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Foot infections in diabetic patients are predominantly caused by gram-positive cocci, many of which are now

antibiotic resistant. Because linezolid is active against these pathogens, we compared the efficacy and safety

of intravenous and oral formulations with that of intravenous ampicillin-sulbactam and intravenous and oral

amoxicillin-clavulanate given for 7–28 days in a randomized, open-label, multicenter study of all types of foot

infection in diabetic patients (ratio of linezolid to comparator drug recipients, 2:1). Among 371 patients, the

clinical cure rates associated with linezolid and the comparators were statistically equivalent overall (81% vs.

71%, respectively) but were significantly higher for linezolid-treated patients with infected foot ulcers (81%

vs. 68%; ) and for patients without osteomyelitis (87% vs. 72%; ). Cure rates were comparableP p .018 P p .003

for inpatients and outpatients and for both oral and intravenous formulations. Drug-related adverse events

were significantly more common in the linezolid group, but they were generally mild and reversible. Linezolid

was at least as effective as aminopenicillin/b-lactamase inhibitors for treating foot infections in diabetic patients.

Foot infections and their sequelae cause substantial

morbidity among diabetic patients. Most infections are

mild to moderate in severity [1], but more-severe in-

fection may lead to serious sequelae. Foot infections in

diabetic patients (hereafter, “diabetic foot infections”)
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are often accompanied by osteomyelitis [2], and they

are the leading cause of diabetes-related hospitalization

[3] and lower-extremity amputation in the United

States [1, 4, 5].

Acute infections in patients who have not recently

received antibiotic therapy are predominantly caused

by aerobic gram-positive cocci, often as a monomicro-

bial infection [6]. Although chronic wounds tend to

develop more-complex flora [7, 8], Staphylococcus au-

reus, either alone or as a component of a mixed infec-

tion, is the most important pathogen in diabetic foot

infection [7]. The incidence of infection caused by an-

tibiotic-resistant bacteria, particularly methicillin-resis-

tant S. aureus (MRSA), is increasing worldwide [9, 10].

In patients with diabetic foot infections, isolation of

MRSA is associated with previous antibiotic therapy

and leads to worse clinical outcomes [11–15]. Thus,

agents with extended activity against MRSA are needed

for patients at risk. Whether an empirical antibiotic



18 • CID 2004:38 (1 January) • Lipsky et al.

regimen for diabetic foot infection must also be effective against

gram-negative bacilli and anaerobes is not clear, but one pre-

vious study suggested that it might not be necessary [6]. The

work of Lipsky et al. [6] and other studies [16, 17] also suggest

that therapy with oral antimicrobial agents is effective, but few

studies have compared the outcomes of oral and parenteral

regimens.

Linezolid is effective for treatment of infections due to gram-

positive bacteria, including methicillin-, cephalosporin-, and

vancomycin-resistant strains [18–21], but it has minimal ac-

tivity against gram-negative bacteria. It is available in both a

parenteral and a highly bioavailable oral formulation, is ad-

ministered twice per day, and achieves therapeutic concentra-

tions in soft tissue and bone [22, 23]. However, linezolid is

expensive, and some clinicians prefer to reserve it for treatment

of documented antibiotic-resistant organisms. The aminopen-

icillin/b-lactamase inhibitors ampicillin-sulbactam and amox-

icillin-clavulanate are broad-spectrum antibiotics that are

among the most widely used agents for these infections [24].

This study compared the efficacy and safety of intravenous and

oral formulations of linezolid with that of aminopenicillin/b-

lactamase inhibitors (plus vancomycin, if needed for MRSA)

for treatment of patients with various types of diabetic foot

infection.

PATIENTS AND METHODS

Study design. This randomized, open-label trial was con-

ducted at 45 sites in 8 countries from April 2001 through April

2002. Consenting men and women (age, �18 years) with di-

abetes mellitus (diagnosed on the basis of the American Dia-

betes Association’s definition) [25] and a foot infection were

potentially eligible. Infections were defined by clinical signs and

symptoms (see below) and comprised �1 of the following:

cellulitis, paronychia, infected ulcer, deep soft-tissue infection,

septic arthritis, abscess, or osteomyelitis. Patients could have

undergone any necessary debridement or other surgical pro-

cedures, as long as the entire infected area was not resected or

amputated. At each study site, appropriate informed consent

was obtained, and guidelines for human experimentation (as

defined by the US Department of Health and Human Services

or the investigators’ institution) were followed in the conduct

of this clinical trial.

Patients were excluded from the study if they had critical

ischemia of the affected limb (defined as the absence of pedal

pulses, absent or abnormal Doppler wave forms, and a toe

blood pressure of !45 mm Hg), unless their participation was

approved by a vascular surgeon; if they had a wound with

prosthetic materials or devices; if they had an infection re-

quiring 128 days of antibiotic treatment; or if they had a wound

with extensive gangrene. Patients were also excluded if they had

received potentially effective antibiotic therapy for 172 h in the

week before enrollment, if they needed additional treatment

with antibiotics not tested in our study, if they had an absolute

neutrophil count of !500 cells/mm3, if they were pregnant or

lactating, or if they had a history of hypersensitivity to linezolid,

penicillin, or vancomycin.

At enrollment, each patient provided a medical history and

underwent a physical examination. The infection site was as-

sessed for drainage, erythema, fluctuance, warmth, pain or ten-

derness, and induration. The area and depth of the wound were

measured, and the condition of the ulcer base and surrounding

skin were noted. The affected foot was assessed for the presence

of ischemia and osteomyelitis. Each patient underwent plain

radiography of the affected limb and standard hematological

and clinical chemistry testing. Patients suspected of having os-

teomyelitis underwent whatever additional studies (e.g., im-

aging tests or bone biopsy) were deemed appropriate by the

investigators, who also based the diagnosis on these results.

Osteomyelitis frequently complicates diabetic foot infection and

is difficult to exclude in the early stages; furthermore, the op-

timal duration of therapy it requires is unclear. We allowed

patients with presumed osteomyelitis to be enrolled if the in-

vestigator believed 4 weeks of antibiotic therapy was sufficient

for treatment. For each patient, we obtained the clinical history,

performed a physical examination and detailed wound assess-

ment, and obtained specified laboratory tests periodically

throughout the study, at the end of treatment, and during

follow-up. Plain radiography was repeated 7–14 days after the

start of therapy.

Wounds with callus or necrotic material were sharply de-

brided. Then, suitable tissue wound specimens were obtained

for bacterial cultures (aerobic and anaerobic) within 72 h after

enrollment (i.e., at baseline); cultures were done at the inves-

tigators’ laboratory. Open wound specimens for culture were

obtained by biopsy or curettage (usually with a sterile scalpel)

of tissue at the base of the wound; obtaining swab specimens

was discouraged for cultures. Fine-needle aspiration or biopsy

was recommended for closed lesions or cellulitis. Patients with

suspected bacteremia had �2 blood specimens obtained for

culture. If appropriate wound specimens were available or if

bacteremia was documented, cultures were repeated 48–72 h

after the initiation of therapy, at the end of treatment, and

during follow-up. Patients were withdrawn from the study if

a culture yielded a pathogen that was resistant to a study med-

ication and the infection was not clinically improving, if the

absolute neutrophil count was !500 cells/mm3, if the infection

was failing to improve, if the patient did not comply with the

study regimen, or if the patient had persistent bacteremia (i.e.,

3 consecutive positive blood culture results) without clinical

improvement. The test-of-cure evaluation was conducted 15–

21 days after treatment was completed.
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Table 1. Baseline demographic and clinical characteristics of
the intent-to-treat population.

Characteristic

Linezolid
arm

(n p 241)

Aminopenicillin/
b-lactamase

inhibitor arms
(n p 120)

Demographic

Male sex 171 (71) 86 (72)

Race

White 206 (85) 100 (83)

Black 27 (11) 16 (13)

Other 8 (3) 4 (3)

Age, mean years � SD 63 � 12 62 � 13

Type-2 diabetes, % of patients 61 52

Type of infectiona

Infected ulcer 190 (79) 93 (78)

Cellulitis 101 (42) 60 (50)

Deep soft-tissue infection 37 (15) 16 (13)

Paronychia 12 (5) 11 (9)

Osteomyelitis 57 (24) 20 (17)

Other 8 (3) 5 (4)

NOTE. Data are no. (%) of patients, unless otherwise indicated.
a Patients could have had 11 type of or site of infection. Therefore, the sum

of the percentages may be 1100%.

Patients were randomized (ratio, 2:1) to receive either li-

nezolid (600 mg q12 h either iv or po), ampicillin-sulbactam

(1.5–3 g q6h iv), or amoxicillin-clavulanate (500–875 mg every

8–12 h po). At the investigator’s discretion, therapy could be

given on an inpatient or outpatient basis, could be administered

either intravenously or orally, and could be switched from the

intravenous to oral administration. The duration of treatment

was �7 days but not 128 days. Vancomycin (1 g q12h iv,

adjusted for renal dysfunction, advanced age, or obesity) was

to be added to the aminopenicillin/b-lactamase inhibitor reg-

imen if infection with MRSA was suspected or confirmed. The

investigator could choose to administer aztreonam (1–2 g iv

every 8–12 h in either arm) for patients infected with suspected

or documented gram-negative pathogens that were resistant to

the study medication.

To avoid confusion about the effect of the study antibiotic,

use of topical antimicrobial agents was not permitted. Patients

received twice-daily dressing changes (which consisted of any

sterile nonadherent type selected by the investigator) and pe-

riodic debridement, as needed throughout the study. Pressure

on the wound had to be avoided by a method selected by the

investigator.

Analysis of results. Analyses were based on the intent-to-

treat (ITT) population (i.e., evaluable randomized patients who

received �1 dose of study medication). Analysis of the clinical

outcome associated with the infecting pathogen at baseline in-

volved the modified intent-to-treat population (i.e., ITT pa-

tients with a gram-positive baseline pathogen). The primary

efficacy outcome was the clinical response to treatment, both

overall and by type of infection, at the test-of-cure visit. Clinical

outcomes were categorized as follows: “cure,” resolution of all

clinical signs and symptoms of infection and a healing wound

after �5 days of therapy; “improvement,” resolution of �2—

but not all—clinical signs or symptoms of infection after �5

days of therapy (only used at end of treatment); “failure,” per-

sistence or progression of baseline clinical signs and symptoms

of infection after �2 days of therapy; “missing,” patients re-

ceived therapy for !2 days; or “indeterminate,” circumstances

precluded classification. All patients who received �1 dose of

study medication were included in the safety analyses.

Statistical analyses. The significance level was set at 5%

( ), as determined using SAS software, version 6.12 (SASP � .05

Institute). Comparability of treatment groups for quantitative

variables used a 1-way analysis of variance fixed-effects model,

with treatment group as a categorical factor, or the Wilcoxon

rank sum test. Comparability between treatment groups for

categorical variables was determined using the x2 test for ho-

mogeneity of proportions or Fisher’s exact test. The efficacy

analyses used 2-sided 95% CIs based on normal approximation

to the binomial distribution of success or failure. Summaries

of categorical variables included the frequencies and percent-

ages of patients within each category. Continuous variables were

summarized using descriptive statistics.

RESULTS

Study population. Of the 371 patients enrolled, 241 received

linezolid, 120 received aminopenicillin/b-lactamase inhibitors,

and 10 received no treatment. Clinically evaluable patients met

entry criteria, received �80% of prescribed study medication,

and had adequate follow-up; there were 203 patients in the

linezolid group and 108 patients in the aminopenicillin/b-lac-

tamase inhibitor groups.

There were no significant differences between the 2 treatment

groups at baseline with respect to demographic characteristics

(table 1), medical histories, findings of physical examination,

and results of laboratory tests. The most common types of

infections are shown in table 1. Investigators diagnosed oste-

omyelitis in 77 patients; 64 of these patients had characteristic

radiographic changes (3 of whom also had a positive radio-

nuclide scan or MRI result, and 9 of whom had a positive result

of culture of a bone biopsy specimen), 7 had only a positive

bone biopsy culture result, and 6 had only a positive radio-

nuclide scan or MRI result. Fifty-seven patients with osteo-

myelitis received linezolid, and 20 received aminopenicillin/b-

lactamase inhibitors. Foot ischemia was noted in 147 enrolled

patients, 98 of whom received linezolid and 49 of whom re-

ceived aminopenicillin/b-lactamase inhibitors. The most com-
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Table 2. Clinical cure rates for the intent-to-treat population, by selected parameters.

Parameter

No. of patients cured/
no. of patients assessed (%)a

95% CI

Duration of
therapy, mean

days � SD

Linezolid
arm

(n p 241)

Aminopenicillin/
b-lactamase

inhibitor arms
(n p 120)

Overall 165/203 (81) 77/108 (71) �0.1 to 20.1 17.0 � 7.6

Type of infectionb

Infected ulcer 131/161 (81) 57/84 (68) 1.9–25.2 17.0 � 7.5

Cellulitis 68/86 (79) 40/54 (74) �9.5 to 19.5 17.1 � 7.9

Deep soft-tissue infection 20/32 (63) 8/14 (57) �25.5 to 36.2 20.2 � 7.5

Paronychia 11/12 (92) 9/11 (82) �17.8 to 37.5 15.1 � 6.5

Abscess 5/5 (100) 1/1 (100) … 14.3 � 6.2

Osteomyelitisc 27/44 (61) 11/16 (69) �34.3 to 19.5 19.0 � 9.0

Status during initial treatment

Outpatient 110/134 (82) 57/79 (72) �1.9 to 21.8 16.0 � 7.3

Inpatient 55/69 (80) 20/29 (69) �8.6 to 30.1 19.2 � 7.8

Route of initial treatment

Intravenous 41/53 (77) 15/22 (68) �13.3 to 31.7 20.7 � 7.6

Oral 124/150 (83) 62/86 (72) �0.7 to 21.8 15.8 � 7.2

Presence of ischemiac

Yes 64/79 (81) 29/44 (66) �1.4 to 31.6 18.2 � 7.8

No 101/124 (81) 48/64 (75) �6.2 to 19.1 16.2 � 7.4

a Excludes patients with indeterminate and missing outcomes.
b Patients could have had 11 baseline diagnosis.
c See text for definitions.

mon site of infection was the plantar surface (47%), followed

by the dorsal aspect of the foot (28%).

There were no significant differences in wound characteristics

between the 2 treatment groups: most wounds were �2 cm2

in size and �9 mm deep and were present for a duration of

!8 weeks. Clinical characteristics of the infected sites were sim-

ilar in the treatment groups at baseline. The organisms isolated

from wound cultures were similar for the treatment groups.

Overall, one-half of all patients had only gram-positive cocci

isolated. The most common individual pathogens at baseline

were S. aureus (158 isolates), Staphylococcus epidermidis and

other coagulase-negative staphylococci (60 isolates), Enterococ-

cus species (59 isolates), and Streptococcus agalactiae (52 iso-

lates). In the linezolid group, 70 patients (45%) were infected

with only gram-positive aerobic pathogens, 5 (3%) were in-

fected with a gram-positive pathogen plus an obligate anaerobe,

and 81 (52%) had mixed infections with gram-positive and

gram-negative pathogens. In the aminopenicillin/b-lactamase

inhibitors group, 50 patients (58%) were infected with only a

gram-positive pathogen, 2 (2%) were infected with a gram-

positive pathogen and an anaerobe, and 34 patients (40%) were

infected with both gram-positive and gram-negative pathogens.

Mean total treatment duration (�SD) was similar in the

linezolid ( days) and aminopenicillin/b-lactamase in-17.2 � 7.9

hibitor ( days) groups. Intravenous treatment dura-16.5 � 7.9

tion was shorter for patients treated with linezolid than for

those treated with aminopenicillin/b-lactamase inhibitors

( vs. days, respectively), whereas durations7.8 � 5.5 10.4 � 5.7

of oral treatment were similar ( and days,15.9 � 7.4 15.0 � 7.8

respectively). Vancomycin was administered to 1 patient (0.4%)

in the linezolid group (a protocol violation) and to 5 patients

(9.6%) in the aminopenicillin/b-lactamase inhibitor groups.

Aztreonam was administered to 12 linezolid recipients (5.0%)

and to 3 aminopenicillin/b-lactamase inhibitor recipients

(2.5%).

Efficacy data. There was no statistically significant differ-

ence between the treatment groups in the overall clinical cure

rate (table 2). When analyzed by primary diagnosis, however,

statistically significantly more patients with an infected ulcer

(78% of all patients) in the linezolid arm were clinically cured

than in the aminopenicillin/b-lactamase inhibitor arm (81%

vs. 68%, respectively; 95% CI, 1.9–25.2; ). Similarly,P p .018

among the 79% of patients who did not have osteomyelitis,

those treated with linezolid had a statistically significantly

higher cure rate than did those receiving aminopenicillin/b-

lactamase inhibitors (87% vs. 72%; 95% CI, 4.5–25.7; P p
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Table 3. Clinical cure rates for infections with the most frequently isolated baseline pathogens in the
modified intent–to-treat population.

Pathogen

No. of patients cured/
no. of patients
assessed (%)a

95% CI

Baseline organism
isolated at follow-upa,

no. of patients

Linezolid
arm

Aminopenicillin/
b-lactamase

inhibitor arms
Linezolid

arm

Aminopenicillin/
b-lactamase

inhibitor arms

Staphylococcus aureus

Methicillin susceptible 50/67 (75) 28/39 (72) �14.7 to 20.4 5 4

Methicillin resistant 13/18 (72) 4/7 (57)b �27.0 to 57.2 3 0

Coagulase-negative staphylococci 31/35 (89) 17/19 (89) �18.3 to 16.5 2 1

Streptococcus agalactiae 26/31 (84) 9/18 (50) 7.4–60.4 0 1

Enterococcus speciesc 23/34 (68) 13/17 (76) �34.4 to 16.8 1 1

Pseudomonas speciesd 13/16 (81) 7/11 (64) �16.6 to 51.9 3 0

Enterobacteriaceaed 52/65 (80) 16/23 (70) �10.7 to 31.6 2 1

NOTE. The modified intent-to-treat population consisted of patients in the intent-to-treat population with a baseline pathogen
and evaluable clinical response of success or failure).

a Patient was considered to be a clinical success even if the organism was isolated at follow-up.
b Four of the 7 patients received vancomycin, 3 of whom were clinically cured. One patient who was clinically cured did not

receive vancomycin.
c Only 1 of the tested Enterococcus isolates was resistant to vancomycin.
d Gram-negative organisms were isolated in conjunction with gram-positive pathogens.

). Clinical outcomes were similar between treatment groups.003

among patients with cellulitis, deep soft-tissue infection, par-

onychia, abscess, and osteomyelitis. Rates of cure were generally

lower in both treatment arms for deep soft-tissue infection and

bone infection (∼60% to 65%) than for more superficial in-

fections (∼75% to 80%). There were no significant differences

in clinical cure rates between patients treated as inpatients and

those treated as outpatients (for linezolid, 80% vs. 82%, re-

spectively; for aminopenicillin/b-lactamase inhibitors, 69% vs.

75%, respectively), for initial intravenous therapy versus oral

therapy (for linezolid, 77% vs. 83%, respectively; for amino-

penicillin/b-lactamase inhibitors, 68% vs. 72%, respectively),

or for noncritical limb ischemia versus absence of critical limb

ischemia (for linezolid, 81% vs. 81%, respectively; for ami-

nopenicillin/b-lactamase inhibitors, 66% vs. 75%, respectively)

(table 2).

Clinical cure rates among patients whose cultures yielded

only gram-positive organisms—with or without anaerobes—

were 79% for the linezolid group (59 of 75 patients) and 73%

for the aminopenicillin/b-lactamase inhibitor groups (38 of 52

patients; 95% CI, �9.6 to 20.8). Clinical cure rates among

patients infected with both gram-positive and gram-negative

organisms who received aztreonam (in addition to the study

drug) were 80% (8 of 10 patients) and 0% (0 of 3 patients)

for the linezolid and aminopenicillin/b-lactamase inhibitor

groups, respectively (95% CI, 55.2–100); corresponding cure

rates for those who did not receive aztreonam were 80% (57

of 71 patients) and 74% (23 of 31 patients). The clinical cure

rates, by baseline pathogen, were similar for the treatment

groups, except that the rate of clinical cure was significantly

higher among linezolid recipients infected with S. agalactiae

(table 3). No isolated gram-positive pathogen was resistant to

linezolid at baseline, nor did resistance develop in any patients

during therapy. Resistance to ampicillin-sulbactam was docu-

mented for 8 S. aureus isolates and 4 coagulase-negative staph-

ylococcal isolates.

Safety data. Treatment-related adverse events occurred in

55% and 53% of patients in the linezolid and aminopenicillin/

b-lactamase inhibitor groups, respectively ( ) EventsP p .82

were generally mild to moderate in intensity and of limited

duration. Overall, significantly fewer patients experienced a

drug-related adverse event in the aminopenicillin/b-lactamase

inhibitor groups than in the linezolid group (12 [10%] of 120

patients vs. 64 [27%] of 241 patients, respectively; ),P p .001

but the frequencies of drug-related events leading to drug dis-

continuation were comparable (4 [3%] of 120 patients vs. 18

[8%] of 241 patients, respectively; ) (table 4). The sig-P p .16

nificantly more common linezolid-related adverse events were

nausea (5.8% of patients), anemia (5%), and thrombocytopenia

(4%); these were mild to moderate in intensity in all but 1

patient (who had a nadir hemoglobin concentration of 7.2

g/dL and who recovered) and resolved in all but 1 patient (who

died of causes unrelated to linezolid therapy). The mean du-

ration of linezolid therapy (�SD) in patients who developed

anemia was days (median, 25 days), and 93% of patients21 � 8

received linezolid for �14 days (overall, 67% of patients re-
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Table 4. Drug-related adverse events.

Adverse event

Linezolid arm
(n p 241)

Aminopenicillin/b-lactamase
inhibitor arms

(n p 120)

Pc
No. (%)

of patientsa

No. of patients
who discontinued

therapyb
No. (%)

of patientsa

No. of patients
who discontinued

therapyb

Any event 64 (26.6) 18 12 (10.0) 4 !.001

Diarrhea 18 (7.5) 5 4 (3.3) 1 .162

Nausea 14 (5.8) 4 0 (0) 0 .006

Anemia 11 (4.6) 2 0 (0) 0 .019

Thrombocytopenia 9 (3.7) 3 0 (0) 0 .032

Vomiting 4 (1.7) 3 1 (0.8) 0 1.999

Decreased appetite 3 (1.2) 0 0 (0) 0 .554

Dyspepsia 3 (1.2) 1 1 (0.8) 0 1.999

a Percentages are based on the number of patients reporting the event for each treatment arm.
b Patients for whom therapy was discontinued because of adverse event(s).
c P values refer to the differences between the number of adverse events.

ceived linezolid for �14 days). Platelet counts decreased to

!100,000 platelets/mm3 and decreased by�25,000 platelets/

mm3 in 9 (6%) of 145 patients who received linezolid therapy

for 114 days and in 4 (4%) of 94 patients who received it for

�14 days. One patient in the linezolid arm with anemia had

gastrointestinal bleeding but subsequently recovered. Changes

from baseline and abnormal clinical values for serum chemistry

and urinalysis studies were similar between treatment groups.

DISCUSSION

Many organisms may cause foot infections in diabetic patients,

but aerobic gram-positive cocci are the most frequent and vir-

ulent pathogens [6, 11–15]. Thus, therapy for these infections

requires an antibiotic active against staphylococci and strep-

tococci. The increasing prevalence of antibiotic resistance

among these species (especially MRSA) is disconcerting, be-

cause infections with these organisms may have a worse out-

come and necessitate selecting from a smaller group of anti-

biotics [12, 14]. Traditionally, diabetic foot infections have been

treated intravenously to assure adequate antibiotic concentra-

tions, especially in patients with severe infection or peripheral

vascular disease [8, 26]. Newer agents (e.g., linezolid and the

fluoroquinolones) with therapeutically equivalent intravenous

and oral formulations allow initial treatment to be oral for

persons who are clinically stable and allow an early switch from

intravenous to oral antibiotics for those who are responding

to therapy [27].

The few previous antibiotic trials of diabetic foot infections

have differed in their designs, drug regimens, efficacy end

points, and types and severities of infections included, making

their results difficult to compare [8, 28]. Overall, however, out-

comes with various antibiotics have been similar, with no one

drug or combination being superior [8]. To our knowledge,

this randomized, controlled study is the largest published trial

of the outcome of treating diabetic foot infections, the first to

enroll patients in several countries, and one of the few to have

enrolled patients with the full spectrum of infection severity.

The design was also unique in allowing enrollment of patients

with almost all types of infections, inpatient or outpatient treat-

ment, and oral or parenteral therapy. We analyzed the outcomes

for patients on the basis of variables selected in advance. Al-

lowing use of aztreonam for treatment of infection with gram-

negative pathogens in both arms and vancomycin for treatment

of MRSA in the aminopenicillin/b-lactamase inhibitor arm was

another unique element.

The overall cure rates in this study (almost two-thirds of

patients with deep or bone infections and more than three-

quarters of patients with more superficial infections were cured)

were comparable to those in most other studies of diabetic foot

infections [8]. It is surprising that, because this trial was pow-

ered only to demonstrate equivalence of the regimens, linezolid

recipients had statistically significantly better clinical cure rates

than did aminopenicillin/b-lactamase inhibitor recipients for

the largest subsets of infection types (i.e., patients with an in-

fected ulcer [81% vs. 68%] and patients without osteomyelitis

[87% vs. 72%]). Clinical cure rates for the 2 treatment arms

were comparable for the other infection types. As shown in

other studies [2, 29, 30], cure rates were lower for patients with

osteomyelitis, but they were comparable for the 2 treatment

groups (61% and 69% for linezolid and aminopenicillin/b-

lactamase inhibitor groups, respectively). This may have re-

sulted from the shorter duration of therapy (mean duration,

days) for patients with osteomyelitis than is commonly18 � 9

recommended [2]. Because osteomyelitis is a chronic infection

for these patients, long-term follow-up would be needed to
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determine whether the remissions represented enduring cure.

Although they were not primary end points in our study, cure

rates were similar for patients with and patients without non-

critical limb ischemia, for inpatients and outpatients, and for

parenteral therapy and oral therapy recipients.

Linezolid was associated with more drug-related adverse

events (mostly gastrointestinal and hematologic events) than

were aminopenicillin/the b-lactamase inhibitors, but most of

these events were mild, reversible, and did not require drug

discontinuation. Anemia and thrombocytopenia associated

with linezolid therapy were related to the duration of therapy,

supporting the recommendation that weekly blood cell counts

be determined if the duration of therapy exceeds 14 days.

This study demonstrates that therapy with linezolid is at least

as effective as aminopenicillin and b-lactamase inhibitors (plus

vancomycin for treatment of MRSA), the most frequently used

agents [24] among patients with various types of diabetic foot

infections. Among linezolid-treated patients infected with both

gram-positive and gram-negative pathogens, clinical success

rates were similar regardless of whether aztreonam was added

to the treatment regimen, supporting the concept that address-

ing the primary gram-positive pathogens is most important.

Empirical therapy, especially for patients with more-severe in-

fections, should usually be broad-spectrum, pending culture

results. There is less clinical experience with linezolid, and it

was associated with more adverse effects; however, it has ex-

cellent pharmacokinetic properties and offers additional cov-

erage against drug-resistant gram-positive organisms. Linezolid

would be appropriate to consider for patients with diabetic foot

infections that are known or suspected to be caused by MRSA.

Our results also demonstrate that oral antibiotic therapy given

in an outpatient setting can yield excellent results, even for

patients with (noncritical) foot ischemia. These results are likely

to be widely generalizable, because patients with a wide variety

of infections (albeit mostly of mild to moderate severity) from

many study sites in varied settings were enrolled.
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14. Fejfarová V, Jirkovská A, Skibová J, Petkov V. Pathogen resistance and
other risk factors in the frequency of lower limb amputations in patients
with the diabetic foot syndrome [in Czech]. Vnitr Lek 2002; 48:302–6.

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

16. Sesin GP, Paszko A, O’Keefe E. Oral clindamycin and ciprofloxacin
therapy for diabetic foot infections. Pharmacotherapy 1990; 10:154–6.

17. Peterson LR, Lissack LM, Canter K, Fasching CE, Clabots C, Gerding
DN. Therapy of lower extremity infections with ciprofloxacin in pa-

tients with diabetes mellitus, peripheral vascular disease, or both. Am
J Med 1989; 86:801–8.

18. Rubinstein E, Cammarata SK, Oliphant TH, Wunderink RG. Linezolid
(PNU-100766) versus vancomycin in the treatment of hospitalized
patients with nosocomial pneumonia: a randomized, double-blind,
multicenter study. Linezolid Nosocomial Pneumonia Study Group.
Clin Infect Dis 2001; 32:402–12.

19. Stevens DL, Smith LG, Bruss JB, et al. Randomized comparison of
linezolid (PNU-100766) versus oxacillin-dicloxacillin for treatment of
complicated skin and soft tissue infections. Linezolid Skin and Soft
Tissue Infections Study Group. Antimicrob Agents Chemother 2000;
44:3408–13.

20. Stevens DL, Herr D, Lampiris H, Hunt JL, Batts DH, Hafkin B. Li-
nezolid versus vancomycin for the treatment of methicillin-resistant
Staphylococcus aureus infections. Linezolid MRSA Study Group. Clin
Infect Dis 2002; 34:1481–90.

21. Zurenko GE, Yagi BH, Schaadt RD, et al. In vitro activities of U-100592
and U-100766, novel oxazolidinone antibacterial agents. Antimicrob
Agents Chemother 1996; 40:839–45.

22. Lovering AM, Zhang J, Bannister GC, et al. Penetration of linezolid
into bone, fat, muscle and haematoma of patients undergoing routine
hip replacement. J Antimicrob Chemother 2002; 50:73–7.

23. Rana B, Butcher I, Grigoris P, Murnaghan C, Seaton RA, Tobin CM.
Linezolid penetration into osteo-articular tissues. J Antimicrob Che-
mother 2002; 50:747–50.

24. Arlington Medical Resources (AMR). The US hospital anti-infective
market guide (USA and Europe editions). Malvern, PA: AMR, 2003.
Available at: http://www.amr-data.com. Accessed March 2002.

25. Report on the Expert Committee on the Diagnosis and Classification
of Diabetes Mellitus. Diabetes Care 2002; 25(Suppl 1):S5–20.

26. West NJ. Systemic antimicrobial treatment of foot infections in diabetic
patients. Am J Health Syst Pharm 1995; 52:1199–207.

27. Ramirez JA. Managing antiinfective therapy of community-acquired
pneumonia in the hospital setting: focus on switch therapy. Pharma-
cotherapy 2001; 21:79S–82S.

28. Mason J, O’Keeffe C, Hutchinson A, McIntosh A, Young R, Booth A.
A systemic review of foot ulcer in patients with type 2 diabetes mellitus.
II. Treatment. Diabet Med 1999; 16:889–909.

29. Eneroth M, Apelqvist J, Stenstrom A. Clinical characteristics and out-
come in 223 diabetic patients with deep foot infections. Foot Ankle
Int 1997; 18:716–21.

30. Eneroth M, Larsson J, Apelqvist J. Deep foot infections in patients
with diabetes and foot ulcer: an entity with different characteristics,
treatments, and prognosis. J Diabetes Complications 1999; 13:254–63.


