion.

Types of participants

We included studies of people with diabetes mellitus (type 1 or 2)
with any type of foot wound (e.g. ulcers of neuropathic or ischaemic
aetiology, or traumatic wounds) that had been diagnosed as
infected (using any definition reported by the study authors), or
people with diabetes mellitus with any infection located in the foot
that was - or was not - associated with a wound. If studies included
both diabetic and non-diabetic participants, they were included
only if it was possible to obtain separate data for the participants
with diabetes.

We considered studies conducted in all settings (e.g. hospital,
primary healthcare centre, home care) and excluded people with
diabetic foot ulcers that were not infected.

Types of interventions

We included any type of systemic antibiotic regimen (either oral
or parenteral, i.e. intravascular) with any number of agents, in
any dose, frequency of administration or duration of therapy used
for treating DFIs, that was compared with any other antibiotic
control group (either oral or parenteral), placebo or topical foot
care. We did not consider primary interventions of topical (non-
systemic) antimicrobials (antiseptics or antibiotics), although they
were eligible as comparators to a systemic antibiotic regimen.

Types of outcome measures

In order to be included, studies needed to report at least one of the
outcomes of interest to the review.

Primary outcomes

• Clinical resolution of the infection, defined as the resolution
of all acute signs and symptoms related to the infection, or
improvement such that additional antimicrobial therapy of any
kind was not required (Lipsky 2007). This outcome was not
initially defined in the protocol, as it was integrated in the 'time
to resolution of the infection' outcome. We later decided to
separate these two outcomes in order not to lose important
information (see DiEerences between protocol and review).

• Time to resolution of the infection, defined as the time needed
to reach clinical resolution of the infection (as defined above).

• Adverse eEects of treatment (allergic reactions, organ toxicity,
intolerance, etc.).

• Serious infections or complications of infection (for example,
septicaemia, septic shock or amputation - major amputation
is defined as an amputation above the ankle and minor
amputation as an amputation limited to the foot).

Secondary outcomes

• Infection-related mortality.

• Health-related quality of life, as assessed by any standardised
instrument.

• Length of hospitalisation.

• Wound healing, evaluated by objective measures such as the
change in ulcer size (area or radius), the proportion of people
whose ulcer completely healed within the trial period, and the
time to complete healing.

• Recurrence of wound infections.

Search methods for identification of studies

Electronic searches

In April 2015 we searched the following electronic databases for
potentially relevant RCTs:

• The Cochrane Wounds Group Specialised Register (searched 1
April 2015);

• The Cochrane Metabolic and Endocrine Disorders Group
Specialised Register (latest);

• The Cochrane Central Register of Controlled Trials (CENTRAL;
The Cochrane Library 2015, Issue 2);

• The Database of Abstracts of Reviews of EEects (DARE; The
Cochrane Library 2015, Issue 2);
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• The Health Technology Assessment Database (HTA; The
Cochrane Library 2015, Issue 2);

• NHS Economic Evaluation Database (NHSEED; The Cochrane
Library 2015, Issue 2);

• Ovid MEDLINE (1946 to March 30 2015);

• Ovid MEDLINE (In-Process & Other Non-Indexed Citations, 30
March 2015);

• Ovid EMBASE (1974 to 1 April 2015);

• EBSCO CINAHL (1982 to 1 April 2015).

We used the following search strategy for the Cochrane Central
Register of Controlled Trials (CENTRAL)

#1 MeSH descriptor Foot Ulcer explode all trees
#2 MeSH descriptor Diabetic Foot explode all trees
#3 diabet* NEAR/3 ulcer*: ti,ab,kw
#4 diabet* NEAR/3 (foot or feet):ti,ab,kw
#5 diabet* NEAR/3 wound*:ti,ab,kw
#6 (#1 OR #2 OR #3 OR #4 OR #5)
#7 MeSH descriptor Anti-Bacterial Agents explode all trees
#8 antibiotic*:ti,ab,kw
#9 nafcillin or oxacillin or ampicillin or dicloxacillin or ticarcillin*
or piperacillin* or amoxicillin* or clindamycin or vancomycin or
tobramycin or levofloxacin or ciprofloxacin or moxifloxacin or
tigecycline or doxycycline or cefazolin or ceGazidime or cephalexin
or cefepime or cefotaxime or ceGriaxone or cefazolin or cefoxitin
or cefotetan or imipenem* or meropenem or ertapenem or
aztreonam or metronidazole or sulfamethoxazole* or trimethoprim
or cilastatin*:ti,ab,kw
#10 (#7 OR #8 OR #9)
#11 (#6 AND #10)

This search strategy was adapted to search Ovid MEDLINE
(Appendix 1), Ovid EMBASE (Appendix 2) and EBSCO CINAHL
(Appendix 3). We combined the Ovid MEDLINE search with
the Cochrane Highly Sensitive Search Strategy for identifying
randomised trials in MEDLINE: sensitivity- and precision-
maximising version (2008 revision; Lefebvre 2011). We combined
the EMBASE and CINAHL searches with the trial filters developed by
the Scottish Intercollegiate Guidelines Network (SIGN 2011). There
were no restrictions on the basis of date or language of publication.

We also searched the following websites to identify ongoing clinical
trials (Appendix 4):

• ClinicalTrials.gov (https://www.clinicaltrials.gov/);

• Controlled trials (www.controlled-trials.com).

Searching other resources

To identify additional studies we reviewed the reference lists of
all selected articles. We searched the OpenSIGLE database to
identify grey literature and the ProQuest Dissertations and Theses
to retrieve dissertation theses related to our topic of interest. These
search strategies can be found in Appendix 5 and Appendix 6.

Data collection and analysis

Selection of studies

We managed the citations using a reference management soGware
program (ProCite). Two review authors independently assessed the
titles and abstracts of citations identified by the search strategy.

The review authors were not blinded to the study authors or
the names of the publications. We retrieved full reports of all
potentially relevant trials for further assessment of eligibility based
on the inclusion criteria. We resolved any disagreements through
discussion or, if required, through consultation with a third review
author.

Data extraction and management

We designed a data extraction form and tested it before recording
the results. For eligible studies, three review authors extracted
data regarding the study objective; date of publication; country;
sponsorship; patients' baseline data; type of antibiotic, route of
administration and dosage compared; and outcomes of interest
(Types of outcome measures). Discrepancies were resolved through
discussion. We entered data into Review Manager 5.3 soGware
(RevMan 2014), and checked the data for accuracy. When any
information collected on the extraction form was missing or
unclear, we attempted to contact the authors of the original reports
to request further details. When we located duplicate publications
for the same trial, we assessed them and extracted the maximum
amount of data from them. Both publications were cited under the
same study ID.

Assessment of risk of bias in included studies

Two review authors independently assessed each included study
using the Cochrane Collaboration tool for assessing risk of
bias (Higgins 2011; Appendix 7 provides details of criteria on
which the judgements were based). We considered blinding and
completeness of outcome data for the main outcome 'clinical
resolution of the infection'. To assess selective outcome reporting,
we actively sought trial protocols; when they were not available, we
assessed whether all outcomes mentioned in the methods section
had been reported in the results section of trial reports. Where we
suspected reporting bias, we attempted to contact study authors to
ask them to provide the missing outcome data.

We considered that overall risk of bias was low when allocation
concealment was adequate and outcome assessors were blinded to
the allocation, and high where the rest of the domains were either
unclear or judged to be at a high risk of bias.

We discussed any disagreement amongst all authors to achieve a
consensus.

We have presented our assessment of risk of bias using two 'Risk
of bias' summary figures; one is a summary of bias for each item
across all studies, and the other shows a cross-tabulation of each
trial by all of the risk of bias items.

Measures of treatment e?ect

We assessed dichotomous outcomes using the risk ratio (RR)
with 95% confidence intervals (CI) and continuous outcomes (e.g.
health-related quality of life, length of hospitalisation) using mean
diEerence (MD). We planned to compute hazard ratios (HR) for
time-to-event variables (time to resolution of the infection, time to
healing). If the papers did not report HR, we planned to compute
these following the formula of Parmar 1998, implemented in a
freely-available spread sheet (Tierney 2007).
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Dealing with missing data

We addressed missing data for dichotomous outcomes by
performing an intention-to-treat analysis based on a 'worst-
case' scenario (Gamble 2005). We considered all randomised
participants: we assumed that participants for whom there was no
information about the outcome of interest had not had a positive
result. We planned to perform the analysis of continuous outcomes
with available data only.

Assessment of heterogeneity

To assess heterogeneity we examined the forest plot visually to
see whether CIs for individual study estimates overlapped, and
examined the Chi2 statistic. To quantify heterogeneity we used
the I2 statistic (Higgins 2003), and interpreted it according to the
following thresholds:

• 0% up to 40%: might not be important;

• 40% up to 60%: may represent moderate heterogeneity;

• More than 60%: represents important heterogeneity.

Data synthesis

We reported data narratively by outcome and then by comparison.
We considered pooling when there were suEicient studies that were
clinically similar. If heterogeneity was absent or low (I2 up to 40%)
we used a fixed-eEect model and if it was moderate (I2 of 40%
to 60%) we used the random-eEects model. However we did not
plan to pool the data if heterogeneity was very high (I2 over 60%).
If data were available for pooling, we used RR with 95% CI for
dichotomous outcomes, and the pooled mean diEerence or the
standardised mean diEerence (SMD) with 95% CI for continuous
outcomes, depending on whether the outcomes were measured
using the same scales.

Subgroup analysis and investigation of heterogeneity

We planned to investigate potential causes of heterogeneity, such
as diversity in characteristics of included patients, intervention
characteristics (diEerent doses or duration) or study methods, by
performing subgroup analysis. However, pooling data was only
possible with very few trials (three or fewer) in only two outcomes
from two diEerent comparisons.

Sensitivity analysis

We planned to explore whether analysing studies stratified by
quality (overall low risk of bias versus high risk of bias) produced
similar or diEerent results. However, included studies were very
heterogeneous (with respect to their populations, design and use
of diEerent regimens), which precluded any sensitivity analysis.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of
excluded studies; Characteristics of studies awaiting classification;
Characteristics of ongoing studies.

Results of the search

In total, we identified 941 references: 929 were found by electronic
literature searching and 12 were found by reviewing the list of
references of the included studies. We excluded 877 references
aGer examining the title and abstract and obtained full text copies
of the remaining 64 references for more detailed examination.
We also identified two ongoing trials in ongoing trial registers
(see Characteristics of ongoing studies). We finally included 24
references that provided information from 20 diEerent studies. We
have detailed our reasons for excluding the remaining 40 references
in the Characteristics of excluded studies section and in a PRISMA
flow diagram (Figure 1).
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Figure 1.   Study flow diagram

 
Included studies

Twenty RCTs that included 3791 patients with DFIs met our
inclusion criteria. A detailed description of the included trials is
provided in Characteristics of included studies. Fourteen studies
were multicentred while the remaining six were single-centred.
All included studies compared a systemic antibiotic regimen
against another systemic antibiotic regimen. An overview of the
comparisons addressed by trials is provided in Table 1 and in more
detail in Table 2.

Population

Trials diEered with respect to their populations: 12 studies included
only diabetic participants with foot infections, whilst eight trials
included both diabetic and non-diabetic participants with skin or
skin structure-related infections (but including at least some with
a DFI).

Only five studies reported the type of diabetes (type 1 or type 2) of
their participants (Bouter 1996; Erstad 1997; Lauf 2014; Lipsky 2004;
SIDESTEP Study). In all included studies the participants had either
type 1 or 2 diabetes.

Sex of participants

Only 11 studies provided disaggregated data on the sex of
participants with DFI (Arbeit 2004; Bouter 1996; Clay 2004; Grayson
1994; Harkless 2005; Lauf 2014; Lipsky 1990; Lipsky 1997 Lipsky
2004; Saltoglu 2010; SIDESTEP Study). Only men were enrolled in
the Clay 2004 and Lipsky 1990 studies. When these two studies
were excluded, the remaining studies included an average of 62%
men. One study did not describe the sex of participants (Erstad
1997), and the rest of the studies did not provide data separately for
patients with DFI (Giordano 2005; Graham 2002a; Graham 2002b;
Noel 2008a; RELIEF Study; Siami 2001; STIC Study; Tan 1993).

Age of participants

Twelve studies provided age data for participants with DFI (Arbeit
2004; Bouter 1996; Clay 2004; Erstad 1997; Grayson 1994; Harkless
2005; Lauf 2014; Lipsky 1990; Lipsky 1997; Lipsky 2004; Saltoglu
2010; SIDESTEP Study). The mean age of included participants
was 61.40 years. The rest of the studies included participants with
skin or soG tissue infections that were not DFIs and they did not
provide disaggregated age data for participants relevant to this
review (Giordano 2005; Graham 2002a; Graham 2002b; Noel 2008a;
RELIEF Study; Siami 2001; STIC Study; Tan 1993).

Characteristics of the diabetic foot infection (DFI)
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All but two studies provided the definition they used for diagnosing
a DFI (Bouter 1996; Saltoglu 2010). However, these definitions
were heterogeneous, with some using only clinical signs or
symptoms (e.g. erythema, purulent discharge, pain) while others
also considered various laboratory parameters (e.g. leukocytosis).

It is remarkable that 11 studies excluded patients with
osteomyelitis (Arbeit 2004; Clay 2004; Graham 2002a; Graham
2002b; Harkless 2005; Lipsky 1997; Lipsky 1990; Noel 2008a; Siami
2001; SIDESTEP Study; Tan 1993). While the Lauf 2014 trial excluded
patients with baseline osteomyelitis from the main study, these
patients were included in a prespecified sub study. Anatomic
location of the DFI was reported in only four trials (Clay 2004; Lipsky
1990; Lipsky 2004; SIDESTEP Study).

Thirteen trials reported severity of infection (using various
definitions). Although the majority of studies included participants
with what appeared to be moderate to severe infection (as defined
by the Infectious Diseases Society of America (IDSA) guidelines;
IDSA 2012), most of them did not report which classification
system they used for this designation. The systems that trials
reported using included the: Wagner scale (Bouter 1996; Clay 2004;
Saltoglu 2010; STIC Study); University of Texas system (Harkless
2005; SIDESTEP Study); PEDIS scale (Lauf 2014), and a combination
of all three that did not report the final distribution of infection
severity (RELIEF Study). Erstad 1997 and Tan 1993 used their own
bespoke scales. The review authors attempted to transform the
definitions of severity reported by some studies into the IDSA
scale (Appendix 8). According to our interpretation, two studies
included patients with mild to moderate infections (Clay 2004;
Lipsky 1990); seven studies included mild to severe infections
(Bouter 1996; Erstad 1997; Graham 2002a; Harkless 2005; Lauf
2014; Lipsky 2004; RELIEF Study); seven studies included moderate
to severe infections (Arbeit 2004; Giordano 2005; Graham 2002b;
Saltoglu 2010; SIDESTEP Study; STIC Study; Tan 1993); and one
included only severe infections (Siami 2001).

The presence or absence of peripheral vascular disease, using a
variety of definitions, was reported by Grayson 1994 (undefined,
but present in 81% of patients), Bouter 1996 (ankle/brachial
index mean (standard deviation (SD)) 0.71 (0.22) classified as mild
artery disease), Erstad 1997 (ankle-brachial index range 0.83 to
0.90), Harkless 2005 (41% of participants had “peripheral vascular
disease”), Lipsky 2004 (40% had critical limb ischaemia), Clay
2004 (28% had “peripheral artery disease”), Saltoglu 2010 (19%
with “ischemia”), SIDESTEP Study (normal dorsalis pedis and
posterior tibial pulse in 16% to 19% of patients and those “requiring
vascularization” were excluded) and Noel 2008a (exclusion of
patients with “critical limb ischemia”).

Setting

Six trials were conducted entirely on an inpatient basis (Bouter
1996; Erstad 1997; Giordano 2005; Grayson 1994; Saltoglu 2010;
Tan 1993); one trial entirely on an outpatient basis (Lipsky 1990);
seven trials started with inpatients who could be discharged later to
continue to participate on an outpatient basis (Arbeit 2004; Graham
2002a; Graham 2002b; Harkless 2005; Lauf 2014; Lipsky 1997; Siami
2001); and two trials allowed participants who were inpatients or
outpatients (Lipsky 2004; SIDESTEP Study). The study setting was
not defined in four studies, but we assumed participants were likely
to be inpatients as the antibiotic treatment was intravenous (Clay
2004; Noel 2008a; RELIEF Study; STIC Study).

Intervention

Antibiotic agents and regimens

Studies compared a variety of diEerent antibiotic agents and
regimens. Overall, there were 16 diEerent comparisons. We have
categorized comparisons by antibiotic groups or classes:

• anti-pseudomonal penicillins;

• broad-spectrum penicillins;

• cephalosporins;

• carbapenems;

• fluoroquinolones;

• other antibiotics (Table 1;Table 2).

In many instances a study compared drugs from two diEerent
groups; in those cases we assigned the study to the group
corresponding to the antibiotic considered to be the intervention,
as opposed to the control or comparator according to the trial
authors' judgement. In the review text, doses are presented as
stated as in the original papers.

Route of administration

Trials also diEered in the route of drug administration: 10 trials
used parenterally administered antibiotics (Bouter 1996; Clay 2004;
Erstad 1997; Graham 2002a; Grayson 1994; Harkless 2005; Lauf
2014; Noel 2008a; Saltoglu 2010; Tan 1993); one used only oral
antibiotic agents (Lipsky 1990); and, in two the intervention drug
could be given either orally or intravenously (Graham 2002b; Lipsky
2004). The rest of the included trials started with a parenteral
regimen that was switched to an oral one (Arbeit 2004; Giordano
2005; Lipsky 1997; RELIEF Study; Siami 2001; SIDESTEP Study; STIC
Study).

Duration of antibiotic treatment

The duration of antibiotic treatment also varied across studies:
in the STIC Study parenteral antibiotic was administered for a
minimum of three days and then oral agents were given for seven
to 21 days; in three studies antibiotics were administered for a
minimum of five days (Erstad 1997; Grayson 1994; Tan 1993); the
SIDESTEP Study administered parenteral antibiotics for a minimum
of five days and continued with oral antibiotics until day 28. In
nine studies antibiotics were administered for 14 days or less
(Arbeit 2004; Bouter 1996; Giordano 2005; Graham 2002a; Graham
2002b; Harkless 2005; Lipsky 1990; Noel 2008a; Siami 2001). In
Saltoglu 2010 treatment lasted for 14 days or less unless there was
a diagnosis of osteomyelitis, in which case antibiotic therapy was
continued for 28 days from the time of debridement, if performed.
In the RELIEF Study antibiotics were administered for seven to
21 days. In three studies intravenous antibiotic therapy lasted for
28 days or less (Lauf 2014; Lipsky 1997;Lipsky 2004). The Clay
2004 study did not provide information regarding the duration of
parenteral antibiotic therapy.

Co-interventions

Some studies allowed participants to receive antibiotics other
than the ones specifically being studied. Two studies allowed the
addition of vancomycin to both study groups when meticillin-
resistant Staphylococcus aureus (MRSA) or meticillin-resistant S
epidermidis (MRSE) was suspected or isolated (Harkless 2005;
SIDESTEP Study). Lauf 2014 also allowed investigators, at their
discretion, to use adjunctive vancomycin (a placebo was given
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in its place in the group randomised to tigecycline and real
vancomycin in the group randomised to ertapenem). Siami 2001
allowed the addition of treatment with vancomycin under the same
conditions for the control group (piperacillin/tazobactam) but not
the clinafloxacin group. In the RELIEF Study, participants could be
treated with additional narrow-spectrum antibiotic agents (which
were not specified) if polymicrobial infection with MRSA, MRSE or
vancomycin-resistant enterococci was confirmed. In Lipsky 1997,
if there was no improvement in infection, metronidazole could
be added to the group treated with ofloxacin, while intravenous
gentamicin or oral trimethoprim-sulfamethoxazole could be added
to the group treated with ampicillin-sulbactam. In Noel 2008a,
metronidazole could be added to the study treatment aGer
reviewing the culture results. In Lipsky 2004, participants from
both study groups could have aztreonam added to the regimen
if Gram-negative pathogens were suspected; only participants in
the control group could receive additional vancomycin if there
was an MRSA infection. In Arbeit 2004, aztreonam could be added
to cover suspected or proven polymicrobial infection with Gram-
negative bacteria and metronidazole could also be added to the
study regimen to cover obligate anaerobic bacteria. In the Saltoglu
2010 study, glycopeptides were added to the study drugs if cultures
confirmed the presence of antibiotic-resistant enterococci or MRSA.
A switch of antibiotics was performed in Bouter 1996; participants
from either study group (imipenem/cilastatin or piperacillin-
clindamycin) diagnosed with chronic osteomyelitis were switched
to ciprofloxacin or ofloxacin and/or clindamycin. Graham 2002b
excluded participants who need additional antibiotics.

In five studies other treatments, such as surgical debridement or
drainage, were specifically allowed if necessary (Lauf 2014; Lipsky
1990; Siami 2001; STIC Study; Tan 1993). Saltoglu 2010 allowed
vacuum-assisted closure in both study groups, when considered
necessary.

Hypothesis and sample size

In eight studies the study design was to test superiority of the
intervention drug (Bouter 1996; Clay 2004; Erstad 1997; Grayson

1994; Lipsky 1990; Lipsky 1997 Saltoglu 2010; Tan 1993), five
studies tested equivalence between the study drugs (Graham
2002a; Graham 2002b; Harkless 2005; Lipsky 2004; Siami 2001), and
seven tested non-inferiority of the intervention drug (Arbeit 2004;
Giordano 2005; Lauf 2014; Noel 2008a; RELIEF Study; SIDESTEP
Study; STIC Study).

Only five studies reported a sample size calculation and also
reached the sample size required (Graham 2002a; Grayson 1994;
RELIEF Study; Siami 2001; SIDESTEP Study). In three studies the
sample size calculation was reported, but was not reached (Arbeit
2004; Harkless 2005; Tan 1993); the remaining 12 studies did not
report a sample size calculation (Bouter 1996; Clay 2004; Erstad
1997; Giordano 2005; Graham 2002b; Lauf 2014; Lipsky 1990; Lipsky
1997 Lipsky 2004; Noel 2008a; Saltoglu 2010; STIC Study).

Sample sizes of participants with DFIs ranged from 36 to 955 (Erstad
1997; Lauf 2014, respectively), with a mean sample size for all
studies of 189.60 participants (median of 94.50, standard deviation
(SD) 220.58).

Excluded studies

Thirty-four studies did not fulfil our inclusion criteria and so
were excluded. We excluded most because they not provide
disaggregated data for the subset of participants with DFIs. See
Characteristics of excluded studies for a detailed account of the
reasons for exclusion for each of these studies.

Risk of bias in included studies

The risk of bias of the studies is described in detail in the 'Risk of
bias' tables in the Characteristics of included studies section. In
general, the included studies did not report enough details for us to
assess their possible limitations in the design or execution (e.g. only
one-third of studies reported enough information for us to assess
patient allocation in the study groups). The main limitation of the
included trials concerned the blinding procedures, especially for
outcome assessment (see Figure 2; Figure 3).

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   (Continued)

 
Allocation

Only nine of the included trials reported an adequately generated
random sequence. Noel 2008a did not provide details of the
method used to generate the random sequence, but randomised
participants through a central interactive voice response system.
Eight studies reported computer-generated sequences of random
numbers (Bouter 1996; Clay 2004; Grayson 1994; Lauf 2014; RELIEF
Study; Saltoglu 2010; SIDESTEP Study; Tan 1993). In two studies
the random sequence was prepared by the study sponsor (RELIEF
Study; SIDESTEP Study). The other 11 trials included in the review
did not provide enough data to assess the adequacy of the
randomizations sequence.

Only five studies accurately concealed the randomisation sequence
by requesting the study drug to be selected by an independent
unit (Grayson 1994; Saltoglu 2010), or via a remote call system
(Lauf 2014; Noel 2008a; RELIEF Study). The random sequence
in the SIDESTEP Study could be exposed to bias because an
unblinded pharmacist randomised participants. Fourteen trials
did not provide the information needed for us to assess whether
allocation concealment was ensured.

Blinding

In nine of the included trials, study personnel knew the treatment
allocation resulting in a high risk of performance bias (Bouter
1996; Clay 2004; Graham 2002b; Harkless 2005; Lipsky 1990; Lipsky
1997 Lipsky 2004; Saltoglu 2010; STIC Study). Five studies did not
provide details that allowed us to assess the risk of performance
bias (Arbeit 2004; Erstad 1997; Giordano 2005; Grayson 1994; Tan
1993). Only six trials described how the intervention was blinded
for both participants and healthcare personnel (Graham 2002a;
Lauf 2014; Noel 2008a; RELIEF Study; Siami 2001; SIDESTEP Study),
with a double-dummy design used in two studies (RELIEF Study;
SIDESTEP Study).

Since the main outcomes of this review required investigators
to make judgements about the severity of infection and the
presence of clinical signs and symptoms to determine whether
the infection had resolved clinically, it was especially important
that those involved in the outcome assessment were unaware
of the treatment assigned to participants. Detection bias was
avoided in nine trials that blinded outcome assessment (Arbeit
2004; Clay 2004; Graham 2002a; Grayson 1994; Lauf 2014; Lipsky
1990; Noel 2008a; RELIEF Study; SIDESTEP Study). In two trials
study investigators assessed the outcomes in an unblinded fashion
(Graham 2002b; STIC Study), which exposed these trials to a high
risk of bias. The rest of the studies did not provide suEicient details
for us to be able to assess this domain.

Incomplete outcome data

Seven included trials did not address missing outcome data
correctly (Arbeit 2004; Giordano 2005; Graham 2002b; Harkless

2005; Lipsky 1997; Lipsky 2004; Tan 1993). These studies had
no data that we could evaluate for a range of 15% to 30% of
randomised participants (Arbeit 2004; Lipsky 1997; Lipsky 2004;
and Graham 2002b; Harkless 2005, respectively). Two trials were
underpowered and at very high risk of attrition bias because they
had data for only 40% or 45% of participants randomised (Giordano
2005; Tan 1993, respectively). The remaining 11 studies provided
suEicient data for us to assess how the investigators managed
withdrawals and losses to follow-up.

Selective reporting

Most studies reported enough information to ensure that the
outcomes planned in their protocols were adequately described
when their findings were published (Arbeit 2004; Bouter 1996;
Erstad 1997; Giordano 2005; Graham 2002a; Graham 2002b;
Harkless 2005; Lauf 2014; Lipsky 1990; Lipsky 2004; RELIEF Study;
Saltoglu 2010; Siami 2001). We could not assess this domain for
six studies (Clay 2004; Grayson 1994; Lipsky 1997; Noel 2008a; STIC
Study; Tan 1993). The SIDESTEP Study report did not provide data
for some of the secondary outcomes included in the trial protocol.

Other potential sources of bias

Whether the 'Risk of bias' assessment should include information
about the funding source of a trial is a controversial area (Bero
2013; Sterne 2013); nonetheless, we collected data on funding from
the included trials. Only Saltoglu 2010 explicitly reported that his
group did not receive funding from private sources for developing
the trial. Bouter 1996 did not provide information about this issue.
Biopharmaceutical industry sponsors funded the remaining 18
trials and study authors from 12 trials were employed by the
sponsor that provided funding for the study (Arbeit 2004; Clay 2004;
Giordano 2005; Graham 2002a; Graham 2002b; Harkless 2005; Lauf
2014; Noel 2008a; RELIEF Study; Siami 2001; SIDESTEP Study; STIC
Study).

E?ects of interventions

Outcome 1: Clinical resolution of the infection

The included studies measured the outcome of clinical resolution
of infection at diEerent time points aGer the initiation of study
antibiotic treatment. Most studies assessed this variable at a variety
of times aGer completion of the study antibiotic regimens: two
studies assessed this during the first week aGer completion of
antibiotic treatment (Graham 2002b; Lipsky 1997); five assessed
between the first and second week aGer completion of antibiotic
treatment (Lipsky 1990; Noel 2008a; Siami 2001; SIDESTEP Study;
Tan 1993); and six during the four weeks aGer completion of
treatment (Arbeit 2004; Graham 2002a; Harkless 2005; Lipsky 2004;
RELIEF Study; STIC Study). Studies that made more long-term
evaluations included Giordano 2005 (between 10 and 42 days aGer
treatment), Grayson 1994 (at the end of therapy and 13 weeks
later), and Lauf 2014 (between 12 and 92 days aGer the last dose of

Systemic antibiotics for treating diabetic foot infections (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

12



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

antibiotic in the main study and aGer 25 to 27 weeks in the sub study
of participants with osteomyelitis). However, four trials measured
the clinical resolution only on the final day of antibiotic therapy
(Bouter 1996; Clay 2004; Erstad 1997; Saltoglu 2010).

A. Anti-pseudomonal penicillins

Anti-pseudomonal penicillin versus anti-pseudomonal penicillin

Piperacillin-tazobactam versus ticarcillin-clavulanate

Tan 1993 compared the administration of piperacillin-tazobactam
3 g/375 mg intravenously (iv) every six hours (h) for a minimum of
five days and at least 48 h aGer resolution of signs and symptoms of
infection with the administration of ticarcillin-clavulanate 3 g/100
mg iv every 6 h for the same time period. At 10 to 14 days aGer
the end of antibiotic therapy there was no diEerence between the
groups in the proportion of participants with clinical resolution of
the infection (37.50% versus 32.25%, RR 1.16, 95% CI 0.59 to 2.29; 1
trial, 63 participants, 22 events; Analysis 1.1).

Anti-pseudomonal penicillin versus broad-spectrum penicillin

Piperacillin-tazobactam versus ampicillin-sulbactam

Harkless 2005 compared the administration of piperacillin-
tazobactam 4 g/0.5 mg iv every 8 h with the administration of
ampicillin-sulbactam 2 g/1 g iv every 6 h. Both treatments were
administered for between 4 to 14 days, up to a maximum of 21 days.
At 14 to 21 days aGer the end of therapy there was no diEerence
in the proportion of participants with clinical resolution of the
infection (63.87% versus 62.89%, RR 1.02, 95% CI 0.86 to 1.20; 1 trial,
314 participants, 199 events; Analysis 2.1).

Anti-pseudomonal penicillin versus carbapenems

Piperacillin-tazobactam versus imipenem-cilastatin

Saltoglu 2010 found no clear diEerence in the proportion of
participants with clinical resolution of the infection between the
groups treated with piperacillin-tazobactam 4.5 g iv every 8 h
and the group treated with imipenem-cilastatin 0.5 g iv every
24 h (45.16% versus 27.27%; RR 1.66, 95% CI 0.84 to 3.26; 1
trial, 64 participants, 23 events; Analysis 3.1). Two participants
in the piperacillin-tazobactam group and one in the imipenem-
cilastatin group received a glycopeptide in addition to the study
drugs because cultures confirmed the presence of a drug-resistant
Enterococcus or MRSA.

B. Broad-spectrum penicillins

Broad-spectrum penicillin versus cephalosporin

Ampicillin-sulbactam versus cefoxitin

In a small study involving only 36 participants, Erstad 1997 reported
fewer participants treated with ampicillin-sulbactam 3 g iv every 6
h (5.55%) achieved clinical resolution of the infection at the end of
≥5 days' therapy compared with those treated with cefoxitin 2 g iv
every 6 h (38.88%). This diEerence was not statistically significant
(RR 0.14, 95% CI 0.02 to 1.05; 1 trial, 36 participants, 8 events;
Analysis 4.1).

C. Cephalosporins

FiHh-generation cephalosporin versus third generation cephalosporin
plus glycopeptide

CeHobiprole versus ceHazidime plus vancomycin

Noel 2008a compared ceGobiprole 500 mg iv every 8 h with
ceGazidime 1 g iv every 8 h plus vancomycin 1 g iv every 12 h, for 7
to 14 days. Metronidazole could be added at the discretion of the
investigators in either group if the culture grew obligate anaerobes.
There was no clear diEerence in the proportion of participants with
clinical resolution of the infection at 7 to 14 days aGer the end
of therapy (74.40% versus 70.79%, RR 1.05, 95% CI 0.90 to 1.23;
1 trial, 257 participants, 188 events; Analysis 5.1). Metronidazole
was administered to 22 (13%) of the participants treated with
ceGobiprole and to 17 (19%) participants treated with ceGazidime
plus vancomycin.

Third-generation cephalosporin plus nitroimidazole versus anti-
pseudomonal penicillin

CeHriaxone plus metronidazole versus ticarcillin-clavulanate

Clay 2004 compared ceGriaxone 1 g plus metronidazole 1 g,
both given iv every 24 h for a mean of 6.7 days with ticarcillin-
clavulanate 3.1 g iv every 6 h for a mean of 6.7 days. There
was no clear diEerence in the proportion of participants with
clinical resolution of the infection on the final day of therapy
(72.22% versus 76.47%, RR 0.94, 95% CI 0.72 to 1.24; 1 trial,
70 participants, 52 events; Analysis 6.1). There was a change in
the antibiotic regimen before the final evaluation in 41.60% of
participants treated with ceGriaxone plus metronidazole and in
35.29% of those treated with ticarcillin-clavulanate; these changes
were predominantly switches to oral therapeutic equivalents at the
time of hospital discharge, and there was no statistically significant
diEerence between groups.

D. Carbapenems

Carbapenems versus anti-pseudomonal penicillins

Ertapenem versus piperacillin-tazobactam

Two RCTs compared ertapenem 1 g iv every 24 h with piperacillin-
tazobactam 3.4 g iv every 6 h (Graham 2002a; SIDESTEP Study). In
the SIDESTEP Study participants received parenteral treatment for
a minimum of five days, aGer which oral amoxicillin-clavulanate
875 mg/125 mg every 12 h could be given for up to 28 days in
both groups. In Graham 2002a, the parenteral antibiotic could be
given for 7 to 14 days. These studies were pooled (random eEects)
and there was no diEerence in the proportion of participants with
clinical resolution of the infection two to five days aGer the end of
antibiotic treatment (65.80% versus 63.63%, RR 1.07, 95% CI 0.96 to
1.19; I2 0%; 2 trials, 684 participants, 439 events; Analysis 7.1).

Imipenem-cilastatin versus piperacillin plus clindamycin

Bouter 1996 compared imipenem-cilastatin 500 mg iv every 6 h
with piperacillin 3 g iv every 6 h plus clindamycin 600 mg iv every
8 h, with both regimens given for at least 10 days. There were no
diEerence in the proportions of participants with clinical resolution
of the infection aGer completion of antibiotic therapy (18.18%
versus 25.00%, RR 0.73, 95% CI 0.24 to 2.24; 1 trial, 46 participants,
10 events; Analysis 8.1).
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Carbapenems versus broad-spectrum penicillins

Imipenem-cilastatin versus ampicillin-sulbactam

Grayson 1994 compared imipenem-cilastatin 500 mg iv every 6 h
(given for a mean of 15 days) with ampicillin-sulbactam 2 g/1 g
iv every 6 h (given for a mean of 13 days). As a unit of analysis
this trial used 'infection episodes' rather than participants. There
was no diEerence in the proportion of infection episodes that were
clinically cured, either at the completion of parenteral therapy
(81.25% versus 85.41%, RR 0.95, 95% CI 0.80 to 1.14; 1 trial, 93
participants, 96 episodes; Analysis 9.1), or aGer 13 weeks of follow-
up (56.25% versus 68.75%, RR 0.82, 95% CI 0.60 to 1.12; 1 trial, 93
participants, 96 episodes; Analysis 9.2).

E. Fluoroquinolones

Fourth-generation fluoroquinolones versus anti-pseudomonal
penicillins

Moxifloxacin or clinafloxacin versus piperacillin-tazobactam

Three RCTs pooled using a fixed eEect model (I2=0%) found no
diEerence in the proportion of participants with clinical resolution
of the infection when the administration of a fourth-generation
fluoroquinolone was compared with piperacillin-tazobactam (RR
1.03, 95% CI 0.89 to 1.20; 3 RCTs, 387 participants, 239 events;
Analysis 10.1; Giordano 2005; RELIEF Study; Siami 2001). Two
of these studies compared the administration of 400 mg of
moxifloxacin iv every 24 h for at least three days followed by
the same dose orally for 7 to 19 more days versus piperacillin-
tazobactam at a total dose of 13.5 g a day for at least three days,
followed by amoxicillin-clavulanate 875 mg/125 mg orally every
12 h (Giordano 2005; RELIEF Study). The third study compared the
administration of clinafloxacin 200 mg iv every 12 h for at least
three days followed by the same dose orally versus piperacillin-
tazobactam 3.4 g iv every 6 h followed by amoxicillin-clavulanate
500 mg orally every 8 h (Siami 2001).

Fourth-generation fluoroquinolones versus broad-spectrum
penicillins

Moxifloxacin versus amoxicillin-clavulanate

One trial compared moxifloxacin 400 mg iv every 24 h for at least
three days, followed by the same dose orally for 7 to 21 days, versus
amoxicillin 1000 mg plus clavulanate 200 mg iv every 8 h for at least
three days, followed by the same antibiotic, that is, amoxicillin-
clavulanate 500 mg/125 mg orally every 8 h for 7 to 21 days (STIC
Study). The diEerence in rates of clinical resolution of infection
was not statistically significant (47.62% with moxifloxacin versus
60.56% with amoxicillin-clavulanate, RR 0.79, 95% CI 0.57 to 1.08;
1 trial, 134 participants, 73 events; Analysis 11.1). However as with
most of these studies the study is too small to exclude a potentially
important treatment eEect.

Third-generation fluoroquinolones versus anti-pseudomonal
penicillins

Levofloxacin versus ticarcillin-clavulanate

One trial compared levofloxacin 750 mg iv or orally given once daily
for seven to 14 days versus ticarcillin-clavulanate 3.1 g iv every 4
h to 6 h, followed by amoxicillin-clavulanate 875 mg orally every
12 h (Graham 2002b). There was no evidence of a diEerence in the
proportion of participants with clinical resolution of the infection
(50.00% versus 51.61%, RR 0.97, 95% CI 0.60 to 1.55; 1 trial, 67
participants, 34 events; Analysis 12.1).

Second-generation fluoroquinolones versus broad-spectrum
penicillins

Ofloxacin versus ampicillin-sulbactam

One trial compared ofloxacin 400 mg iv every 12 h, with a switch to
oral when indicated, for a total of 14 to 28 days, versus ampicillin-
sulbactam 1 g to 2 g/0.5 g to 1 g iv every 6 h, with a switch to oral
amoxicillin–clavulanate 500 mg/125 mg every 8 h (Lipsky 1997).
There was no statistically significant diEerence in the proportion of
participants with clinical resolution of the infection (72.73% versus
64.15%, RR 1.13, 95% CI 0.88 to 1.47; 1 trial, 108 participants, 74
events; Analysis 13.1). Additional antibiotics could be added in both
groups if there was not suEicient clinical improvement: five (9%)
participants treated with ofloxacin also received metronidazole
and 42 (79%) treated with ampicillin-sulbactam also received either
gentamicin or trimethoprim-sulfamethoxazole (Chi2 54.04 and P
value < 0.001 for the diEerence between the two groups in the
percentage of participants who received an additional drug).

F. Other antibiotics

Daptomycin versus vancomycin

Arbeit 2004 compared seven to 14 days of treatment with
daptomycin 4 mg/kg iv every 24 h with a control group treated with
either vancomycin 1 g iv every 12 h or a semi-synthetic penicillin
(nafcillin, oxacillin, cloxacillin or flucoxacillin) 4 g to 12 g iv every 24
h. The addition of aztreonam was allowed to cover Gram-negative
bacteria in suspected or proven polymicrobial infections and was
administered to 29.50% of participants in the intervention group
and 31.94% of participants in the control group. There was no
evidence of a diEerence between the groups in the proportion of
participants with clinical resolution of the infection at six to 20 days
aGer completion of the study drug (50.81% versus 54.16%, RR 0.94,
95% CI 0.68 to 1.30; 1 RCT, 133 participants, 56 events; Analysis
14.1).

Linezolid versus aminopenicillin plus beta-lactamase inhibitors

Lipsky 2004 compared linezolid 600 mg iv or orally every 12
h with a combination of aminopenicillin and beta-lactamase
inhibitors (ampicillin-sulbactam 1.5 g/3 g iv every 6 h or amoxicillin-
clavulanate 500 mg/875 mg orally every 8 to 12 h), both given
for between seven and 28 days. Participants were assessed 15
to 21 days aGer completing treatment; there was no evidence
of a diEerence in the proportion of participants with clinical
resolution of the infection (68.46% versus 64.16%, RR 1.07 95% CI
0.91 to 1.25; 1 trial, 361 participants, 242 events; Analysis 15.1).
Participants with MRSA infection in the control group could receive
vancomycin 1 g iv every 12 h; five participants in the control
group received vancomycin, as did (by error) one participant in
the linezolid group. Aztreonam could be added if Gram-negative
pathogens were suspected in either study group; 12 participants
in the linezolid group and three participants in the control group
received aztreonam.

Clindamycin versus cephalexin

Lipsky 1990 compared clindamycin hydrochloride 300 mg orally
every 6 h with cephalexin 500 mg orally every 6 h, each regimen
given for 14 days. At the end of treatment there was no evidence of
a diEerence between groups in the proportion of participants with
clinical resolution of the infection (77.77% versus 72.41%, RR 1.07,
95% CI 0.79 to 1.45; 1 trial, 56 participants, 42 events; Analysis 16.1).
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Tigecycline versus ertapenem with or without vancomycin

Lauf 2014 trial compared tigecycline 150 mg iv every 24 h
with ertapenem 1 g iv every 24 h with or without vancomycin
(dose not specified). Both drugs were given for 28 days in
participants with DFI without osteomyelitis. Investigators could
add adjunctive vancomycin (placebo vancomycin in the tigecycline
group and real vancomycin in the ertapenem group) at their
discretion for coverage of MRSA, coagulase-negative staphylococci
or enterococci. At 12 to 92 days aGer the end of treatment,
clinical resolution of infection was more likely to have occurred in
participants treated with ertapenem with or without vancomycin
than in those treated with tigecycline (76.90% versus 39.00%,
RR 1.09, CI 95% 1.01 to 1.18; 1 trial, 955 participants, 703
events; Analysis 17.1). In absolute terms, this means that for
every 1000 participants treated with ertapenem with or without
vancomycin instead of tigecycline, 65 more people would show
clinical resolution of the infection (95% confidence interval 7 to 120
more assuming the risk of the control group as a baseline risk). This
study was at low risk of bias.

In a pre-planned sub study of participants who had osteomyelitis
at baseline, participants received the same antibiotic regimens but
for a longer time (up to 42 days). At 25 to 27 weeks aGer the last dose
of antibiotic, participants treated with ertapenem with or without
vancomycin had higher rates of clinical resolution of the infection
than participants treated with tigecycline (51.21% versus 24.67%,
RR 2.08, 95% CI 1.27 to 3.39; 1 trial, 118 participants, 40 events;
Analysis 17.1).

Vancomycin placebo was administered to 10.30% (84/483
participants) of the tigecycline group, while adjunctive vancomycin
was given to 15.50% (73/472 participants) of the ertapenem
group in the primary study. There was no statistically significant
diEerence between groups in the proportion of participants who
received non-pharmacologic treatments or procedures in the main
study (35% of participants treated with tigecycline versus 38% of
participants treated with ertapenem).

Outcome 2: Time to clinical resolution of the infection

None of the studies reported on time to clinical resolution of the
infection.

Outcome 3: Adverse e?ects of treatments

A. Anti-pseudomonal penicillins

Anti-pseudomonal penicillins versus anti-pseudomonal penicillins

Piperacillin-tazobactam versus ticarcillin-clavulanate

Although the Tan 1993 trial investigated piperacillin-tazobactam
versus ticarcillin-clavulanate, the trial report did not provide
disaggregated adverse event data for diabetic participants.

Anti-pseudomonal penicillins versus broad-spectrum penicillins

Piperacillin-tazobactam versus ampicillin-sulbactam

Harkless 2005 found no diEerence between piperacillin-
tazobactam and ampicillin-sulbactam in the rate of adverse events
(75.48% versus 66.04 %, RR 1.14, 95% CI 0.99 to 1.32; 1 trial, 314
participants, 222 events), or the rate of treatment-related adverse
events (18.7% versus 13.2%, RR 1.42, 95% CI 0.85 to 2.37; 1 trial, 314
participants, 50 events; Analysis 2.2) or the rate of serious adverse
events (27.09% versus 28.93%, RR 0.94, 95% CI 0.66 to 1.34; 1

trial, 314 participants, 88 events; Analysis 2.2). The most commonly
reported treatment-related adverse events were diarrhoea and
nausea, and the most commonly reported serious adverse events
were amputations, infection, peripheral vascular disorder, and
osteomyelitis.

Anti-pseudomonal penicillins versus carbapenems

Piperacillin-tazobactam versus imipenem-cilastatin

Saltoglu 2010 reported more adverse events in participants
treated with piperacillin-tazobactam (29.03%)compared with
imipenem-cilastatin (9.09%), although this diEerence did not reach
conventional levels of statistical significance (RR 3.19, 95% CI 0.95
to 10.72; 1 trial, 64 participants, 12 events; Analysis 3.2). There
were more cases of hepatotoxicity and nephrotoxicity in the group
treated with piperacillin-tazobactam, although diEerences were
not statistically significant (for hepatotoxicity:16.13% versus 3.03%,
RR 5.32, 95% CI 0.66 to 43.05; 6 events; for nephrotoxicity: 19.35%
versus 3.03%, RR 6.36, 95% CI 0.81 to 50.09; 7 events; Analysis 3.2).
There was one case of nausea in the imipenem-cilastatin group
versus none in the piperacillin-tazobactam group. Two participants
treated with piperacillin-tazobactam developed haematological
side eEects. This study was very small and therefore important
diEerences in adverse events cannot be ruled out.

B. Broad-spectrum penicillins

Broad-spectrum penicillins versus cephalosporins

Ampicillin-sulbactam versus cefoxitin

Erstad 1997 found no diEerence between ampicillin-sulbactam
and cefoxitin in the rate of adverse events, which were mostly
gastrointestinal disturbances of minor clinical importance (39%
versus 33%, RR 1.17, 95% CI 0.49 to 2.79; Analysis 4.2).

C. Cephalosporins

FiHh-generation cephalosporins versus third-generation
cephalosporins plus glycopeptide

CeHobiprole versus ceHacidime-vancomycin

The Noel 2008a trial did not provide disaggregated data for diabetic
participants for adverse eEects.

Third-generation cephalosporin plus nitroimidazole versus anti-
pseudomonal penicillins

CeHriaxoneplusmetronidazole versus ticarcillin-clavulanate

The Clay 2004 trial (70 participants) reported no cases of adverse
eEects in any group.

D. Carbapenems

Carbapenems versus anti-pseudomonal penicillins

Ertapenem versus piperacillin-tazobactam

The SIDESTEP Study found no clear diEerence between ertapenem
and piperacillin-tazobactam in the rate of drug-related adverse
events (14.90% versus 19.58%, RR 0.76, 95% CI 0.53 to 1.09; 1
trial, 586 participants, 101 events; Analysis 7.2). There were no
diEerences in the proportion of participants with nausea (RR 0.83,
95% CI 0.44 to 1.58; 1 trial, 586 participants, 35 events) or in the
proportion of participants with headache (RR 0.62, 95% CI 0.28
to1.34; 1 trial, 586 participants, 26 events; Analysis 7.2). Treatment
with ertapenem caused fewer cases of diarrhoea (RR 0.58, 95% CI
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0.36 to 0.93; 1 trial, 586 participants, 65 events; Analysis 7.2). That
means that for every 1000 participants treated with ertapenem
instead of piperacillin-tazobactam, 59 fewer would present with
diarrhoea (from 10 to 90 participants fewer; assuming the risk of the
control group as a baseline risk).

Imipenem-cilastatin versus piperacillin plus clindamycin

Bouter 1996 reported a significantly lower rate of adverse eEects in
participants treated with imipenem-cilastatin than in those treated
with piperacillin plus clindamycin (13.63% versus 50.00%, RR 0.27,
95% CI 0.09 to 0.84; 1 trial, 46 participants, 15 events; Analysis 8.2).
Diarrhoea was the single most commonly reported side eEect (4
participants in both groups; no disaggregated data reported).

Carbapenems versus broad-spectrum penicillins

Imipenem-cilastatin versus ampicillin-sulbactam

Grayson 1994 found no diEerences in the proportion of infection
episodes associated with any type of adverse eEects in the two
groups (35.41% versus 33.33%, RR 1.06, 95% CI 0.61 to 1.85; 1 trial,
93 participants, 96 episodes; Analysis 9.3). There were no significant
diEerences in the proportion of episodes with 'significant' adverse
eEects, defined as a severe reaction necessitating withdrawal of the
study agent or specific treatment (18.75% versus 14.58%, RR 1.29,
95% CI 0.52 to 3.17; 1 trial, 96 episodes; Analysis 9.3).

E. Fluoroquinolones

Fourth-generation fluoroquinolones versus anti-pseudomonal
penicillins

Moxifloxacin or clinafloxacin versus piperacillin-tazobactam

The included studies did not provide disaggregated data for
diabetic participants for adverse events.

Fourth-generation fluoroquinolones versus broad-spectrum
penicillins

Moxifloxacin versus amoxicillin clavulanate

The STIC Study did not provide disaggregated data for diabetic
participants for adverse events.

Third-generation fluoroquinolones versus anti-pseudomonal
penicillins

Levofloxacin versus ticarcillin-clavulanate

Graham 2002b did not provide disaggregated data for diabetic
participants for adverse events.

Second-generation fluoroquinolone versus broad-spectrum penicillins

Ofloxacin versus ampicillin-sulbactam

Lipsky 1997 reported that 30.90% of participants in the ofloxacin
group and 16.98% in the aminopenicillin-sulbactam group
developed an adverse eEect, but this diEerence was not statistically
significant (RR 1.82; 95% CI 0.89 to 3.72; 1 trial, 108 participants, 26
events; Analysis 13.2). No adverse eEect led to discontinuation of
treatment and none was rated as severe.

F. Other antibiotics

Daptomycin versus vancomycin

Arbeit 2004 reported significantly fewer adverse eEects in the
daptomycin group compared with the group treated either with
vancomycin or a semi-synthetic penicillin (31.4% versus 51.38%, RR

0.61, 95% CI 0.39 to 0.94; 1 RCT, 153 participants, 56 events; Analysis
14.2). This means that for every 1000 participants treated with
daptomycin instead of vancomycin, 200 fewer would experience
adverse eEects (from 31 to 313 participants fewer; assuming the
risk of the control group as a baseline risk). One participant in
the daptomycin group and six participants in the control group
developed a severe adverse eEect.

Linezolid versus aminopenicillins plus beta-lactamase inhibitors

Lipsky 2004 reported more adverse eEects with linezolid than
ampicillin-sulbactam (27% versus 10 %, RR 2.66; 95% CI 1.49 to
4.73; 1 trial, 361 participants, 76 events; Analysis 15.2). This means
that for every 1000 participants treated with linezolid instead of
ampicillin-sulbactam, 166 more would experience adverse eEects
(from 49 to 373 participants more; assuming the risk of the control
group as a baseline risk). The most frequent adverse eEects were
diarrhoea (18 versus 4 participants), nausea (14 versus 0), anaemia
(11 versus 0), thrombocytopenia (9 versus 0), vomiting (4 versus 1),
decreased appetite (3 versus 0) and dyspepsia (3 versus 1).

Clindamycin versus cephalexin

Lipsky 1990 reported a case of mild diarrhoea caused by Clostridium
di icile in the clindamycin group and two cases of mild nausea and
diarrhoea in the cephalexin group (RR 0.47, 95% CI 0.04 to 4.84; 1
trial, 56 participants, 3 events; Analysis 16.2), this result was not
statistically significant.

Tigecycline versus ertapenem with or without vancomycin

Lauf 2014 reported more adverse eEects with tigecycline than
ertapenem with or without vancomycin (56.36% versus 82.61%,
RR 1.47, 95% CI 1.34 to 1.60; 1 trial, 955 participants, 665
events; Analysis 17.2). This means that for every 1000 participants
treated with tigecycline instead of ertapenem (with or without
vancomycin), 265 more would experience adverse eEects (from
192 to 338 participants more; assuming the risk of the control
group as the baseline risk). The most frequent adverse events
in the group treated with tigecycline were nausea (39.34%) and
vomiting (24.43%), while those in the ertapenem group were
diarrhoea (9.75%) and nausea (8.26%). Participants treated with
tigecycline developed significantly higher rates of nausea (36.34%
versus 8.26%, RR 4.76, 95% CI 3.46 to 6.56; 1 trial, 955 participants,
229 events; Analysis 17.2) and vomiting (24.43% versus 4.66%, RR
5.24, 95% CI 3.39 to 8.12; 1 trial, 955 participants, 140 events;
Analysis 17.2) than those in the ertapenem arm. The tigecycline
treated participants also developed more cases of osteomyelitis
(4.26% versus 2.23%, RR 1.95, 95% CI 0.96 to 3.99; 1 trial, 955
participants, 33 events; Analysis 17.2), although this diEerence
did not reach statistically significance. There were no statistically
significant diEerences between groups for the following adverse
events: fever, headache, pain, hypertension, anaemia, increase
in serum glutamic oxaloacetic transaminase, increase in serum
glutamic pyruvic transaminase and hypoglycaemia.
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Outcome 4: Serious infections or complications of infection:
lower extremity amputation

A. Anti-pseudomonal penicillins

Anti-pseudomonal penicillins versus anti-pseudomonal penicillins

Piperacillin-tazobactam versus ticarcillin-clavulanate

Tan 1993 did not report on serious infections or complications of
infection.

Anti-pseudomonal penicillins versus broad-spectrum penicillins

Piperacillin-tazobactam versus ampicillin-sulbactam

Harkless 2005 found no diEerence in the rate of amputations
(combining amputations of toe, foot, or leg) between participants
treated with piperacillin-tazobactam versus ampicillin-sulbactam
(RR 0.97, 95% CI 0.51 to 1.84; 1 trial, 314 participants, 33 events;
Analysis 2.3).

Anti-pseudomonal penicillins versus carbapenems

Piperacillin-tazobactam versus imipenem-cilastatin

Saltoglu 2010 found no diEerence in rates of lower extremity
amputations between piperacillin-tazobactam and imipenem-
cilastatin group (RR 0.87, 95% CI 0.59 to 1.28; 1 trial, 64 participants,
40 events; Analysis 3.3).

B. Broad-spectrum penicillins

Ampicillin-sulbactam versus cefoxitin

Erstad 1997 found no diEerence in rates of lower extremity
amputations between ampicillin-sulbactam and cefotoxitin (RR
1.00, 95% CI 0.48 to 2.08; 1 trial, 16 events; Analysis 4.3).

C. Cephalosporins

Noel 2008a and Clay 2004 did not report on serious infections or
complications of infection.

D. Carbapenems

Carbapenems versus antipseudomonal penicillins

Ertapenem versus piperacillin-tazobactam

Neither the Graham 2002a study nor the SIDESTEP Study reported
on serious infections or complications of infection.

Imipenem-cilastatin versus piperacillin plus indamicin

Bouter 1996 reported that none of the participants underwent an
amputation.

Cabapenems versus broad-spectrum penicillins

Imipenem-cilastatin versus ampicillin-sulbactam

Grayson 1994 reported no diEerence in the risk of amputation from
infection between imipenem-cilastatin (28 or 58.33% amputations)
compared with 33 amputations (68.75%) in the ampicillin-
sulbactam group. The diEerence was not statistically significant (RR
0.85, 95% CI 0.62 to 1.15; 1 trial, 96 episodes; Analysis 9.4). There
was one case of major amputation in the imipenem-cilastatin group
and three cases in the ampicillin-sulbactam group.

E. Fluoroquinolones

Fourth-generation fluoroquinolones versus anti-pseudomonal and
broad-spectrum penicillins

No trial reported on serious infections or complications of infection.

Third-generation fluoroquinolones versus anti-pseudomonal
penicillins

No trial reported on serious infections or complications of infection.

Second-generation fluoroquinolones versus broad-spectrum
penicillins

Ofloxacin versus ampicillin-sulbactam

Lipsky 1997 found no clear evidence of a diEerence in amputation
rates between ofloxacin and aminopenicillin-sulbactam (RR 0.11,
95% CI 0.01 to 1.94; 1 trial, 108 participants, 4 events; Analysis 13.3).

F. Other antibiotics

Daptomycin versus vancomycin

Arbeit 2004 did not report on serious infections or complications of
infection.

Linezolid versus aminopenicillins plus beta-lactamase inhibitors

Lipsky 2004 did not report on serious infections or complications of
infection.

Clindamycin versus cephalexin

Lipsky 1990 reported only one case of minor amputation in the
group treated with clindamycin (RR 3.21, 95% CI 0.14 to 75.68; 1
trial, 1 event).

Tigecycline versus ertapenem with or without vancomycin

Lauf 2014 did not report on serious infections or complications of
infection.

Outcome 5: Serious infections or complications of infection:
septicaemia

Only one study reported on this outcome. Lauf 2014 found
no diEerence in the risk of developing septicaemia between
tigecycline and ertapenem (3.93% versus 5.08%; RR 0.77, 95% CI
0.43 to 1.39; 1 trial, 955 participants, 43 events; Analysis 17.3).
Similarly, in this trial’s sub study of participants with osteomyelitis
at baseline there were no notable diEerences (2.6% versus 2.44%;
RR 1.06, 95% CI 0.10 to 11.40; 1 trial, 118 participants, 3 events;
Analysis 17.3).

Outcome 6: Infection-related mortality

Four studies reported on this outcome. Harkless 2005 reported
three deaths in the piperacillin-tazobactam group, but none of
them was considered to be related to study medication. Bouter
1996 reported one death due to cardiac arrest in the group treated
with imipenem-cilastatin and four deaths in the group treated with
piperacillin-clindamycin. Of these four cases, two were from heart
failure and two from uncontrolled infection at the site of the leg
ulcer. Lipsky 1990 reported five deaths, but all were unrelated to
the foot infection. The study did not provide information regarding
how many deaths occurred in each study group. Lauf 2014 reported
seven deaths in the group treated with tigecycline (six in the main
study and one in the sub study) and three deaths in the group
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treated with ertapenem (two in the main study and one in the sub
study). None of these deaths was considered to be related to study
drug by the investigator, most were cardiovascular in nature and all
occurred aGer the antibiotic treatment had finished.

Outcome 7: Length of hospitalisation

Only Erstad 1997 reported on this outcome. The duration of
hospitalisation was longer in the group treated with ampicillin-
sulbactam (mean of 21.10 days (minimum-maximum: 6.00 to
58.00)) than in the group treated with cefoxitin (mean of 12.10
days (minimum-maximum: 4.00-39.00)), although this diEerence
was not statistically significant at conventional levels (P value 0.06)
it was very underpowered with only 36 participants.

Outcome 8: Ulcer healing

Only the Lipsky 1990 study reported this outcome; 40% of
participants treated with clindamycin and 33% participants treated
with cephalexin experienced wound healing (RR 1.20, 95% CI 0.59
to 2.46; 1 trial, 19 events).

Outcome 9: Recurrence of ulcer infection

Four studies reported on this outcome. Saltoglu 2010 noted that
two participants (6%) treated with imipenem had a relapse at the
end of two months of follow-up, while there were no relapses in the
group treated with piperacillin-tazobactam. In Bouter 1996, three
participants (13.6%) treated with imipenem-cilastatin developed
a recurrence but there were none in the group treated with
piperacillin-clindamycin. Grayson 1994 reported a recurrence rate
of 31.25% in episodes treated with imipenem-cilastatin compared
with 43.75% in episodes treated with ampicillin-sulbactam (RR
0.71, 95% CI 0.42 to 1.21; 1 RCT, 36 events; Analysis 9.5). In Lipsky
1990 there were eight cases (15.68%) of recurrence or persistence
of the ulcer infection during long-term follow-up, but the study did
not report how many were in each treatment group.

Outcome 10: Health-related quality of life

No study reported results on any measure of health-related quality
of life.

D I S C U S S I O N

This systematic review summarizes the available evidence on
the eEects of systemic antibiotic therapy for treating DFIs. The
review includes 20 randomised controlled trials with a total of
3791 participants with a DFI. The studies tested various antibiotic
agents, either singly or in combination, administered in a variety of
regimens to evaluate their eEectiveness for treating these diEicult
infections. The antibiotics used varied in the specific agent, the
route of administration and the duration of therapy. Furthermore,
the studies diEered in whether, and which, co-interventions of
various types were allowed. To help organise the data, we have
grouped the antibiotic agents into six large groups. We assessed
their eEectiveness based on the resolution of the clinical signs and
symptoms of the infection, as it is the presence of these clinical
findings that are used to define DFIs. It is diEicult to state what
overall rate of resolution of findings of infection should be expected
for DFIs, as this varies considerably and depends upon the severity
of infection of participants enrolled in the trial, the presence of
certain complications (such as concomitant bone infection) or co-
morbidities (such as severe arterial insuEiciency) and what the
trialists considered constituted resolution. Our analysis of the

results demonstrated that no one antibiotic treatment showed a
statistically significant clinical eEect over comparators, with the
exception of one trial that showed better results for patients
receiving ertapenem with or without vancomycin compared to
tigecycline in the clinical resolution of the infection (Lauf 2014).

Foot infections in people with diabetes are common and associated
with serious potential consequences, including impaired wound
healing, contiguous spread to deeper tissues, necessity for lower
extremity amputation, and, occasionally death. The advent of
antibiotic therapy in the late 1930s with sulpha drugs (Regan
1949), and in the early 1940s with penicillin (McKittrick 1946),
was associated with a marked reduction in lower extremity
(especially above the knee) amputations, as well as mortality.
Since then, many new antibiotic agents have been used to
treat these infections. Over the past few decades microbiological
studies, have revealed that aerobic Gram-positive cocci, especially
Staphylococcus aureus, are the most common pathogens in these
infections (IDSA 2012). More recent studies, however, have shown
that aerobic Gram-negative bacilli are common co-pathogens in
patients who have received antibiotic therapy or who live in hot
climates. Similarly, molecular microbiological techniques have
shown that obligate anaerobes can frequently be isolated from
polymicrobial infections. In the past decade, multidrug-resistant
bacteria, especially MRSA, but also highly resistant Gram-negative
bacilli, have become more common pathogens in DFIs. Thus,
many diEerent types of antibiotics have been investigated to see
which might be most eEective and safe for treating these dreaded
infections.

Summary of main results

The 20 studies that met our inclusion criteria were published
between 1990 and 2014. The investigations were almost exclusively
conducted in North American and European countries, and the
majority of enrolled patients were late middle-aged men. Most
subjects were treated as inpatients with intravenous antibiotic
therapy, at least initially. Thus, any conclusions we can draw
from this systematic review apply largely to patients with these
characteristics.

E?icacy of antibiotic treatment

A. Anti-pseudomonal penicillins

Although Pseudomonas aeruginosa is a relatively uncommon
pathogen in uncomplicated DFI, antibiotics active against this
organism are oGen preferred because it is isolated from selected
groups of patients. These include people who have recently
received antibiotic therapy (in whom P aeruginosa is selected
out by its resistance to many commonly used antibiotics) or
who live in hot climates in low-income countries (where it is
oGen the most common causative organism). Overuse of these
agents is a problem, however, because P aeruginosa is also a
common colonising organism, especially in patients treated with
some form of hydrotherapy, which exposes them to this water-
borne agent. Newer penicillins developed to be active against
P aeruginosa, as well as carbapenems, are the mainstays of
parenteral anti-pseudomonal treatment. Three trials included in
the review showed no significant diEerences of anti-pseudomonal
penicillins in achieving a clinical resolution of the infection or
avoiding amputations, when compared to piperacillin-tazobactam,
ticarcillin-clavulanate (Tan 1993), ampicillin-sulbactam (Harkless
2005), and, imipenem–cilastatin (Saltoglu 2010).
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B. Broad-spectrum penicillins

Broad-spectrum penicillins have activity against the most common
Gram-positive, Gram-negative (Enterobacteriaceae) and anaerobic
pathogens that cause DFIs. Thus, they are a popular choice
to use against these infections. Only one study compared
a broad-spectrum penicillin (ampicillin-sulbactam) to another
agents (cefoxitin, a second-generation cephalosporin) and found
no significant diEerence in clinical resolution of the infection,
reduction in the rate of amputations or length of hospitalisation for
DFIs (Erstad 1997).

C. Cephalosporins

Depending upon which generation is used, cephalosporins
generally have a similar spectrum of activity to their beta-lactam
relatives, the broad-spectrum penicillins. Some of the higher
generation agents are active against Pseudomonas species and
the newest fiGh-generation agents have also been formulated to
have activity against MRSA. Again, the two included studies showed
no diEerences between cephalosporins and other beta-lactam
antibiotics in the clinical resolution of infection (Clay 2004; Noel
2008a).

D. Carbapenems

Carbapenems generally have a very broad spectrum of activity.
Group 1 agents are active against most aerobic Gram-positive
bacteria (except MRSA) and most Gram-negative organisms (except
Pseudomonas species), while group 2 agents add coverage of non-
fermentative Gram-negatives, such as Pseudomonas species. The
available studies included in this review did not demonstrate
diEerences between carbapenems (the group 1 ertapenem or
group 2 imipenem-cilastatin) and anti-pseudomonal penicillins
(piperacillin-tazobactam, piperacillin plus clindamycin; Bouter
1996; Graham 2002a; SIDESTEP Study), or broad-spectrum
penicillins (ampicillin-sulbactam) in clinical resolution of DFIs
(Grayson 1994).

E. Fluoroquinolones

Fluoroquinolone antibiotics, which also are classified by
generation, are characterised by their broad-spectrum of activity
and good oral bioavailability. Our systematic review found that
third- or fourth-generation agents (levofloxacin and clinafloxacin
or moxifloxacin, respectively) do not diEer from anti-pseudomonal
penicillins in eEectiveness in clinical resolution of DFIs (Giordano
2005; Graham 2002b; RELIEF Study; Siami 2001). There is also
no evidence that fourth- (moxifloxacin) and second-generation
(ofloxacin) fluoroquinolones diEer from broad-spectrum penicillins
on the same outcome measurements (Lipsky 1997; STIC Study).
However, the study that compared ofloxacin with a broad-spectrum
penicillin (ampicillin-sulbactam) showed a significantly higher
proportion of participants treated with ampicillin-sulbactam who
required additional antibiotics because of non-improvement
(42 participants (79.40%) received gentamicin or trimetroprim-
sulfamethoxazole) than those treated with ofloxacin (5 participants
(9%) received metronidazole; Lipsky 1997). This diEerence in the
additional antibiotic requirement could have an impact in the
results observed for clinical resolution in this study.

F. Other antibiotics

In a large, well-designed study (sponsored by the manufacturers
of tigecycline), ertapenem with or without vancomycin showed

significantly better results than tigecycline in clinical resolution of
DFIs in patients with and without osteomyelitis at baseline (Lauf
2014). However, there were no diEerences in the risk of developing
septicaemia in the two patient groups.

Among other antibiotics with varied antimicrobial spectra, no
diEerences in clinical resolution of infection were found in the
following comparisons: daptomycin versus vancomycin (each of
which is usually selected for its activity against MRSA); linezolid
versus aminopenicillins combined with beta-lactamase inhibitors;
or, clindamycin versus cephalexin.

Four studies reported rates of patient mortality, but in only one was
the outcome related to the DFI; Bouter 1996 reported two cases
of infection-related mortality in patients treated with piperacillin-
clindamycin.

Only one study reported on length of hospital stay and found
no diEerences between participants treated with ampicillin-
sulbactam and those treated with cefoxitin (Erstad 1997). Similarly,
only one study reported on ulcer healing and found no diEerences
between participants treated with clindamycin and those treated
with cephalexin (Lipsky 1990). In four studies that reported on
recurrence of ulcer infection there were no statistically significant
diEerences between piperacillin-tazobactam and imipenem-
cilastatin (Saltoglu 2010), imipenem-cilastatin and piperacillin-
clindamycin (Bouter 1996), imipenem-cilastatin and ampicillin-
sulbactam (Grayson 1994), or clindamycin and cephalexin (Lipsky
1990). No study reported data on health-related quality of life.

Safety of antibiotic treatment

A. Anti-pseudomonal penicillins

In one study there was no diEerence in the rate of
treatment-related adverse events between an anti-pseudomonal
penicillin (piperacillin-tazobactam) and a broad-spectrum
penicillin (ampicillin-sulbactam; Harkless 2005). In another,
more participants treated with piperacillin-tazobactam developed
adverse events (hepatotoxicity and nephrotoxicity) compared to
those treated with a carbapenem (imipenem-cilastatin; Saltoglu
2010), but this diEerence was based on only 12 events and was not
statistically significant.

B. Broad-spectrum penicillins

One study reported no diEerences between ampicillin-sulbactam
and cefoxitin (a cephalosporin) in the rate of adverse events, all of
which were of minor clinical importance (Erstad 1997).

C. Cephalosporins

The one study that reported on the safety of antibiotic treatment
noted no adverse events in either study group (ceGriaxone plus
metronidazole versus ticarcillin-clavulanate; Clay 2004).

D. Carbapenems

Carbapenems, either alone or combined with an anti-pseudomonal
agent, were associated with fewer cases of diarrhoea than
piperacillin-tazobactam (anti-pseudomonal penicillin; Bouter
1996; SIDESTEP Study). However, no diEerences in adverse
events were found when a carbapenem (imipenem-cilastatin) was
compared with a broad-spectrum penicillin (ampicillin-sulbactam;
Grayson 1994).

Systemic antibiotics for treating diabetic foot infections (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

19



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

E. Fluoroquinolones

No study reported data on adverse eEects for third- or fourth-
generation fluoroquinolones. One study reported no diEerences
in the rate of adverse events between ofloxacin (a second-
generation fluoroquinolone) and ampicillin-sulbactam (a broad-
spectrum penicillin; Lipsky 1997).

F. Other antibiotics

Daptomycin was associated with a statistically significant 39%
reduction in the rate of adverse events compared to vancomycin or
a semi-synthetic penicillin (Arbeit 2004). Linezolid was associated
with a 16% increase in the rate of adverse events compared to
ampicillin-sulbactam, especially diarrhoea, nausea and anaemia
(Lipsky 2004). Tigecycline was associated with a significantly higher
rate of adverse events (47%), most frequently nausea and vomiting,
compared to ertapenem with or without vancomycin (Lauf 2014).
There were no diEerences in the rate of adverse events between
participants treated with clindamycin versus cephalexin (Lipsky
1990).

Overall completeness and applicability of evidence

The applicability of these results is limited, as interpreting the
available studies is hampered by heterogeneity in their design, the
use of many diEerent antibiotic regimens and the failure to report
many key outcomes. Thus, we are not able to determine whether
any one antibiotic agent or regimen for treating DFI is better or safer
than any other, with the exception of tigecycline being significantly
less eEective than ertapenem (with or without vancomycin).

Quality of the evidence

We consider the overall quality of evidence on which this review is
based to be low. While the quality of the studies varied, almost all
had limitations in their design or execution, or both, that limited
confidence in their eEect estimates. Most importantly, a blinded
outcome assessment should have been conducted for the main
outcome of treatment, considering that both the diagnosis of
infection and its resolution require a judgement by the investigator
of the clinical signs and symptoms. Such a blinded assessment
was only completed in nine of the 20 included trials (Arbeit 2004;
Clay 2004; Graham 2002a; Grayson 1994; Lauf 2014; Lipsky 1990;
Noel 2008a; RELIEF Study; SIDESTEP Study), while in two the
assessment was by an unblinded person (Graham 2002b; STIC
Study). In addition, only about one-third of the studies accurately
concealed the randomisation sequence for assigning participants
to one of the study treatments (Grayson 1994; Lauf 2014; Noel
2008a; RELIEF Study; Saltoglu 2010).

Our confidence in the eEect estimates obtained in the review
was also diminished by the heterogeneity (inconsistency) of
the body of evidence assessed. The 20 trials included had 16
diEerent comparisons of a variety of types of antibiotics. The
antibiotic regimens diEered in terms of class of drugs, spectrum
of antibacterial activity, dosages, routes of drug administration,
and duration of treatment. Furthermore, they diEered in which,
if any, antibiotic co-interventions could be administered. Finally,
outcomes assessed varied and were categorised at diEerent time
points aGer the end of antibiotic therapy.

Most antibiotics were compared in single trials with a range of
diEerent controls. The limited sample size in the majority of

included trials made the possibility of detecting clinically important
diEerences impossible and for every comparison diEerences in
benefits and harms cannot be ruled out.

It is remarkable that all but two of the trials received funding from
pharmaceutical industry-sponsors of at least one of the agents
compared in the study. This is an important issue as a Cochrane
Review found that industry sponsored drug and device studies are
associated with more favourable results and positive conclusions
than studies sponsored by other sources (Lundh 2012).

Potential biases in the review process

To minimize the ever-present risk of publication bias we conducted
an exhaustive search in numerous databases and tried to locate
grey literature. Nevertheless, we cannot exclude the possibility that
publication bias aEected the papers we were able to find. The
low number of studies included in the meta-analysis precluded
the realization of a funnel plot or a statistical test to explore the
presence of publication bias.

Agreements and disagreements with other studies or
reviews

Several other researchers and scientific organisations have
investigated whether there is an optimal antibiotic treatment for
DFI. A systematic review published in 2008 by members of the
International Working Group on the Diabetic Foot (IWGDF) assessed
the eEectiveness of treatments for diabetic foot osteomyelitis
and concluded that no data supported the superiority of any
particular route of delivery of systemic antibiotics or informed
the optimal duration of antibiotic therapy (Berendt 2008). Four
years later the same organization conducted a systematic review
of all interventions in the management of infection in the diabetic
foot, and specifically considered antibiotic treatment (Peters 2012).
The review included 11 randomised controlled trials (RCTs) with
data on antibiotic therapy for skin and soG-tissue DFIs without
bone involvement and found no significant benefit for any specific
antibiotic agent, route of administration or duration of treatment.
Seven additional RCTs that contained data on infections with
bone involvement also reported no diEerences between treatment
regiments, except in one trial. The IWGDF review also included the
study by Erstad 1997, for which the authors referred to the P value
reported by the primary study, but did not report an eEect estimate.
In our review, we re-calculated the eEect estimate from the data
provided by the primary study, and obtained a relative risk with a
95% confidence interval that included the null value 1.

A previous review of eight trials investigated antibiotics for DFI
(Nelson 2006a). The authors considered that the available trials
were underpowered and too dissimilar to be pooled and concluded
there was no strong evidence for recommending any particular
antimicrobial agent for the prevention of amputation, resolution
of infection, or ulcer healing. Crouzed 2011 reported a 'critical
review' of RCTs on antibiotic therapy for DFI focusing on study
quality and endpoints. AGer reviewing 14 papers that met their
inclusion criteria they concluded that “discrepancies in study
design, inclusion criteria, statistical methodology, and the varying
definitions of both clinical and microbiological endpoints between
the published studies, make it diEicult to compare them, as well
as to determine which regimen may be the most appropriate for
patients with diabetic foot infection.”
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Our conclusions are in broad agreement with recommendations
made by clinical practice guidelines on the management of
diabetic foot infections. In general, these guidelines conclude
that the evidence is insuEicient to make recommendations
on any particular antibiotic treatment (International Working
Group Diabetic Foot 2011; IDSA 2012; NICE 2011). All guidelines
recognize the need to start with empirical antibiotic therapy
based on infection severity until the results of microbiological
culture are available, which will allow a change to a more
specific regimen, when needed (CDA 2013, International Working
Group Diabetic Foot 2011; IDSA 2012; NICE 2011). They
also suggest using antibiotics with activity against Gram-
positive organisms for mild infections (CDA 2013; International
Working Group Diabetic Foot 2011; IDSA 2012; NICE 2011).
The CDA 2013 suggests that for localized infections that are
not limb or life-threatening clinicians can use oral antibiotics,
such as cloxacillin, cephalexin, trimetroprim-sulfamethoxazole,
clindamycin, amoxicillin-clavulanate, linezolid or doxycycline.
The IDSA 2012 guideline suggests that these antibiotics should
also be used for moderate infections, while the NICE 2011
guideline, recommends also covering Gram-negative organisms
and anaerobic bacteria.

In case of severe infections, IDSA, IWGDF and NICE recommend
covering Gram-positive and Gram-negative (including anaerobic)
bacteria. IDSA suggests that it is usually unnecessary to target
Pseudomonas aeruginosa except for patients with known risk
factors for infection with this organism. All guidelines also suggest
empirically covering MRSA only in patients with a prior history
of MRSA infection (or colonisation), where there is a high local
prevalence of MRSA colonisation or infection, or in cases of
clinically severe infection.

The IDSA 2012, International Working Group Diabetic Foot 2011,
and NICE 2011 guidelines also point that the route of therapy
should depend on the severity of infection: intravenous therapy
should be used for all severe and some moderate infections,
switching to oral agents when the patient is systemically well and
culture results available. Oral antibiotics can be used for most mild,
and many moderate, infections.

With regard to the duration of antibiotic treatment, the IDSA 2012
suggests an initial antibiotic course for soG-tissue infections of
about one to two weeks for mild infections and two to three weeks
for moderate to severe infections.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

While uninfected ulcers should not be treated with antibiotics,
people with diabetes and infections of the foot require systemic
antibiotic therapy (IDSA 2012). The initial antibiotic regimen
is usually selected empirically, and it may be modified later
depending on culture results and the patient’s clinical response
to the selected regimen. The selection of empirical therapy
should be based on several key factors, such as: the severity of
the infection; information from any recent culture results; any
recent previous antibiotic treatments; any history of meticillin-
(methicillin) resistant Staphylococcus aureus (MRSA) colonisation
or infection; the presence of known risk factors for Pseudomonas

aeruginosa infection (high local prevalence, warm climate, chronic
exudative wounds, previous antibiotic treatment); local prevalence
of antibiotic-resistant micro-organisms; patient history of allergic
reactions to antibiotic agents; and, presence of renal or hepatic
impairment (IDSA 2012).

The findings of our systematic review do not show that any
specific systemic antibiotic agent or regimen is associated with
better results over comparators in terms of clinical resolution of
infection, or other end-points. Only one trial (at low risk of bias)
identified a diEerence in the risk of clinical resolution of infection
between two regimens. In this non-inferiority trial the proportion
of participants whose infection resolved was significantly higher
with ertapenem treatment (with added vancomycin if MRSA was
isolated) than with tigecycline. In addition, participants treated
with tigecycline experienced higher rates of adverse events. In the
absence of diEerences among the various agents and regimens
in terms of eEectiveness, clinicians should take into account the
diEerences in the safety profile shown in some of the included
studies. Unfortunately, the quality of the evidence is low, due
to limitations in the design of included trials and the important
diEerences between them in terms of the diversity of antibiotics
assessed, duration of the treatments, and the time points at which
the outcomes were assessed.

Implications for research

Although we included a considerable number of trials in this review,
we detected great variability in their characteristics, mainly related
to the drugs and regimens compared. Any further study in this
field should use standardised criteria to classify infection severity,
clearly define the outcome measures, establish the duration of
treatment and report both short- and long-term outcomes. The
outcomes assessed in these studies should prioritise clinically
important issues (e.g. clinical resolution of infection, development
of complications such as osteomyelitis or amputation) over other
less important outcomes, for decision-making. All these issues
merit further investigation with methodologically sound trials
with at least a blinded assessment of the study outcomes and
a complete reporting of outcome data. Other additional relevant
issues to address could include assessment of the eEectiveness
of the drugs in selected subgroups of patients (e.g. patients with
diEerent severities of infection, with or without bone involvement)
and cost-eEectiveness of diEerent drugs. Finally, any primary study
or review of antibiotic therapy must now consider the current crisis
of growing antibiotic resistance worldwide, as well as the increasing
costs of health care.
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Characteristics of included studies [ordered by study ID]

 

Methods Design: 2 identical multicentre, international, phase III randomised trials; non inferiority trial

Follow-up period: 28 days

Participants N: 1092

For the diabetic participants subgroup, the data came from Lipsky 2005: N:133

Sex (%male): 54%

Age (mean): Intervention Group: 60 years; Control Group: 63 years

Inclusion criteria: people with diabetes; between the ages of 18-85 years; requiring hospitalisation for
an infected ulcer that was known or suspected to be caused by a Gram-positive organism (based on a
Gram-stained smear)
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Exclusion criteria: minor or superficial skin infections; uncomplicated cellulitis; myositis; multiple in-
fected ulcers at distant sites; infected third-degree burn wounds; osteomyelitis; known bacteraemic
shock; hypotension, or any disorder that could interfere with the treatment evaluation; pregnancy; in-
fection due to an organism known to be resistant to any study drug; < 40 kg in weight; hypersensitivity
reaction to study drugs; haemodialysis or peritoneal dialysis; impaired renal function (creatinine clear-
ance < 30 mL/min); immunosuppression; serum creatine phosphokinase > 50% above the upper limit
of normal; statin use; systemic antibiotic treatment for more than 24 h within the previous 48 h (unless
the infecting Gram-positive organism was resistant to that therapy, or it was clinically ineffective)

Interventions Intervention (n = 61): daptomycin 4 mg/kg iv every 24 h over 30 minutes

Control (n = 72): preselected comparator (previous to randomizations) based on the investigator’s
assessment of the participant’s likelihood of infection with MRSA: either vancomycin 1 g iv every 12 h
over 60 minutes or a semi-synthetic penicillin (nafcillin, oxacillin, cloxacillin or flucloxacillin, according
to the investigator’s choice)

The investigator could add aztreonam to cover Gram-negative bacteria if they were suspected or
proven to be part of a polymicrobial infection, or metronidazole to cover possible or proven infection
with obligate anaerobic bacteria

Treatment duration: 7-14 days

Outcomes Primary outcome

• Rate of clinical success in treating the diabetic foot infection

Secondary outcome

• Rate of microbiological success in eradicating the causative pathogen(s)

Notes Funding source: Cubist Pharmaceuticals (makers of daptomycin); 4 authors were employees of Cubist
Pharmaceuticals, and the other was an investigator for Cubist clinical trials

Other: no sample size calculation. This was a subgroup analysis of another RCT

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Described as a randomised study, but no information provided about the se-
quence generation

Allocation concealment
(selection bias)

Unclear risk No information provided

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 30 participants were not clinically evaluable (22.5%) with no differences be-
tween the study groups. The reasons were not explained

Selective reporting (re-
porting bias)

Low risk All outcomes mentioned in the methods section were also reported in results
section.

Other bias High risk This study was a subgroup analysis of another study so it was not big enough
to identify differences between the comparison groups. The original study re-
cruited 1092 participant with a power of 80% to detect non-inferiority

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No information provided

Arbeit 2004  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk A blinded investigator categorized the clinical outcome

Arbeit 2004  (Continued)

 
 

Methods Design: RCT, 1 centre (the Netherlands)

Follow-up period (mean): follow-up until completion of antibiotic therapy (mean of 23.6-24.3 days)

Participants N: 46 participants randomised

Sex (%male): 43.5%

Age (mean(SD)): 71.4 years (9.8)

Inclusion criteria: participants hospitalised for diabetic foot lesions; Wagner stages II, III or IV; an-
kle/brachial index of at least 0.45; and normal renal and liver function

Exclusion criteria: hypersensitivity to the study drugs; having received antimicrobial therapy effective
against the infecting pathogens within the 48 h before enrolment; high probability of death within 48 h;
infection with Xanthomonas maltophilia or other micro-organisms resistant to the study drugs

Interventions Intervention (n = 22): imipenem/cilastatin 500 mg iv every 6 h

Control (n = 24): piperacillin 3000 mg iv every 6 h plus clindamycin 600 mg iv every 8 h. In case of
chronic osteomyelitis, antibiotic therapy was continued with oral quinolone (ciprofloxacin 500 mg or
ofloxacin 400 mg every 12 h) and/or clindamycin 600 mg every 8 h depending on culture results

Treatment duration: minimum of 10 days. Mean duration of antibiotic treatment 23.6 days for imipen-
em-cilastatin group and 24.3 days for piperacillin + clindamycin group

Outcomes • Clinical response after completion of antibiotic therapy

• Adverse effects

• Infection-related mortality

Notes Funding source: not described

Other: no sample size calculation

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated table of random numbers

Allocation concealment
(selection bias)

Unclear risk No details provided

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk  

Selective reporting (re-
porting bias)

Low risk All outcomes in mentioned in the methods section were also reported in re-
sults section. Primary outcome not described

Bouter 1996 
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Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Described as 'open'

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No details provided. Attempt to contact authors was unsuccessful

Bouter 1996  (Continued)

 
 

Methods Design: open-label RCT, 1 centre (USA)

Follow-up period: not defined

Participants N: 70 participants randomised

Sex (%male): 100%

Age (mean): 63.8 years (10.8)

Inclusion criteria: ≥18 years; with type 1 or 2 diabetes mellitus and clinical diagnosis of a diabetic low-
er extremity infection (i.e. at least 2 of the following: local heat, purulent drainage from a wound, ery-
thema, fever and stage 1, 2 or 3 ulcer severity using the Wagner scale)

Exclusion criteria: bone involvement (osteomyelitis); hypersensitivity to the study antibiotics; having
received iv antibiotic for > 24 h immediately before study enrolment; uncontrolled use of oral antibi-
otics before hospitalisation; neutropenia (≤1000/mm3); thrombocytopenia (≤ 50.000/mm3)

Interventions Intervention (n = 36): metronidazole 1 g + ceftriaxone 1 g iv over 90 minutes once a day

Control (n = 34): ticarcillin/clavulanate 3.1 g over 30 minutes every 6 h

Treatment duration (mean, SD): Intervention Group: 6.7 days (3.3); Control Group: 6.1 days (4.3)

Outcomes • Treatment success at or before 96 h and at the end of the study (or at discharge or a change to oral
antibiotics)

• Adverse events

• Costs

Notes Funding source: the trial received a grant from Roche Pharmaceuticals and,one of the study authors
was an employee of Cubist Pharmaceutical.

Other: sample size calculation not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated schedule

Allocation concealment
(selection bias)

Unclear risk No data provided

Clay 2004 
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No deviations described.

Selective reporting (re-
porting bias)

Unclear risk Safety not clearly reported

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Described as open label

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The final treatment outcome was based on the non-study provider's discharge
assessment of the efficacy of study treatment

Clay 2004  (Continued)

 
 

Methods Design: double blind, RCT; 1 centre (USA)

Follow-up period: 5 days

Participants N: 36 participants randomised

Sex: not described

Age (mean): Intervention Group: 60.7 years; Control Group: 57.8 years

Inclusion criteria: ≥18 years; insulin or non insulin-dependent diabetes; followed by the Vascular
Surgery Service; at least Grade 1 (own classification) foot infection (cellulitis, no skin break); without
antimicrobial therapy within the previous 4 days

Exclusion criteria: hypersensitivity to penicillin or cephalosporins; creatinine clearance < 15 mL/
minute; history of drug or alcohol abuse; concomitant infection at a site other than the foot; imminent-
ly terminal illness; neutropenia (< 1500/m3); pregnancy or breastfeeding

Interventions Intervention (n = 18): ampicillin/sulbactam 3 g iv every 6 h

Control (n = 18): cefoxitin 2 g iv every 6 h

Treatment duration: at least 5 days. The maximum duration was leG to the discretion of the treating
surgeon

Outcomes • Successful treatment clinical outcome (cure or improvement)

• Bacteriological eradication

• Rate of amputation and revascularization

• Duration of hospitalisation

• Adverse events

Notes Funding source: Roerig Division, Pfizer Inc

Other: no sample size calculation performed

Risk of bias

Erstad 1997 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The study was described as randomised but the method used to generate the
allocation sequence was not described. Attempt to contact authors unsuccess-
ful

Allocation concealment
(selection bias)

Unclear risk Not described. Attempt to contact authors unsuccessful

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 3 participants (8%) did not complete 5-day treatment (1 from the interven-
tion group and 2 from control the group). Reasons explained. Intention to treat
analysis

Selective reporting (re-
porting bias)

Low risk Outcomes described in the methods were reported

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk The study was described as double blinded but no description of the methods
used

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk The authors did not describe who did the clinical evaluations and whether this
person was blinded

Erstad 1997  (Continued)

 
 

Methods Design: prospective, randomised, double-blind, multicentre phase IIIb non-inferiority trial

Follow-up period: 10-42 days post therapy

Participants N: 617 participants, only 78 participants had diabetic foot infections

For all study participants:

Sex (%male): 65%

Age (mean): 52.6 years

Inclusion criteria: hospitalised patients ≥18 years; with cSSI of bacterial origin based on Gram-strained
smear; need for 1 week of antibiotic therapy (complicated skin and skin structure infections included:
infected ischaemic ulcers, DFIs, infected decubitus ulcers, major abscesses, carbuncles, skin infections
requiring significant surgical intervention in addition to antimicrobial therapy, deep soG tissue infec-
tion, infection resulting from bites); with at least 3 of the following signs and symptoms: drainage or
discharge, erythema, fluctuance, heat or localised warmth, pain or tenderness, swelling or induration,
fever or leucocytosis or >15% immature neutrophils. Appropriate specimens obtained prior to initiation
of the study drug

Exclusion criteria: necrotizing fasciitis; Fournier’s gangrene; ecthyma gangrenosum; streptococcal
necrotizing fasciitis; streptococcal gangrene; clostridial necrotizing fasciitis or synergistic necrotizing
fasciitis; folliculitis or furunculosis; osteomyelitis if the infected bone was not resected; secondary in-
fections of a chronic skin disease; infections of prosthetic materials; when a surgical procedure alone
was considered the definitive therapy; uncomplicated infections; infected burns. Pregnancy or nurs-
ing; immunological compromise; hypersensitivity to the study drugs; renal insufficiency; need for
haemodialysis or peritoneal dialysis; severe hepatic insufficiency; electrocardiographic QTc prolonga-
tion; uncorrected hypokalaemia; seizure disorder; fluoroquinolone-associated tendinopathy. Having

Giordano 2005 
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received antibiotics within 3 days of study enrolment for a dosing duration of > 24 h or if concomitant
systemic antibiotic therapy was needed for treatment of another infection

Interventions Intervention (n = 37): moxifloxacin 400 mg iv once daily for 3 days followed by oral moxifloxacin 400
mg once daily

Control (n = 41) : piperacillin-tazobactam 3.0 g/0.375 g iv every 6 h for 3 days, followed by amoxi-
cillin-clavulanate 800 mg every 12 h

Treatment duration: 7-14 days

Outcomes Primary outcome

• Clinical response rate

Secondary outcomes

• Bacteriological response rate

• Safety and tolerability

Notes Funding source: supported by Bayer Pharmaceuticals Corporation, 4 authors were employees of Bayer

Other: sample size calculation not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Described as randomised, but the methods used were not detailed

Allocation concealment
(selection bias)

Unclear risk Not described

Incomplete outcome data
(attrition bias) 
All outcomes

High risk The efficacy-valid populations consisted only of 40% of the randomised partic-
ipants. The most common reasons for excluding subjects were: use of prohibit-
ed therapy; concomitant or post-therapy antibiotics; insufficient treatment du-
ration; essential data missing; and, lost to follow-up. The proportion of partici-
pants for each reason was similar in both groups. No sample size calculation

Selective reporting (re-
porting bias)

Low risk The trial report presented results on all outcome measures that were pre-
specified in the methods section as relevant

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk The study was double-blinded and double-dummy but the method used to as-
sure the blinding was not described

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not described

Giordano 2005  (Continued)

 
 

Methods Design: randomised double-blind, multicentre, clinical trial of equivalence
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Follow-up period: 10-21 days after completing antibiotic therapy

Participants N: 540 participants randomised, 98 of whom had a diabetic foot infection

For all study participants:

Sex (%male): 351 (65%)

Age (mean, SD): Intervention Group 48.7 years (16.5); Control Group: 48 years (17.4)

Inclusion criteria: men and women ≥18 years; with cSSSIs requiring parenteral antimicrobial therapy;
signs and symptoms of acute (in the absence of chronic) infection or indwelling foreign material. Surgi-
cal drainage had to have been completed ≤ 48 h after initiation of therapy

Patients recently treated with antimicrobial therapy for > 24 h could be enrolled if there was clinical ev-
idence of treatment failure after ≥ 3 days of therapy and if the pathogen was susceptible to both study
drugs. Polymicrobial infections with resistant pathogens could remain in the study at investigator’s dis-
cretion if ≥ 1 of the isolated organisms was susceptible to both study drugs

Exclusion criteria: pregnancy; lactation; allergy or intolerance to any beta-lactam (except to mild
rash); progressive or terminal illness; immunosuppressive therapy; AIDS; infected burn wounds; necro-
tizing fasciitis; osteomyelitis; septic arthritis; gangrene or need for amputation; deep-vein thrombo-
sis; current treatment with other systemic antimicrobials; other concurrent infection; undergoing renal
dialysis; infection with a pathogen known to be resistant to either of the study medications; > 24 h of
systemic antimicrobial therapy during the 72 h before study; specified abnormal laboratory test results

Interventions Intervention (n = 53): ertapenem 1 g iv once daily

Control (n = 45): piperacillin-tazobactam 3.4 g iv every 6 h

Treatment duration: 7-14 days

Outcomes Primary outcome

• Clinical response: proportion of participants with an investigator assessment of 'cure' at the TOC as-
sessment (10-21 days after the completion of study therapy)

Secondary outcomes

• Microbiologic response

• Adverse events

Notes Funding source: supported by Merck & Co, 4 study authors were employees of Merk and Co

Other: sample size calculation reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Described as randomised but the sequence generation was not described

Allocation concealment
(selection bias)

Unclear risk No information provided

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Only 32% and 34% of randomised participants in each group were clinical-
ly evaluable. Reasons for exclusions were not clearly reported. The results of
analyses of 'modified intention to treat' and 'only clinically evaluable patients'
groups did not show many differences

Graham 2002a  (Continued)
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Selective reporting (re-
porting bias)

Low risk All the outcomes described in the methods sections are reported in the results
section

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The ertapenem group also received placebo infusions of saline every 6 h

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The outcome assessors were the investigators

Graham 2002a  (Continued)

 
 

Methods Design: Multicentre, international, RCT. Designed as a non-inferiority study

Follow-up period: 3–4 weeks after completion of therapy

Participants N: 400 participants randomised, only 67 of whom had a diabetic foot infection

For all study participants:

Sex (%men): 243 (61%)

Age (mean): Intervention Group: 51.9 years; Control Group: 49.8 years

Inclusion criteria: men and women ≥18 years; with bacterial SSSI in the presence of a complicating
factor (pre-existing skin lesions or underlying conditions that adversely affected the immunologic or
tissue-healing response or the delivery of drug to the infected area); with at least 2 of the following
signs and symptoms: pain, swelling, erythema or induration. Multiple skin sites of infection permit-
ted unless multiple infected ulcers at distant sites (the most severely affected side was chosen for the
study)

Exclusion criteria: furuncles; simple abscesses or minor superficial infections not warranting systemic
antimicrobial therapy; cellulitis not associated with complicating factors; multiple infected ulcers at
distant sites; conditions for which surgery alone is curative or removal of the infected site (amputa-
tion); conditions that required emergent surgical intervention; perirectal abscess or hidradenitis sup-
purativa; myositis not associated with SSSI; osteomyelitis; burn wound infections; micro-organism re-
sistance; use of non-study antimicrobial regimen or topical antimicrobial; prior systemic antimicrobial
therapy > 24 h in the 48 h prior to admission; shock; hypotension or oliguria; neutropaenia; HIV infec-
tion with ≤ 200 CD4; creatinine clearance < 30 mL/minute; pregnancy or lactation; seizure disorders;
unstable psychiatric disorder; underweight (≤ 40 kg); allergy; prior treatment with any investigational
agent in the 30 days before

Interventions Intervention (n = 36): levofloxacin 750 mg iv or po every 24 h

Control (n = 31): ticarcillin-clavulanate 3.1 g iv every 4-6 h. Switched to oral amoxicillin-clavulanate
875 mg every 12 h at the investigator’s discretion

Treatment duration: 7-14 days

Outcomes Primary outcome

• Clinical efficacy (2-5 days after completion of therapy)

Secondary outcomes

Graham 2002b 
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• Microbiological efficacy

• Safety

Notes Funding source: supported by Johnson & Johnson Research and Development, 2 authors were em-
ployees of Johnson & Johnson

Other: sample size calculation not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Described as randomised. No details provided. Stratified by centre

Allocation concealment
(selection bias)

Unclear risk Described as randomised but no specific details provided

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 33% of total sample not evaluable. The reasons varied between the treatment
groups: twice as many participants were not evaluable as lost to follow-up in
Control group. Twice as many participants not evaluable for insufficient course
of therapy in the Intervention group. More than 3 times as many non-evalu-
able participants for effective concomitant therapy in the Control group. With-
drawals with no data available: 7 participants in Intervention group and 20 in
the Control

Selective reporting (re-
porting bias)

Low risk The outcomes described in methods section were the same as those reported
in results section

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label study

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Investigators assessed outcomes

Graham 2002b  (Continued)

 
 

Methods Design: double-blind, single-centre (USA), randomised, non-inferiority trial

Follow-up period: 13 weeks

Participants N: 93 participants with 96 infection episodes randomised

Sex (%male): 72%

Age (mean): 60 years

Inclusion criteria: adults with diabetes mellitus and limb-threatening infection involving the lower ex-
tremity, who required hospitalisation

Exclusion criteria: hypersensitivity to beta-lactam antibiotics; requirement for other antibiotic treat-
ment; plasmatic creatinine ≥ 3.5 mg/dL; pregnancy; severe illness with probability of death within 48 h;

Grayson 1994 
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immune depression; participation in a clinical study of an investigational drug; recently received antibi-
otic therapy with a similar antimicrobial spectrum

Interventions Intervention (n = 47 participants, 48 infection episodes): ampicillin-sulbactam 2 g/1 g iv every 6 h

Control (n = 46 participants, 48 infection episodes): imipenem-cilastatin 500 mg iv every 6 h

Treatment duration (mean (SD)): Intervention Group: 13 (6.5) days; Control Group: 15 (8.6) days

Outcomes • Clinical resolution of infection

• Microbiological resolution of infection

• Amputations

• Recurrence of wound infection

• Adverse events

Notes Financial support: supported by Pfizer Pharmaceuticals

Other: sample size calculation performed and reached

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were assigned by the pharmacy to receive either intervention or
control on the basis of a computer-generated randomisation code

Allocation concealment
(selection bias)

Low risk The pharmacy assigned participants to receive one or other treatment

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Analysis was by episode unit and not by participant unit. 92 participants were
randomised (the trial publication reported 47 intervention vs 46 control). 5
participants were randomised twice because they experience more than one
infection during the study period. 9 protocol violations during the study (3 In-
tervention Group vs 6 Control Group; non-significant difference)

Selective reporting (re-
porting bias)

Unclear risk Main variables were not described in the methods section

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk The study is described as double-blinded but no specific details provided

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The clinical assessment was made in a blinded fashion by the study physicians

Grayson 1994  (Continued)

 
 

Methods Design: randomised, open-label, multicentre study

Follow-up period: 14-21 days

Participants N: 314 participants randomised

Harkless 2005 
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Age (median (min-max)): Intervention A: 62 years (26-101); Intervention B: 60.1 years (26-92)

Inclusion criteria: adults with diabetes mellitus; open infected foot ulcer that met the University of
Texas Grade IB, ID, IIB or IID classification of foot ulcers; at least 1 full-or partial-thickness infected ulcer
at or below the ankle and purulent drainage or 2 of the following: erythema, local oedema, fluctuance,
induration, increased local warmth or fever

Exclusion criteria: pregnancy or lactation; anticipated amputation within 2 months; need for topi-
cal antibiotics at the ulcer site or other systemic antibacterials; creatine clearance < 40 ml/min; renal
replacement therapy; requiring immunosuppressive drugs; hypersensitivity to penicillins; beta-lac-
tamase inhibitors or vancomycin; organism known or suspected to be resistant to study drugs; os-
teomyelitis; thrombocytopenia

Interventions Intervention A (n = 155): piperacillin-tazobactam 4 g/0.5 g iv every 8 h

Intervention B (n = 159): ampicillin-sulbactam 2 g/1 g iv every 6 h

Treatment duration: 4-14 days, maximum of 21 days. Vancomycin 1 g every 12 h to participants for
whom MRSA or MR-Staphylococcus epidermidis had been identified as an organism involved in the in-
fection

Outcomes Primary outcome

• Clinical success at day 4, 7, end-of treatment visit, TOC visit (14-21 days after the completion of ther-
apy)

Secondary outcomes

• Bacteriologic response rates

• Adverse events

Notes Funding source: Wyeth Pharmaceuticals; 3 authors were employee of Wyeth Pharmaceuticals

Other: sample size calculation performed but not reached

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Did not describe how the allocation sequence was generated. Attempt to con-
tact authors was unsuccessful

Allocation concealment
(selection bias)

Unclear risk Insufficient information to assess this domain. Attempt to contact authors un-
successful

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Sample size estimated at 150 participants per group, 314 participants were
randomised (155 vs 159) to the safety population. 294 participants were evalu-
able (139 vs 150) with some non-significant differences that could be unbal-
anced between groups (e.g. resistance to study drug: 6 (4.3%) vs 19 (12.7%);
29.7% and 31.4% in each group dropped out

Selective reporting (re-
porting bias)

Low risk The main outcome described in the methods section was described in the re-
sults

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label study

Harkless 2005  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Insufficient information to assess this domain. Attempt to contact authors was
unsuccessful

Harkless 2005  (Continued)

 
 

Methods Design: multicentre, international, phase III randomised non inferiority trial. The study contained a sub
study

Follow-up period: 25-27 weeks after last dose of antibiotic

Participants N of the main study: 955

N of the sub study: 118

Sex (main study; %male): 62.9 (tigecycline group); 67.5% (ertapenem group)

Age (mean; main study): 59 years

Inclusion criteria: hospitalised men and women; ≥ 18 years with diabetes mellitus; with a foot in-
fection that did not extend above the knee. Infections of a PEDIS infection grade from 2 to 4 and a
perfusion grade from 1 to 2, of acute onset or a worsening within 14 days prior; participants with os-
teomyelitis at baseline were not evaluable in the primary study but were included in the secondary
study

Exclusion criteria: participants receiving more than 48 h of a prior antibiotic treatment; necrotizing
fasciitis; crepitant cellulitis; wet gangrene; gas gangrene; ecthyma gangrenosum; or implanted pros-
thetic material or devices that were not to be removed; infection known or suspected to be caused by
a pathogen resistant to study drugs. Severely impaired arterial supply of the foot or requiring amputa-
tion within 1 month. Renal replacement therapy; plasmapheresis; hypersensitivity to study drugs; neu-
tropenia or immunosuppressive treatment; creatinine clearance < 30 mL/min; hepatic disease; lactat-
ing women or fertile women not using contraception

Interventions Intervention (n = 483): tigecycline 150 mg iv every 24 h ± placebo vancomycin

Control (n = 472): ertapenem 1 g iv every 24 h ± vancomycin

Treatment duration: 28 days for the main study and 42 days for sub study in participants with os-
teomyelitis

Outcomes Primary outcome

• Clinical response at TOC visit (12-92 days) in participants without osteomyelitis

Secondary outcomes

• Clinical response rate at TOC visit (25-27 weeks after last dose) in people with osteomyelitis (sub study)

• Microbiologic response of eradication at TOC visit (after 12 days)

Notes Funding source: sponsored by Pfizer Inc, 7 authors were employees of Pfizer

Other: sample size calculation not reported; the sub study was underpowered

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated. participants stratified by the presence or absence of os-
teomyelitis and by infection severity (grade 2-3 vs 4)

Lauf 2014 
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Allocation concealment
(selection bias)

Low risk Trans-telephonic randomizations

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Not ITT analysis: 11 participants did not receive the study drug and were not
considered in the analysis (MITT: Modified ITT) but there were no differences
between groups

Withdrawals were similar between groups and reasons reported

Selective reporting (re-
porting bias)

Low risk Available protocol: NCT00366249. Same outcomes as those reported in the
protocol

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Described as double-blinded. Dose adjustment was done by an unblinded dis-
penser at the request of the investigator at the investigational site’s standard
of care

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk A blinded investigator assessed the outcome

Lauf 2014  (Continued)

 
 

Methods Design: single-centred RCT, conducted in USA

Follow-up period: 3 months

Participants N: 56 participants randomised (intervention: 27; control: 29)

Sex (%male): 100%

Age (SE): Intervention Group: 59.4 years 2.3); Control Group: 62.7 years (2.4)

Inclusion criteria: people with diabetes mellitus; lower extremity infections not threatening to life; not
received systemic or topical antimicrobials within the preceding 2 weeks; all type of lesions

Exclusion criteria: systemic toxicity (high fever, hypotension, metabolic decompensation); infection
threatening to life or limb (extensive cellulitis, lymphangitis, or necrosis; gangrene; crepitus or gas in
tissues; presumed deep-space infection or osteomyelitis); unable to perform daily wound care; non-
compliance; unwilling to visit; allergy to study drugs.

Interventions Intervention (n = 27): clindamycin hydrochloride 300 mg po every 6 h

Control (n = 29): cephalexin 500 mg po every 6 h

Treatment duration: 2 weeks

Co-interventions: wound care with debridement and toenail removal if necessary

Outcomes • Clinical response

• Microbiological response

• Size of ulceration

Notes Funding source: Department of Veterans Affairs and a grant-in-aid from the Upjohn Company, Kalama-
zoo, Michigan, USA

Lipsky 1990 
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Other: sample size calculation not performed

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk A printed randomizations scheme was provided from the sponsor (Upjohn),
but no information was provided about sequence generation

Allocation concealment
(selection bias)

Unclear risk No information was provided

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 60 participants randomised (29 Control Group vs 27 Intervention Group). 4 par-
ticipants excluded (distribution between groups not reported)

Selective reporting (re-
porting bias)

Low risk Outcomes reported in methods section were reported in the results section.
Primary outcome not identified

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The physician investigators, who were blinded to the antibiotic regimen, de-
termined the outcome of the infection

Lipsky 1990  (Continued)

 
 

Methods Design: randomised controlled trial, multicentre (12 centres), national (USA)

Follow-up period: not described

Participants N: 180 participants randomised

Age (mean (range)): 61.5 years (31-90)

Sex (%men): 84%

Inclusion criteria: ≥18 years; diabetes mellitus; foot infection requiring antibiotic therapy; purulent
drainage or erythema or swelling

Exclusion criteria: osteomyelitis if all of the infected bone was not to be removed soon; presence of
micro-organisms resistant to the study drugs; underweight; seizures; major psychiatric disorder; preg-
nancy or lactation; renal replacement therapy; poor prognosis; antibiotic 48 h before study; antibiotic
for any other reason; allergy to study drugs

Interventions Intervention (n = 55): ofloxacin 400 mg iv every 12 h. Changed when appropriate to ofloxacin 400 mg
po every 12 h

Control (n = 53): ampicillin-sulbactam 1-2 g/0.5-1 g iv every 6 h (initial dose depended on severity).
Switched to amoxicillin-clavulanate 500 mg/125 mg po every 8 h when appropriate

Lipsky 1997 
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Co-interventions: wound care; additional antibiotic could be added if participant did not respond:
in Intervention Group metronidazole added (n = 5); in Control Group, gentamicin, trimethoprim-sul-
famethoxazole or another (n = 42)

Treatment duration: 14-28 days

Outcomes • Clinical response

• Microbiological response

• Adverse events

• Superinfection

Notes Funding source: Department of Veterans Affairs and the Robert Wood Johnson Pharmaceutical Re-
search Institute

Other: no sample size calculation

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Described as randomised but the sequence generation was not described

Allocation concealment
(selection bias)

Unclear risk No information reported

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 19% of participants excluded with no balanced reasons. No ITT analyses

Selective reporting (re-
porting bias)

Unclear risk No data on superinfection. Author contacted and no data available

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Initial dose of ampicillin-ofloxacin chosen by investigator

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No information reported

Lipsky 1997  (Continued)

 
 

Methods Design: RCT, multicentre (45 centres), international

Follow-up period: 15 to 21 days after treatment completed

Participants N: 371 participants randomised

Sex (%male): 69%

Age (mean (SD)): Intervention Group: 63 years (12); Control Group: 62 years (13)

Lipsky 2004 
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Inclusion criteria: men and women ≥ 18 years; with diabetes mellitus (American Diabetes Association
definition) with food infection (≥1 of the following: cellulitis, paronychia, infected ulcer, deep soG-tis-
sue infection, septic arthritis, abscess, osteomyelitis). Could have been debrided

Exclusion criteria: amputation of all infected tissue; critical ischaemia in the affected limb unless re-
vision from vascular surgeon; wound with prosthesis infection requiring > 28 days of antibiotics; exten-
sive gangrene; antibiotics > 72 h in the week before; need of additional antibiotic; renal failure; neu-
tropenia; pregnancy-lactation; allergy to study drugs.

Interventions Intervention (n = 241): linezolid 600 mg iv or po every 12 h

Control (n = 120): ampicillin-sulbactam 1.5-3 g iv or po every 6 h or amoxicillin-clavulanate 500mg-875
mg iv or po every 8-12 h. Addition of vancomycin (1 g iv every 12 h) if MRSA suspected

Treatment duration:≥ 7 days and ≤ 28 days

Co-interventions: switch to aztreonam (1-2 g iv every 8-12 h) if Gram-negative pathogens suspected
(5% Intervention Group vs 2.5% Control Group)

Outcomes • Clinical response (cure, improvement, failure, missing intermediate)

• Safety

Notes Funding source: Pharmacia Corporations and Department of Veterans Affairs; Pfizer

Other: sample size calculation not performed

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Described as randomised 2:1 ratio, but no details provided

Allocation concealment
(selection bias)

Unclear risk No details provided

Incomplete outcome data
(attrition bias) 
All outcomes

High risk No ITT analysis. 16% vs 10% participants withdrew, reasons no reported

Selective reporting (re-
porting bias)

Low risk The outcomes reported in the methods were the same reported in results

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label trial

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No data reported

Lipsky 2004  (Continued)

 
 

Methods Design: multicentre (129 sites), international, RCT,non-inferiority trial

Noel 2008a 
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Follow-up period: 7-14 days after the end of therapy

Participants N: 828 participants randomised, 257 with DFI

For all study participants:

Sex (male): Intervention Group: 63%; Control Group 64%

Age (mean): Intervention Group: 52.9 years; Control Group: 51.9 years

Inclusion criteria: ≥18 years with complicated SSSI. SSSI was defined as an infection involving subcu-
taneous tissues or requiring surgery that required iv therapy, along with one or more of the following:

• infection 30 days after surgery or trauma (including partial thickness burns over < 10% body surface),
with purulent drainage or ≥ 3 symptoms (temperature > 38 ºC, swelling, erythema ≥ 10mm, pain or
tenderness);

• abscess (without open wound) in the 7 days before with purulent drainage or aspirate and loculated
fluid requiring intervention in within 48 h and with erythema and/or induration of ≥ 20 mm or with
tenderness;

• cellulitis for 7 days before, with oedema, erythema or induration and 1 symptom (fever for 3 days

before, WBC ≥ 10 x 109 cells/L or ≥ 10% bands, lymphangitis and adenopathy);

• in diabetic participants, a foot infection consisting of infra-malleolar full-skin-thickness ulcer, celluli-
tis, myositis or tendonitis with ≥3 symptoms (swelling, erythema, tenderness or increased skin tem-
perature).

Exclusion criteria: foreign body infection; osteomyelitis; critical limb ischaemia; septic arthritis

Interventions Intervention (n = 168): ceftobiprole 500 mg for 120 minutes iv every 8 h

Control (n = 89): vancomycin 1000 mg iv every 12 h and ceftazidime 1000 mg iv every 8 h

Empirical metronidazole for 48 h at discretion depending on culture results: used in 22 and 17 partici-
pants in the Intervention and Control Groups respectively

Treatment duration: 7-14 days

Outcomes Principal outcome

• Clinical cure rate at TOC visit (7-14 days after the end of therapy)

Secondary outcomes

• Microbiological eradication rate at the TOC visit

• Safety and tolerability

Notes Funding source: Johnson & Johnson Pharmaceutical Research and Development. All study authors
were employees of the funding company

Other: sample size calculation not performed

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was done via a central interactive voice response system

Allocation concealment
(selection bias)

Low risk Randomization was done via a central interactive voice response system

Noel 2008a  (Continued)
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 8% and 10% of participants of each group did not complete the trial. The most
common reason for not completing the trial was loss to follow-up, which oc-
curred for 3% of participants in both groups. The results of the evaluable par-
ticipants' analysis were not different from the ITT analysis

Selective reporting (re-
porting bias)

Unclear risk 2 secondary outcomes described in the study protocol (NCT00210899) were
not reported in the study: clinical cure rate and microbiological relapse rate at
the late follow-up visit

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Double-blinded study. To ensure this, participants in the ceftobiprole group
also received placebo in a manner that matched the vancomycin regimen. An
unblinded pharmacist used coloured sleeves to blind the appearance of infu-
sions

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Microbiological assessment was made centrally. An unblinded independent
monitor checked the blinded staE at each site

Noel 2008a  (Continued)

 
 

Methods Design: multicentre (61 centres), international (Belgium, Bulgaria, Germany, Greece, Hungary, Israel,
Latvia, Lithuania, Poland, Romania, Russia, South Africa, Spain, Ukraine and the UK), non-inferiority
RCT

Follow-up period: 14-28 days after last dose of study drug

Participants N: 813 participants randomised

N participants with diabetes: 223

For all study participants

Sex (% male): 64%

Age (mean): Intervention Group: 53.4 years; Control Group: 52.8 years

Inclusion criteria: men and women ≥ 18 years; with cSSI of 21 days’ duration and at least 3 of the fol-
lowing: purulent drainage or discharge; erythema of 1 cm from the wound edge; fluctuance, pain or
tenderness to palpation; swelling or induration; fever; elevated WBC count > 12000 mm3 or > 15% im-
mature neutrophils or C-reactive protein > 20 mg/L

Exclusion criteria: necrotizing fasciitis; burn wound infections; secondary infections of a chronic skin
disease; infection of a prosthesis; if a surgical procedure alone was definitive, contraindications to the
study drugs; poor prognosis; severe hepatic insufficiency (Child–Pugh C); or creatinine clearance < 0.40
mL/min; lactation or pregnancy; neutropenia; lymphocytopenia; an AIDS defining event; antiretroviral
therapy; chronic immunosuppressant therapy; antibacterial treatment for > 24 h in the 7 days before;
infection due to MRSA; MR-S epidermidis or vancomycin-resistant enterococci

Interventions Intervention (n = 123): moxifloxacin 400 mg iv every 24 h + piperacillin-tazobactam placebo iv every 8
h switched to* moxifloxacin 400 mg po every 24 h + amoxicillin-clavulanic placebo po every 12 h

Control (n = 110): piperacillin/tazobactam 4.0 g/0.5 g iv every 8 h + moxifloxacin placebo iv every 24 h
switched to* amoxicillin/clavulanate 875 mg/125 mg po every 12 h + moxifloxacin placebo po every 24
h

* Switch from iv to oral therapy was decided by the investigator but the participant had to be afebrile
for ≥ 24 h and to have received iv therapy for ≥ 3 days

RELIEF Study 
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Treatment duration: 7-21 days

Outcomes Primary outcome

• Clinical response at TOC (14-28 days after last dose of study drug).

Secondary outcomes

• Bacteriological response at days 3-5 (end of treatment) and TOC

• Safety

Notes Funding source: Bayer Healthcare AG; 4 authors were employees of Bayer

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization code generated by the sponsor

Allocation concealment
(selection bias)

Low risk Interactive voice-response system was used

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Sample size calculation that was reached

No ITT analysis. Excluded from ITT population: 16% moxifloxacin group and
19% piperacillin-tazobactam group

Selective reporting (re-
porting bias)

Low risk The study protocol reported 2 assessment time points for the clinical efficacy
endpoint (during, and end of treatment) apart from the TOC visit

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Double-blind, double-dummy

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Double-blind, double-dummy

RELIEF Study  (Continued)

 
 

Methods Design: open label RCT, single centre

Follow-up period: 2 months

Participants N: 68 randomised

Sex (%male): 47%

Age (median): Intervention Group: 58.3 years; Control Group: 58.5 years

Inclusion criteria: hospitalised adults (≥ 18 years), clinical diagnosis of moderate to severe diabetic
lower extremity infection (Wagner scale 2-4), caused by bacteria known or suspected to be susceptible
to the antibiotics tested

Saltoglu 2010 

Systemic antibiotics for treating diabetic foot infections (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

46



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Exclusion criteria: antibiotic treatment in the previous 48 h; hypersensitivity to study drugs; epilepsy;
psychiatric illness; pregnancy or lactation

Interventions Intervention (n = 31): piperacillin-tazobactam 4.5 g iv every 8 h

Control (n = 33): imipenem-cilastatin 500 mg iv every 6 h

Treatment duration: 14 days (28 days if osteomyelitis present)

Outcomes Primary outcome

• Clinical response (cure/response)

Secondary outcomes

• Relapse rate

• Microbiological response

Notes Funding source: The study reported that it was not funded by any pharmaceutical company or other
source

Other: the trial was not registered, no sample size calculation performed

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random-number table prepared by the university statistics department

Allocation concealment
(selection bias)

Low risk Independent randomisation. Phone call to randomise

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk There were only 2 participants (one in each group) excluded as a result of an
allergic reaction. No ITT analysis

Selective reporting (re-
porting bias)

Low risk The outcomes defined in the methods section were the same as those report-
ed in the results section. The study was not registered

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label study

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No data provided

Saltoglu 2010  (Continued)

 
 

Methods Design: multicentre (3 centres), international RCT

Follow-up period: 21 to 35 days post-therapy

Participants N: 409; 76 participants with DFI: Intervention Group: 42; Control Group: 34

Siami 2001 
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For all included participants

Sex (%men): 294 (71.8%)

Age (median): Intervention Group: 52 years; Control Group: 54 years

Inclusion criteria: adults with severe or limb-threatening SSTIs that required hospitalisation and iv
therapy; acute (< 5 days) physical findings of complicated SSTI of bacterial etiology and a diagnosis of
spontaneous infection (phlegmon, cellulitis, lymphangitis), wound infections (trauma wound, surgical
wound), or DFI; having material available for culture

Exclusion criteria: pregnancy or breastfeeding; hepatobiliary or renal dysfunction; immunodeficien-
cy; risk of convulsive disorders; hypersensitivity to study drugs; septic shock; infected burns or decubi-
tus ulcers; osteomyelitis; major amputation; more than a single dose of systemic antibacterial for the
current SSTI; topical antibiotic the 24 h before baseline culture collection or actually requiring it; treat-
ment with study medication 7 days prior or other investigational drug during the 4 weeks prior to the
trial; corticosteroids or other antibacterial therapy for concomitant infections

Interventions Intervention (n = 213): clinafloxacin 200 mg iv every 12 h changed to po every 12 h

Control (n = 196): piperacillin-tazobactam 3.4 g in 30 min iv every 6 h changed to amoxicillin-clavu-
lanate 500 mg po every 8 h. Could also receive vancomycin iv if methicillin-resistant staphylococci or
enterococci were suspected or isolated

Duration of treatment: < 14 days unless approved by sponsor. Change to po after minimum of 3 days
of iv therapy

Outcomes Primary efficacy outcomes

• Clinical cure rate at TOC visit (6-14 days post-therapy)

• Microbiological eradication at TOC visit

Secondary outcomes

• Clinical cure rate at the long-term follow-up visit (21-35 days post-therapy)

• Microbiological eradication rate at the long-term follow-up visit

• Resistance, amputation rate, survival rate at long-term follow-up visit

• Safety

Notes Funding source: Parke-Davis Pharmaceutical Research; 2 authors were employees of Parke-Davis
Pharmaceutical Research

Other: sample size calculation performed

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The study was defined as randomised, but no details of sequence generation
were provided

Allocation concealment
(selection bias)

Unclear risk No information provided

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Sample size accomplished. Similar percentages of participants completed the
study treatment in both groups (69.5% and 74%), but more participants dis-
continued clinafloxacin prematurely because of adverse events (11.4 vs 6.3%,
P value 0.05) and more discontinued piperacillin-tazobactam due to treatment
failure (8.7 vs 5.6, P value 0.25). 32.4% and 31.1% of participants of each group

Siami 2001  (Continued)
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were not clinically evaluable, and the reasons were explained. No ITT analysis
performed

Selective reporting (re-
porting bias)

Low risk The outcomes defined in the methods section were all reported in the results
section

Other bias Unclear risk NA

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk To ensure blinding, participants in the clinafloxacin group also received place-
bo infusions every 12 h. Defined as investigator-blind study. To maintain inves-
tigator blinding during outpatient therapy, a third-party member, not involved
in assessing participant medical status, dispensed study medication and re-
trieved participant diaries

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No information provided

Siami 2001  (Continued)

 
 

Methods Design: randomised, double-blinded, non-inferiority trial, multicentred

Follow-up period: 10 days after the end of antibiotic therapy

Participants N: 586 participants randomised

Sex (%male): 63.14%

Age (median (min-max)): Intervention Group: 59 years (25-90); Control Group: 57 years (22-94)

Inclusion criteria: adults with diabetes mellitus (type 1 or 2) with foot infection that did not extend
above the knee

Exclusion criteria: mild infections that did not require parenteral antibiotic therapy; infection caused
by resistant pathogens; thermal burn; necrotizing fasciitis; osteomyelitis unless all the infected bone
was removed within 48 h after initiating study therapy; infection complicated by prosthetic material;
gangrenous tissue not removed; pregnancy; nursing; fertile women not using contraception; reaction
to beta-lactam antibiotic; need for additional antibacterial agents; secondary diabetes mellitus or im-
paired glucose tolerance; insufficient arterial perfusion requiring revascularization; rapidly progres-
sive or terminal illness; dialysis; immunosuppression; corticosteroid therapy; abnormal liver function;
haematocrit < 25%; haemoglobin < 8; platelet count < 75000; coagulation test altered; more than 24 h
of systemic antibiotic therapy within the 72 h before study screening

Interventions Intervention (n = 295): ertapenem 1 g iv once daily

Control (n = 291): piperacillin/tazobactam 3.4 g iv every 6 h

Treatment duration: minimum of 5 days, then oral amoxicillin-clavulanate (875 mg/125 mg every 12
h) could be given until day 28

Outcomes Primary outcome

• Favourable clinical response (cure or improvement) at discontinuation of iv treatment

Secondary outcomes

• Favourable clinical response at the follow-up assessment (10 days after the last dose of study antibi-
otic)

• Adverse effects to treatment

SIDESTEP Study 
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Notes Funding source: study funded by Merck and Co; the sponsor participated in study design, data collec-
tion, data analysis, data interpretation, and writing of the report; 2 study authors were employees of
the sponsor

Other: participants with mild infections and with possible osteomyelitis were excluded

Sample size calculation performed and reached

Most of the participants received some oral antibiotic therapy after parenteral study medication

Authors commented that the trial did not assess long-term outcomes and this could have had an im-
pact on the durability of infection resolution

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Blocks of computer-generated allocation numbers provided by the manufac-
turer

Allocation concealment
(selection bias)

High risk An unblinded pharmacist randomised participants

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Missing data, and their reasons, well reported and presented in a CONSORT
flowchart. No differences between groups

Selective reporting (re-
porting bias)

High risk Trial report did not report a secondary variable described in the protocol

Other bias Unclear risk N/A

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Described as double-blinded. The intervention group was given a saline place-
bo every 6 h (double-dummy). Quote: "The pharmacist was responsible for
randomising participants (1:1 ratio), and prepared intravenous therapy to be
administered by clinical personnel (unaware of treatment allocation)".

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The clinical personnel, who were unaware of treatment allocation, assessed
the study's outcomes

SIDESTEP Study  (Continued)

 
 

Methods Design: Multicentre, multinational, non-inferiority RCT (74 centres, 12 countries)

Follow-up period: 14-28 days

Participants N: 804 participants randomised; 134 participants with DFI

For all included participants:

Sex (%male): 60.6%

Age (mean): Intervention Group: 52.1 years; Control Group: 51.0 years

Inclusion criteria: ≥ 18 years with a cSSSI or SSSI (DFI, necrotizing fasciitis, post-surgical wound infec-
tion, complicated cellulitis, complicated erysipelas, major abscess of the skin, infection of traumatic le-

STIC Study 
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sion, and infected ischaemic ulcer) at one site only; requiring systemic antimicrobial therapy; sample
culture taken within 24 h prior to inclusion

Exclusion criteria: uncomplicated mild-to-moderate SSSIs; secondary infected burns; atopic dermati-
tis; eczema; pregnancy; nursing; life expectancy < 2 months; end-stage liver cirrhosis; dialysis; septic
shock; chronic immunosuppressant treatment; neutropenia ≤ 1000 cells/ml; AIDS with CD4 < 200 cells/
μl; HIV with highly activated antiretroviral treatment; syndromes of QTc prolongation or medication
that increases the QTc; hypersensitivity to study drugs; tendinopathy with quinolones; SSSI secondary
to prosthetic materials; > 18% of the skin and soG tissue affected; osteomyelitis not related to DFI; re-
quirement for systemic concomitant antibacterial agents; failure to respond to previous antibacteri-
al treatment if it contained a fluoroquinolone, amoxicillin or a beta-lactam/beta-lactamase inhibitor
combination; systemic antibacterial treatment for > 24 h within the 24 h before enrolment

Interventions Intervention (n = 63)::moxifloxacin 400 mg once daily iv followed by moxifloxacin 400 mg once daily
po.

Control (n = 71): amoxicillin-clavulanate 1000 mg/200 mg iv every 8 h followed by amoxicillin-clavu-
lanate 500 mg/125 mg po every 8 h

Switch from iv to po therapy was decided by the investigator based on clinical response

Treatment duration: iv for at least 3 days; po for 7-21 days

Co-interventions: surgery at investigator's discretion

Outcomes Primary outcome

• Clinical response at the TOC visit (14-28 days)

Secondary outcome

• Bacteriological response

• Safety

Notes Financial source: Bayer; 4 authors were employees of Bayer

Other: sample size calculation not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The study was defined as randomised. No additional data described

Allocation concealment
(selection bias)

Unclear risk The study was defined as randomised. No additional data described

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No sample size calculation described. Reasons for withdrawal were described
and there were no differences between groups (P value > 0.1)

Failures were carried forward for the efficacy analysis; ITT and per protocol
analysis

Selective reporting (re-
porting bias)

Unclear risk Only data on TOC assessment (14-28 days) reported. Other assessments were
made but not reported: prior to therapy, during treatment (days 1-3), and day
of switch to po

Other bias Unclear risk NA

STIC Study  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Evaluations were performed by investigators (unblinded)

STIC Study  (Continued)

 
 

Methods Design: multicentred RCT

Follow-up period: 10-14 days after the completion of therapy

Participants N: 251participants randomised; 63 participants with DFIs

For all included participants (not only participants with DFIs):

Sex (%male): 75% (piperacillin-tazobactam group); 70% (ticarcillin-clavulante group)-

Age (mean): 52-53 years

Inclusion criteria: ≥ 16 years; cSSSI or SSSI (cellulitis with drainage or fluid collection, cutaneous ab-
scess, wound infection, ischaemic or DFI and acute infections of decubitus ulcers); purulent drainage
or collection, and at least 2 of the following: fever, > 10,000/mm3 leukocyte count with > 5% immature
neutrophils, erythema, swelling, tenderness, pain, or fluctuance

Exclusion criteria: hypersensitivity to beta-lactam antibiotics or beta-lactamase inhibitors; renal dys-
function; active liver disease; leukopenia or thrombocytopenia; > 2 doses of another antibacterial
agent in the last 72 h; another investigational drug in the last month; leukaemia; AIDS; dialysis; plasma-
pheresis; haemoperfusion; osteomyelitis; requirement for amputation; pressure ulcer infections with
duration > 2 weeks; concomitant infections

Interventions Intervention (n = 32): piperacillin-tazobactam 3 g/375 mg iv every 6 h

Control (n = 31): ticarcillin-clavulanate 3 g/100 mg iv every 6 h

Treatment duration: minimum of 5 days and for at least 48 h after the resolution of signs and symp-
toms

Outcomes • Clinical response

• Bacteriological response

Notes Funding source: supported by Lederle/American Cyanamid

Other: sample size calculation performed

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated schedule 3:2 ratio

Allocation concealment
(selection bias)

Unclear risk No information provided

Tan 1993 
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Incomplete outcome data
(attrition bias) 
All outcomes

High risk Sample size calculation not reached. 55.5% of randomised participants were
considered not evaluable. The reasons were comparable between the 2 treat-
ment groups. ITT analysis only for the general population but not for sub-
groups

Selective reporting (re-
porting bias)

Unclear risk The outcomes reported in the methods section were reported in the results
section too, but results at early follow-up were not reported

Other bias Unclear risk NA

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Described as double-blinded but no further information provided

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No information provided

Tan 1993  (Continued)

Abbreviations
CD4: cluster of diEerentiation 4 (glycoprotein)
cSSSI: complicated skin and skin structure infection
DFI: diabetic foot infection
h: hour(s)
ITT: intention-to-treat (analysis)
iv: intravascular
max: maximum
min: minimum
MR: meticillin-resistant
MRSA: meticillin-resistant Staphylococcus aureus
po: per oral (by mouth)
QTc: corrected QT interval (measurement of heartbeat)
SSSI: skin and skin structure infection
SSTI: skin and soG tissue infection
TOC: test-of-cure
WBC: white blood cell
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Acevedo 1990 Not an RCT

Akova 1996 Not an RCT

Al-Ebous 2005 Data for participants with DFI unavailable

Beam 1989 Not an RCT

Bradsher 1984 Data for participants with DFI unavailable for the main outcome (clinical evaluation).

Cenizal 2007 People with DFIs excluded

Chantelau 1996 The study did not evaluate any of the systematic review's  main  outcomes

Chen 2013 Review assessed for locating RCT
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Study Reason for exclusion

Crouzet 2011 Review assessed for locating RCT

Daniel 1999 Data for participants with DFI unavailable

Darwish 1993 The study did not evaluate systemic antibiotics

Deresinski 2008 The study described 2 trials, one included in the review, and the other did not fill the inclusion cri-
teria

Edmonds 2004 Review assessed for locating RCT

Embil 2006 Data for participants with DFI unavailable

Fernández Montequín 1991 Study with participants post-amputation

File 1983 Data for participants with DFI unavailable

File 1994 Review assessed for locating RCT

Foster 1998 The study was in people with foot ulcers but no infection

Gentry 1989a Data for participants with DFI unavailable

Gentry 1989b Data for participants with DFI unavailable

Hughes 1987 Data for participants with DFI unavailable

Itani 2010 Data for participants with DFI unavailable

Joshi 2003 Not an RCT

Lipksy 2011 Review assessed for locating RCT

Lipsky 1999a Data for participants with DFI unavailable

Nelson 2006b Review assessed for locating RCT

Noel 2008b Data for participants with DFI unavailable

Peters 2012 Review assessed for locating RCT

Peterson 1989 Data for participants with DFI unavailable

Pérez-Ruvalcaba 1987 Data for participants with DFI unavailable

Siami 2002 Data for participants with DFI unavailable

Siebert 1985 Only 2 participants with DFI and both treated with the same antimicrobial

Smith 1992 The abstract was published approximately 20 years ago; it contained no usable data and appears
not to have been published in full subsequently

Smith 1993 Data for participants with DFI unavailable

Stevens 1999 Data for participants with DFI unavailable
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Study Reason for exclusion

Stevens 2000 People with diabetic foot ulcer excluded

Stevens 2002 People with diabetic foot ulcer excluded

Stupin 2014 Open clinical trial without randomisation

Vardakas 2008 Review assessed for locating RCT

Weigelt 2005 Data for participants with DFI unavailable

Abbreviations
DFI: diabetic foot infection
RCT: randomised controlled trial
 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Application of daptomycin in MRSA infected diabetic foot in comparison to vancomycin treatment

Methods Phase III RCT, parallel assignment, open-label

Participants Men and women (age 18-80 years) with type 1 or type 2 diabetes mellitus and MRSA infected foot
ulcers Wagner grades 1-2 without primary surgical intervention

Interventions Intervention: daptomycin infusion 6 mg/kg/bodyweight once daily

Control: vancomycin once daily (effective blood-plasma concentration of 15 mg/L)

Outcomes Primary outcome

• Clinical response of the infection at the TOC at day 14 post-therapy

Secondary outcomes

• Duration of therapy

• Time to cure in days

• Therapy related complications

• Number of successful treatments at TOC: from clinician point of view and from microbiological
analysis

Starting date July 2011

Contact information Diethelm Tschoepe, Prof Dr Dr Ruhr University of Bochum

Notes Estimated study completion date: December 2013. No publication available

NCT01199783 

 
 

Trial name or title A phase III, randomized, double-blind, active comparator-controlled clinical trial to study the ef-
ficacy and safety of ertapenem sodium (MK-0826) versus piperacillin/tazobactam sodium in the
treatment of diabetic foot infections in Chinese adults

NCT01370616 
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Methods Phase III RCT, parallel assignment, double-blind

Participants Chinese participants with type I or II diabetes mellitus with clinically - or bacteriologically - docu-
mented moderate-to-severe (non-life-threatening) DFI that requires treatment with iv antibiotics

Interventions Intervention: ertapenem sodium 1.0 g iv daily and piperacillin-tazobactam-matching placebo for 5
to 28 days

Control: piperacillin-tazobactam sodium 4.5 g iv every 6 h for 5 to 28 days

Participants in both groups could be switched to oral antibiotics beginning on day 6 if clinically in-
dicated

Outcomes Primary outcomes

• Number of participants with clinical improvement of cure at the discontinuation of intravenous
therapy visit

Starting date September 2011

Contact information Not provided. Responsible party and study sponsor: Merck Sharp & Dohme Corp

Notes Primary completion date: December 2013. No publication available

NCT01370616  (Continued)

Abbreviations
DFI: diabetic foot infection
iv: intravenous
MRSA: meticillin-resistant Staphylococcus aureus
TOC: test-of-cure
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   A. Anti-pseudomonas penicillins: piperacillin-tazobactam vs ticarcillin-clavulanate

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the infection 1 63 Risk Ratio (M-H, Fixed, 95%
CI)

1.16 [0.59, 2.29]

 
 

Analysis 1.1.   Comparison 1 A. Anti-pseudomonas penicillins: piperacillin-
tazobactam vs ticarcillin-clavulanate, Outcome 1 Clinical resolution of the infection.

Study or subgroup Piperacillin-
tazobactam

Other peni-
cillins

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Tan 1993 12/32 10/31 100% 1.16[0.59,2.29]

   

Total (95% CI) 32 31 100% 1.16[0.59,2.29]

Total events: 12 (Piperacillin-tazobactam), 10 (Other penicillins)  

Heterogeneity: Not applicable  

Favours other penicillins 111 Favours piper-tazobactam
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Study or subgroup Piperacillin-
tazobactam

Other peni-
cillins

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=0.43(P=0.66)  

Favours other penicillins 111 Favours piper-tazobactam

 
 

Comparison 2.   A. Anti-pseudomonal penicillins: piperacillin-tazobactam vs ampicillin-sulbactam

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the in-
fection

1 314 Risk Ratio (M-H, Fixed, 95% CI) 1.02 [0.86, 1.20]

2 Adverse effects 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 Any adverse event 1 314 Risk Ratio (M-H, Fixed, 95% CI) 1.14 [0.99, 1.32]

2.2 Treatment-related ad-
verse event

1 314 Risk Ratio (M-H, Fixed, 95% CI) 1.42 [0.85, 2.37]

2.3 Serious adverse event 1 314 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.66, 1.34]

3 Amputations 1 314 Risk Ratio (M-H, Fixed, 95% CI) 0.97 [0.51, 1.84]

 
 

Analysis 2.1.   Comparison 2 A. Anti-pseudomonal penicillins: piperacillin-
tazobactam vs ampicillin-sulbactam, Outcome 1 Clinical resolution of the infection.

Study or subgroup Piperacillin-
tazobactam

Other peni-
cillins

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Harkless 2005 99/155 100/159 100% 1.02[0.86,1.2]

   

Total (95% CI) 155 159 100% 1.02[0.86,1.2]

Total events: 99 (Piperacillin-tazobactam), 100 (Other penicillins)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.18(P=0.86)  

Favours other penicillins 1000.01 100.1 1 Favours piper-tazobactam

 
 

Analysis 2.2.   Comparison 2 A. Anti-pseudomonal penicillins: piperacillin-
tazobactam vs ampicillin-sulbactam, Outcome 2 Adverse e?ects.

Study or subgroup Piperacillin-
tazobactam

Ampicillin-sul-
bactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.2.1 Any adverse event  

Harkless 2005 117/155 105/159 100% 1.14[0.99,1.32]

Subtotal (95% CI) 155 159 100% 1.14[0.99,1.32]

Less in Piper-Tazobactam 1000.01 100.1 1 Less in Ampi-Sulbactam
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Study or subgroup Piperacillin-
tazobactam

Ampicillin-sul-
bactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 117 (Piperacillin-tazobactam), 105 (Ampicillin-sulbactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.83(P=0.07)  

   

2.2.2 Treatment-related adverse event  

Harkless 2005 29/155 21/159 100% 1.42[0.85,2.37]

Subtotal (95% CI) 155 159 100% 1.42[0.85,2.37]

Total events: 29 (Piperacillin-tazobactam), 21 (Ampicillin-sulbactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.32(P=0.19)  

   

2.2.3 Serious adverse event  

Harkless 2005 42/155 46/159 100% 0.94[0.66,1.34]

Subtotal (95% CI) 155 159 100% 0.94[0.66,1.34]

Total events: 42 (Piperacillin-tazobactam), 46 (Ampicillin-sulbactam)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.36(P=0.72)  

Test for subgroup differences: Chi2=1.83, df=1 (P=0.4), I2=0%  

Less in Piper-Tazobactam 1000.01 100.1 1 Less in Ampi-Sulbactam

 
 

Analysis 2.3.   Comparison 2 A. Anti-pseudomonal penicillins: piperacillin-
tazobactam vs ampicillin-sulbactam, Outcome 3 Amputations.

Study or subgroup Piperacillin-
tazobactam

Ampicillin-sul-
bactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Harkless 2005 16/155 17/159 100% 0.97[0.51,1.84]

   

Total (95% CI) 155 159 100% 0.97[0.51,1.84]

Total events: 16 (Piperacillin-tazobactam), 17 (Ampicillin-sulbactam)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.11(P=0.92)  

Favours piper-tazobactam 1000.01 100.1 1 Favours ampi-sulbactam

 
 

Comparison 3.   A. Anti-pseudomonal penicillins: piperacillin-tazobactam vs imipenem-cilastatin

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of
the infection

1 64 Risk Ratio (M-H, Fixed, 95% CI) 1.66 [0.84, 3.26]

2 Adverse effects 1 320 Risk Ratio (M-H, Fixed, 95% CI) 3.50 [1.56, 7.86]

2.1 Any adverse event 1 64 Risk Ratio (M-H, Fixed, 95% CI) 3.19 [0.95, 10.72]

2.2 Hepatotoxicity 1 64 Risk Ratio (M-H, Fixed, 95% CI) 5.32 [0.66, 43.05]
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Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

2.3 Nephrotoxicity 1 64 Risk Ratio (M-H, Fixed, 95% CI) 6.39 [0.81, 50.09]

2.4 Hematological side
effects

1 64 Risk Ratio (M-H, Fixed, 95% CI) 5.31 [0.27, 106.46]

2.5 Nausea 1 64 Risk Ratio (M-H, Fixed, 95% CI) 0.35 [0.01, 8.38]

3 Amputations 1 64 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.59, 1.28]

4 Recurrence 1 64 Risk Ratio (M-H, Fixed, 95% CI) 5.31 [0.27, 106.46]

 
 

Analysis 3.1.   Comparison 3 A. Anti-pseudomonal penicillins: piperacillin-
tazobactam vs imipenem-cilastatin, Outcome 1 Clinical resolution of the infection.

Study or subgroup Piperacillin-
tazobactam

Imipen-
em-cilastatin

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Saltoglu 2010 14/31 9/33 100% 1.66[0.84,3.26]

   

Total (95% CI) 31 33 100% 1.66[0.84,3.26]

Total events: 14 (Piperacillin-tazobactam), 9 (Imipenem-cilastatin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.46(P=0.15)  

Favours imipenem-cilastat 1000.01 100.1 1 Favours piper-tazobactam

 
 

Analysis 3.2.   Comparison 3 A. Anti-pseudomonal penicillins: piperacillin-
tazobactam vs imipenem-cilastatin, Outcome 2 Adverse e?ects.

Study or subgroup Piperacillin-
tazobactam

Imipen-
em-cilastatin

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.2.1 Any adverse event  

Saltoglu 2010 9/31 3/33 42.85% 3.19[0.95,10.72]

Subtotal (95% CI) 31 33 42.85% 3.19[0.95,10.72]

Total events: 9 (Piperacillin-tazobactam), 3 (Imipenem-cilastatin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.88(P=0.06)  

   

3.2.2 Hepatotoxicity  

Saltoglu 2010 5/31 1/33 14.28% 5.32[0.66,43.05]

Subtotal (95% CI) 31 33 14.28% 5.32[0.66,43.05]

Total events: 5 (Piperacillin-tazobactam), 1 (Imipenem-cilastatin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.57(P=0.12)  

   

3.2.3 Nephrotoxicity  

Saltoglu 2010 6/31 1/33 14.28% 6.39[0.81,50.09]

Favours piper-tazobactam 1000.01 100.1 1 Favours imipenem-cilastat
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Study or subgroup Piperacillin-
tazobactam

Imipen-
em-cilastatin

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 31 33 14.28% 6.39[0.81,50.09]

Total events: 6 (Piperacillin-tazobactam), 1 (Imipenem-cilastatin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.76(P=0.08)  

   

3.2.4 Hematological side effects  

Saltoglu 2010 2/31 0/33 7.15% 5.31[0.27,106.46]

Subtotal (95% CI) 31 33 7.15% 5.31[0.27,106.46]

Total events: 2 (Piperacillin-tazobactam), 0 (Imipenem-cilastatin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.09(P=0.27)  

   

3.2.5 Nausea  

Saltoglu 2010 0/31 1/33 21.44% 0.35[0.01,8.38]

Subtotal (95% CI) 31 33 21.44% 0.35[0.01,8.38]

Total events: 0 (Piperacillin-tazobactam), 1 (Imipenem-cilastatin)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.64(P=0.52)  

   

Total (95% CI) 155 165 100% 3.5[1.56,7.86]

Total events: 22 (Piperacillin-tazobactam), 6 (Imipenem-cilastatin)  

Heterogeneity: Tau2=0; Chi2=2.59, df=4(P=0.63); I2=0%  

Test for overall effect: Z=3.03(P=0)  

Test for subgroup differences: Chi2=2.59, df=1 (P=0.63), I2=0%  

Favours piper-tazobactam 1000.01 100.1 1 Favours imipenem-cilastat

 
 

Analysis 3.3.   Comparison 3 A. Anti-pseudomonal penicillins: piperacillin-
tazobactam vs imipenem-cilastatin, Outcome 3 Amputations.

Study or subgroup Piperacillin-
tazobactam

Imipen-
em-cilastatin

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Saltoglu 2010 18/31 22/33 100% 0.87[0.59,1.28]

   

Total (95% CI) 31 33 100% 0.87[0.59,1.28]

Total events: 18 (Piperacillin-tazobactam), 22 (Imipenem-cilastatin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.7(P=0.48)  

Favours piper-tazobactam 1000.01 100.1 1 Favours imipenem-cilastat
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Analysis 3.4.   Comparison 3 A. Anti-pseudomonal penicillins:
piperacillin-tazobactam vs imipenem-cilastatin, Outcome 4 Recurrence.

Study or subgroup Piperacillin-
tazobactam

Imipen-
em-cilastatin

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Saltoglu 2010 2/31 0/33 100% 5.31[0.27,106.46]

   

Total (95% CI) 31 33 100% 5.31[0.27,106.46]

Total events: 2 (Piperacillin-tazobactam), 0 (Imipenem-cilastatin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.09(P=0.27)  

Favours piperacillin-tazo 1000.01 100.1 1 Favours imipenem-cilasta

 
 

Comparison 4.   B. Broad-spectrum penicillins: ampicillin-sulbactam vs cefoxitin

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the in-
fection

1 36 Risk Ratio (M-H, Fixed, 95% CI) 0.14 [0.02, 1.05]

2 Adverse effects 1 36 Risk Ratio (M-H, Fixed, 95% CI) 1.17 [0.49, 2.79]

3 Amputations 1 36 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.48, 2.08]

 
 

Analysis 4.1.   Comparison 4 B. Broad-spectrum penicillins: ampicillin-
sulbactam vs cefoxitin, Outcome 1 Clinical resolution of the infection.

Study or subgroup Ampicillin-sul-
bactam

Cefoxitin Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Erstad 1997 1/18 7/18 100% 0.14[0.02,1.05]

   

Total (95% CI) 18 18 100% 0.14[0.02,1.05]

Total events: 1 (Ampicillin-sulbactam), 7 (Cefoxitin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.92(P=0.06)  

Favours cefoxitin 1000.01 100.1 1 Favours ampi-sulbactam

 
 

Analysis 4.2.   Comparison 4 B. Broad-spectrum penicillins:
ampicillin-sulbactam vs cefoxitin, Outcome 2 Adverse e?ects.

Study or subgroup Ampicillin-sul-
bactam

Cefoxitin Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Erstad 1997 7/18 6/18 100% 1.17[0.49,2.79]

   

Favours ampi-sulbactam 1000.01 100.1 1 Favours cefoxitin
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Study or subgroup Ampicillin-sul-
bactam

Cefoxitin Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total (95% CI) 18 18 100% 1.17[0.49,2.79]

Total events: 7 (Ampicillin-sulbactam), 6 (Cefoxitin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.35(P=0.73)  

Favours ampi-sulbactam 1000.01 100.1 1 Favours cefoxitin

 
 

Analysis 4.3.   Comparison 4 B. Broad-spectrum penicillins:
ampicillin-sulbactam vs cefoxitin, Outcome 3 Amputations.

Study or subgroup Ampicillin-sul-
bactam

Cefoxitin Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Erstad 1997 8/18 8/18 100% 1[0.48,2.08]

   

Total (95% CI) 18 18 100% 1[0.48,2.08]

Total events: 8 (Ampicillin-sulbactam), 8 (Cefoxitin)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours ampi-sulbactam 1000.01 100.1 1 Favours cefoxitin

 
 

Comparison 5.   C. Cephalosporins: ceHobiprole vs ceHazidime + vancomycin

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the infection 1 257 Risk Ratio (M-H, Fixed, 95%
CI)

1.05 [0.90, 1.23]

 
 

Analysis 5.1.   Comparison 5 C. Cephalosporins: ceHobiprole vs
ceHazidime + vancomycin, Outcome 1 Clinical resolution of the infection.

Study or subgroup Ceftobiprole CeHacidime-
vancomycin

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Noel 2008a 125/168 63/89 100% 1.05[0.9,1.23]

   

Total (95% CI) 168 89 100% 1.05[0.9,1.23]

Total events: 125 (Ceftobiprole), 63 (CeGacidime-vancomycin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.61(P=0.54)  

Favours ceGacidime-vanco 1000.01 100.1 1 Favours ceftobiprole

 
 

Systemic antibiotics for treating diabetic foot infections (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

62



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Comparison 6.   C. Cephalosporins: ceHriaxone + metronidazole vs ticarcillin-clavulanate

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the infection 1 70 Risk Ratio (M-H, Fixed, 95%
CI)

0.94 [0.72, 1.24]

 
 

Analysis 6.1.   Comparison 6 C. Cephalosporins: ceHriaxone + metronidazole
vs ticarcillin-clavulanate, Outcome 1 Clinical resolution of the infection.

Study or subgroup Ceftriax-
one-metron-

idazol

Ticar-
cillin-clavu-
lanate

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Clay 2004 26/36 26/34 100% 0.94[0.72,1.24]

   

Total (95% CI) 36 34 100% 0.94[0.72,1.24]

Total events: 26 (Ceftriaxone-metronidazol), 26 (Ticarcillin-clavulanate)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.41(P=0.68)  

Favours ticarcillin-clavu 1000.01 100.1 1 Favours ceftriaxone-metro

 
 

Comparison 7.   D. Carbapenems: ertapenem vs piperacillin-tazobactam

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the
infection

2 684 Risk Ratio (M-H, Random, 95% CI) 1.07 [0.96, 1.19]

2 Adverse effects 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 Drug related adverse ef-
fects

1 586 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.53, 1.09]

2.2 Diarrhoea 1 586 Risk Ratio (M-H, Fixed, 95% CI) 0.58 [0.36, 0.93]

2.3 Nausea 1 586 Risk Ratio (M-H, Fixed, 95% CI) 0.83 [0.44, 1.58]

2.4 Headache 1 586 Risk Ratio (M-H, Fixed, 95% CI) 0.62 [0.28, 1.34]

 
 

Analysis 7.1.   Comparison 7 D. Carbapenems: ertapenem vs
piperacillin-tazobactam, Outcome 1 Clinical resolution of the infection.

Study or subgroup Ertapenem Piperacillin-
tazobactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Graham 2002a 23/53 22/45 6.54% 0.89[0.58,1.36]

Favours piper-tazobactam 1000.01 100.1 1 Favours ertapenem
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Study or subgroup Ertapenem Piperacillin-
tazobactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

SIDESTEP Study 206/295 188/291 93.46% 1.08[0.97,1.21]

   

Total (95% CI) 348 336 100% 1.07[0.96,1.19]

Total events: 229 (Ertapenem), 210 (Piperacillin-tazobactam)  

Heterogeneity: Tau2=0; Chi2=0.77, df=1(P=0.38); I2=0%  

Test for overall effect: Z=1.16(P=0.25)  

Favours piper-tazobactam 1000.01 100.1 1 Favours ertapenem

 
 

Analysis 7.2.   Comparison 7 D. Carbapenems: ertapenem vs piperacillin-tazobactam, Outcome 2 Adverse e?ects.

Study or subgroup Ertapenem Piperacillin-
tazobactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.2.1 Drug related adverse effects  

SIDESTEP Study 44/295 57/291 100% 0.76[0.53,1.09]

Subtotal (95% CI) 295 291 100% 0.76[0.53,1.09]

Total events: 44 (Ertapenem), 57 (Piperacillin-tazobactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.49(P=0.14)  

   

7.2.2 Diarrhoea  

SIDESTEP Study 24/295 41/291 100% 0.58[0.36,0.93]

Subtotal (95% CI) 295 291 100% 0.58[0.36,0.93]

Total events: 24 (Ertapenem), 41 (Piperacillin-tazobactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.26(P=0.02)  

   

7.2.3 Nausea  

SIDESTEP Study 16/295 19/291 100% 0.83[0.44,1.58]

Subtotal (95% CI) 295 291 100% 0.83[0.44,1.58]

Total events: 16 (Ertapenem), 19 (Piperacillin-tazobactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.56(P=0.57)  

   

7.2.4 Headache  

SIDESTEP Study 10/295 16/291 100% 0.62[0.28,1.34]

Subtotal (95% CI) 295 291 100% 0.62[0.28,1.34]

Total events: 10 (Ertapenem), 16 (Piperacillin-tazobactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.23(P=0.22)  

Test for subgroup differences: Chi2=1.21, df=1 (P=0.75), I2=0%  

Favours ertapenem 1000.01 100.1 1 Favours piper-tazobactam
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Comparison 8.   D. Carbapenems: imipenem-cilastatin vs piperacillin + clindamycin

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the in-
fection

1 46 Risk Ratio (M-H, Fixed, 95% CI) 0.73 [0.24, 2.24]

2 Adverse effects 1 46 Risk Ratio (M-H, Fixed, 95% CI) 0.27 [0.09, 0.84]

3 Recurrence 1 46 Risk Ratio (M-H, Fixed, 95% CI) 7.61 [0.42, 139.47]

 
 

Analysis 8.1.   Comparison 8 D. Carbapenems: imipenem-cilastatin vs
piperacillin + clindamycin, Outcome 1 Clinical resolution of the infection.

Study or subgroup Imipen-
em-cilastatin

Piperacillin-
clindamycin

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Bouter 1996 4/22 6/24 100% 0.73[0.24,2.24]

   

Total (95% CI) 22 24 100% 0.73[0.24,2.24]

Total events: 4 (Imipenem-cilastatin), 6 (Piperacillin-clindamycin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.55(P=0.58)  

Favours piper-clinda 1000.01 100.1 1 Favours imipenem-cilastat

 
 

Analysis 8.2.   Comparison 8 D. Carbapenems: imipenem-
cilastatin vs piperacillin + clindamycin, Outcome 2 Adverse e?ects.

Study or subgroup Imipen-
em-cilastatin

Piperacillin-
clindamycin

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Bouter 1996 3/22 12/24 100% 0.27[0.09,0.84]

   

Total (95% CI) 22 24 100% 0.27[0.09,0.84]

Total events: 3 (Imipenem-cilastatin), 12 (Piperacillin-clindamycin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.26(P=0.02)  

Favours imipenem-cilastat 1000.01 100.1 1 Favours piper-clindamicyn

 
 

Analysis 8.3.   Comparison 8 D. Carbapenems: imipenem-
cilastatin vs piperacillin + clindamycin, Outcome 3 Recurrence.

Study or subgroup Imipen-
em-cilastatin

Piperacillin-
clindamycin

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Bouter 1996 3/22 0/24 100% 7.61[0.42,139.47]

   

Favours imipenem-cilastat 1000.01 100.1 1 Favours piperacillin-clin
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Study or subgroup Imipen-
em-cilastatin

Piperacillin-
clindamycin

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total (95% CI) 22 24 100% 7.61[0.42,139.47]

Total events: 3 (Imipenem-cilastatin), 0 (Piperacillin-clindamycin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.37(P=0.17)  

Favours imipenem-cilastat 1000.01 100.1 1 Favours piperacillin-clin

 
 

Comparison 9.   D. Carbapenems: imipenem-cilastatin vs ampicillin-sulbactam

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the infec-
tion at the completion of therapy

1 96 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.80, 1.14]

2 Clinical resolution of the infec-
tion at the end of follow-up

1 96 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.60, 1.12]

3 Adverse effects 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

3.1 Total adverse effects 1 96 Risk Ratio (M-H, Fixed, 95% CI) 1.06 [0.61, 1.85]

3.2 Significant adverse effects 1 96 Risk Ratio (M-H, Fixed, 95% CI) 1.29 [0.52, 3.17]

4 Amputations 1 96 Risk Ratio (M-H, Fixed, 95% CI) 0.85 [0.62, 1.15]

5 Recurrence 1 96 Risk Ratio (M-H, Fixed, 95% CI) 0.71 [0.42, 1.21]

 
 

Analysis 9.1.   Comparison 9 D. Carbapenems: imipenem-cilastatin vs ampicillin-
sulbactam, Outcome 1 Clinical resolution of the infection at the completion of therapy.

Study or subgroup Imipen-
em-cilastatin

Ampicillin-sul-
bactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Grayson 1994 39/48 41/48 100% 0.95[0.8,1.14]

   

Total (95% CI) 48 48 100% 0.95[0.8,1.14]

Total events: 39 (Imipenem-cilastatin), 41 (Ampicillin-sulbactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.55(P=0.58)  

Favours ampicillin-sulbac 1000.01 100.1 1 Favours imipenem-cilastat

 
 

Systemic antibiotics for treating diabetic foot infections (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

66



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 9.2.   Comparison 9 D. Carbapenems: imipenem-cilastatin vs ampicillin-
sulbactam, Outcome 2 Clinical resolution of the infection at the end of follow-up.

Study or subgroup Imipen-
em-cilastatin

Ampicillin-sul-
bactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Grayson 1994 27/48 33/48 100% 0.82[0.6,1.12]

   

Total (95% CI) 48 48 100% 0.82[0.6,1.12]

Total events: 27 (Imipenem-cilastatin), 33 (Ampicillin-sulbactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.25(P=0.21)  

Favours ampi-sulbactam 1000.01 100.1 1 Favours imipenem-cilastat

 
 

Analysis 9.3.   Comparison 9 D. Carbapenems: imipenem-
cilastatin vs ampicillin-sulbactam, Outcome 3 Adverse e?ects.

Study or subgroup Imipen-
em-cilastatin

Ampicillin-sul-
bactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

9.3.1 Total adverse effects  

Grayson 1994 17/48 16/48 100% 1.06[0.61,1.85]

Subtotal (95% CI) 48 48 100% 1.06[0.61,1.85]

Total events: 17 (Imipenem-cilastatin), 16 (Ampicillin-sulbactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.21(P=0.83)  

   

9.3.2 Significant adverse effects  

Grayson 1994 9/48 7/48 100% 1.29[0.52,3.17]

Subtotal (95% CI) 48 48 100% 1.29[0.52,3.17]

Total events: 9 (Imipenem-cilastatin), 7 (Ampicillin-sulbactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.55(P=0.59)  

Test for subgroup differences: Chi2=0.12, df=1 (P=0.72), I2=0%  

Favours imipenem-cilastat 1000.01 100.1 1 Favours ampi-sulbactam

 
 

Analysis 9.4.   Comparison 9 D. Carbapenems: imipenem-
cilastatin vs ampicillin-sulbactam, Outcome 4 Amputations.

Study or subgroup Imipen-
em-cilastatin

Piperacillin-
clindamycin

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Grayson 1994 28/48 33/48 100% 0.85[0.62,1.15]

   

Total (95% CI) 48 48 100% 0.85[0.62,1.15]

Total events: 28 (Imipenem-cilastatin), 33 (Piperacillin-clindamycin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.05(P=0.29)  

Favours imipenem-cilastat 1000.01 100.1 1 Favours piper-clindamycin
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Analysis 9.5.   Comparison 9 D. Carbapenems: imipenem-cilastatin vs ampicillin-sulbactam, Outcome 5 Recurrence.

Study or subgroup Imipen-
em-cilastatin

Ampicillin-sul-
bactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Grayson 1994 15/48 21/48 100% 0.71[0.42,1.21]

   

Total (95% CI) 48 48 100% 0.71[0.42,1.21]

Total events: 15 (Imipenem-cilastatin), 21 (Ampicillin-sulbactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.25(P=0.21)  

Favours imipenem-cilastat 1000.01 100.1 1 Favours ampi-sulbactam

 
 

Comparison 10.   E. Fluoroquinolones: fourth-generation fluoroquinolones vs anti-pseudomonal penicillins

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the infection 3 387 Risk Ratio (M-H, Fixed, 95%
CI)

1.03 [0.89, 1.20]

 
 

Analysis 10.1.   Comparison 10 E. Fluoroquinolones: fourth-generation fluoroquinolones
vs anti-pseudomonal penicillins, Outcome 1 Clinical resolution of the infection.

Study or subgroup 4th-gen fluo-
roquinolone

Piperacillin-
tazobactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Giordano 2005 25/37 25/41 20.23% 1.11[0.8,1.54]

RELIEF Study 86/123 76/110 68.45% 1.01[0.85,1.2]

Siami 2001 15/42 12/34 11.31% 1.01[0.55,1.86]

   

Total (95% CI) 202 185 100% 1.03[0.89,1.2]

Total events: 126 (4th-gen fluoroquinolone), 113 (Piperacillin-tazobactam)  

Heterogeneity: Tau2=0; Chi2=0.23, df=2(P=0.89); I2=0%  

Test for overall effect: Z=0.4(P=0.69)  

Favours piper-tazobactam 1000.01 100.1 1 Favours fluoroquinolones

 
 

Comparison 11.   E. Fluoroquinolones: moxifloxacin vs amoxicillin-clavulanate

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the infection 1 134 Risk Ratio (M-H, Fixed, 95%
CI)

0.79 [0.57, 1.08]
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Analysis 11.1.   Comparison 11 E. Fluoroquinolones: moxifloxacin vs
amoxicillin-clavulanate, Outcome 1 Clinical resolution of the infection.

Study or subgroup Moxifloxacin Amoxi-
cillin-clavu-
lanate

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

STIC Study 30/63 43/71 100% 0.79[0.57,1.08]

   

Total (95% CI) 63 71 100% 0.79[0.57,1.08]

Total events: 30 (Moxifloxacin), 43 (Amoxicillin-clavulanate)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.47(P=0.14)  

Favours amoxi-clavulanate 1000.01 100.1 1 Favours moxifloxacin

 
 

Comparison 12.   E. Fluoroquinolones: third-generation fluoroquinolone vs extended-spectrum penicillin

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the infection 1 67 Risk Ratio (M-H, Fixed, 95%
CI)

0.97 [0.60, 1.55]

 
 

Analysis 12.1.   Comparison 12 E. Fluoroquinolones: third-generation fluoroquinolone
vs extended-spectrum penicillin, Outcome 1 Clinical resolution of the infection.

Study or subgroup Levofloxacin Ticar-
cillin-clavu-
lanate

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Graham 2002b 18/36 16/31 100% 0.97[0.6,1.55]

   

Total (95% CI) 36 31 100% 0.97[0.6,1.55]

Total events: 18 (Levofloxacin), 16 (Ticarcillin-clavulanate)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.13(P=0.9)  

Favours ticarcillin-clavu 1000.01 100.1 1 Favours levofloxacin

 
 

Comparison 13.   E. Fluoroquinolones: second-generation fluoroquinolone vs extended-spectrum penicillin

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the in-
fection

1 108 Risk Ratio (M-H, Fixed, 95% CI) 1.13 [0.88, 1.47]

2 Adverse effects 1 108 Risk Ratio (M-H, Fixed, 95% CI) 1.82 [0.89, 3.72]

3 Amputations 1 108 Risk Ratio (M-H, Fixed, 95% CI) 0.11 [0.01, 1.94]
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Analysis 13.1.   Comparison 13 E. Fluoroquinolones: second-generation fluoroquinolone
vs extended-spectrum penicillin, Outcome 1 Clinical resolution of the infection.

Study or subgroup Ofloxacin Ampicillin-sul-
bactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Lipsky 1997 40/55 34/53 100% 1.13[0.88,1.47]

   

Total (95% CI) 55 53 100% 1.13[0.88,1.47]

Total events: 40 (Ofloxacin), 34 (Ampicillin-sulbactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.95(P=0.34)  

Favours ampicillin-sulbac 1000.01 100.1 1 Favours ofloxacin

 
 

Analysis 13.2.   Comparison 13 E. Fluoroquinolones: second-generation
fluoroquinolone vs extended-spectrum penicillin, Outcome 2 Adverse e?ects.

Study or subgroup Ofloxacin Ampicillin-sul-
bactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Lipsky 1997 17/55 9/53 100% 1.82[0.89,3.72]

   

Total (95% CI) 55 53 100% 1.82[0.89,3.72]

Total events: 17 (Ofloxacin), 9 (Ampicillin-sulbactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.64(P=0.1)  

Favours ofloxacin 1000.01 100.1 1 Favours ampi-sulbactam

 
 

Analysis 13.3.   Comparison 13 E. Fluoroquinolones: second-generation
fluoroquinolone vs extended-spectrum penicillin, Outcome 3 Amputations.

Study or subgroup Ofloxacin Ampicillin-sul-
bactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Lipsky 1997 0/55 4/53 100% 0.11[0.01,1.94]

   

Total (95% CI) 55 53 100% 0.11[0.01,1.94]

Total events: 0 (Ofloxacin), 4 (Ampicillin-sulbactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.51(P=0.13)  

Favours ofloxacin 1000.01 100.1 1 Favours ampicillin-sulbac
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Comparison 14.   F. Other antibiotics: daptomycin vs control

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the infec-
tion

1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

1.1 Daptomycin vs control 1 133 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.68, 1.30]

2 Adverse effects 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 Advese effects related to
treatment

1 133 Risk Ratio (M-H, Fixed, 95% CI) 0.61 [0.39, 0.94]

2.2 Severe adverse effects 1 133 Risk Ratio (M-H, Fixed, 95% CI) 0.20 [0.02, 1.59]

 
 

Analysis 14.1.   Comparison 14 F. Other antibiotics: daptomycin
vs control, Outcome 1 Clinical resolution of the infection.

Study or subgroup Daptomycin Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

14.1.1 Daptomycin vs control  

Arbeit 2004 31/61 39/72 100% 0.94[0.68,1.3]

Subtotal (95% CI) 61 72 100% 0.94[0.68,1.3]

Total events: 31 (Daptomycin), 39 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.38(P=0.7)  

Favours control 1000.01 100.1 1 Favours daptomycin

 
 

Analysis 14.2.   Comparison 14 F. Other antibiotics: daptomycin vs control, Outcome 2 Adverse e?ects.

Study or subgroup Daptomycin Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

14.2.1 Advese effects related to treatment  

Arbeit 2004 19/61 37/72 100% 0.61[0.39,0.94]

Subtotal (95% CI) 61 72 100% 0.61[0.39,0.94]

Total events: 19 (Daptomycin), 37 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.25(P=0.02)  

   

14.2.2 Severe adverse effects  

Arbeit 2004 1/61 6/72 100% 0.2[0.02,1.59]

Subtotal (95% CI) 61 72 100% 0.2[0.02,1.59]

Total events: 1 (Daptomycin), 6 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.53(P=0.13)  

Test for subgroup differences: Chi2=1.07, df=1 (P=0.3), I2=6.36%  

Favours daptomycin 1000.01 100.1 1 Favours control
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Comparison 15.   F. Other antibiotics: linezolid vs aminopenicillin + beta lactamase inhibitor

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the infec-
tion

1 361 Risk Ratio (M-H, Fixed, 95% CI) 1.07 [0.91, 1.25]

2 Adverse effects 1 361 Risk Ratio (M-H, Fixed, 95% CI) 2.66 [1.49, 4.73]

 
 

Analysis 15.1.   Comparison 15 F. Other antibiotics: linezolid vs aminopenicillin
+ beta lactamase inhibitor, Outcome 1 Clinical resolution of the infection.

Study or subgroup Linezolid Ampicillin-sul-
bactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Lipsky 2004 165/241 77/120 100% 1.07[0.91,1.25]

   

Total (95% CI) 241 120 100% 1.07[0.91,1.25]

Total events: 165 (Linezolid), 77 (Ampicillin-sulbactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.8(P=0.42)  

Favours ampicillin-sulbac 1000.01 100.1 1 Favours linezolid

 
 

Analysis 15.2.   Comparison 15 F. Other antibiotics: linezolid vs
aminopenicillin + beta lactamase inhibitor, Outcome 2 Adverse e?ects.

Study or subgroup Linezolid Ampicillin-sul-
bactam

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Lipsky 2004 64/241 12/120 100% 2.66[1.49,4.73]

   

Total (95% CI) 241 120 100% 2.66[1.49,4.73]

Total events: 64 (Linezolid), 12 (Ampicillin-sulbactam)  

Heterogeneity: Not applicable  

Test for overall effect: Z=3.32(P=0)  

Favours linezolid 1000.01 100.1 1 Favours ampi-sulbactam

 
 

Comparison 16.   F. Other antibiotics: clindamycin vs cephalexin

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the in-
fection

1 56 Risk Ratio (M-H, Fixed, 95% CI) 1.07 [0.79, 1.45]

2 Adverse effects 1 56 Risk Ratio (M-H, Fixed, 95% CI) 0.47 [0.04, 4.84]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3 Ulcer healing 1 52 Risk Ratio (M-H, Fixed, 95% CI) 1.2 [0.59, 2.46]

 
 

Analysis 16.1.   Comparison 16 F. Other antibiotics: clindamycin
vs cephalexin, Outcome 1 Clinical resolution of the infection.

Study or subgroup Clindamycin Cephalexin Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Lipsky 1990 21/27 21/29 100% 1.07[0.79,1.45]

   

Total (95% CI) 27 29 100% 1.07[0.79,1.45]

Total events: 21 (Clindamycin), 21 (Cephalexin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.46(P=0.64)  

Favours cephalexin 1000.01 100.1 1 Favours clindamycin

 
 

Analysis 16.2.   Comparison 16 F. Other antibiotics: clindamycin vs cephalexin, Outcome 2 Adverse e?ects.

Study or subgroup Clindamycin Cephalexin Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Lipsky 1990 1/29 2/27 100% 0.47[0.04,4.84]

   

Total (95% CI) 29 27 100% 0.47[0.04,4.84]

Total events: 1 (Clindamycin), 2 (Cephalexin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.64(P=0.52)  

Favours clindamycin 1000.01 100.1 1 Favours cephalexim

 
 

Analysis 16.3.   Comparison 16 F. Other antibiotics: clindamycin vs cephalexin, Outcome 3 Ulcer healing.

Study or subgroup Clindamycin Cephalexin Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Lipsky 1990 10/25 9/27 100% 1.2[0.59,2.46]

   

Total (95% CI) 25 27 100% 1.2[0.59,2.46]

Total events: 10 (Clindamycin), 9 (Cephalexin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.5(P=0.62)  

Favours cindamycin 1000.01 100.1 1 Favours cephalexin
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Comparison 17.   F. Other antibiotics: tigecycline vs ertapenem

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Clinical resolution of the
infection

1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

1.1 Patients without OM
(main study)

1 955 Risk Ratio (M-H, Fixed, 95% CI) 1.09 [1.01, 1.18]

1.2 Patients with OM (sub
study)

1 118 Risk Ratio (M-H, Fixed, 95% CI) 2.08 [1.27, 3.39]

2 Adverse events 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 Any adverse event 1 955 Risk Ratio (M-H, Fixed, 95% CI) 1.47 [1.34, 1.60]

2.2 Fever 1 955 Risk Ratio (M-H, Fixed, 95% CI) 1.24 [0.64, 2.41]

2.3 Headache 1 955 Risk Ratio (M-H, Fixed, 95% CI) 1.18 [0.65, 2.14]

2.4 Pain 1 955 Risk Ratio (M-H, Fixed, 95% CI) 1.47 [0.71, 3.01]

2.5 Hypertension 1 955 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.60, 1.50]

2.6 Diarrhoea 1 955 Risk Ratio (M-H, Fixed, 95% CI) 0.51 [0.32, 0.82]

2.7 Nausea 1 955 Risk Ratio (M-H, Fixed, 95% CI) 4.76 [3.46, 6.56]

2.8 Vomiting 1 955 Risk Ratio (M-H, Fixed, 95% CI) 5.24 [3.39, 8.12]

2.9 Anemia 1 955 Risk Ratio (M-H, Fixed, 95% CI) 0.70 [0.31, 1.56]

2.10 Insomnia 1 955 Risk Ratio (M-H, Fixed, 95% CI) 3.66 [1.23, 10.96]

2.11 Increase in serum glu-
tamic oxaloacetic transami-
nase

1 955 Risk Ratio (M-H, Fixed, 95% CI) 0.77 [0.40, 1.50]

2.12 Increase in serum glu-
tamic pyruvic transaminase

1 955 Risk Ratio (M-H, Fixed, 95% CI) 0.81 [0.42, 1.60]

2.13 Hipoglicemia 1 955 Risk Ratio (M-H, Fixed, 95% CI) 1.38 [0.83, 2.30]

2.14 Osteomyelitis 1 955 Risk Ratio (M-H, Fixed, 95% CI) 1.95 [0.96, 3.99]

2.15 Discontinuation of
treatment for adverse
events

1 955 Risk Ratio (M-H, Fixed, 95% CI) 1.52 [0.95, 2.42]

3 Septicaemia 1   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

3.1 Patients without os-
teomyelitis (main study)

1 955 Risk Ratio (M-H, Fixed, 95% CI) 0.77 [0.43, 1.39]

3.2 Patients with os-
teomyelitis (sub study)

1 118 Risk Ratio (M-H, Fixed, 95% CI) 1.06 [0.10, 11.40]
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Analysis 17.1.   Comparison 17 F. Other antibiotics: tigecycline
vs ertapenem, Outcome 1 Clinical resolution of the infection.

Study or subgroup Ertapenem Tigecyclin Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

17.1.1 Patients without OM (main study)  

Lauf 2014 363/472 340/483 100% 1.09[1.01,1.18]

Subtotal (95% CI) 472 483 100% 1.09[1.01,1.18]

Total events: 363 (Ertapenem), 340 (Tigecyclin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.28(P=0.02)  

   

17.1.2 Patients with OM (sub study)  

Lauf 2014 21/41 19/77 100% 2.08[1.27,3.39]

Subtotal (95% CI) 41 77 100% 2.08[1.27,3.39]

Total events: 21 (Ertapenem), 19 (Tigecyclin)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.91(P=0)  

Favours ertapenem 1000.01 100.1 1 Favours tigecyclin

 
 

Analysis 17.2.   Comparison 17 F. Other antibiotics: tigecycline vs ertapenem, Outcome 2 Adverse events.

Study or subgroup Tigecyclin Ertapenem Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

17.2.1 Any adverse event  

Lauf 2014 399/483 266/472 100% 1.47[1.34,1.6]

Subtotal (95% CI) 483 472 100% 1.47[1.34,1.6]

Total events: 399 (Tigecyclin), 266 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=8.39(P<0.0001)  

   

17.2.2 Fever  

Lauf 2014 19/483 15/472 100% 1.24[0.64,2.41]

Subtotal (95% CI) 483 472 100% 1.24[0.64,2.41]

Total events: 19 (Tigecyclin), 15 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.63(P=0.53)  

   

17.2.3 Headache  

Lauf 2014 23/483 19/472 100% 1.18[0.65,2.14]

Subtotal (95% CI) 483 472 100% 1.18[0.65,2.14]

Total events: 23 (Tigecyclin), 19 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.55(P=0.58)  

   

17.2.4 Pain  

Lauf 2014 18/483 12/472 100% 1.47[0.71,3.01]

Subtotal (95% CI) 483 472 100% 1.47[0.71,3.01]

Total events: 18 (Tigecyclin), 12 (Ertapenem)  

Heterogeneity: Not applicable  

Favours tigecyclin 1000.01 100.1 1 Favours ertapenem
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Study or subgroup Tigecyclin Ertapenem Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=1.04(P=0.3)  

   

17.2.5 Hypertension  

Lauf 2014 34/483 35/472 100% 0.95[0.6,1.5]

Subtotal (95% CI) 483 472 100% 0.95[0.6,1.5]

Total events: 34 (Tigecyclin), 35 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.22(P=0.82)  

   

17.2.6 Diarrhoea  

Lauf 2014 24/483 46/472 100% 0.51[0.32,0.82]

Subtotal (95% CI) 483 472 100% 0.51[0.32,0.82]

Total events: 24 (Tigecyclin), 46 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.77(P=0.01)  

   

17.2.7 Nausea  

Lauf 2014 190/483 39/472 100% 4.76[3.46,6.56]

Subtotal (95% CI) 483 472 100% 4.76[3.46,6.56]

Total events: 190 (Tigecyclin), 39 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=9.55(P<0.0001)  

   

17.2.8 Vomiting  

Lauf 2014 118/483 22/472 100% 5.24[3.39,8.12]

Subtotal (95% CI) 483 472 100% 5.24[3.39,8.12]

Total events: 118 (Tigecyclin), 22 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=7.43(P<0.0001)  

   

17.2.9 Anemia  

Lauf 2014 10/483 14/472 100% 0.7[0.31,1.56]

Subtotal (95% CI) 483 472 100% 0.7[0.31,1.56]

Total events: 10 (Tigecyclin), 14 (Ertapenem)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.88(P=0.38)  

   

17.2.10 Insomnia  

Lauf 2014 15/483 4/472 100% 3.66[1.23,10.96]

Subtotal (95% CI) 483 472 100% 3.66[1.23,10.96]

Total events: 15 (Tigecyclin), 4 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.32(P=0.02)  

   

17.2.11 Increase in serum glutamic oxaloacetic transaminase  

Lauf 2014 15/483 19/472 100% 0.77[0.4,1.5]

Subtotal (95% CI) 483 472 100% 0.77[0.4,1.5]

Total events: 15 (Tigecyclin), 19 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.76(P=0.44)  

   

17.2.12 Increase in serum glutamic pyruvic transaminase  

Favours tigecyclin 1000.01 100.1 1 Favours ertapenem
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Study or subgroup Tigecyclin Ertapenem Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Lauf 2014 15/483 18/472 100% 0.81[0.42,1.6]

Subtotal (95% CI) 483 472 100% 0.81[0.42,1.6]

Total events: 15 (Tigecyclin), 18 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.6(P=0.55)  

   

17.2.13 Hipoglicemia  

Lauf 2014 34/483 24/472 100% 1.38[0.83,2.3]

Subtotal (95% CI) 483 472 100% 1.38[0.83,2.3]

Total events: 34 (Tigecyclin), 24 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.26(P=0.21)  

   

17.2.14 Osteomyelitis  

Lauf 2014 22/483 11/472 100% 1.95[0.96,3.99]

Subtotal (95% CI) 483 472 100% 1.95[0.96,3.99]

Total events: 22 (Tigecyclin), 11 (Ertapenem)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.84(P=0.07)  

   

17.2.15 Discontinuation of treatment for adverse events  

Lauf 2014 42/483 27/472 100% 1.52[0.95,2.42]

Subtotal (95% CI) 483 472 100% 1.52[0.95,2.42]

Total events: 42 (Tigecyclin), 27 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.76(P=0.08)  

Test for subgroup differences: Chi2=119.52, df=1 (P<0.0001), I2=88.29%  

Favours tigecyclin 1000.01 100.1 1 Favours ertapenem

 
 

Analysis 17.3.   Comparison 17 F. Other antibiotics: tigecycline vs ertapenem, Outcome 3 Septicaemia.

Study or subgroup Tigecyclin Ertapenem Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

17.3.1 Patients without osteomyelitis (main study)  

Lauf 2014 19/483 24/472 100% 0.77[0.43,1.39]

Subtotal (95% CI) 483 472 100% 0.77[0.43,1.39]

Total events: 19 (Tigecyclin), 24 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.85(P=0.39)  

   

17.3.2 Patients with osteomyelitis (sub study)  

Lauf 2014 2/77 1/41 100% 1.06[0.1,11.4]

Subtotal (95% CI) 77 41 100% 1.06[0.1,11.4]

Total events: 2 (Tigecyclin), 1 (Ertapenem)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.05(P=0.96)  

Test for subgroup differences: Chi2=0.07, df=1 (P=0.8), I2=0%  

Favours tigecyclin 1000.01 100.1 1 Favours ertapenem
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A D D I T I O N A L   T A B L E S
 

Study ID Intervention Comparison

A Anti-pseudomonal penicillins

  Anti-pseudomonal penicillins Anti-pseudomonal penicillins

Tan 1993 Piperacillin-tazobactam 3 g/375 mg iv every 6
h (min 5 days)

Ticarcillin-clavulanate 3 g/100 mg iv every 6 h (min 5
days)

  Anti-pseudomonal penicillins Broad-spectrum penicillins

Harkless 2005 Piperacillin-tazobactam 4 g/0.5 g iv every 8 h
(4-14 days, max 21 days)

Ampicillin-sulbactam 2 g/1 g iv every 6 h (4-14 days, max
21 days)

  Anti-pseudomonal penicillins Carbapenems

Saltoglu 2010 Piperacillin-tazobactam 4.5 g iv every 8 h (14
days)

Imipenem-cilastatin 500 mg iv every 6 h (14 days)

B Broad-spectrum penicillins

  Broad-spectrum penicillins Cephalosporins

Erstad 1997 Ampicillin-sulbactam 3 g iv every 6 h (min 5
days)

Cefoxitin 2 g iv every 6 h (min 5 days)

C Cephalosporins

  FiHh-generation cephalosporins Third-generation cephalosporins + glycopeptide

Noel 2008a Ceftobiprole 500 mg iv every 8 h (7-14 days) Vancomycin 1000 mg iv every 12 h plus ceftazidime 1000
mg iv every 8 h (7-14 days)

2. Third-generation cephalosporin + nitroimi-
dazole

Anti-pseudomonal penicillin

Clay 2004 Ceftriaxon -metronidazole 1 g/1 g iv every 24
h (duration not described)

Ticarcillin-clavulanate 3.1 g iv every 6 h (duration not de-
scribed)

D Carbapenems

  Carbapenems Anti-pseudomonal penicillins

  Ertapenem Piperacillin-tazobactam

SIDESTEP Study Ertapenem 1 g iv every 24 h (min 5 days).
Switch to amoxicillin-clavulanate 875 mg/125
mg po every 12 h

Piperacillin-tazobactam 3 g/375 mg iv every 6 h (min of 5
days). Switch to amoxicillin-clavulanate 875 mg/125 mg
po every 12 h

Graham 2002a Ertapenem 1 g iv every 24 h (7-14 days) Piperacillin-tazobactam 3 g/375 mg iv every 6 h (7-14
days)

  Imipenem + cilastatin Piperacillin + clindamycin

Table 1.   Comparisons 
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Bouter 1996 Imipenem-cilastatin 500 mg iv every 6 h (10
days)

Piperacillin 3 g iv every 6 h plus clindamycin 600 mg iv
every 8 h (10 days)

  Carbapenems Broad-spectrum penicillins

Grayson 1994 Imipenem-cilastatin 500 mg iv every 6 h (5
days)

Ampicillin-sulbactam 2 g/1 g iv every 6 h (5 days)

E Fluoroquinolones

  Fourth-generation fluoroquinolones Anti-pseudomonal penicillins

Giordano 2005-Lipsky
2007

Moxifloxacin 400 mg every 24 h (iv for 3 days,
then po for 7-14 days)

Piperacillin-tazobactam 3 g/375 mg iv every 6 h (3 days).
Then amoxicillin-clavulanate 800 mg po every 12 h (7-14
days)

RELIEF Study Moxifloxacin 400 mg every 24 h (iv for 3 days,
then 400 mg every 12 h po for 7-21 days)

Piperacillin-tazobactam 4 g/0.5 g iv every 8 h. Then
amoxicillin-clavulanate 875 mg/125 mg po every 12 h
(7-21 days)

Siami 2001 Cinafloxacin 200 mg iv every12 h (max 14
days), then 200 mg po every 12 h

Piperacillin-tazobactam 3 g/375 mg po every 6 h. Then
amoxicillin-clavulanate 500 mg po every 8 h

  Fourth-generation fluoroquinolones Broad-spectrum penicillins

STIC Study Moxifloxacin 400 mg iv every 24 h for 3 days,
then po for 7-21 days

Amoxicillin 1000 g-clavulanate 200 mg iv every 8 h for 3
days, then 500 mg/125 mg po every 8 h for 7-21 days

  Third-generation fluoroquinolones Antipseudomonal penicillins

Graham 2002b Levofloxacin 750 mg iv or po every 24 h (7-14
days)

Ticarcillin-clavulanate 3.1g every iv 4 h-6 h, then
changed to amoxicillin-clavulanate 875 mg po every 12 h
(7-14 days)

  Second-generation fluoroquinolones Broad-spectrum penicillins

Lipsky 1997 Ofloxacin 400 mg iv every 12 h (then switch to
po; 14-28 days)

Ampicillin-sulbactam 1-2 g/0.5-1 g iv every 6 h. Switch
to amoxicillin-clavulanate 500 mg/125 mg po every 8 h
(14-28 days)

F Other antibiotics

Arbeit 2004 Daptomycin 4 mg/kg iv every 24 h (7-14 days) Vancomycin 1 g iv every 12 h (7-14 days)

Lipsky 2004 Linezolid 600 mg iv or po every 12 h (≥ 7 days
≤ 28)

Ampicillin/sulbactam 1.5 g-3 g iv every 6 h OR amoxi-
cillin/clavulanate 500 mg/875mg po every 12 h (≥ 7 days
≤ 28)

Lipsky 1990 Clindamycin 300 mg iv every 6 h (14 days) Cephalexin 500 mg every 6 h po (14 days)

Lauf 2014 Tigecycline 150 mg iv every 24 h (28 days) Ertapenem 1 g iv every 24 h (28 days)

Table 1.   Comparisons  (Continued)

Abbreviations
h: hour(s)
iv: intravenous
max: maximum
min: minimum
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po: per oral (by mouth)
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1

  Ticar-
cillin-clavu-
lanate
iv

Ampi-
cillin-sul-
bac-
tam
iv

Cef-
triax-
one-metron-
ida-
zol iv

Cef-
tazidime-van-
comi-
cyn
iv

Ce-
fox-
itin iv

Er-
tapen-
em iv

Er-
tapen-
em
iv fol-
lowed
by
amox-
i-
cillin-clavu-
lanate
po

Imipen-
em-cilas-
tatin
iv

Moxi-
floxacin
iv

fol-
lowed
by po

Cinafloxacin
iv

fol-
lowed
by po

Lev-
ofloxacin
iv

Ofloxacin
iv fol-
lowed
by po

Line-
zolid
iv or
po

Clin-
damycin
iv

Tige-
cy-
cline

Van-
comycin

Anti-pseudomonal penicillins                                

Piperacillin-tazobactam iv 1 Tan
1993

1
Hark-
less
2005

      1
Gra-
ham
2002a

  1Sal-
toglu
2010

               

Piperacillin-tazobactam iv fol-
lowed by amoxicillin po

            1
SIDESTEP
Study

  2
Gior-
dano
2005;
RELIEF
Study

1 Si-
ami
2001

           

Ticarcillin-clavulanate iv     1
Clay
2004

                         

Ticarcillin-clavulanate iv fol-
lowed by amoxicillin-clavu-
lanate po

                    1
Gra-
ham
2002b

         

Piperacillin-clindamycin iv               1
Bouter
1996

               

Broad-spectrum penicillins                                
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8
2

Amoxicillin-clavulanate iv fol-
lowed by po

                1
STIC
Study

             

Ampicillin-sulbactam iv         1 Er-
stad
1997

    1
Grayson
1994

               

Ampicillin-sulbactan followed
by amoxicillin-clavulanate po

                      1 Lip-
sky
1997

1 Lip-
sky
2004

     

Cephalosporins                                

Ceftobiprole iv       1
Noel
2008a

                       

Ceftriaxone-metronidazol iv                                

Ceftazidime-vancomicyn iv                                

Cefoxitin iv                                

Cephalexin iv                           1 Lip-
sky
1990

   

Carbapenems                                

Ertapenem iv                              1
Lauf
2014

 

Ertapenem iv followed by
amoxicillin-clavulanate po

                               

Imipenem-cilastatin iv                                

Fluoroquinolones                                

Moxifloxacin iv followed by po                                

Table 2.   Detailed comparisons  (Continued)
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3

Cinafloxacin iv followed by po                                

Levofloxacin iv                                

Ofloxacin iv followed by po                                

Other antibiotics                                

Daptomycin iv                               1 Ar-
beit
2004

Linezolid iv or po                                

Clindamycin iv                                

Tigecycline                                

Vancomycin                                

Table 2.   Detailed comparisons  (Continued)

This table shows all the comparisons included in the review and the number of evaluations for each comparison. To simplify, only diEerent type of antibiotics are represented,
irrespective of dose. The grey shaded areas represent comparisons between the same antibiotic. The numbers in the cells shown refer to number of RCT assessing that comparison.
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A P P E N D I C E S

Appendix 1. MEDLINE database search strategy

Search date: 1946 to 30 March 2015

1 exp Foot Ulcer/ (6728)

2 exp Diabetic Foot/ (5646)

3 (diabet* adj3 ulcer*).tw. (2591)

4 (diabet* adj3 (foot or feet)).tw. (4907)

5 (diabet* adj3 wound*).tw. (1334)

6 or/1-5 (9370)

7 exp Anti-Bacterial Agents/ (519357)

8 antibiotic*.tw. (208767)

9 (nafcillin or oxacillin or ampicillin or dicloxacillin or ticarcillin* or piperacillin* or amoxicillin* or clindamycin or vancomycin or tobramycin
or levofloxacin or ciprofloxacin or moxifloxacin or tigecycline or doxycycline or cefazolin or ceGazidime or cephalexin or cefepime or
cefotaxime or ceGriaxone or cefazolin or cefoxitin or cefotetan or imipenem* or meropenem or ertapenem or aztreonam or metronidazole
or sulfamethoxazole* or trimethopri* or cilastatin*).tw. (111293)

10 or/7-9 (619105)

11 6 and 10 (1006)

12 randomized controlled trial.pt. (363020)

13 controlled clinical trial.pt. (87529)

14 randomi?ed.ab. (314261)

15 placebo.ab. (142471)

16 clinical trials as topic.sh. (167815)

17 randomly.ab. (187940)

18 trial.ti. (112931)

19 or/12-18 (852829)

20 exp animals/ not humans.sh. (3882907)

21 19 not 20 (784017)

22 11 and 21 (106)

Appendix 2. EMBASE database search strategy

Search date: 1974 to 30 MArch 2015

1 exp Foot Ulcer/ (3655)

2 exp Diabetic Foot/ (9045)

3 (diabet* adj3 ulcer*).tw. (4131)

4 (diabet* adj3 (foot or feet)).tw. (7697)

5 (diabet* adj3 wound*).tw. (2167)

6 or/1-5 (15117)
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7 exp Antibiotic Agent/ (992006)

8 antibiotic*.tw. (297239)

9 (nafcillin or oxacillin or ampicillin or dicloxacillin or ticarcillin* or piperacillin* or amoxicillin* or clindamycin or vancomycin or tobramycin
or levofloxacin or ciprofloxacin or moxifloxacin or tigecycline or doxycycline or cefazolin or ceGazidime or cephalexin or cefepime or
cefotaxime or ceGriaxone or cefazolin or cefoxitin or cefotetan or imipenem* or meropenem or ertapenem or aztreonam or metronidazole
or sulfamethoxazole* or trimethopri* or cilastatin*).tw. (159430)

10 or/7-9 (1121204)

11 6 and 10 (2424)

12 Randomized controlled trials/ (48612)

13 Single-Blind Method/ (19169)

14 Double-Blind Method/ (123498)

15 Crossover Procedure/ (40214)

16 (random$ or factorial$ or crossover$ or cross over$ or cross-over$ or placebo$ or assign$ or allocat$ or volunteer$).ti,ab. (1363509)

17 (doubl$ adj blind$).ti,ab. (151947)

18 (singl$ adj blind$).ti,ab. (14834)

19 or/12-18 (1431748)

20 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or nonhuman/ (21122137)

21 human/ or human cell/ (15425084)

22 and/20-21 (15378424)

23 20 not 22 (5743713)

24 19 not 23 (1237715)

25 11 and 24 (198)

Appendix 3. CINAHL database search strategy

Search date: 1 April 2015

S1 (MH "Foot Ulcer+")

S2 TI diabet* N3 ulcer* or AB diabet* N3 ulcer*

S3 TI ( diabet* N3 foot OR diabet* N3 feet ) or AB ( diabet* N3 foot OR diabet* N3 feet )

S4 S1 or S2 or S3

S5 (MH "Antibiotics+")

S6 TI antibiotic* or nafcillin or oxacillin or ampicillin or dicloxacillin or ticarcillin* or piperacillin* or amoxicillin* or clindamycin or
vancomycin or tobramycin or levofloxacin or ciprofloxacin or moxifloxacin or tigecycline or doxycycline or cefazolin or ceGazidime or
cephalexin or cefepime or cefotaxime or ceGriaxone or cefazolin or cefoxitin or cefotetan or imipenem* or meropenem or ertapenem or
aztreonam or metronidazole or sulfamethoxazole* or trimethopri* or cilastatin*

S7 AB antibiotic* or nafcillin or oxacillin or ampicillin or dicloxacillin or ticarcillin* or piperacillin* or amoxicillin* or clindamycin or
vancomycin or tobramycin or levofloxacin or ciprofloxacin or moxifloxacin or tigecycline or doxycycline or cefazolin or ceGazidime or
cephalexin or cefepime or cefotaxime or ceGriaxone or cefazolin or cefoxitin or cefotetan or imipenem* or meropenem or ertapenem or
aztreonam or metronidazole or sulfamethoxazole* or trimethopri* or cilastatin*

S8 S5 or S6 or S7

S9 S4 and S8
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S10 (MH "Clinical Trials+")

S11 PT Clinical trial

S12 TX clinic* n1 trial*

S13 TX ( (singl* n1 blind*) or (singl* n1 mask*) ) or TX ( (doubl* n1 blind*) or (doubl* n1 mask*) ) or TX ( (tripl* n1 blind*) or (tripl* n1 mask*) )
or TX ( (trebl* n1 blind*) or (trebl* n1 mask*) )

S14 TX randomi* control* trial*

S15 (MH "Random Assignment")

S16 TX random* allocat*

S17 TX placebo*

S18 (MH "Placebos")

S19 (MH "Quantitative Studies")

S20 TX allocat* random*

S21 S10 or S11 or S12 or S13 or S14 or S15 or S16 or S17 or S18 or S19 or S20

S22 S9 AND S21

Appendix 4. Search in clinical trials registries

clinicaltrials.gov

Search date: 05/08/2014

(diabetic foot OR diabetic feet OR foot ulcer OR foot infection) 103 references

controlled-trials.com

Search date: 05/08/2014

(diabet* AND infection) 9 references

(diabet* AND foot) 24 references

(diabet* AND ulcer) 15 references

Appendix 5. ProQuest Dissertations & Theses A&I search

(1639-present)

all((diabetic foot OR diabetic feet OR foot ulcer* OR foot infection*)) 230 references

Appendix 6. OpenSINGLE database search

Search date: 16/10/2012

(diabetic foot) 13 references

(diabetic feet) 1 reference

(foot ulcer*) 9 reference

(foot infection*)  3 reference

Appendix 7. Risk of bias criteria

1.  Was the allocation sequence randomly generated?

Low risk of bias

The investigators describe a random component in the sequence generation process such as: referring to a random number table; using a
computer random number generator; coin tossing; shuEling cards or envelopes; throwing dice; drawing of lots.
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High risk of bias

The investigators describe a non-random component in the sequence generation process. Usually, the description would involve some
systematic, non-random approach, for example: sequence generated by odd or even date of birth; sequence generated by some rule based
on date (or day) of admission; sequence generated by some rule based on hospital or clinic record number.

Unclear

InsuEicient information about the sequence generation process available to permit a judgement of low or high risk of bias.

2.  Was the treatment allocation adequately concealed?

Yes, low risk of bias

Participants and investigators enrolling participants could not foresee assignment because one of the following, or an equivalent
method, was used to conceal allocation: central allocation (including telephone, web-based and pharmacy-controlled randomisation);
sequentially-numbered drug containers of identical appearance; sequentially-numbered, opaque, sealed envelopes.

No, high risk of bias

Participants or investigators enrolling participants could possibly foresee assignments and thus introduce selection bias, such as allocation
based on: using an open random allocation schedule (e.g. a list of random numbers); assignment envelopes were used without appropriate
safeguards (e.g. if envelopes were unsealed or nonopaque or not sequentially numbered); alternation or rotation; date of birth; case record
number; any other explicitly unconcealed procedure.

Unclear

InsuEicient information available to permit a judgement of low or high risk of bias. This is usually the case if the method of concealment is
not described or not described in suEicient detail to allow a definite judgement, for example if the use of assignment envelopes is described,
but it remains unclear whether envelopes were sequentially numbered, opaque and sealed.

3.  Blinding was knowledge of the allocated interventions adequately prevented during the study?

Low risk of bias

Any one of the following:

• No blinding, but the review authors judge that the outcome and the outcome measurement are not likely to be influenced by lack of
blinding.

• Blinding of participants and key study personnel ensured, and unlikely that the blinding could have been broken.

• Either participants or some key study personnel were not blinded, but outcome assessment was blinded and the non-blinding of others
was unlikely to introduce bias.

No, high risk of bias

Any one of the following:

• No blinding or incomplete blinding, and the outcome or outcome measurement was likely to be influenced by lack of blinding.

• Blinding of key study participants and personnel attempted, but likely that the blinding could have been broken.

• Either participants or some key study personnel were not blinded, and the non-blinding of others was likely to introduce bias.

Unclear

Either of the following:

• InsuEicient information available to permit judgement of low or high risk of bias.

• The study did not address this outcome.

4.  Were incomplete outcome data adequately addressed?

Low risk of bias

Any one of the following:

• No missing outcome data.

• Reasons for missing outcome data unlikely to be related to true outcome (for survival data, censoring unlikely to be introducing bias).

• Missing outcome data balanced in numbers across intervention groups, with similar reasons for missing data across groups.
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• For dichotomous outcome data, the proportion of missing outcomes compared with observed event risk was not enough to have a
clinically relevant impact on the intervention eEect estimate.

• For continuous outcome data, plausible eEect size (diEerence in means or standardised diEerence in means) among missing outcomes
was not enough to have a clinically relevant impact on observed eEect size.

• Missing data have been imputed using appropriate methods.

High risk of bias

Any one of the following:

• Reason for missing outcome data likely to be related to true outcome, with either imbalance in numbers or reasons for missing data
across intervention groups.

• For dichotomous outcome data, the proportion of missing outcomes compared with observed event risk was enough to induce clinically
relevant bias in intervention eEect estimate.

• For continuous outcome data, plausible eEect size (diEerence in means or standardised diEerence in means) among missing outcomes
was enough to induce clinically relevant bias in observed eEect size.

• ‘As-treated’ analysis done with substantial departure of the intervention received from that assigned at randomisation.

• Potentially inappropriate application of simple imputation.

Unclear

Either of the following:

• InsuEicient reporting of attrition/exclusions to permit judgement of low or high risk of bias (e.g. number randomised not stated, no
reasons for missing data provided).

• The study did not address this outcome.

5.  Are reports of the study free of suggestion of selective outcome reporting?

Low risk of bias

Either of the following:

• The study protocol is available and all of the study’s pre-specified (primary and secondary) outcomes that are of interest in the review
have been reported in the pre-specified way.

• The study protocol is not available but it is clear that the published reports include all expected outcomes, including those that were
pre-specified (convincing text of this nature may be uncommon)

High risk of bias

Any one of the following:

• Not all of the study’s pre-specified primary outcomes have been reported.

• One or more primary outcomes is reported using measurements, analysis methods or subsets of the data (e.g. subscales) that were
not pre-specified.

• One or more reported primary outcomes were not pre-specified (unless clear justification for their reporting is provided, such as an
unexpected adverse eEect).

• One or more outcomes of interest in the review are reported incompletely so that they cannot be entered in a meta-analysis.

• The study report fails to include results for a key outcome that would be expected to have been reported for such a study.

Unclear

InsuEicient information available to permit judgement of low or high risk of bias. It is likely that the majority of studies will fall into this
category.

6.  Other sources of potential bias

Low risk of bias

The study appears to be free of other sources of bias.

High risk of bias

There is at least one important risk of bias. For example, the study:

• had a potential source of bias related to the specific study design used; or
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• stopped early due to some data-dependent process (including a formal-stopping rule); or

• had extreme baseline imbalance; or

• has been claimed to have been fraudulent; or

• had some other problem.

Unclear

There may be a risk of bias, but there is either:

• insuEicient information to assess whether an important risk of bias exists; or

• insuEicient rationale or evidence that an identified problem will introduce bias.

Appendix 8. Clinical classification of a diabetic foot infection

 

Clinical manifestation of infection IDSA Infection
severity

PEDIS grade  

Wound without purulence or any manifestation of inflamma-
tion

Uninfected 1  

Two or more manifestations of inflammation (purulence or ery-
thema, pain, tenderness, warmth or induration); any celluli-
tis or erythema extends up to 2 cm around ulcer, and infection
is limited to skin or superficial subcutaneous tissues; no local
complications or systemic illness

Mild 2  

Infection in a patient who is systemically well and metabolical-
ly stable but has one or more of the following: cellulitis extend-
ing for more than 2 cm; lymphangitis; spread beneath fascia;
deep tissue abscess; gangrene; muscle, tendon, joint or bone
involvement

Moderate 3  

Infection in a patient with systemic toxicity or metabolic insta-
bility (e.g. fever, chills, tachycardia, hypotension, confusion,
vomiting, leukocytosis, acidosis, hyperglycaemia or azotaemia)

Severe 4  

 

 
Footnotes

PEDIS: perfusion, extent (size, depth/tissue loss, infection and sensation).

Appendix 9. Glossary

Definitions of The Medical Dictionary of Medline Plus (MedlinePlus).

Abscess: a localized collection of pus surrounded by inflamed tissue.

Cellulitis: diEuse and especially subcutaneous inflammation of connective tissue.

Dead space: a space leG in the body as the result of a surgical procedure.

Debridement: the usually surgical removal of lacerated, devitalized, or contaminated tissue.

Drainage: the act or process of drawing oE fluids from a cavity or wound by means of suction or gravity.

Myositis: muscular discomfort or pain from infection or an unknown cause.

Necrotizing fasciitis: a severe soG tissue infection typically by Group A streptococci or by a mixture of aerobic and anaerobic bacteria
that is marked by oedema and necrosis of subcutaneous tissues with involvement of the fascia and widespread undermining of adjacent
tissue, by painful red swollen skin over aEected areas, and by polymorphonuclear leucocytosis and that usually occurs as a complication
of surgery, injury, or infection by extension from the initially aEected site.
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Osteomyelitis: an infectious usually painful inflammatory disease of bone that is oGen of bacterial origin and may result in death of bone
tissue.

Paronychia: inflammation of the tissues adjacent to the nail of a finger or toe usually accompanied by infection and pus formation.

Septic arthritis: inflammation of joints due to infection.

Tendonitis: inflammation of a tendon.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

In the protocol, under the outcome 'Time to resolution of the infection', we considered the clinical resolution of the infection and the time
needed for that. AGer further discussions we realized that considering these two outcomes together was misleading and did not allow us
to include the majority of studies that presented data on the clinical resolution of the infection, but not the time needed for this process.
For this reason, we decided to split this outcome into two: i) clinical resolution of the infection; and, ii) time to resolution of the infection.

N O T E S

This systematic review is based on a previously published protocol (Selva 2011).

Anna Selva is a doctoral candidate in Public Health and Methodology of Biomedical Research, at the Department of  pediatrics, obstetrics,
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