Clin Orthop Relat Res (2008) 466:1405-1409
DOI 10.1007/s11999-008-0198-3

INFECTION SOCIETY

SYMPOSIUM: PAPERS PRESENTED AT THE 2007 MEETING OF THE MUSCULOSKELETAL

Increased Oxacillin Resistance in Thigh Pyomyositis in Diabetic

Patients

C. G. Zalavras MD, N. Rigopoulos MD,
L. Poultsides MD, M. J. Patzakis MD

Published online: 8 March 2008
© The Association of Bone and Joint Surgeons 2008

Abstract Thigh abscesses due to pyomyositis are
uncommon. To guide empiric antibiotic therapy in dia-
betics we determined the rate of such infections due to
oxacillin-resistant Staphylococcus aureus and Gram-nega-
tive organism infections, and whether the occurrence of
oxacillin-resistant pathogens increased during the study
period. We retrospectively reviewed 39 adult patients with
diabetes mellitus treated for a deep thigh abscess. There
were 29 men and 10 women; their mean age was 45 years.
Comorbidities were present in 15 patients. S. aureus was
the most common pathogen, present in 82% (32/39) of our
patients. Gram-negative organisms were cultured in 14%
(6/39) of patients and anaerobes in 10% (4/39). The
infection was polymicrobial in 12 of 39 patients (31%).
Oxacillin-resistant S. aureus comprised 25% (8/32) of
infections due to S. aureus. Oxacillin-resistance increased
during the last 3 years of this study from one of 18
S. aureus isolates from 1994 to 2004 to seven of 14 isolates
from 2004 to 2006. In diabetic patients with thigh pyo-
myositis, empiric antibiotic therapy should provide broad
spectrum coverage for oxacillin-resistant S. aureus, Gram-
negative, as well as anaerobic organisms.
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Introduction

Diabetes mellitus is a common and major health problem,
affecting 18 million people in the United States [2, 22].
Untreated diabetes leads to large and small vessel disease
affecting many organ systems and to considerable morbidity
and mortality; approximately 60% of patients with diabetes
have one or more health complications, requiring approxi-
mately $23 billion in direct medical cost [2]. Diabetic
patients are also predisposed to infectious complications
because of impaired tissue perfusion and defective immune
mechanisms, such as impaired chemotaxis, phagocytosis,
and bactericidal activity of neutrophils [8, 18]. Infection and
abscess formation in diabetic patients occurs frequently at
the foot [16] and has been reported in most anatomic areas,
including the liver [21], the kidney [30], the lung [10], the
brain [14], and others [10, 11, 21, 26].

Pyomyositis—primary infection of skeletal muscle
leading to abscess formation—was initially considered a
tropical disease but has been increasingly recognized in
temperate climates in patients with comorbidities such as
diabetes mellitus or infection with HIV [4, 13, 15]. The
literature on pyomyositis in diabetic patients is limited to
case reports [1, 3, 5, 6, 9, 23, 25, 29, 34-37], a few series
including among other patients one to 16 patient with
diabetes [7, 20, 24, 27, 31, 38], and to reviews of the above
studies [13, 19, 33], altogether amounting to 57 cases of
pyomyositis in diabetic patients.

Staphylococcus aureus (S. aureus) is the most common
pathogen in pyomyositis [4, 12, 13, 15] and in diabetic
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patients S. aureus has been isolated from 12 of 16 patients
[38] to eight of nine patients [20]. Overall Gram-positive
cocci (S. aureus or streptococcus) have been present in
91% (412/452) of patients with pyomyositis [4], and up to
all (9/9) diabetic patients with pyomyositis [20]. Recom-
mendations for empiric antibiotic therapy include a beta-
lactamase-resistant penicillin [4, 12, 13, 29], and some
authors advocate the addition of an aminoglycoside to
achieve a synergistic effect on immunocompromised or
septic patients [4, 13, 29].

However, Klebsiella pyomyositis has been reported in
diabetic patients [34, 36], and a recent review of pyomy-
ositis in the United States reported Gram-negative
organisms were present in 14% (17/119) of HIV-negative
patients with underlying medical conditions; the authors
therefore recommended empiric coverage for both Gram-
positive and Gram-negative organisms [15]. Recent studies
also reported the emergence of oxacillin-resistant S. aureus
as a pyomyositis pathogen [17, 28, 32], and suggested that
empiric antibiotic therapy may need to include a glyco-
peptide in high-risk patients such as intravenous drug users
[17].

To guide empiric antibiotic therapy we determined the
rate of such infections due to oxacillin-resistant S. aureus
and Gram-negative organism infections, and asked whether
the occurrence of oxacillin-resistant pathogens increased
during the study period.

Materials and Methods

We retrospectively reviewed the medical records of 39
adult patients (29 men and 10 women) with diabetes mel-
litus treated in our institution from 1994 to 2006 for a deep
thigh abscess due to pyomyositis; no patients were seen in
followup specifically for this study. Diabetes mellitus was
defined as presence of fasting plasma glucose greater than
125 mg/dL on two separate occasions. Deep thigh abscess
was defined as presence of pus deep to the thigh fascia and
within the muscle compartments of the thigh. We excluded
patients with previous surgery or penetrating trauma to the
involved area or patients with subcutaneous abscesses
located superficial to the fascia in order to study only
patients with to primary infection of muscle (pyomyositis).
Thirty-eight patients had unilateral involvement and one
patient had bilateral thigh abscesses; therefore the total
number of abscesses was 40, with 25 abscesses located at
the left thigh and 15 at the right thigh. In all patients the
diagnosis of a deep thigh abscess was confirmed with
preoperative imaging studies and/or intraoperative findings
of pus deep to the fascia and involving the muscle com-
partments of the thigh. The mean patient age was 45 years
(range, 25-67 years). The mean blood glucose levels on
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admission were 278 mg/dL (range, 94-612 mg/dL).
Thirty-five patients were aware of the diagnosis of diabetes
mellitus but in four patients diabetes mellitus was diag-
nosed upon admission for the first time. One or more
comorbidities were present in 15 patients, including
smoking in nine patients, intravenous drug use in six, renal
failure in three, hepatitis C with cirrhosis in two, HIV
infection in one, and splenectomy in one patient. Prior
institutional review board approval was obtained.

Upon admission, 29 of 39 (74%) patients were febrile.
The mean systolic blood pressure was 121 mmHg (range,
62-181 mmHg), the mean diastolic blood pressure was
77 mmHg (range, 46—-102 mm Hg), and the mean pulse
rate was 102/min (range, 74—146/min). The mean C reac-
tive protein was 95 mg/L (range, 34-210 mg/L), the mean
ESR was 113 mm/h (range, 84—140 mm/h), and the mean
WBC count was 13,200/mm” (range, 5400-33,600/mm").
The diagnosis of a deep thigh abscess was confirmed by
MRI in 18 patients (Fig. 1), by CT scan in four patients,
and by ultrasound in one patient.

Fig. 1 MRI of thigh abscess in the vastus medialis muscle is shown.
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All abscesses were treated with drainage in the operating
room, débridement, and irrigation. Necrotic muscle was
present in 17 patients and was débrided. Irrigation was
performed with 10 L of fluid, adding antibiotics in the last
liter. The wound was left open or was partially closed.
Twenty-three patients had a second-look débridement
procedure. There was no perioperative mortality and there
was one recurrence of infection that resolved following a
repeat débridement procedure. Antibiotic therapy was
administered for a median time of 4 weeks postoperatively
(2 weeks intravenously and 2 weeks orally) based on cul-
ture and sensitivity results. No specific antibiotic protocol
was used over the 13-year period. The most common
pathogens were treated as follows: oxacillin-sensitive
S. aureus was treated with oxacillin, cefazolin, clindamy-
cin, or ampicillin/sulbactam; oxacillin-resistant S. aureus
was treated with vancomycin; streptococcus was treated
with cefazolin or ampicillin/sulbactam.

The proportions of S. aureus infections that were caused
by oxacillin-resistant S. aureus were compared between the
last 3 years of the study (2004 to 2006) and the previous
ones using the Fisher’s exact test.

Results

S. aureus was the most common pathogen, present in
82% (32/39) of our patients (Table 1). Oxacillin-resistant
S. aureus was present in 21% (8/39) of our patients and
comprised 25% (8/32) of infections due to S. aureus.

Table 1. Microbiology of deep thigh abscesses due to pyomyositis in
diabetic patients (n = 39)

Organisms Identified (n = 51%) n %

Oxacillin-sensitive Staphylococcus aureus 24 62%
Oxacillin-resistant S. aureus 8 21%
Streptococcus, beta-hemolytic 5 13%
Other Gram-positive organisms 4 10%

Coagulase-negative staphylococcus (2)
Enterococcus (1)
Diphtheroids (1)
Gram-negative organisms 6 15%
E. coli (3)
Klebsiella (1)
Pseudomonas aeruginosa (1)
Aeromonas hydrophila (1)
Anaerobes 4 10%
Microaerophilic streptococci (2)
Fusobacterium (1)

Peptostreptococcus (1)

*12 of the 39 infections were polymicrobial with two organisms
identified; therefore the total number of organisms was 51.

Gram-negative organisms were cultured in 14% (6/39)
of patients; E. coli was identified in three patients, klebsi-
ella in one, Pseudomonas aeruginosa in one, and
Aeromonas hydrohila in one. Streptococci were present in
13% (5/39) of patients. Anaerobes were identified in four
patients (10%). In 27 of 39 patients (69%) cultures were
monomicrobial, whereas in 12 patients (31%) cultures
identified two organisms (Table 1).

Pyomyositis due to oxacillin-resistant S. aureus
increased (p = 0.01) during the course of the study (2004
to 2006): before 2004, oxacillin-resistant S. aureus com-
prised one of 18 S. aureus isolates, compared to seven of 14
S. aureus isolates in the years 2004 to 2006.

Discussion

Literature on pyomyositis points out that S. aureus is the most
common organism [4, 12, 13, 15], however, recent studies
have reported infections due to Gram-negative organisms
[15, 34, 36], and oxacillin-resistant S. aureus [17, 28, 32]. We
determined the rate of such infections due to oxacillin-resis-
tant Staphylococcus aureus and Gram-negative organism
infections, and asked whether the occurrence of oxacillin-
resistant pathogens increased during the study period.

Our retrospective study has several limitations. Data
were accumulated through a review of medical records,
therefore some patients with pyomyositis may not have
been identified. Prior penetrating trauma to the thigh
may have not been recorded; some of our patients were
intravenous drug users and the possibility of drug injection
into the thigh and secondary infection can not be ruled
out. All of our patients were started on antibiotic therapy
prior to obtaining cultures, which may have altered the
results in some cases. A prospective study would be
needed to define more accurately the spectrum of organ-
isms of these infections. However, to our knowledge, our
study is the largest series of diabetic patients with thigh
abscesses due to pyomyositis coming from a single
institution.

Staphylococcus aureus was the most common pathogen
in our series, isolated in 32 of 39 patients (82%). This is
consistent with the existing reports on pyomyositis in
diabetic patients, in which S. aureus was identified as
the pathogen in 40 of the combined 57 patients (70%) [1, 3,
5-7,9, 13, 19, 20, 23-25, 27, 29, 31, 33-38].

However, eight of our 32 S. aureus isolates (25%) were
oxacillin-resistant and in the last 3 years of the study the
proportion of oxacillin-resistance increased substantially
from one of 18 to seven of 14 S. aureus isolates. This is in
contrast with the earlier literature in which only two of 40
(5%) staphylococcal pyomyositis infections in diabetics
were from oxacillin-resistant organisms. Eight patients
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with oxacillin-resistant S. aureus pyomyositis did not have
prior hospitalization and only two of eight had risk factors
such as intravenous drug use. Therefore, our study dem-
onstrates that valid concerns were raised by recent studies
reporting the emergence of community-acquired oxacillin-
resistant S. aureus as an important cause of pyomyositis
[17, 28, 32]. Empiric antibiotic therapy should provide
coverage for oxacillin-resistant S. aureus.

Gram-negative and anaerobic organisms were present in
a notable proportion of thigh abscesses in diabetics, 15%
(6/39) and 10% (4/39), respectively. These rates in our
study are similar to the recently reported 14% (17/119)
Gram-negative infection rate and the 7% (8/119) anaerobic
infection rate in HIV-negative patients with underlying
medical conditions and pyomyositis [15]. We observed a
higher proportion of polymicrobial infections than com-
pared to previous reports: approximately 5 of our
infections (12 of 39, 31%) were polymicrobial. Crum
reported polymicrobial infections in 4% (5/119) of
HIV-negative patients with underlying medical conditions
and pyomyositis [15], and in the combined 57 diabetic
patients with pyomyositis in the literature there were
four polymicrobial infections (7%) [1, 3, 5-7, 9, 13, 19, 20,
23-25, 27, 29, 31, 33-38]. Based on our findings, it
appears that coverage for Gram-positive cocci with a beta-
lactamase-resistant penicillin may not be adequate as was
previously suggested [4, 12, 13, 29] and empiric antibiotics
should also cover for Gram-negative and anaerobic
organisms.

In diabetic patients with thigh abscesses due to pyo-
myositis, empiric antibiotic therapy should provide broad
spectrum coverage to include oxacillin-resistant S. aureus,
Gram-negative, as well as anaerobic organisms.
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