
Role of Rifampin for Treatment
of Orthopedic Implant–Related
Staphylococcal Infections
A Randomized Controlled Trial
Werner Zimmerli, MD; Andreas F. Widmer, MD, MSc; Marianne Blatter, MD; R. Frei, MD;

Peter E. Ochsner, MD; for the Foreign-Body Infection (FBI) Study Group

Context.— Rifampin-containing regimens are able to cure staphylococcal
implant-related infections based on in vitro and in vivo observations. However, this
evidence has not been proven by a controlled clinical trial.

Objective.— To evaluate the clinical efficacy of a rifampin combination in
staphylococcal infections associated with stable orthopedic devices.

Design.— A randomized, placebo-controlled, double-blind trial conducted from
1992 through 1997.

Setting.— Two infectious disease services in tertiary care centers in collabora-
tion with 5 orthopedic surgeons in Switzerland.

Patients.— A total of 33 patients with culture-proven staphylococcal infection
associated with stable orthopedic implants and with a short duration of symptoms
of infection (exclusion limit ,1 year; actual experience 0-21 days).

Intervention.— Initial debridement and 2-week intravenous course of flucloxa-
cillin or vancomycin with rifampin or placebo, followed by either ciprofloxacin-
rifampin or ciprofloxacin-placebo long-term therapy.

Main Outcome Measures.— Cure was defined as (1) lack of clinical signs and
symptoms of infection, (2) C-reactive protein level less than 5 mg/L, and (3) absence
of radiological signs of loosening or infection at the final follow-up visit at 24 months.
Failure was defined as (1) persisting clinical and/or laboratory signs of infection or
(2) persisting or new isolation of the initial microorganism.

Results.— A total of 18 patients were allocated to ciprofloxacin-rifampin and 15
patients to the ciprofloxacin-placebo combination. Twenty-four patients fully com-
pleted the trial with a follow-up of 35 and 33 months. The cure rate was 12 (100%)
of 12 in the ciprofloxacin-rifampin group compared with 7 (58%) of 12 in the
ciprofloxacin-placebo group (P=.02). Nine of 33 patients dropped out due to
adverse events (n=6), noncompliance (n=1), or protocol violation (n=2). Seven of
the 9 patients who dropped out were subsequently treated with rifampin combina-
tions, and 5 of them were cured without removal of the device.

Conclusion.— Among patients with stable implants, short duration of infection,
and initial debridement, patients able to tolerate long-term (3-6 months) therapy
with rifampin-ciprofloxacin experienced cure of the infection without removal of the
implant.
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ORTHOPEDIC DEVICES are used for
bonefixationorjointreplacement.Ortho-
pedic device–related infections are rare,
but they carry a high morbidity for the
patientandarecostly.1-6 Traditionally,the
management of such infections includes
resection arthroplasty or removal of fixa-
tion devices.1,3,4,7 Observational studies

For editorial comment see p 1575.

showed that despite prolonged (4-6
weeks) intravenous treatment with b-
lactam antibiotics and subsequent long-
term oral therapy, the failure rate with
retention of the device is between 32%
and 82%.8-16 Among the best results are
those of Tsukayama et al,8 who reported
a failure rate of only 13 (32%) of 41 de-
vices in patients with early postopera-
tive and hematogenous infection after
hip arthroplasty. However, in this study
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the polyethylene insert of the acetabu-
lar component was replaced in all
patients. High failure rates (69%-77%)
were reported in 3 series.10,14,16 In these
studies, risk factors for failure were a
long history of infection and a delayed
debridement.

Osteomyelitis associated with frac-
ture fixation devices occurs more fre-
quently than infection after joint replace-
ment.5,6,17,18 The incidence of infection after
internal fixation of closed fractures should
not exceed 1% to 2%, whereas the infec-
tion of open fractures can be higher than
30% depending on the type of frac-
ture.5,6,19 The treatment of infected bone
fixation devices usually requires device
removal and stabilization with an exter-
nal fixation device. The success rate of
Staphylococcus aureusdevice–related in-
fection with a quinolone was only 20%
(1/5) despite treatment for 6 months.20

Hitherto,thereisnotasinglecontrolled,
randomized clinical trial evaluating the
value of the antibiotic treatment of ortho-
pedic device–related infection. In most
studies, only surgical procedures, not an-
timicrobial therapies, are described.4-18,21

Results from our animal model for im-
plant-associated infection demonstrated
the clear superiority of rifampin combina-
tions.22-25 In addition, a prospective pilot
study showed the success rate of rifampin
combinations in orthopedic implant–asso-
ciated staphylococcal infections to be 82%
(9/11).26 These results were confirmed in a
larger series showing a success rate with
ofloxacin plus rifampin of 62% (13/21)
without removal of the device.27

Our study question was to estimate
the cure rate of a conservative approach
with a controlled trial. Therefore, we
conductedthisdouble-blind,randomized
clinical trial evaluating the role of ri-
fampin in patients with a stable ortho-
pedic implant infected with S aureus or
coagulase-negative staphylococci.

METHODS
Study Design and Population

Eligible for this study were patients
who had a diagnosis of orthopedic device–
related infection due to S aureus or co-
agulase-negative staphylococci estab-
lished by arthrocentesis or surgical
revision.Onlysubjects inwhomthestable
implant was kept in place were in-
cluded. All consecutive patients treated
by the infectious diseases consultants of
the study centers were asked to partici-
pate in the study. The following exclu-
sion criteria were applied: lack of writ-
ten informed consent, symptoms for more
than 1 year before randomization, age
younger than 16 years, less than 2 years
of expected survival, predictable inabil-
ity to comply with the treatment and fol-

low-up visits, known or suspected al-
lergy to quinolones and/or rifampin,
mixed infection with microorganisms
other than staphylococci, staphylococci
resistant to ciprofloxacin and/or ri-
fampin, removal of the implant before
randomization, clinical or radiological
signs of implant loosening, refusal to dis-
continue wearing soft contact lenses dur-
ing treatment period, refusal to discon-
tinue hormonal contraception during
treatment period, and an antimicrobial
treatment of more than 2 weeks after the
microbiologically established diagnosis.
In addition, patients who took less than
85% of the study medication were ex-
cluded a posteriori (poor compliance) and
wereregardedasdropouts.Patientswere
randomly assigned to antimicrobial com-
bination treatment (see below) either
with rifampin or with placebo, using a
computer-generated list distributed to
the study centers in sealed envelopes. Pa-
tients were randomized by blocks of 4,
stratified into groups of patients with
knee protheses, hip protheses, or fixa-
tion devices. The study was approved by
the local ethics committees of the Uni-
versity Hospitals, Basel and Geneva,
Switzerland. Written informed consent
was required for all study patients.

Assessment of Effectiveness
and Toxic Effects

The patients were clinically assessed
at enrollment in the study, at weeks 1
and 2, then once monthly to month 6,
then at 9, 12, and 24 months, or until fail-
ure of the treatment or death of the pa-
tient. All patients including dropouts
were scheduled for a final evaluation at
the end of the study. Radiological evalu-
ation was performed at study enroll-
ment, after 1 and 2 years, or on removal
of the device. During treatment, the fol-
lowing laboratory parameters were de-
termined at least twice a month: C-re-
active protein, hemoglobin, erythro-
cytes, platelets, differential white blood
cell count, and liver enzymes.

Treatment
Atstudyentry,anytypeofrevisionsur-

gery was encouraged except the removal
of the device (exclusion criteria). Only
cases with radiological (n=33) and intra-
operative (n=29) evidence of stability of
the implant or the prosthesis were in-
cluded in the study. Fifteen cases in the
rifampin group and 14 in the placebo
group had revision surgery for infection.
Attherevision, implantswereleft inplace
(inclusion criteria). Thorough debride-
ment was followed by suction irrigation
drainage or drainage alone. In osteosyn-
thesis cases, open-wound therapy was al-
lowedasanalternative.Therewasnocase
where gentamicin beads were used.

During the initial 2 weeks, patients
were treated with flucloxacillin (2 g ev-
ery 6 hours intravenously) or, in case of
methicillin resistance or an allergy to
penicillin, with vancomycin (1 g every 12
hoursintravenously)pluseitherrifampin
(1 coated 450-mg tablet every 12 hours)
orplacebo(1matchedcoatedtabletevery
12 hours). This initial 2-week course with
a standard intravenous treatment was
chosen to minimize the risk of emergence
of ciprofloxacin resistance. An oral form
of rifampin and an identical placebo was
providedbyCiba-GeigyLtd,Basel,Swit-
zerland. Patients were informed that
body fluids can turn orange with placebo
or drug. After 2 weeks, flucloxacillin or
vancomycin was replaced by ciprofloxa-
cin (750 mg every 12 hours by mouth),
whereas the rifampin or placebo was con-
tinued. Patients with hip prostheses and
internal fixation devices were treated for
3 months, those with knee prostheses for
6 months. After this time, antimicrobial
treatmenthadtobestoppedif thepatient
had no clinical signs and symptoms of in-
fection and the C-reactive protein level
was below 5 mg/L for at least 6 weeks.
The surgeon was encouraged to remove
osteosynthesis material after stopping
antimicrobial therapy for at least 1 week,
provided that the material was no longer
required for stability. The whole implant
was sent to the microbiology laboratory.
Identificationofthesamemicroorganism
was considered as failure.

Study End Points
Cure was defined as the lack of clinical

signs and symptoms of infection (fever,
local pain, redness, warmth, sinus tract
infection, fever), a C-reactive protein
level below 5 mg/L, and the absence of
radiological signs of loosening, pseudo-
arthrosis (in case of fixation device), or
dislocation of the artificial joint at the
final follow-upvisit24monthsafterstart
of the treatment. In case of the removal
of the internal fixation device because of
sufficient stability, cure was defined as
the absence of the infecting agent of the
cultured implant. For this purpose, the
entire device was cultured in trypticase
soy broth and sonicated in case of no
growth after 48 hours of incubation.
Sonication was delayed since gram-
negative microorganisms could be killed
by sonication and superinfection could
therefore be missed. Confirmed failure
was defined as isolation of the initial mi-
croorganism (persistence or relapse) in
the culture of intraoperative tissue
specimens, synovia, or device. A prob-
able failure was defined as clinical signs
and symptoms of local infection, or an
otherwise unexplained high C-reactive
protein level (.50 mg/L) without micro-
biological documentation of infection.
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Microbiology
The isolates were identified by stan-

dardtechniques.28 Minimalinhibitorycon-
centrations of the study drugs were de-
termined by E-test (AB BIODISKA,
Solna,Sweden)attheprincipalstudycen-
ter. All isolates were collected and stored
inskimmilkat−70°Cformoleculartyping
in case of treatment failure. For this pur-
pose, pairs of isolates were characterized
bythecontour-clampedhomogenouselec-
tricalfieldsmodificationofpulsed-fieldgel
electrophoresis, after digestion of chro-
mosomal DNA with low-frequency cut-
ting enzymes (SmaI and EagI).29

Statistical Analysis
Cure rates of orthopedic device–re-

lated infections with the standard regi-
men range from 20% to 30% without re-
moval of the device.10,12,14,16 Experimen-
tal data and uncontrolled case series
with rifampin combinations indicated a
cure rate between 70% and 90%.26,27 The
sample size was calculated with the fol-
lowing assumptions: a was set at .05, the
power at 80%, the probability of cure
with standard treatment at 20%, and the
probability of cure with study treatment
at 75%. A sample size of more than 30
subjects was calculated, with an esti-
mated dropout rate of 20%.30

Time to failure was estimated with the
Kaplan-Meier method, and compared be-
tween groups by the log-rank test.31 Cat-
egorical variables were compared by the
x2 test or the Fisher exact test. The inde-
pendent safety monitor was the only one
who was aware of the type of blinded
study drug. A P value of ,.05 (2-tailed)
was considered significant.

RESULTS
Study Population

Patients enrollment started in May
1992,andthe last follow-upvisitwasper-

formed in November 1997, or at the re-
moval of the device if failure occurred.
After randomization of 33 patients, the
investigators were asked by the safety
advisor to stop randomization because
all failures occurred in the same group.

The 2 groups were similar in demo-
graphic characteristics, type of devices,
and infecting agents (Table 1). In the ri-
fampin combination group, 12 of the 18
infections occurred within 2 months af-
ter implantation of the device, compared
with 7 of the 15 in the placebo combina-
tion group. However, the duration of in-
fectious signs and symptoms was short
and similar in both groups, ie, all infec-
tions occurred either early after intra-
operative contamination (,2 months) or
late as a consequence of hematogenous
seeding (Table 1). Twenty-four patients
fully completed the trial and 9 dropped
out for various reasons but received fur-
ther follow-up (see below).

Outcome
Figure 1 shows the Kaplan-Meier plot

ofdisease-freesurvival inthe24patients
who completed the study according to
theprotocol.Thecureratewas12(100%)
of 12 in the rifampin combination arm,
and 7 (58%) of 12 in the placebo combi-
nation arm, with a median follow-up of
35 (range, 24-46 months) and 33 (range,
15-41months)months, respectively.The
definiteproof forcureofadevice-related
infection is the negative broth culture of
the whole explanted foreign body after
antimicrobial therapy.23,24 This unam-
biguous test was performed in 8 of the 10
patients with fixation devices in the
ciprofloxacin-rifampin group and in 2 of
6 patients in the ciprofloxacin-placebo
group. In the former group, all 8 implant
cultures were negative; in the latter
group, 1 of 2 implant cultures showed
growth of the initial pathogen. All 5 fail-
ures were microbiologically confirmed

(see below); all had flucloxacillin as the
initial intravenous therapy.

We also performed an intention-to-
treat analysis. Sixteen (89%) of the 18 pa-
tients of the rifampin combination arm
and 9 (60%) of 15 patients of the placebo
combination arm were cured without re-
moval of the implant before the end of the
antimicrobial therapy (P=.10). In the 2
patients from the former group in whom
treatment failed, rifampin therapy was
stopped after 8 weeks, in 1 patient due
to an exanthema; in the other patient, the
dose of rifampin was reduced after 3
weeks because of nausea.

Dropout Patients
As expected for a long-term study,

a considerable percentage of patients
droppedout.Alldropoutshadanidentical
follow-up observation as did the treated
patients.Intherifampincombinationarm
6 of the 18 patients dropped out, and in
the placebo combination arm 3 of the 15
(P=.45, Table 2). In the rifampin combi-
nationarm, in3patientsrifampintherapy
had to be temporarily discontinued due to
severe nausea, but could be continued
withinafewdayswithareduceddose(300
mg every 12 hours). In 2 other patients,
rifampin therapy was definitely stopped
due to an allergic exanthema. One patient
dropped out due to protocol violation be-
cause the orthopedic surgeon did not
agreetostoptherapyattherequiredtime
point according to the study protocol.

In the placebo combination arm, rea-
sons for dropping out were an adverse
event (nausea), noncompliance, and a
protocol violation. Seven of 9 dropout
patientswere subsequently treatedwith
rifampin combinations, 3 of them with a
reduced dose. The success rate among
the rifampin-treated dropout patients of
both groups together was 5 (71%) of 7
without removal of the device during an-
timicrobial therapy (Table 2).

Table 1.—Study Population

Characteristic

Rifampin
Combination

(n=18)

Placebo
Combination

(n=15)

Mean (SD) age, y 66 (15) 67 (15)

Sex, male:female 9:9 5:10

Implant
Hip prosthesis 5 3

Knee prosthesis 3 4

Osteosynthesis 10 8

Microbiology
Staphylococcus aureus (0/26 methicillin resistant) 15 11

Staphylococcus epidermidis (2/7 methicillin resistant) 3 4

Initial intravenous treatment
Flucloxacillin 13 13

Vancomycin 5† 2‡

Median duration of infection,* d (range) 5 (0-19) 4 (0-21)

*Duration of signs and symptoms of infection prior to enrollment in the study.
†One patient had methicillin-resistant S epidermidis; 4 patients had methicillin-sensitive S aureus and allergy.
‡One patient had methicillin-resistant S epidermidis; 1 had methicillin-sensitive S aureus and allergy.
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Figure 1.—Kaplan-Meier estimates of the cumula-
tive risk of failure according to the treatment group.
The risk of failure was lower in the ciprofloxacin-
rifampin group than in the ciprofloxacin-placebo
group (P,.02).

JAMA, May 20, 1998—Vol 279, No. 19 Rifampin for Treatment of Staphylococcal Infections—Zimmerli et al 1539

©1998 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a 'Loyola University - Maywood User  on 03/15/2013



Microbiological Analysis
of Treatment Failures

Fourmethicillin-sensitiveSaureusand
1 methicillin-sensitive S epidermidis iso-
lates were cultured from the 5 failures in
the ciprofloxacin-placebo group. The iso-
lates at failure were compared with the
initial isolates by susceptibility testing
andmolecularsubtyping.In4ofthese iso-
lates (3Saureusand1Sepidermidis), the
minimal inhibitoryconcentrationofcipro-
floxacin increased 3- to 8-fold to 4 mg/L,
and in 1 failure S aureus remained sus-
ceptible to ciprofloxacin. The analysis of
the chromosomal DNA of the ciprofloxa-
cin-resistant strains by pulsed-field gel
electrophoresis showed identity of all
bands, indicating emergence of quinolone
resistance during prolonged ciprofloxa-
cin monotherapy of the pathogen isolated
at randomization (Figure 2).

COMMENT
We found a superiority of the rifampin

combinationregimencomparedwiththe

ciprofloxacin monotherapy. Foreign
bodies are favorite sites for bacterial
persistence due to a local host-defense
defect.32 In addition, the biofilm and the
low growth rate of surface-adherent mi-
croorganisms render many antimicro-
bialagents ineffective.23,24,33,34 Therefore,
most orthopedic surgeons remove all
foreign material in case of an infected
arthroplasty.1,3,4,7 The superiority of ri-
fampin in the animal model could be ex-
plained by its high efficacy on adherent
and stationary-phase staphylococci.23-25

The excellent results of the rifampin
combination in this study confirm previ-
ous data from animal models and obser-
vational studies.22-27 In addition, this
combination has also been shown to be
efficacious in right-sided endocarditis
due to S aureus.35,36 However, there are
no controlled studies on the role of ri-
fampin in nonmycobacterial infection.

Our results confirm the high risk of
emergenceofresistanceofstaphylococci
to quinolones when used as mono-

therapy.37 Emergenceofresistancetori-
fampin was not observed in a single case
in our study. Recurrent infections were
exclusivelycausedbytheoriginalstrain,
as confirmed by molecular typing of both
the original and consecutive isolates.
This indicates that bacteria may persist
despite initial clinical response to anti-
biotic treatment. Therefore, surface ad-
hering staphylococci seem to be highly
resistant even to prolonged quinolone
monotherapy, as previously suggested
by animal experiments and observa-
tional studies.20,23,24 The present study
shows that the rifampin-quinolone com-
bination was highly efficacious, not only
in eliminating device-associated staphy-
lococci, but also in preventing the emer-
gence of ciprofloxacin resistance.

Our results cannot be generalized to ev-
ery type of orthopedic implant–associ-
ated infection. According to the inclusion
criteria, all devices were stable. Loosen-
ing of the infected device precludes an an-
timicrobial therapy without removing or
exchanging the implant.4 Despite the fact
that we allowed the inclusion of patients
with up to 1 year of infection, the median
duration of signs and symptoms of infec-
tion was only 4 and 5 days, respectively,
with a maximum of 21 days. According to
SchoifetandMorrey,10 the longdurationof
theinfectionbeforedebridementisthema-
jorcauseoftreatmentfailure.However, in
these studies, the antibiotic therapy was
not standardized and did not include ri-
fampin.Nevertheless, it isconceivablethat
the treatment with retention is only suc-
cessful inpatientswithashort intervalbe-
fore therapy. In our study, only patients
with early (,2 months after surgery) or
acute hematogenous infection were
treated. Therefore, we can only speculate
that patients with chronic orthopedic de-
vice–related infectionscanalsobesuccess-
fully treated with ciprofloxacin plus ri-
fampin with retention of the device.

Dropoutsweremainlyobserved inthe
combination treatment group. All drop-
out patients had an identical follow-up as
the other cases. Seven dropout patients
were subsequently treated with ri-
fampin combinations, 3 of them with a
reduced dose due to nausea as the main
adverse event. Six of 7 rifampin-treated
patients had a successful outcome, 5 of
them without removal of the device—
supporting the main conclusion. Compli-
ance was excellent in both groups as
checked by pill counting. Only 1 patient
dropped out due to insufficient compli-
ance (,85% of the study medication).

This isthefirstrandomized,controlled
clinical trial evaluating a conservative
treatment approach to staphylococcal
device–related infection with rifampin.
It confirms the in vitro and experimen-
tal animal data,23-25 as well as the results

Table 2.—Outcome of Dropout Patients

Initial Therapy Therapy After Dropout

Cure Without
Removal of the

Device *
Flucloxacillin or vancomycin and rifampin Ciprofloxacin and rifampin† (n=4) 3/4

followed by ciprofloxacin and rifampin Ciprofloxacin and clindamycin (n=1) 1/1

Ciprofloxacin (n=1) 0/1

Flucloxacillin and placebo followed by Ciprofloxacin and rifampin (n=2) 2/2
ciprofloxacin and placebo Amoxicillin–clavulanic acid‡ and rifampin (n=1) 0/1

*Removal due to persisting infection was defined as failure.
†Partly rifampin in reduced dose (300 mg twice a day).
‡Superinfection with enterococci after dropping out (secondary mixed infection).
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361

260

208

175

135
117

1
A B

2
A B

3
A B

4
A B

ST

kb

Figure 2.—Pulsed-field gel electrophoresis of chromosomal DNA from 4 ciprofloxacin-resistant isolates from
patients with failure. DNA from 4 pairs (lanes 1-4) of ciprofloxacin-resistant isolates (A indicates initial and
B, at the time of failure) was digested with EagI. Lane ST is the molecular weight standard (Staphylococcus
aureus NCTC 8325 DNA digested with SmaI). kb indicates kilobase.
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of observational clinical studies.26,27 In
conclusion, orthopedic device–related
infections due to rifampin- and cipro-
floxacin-susceptible staphylococci can
be cured without removal of the device,
given the implant is stable, the duration
of infection is short, an initial debride-
ment is performed, and the patient tol-
erates long-term therapy.

This study was funded with an educational grant
from Bayer Ltd, Zürich, Switzerland.

We are indebted to the study patients for their
participation; Oto Zak, MD, for the Safety Monitor-
ing of this double-blind study; H. Braun, MD, Bayer
Ltd for an educational grant; and Ciba-Geigy Ltd
for providing rifampin and the matched placebo-
coated tablets. In addition to the authors, the fol-
lowing institutions and investigators participated
in the Foreign-Body Infection (FBI) Study Group
trial: J. Fabbri, MD, and T. Bregenzer, MD, the Di-

vision of Infectious Diseases, University Hospitals,
Basel, Switerland, in collaboration with E. Mor-
scher, MD, and A. Gächter, MD, the Orthopedic De-
partment, University Hospitals, Basel (22 patients
enrolled), with the Clinic of Orthopedic Surgery,
Liestal, Switzerland (5 patients enrolled), and the
Clinic of Surgery, Zofingen, Switzerland (3 patients
enrolled); and D. P. Lew, the Division of Infectious
Diseases, Geneva, Switzerland, in collaboration
with the Orthopedic Department, University Hos-
pital, Geneva (3 patients enrolled).
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