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Amphotericin B-loaded bone cement to treat
osteomyelitis caused by Candida albicans
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F

ungal pathogens are recognized as a
potential cause of osteomyelitis. We
describe a case of osteomyelitis due to
Candida albicans in an adult who had
undergone multiple revisions of a hip
prosthesis. Treatment was with amphotericin B-loaded bone cement. We believe this is the first report of such treatment for fungal osteomyelitis.
Case report
A 59-year-old man (height 180 cm,
weight 82 kg) was admitted to the
Vancouver Hospital & Health Sciences
Centre with a suspected infection after a
second revision total hip arthroplasty.
His medical history included an undiagnosed inflammatory arthropathy for
which he had undergone a right-sided
total hip replacement in 7 years earlier.
This had been revised twice because of
aseptic loosening, first 6 years after the
original replacement and subsequently 2
months before the current admission.
The erythrocyte sedimentation rate, Creactive protein levels and intraoperative
synovial tissue cultures obtained at the
time of these revisions revealed no infection. His course after the second revision
operation was uncomplicated until 10
days before this admission when he had
night sweats, fever, redness and swelling
over the right hip. He did not report any

drug allergies and only reported taking
diclofenac 50 mg orally twice daily, for
his inflammatory arthropathy.
On admission, his vital signs included
a blood pressure of 165/90 mm Hg,
heart rate of 110 beats/min, and a body
temperature of 38.1°C. Findings on
physical examination were unremarkable
except for an area of erythema over the
medial portion of the wound on the
right hip; the area from the right hip
down to the knee was also edematous
and tender. Ultrasonography revealed a
small fluid collection from which 30 mL
of turbid serosanguineous fluid was
aspirated. This contained 19.7 × 109/L
leukocytes (79% polymorphs, 5% lymphocytes, 16% monocytes), 81.5 ×
109/L erythrocytes, 50 g/L protein and
0.3 mmol/L glucose.
Soon after admission, before we received the final culture results, the patient underwent removal of his infected
arthroplasty with débridement and insertion of a prosthesis of antibiotic loaded
acrylic cement (PROSTALAC), which
included 2 antibiotics: vancomycin
(Vancocin; Eli-Lily, Scarborough, Ont.)
1.0 g per package of Palacos (Smith &
Nephew, Richards, Memphis, Tenn.)
and tobramycin (Nebcin; Eli-Lily) 2.4 g
per package of Palacos. All 4 tissue cultures from the right hip taken during this
procedure showed occasional polymor-

phonuclear leukocytes, and no organisms
were visible on Gram’s staining. All specimens grew C. albicans, sensitive to amphotericin B (minimal inhibitory concentration [MIC] 0.12 mg/L), fluconazole
(MIC 0.25 mg/L), flucytosine (MIC 1.0
mg/L) and itraconazole (MIC 0.03
mg/L).1 In addition, microbiologic
analysis of the fluid obtained from the
preoperative aspirate also revealed 4+
polymorphonuclear leukocytes, but no
organisms were seen on Gram’s staining.
Culture of this aspirate also grew C.
albicans. Two sets of blood samples (4
tubes) were negative for C. albicans.
Thus, a diagnosis of C. albicans infection
of the right hip prosthesis was made, and
the patient was started on fluconazole,
400 mg orally twice daily. However, over
the next 3 weeks, the patient continued
to drain moderate amounts of serosanguineous fluid from the wound and
eventually showed a 1-cm long dehiscence in the proximal part of the wound.
Because of our previous experience with
antibiotic-loaded cement spacers in the
treatment of bacterial and mycobacterial
periprosthetic infections.2–5 We decided
to try a similar, but previously undescribed, technique as an adjunct to conventional surgical and medical treatment
We modified our standard antibioticloaded spacer (PROSTALAC) by adding
amphotericin B to the bone cement.
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Amphotericin B-treatment regimen

Sample collection and antifungal assay

A total of 750 mg of amphotericin B
(15 vials of Fungizone, Squibb Pharmaceuticals, Montreal) sterile powder for injection were added to 4 mixes of Palacos
polymethylmethacralate bone cement
(Smith & Nephew Richards). The final
dose of amphotericin B of 9 mg/kg total
body weight was based on an empiric intravenous–bone cement conversion factor
of 5–20 that we have historically applied
to other anti-infectives. We considered
that conventional amphotericin B represented our best choice for addition to
bone cement based on the fact that it is a
broad-spectrum agent with fungicidal activity, is heat stable to 170°C and is available in a sterile powder dosage form.6
Although this patient was receiving fluconazole systemically at the time of the
procedure and C. albicans was sensitive to
this triazole, fluconazole is not available
in a sterile powder formulation and therefore cannot be used in bone cement.

Amphotericin B concentrations in
blood and drainage fluid specimens were
measured. Blood samples (6 mL of
whole blood was allowed to clot, spun
and serum harvested) were collected at 3,
6, 12, 26, 38, 50, 69, 93, 117, 141, 165,
189, 213 hours after insertion of the
prosthesis. Drainage fluid specimens (20
mL) were obtained at 6, 12, 26, 50, 74,
98, 122 hours after insertion of the antifungal cement. Specimens were stored
for up to 72 hours at –4°C before assay.

Using our routine surgical technique,
after excision of the sinus tract, we exposed and removed the previously implanted PROSTALAC. After thorough
débridement, the acetabulum was reconstructed using a 42 × 32 mm PROSTALAC cup (Depuy, Warsaw, Ind.) with 2
mixes of cement containing a total of
400 mg amphotericin B. An antifungal
femoral component was made using a
240-mm PROSTALAC femoral stem and
1 mix of cement containing 250 mg of
amphotericin B. This was stabilized in the
femur with a collar made from 1 mix of
cement containing 100 mg of amphotericin B. There was between 5% and
10% wastage of antifungal-loaded cement,
giving a total dose of amphotericin B of
approximately 700 mg (between 675 and
713 mg). The wound was closed over 2
one-eighth-inch suction drains. These
were clamped throughout the postoperative period, except when obtaining specimens of the periprosthetic fluid. Four intraoperative tissue specimens were taken
and sent for bacterial culture and sensitivity (3 specimens) and fungal culture (1
specimen). All specimens revealed occasional polymorphs. No organisms were
visible on Gram’s staining. There was no
bacterial growth after 5 days, and no evidence of fungus after 30 days of culture.
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Amphotericin B levels in serum and
drainage fluid samples were determined
by a high-pressure liquid chromatography methodology previously published
by Wasan and colleagues.7
Clinical outcome

Amphotericin B concentrations

The patient’s early postoperative course
was uncomplicated, and the amphotericin
B was well tolerated with no adverse clinical effects such as fevers, chills and rigors.
The serum creatinine level on admission
was 66 mmol/L and it remained stable
(ranging from 66 to 72 mmol/L)
throughout his hospital stay. The patient
remained in hospital for an additional 2
weeks, during which time the fluconazole
was continued at a rate of 400 mg orally
twice daily. During this time, drainage
from his wound decreased substantially

Serum amphotericin B concentration
reached a maximum of 1.2 mg/L at 6
hours after implantation and then
steadily declined such that no detectable
levels of amphotericin B were observed
50 hours after implantation (Fig. 1). In
the wound drainage, a maximal amphotericin B concentration of 3.2 mg/L was
reached 50 hours after implantation (Fig.
2). This declined steeply over the next 24
hours to a concentration of 0.71 mg/L
and then reached a plateau over the next
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and he was able to move around with
crutches; however, a sinus the size of a pinhead remained open on his hip wound. At
discharge, the patient was treated with a
hip spica cast, to reduce movement of the
local tissues, and was given a prescription
for fluconazole, 400 mg orally twice daily,
to complete a 6-week course.
Unfortunately by 6 weeks after operation, soon after removal of the hip spica,
and cessation of the fluconazole, the
patient’s wound drainage increased significantly. Additional specimens (7 hip joint
fluid aspirates) were taken, and these
revealed the presence of Escherichia coli in
4 specimens. Four weeks later the patient
underwent operation for removal of the infected hip prosthesis and thorough débridement. Of 6 hip tissue culture specimens
taken during this procedure, 3 grew E. coli,
1 showed no growth and the remaining
2 grew Staphylococcus epidermidis in broth
only (considered to be a contaminant).
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FIG. 1. Amphotericin B concentrations in plasma.
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Amphotericin B bone cement for osteomyelitis

2 days (0.57 mg/L and 0.51 mg/L). No
further samples were collected after day 5
as the clinical team felt that the risk of
the patient getting a hospital-acquired
wound infection was greater than the
information available on the elution of
amphotericin B from cement.
Discussion
To determine previous experience
with amphotericin B-impregnated bone
cement, we conducted a review of various
online databases including the Cochrane
Database of Systematic Reviews, Cinahl
(1982–99), Current Contents (1996–
present), EMBASE (1988–present),
MEDLINE(1966–present) and PubMed
using the search terms “amphotericin,”
“cement,” “Candida albicans” and “osteomyelitis.” This was supplemented by a
review of the bibliographies of the articles
identified. Although we found several
reports of C. albicans-associated osteomyelitis, the patients had been treated
with either intravenous amphotericin
B,8–19 fluconazole20–23 or ketoconazole.24,25
Despite our extensive review, we were
unable to locate any previous reports of
the use of amphotericin B in bone cement for the treatment of fungal infections of bone.
The use of antimicrobial-impregnated
cement and beads to prevent and treat
orthopedic infections was originally described in Europe almost 30 years ago.26
The rationale for this is to provide high
local drug concentrations while avoiding
toxicity associated with systemic antibiotic administration.27 Wininger and Fass6
have recently summarized a list of the an-

timicrobial agents that have been incorporated into cement, including aminoglycosides, β-lactams, vancomycin,
macrolides and polymyxins. No antifungal agents appeared on this list. Although
somewhat dated, the survey by Fish and
associates28 also revealed no apparent use
of amphotericin B-impregnated cement
by the respondents.
Despite the advent of new antifungal
agents in the past few years, amphotericin
B remains the broadest spectrum antifungal drug available and the mainstay of
treatment for fungal osteomyelitis, although a number of treatment failures
have been reported.9–19 Both fluconazole
and ketoconazole have also been tried for
the treatment of C. albicans osteomyelitis.
Success with these fungistatic agents has
also been mixed.21–25 Although clinically
efficacious, amphotericin B is also one of
the most toxic antimicrobial drugs in use
today. Common side effects of parenteral
administration include immediate infusion-related reactions of hyperpyrexia,
severe malaise and hypotension, acute
renal failure, anemia, hypokalemia and
occasional leukopenia and thrombocytopenia.29 In sufficient concentrations,
amphotericin B exhibits a pH-dependent
fungicidal activity against susceptible
pathogens. Amphotericin B inhibits the
formation of the fungal cell membrane,
and coincident binding to mammalian
cell membranes is believed to cause polyene toxicity in man. This generally limits
the systemic dose of amphotericin B to a
maximum of 1 mg/kg daily.29–31 Serum
concentrations after intravenous administration appear to be dose-dependent.
Peak levels (~1 h after infusion) ranging
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FIG. 2. Amphotericin B concentrations in wound drainage.
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between 1.0 and 2.4 mg/L following
doses of 0.5 to 1.0 mg/kg have been reported by several investigators.29,32 The
drug has an initial serum elimination halflife of approximately 24 to 48 hours with
a terminal half-life of about 15 days.29
Amphotericin B has an apparent volume
of distribution of 4 L/kg and the highest
concentrations achieved are in lung,
spleen and kidney. A high proteinbinding (>90%) capacity likely accounts
for the low tissue concentrations found in
human studies. Most drug binding is to
erythrocytes, cholesterol and lipoproteins.
Fungicidal titres of amphotericin B are
rarely identified in human tissues, and the
bioavailability in infected tissue is often
lower than that necessary for adequate responses.33–35 Poor tissue bioavailability and
toxic reactions associated with systemic
administration of amphotericin B have
resulted in investigations aimed at delivering amphotericin B directly to the target
organ, in particular aerosolized and intracavitary instillations.31
This case report demonstrates that
amphotericin B added to bone cement
will result in diffusion of the drug to
blood and local wound fluid. Although
our patient demonstrated initial
favourable clinical improvement, a secondary bacterial joint infection unfortunately developed and required further
medical and surgical intervention. Measured serum and local drug concentrations were similar to those reported
after typical systemic amphotericin B
doses. Low drug concentrations in
blood and wound fluid were not unexpected, considering the high degree of
protein binding for this drug. It is also
likely that the cement retained a significant portion of the amphotericin B.
This has been described by investigators
using antimicrobial-impregnated cement in patients undergoing hip arthroplasty and may explain why drug concentrations in blood declined rapidly
despite the administration of a dose that
was at least 10-fold that typically administered.6 Similar to previous reports
describing biphasic antibiotic release
characteristics,6 we measured the highest
wound drainage drug concentrations
during the initial 2 days after implantation. Local concentrations then dropped
sharply and appeared to plateau at about
3 days, and we were able to detect
stable amphotericin B concentrations
for 5 days postoperatively. However, we
were unable to obtain specimens be-
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yond this period to determine the duration of this phenomenon.
It was interesting to note that the drug
concentrations obtained in blood and
wound fluid were above the MIC of C. albicans in our patient (MIC 0.12 mg/L).
Although a standardized test has been
produced by the National Committee for
Clinical Laboratory Standards, studies correlating the data between in vitro antifungal susceptibility and clinical outcome are
limited, and thus only tentative break
points are set by the organization.1,36
Fungal isolates with an MIC greater than
1 mg/L to amphotericin B are considered
to be susceptible to this drug.
Our patient did not appear to experience any of the drug-related side effects
that are commonly observed with amphotericin B, despite the similar blood
concentrations. He did not complain of
any of the typical infusion-related side
effects and there was no evidence of diminished renal function during hospitalization. These observations suggest that
local instillation of high doses of amphotericin B is safe. However, further investigation into the use of amphotericin Bimpregnated cement is warranted to
confirm therapeutic efficacy and establish
an appropriate regimen.
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