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PURPOSE: To examine the effects of diabetes, vascular disease,
age, and antimicrobial therapy on clinical outcomes, including
amputation rates, in patients with osteomyelitis treated in the
outpatient setting.
METHODS: We performed a retrospective chart review of pa-
tients treated with intravenous antimicrobial therapy for osteo-
myelitis at an outpatient infectious diseases practice. All pa-
tients were followed for at least 6 months.
RESULTS: Four hundred and fifty-four patients qualified for
inclusion, with follow-up information available for up to 10
years. One hundred and thirty-nine patients (31%) had recur-
rences and 27 (6%) had amputations. Of the recurrences, 108
(78%) occurred within 6 months and 132 (95%) within 1 year.
In univariate analyses, peripheral vascular disease, diabetes, and
the combination were all associated with the risk of recurrence;

age (�70 years) was not. For osteomyelitis due to Staphylococ-
cus aureus, the relative risk of recurrence, using a Cox regression
model, was 0.8 for ceftriaxone (95% confidence interval [CI]:
0.4 to 1.5; P � 0.53), 1.1 for cefazolin (95% CI: 0.5 to 2.2;
P � 0.80), and 2.5 for vancomycin (95% CI: 1.1 to 5.6; P �
0.04), as compared with the use of a penicillinase-resistant
penicillin.
CONCLUSION: Diabetes and peripheral vascular disease are
important factors in determining the prognosis of patients with
osteomyelitis, but age is not. Almost all recurrences of osteomy-
elitis occur within 1 year. Recurrence rates with osteomyelitis
associated with S. aureus appear to be higher with the use of
vancomycin, whereas ceftriaxone and cefazolin appear to be
similar to penicillinase-resistant penicillins. Am J Med. 2003;
114:723–728. ©2003 by Excerpta Medica Inc.

Prolonged intravenous antimicrobial therapy is
considered the standard therapy for osteomyelitis
(1). However, studies of the outcomes of patients

with osteomyelitis are uncommon for several reasons.
First, osteomyelitis is a disease in transition (2). The ad-
vancing age of the general population has caused an in-
crease in the prevalence of diabetes and peripheral vascu-
lar disease, both of which are predisposing and compli-
cating factors for osteomyelitis. Bone infections related to
joint replacements and complex surgical interventions
continue to increase, whereas the frequency of hematog-
enous osteomyelitis is decreasing. In addition, there have
been major changes in therapy, including new antimicro-
bial agents and surgical techniques, and the use of outpa-
tient parenteral antimicrobial therapy (3– 8), which have
become routine for patients with osteomyelitis (4,7,9,10).

Another factor contributing to the difficulty of study-
ing outcomes in patients with osteomyelitis is the heter-
ogeneous nature of the infections. Although the Cierny-
Mader system is helpful for long bone infections (11), the

major classification system remains the one suggested
in 1970 by Waldvogel, Medoff, and Swartz, who charac-
terized osteomyelitis by pathogenesis and chronicity
(12–14). These authors were also the first to examine out-
comes in osteomyelitis. Using the lack of signs or symp-
toms of infection 6 months after cessation of therapy as
the endpoint, they found that a 4-week regimen of high-
dose intravenous antimicrobial agents was more likely to
be successful in an initial episode of hematogenous osteo-
myelitis than were shorter regimens (12). This finding led
to the now conventional use of lengthy courses of intra-
venous antimicrobial agents to treat osteomyelitis. More
recently, studies have suggested that oral antimicrobial
therapy may be able to replace at least part of the paren-
terally administered regime in children (15–19) and pos-
sibly adults (20). Oral fluoroquinolones may be able to
replace parenteral therapy, but they are limited by lack of
coverage of Staphylococcus aureus and anaerobes (21–27).
Another factor impeding the performance of outcomes
studies in patients with osteomyelitis is the belief that at
least a year of follow-up is needed (28).

Osteomyelitis is the second most common infection
treated with outpatient parenteral antimicrobial therapy
(29) after skin and soft tissue infections, and the infection
for which the greatest number of days of outpatient par-
enteral antimicrobial therapy are provided at Infections
Limited, a private clinic with 7 infectious disease special-
ists who provide physician-directed outpatient services
for approximately 450,000 people in the greater Tacoma
area.

From Infections Limited, P.S. (ADT, PAH), Tacoma, Washington; Out-
patient Parenteral Antimicrobial Therapy Outcomes Registry (ADT,
PAH), Tacoma, Washington; PPD Development (DAS), Wilmington,
North Carolina; and Department of Epidemiology (DAS), University of
Washington, Seattle, Washington.

This study was supported by Infections Limited, Tacoma, Washing-
ton, and an unrestricted educational grant from Roche Laboratories
Inc, Nutley, New Jersey.

Requests for reprints should be addressed to Alan D. Tice, MD, Out-
patient Parenteral Antimicrobial Therapy Outcomes Registry, 6240 Ta-
coma Mall Boulevard, Suite 104, Tacoma, Washington 98409, or
alantice@idlinks.com.

© 2003 by Excerpta Medica Inc. 0002-9343/03/$–see front matter 723
All rights reserved. doi:10.1016/S0002-9343(03)00231-6



METHODS

Infections Limited has treated more than 4000 patients
with outpatient parenteral antimicrobial therapy since
the program’s inception in 1981 (30 –32). Common prac-
tices are described in a handbook for outpatient paren-
teral therapy for infectious diseases (33). The clinic fol-
lows the guidelines for community-based parenteral an-
ti-infective therapy established by the Infectious Diseases
Society of America (34) and is accredited as an ambula-
tory infusion center by the Joint Commission for the Ac-
creditation of Healthcare Organizations. Microbiologic
studies for clinic patients are performed by our labora-
tory, which is certified by the College of American Pathol-
ogists. The standard dosage regimens administered in
adults with normal renal function are either 2 g of a pen-
icillinase-resistant penicillin such as oxacillin, nafcillin,
or methicillin every 6 hours; 2 g of cefazolin every 8 hours;
2 g of ceftriaxone every 24 hours; or 1 g of vancomycin
every 12 or 24 hours (the longer dosage interval is used for
patients with impaired renal clearance). Decisions about
antimicrobial therapy were made by the treating physi-
cian.

The medical records of all patients treated for osteo-
myelitis through our outpatient parenteral antimicrobial
therapy program from January 1982 through April 1998
were reviewed. Patients were included in this study only if
a clear pathogen was identified by initial culture results, at
least 14 continuous days of parenteral antimicrobial ther-
apy was given through the clinic or in the hospital, no
more than two different antimicrobial agents were given,
and at least 6 months had elapsed since the end of outpa-
tient parenteral antimicrobial therapy. There were no ex-
clusion criteria.

The diagnosis of osteomyelitis was based on the assess-
ment of the infectious disease specialist in the clinic and
the decision to administer a course of intravenous anti-
microbial therapy. This diagnosis was based on clinical
and physical assessment along with wound or blood cul-
tures and radiographic examinations. Wound cultures
were often done with a probe to bone or aspiration; bone
biopsies were not done routinely.

If a patient’s records contained no information about
recurrence, a postcard was sent to that patient’s last
known address asking if there had been a recurrence, sur-
gery, or further antimicrobial therapy related to the ear-
lier infection. If the postcard brought no response, an
attempt was made to contact the patient by telephone.

Patients included in the analysis were classified as ei-
ther a “cure” or a “recurrence.” Recurrence was defined
as infection manifesting at the same site from which it had
apparently been eliminated. If microbiology reports were
available, recurrences were classified either as a “relapse”
(original pathogen) or a “reinfection” (pathogen differ-
ent from the original) based on identification and suscep-

tibility reports. A new organism was considered a patho-
gen only if the treating physician administered an antimi-
crobial agent for treatment.

Statistical Analysis
To determine the risk factors for recurrence, we com-
pared patients whose infections were apparently cured
with those for whom a recurrence was recorded. Host
factors included diabetes, peripheral vascular disease, and
advanced age. Because S. aureus was the dominant patho-
gen identified, the choice of antimicrobial agent was also
examined. Only initial recurrences were included in the
analyses. Proportions were compared using the Fisher ex-
act test. Odds ratios were used to estimate the relative risk
of recurrence, with 95% confidence intervals. Cox regres-
sion models were also used to study the effects of antimi-
crobial type on recurrence in patients with S. aureus; po-
tential confounders (peripheral vascular disease, diabe-
tes, age �70 years) were included in the model. Relative
risks were estimated from the hazard ratios derived from
these models. All statistical analyses were performed us-
ing SPSS 9.0 for Windows NT (SPSS, Inc, Chicago, Illi-
nois).

RESULTS

Approximately 1300 patients were identified with a diag-
nosis of osteomyelitis; 454 patients met the criteria for the
study (Table 1). All patients had standard radiographs.
Bone scans were performed in 177 patients (39%), com-
puterized tomography in 18 patients (4%), and magnetic
resonance imaging in 9 patients (2%). Most (90%) pa-
tients had contiguous osteomyelitis with an associated
wound. Seventy-seven patients (17%) had a foreign body,
which was removed in 27 patients (35%). Slightly more
than half of patients had infections associated with S. au-
reus; other common pathogens included coagulase-neg-
ative staphylococci, streptococcal species (non– group
D), and Pseudomonas aeruginosa (Table 1).

A broad range of antimicrobial agents was used by the
7 infectious disease specialists in the clinic. The mean (�
SD) duration of outpatient parenteral antimicrobial ther-
apy was not significantly different for the primary anti-
microbial agents used. For the penicillinase-resistant
penicillins, it was 28 � 15 days; for ceftriaxone, it was 25
� 12 days; for cefazolin, it was 26 � 10 days; and for
vancomycin, it was 28 � 13 days. Approximately 45% of
patients (n � 204) were hospitalized briefly before out-
patient parenteral antimicrobial therapy was given.

The mean duration of follow-up was 28 � 27 months
(range, 6 to 128 months). Of the 454 patients, 315 (69%)
were apparently cured at the time outcomes were mea-
sured; 139 (31%) had a recurrence. Of the recurrences,
56% (n � 78) occurred within 3 months after outpatient
parenteral antimicrobial therapy, 78% (n � 108) within 6
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months, and 95% (n � 132) within 12 months. Of the
recurrences, 22 were considered relapses and 23 were
considered reinfections; whether the recurrence was a re-
lapse or reinfection was unknown in 94 patients for
whom repeat microbiology results could not be located.
Relapses occurred earlier than the reinfections. Only 6
relapses (27%) occurred after 6 months and 2 (9%) after
12 months, whereas 8 reinfections (35%) occurred after 6
months and 3 (13%) after 12 months. There was a 6%
reinfection rate among patients with diabetes (8 of 129)
compared with a 2% reinfection rate among patients
without diabetes (6 of 325).

There were 13 deaths and 27 amputations during fol-
low-up. All 27 amputations occurred within the first year
(Figure), including 18 (67%) within the first 3 months of
the completion of therapy and 22 (82%) within 6 months.
Twenty-five (93%) of the amputations involved the legs
or feet; 24 (88%) were performed in patients with diabe-
tes and 9 (33%) in patients with peripheral vascular dis-
ease. In patients with diabetes, amputations were not al-

ways performed for recurrent infection, as there was of-
ten also severe vascular disease and neuropathy.

Risk Factors for Recurrence
Diabetes, peripheral vascular disease, and the combina-
tion were associated with recurrence (Table 2). Patients
aged �70 years had only a slightly and nonsignificantly
increased risk of recurrence.

In a Cox regression model, the antimicrobial agent
used to treat osteomyelitis due to S. aureus was related to
the risk of recurrence, even after adjustment for age, dia-
betes, and peripheral vascular disease (Table 3). Success
rates in patients treated initially with cefazolin or ceftri-
axone were similar to the standard penicillinase-resistant
penicillins. However, patients treated with vancomycin
had about a twofold greater rate of recurrence than pa-
tients treated with a penicillinase-resistant penicillin.

DISCUSSION

Our results indicate that therapy of osteomyelitis with
outpatient parenteral antimicrobial therapy is safe and
effective, although diabetes and peripheral vascular dis-
ease worsened the prognosis for a successful outcome.
The rates of recurrence and amputation that we observed
were similar to those reported in other series (35). Recur-
rence rates of osteomyelitis due to S. aureus were similar
for therapy with cephalosporins and penicillinase-resis-
tant penicillins, but recurrences were more likely with
vancomycin. Age was not associated with recurrence.

Several previous studies have reported that diabetes
and peripheral vascular disease increase the risk of ampu-
tation (35–39). For example, lower extremity amputa-
tions have been reported to be 13 times more frequent
among patients with diabetes (35). With a substantial risk
of failure for a single course of antimicrobial therapy in
osteomyelitis complicated by vascular disease or diabetes,
signs of recurrence in these patients may call for earlier
amputation or for excision of infected bone rather than
successive courses of intravenous antimicrobial agents.
Surgery is more likely to be appropriate and cost-effective
when infection involves a digit other than the great toe,
affects a bone that is not essential to the foot’s architec-
ture, or has already destroyed the integrity of the foot
(40 – 42). Conversely, if a major amputation is required,
aggressive attempts at limb salvage are preferable from a
cost perspective (40,43) and in terms of quality of life
(44 – 46). Both amputations and recurrences may be pre-
vented by longer courses of intravenous therapy, pro-
longed oral antimicrobial therapy after outpatient paren-
teral antimicrobial therapy, improved host defenses, nu-
trition supplements, special surgical procedures, and
enhanced home care (1,2,16,20,47); all of these treat-
ments should be studied rigorously.

Table 1. Clinical Characteristics of 454 Patients with Osteo-
myelitis Treated with Outpatient Parenteral Antimicrobial
Therapy

Characteristic
Number (%) or

Mean � SD (Range)

Age (years) 51 � 18 (6–92)
�70 years 71 (16)
�13 years 4 (1)

Male sex 295 (65)
Type of osteomyelitis

Contiguous* 409 (90)
Hematogenous 27 (6)
Vascular 9 (2)
Unclassified 9 (2)

Location of osteomyelitis
Foot 236 (52)
Leg 86 (19)
Hand 45 (10)
Spine 27 (6)
Other 60 (13)

Comorbid conditions
Diabetes only 129 (29)
Peripheral vascular disease only 10 (2)
Both diabetes and peripheral

vascular disease
44 (10)

Neither 258 (59)
Bacterial etiology

Staphylococcus aureus 246 (54)
Staphylococci (coagulase-negative) 63 (14)
Streptococci (non-group D) 62 (14)
Pseudomonas aeruginosa 20 (4)
Other 63 (14)

* Osteomyelitis was considered “contiguous” if there was an associated
wound.
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The lack of a clear association between older age (�70
years) and the likelihood of recurrence was unexpected.
Although some decline in host defenses occurs with age,
these age-related factors are apparently less important
than others in predicting outcome.

Among patients with osteomyelitis due to S. aureus,
there were clear differences in response to different anti-

microbial agents that were independent of age, vascular
disease, and diabetes. The rate of recurrence after vanco-
mycin therapy was more than twice that for �-lactams.
The reasons for this are unclear, but suboptimal results
have been reported with other infections (48 –51). Re-
view of the records did not indicate that the treatment
course was any shorter with vancomycin, or that a com-

Figure. Time to amputation during first 12 months of follow-up constructed using Kaplan-Meier techniques. N represents the
number of patients with information available at the designated months of follow-up. A total of 27 amputations or bone excisions
were performed, of which 18 were done during the first 3 months.

Table 2. Recurrence of Osteomyelitis, by Age, Diabetes, and Peripheral Vascular Disease*

Characteristic
No. of

Patients

No. of
Relapses

(%)

No. of
Reinfections

(%)

No. of Other
Recurrences

(%)

Total No. of
Recurrences

(%)

Odds Ratio
(95%

Confidence
Interval) P Value

Age 0.58
�70 years 383 21 (6) 11 (3) 81 (21) 113 (30) 1.0
�70 years 71 1 (1) 6 (8) 16 (23) 23 (33) 1.2 (0.7–2.0)

No diabetes or
peripheral
vascular disease

258 10 (4) 5 (6) 44 (17) 59 (23) 1.0

Diabetes 129 3 (2) 8 (6) 35 (27) 46 (36) 1.9 (1.2–3.0) 0.01
Peripheral vascular

disease
10 2 (20) 1 (10) 4 (40) 7 (70) 7.9 (2.0–31) 0.003

Both diabetes and
peripheral
vascular disease

44 7 (16) 3 (7) 16 (36) 26 (59) 4.9 (2.5–9.5) �0.001

* Data about diabetes or peripheral vascular disease were missing in 13 patients. Relapse was defined as recurrence with original pathogen. Reinfection
was defined as recurrence with new pathogen.
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plicating foreign body (one of nine of failures vs. one of
eight successes) was responsible. It is possible that failures
may be due to inadequate levels or limited bactericidal
activity, as has been reported in endocarditis associated
with S. aureus (51,52). It has also been suggested that
vancomycin may be less effective against methicillin-sus-
ceptible strains of staphylococci than more commonly
used �-lactams (48).

The rates of recurrence associated with S. aureus were
as low with cephalosporins as with penicillinase-resistant
penicillins, which are the standard of therapy. This was
true of cefazolin as well as ceftriaxone, which was the
most frequently used antimicrobial agent. The success
with ceftriaxone was not expected because the minimum
inhibitory concentrations with S. aureus are generally
higher than with penicillinase-resistant penicillins. The
long half-life of ceftriaxone may account for the better
outcomes (53,54). The outcomes with ceftriaxone in
treating osteomyelitis are also consistent with a recent
smaller series (9).
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