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Abstract

Persons with diabetes often develop foot wounds, which frequent-
ly become infected. Infections typically involve soft tissues at first,
but can spread to underlying bone. These infections cause con-
siderable morbidity and are often the proximate cause of lower
extremity amputation. Many studies in the past few years have
improved knowledge of the most appropriate ways to diagnose
and treat diabetic foot infections. This review presents informa-
tion gathered from a comprehensive, ongoing surveillance of the
literature (published and abstracts) over the past 5 years. Prospec-
tive studies have now defined the epidemiology of diabetic foot
infections, as well as validated methods to score and classify
the wounds. Several recently published guidelines can assist cli-
nicians in managing these infections. The etiologic agents of in-
fection have been well-defined, and these can be anticipated by
epidemiological and clinical clues. Of particular concern is that the
prevalence of multidrug-resistance pathogens (especially methicil-
lin-resistant Staphylococcus aureus) is growing. Molecular meth-
ods offer great promise for quicker and more sensitive diagnosis
of infection. New antimicrobial agents, both systemic and topical,
as well as novel local treatments, have been shown to be effective
in various studies. Improved methods of deploying older agents
have added to the variety of treatment approaches now available.
Several adjunctive treatments may benefit some patients but
their role is as yet unclear. Recent analyses have provided guid-
ance on managing diabetic foot osteomyelitis. While there is much
yet to learn about how to most cost-effectively diagnose and treat
diabetic foot infections the main effort is now to disseminate the
available information and facilitate employing the evidence-based
guideline recommendations.
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Ozet

Diyabetik kisilerde ayak yaralari sik gorulir ve bunlar sik sik in-
fekte olur. Yumusak dokuda baslayan infeksiyon, alttaki kemige
de ilerleyebilir. Bu infeksiyonlar, 5nemli 6l¢ciide morbiditeye yol
acarlar ve alt ekstremite ampUtasyonunun da en sik nedenidir.
Son vyillardaki calismalar, diyabetik ayak infeksiyonlarinin tani
ve tedavisinde en uygun yollarin neler oldugunu gostermis-
tir. Bu derlemede son bes yildaki literatiiriin (yayimlanmis ve
ozet halindeki) genis bir bicimde gozden gecirilmesiyle elde
edilen bilgiler sunulmaktadir. ileriye déniik ¢aligmalarla diya-
betik ayak infeksiyonlarinin epidemiyolojisi tanimlandigr gibi
yaralari derecelendiren ve siniflandiran yontemlerin gecerliligi
de ortaya konulmustur. Bu infeksiyonlarin yonetimi igin klinis-
yenlere yardimci olmak Uzere son yillarda yayimlanmis birkac
kilavuz vardir. Infeksiyonun etyolojik etkenlerinin neler oldugu
iyi tanimlanmistir; epidemiyolojik ve klinik ipuclari da bunlarin
kestirilmesini saglayabilir. Cogul direncli patojenlerin (6zellikle
metisiline direngli Staphylococcus aureus’un) prevalansinda-
ki artis bir kaygl kaynagidir. Molekiiler yontemler infeksiyonun
daha hizli ve daha duyarh tanisi icin umut vermektedir. Cesitli
calismalarla yeni lokal tedaviler kadar gerek sistemik gerekse
topik olarak kullanilan yeni antimikrobik ajanlarin da etkili oldu-
gu gosterilmistir. Var olan tedavi yaklasimlarina daha eski ajan-
larin kullanildigi ileri yontemler eklemistir. Birtakim yardimci
tedaviler bazi hastalarda yararli olabilirse de rolleri hentiz kesin
degildir. Son analizler diyabetik ayak osteomyelitinin yonetimi
icin yol gosterici olmustur. Diyabetik ayak infeksiyonlarinin tani
ve tedavisinin en maliyet etkin olarak nasil yapilacagina iligkin
ogrenilecek daha pek ¢ok sey olmakla birlikte, var olan bilgiyi
yaymak ve kanita dayali kilavuz 6nerilerinin uygulanmasini ko-
laylastirmak icin caba gosterilmesi gerekmektedir.
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Introduction

Foot wounds are a common and growing problem in per-
sons with diabetes (1). Many factors may predispose to these
foot wounds (Table 1), but they are generally a consequence
of various types of trauma to an insensate (and often ischem-
ic) foot. Once the protective cutaneous barrier is breached,
skin flora can gain access to the subcutaneous tissue, prolif-
erate, and cause the host inflammatory response we classify
as infection (2). Infection of the soft tissue can then spread
contiguously to underlying bone, causing osteomyelitis. The
occurrence of bone infection substantially reduces the likeli-
hood of a good outcome. Foot infections are now the most
frequent reason for diabetes-related hospitalizations, and are
the major proximate cause of lower limb amputation in per-
sons with diabetes (Figure 1). Since amputation is associated
with about a 50% 5-year mortality, providing optimal care
for patients with a diabetic foot infection (DFI) is crucial (3).
Fortunately, active research in the field of DFIs has allowed
several groups to develop evidence-based guidelines for car-
ing for DFls.

The increase in investigative activity in this field was likely
catalyzed by the publication of two sets of guidelines spe-
cifically concerning DFls. The first, a product of a consensus
meeting of the International Working Group on the Diabetic
Foot (IWGDF) was published in 2004 (4). The second was
released soon thereafter by a committee designated by the
Infectious Diseases Society of America (IDSA) (2). More re-
cently, a set of guidelines was published by French-speak-
ing experts, with a shorter version in English (5). Other re-
cent guidelines have also addressed infection as part of a
larger overview of diabetic foot complications (5-7). Finally,
a Progress Report on Diagnosing and Treating Diabetic Foot
Osteomyelitis was presented at the 5" International Sympo-
sium on the Diabetic Foot. These guidelines have largely of-
fered similar sets of recommendations, helping to codify an
approach to diagnosing and treating DFls.

Guidelines and Classifications

Managing a DFl first requires that the clinician properly eval-
uate the problem; this progresses from a general evaluation of
the whole patient, to examining the affected limb, then the foot,
and finally the specific wound (Table 2). An important aspect of
the IWGDF and IDSA guidelines is that they developed criteria

by which to classify the severity of a DFI (Table 3). This classifi-
cation helps clinicians recognize severe infections, which may
require hospitalization, broad-spectrum and parenteral anti-
biotic therapy, or urgent diagnostic or surgical interventions.
Generally, mild infections are relatively superficial and lim-
ited, moderate infections involve deeper tissues and severe
infections are accompanied by systemic signs or symptoms
of infection or metabolic perturbations. The epidemiology of
foot wounds and approximate distribution of these infections
in persons with diabetes is shown in Figure 2.

Using the data from a prospective study of patients who
developed a foot infection, Lavery et al (8) were able to vali-
date the IDSA classification system. They found a statistically
significant trend toward an increased risk for lower extrem-
ity amputation, higher-level amputation, and a higher rate of
lower extremity-related hospitalization with increasing infec-
tion severity. Another newly reported finding is that one can
predict the outcome of infection by the presence and severity
of selected clinical and laboratory findings (9). Among 402
clinically evaluable patients enrolled in a prospective antibi-
otic treatment study, baseline factors significantly associated
by univariate analysis with treatment failure were “severe”
(versus “moderate”) University of Texas (UT) wound grade;
elevated white blood cell count, C-reactive protein or erythro-
cyte sedimentation rate; high wound severity score; hospital-
ization for treatment; low serum albumin; male sex; and, skin
temperature of affected foot >10°C above that of unaffected
foot (9). By multivariate logistic regression only severe UT
wound grade and elevated white blood cell count remained
statistically significant predictors. Clinical failure rates were
46% for patients with both risk factors compared with 10%
for patients with no risk factors and 17% for patients with one
risk factor. Increased white blood cell count and severe UT
wound grade at baseline, but not other features, were signifi-
cant independent and additive risk factors for clinical failure
in patients treated for a DFI (9).

Wound Scoring System

Another advance has been the development and valida-
tion of a DFI wound scoring system. Does a DFl wound score
correlate with the clinical response to antibiotic treatment?
Lipsky et al (10-13) formulated a preliminary version of this
score for use in two previous studies of antibiotic therapy for

Table 1. Risk Factors for Foot Ulceration and Infection (Modified from Reference 2)

Risk Factor

Mechanism Leading to Ulceration, Impaired Wound Healing or Infection

Peripheral sensory neuropathy
Peripheral motor neuropathy
Peripheral autonomic neuropathy

Arterial insufficiency

Loss of protective sensation (e.g., repetitive shear-type stress leading to ulceration)
Abnormal foot anatomy and biomechanics resulting in excess pressure
Impaired sweating leading to dry, cracked skin

Diminished delivery of nutrients, oxygen, neutrophils, etc. leading to impaired wound

healing and clearance of infection

Hyperglycemia

Patient disability or non-adherence

Immune system (e.g., neutrophil) dysfunction and excess collagen cross-linking

Reduced vision (unable to inspect feet), prior amputation, lack of regular follow-up

with medical care, poor hygiene, inappropriate footwear
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Number (in 1000s) of hospital discharges
for diabetic patients with peripheral
arterial disease (PAD), ulcer/
inflammation/ infection (ULCER), or
neuropathy as 1% listed diagnosis
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Figure 1. Incidence of foot complications, foot-related hospitalizations and lower extremity amputations in persons with diabetes.

Table 2. Approach to Evaluating a Diabetic Patient with a
Foot Wound (Modified from Reference 2)

Evaluating a Diabetic Patient with a Foot Wound

» Check for sensation (monofilament)

» Check for circulation (pulses, Dopplers)

+ Cleanse and debride ulcer

» Evaluate for infection

* Probe wound (foreign bodies, bone?)

« Consider need for surgery

» Prescribe antibiotics if infected

» Adequately offload pressure; prescribe proper dressing
» Educate about secondary prevention

» Set up appropriate follow-up

DFls then used a slightly modified version for the SIDESTEP
antibiotic study. Investigators noted the presence of drain-
age (purulent or non-purulent), then graded any erythema,
induration, tenderness, pain, and local warmth for severity.
This score, combined with measurements of wound size

and depth, gave a total wound score. Among 373 evaluable
patients, a higher score was associated with a significantly
reduced infection cure rate (14). This scoring system thus ap-
pears to offer clinicians an objective way to classify the se-
verity of an infected diabetic foot wound, and this correlates
with clinical outcome.

Epidemiology

The results of two recent studies have provided an impor-
tant advance in this field in finally providing some prospec-
tive data on the occurrence of DFls. Lavery et al (15) reported
the results of following 1666 diabetic persons in a health
maintenance organization in Texas for a mean of just over
two years. Despite the fact that the patients were screened
for foot problems both at enrollment and regularly thereaf-
ter, and educated in how to prevent foot problems, 151 (9%)
developed 199 foot infections. All but one infection occurred
in the setting of a wound or penetrating injury; most in-
volved only the soft tissue but 20% had bone culture-proven
osteomyelitis. Those who developed a foot infection had a
dramatically higher risk of hospitalization and lower extrem-
ity amputation. Significant independent risk factors for foot
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Table 3. Clinical Classification Schemes Proposed by the Infectious Diseases Society of America (IDSA) and the International
Working Group on the Diabetic Foot (PEDIS system) for a Foot Infection in a Person with Diabetes

Clinical Manifestations of Wound IDSA PEDIS*
No purulence or evidence of inflammation (i.e., erythema, pain, tenderness, Uninfected 1
warmth or induration)

Infected (>2 of above) but any erythema extends <2 cm around ulcer & infection limited to Mild 2
skin/superficial subcutaneous tissues. No local complications or systemic illness

Infected patient who is systemically well & stable metabolically but has at least one of following: Moderate 3
cellulitis >2 cm; lymphangitis; spread beneath fascia; deep tissue abscess; gangrene;

muscle, tendon, joint or bone involved

Infected patient with systemic toxicity or metabolic instability (e.g., fever, chills, tachycardia, Severe 4

hypotension, confusion, vomiting, leukocytosis, acidosis)

*PEDIS: Perfusion, Extent/size, Depth/tissue loss, Infection and Sensation

7% of Population
Diabetic

15-25% Develop Foot Ulcer

40-80% Infected
(or pected)
1

40% Mild 30-40% Moderate 20-30% Severe

Figure 2. Epidemiology of diabetic foot infections.

infection from a multivariate analysis included wounds that
penetrated to bone, had a duration >30 days, were recurrent
or associated with a traumatic etiology, and the presence of
peripheral vascular disease (15).

Another report was published by the Eurodiale study group
on data from diabetic patients with a foot ulcer in 14 European
hospitals in ten countries (16). Among 1229 patients, 58% had
a clinically infected wound. The severity of diabetic foot ulcers
at presentation was greater than previously reported, and
one-third had peripheral arterial disease in addition to infec-
tion. The majority of foot ulcers were non-plantar, especially
in patients with severe disease, and serious co-morbidity in-
creased with the severity of foot disease (16). Thus, DFIs are
common, typically occur in a traumatic wound, affect the ma-
jority of foot ulcers, and are associated with limb ischemia. In
a follow-up study these investigators reported that after 1 year
of follow-up, 23% of the patients had not healed their diabetic
foot wound (17). Independent baseline predictors of non-heal-
ing were older age, male sex, the presence of heart failure or
end-stage renal disease, the inability to stand or walk without
help, a larger ulcer size, the presence of peripheral neuropathy
and peripheral arterial disease (PAD). Infection was a specific
predictor of non-healing only in patients with vasculopathy.
Because predictors of diabetic foot wound healing differed
between patients with and without PAD, they suggested that
these be defined as two separate disease states. Of note is that

the adverse effect of infection on healing was confined to pa-
tients with PAD; this needs further investigation (17). Another
recent prospective study from Singapore found that among
192 diabetic patients hospitalized for a foot complication, the
most common conditions included gangrene (31.7%), infec-
tion (abscess, osteomyelitis) (28.7%), ulcer (27.7%), cellulitis
(6.4%), and necrotizing fasciitis (3.5%) (18). The only risk fac-
tors for limb amputation found to be statistically significant by
stepwise logistic regression analysis were peripheral vascular
disease and infection.

Microbiology

In order to select the most appropriate antibiotic therapy
for a DFl one must know the causative pathogens and their
antibiotic susceptibilities. This requires obtaining specimens
for culture that are properly collected (Table 4). Many studies
have reported the causative organisms in a series of patients
with a DFI. The results of these studies vary with the sever-
ity of the infection, whether or not the patients had recently
received antibiotic therapy, as well as with the quality of the
culture procedures used. Specific pathogens are more fre-
quently isolated with certain clinical syndromes, as shown
in Table 5. Although several studies have demonstrated the
superiority of deep (preferably tissue) specimens over super-
ficial swabs, especially for bone infections, most clinicians
persist in sending wound swabs (19-23). In a recent large,
prospective antibiotic trial most specimens were obtained
with proper technique and sent to a research laboratory for
optimal microbiological evaluation (24). Among 427 positive
cultures, 84% were polymicrobial; almost half grew only aer-
obes, but 47% had both aerobes and anaerobes. There was
an average of 2.7 organisms per aerobic culture and 2.3 per
anaerobic culture. As has been found in most other studies,
the predominant aerobic organisms (in descending order)
were Staphylococcus aureus, coagulase-negative staphylo-
cocci, Streptococcus species, Enterococcus species, Coryne-
bacterium species, Enterobacteriaceae, and Pseudomonas
aeruginosa. The predominant anaerobes were Gram-positive
cocci, Prevotella species, Porohyromonas species and Bacter-
oides fragilis group. Of note is that the majority of patients
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with methicillin-resistant S. aureus (MRSA), S. epidermidis
or P aeruginosa had a mixed infection (24). These data sup-
port the results of many other studies that have found that
aerobic Gram-positive cocci (particularly staphylococci) are
the most frequent causes of DFls, but that mixed infections,
with aerobic Gram-negative bacilli or obligate anaerobes, are
common as well (25).

Antibiotic-Resistant Pathogens
One major change in the causative organisms of DFls in
the past few years is the increasing frequency of isolation of

Table 4. Recommendations for Collection of Appropriate
Specimens for Culture From Diabetic Foot Wounds
(Modified from Reference 2)

Do

* Cleanse and debride wound before obtaining
specimen(s) for culture

» Obtain tissue specimen for culture by scraping with a
sterile scalpel or dermal curette (curettage) or biopsy
from the base of a debrided ulcer

» Aspirate any purulent secretions using sterile needle/
syringe

* Promptly send specimens for culture in sterile conta-
iner or appropriate transport media for aerobic and
anaerobic culture

Do Not

» Culture clinically uninfected lesions, unless for epide-
miological studies

» Obtain specimen for culture without first cleansing or
debriding the wound

* Obtain specimen for culture by swabbing the wound
or wound drainage

MRSA (26-28). Several studies have found that 30-50% of S.
aureus isolates from diabetic foot ulcers are methicillin (ox-
acillin) resistant (29,30). This is noteworthy because MRSA
requires specifically targeted antibiotic therapy. Because the
rate of MRSA isolation varies considerably from one location
to another it is key that clinicians be aware of their local re-
sistance situation. In one report the prevalence of MRSA was
significantly higher in patients with clinically infected foot
ulcers than in those with just colonization (31). Interestingly,
in this study MRSA infection or colonization was not asso-
ciated with previously reported predisposing factors, e.g.,
prior hospitalization or use of antibiotics. Isolating MRSA
from a diabetic foot wound is related to nasal colonization
with the organism (27). Presumably, eradication of coloniza-
tion may require eliminating the nasal colonization. Some
studies have also reported increasing frequency of antibiotic-
resistant (including extended-spectrum f-lactamase produc-
ing) Gram-negative organisms, particularly Pseudomonas
species (28,32,33). In one study of 102 diabetic patients with
a foot wound, the significant risk factors for having a multi-
drug-resistant diabetic foot pathogen were: previous antibi-
otic therapy and its duration, frequency of hospitalization for
the same wound, duration of hospital stay and the presence
of osteomyelitis (34).

Rapid Diagnostic Methods

Wound cultures may not adequately identify pathogens,
especially when they are not obtained or processed correctly
or when the patient is on antimicrobial therapy. Even when
pathogens grow, it takes at least 24-48 hours to identify them
and obtain antibiotic sensitivity results. One method of get-
ting rapid information about the likely causative organisms
in a DFl is to do a Gram-stained smear of tissue from the
wound. Newer technologies may enable rapid identification
of causative pathogens (35). One technique, the polymerase
chain reaction (PCR) assay, has been shown to be effective at

Table 5. Pathogens Associated with Specific Diabetic Foot Infection Syndromes (Modified from Reference 2)

Diabetic Foot Infection Syndrome

Pathogen

Cellulitis without ulceration

Ulcer or wound, recently developed and no prior antibiotic treatment

Ulcer or wound, chronic or recent antibiotic treatment

Ulcer or wound, prior hydrotherapy or green-blue colored drainage

Extensive necrosis or gangrene, ischemic limb, feculent odor
(“fetid foot”)

Healthcare-associated

B-hemolytic streptococci (especially group B) and
Staphylococcus aureus

S. aureus and pB-hemolytic streptococci

Usually polymicrobial — S. aureus and p-hemolytic
streptococci plus Enterobacteriaceae. Enterococci if
previous cephalosporin therapy.

Pseudomonas aeruginosa (often in combination with
other organisms)

Polymicrobial — mixed aerobic Gram-positive cocci
(including enterococci), Enterobacteriaceae,
nonfermentative Gram-negative rods, and obligate
anaerobes

MRSA,; ESBL-producing Gram-negative rods

MRSA: Methicillin-resistant Staphylococcus aureus
ESBL: Extended spectrum p-lactamase
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identifying many Gram-positive, Gram-negative and anaero-
bic organisms in various types of wounds. Another poten-
tially useful new diagnostic technology is the oligonucleotide
array for detecting various genes, including those coding
resistance, toxins and specific species (36). A recent study
investigated 72 diabetic patients hospitalized with a foot ul-
cer who had monomicrobial colonization or infection with S.
aureus. Few of the clinically uninfected ulcers had virulence
genes, while they were present in almost all the infected ul-
cers (37). The presence of these virulence factors also pre-
dicted a worse clinical outcome. Real time PCR may allow
clinicians to discriminate infected from colonized wounds,
which could help direct antibiotic therapy. It also allows the
laboratory to identify the infecting pathogens in hours rather
than days, whether or not the patient has been treated with
antimicrobials and with far greater sensitivity than standard
culture methods (38). Recent studies using techniques such
as 16S-based molecular amplifications followed by pyrose-
quencing, shotgun Sanger sequencing, and denaturing gra-
dient gel electrophoresis have shown the diverse populations
of bacteria that occur in the pathogenic biofilms of various
chronic wounds, including diabetic foot ulcers (39). These in-
clude populations of bacteria that culture methods failed to
correctly identify and many that have not been recognized
as wound pathogens, indicating the need for improved diag-
nostic methods.

Imaging Techniques

There have been some new developments in the area of
diagnostic imaging of soft tissue and bone infections (40).
While MRI has emerged as the preferred imaging modality
for DFls, several new nuclear medicine techniques have been
introduced (41,42). These include directly targeting white
blood cells by radiolabeling receptors in vivo, attempting to
target live bacteria with antimicrobial labels, using analogs of
natural mammalian antimicrobial agents and targeting fungi
with labeled anti-fungal agents (43). Another approach has
been to combine standard imaging methods, like labeled leu-
kocyte scans, with positron emission tomography and com-
puted tomography (PET/CT) scans (44-46). This offers corre-
lated acquisition of metabolic and anatomic data, providing
high diagnostic accuracy. Some authorities believe that PET/
CT scans are likely to be routinely employed for characteriz-
ing, and monitoring patients with suspected and proven DFI
(46). Most believe, however, that the proper circumstances in
which to currently consider using these and similar methods,
and their cost-effectiveness, are as yet unknown.

Treatment

Defining the microbiology of an infection is the prelude
to deciding on the most appropriate antibiotic treatment regi-
men. In general, while all wounds are colonized with micro-
organisms, only those that show clinical signs of infection
require antimicrobial therapy. Systemic antibiotic therapy
should be relatively narrowly targeted when possible, but
broader spectrum or specially targeted therapy is often in-
dicated when a patient has a clinically severe infection or is
likely to be infected with a resistant pathogen (Figure 3). In

the past few years many studies have reported the results of
treatments for DFls (47). These include antimicrobial agents
of various types, delivered in different ways, as well as sev-
eral kinds of adjunctive treatments. Unfortunately, there is
still little to no evidence to support the effectiveness of many
treatments. In fact, a recent systematic review of the effec-
tiveness of antimicrobial treatments for diabetic foot ulcers
summarized the results of papers published up until Novem-
ber 2002 (48). The authors, after reviewing the 23 eligible ran-
domized or controlled clinical trials, concluded that “the evi-
dence is too weak to recommend any particular antimicrobial
agent. Large studies are need of the effectiveness and cost-
effectiveness of antimicrobial interventions.” (49). Some of
the studies that have been published in the 4 years since this
review are shown below.

Topical and Local Antimicrobials

Topical antimicrobial therapy continues to be an appeal-
ing method for treating infected wounds. Several new silver-
based products have been marketed, but a recent Cochrane
systematic review that examined papers published through
2004 concluded that, “despite the widespread use of dress-
ings and topical agents containing silver for the treatment of
diabetic foot ulcers, no randomised trials or controlled clini-
cal trials exist that evaluate their clinical effectiveness.” (49).
Similarly, there are few studies of the efficacy (or safety) of
topical iodides in treating DFls (50). Investigational topical
agents for treating DFI include antimicrobial peptides, such
as pexiganan (51) and superoxidized water solutions, such
as Dermacyn® (52-54). Studies to determine the usefulness
of several of these new agents are currently being developed.

Investigators have tried a variety of antibiotic delivery
mechanisms to treat open diabetic foot wounds. These in-
clude biodegradable materials, such as vancomycin impreg-
nated calcium sulfate beads and gentamicin incorporated
into collagen (55-57). These devices can deliver high local
antibiotic concentrations, for a sustained period of time with
minimal systemic levels. Another new method of instilling

Infected

Resistant

Severe bacteria

infection

Requires specially
targeted therapy

Figure 3. Approach to selecting an empiric antibiotic regimen for
a patient with a diabetic foot wound. Treat only clinically infected
(not colonized) wounds. It is generally preferable to use a relatively
narrow-spectrum antibiotic regimen, but certain situations warrant
specially selected or broader-spectrum therapy.
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antibiotics into a wound is designed to work in conjunction
with the vacuum assisted closure device (VAC) (58). This de-
vice can be applied within 24 hours after a wound has been
adequately surgically debrided, and usually in conjunction
with systemic antibiotic therapy. Another novel method of
treating infected foot ulcers is the so-called Biogun (59,60).
This device ionizes molecular oxygen and generates su-
peroxide radical anions (O,7) that have a bactericidal effect
against microorganisms. In a pilot study of 15 patients with
MRSA colonization of a diabetic foot ulcer this device eradi-
cated the organism from 60%. Honey, a topical agent that
has been used for many years, has recently been promoted
for treating MRSA infections, and the American Academy of
Family Physicians is co-sponsoring a randomized controlled
trial for treating diabetic foot ulcers. Another example of an
older approach being resurrected in these times of increas-
ing antibiotic resistance is bacteriophage therapy. These
viruses that kill bacteria were discovered 90 years ago, but
fell out of use in most parts of the world after the discovery
of antibiotics (61). One review of over 1300 patients with in-
fections caused by multiresistant bacteria who were treated
with specific bacteriophages reported full recovery in 85%
and transient improvement in another 11% (62). Yet another
long-used form of biotherapy, maggot debridement, has also
been found to be effective in eradicating MRSA colonization
of diabetic foot ulcers (63). Determining which if any of these
old or new remedies may prove useful in treating DFIs will
require proper controlled trials.

Systemic Antimicrobials

Several studies of systemic antibiotic therapy of DFls have
been published in the past few years. In light of the concern
for MRSA infections, one study compared linezolid, a newly
developed oxazolidinone antibiotic active against almost
all Gram-positive organisms, against an aminopenicillin/p-
lactamase inhibitor (10). Although other specified antibiot-
ics that are active against either Gram-negative organisms
(for the patients on linezolid) or MRSA (for the patients on
the comparator) could have been added, they rarely were.
Nevertheless, linezolid was at least as effective as the broad-
er-spectrum agent, with a similar safety profile. In another
study of a subset of patients with a DFI, daptomycin, another
new anti-MRSA drug, was compared to vancomycin (for pa-
tients with MRSA infection) or semi-synthetic penicillin (for
patients with a methicillin-sensitive infection) (64). The clini-
cal and microbiological efficacy and safety were similar for
all three arms of the study. More recently, a new once-daily
dosed class 1 carbapenem antibiotic, ertapenem, was com-
pared with the somewhat broader-spectrum agent piperacil-
lin/tazobactam in a large group of patients with a DFI (13).
Again, the clinical and microbiological outcomes and safety
profile were similar for the two study drugs. Finally, in yet
another study of patients with DFls, moxifloxacin, a broad-
spectrum fluoroquinolone, had comparable outcomes to pip-
eracillin/tazobactam (IV) or amoxicillin/clavulanate (orally)
(24). While these studies do not allow us to select any one

agent as preferable to others, they do demonstrate the ef-
fectiveness of several new antibiotics. On the basis of these
studies, linezolid, ertapenem and piperacillin/tazobactam
have been approved by the US FDA specifically for treating
DFls (but not for osteomyelitis).

Multidrug resistance is an increasing problem in iso-
lates from DFls, especially MRSA and extended-spectrum
B-lactamase-producing Gram-negative bacteria. This emer-
gence of drug resistance has led to the development of many
new antibiotics (65). A number of investigational antibiotic
agents, including ceftobiprole and dalbavancin, appear to be
promising for treating DFls, based on their pharmacological
properties and effectiveness in vitro against strains of bacte-
ria that were recovered from clinical DFls (66,67). Of note is
that some older agents that were supplanted by newer drugs
or were largely discarded because of concerns about toxicity
have been used to treat resistant infections. In two reports
the now rarely-used polymixin agent colistin (alone or com-
bined with other antimicrobials) was found to be effective
in treating a series of diabetic patients with soft tissue or
bone infections caused by multidrug-resistant P aeruginosa
(68,69). In a similar vein, optimizing how we use available
agents can lead to better clinical outcomes. One pharmacoki-
netic analysis of therapy with oral and parenteral amoxicillin/
clavulanate in patients with a DFI found that a reduction in
viable bacteria was reached significantly earlier with con-
tinuous IV infusion compared with intermittent dosing (70).
A recent systematic review looked at randomized controlled
trials of DFls to determine what factors might be associated
with treatment failure (71). Among the 18 trials identified, the
combined observed treatment failure rate was 23%. Compar-
ing different regimens of antibiotics suggested that carbap-
enems were associated with fewer treatment failures, while
MRSA infections, alone or as part of a polymicrobial infec-
tion, were associated with more treatment failures.

Adjunctive Therapies

Finally, several therapies that are not directly antimicrobial
have been used in conjunction with antibiotics or other treat-
ments to attempt to improve outcomes in DFls. Certainly, all
patients need supportive therapy, including optimal glycemic
control and proper wound dressings, and fluid and electro-
lyte resuscitation for severely ill patients. Most patients also
need some type of surgical procedure, ranging from bed-
side or clinic debridement, through incision and drainage
or operative debridement, to bone resection, revasculariza-
tion or amputation. Among the more widely used adjunc-
tive treatments is systemic hyperbaric oxygen. It is difficult
to interpret the results of the many published case series,
but a systematic review of four randomized controlled trials
with a total of 147 patients concluded that there was some
benefit to the therapy, especially in reducing major amputa-
tions (72). The studies are methodologically weak, however,
and the one study with a sham treatment arm showed no
effect (73). Another expensive new technology is granulocyte
colony stimulating factor (G-CSF). A systematic review of the
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five published randomized controlled trials with a total of 167
patients found that the various regimens used afforded no
improvement in resolving infection but they were associated
with significantly fewer operative interventions (including
amputations) (74). Additional studies are needed to deter-
mine if the substantial resources consumed by these expen-
sive treatments could be better spent on other measures. Of
course one additional “adjunctive” measure that is frequent-
ly crucial in treating a DFl is surgical debridement and drain-
age. It is important that this be undertaken by a surgeon with
knowledge of the complex anatomy of the foot (Figure 4).

Osteomyelitis

Epidemiology and Pathophysiology

Bone infection of the foot in patients with diabetes gen-
erally occurs by contiguous extension from an infected soft
tissue wound (75). Thus, virtually all diabetic foot osteomyeli-
tis cases are chronic by the time they are discovered. While
foot ischemia may predispose to more severe infections, it is
not the primary pathogenic feature for osteomyelitis. Several
studies have shown that about 20% of patients presenting
with a DFIl will have apparent bone involvement, but the prev-
alence may be over 60% in patients with a limb-threatening
infection (76,77). Most often osteomyelitis occurs in a patient
with a pre-existing foot wound, and typically the affected
bone underlies a neuropathic ulcer. The presence of osteo-
myelitis lessens the likelihood of successful eradication of a
foot infection and, not surprisingly, increases the risk of limb
amputation. Osteomyelitis is perhaps the most contentious
aspect in the field of DFls, with only minimal consensus on
either how to diagnose or treat this infection (78).

Diagnosis

The first problem encountered in seeing a patient with
possible diabetic foot osteomyelitis is making the diagnosis.
Clinical signs are highly variable and some patients may have
no evidence suggesting underlying bone infection (45,79).
Clinical findings suggestive of diabetic foot osteomyelitis in-
clude having a soft tissue ulcer that is deep, chronic, or lo-
cated over a bony prominence, or having a markedly elevated
inflammatory marker (ESR, CRP). The “probe to bone” test is
also a useful bedside technique for helping to diagnose os-
teomyelitis (Figure 5). A positive test, i.e., when a sterile met-
al probe reveals bone (a hard, gritty surface), increases the
likelihood of osteomyelitis, while a negative test in a low risk
patient markedly decreases the likelihood. Plain radiographs
are the first imaging study to consider when osteomyelitis is
suspected. In established cases they often show cortical dis-
ruption, and sometimes periosteal elevation or pathological
fractures. There are two main problems with plain x-rays: they
may not show changes in the first two weeks after infection
(a lack of sensitivity); and, when changes are apparent they
may be caused by non-infectious neuro-osteoarthropathy or
Charcot foot (a lack of specificity) (78). To overcome the first
problem, many clinicians order nuclear medicine studies, es-
pecially bone (and sometimes leukocyte or immunoglobin)
scans. While these are more sensitive than x-rays they are
rather non-specific. Many studies have shown that the best

imaging test, when it is available, for diabetic foot osteomy-
elitis is magnetic resonance imaging (MRI) (40). Newer tech-
niques, such as positron emission tomography (PET) scans
appear promising, but their role is as yet undefined (45,46).
The criterion standard for diagnosing osteomyelitis is a
positive culture or (especially in a patient receiving antibiotic
therapy) characteristic histopathology (acute or chronic in-
flammatory cells, or necrosis) from a properly obtained bone
specimen (80). The specimen may be obtained at the time of
surgical debridement or by percutaneous biopsy. Bone biopsy

Cross-section of foot
1 - 5: metatarsal bones
A: central plantar space
B: deep interosseous
(dorsal) space
C: lateral plantar space
D: medial plantar space
9 foot compartments; all
interconnected

Figure 4. The anatomic compartments of the foot (modified from
reference 81).

Figure 5. The “probe-to-bone” test for diabetic foot osteomyelitis.

*Note that the wound must first be carefully debrided (preferably with surgi-
cal instruments, as shown above) and that the probing should be done with

a sterile metal (not wood or plastic) probe.
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is usually done under fluoroscopic or computed tomography
guidance, is generally simple and safe, and provides more ac-
curate culture results than soft tissue specimens (22). Further-
more, there is some evidence that treatment based on bone
culture results is associated with a higher infection remission
rate (82). Recently, the International Working Group on the Dia-
betic Foot proposed consensus criteria for diagnosing diabetic
foot osteomyelitis (Table 6 and 7) (83). These criteria remain to
be validated in a properly designed trial.

Treatment

The second major problem in dealing with osteomyelitis
is the lack of good data upon which to base therapy. The first
issue is whether or not the patient needs surgical debride-
ment of necrotic or infected bone. While this has long been
advocated, and makes clinical sense, a recent systematic re-
view of the literature found that there are few data to support
the need for surgery (83). Urgent surgery may be needed for
deep soft tissue infections, but rarely for osteomyelitis, per se.
A substantial number of retrospective case series, with a total
of almost 600 patients, have shown that antibiotic therapy
alone (usually for at least 3 months, often with fluoroquinolo-
ne agents) can induce remission of apparent osteomyelitis in
about 60% of patients (84). One prospective study found that
82% of 113 patients with probable diabetic foot osteomyelitis
achieved apparent remission with antibiotic therapy and no
surgery (85). Most authorities still believe that it is best to
remove necrotic bone, but the available data support a trial of
antibiotic therapy if this is not feasible or preferred by patient
and provider. There is very little evidence-based information
upon which to choose antibiotic therapy for chronic osteo-
myelitis (86). As to duration of therapy, it should be longer
(perhaps 4-6 weeks) in patients in whom infected bone has
not been removed, and can be quite short (probably no more
than a week) when it has been.

Summary

Much research has led to substantial progress in our un-
derstanding how to diagnose and to treat foot infections in
patients with diabetes. More investigators are asking and
answering key questions in this arena, and the addition of
new treatments and refinements of older ones have likely
improved the outlook for patients with a DFl. Most studies
now show that more than 80% of patients with a soft tissue
infection and over 60% with osteomyelitis can expect clini-
cal resolution. New guidelines have codified the principles of
managing DFls. The job is now to disseminate this informa-
tion and facilitate employing the recommendations.
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Table 7. Implications of Diagnostic Categories for Diabetic
Foot Osteomyelitis (Modified from Reference 83)

Diagnostic Implication for Implication for
Category Investigation Treatment
Definite No further tests Should treat
(>90% likely) except C&S

Probable Confirmatory Strongly consider
(50-89%) tests advised treatment
Possible Further tests or May treat
(10-49%) observation or observe
Unlikely Observation only Need not treat

(<10% likely)

for osteomyelitis

C&S: Culture and sensitivity

Table 6. Proposed Consensus Criteria for Diagnosing Osteomyelitis of the Foot in a Patient with Diabetes (Modified from Reference 83)

Category Finding Combinations
Definite * + Bone culture & histology 2 probable
(Any 1 of) * Pus in bone at surgery 4 possible
» Detached bone in ulcer 1 probable + 2 possible
* Bony abscess on MRI
Probable * Visible cancellous bone 2 possible
(Any 1 of) * MRI highly likely
* + Bone culture or histology
Possible « Cortex erosion on X-ray
(Any 1 of) * MRI compatible
* + Probe to bone
« Visible cortical bone
* ESR>70 mm/h
 Chronic, inflamed wound
Unlikely * Normal MRI
(Any 1 of) * Normal bone scan

* Acute ulcer without inflammation,

and a normal X-ray

MRI: Magnetic resonance imaging, ESR: Erythrocyte sedimentation rate



Lipsky BA. Diagnosing and Treating Diabetic Foot Infections 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

References

Frykberg RG, Zgonis T, Armstrong DG, et al. Diabetic Foot
Disorders: A Clinical Practice Guideline (2006 revision). J Foot
Ankle Surg. 2006; 45 (5 Suppl): S1-66.

Lipsky BA, Berendt AR, Deery HG, 2nd , et al. IDSA Guidelines:
Diagnosis and treatment of diabetic foot infections. Clin Infect
Dis. 2004; 39: 885-910.

Armstrong DG, Wrobel J, Robbins JM. Guest Editorial: are
diabetes-related wounds and amputations worse than cancer?
Int Wound J. 2007; 4(4): 286-7.

Lipsky BA. A report from the international consensus on
diagnosing and treating the infected diabetic foot. Diabetes
Metab Res Rev. 2004; 20 (Suppl 1): S68-77.

Bernard L, for the Société de Pathologie Infectieuse de Langue
Francaise. Management of diabetic foot infections. Médecine et
Maladies Infectieuses. 2007; 37: 14-25.

Pinzur MS, Slovenkai MR, Trepman E, Shields NN. Guidelines for
diabetic foot care: recommendations endorsed by the Diabetes
Committee of the American Orthopaedic Foot and Ankle Society.
Foot Ankle Int. 2005; 26(1): 113-9.

Frykberg RG. A summary of guidelines for managing the diabetic
foot. Adv Skin Wound Care. 2005; 18(4): 209-14.

Lavery LA, Armstrong DG, Murdoch DR Peters EJ, Lipsky BA.
Validation of the Infectious Diseases Society of America’s
diabetic foot infection classification system. Clin Infect Dis.
2007; 44(4): 562-5.

Lipsky BA, Sheehan E Armstrong DG, Tice AD, Polis AB, Abramson
MA. Clinical predictors of treatment failure for diabetic foot infections:
data from a prospective trial. Int Wound J. 2007; 4(1): 30-8.

Lipsky BA, Itani K, Norden C, Linezolid Diabetic Foot Infections
Study Group. Treating foot infections in diabetic patients: a
randomized, multicenter, open-label trial of linezolid versus
ampicillin-sulbactam/amoxicillin-clavulanate. Clin Infect Dis.
2004; 38(1): 17-24.

Lamb HM, Wiseman LR. Pexiganan acetate. Drugs. 1998; 56(6):
1047-52; discussion 1044-53.

Ge Y, MacDonald D, Henry MM, et al. In vitro susceptibility to
pexiganan of bacteria isolated from infected diabetic foot ulcers.
Diagn Microbiol Infect Dis. 1999; 35(1): 45-53.

Lipsky BA, Armstrong DG, Citron DM, Tice AD, Morgenstern DE,
Abramson MA. Ertapenem versus piperacillin/tazobactam for diabetic
foot infections (SIDESTEP): prospective, randomised, controlled,
double-blinded, multicentre trial. Lancet. 2005; 366(9498): 1695-703.
Lipsky BA, Polis, A, Lantz KC, Norquist JM, Abramson MA. The
value of a wound score for diabetic foot infections in predicting
treatment outcome: a prospective analysis from the SIDESTEP
trial. Wound Rep Regen. 2009 (in press).

Lavery LA, Armstrong DG, Wunderlich RR Mohler MJ, Wendel
CS, Lipsky BA. Risk factors for foot infection in individuals with
diabetes. Diabetes Care. 2006; 29(6): 1288-93.

Prompers L, Huijberts M, Apelqvist J, et al. High prevalence
of ischaemia, infection and serious comorbidity in patients
with diabetic foot disease in Europe. Baseline results from the
Eurodiale study. Diabetologia. 2007; 50(1): 18-25.

Prompers L, Schaper N, Apelqvist J, et al. Prediction of outcome
in individuals with diabetic foot ulcers: focus on the differences
between individuals with and without peripheral arterial disease.
The EURODIALE Study. Diabetologia. 2008; 51(5): 747-55.
Nather A, Bee CS, Huak CY, et al. Epidemiology of diabetic
foot problems and predictive factors for limb loss. J Diabetes
Complications. 2008; 22(2): 77-82.

Pellizzer G, Strazzabosco M, Presi S, et al. Deep tissue biopsy
vs. superficial swab culture monitoring in the microbiological
assessment of limb-threatening diabetic foot infection. Diabet
Med. 2001; 18(10): 822-7.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kessler L, Piemont Y, Ortega F et al. Comparison of
microbiological results of needle puncture vs. superficial swab
in infected diabetic foot ulcer with osteomyelitis. Diabet Med.
2006; 23(1): 99-102.

Zuluaga AF, Galvis W, Jaimes F, Vesga O. Lack of microbiological
concordance between bone and non-bone specimens in chronic
osteomyelitis: an observational study. BMC Infect Dis. 2002; 2: 8.
Senneville E, Melliez H, Beltrand E, et al. Culture of percutaneous
bone biopsy specimens for diagnosis of diabetic foot
osteomyelitis: concordance with ulcer swab cultures. Clin Infect
Dis. 2006; 42(1): 57-62.

Slater RA, Lazarovitch T, Boldur |, et al. Swab cultures accurately
identify bacterial pathogens in diabetic foot wounds not
involving bone. Diabet Med. 2004; 21(7): 705-9.

Citron DM, Goldstein EJ, Merriam CV, Lipsky BA, Abramson MA.
Bacteriology of moderate-to-severe diabetic foot infections and
in vitro activity of antimicrobial agents. J Clin Microbiol. 2007;
45(9): 2819-28.

Viswanathan V, Jasmine JJ, Snehalatha C, Ramachandran A.
Prevalence of pathogens in diabetic foot infection in South
Indian type 2 diabetic patients. J Assoc Physicians India. 2002;
50: 1013-6.

Game F Jeffcoate W. MRSA and osteomyelitis of the foot in
diabetes. Diabet Med. 2004; 21 (Suppl 4): S16-9.

Stanaway S, Johnson D, Moulik P Gill G. Methicillin-resistant
Staphylococcus aureus (MRSA) isolation from diabetic foot
ulcers correlates with nasal MRSA carriage. Diabetes Res Clin
Pract. 2007; 75(1): 47-50.

Carvalho CB, R MN, Aragao LR Oliveira MM, Nogueira MB,
Forti AC. [Diabetic foot infection: bacteriologic analysis of 141
patients.]. Arq Bras Endocrinol Metabol. 2004; 48: 406-13.

Dang CN, Prasad YD, Boulton AJ, Jude EB. Methicillin-resistant
Staphylococcus aureus in the diabetic foot clinic: a worsening
problem. Diabet Med. 2003; 20(2): 159-61.

Wagner A, Reike H, Angelkort B. [Highly resistant pathogens in
patients with diabetic foot syndrome with special reference to
methicillin-resistant Staphylococcus aureus infections]. Dtsch
Med Wochenschr. 2001; 126(48): 1353-6.

Tentolouris N, Petrikkos G, Vallianou N, et al. Prevalence of methicillin-
resistant Staphylococcus aureus in infected and uninfected diabetic
foot ulcers. Clin Microbiol Infect. 2006; 12(2): 186-9.

Shankar EM, Mohan V, Premalatha G, Srinivasan RS, Usha AR.
Bacterial etiology of diabetic foot infections in South India. Eur
J Intern Med. 2005; 16(8): 567-70.

Yoga R, Khairul A, Sunita K, Suresh C. Bacteriology of diabetic
foot lesions. Med J Malaysia. 2006; 61 (Suppl A): S14-6.
Kandemir O, Akbay E, Sahin E, Milcan A, Gen R. Risk factors
for infection of the diabetic foot with multi-antibiotic resistant
microorganisms. J Infect. 2007; 54(5): 439-45.

Casman EA. The potential of next-generation microbiological
diagnostics to improve bioterrorism detection speed. Risk Anal.
2004; 24(3): 521-36.

Heller MJ. DNA microarray technology: devices, systems, and
applications. Annu Rev Biomed Eng. 2002; 4: 129-53.

Sotto A, Richard JL, Jourdan N, Combescure C, Bouziges N,
Lavigne JP Miniaturized oligonucleotide arrays: a new tool for
discriminating colonization from infection due to Staphylococcus
aureus in diabetic foot ulcers. Diabetes Care. 2007; 30(8): 2051-6.
Lipsky BA. Diabetic foot infections: Microbiology made modern?
Array of hope. Diabetes Care. 2007; 30(8): 2171-2.

Dowd SE, Sun Y, Secor PR, et al. Survey of bacterial diversity
in chronic wounds using pyrosequencing, DGGE, and full
ribosome shotgun sequencing. BMC Microbiol. 2008; 8(1): 43.



Klimik Dergisi 2009; 22(1): 2-13

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

Russell JM, Peterson JJ, Bancroft LW. MR Imaging of the Diabetic
Foot. Magn Reson Imaging Clin N Am. 2008; 16(1): 59-70.
Ceftobiprole Medocaril: BAL5788, JNJ 30982081, JNJ30982081,
RO 65-5788, RO 655788. Drugs R D. 2006; 7(5): 305-11.

Gil HC, Morrison WB. MR imaging of diabetic foot infection.
Semin Musculoskelet Radiol. 2004; 8(3): 189-98.

Kumar V. Radiolabeled white blood cells and direct targeting
of micro-organisms for infection imaging. Q J Nucl Med Mol
Imaging. 2005; 49(4): 325-38.

Dumarey N, Egrise D, Blocklet D, et al. Imaging infection with
18F-FDG-labeled leukocyte PET/CT: initial experience in 21
patients. J Nucl Med. 2006; 47(4): 625-32.

Schwegler B, Stumpe KD, Weishaupt D, et al. Unsuspected
osteomyelitis is frequent in persistent diabetic foot ulcer and
better diagnosed by MRI than by 18F-FDG PET or 99mTc-MOAB.
J Intern Med 2008; 263(1): 99-106

Kumar R, Basu S, Torigian D, Anand V, Zhuang H, Alavi A. Role of
modern imaging techniques for diagnosis of infection in the era
of 18F-fluorodeoxyglucose positron emission tomography. Clin
Microbiol Rev. 2008; 21(1): 209-24.

Lipsky BA. New developments in diagnosing and treating
diabetic foot infections. Diabetes Metab Res Rev. 2008; 24 (Suppl
1): S66-71.

Nelson EA, O’'Meara S, Golder S, Dalton J, Craig D, Iglesias C,
DASIDU Steering Group. Systematic review of antimicrobial
treatments for diabetic foot ulcers. Diabet Med. 2006; 23(4): 348-59.
Bergin SM, Wraight P, Silver based wound dressings and topical
agents for treating diabetic foot ulcers. Cochrane Database Syst
Rev. 2006: CD005082.

Flynn J. Povidone-iodine as a topical antiseptic for treating and
preventing wound infection: a literature review. Br J Community
Nurs. 2003; 8(Suppl. 6): S36-42.

Lipsky BA, Holroyd KJ, Zasloff M. Topical versus systemic
antimicrobial therapy for treating mildly infected diabetic foot
ulcers: a randomized, controlled, double-blinded, multicenter
trial of pexiganan cream. Clin Infect Dis. 2008; 47(12): 1537-45.
Nelson EA, O’'Meara S, Craig D, et al. A series of systematic
reviews to inform a decision analysis for sampling and treating
infected diabetic foot ulcers. Health Technol Assess. 2006;
10(12): iii-iv, ix-x, 1-221.

Goretti C, Mazzurco S, Nobili LA, et al. Clinical outcomes of wide
postsurgical lesions in the infected diabetic foot managed with
2 different local treatment regimes compared using a quasi-
experimental study design: a preliminary communication. Int J
Low Extrem Wounds. 2007; 6(1): 22-7.

Zahumensky E. [Infections and diabetic foot syndrome in field
practicel. Vnitr Lek. 2006; 52(5): 411-6.

Heijink A, Yaszemski MJ, Patel R, Rouse MS, Lewallen DG,
Hanssen AD. Local antibiotic delivery with OsteoSet, DBX, and
Collagraft. Clin Orthop Relat Res. 2006; 451: 29-33.

Armstrong DG, Findlow AH, Oyibo SO, Boulton AJ. The use of
absorbable antibiotic-impregnated calcium sulphate pellets in
the management of diabetic foot infections. Diabet Med. 2001;
18(11): 942-3.

Armstrong DG, Stephan KT, Espensen EH, Lipsky BA, Boulton
AJM. What is the shelf-life of physician-mixed antibiotic-
impregnated calcium sulfate pellets? J Foot Ankle Surg. 2003;
42(5): 302-4.

Andros G, Armstrong DG, Attinger CE, et al. Consensus
statement on negative pressure wound therapy (V.A.C. Therapy)
for the management of diabetic foot wounds. Ostomy Wound
Manage. 2006; Suppl: S1-32.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Dang CN, Anwar R, Thomas G, Prasad YD, Boulton AJ, Malik
RA. The Biogun: A novel way of eradicating methicillin-resistant
Staphylococcus aureus colonization in diabetic foot ulcers.
Diabetes Care. 2006; 29(5): 1176.

Lipsky BA. The Biogun: a novel way of eradicating methicillin-
resistant Staphylococcus aureus colonization in diabetic foot
ulcers. Response to Dang et al. Diabetes Care. 2006; 29: 2181;
author reply 2181-2.

Shasha SM, Sharon N, Inbar M. [Bacteriophages as antibacterial
agents]. Harefuah. 2004; 143(2): 121-5, 166.

Weber-Dabrowska B, Mulczyk M, Gorski A. Bacteriophage
therapy of bacterial infections: an update of our institute’s
experience. Arch Immunol Ther Exp (Warsz). 2000; 48(6): 547-51.
Bowling FL, Salgami EV, Boulton AJ. Larval therapy: a novel
treatment in eliminating methicillin-resistant Staphylococcus
aureus from diabetic foot ulcers. Diabetes Care. 2007; 30(2): 370-1.
Lipsky BA, Stoutenburgh U. Daptomycin for treating infected
diabetic foot ulcers: evidence from a randomized, controlled
trial comparing daptomycin with vancomycin or semi-synthetic
penicillins for complicated skin and skin-structure infections.
J Antimicrob Chemother. 2005; 55(2): 240-5.

Omar NS, El-Nahas MR, Gray J. Novel antibiotics for the
management of diabetic foot infections. Int J Antimicrob Agents.
2008; 31(5): 411-9.

Goldstein EJ, Citron DM, Merriam CV, Warren YA, Tyrrell KL,
Fernandez HT. In vitro activity of ceftobiprole against aerobic
and anaerobic strains isolated from diabetic foot infections.
Antimicrob Agents Chemother. 2006; 50(11): 3959-62.

Goldstein EJ, Citron DM, Warren YA, Tyrrell KL, Merriam CV,
Fernandez HT. In vitro activities of dalbavancin and 12 other
agents against 329 aerobic and anaerobic gram-positive isolates
recovered from diabetic foot infections. Antimicrob Agents
Chemother. 2006; 50(8): 2875-9.

Tascini C, Gemignani G, Palumbo F et al. Clinical and
microbiological efficacy of colistin therapy alone or in
combination as treatment for multidrug resistant Pseudomonas
aeruginosa diabetic foot infections with or without osteomyelitis.
J Chemother. 2006; 18: 648-51.

Tascini C, Menichetti F Gemignani G, et al. Clinical and
microbiological efficacy of colistin therapy in combination with
rifampin and imipenem in multidrug-resistant Pseudomonas
aeruginosa diabetic foot infection with osteomyelitis. Int J Low
Extrem Wounds. 2006; 5(6): 213-6.

Sedivy J, Petkov V, Jirkovska A, et al. [Optimization of
amoxicillin/clavulanate therapy based on pharmacokinetic/
pharmacodynamic parameters in diabetic foot infection
patiens]. Klin Mikrobiol Infekc Lek. 2004; 10(4): 167-75.
Vardakas KZ, Horianopoulou M, Falagas ME. Factors associated
with treatment failure in patients with diabetic foot infections:
An analysis of data from randomized controlled trials. Diabetes
Res Clin Pract. 2008; 80(3): 344-51.

Kranke PR Bennett M, Roeckl-Wiedmann |, Debus S. Hyperbaric
oxygen therapy for chronic wounds. Cochrane Database Syst
Rev. 2004: (2): CD004123.

Berendt AR. Counterpoint: hyperbaric oxygen for diabetic foot
wounds is not effective. Clin Infect Dis. 15 2006; 43(2): 193-8.
Cruciani M, Lipsky BA, Mengoli C, de Lalla E Are granulocyte
colony-stimulating factors beneficial in treating diabetic foot
infections?: A meta-analysis. Diabetes Care. 2005; 28(2): 454-60.
Lipsky BA. Osteomyelitis of the foot in diabetic patients. Clin
Infect Dis. 1997; 25: 1318-26.



Lipsky BA. Diagnosing and Treating Diabetic Foot Infections 13

76.

77.

78.

79.

80.
81.

Grayson ML, Gibbons GW, Habershaw GM, et al. Use of ampicillin/
sulbactam versus imipenem/cilastatin in the treatment of limb-
threatening foot infections in diabetic patients. Clin Infect Dis.
1994; 18(5): 683-93.

Hartemann-Heurtier A, Senneville E. Diabetic foot osteomyelitis.
Diabetes Metab. 2008; 34(2): 87-95.

Lipsky BA. Bone of contention: diagnosing diabetic foot
osteomyelitis. Clin Infect Dis. 2008; 47(4): 528-30.

Butalia S, Palda VA, Sargeant RJ, Detsky AS, Mourad O. Does this
patient with diabetes have osteomyelitis of the lower extremity?
JAMA. 2008; 299(7): 806-13.

Senneville E. [Diabetic foot osteomyelitis]. Rev Prat. 2007; 57: 991-4.
Armstrong DG, Lipsky BA. Diabetic foot infections: stepwise medical
and surgical management. Int Wound J. 2004; 1(2): 123-32.

82.

83.

84.

85.

86.

Senneville E, Lombart A, Beltrand E, et al. Outcome of diabetic
foot osteomyelitis treated nonsurgically: a retrospective cohort
study. Diabetes Care. 2008; 31(4): 637-42.

Berendt AR, Peters EJ, Bakker K, et al. Diabetic foot osteomyelitis:
a progress report on diagnosis and a systematic review of
treatment. Diabetes Metab Res Rev. 2008; 24(Suppl 1): S145-61.
Jeffcoate WJ, Lipsky BA. Controversies in diagnosing and
managing osteomyelitis of the foot in diabetes. Clin Infect Dis.
2004; 39 (Suppl 2): S115-22.

Game FL, Jeffcoate WJ. Primarily non-surgical management of
osteomyelitis of the foot in diabetes. Diabetologia. 2008; 51(6): 962-7.
Lazzarini L, Lipsky BA, Mader JT. Antibiotic treatment of
osteomyelitis: what have we learned from 30 years of clinical
trials? Int J Infect Dis. 2005; 9(3): 127-38.



