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A B S T R A C T

Levofloxacin plus rifampicin (L+R) is the treatment of choice for acute staphylococcal prosthetic joint in-
fection (PJI) managed with debridement and implant retention (DAIR). Long courses have been empirically
recommended, but some studies have suggested that shorter treatments could be as effective. Our aim
was to prove that a short treatment schedule was non-inferior to the standard long schedule. An open-
label, multicentre, randomised clinical trial (RCT) was performed. Patients with an early post-surgical
or haematogenous staphylococcal PJI, managed with DAIR and initiated on L+Rwere randomised to receive
8 weeks of treatment (short schedule) versus a long schedule (3 months or 6 months for hip or knee
prostheses, respectively). The primary endpoint was cure rate. From 175 eligible patients, 63 were in-
cluded (52% women; median age, 72 years): 33 patients (52%) received the long schedule and 30 (48%)
received the short schedule. There were no differences between the two groups except for a higher rate
of polymicrobial infection in the long-schedule group (27% vs. 7%; P = 0.031). Median follow-up was 540
days. In the intention-to-treat analysis, cure rates were 58% and 73% in patients receiving the long and
short schedules, respectively (difference −15.7%, 95% CI −39.2% to 7.8%). Forty-four patients (70%) were
evaluable per-protocol: cure rates were 95.0% and 91.7% for the long and short schedules, respectively
(difference 3.3%, 95% CI −11.7% to 18.3%). This is the first RCT suggesting that 8 weeks of L+R could be
non-inferior to longer standard treatments for acute staphylococcal PJI managed with DAIR.

© 2016 Elsevier B.V. and International Society of Chemotherapy. All rights reserved.

1. Introduction

Infection is a dreaded complicationof prosthetic joints. In someacute
cases, debridement, antibiotics and implant retention (DAIR) may be
attempted [1,2]. Staphylococci are themost frequent cause of acute pros-
thetic joint infection (PJI),with rifampicin having a key role in treatment
[1–4]. Current guidelines recommend long courses in combinationwith
a fluoroquinolone (e.g. levofloxacin) for a period between3months (hip
prostheses) and 6 months (knee prostheses) [2,5].

However, these long treatments have been established empiri-
cally and present several drawbacks, such as toxic adverse effects
[6] and the selection of resistant bacteria [7]. Also, in observa-
tional studies long treatments have failed to show better outcomes
compared with shorter treatments [3,8,9].

We therefore aimed to prove that a short treatment schedule of
levofloxacin plus rifampicin over 8 weeks was as effective as the
longer standard treatment schedules.

2. Materials and methods

2.1. Setting

This was a prospective, open-label, comparative, randomised clin-
ical trial (RCT) performed in 17 Spanish hospitals. Recruitment was
from April 2009 to April 2013, with a follow-up scheduled for ≥1
year. The trial was recorded (EudraCT 2008-001863-31; ISRCTN reg-
istry no. ISRCTN35285839) and was approved by the local ethics
committees of all participating hospitals.

2.2. Study design and population

Eligible patients met the following criteria: haematogenous or
early post-surgical PJI (onset of symptoms within the first 30 days
after placement of the prosthesis) caused by staphylococci [either
Staphylococcus aureus or coagulase-negative staphylococci (CoNS)];
and PJI managed by DAIR, with a stable implant kept in place. Ex-
clusion criteria are summarised in Fig. 1.

Following debridement, eligible patients who provided in-
formed consent were assigned by simple randomisation to receive
either a short schedule of treatment over 8 weeks (both hip and
knee prostheses) or a standard long treatment of 3 months or 6
months (for hip or knee prostheses, respectively) [2,5]. Treatment
consisted of the combination of rifampicin (600mg once daily, after
fasting) [10] and levofloxacin (750 mg once daily). The oral route
was preferred as soon as the patient could tolerate it. In the case
of polymicrobial infections, other antibiotics could also be used pro-
vided they had no antistaphylococcal activity (i.e. aztreonam,
ceftazidime).

2.3. Follow-up and study endpoints

Baseline patient characteristics were defined according to
Charlson [11]. Clinical, analytical and radiological assessments are
summarised in Fig. 1.

The primary outcome was the cure rate, which was analysed as
an intention-to-treat (ITT) analysis (all patients randomised) and
a per-protocol (PP) analysis (patients randomised who did not
abandon the study because of toxicity or other reasons) (see Fig. 1).
Cure was considered when patients retained the prosthesis, clini-
cal signs of infection were resolved, and there had been a progressive
decrease in C-reactive protein (CRP) levels. Failure was defined as
PJI-related death, or persistence/recurrence of signs of infection due
to the original staphylococcus that caused the infection. The need
for supplementary debridement was not considered a failure. Causes
for exclusion from the PP analysis are summarised in Fig. 1 and
Table 1. Patients excluded from the PP analysis were considered fail-
ures in the ITT analysis.

☆ The preliminary results of this study were presented at the 53rd Interscience
Conference of Antimicrobial Agents and Chemotherapy (ICAAC), 10–13 September
2013, Denver, CO.
* Corresponding author. Hospital Universitario 12 de Octubre, Unidad de

Enfermedades Infecciosas, Edificio de Actividades Ambulatorias, Planta 2a- D. Avda
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The following secondary outcomeswere assessed: cure rate strati-
fied by the type of prosthesis and staphylococcal species (S. aureus
or CoNS); tolerance to treatment; development of resistance either
to fluoroquinolones or rifampicin; rate of prosthetic loosening at
1 year; and CRP dynamics as a predictor of clinical cure.

2.4. Clinical and surgical management

Diagnosis of PJI was based on at least two positive valuable cul-
tures (surgical, joint-aspirated or blood) yielding the same micro-
organism along with typical clinical signs of PJI, such as pain,
erythema, wound discharge, or purulence surrounding the pros-
thesis [12]. Micro-organisms were identified following standard
criteria [13] after samples had been seeded in liquid (thioglycolate)
and solid media (5% sheep blood, chocolate and MacConkey agar)
and incubated for 10 days.

The decision to submit patients to DAIR was taken according to
current guidelines [1,2,5]: acute infection on a soundly fixed pros-
thesis without marked damage to periprosthetic soft tissue. DAIR
has been described elsewhere [8,12,14]. Briefly, it involves a thor-
ough surgical debridement of the prosthesis, with excision of wound
margins, and the removal of necrotic soft tissue and pus collections.

Antibiotics were usually withheld until microbiological samples
had been taken, provided the patient was stable. Following de-
bridement, empirical broad-spectrum antibiotics were started
(typically a glycopeptide or cloxacillin plus an antipseudomonal
cephalosporin). Once the micro-organisms were identified, antibi-

otics were switched to levofloxacin plus rifampicin. Patients included
in this study received amaximum of 7 days of treatment with agents
other than levofloxacin plus rifampicin.

2.5. Statistical analysis

The primary null non-inferiority hypothesis was that long and
short treatment schedules would lead to similar cure rates. Case
series of staphylococcal PJI managed by DAIR have established a
success rate of 75% with standard therapy [4,14]. Assuming a
maximum difference of 15% between the short and long sched-
ules, a power of 80%, an α error of 0.025 and a loss rate of 10%, the
total number of cases was set at 195. The hypothesis was tested by
calculating the 95% confidence interval (CI) of the difference of
success between the two study arms. All analyses were two-
tailed, and a P-value of <0.05 was considered statistically significant.

3. Results

3.1. Study cohort

In total, 175 patients were eligible for the study, among whom
63 (36.0%) met the inclusion criteria (Fig. 1). Of these, 33 (52%) and
30 (48%) were assigned to the long and short treatment schedules,
respectively. Recruitment was stopped after 4 years owing to a de-
crease in the incidence of acute staphylococcal PJI [15].

175
patients with acute 
staphylococcal PJI

112 excluded (64%) *
• 48 (28%) resistance to LVX or RIF
• 19 (11%) other antibiotics > 7 days
• 17 (10%) prosthesis removal
•12 (7%) debridement delay > 21d
• 16 (9%) other exclusion criteria

63 (36%) randomized
• 33 long arm
• 30 short arm

ITT analysis

19 non-evaluable** patients (see table 1)

44 patients for PP analysis
• 20 long arm
• 24 short arm

Fig. 1. Study flow. PJI, prosthetic joint infection; LVX, levofloxacin; RIF, rifampicin; ITT, intention-to-treat; PP, per-protocol. Whilst on treatment, patients were clinically
assessed at Weeks 1, 2, 4 and 8 (both schedules), at Week 12 (hip and knee prostheses in the long schedule), and at Weeks 16, 20 and 24 (knee prostheses in the long
schedule). After treatment, patients were clinically assessed at Months 1, 3, 6 and 12 at a minimum; after 1 year of follow-up, patients were assessed at the discretion of
each researcher. Radiological evaluation was performed at study enrolment, at the end of treatment, and at 6 months and 12 months after the end of treatment. Potential
toxicity due to treatment was assessed at each follow-up visit using blood tests that included full blood count, renal and liver biochemistry, and levels of acute phase re-
actants [C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR)]. *Exclusion criteria: age <18 years; pregnancy or breast-feeding; life expectancy <6 months;
refusal to participate; concerns about potential patient compliance; resistance or intolerance either to fluoroquinolones or rifampicin; delay in debridement >21 days after
symptom onset; use of antibiotics with antistaphylococcal activity other than levofloxacin and rifampicin for >7 days after debridement; prosthesis loosening; and pros-
thesis removal. **Patients were excluded from the PP analysis in the following situations: cases where therapy was prolonged but neither clinical nor microbiological failure
was later observed (considered ‘protocol violations’); if the patient could not receive the scheduled antimicrobial treatment (i.e. due to toxicity); if he/she was lost to follow-
up; or if the prosthesis had to be removed for orthopaedic reasons whilst on treatment. Patients who had completed the scheduled treatment but were followed up for <1
year for reasons unrelated to infection (i.e. prosthesis removal due to a fracture) were not excluded from the PP analysis.
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No significant differences were found between patients receiv-
ing long and short treatment schedules except for a higher rate of
polymicrobial infection among those receiving the long schedule
(27% vs. 7%; P = 0.031) (Table 1). Comparison of patients included
in the PP analysis was similar (data not shown).

3.2. Per-protocol analysis

A total of 44 patients (70%) were included in the PP analysis (24
knee prostheses and 20 hip prostheses): 20 patients received the
long schedule (9 knees and 11 hips) and 24 received the short sched-
ule (15 knees and 9 hips).

No significant differences in the progressive decrease in CRP after
debridement were observed between patients in either treatment
arm (Supplementary Fig. S1).

Overall success was observed in 41 patients (93%) over a median
follow-up of 862 days after the end of treatment [interquartile range

(IQR) 462–1269 days]. Follow-up was <1 year in three patients, none
of whom presented signs of failure. Of these, one patient died due
to a lung cancer 91 days after the end of therapy, another patient
presented with an unrelated haematogenous PJI caused by Staph-
ylococcus lugdunensis 175 days after treatment, and the other patient
needed a partial revision procedure 108 days after treatment, cul-
tures being negative.

Three patients (7%) had treatment failure; one receiving the long
schedule (5%) and two receiving the short schedule (8%) (P = 1.0).
Thus, cure rates in the long and short treatment schedules were 95.0%
and 91.7%, respectively, with a difference of 3.3% (95% CI −11.7% to
18.3%) (Fig. 2).

All three patients with treatment failure had a monomicrobial
infection of the primary prosthesis caused by S. aureus. The patient
receiving the long treatment schedule had a hip prosthesis for which
failure presented 54 days after treatment. Both treatment failures
in patients receiving the short treatment schedule had knee

Table 1
Baseline features, clinical presentation and surgical treatment of randomised patients, and causes for exclusion from the per-protocol (PP) analysis.a

All patients (intention-to-treat analysis) (n = 63)

Long schedule (n = 33) Short schedule (n = 30) P-value

Baseline features
Male sex 19 (58) 11 (37) 0.097
Age (years)* 74 (65–80) 70 (61–79) 0.175
Diabetes 10 (30) 5 (17) 0.204
Chronic heart disease 3 (9) 4 (13) 0.700
Chronic liver disease 3 (9) 4 (13) 0.700
Chronic lung disease 4 (12) 9 (30) 0.080
Chronic renal impairment 1 (3) 0 (0) 1.000
Cancer 2 (6) 1 (3) 1.000
Dementia 6 (18) 1 (3) 0.107
Charlson comorbidity index ≥2 10 (30) 9 (30) 0.979

Clinical presentation
Prosthesis location, hip 18 (55) 11 (37) 0.155
Revision prosthesis 5 (15) 4 (13) 1.000
Haematogenous infection 5 (15) 9 (30) 0.157
Time to infection (days)*,b 14 (10–22) 18 (11–23) 0.494
Temperature >37 °C 7 (21) 6 (20) 0.913
Leukocyte count (×109/L)* 10.7 (6.8–12.0) 9.0 (7.2–11.2) 0.573
C-reactive protein (mg/L)* 81 (19–204) 108 (24–231) 0.449

Microbiological data
Polymicrobial infectionc,d 9 (27) 2 (7) 0.031
Infection by Staphylococcus aureus 27 (82) 21 (70) 0.271
Infection by CoNS 8 (24) 10 (33) 0.425
Infection by other micro-organismsd 8 (24) 1 (3) 0.028

Surgical data
Time to debridement (days)*,e 6 (2–9) 4 (3–8) 0.571
Need for >1 debridement 8 (24) 5 (17) 0.458
Exchange of removable components 21 (64) 24 (80) 0.205

Patients excluded from per-protocol analysis (n = 19)

Long schedule (n = 13) Short schedule (n = 6) P-value

Toxicity of antibiotics 6 (46) 4 (67) 0.628
Rifampicinf 5 (38) 2 (33) 1.000
Levofloxacing 1 (8) 2 (33) 0.222

Early prosthesis removal for orthopaedic reasonsh 2 (15) 0 (0) 1.000
Lost to follow-up 4 (31) 1 (17) 1.000
Protocol violationi 1 (8) 1 (17) 1.000

CoNS, coagulase-negative staphylococci.
a Data are n (%), except for quantitative data (*), which are expressed as median (interquartile range).
b Time from prosthesis placement to beginning of symptoms (haematogenous cases excluded).
c Three infections with S. aureus and CoNS.
d Micro-organisms other than staphylococci included fluoroquinolone-susceptible Gram-negative bacilli (3 Proteus mirabilis, 1 Escherichia coli, 2 Pseudomonas aeruginosa),

2 Propionibacterium acnes, 1 Enterococcus faecalis and 1 β-haemolytic streptococcus.
e Time from onset of symptoms to debridement.
f Digestive intolerance in four, cholestatic hepatitis in one, cutaneous rash in one and interaction with methadone in one.
g Long QT segment in one, impairment of a myasthenic syndrome in one, and arthralgias and myalgias in one.
h Relapsing prosthetic luxation in one case and periprosthetic fracture in another, both needing prosthesis removal with no evidence of infection relapse or persistence.
i The trial protocol was violated for two patients (3%) who were administered longer treatment than scheduled because of delayed resolution of inflammatory signs;

follow-up for >1 year after the end of treatment did not show any signs of relapse.

313J. Lora-Tamayo et al. / International Journal of Antimicrobial Agents 48 (2016) 310–316

Downloaded from ClinicalKey.com at Hospital Severo Ochoa February 20, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.



Fig. 2. Kaplan–Meier curves and difference in cure rate between the long and short arms of the study. (A) Kaplan–Meier survival curves in the per-protocol analysis [20 patients receiving a long schedule (grey line) and 24
patients receiving the short schedule (black dotted line)]. The mean survival time since the end of therapy was 45 months in those receiving the long schedule [95% confidence interval (CI) 41–50 months] compared with 54
months (95% CI 47–60 months) in those receiving the short schedule (log-rank test, P = 0.699). (B) Kaplan–Meier curves in the intention-to-treat analysis [33 patients receiving the long schedule (grey line) and 30 patients
receiving the short schedule (black dotted line)]. The mean survival times since the surgery of debridement were 30 months (95% CI 22–38 months) and 45 months (95% CI 35–54 months) for patients receiving the long and
short schedules, respectively (log-rank test, P = 0.150). (C) Difference (and 95% CIs) of cure rate between the long and short arms of the study. CNS, coagulase-negative staphylococci.
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prostheses and occurred at 64 days and 204 days after treatment.
In these two failures the relapsing staphylococci were recovered,
showing full susceptibility to both antibiotics. The CRP values of these
patients were 3, 35 and 42 mg/L after 8 weeks of therapy, and the
median CRP value for patients not presenting with failure was
13 mg/L (IQR 5–41 mg/L) (P = 0.829).

3.3. Intention-to-treat analysis

In total, 19 patients (30%) were not evaluable by PP analysis: 13
(39%) of those receiving the long schedule and 6 (20%) of those re-
ceiving the short schedule (P = 0.094). They were comparable with
those included in the PP analysis (data not shown), except that they
had a higher frequency of baseline conditions (Charlson comorbidity
index 1.47 ± 1.02 vs. 1.09 ± 1.71; P = 0.035). Reasons for being non-
evaluable are presented in Table 1: of note, ten patients (16%)
required antibiotic withdrawal due to toxicity at a median of 20 days
(IQR 14–24 days) after debridement. In one patient (10%) belong-
ing to the long treatment schedule group, the adverse event
happened beyond the first 8 weeks of treatment. Also, a high pro-
portion of patients receiving the long treatment schedule were lost
to follow-up (three cases lost after Week 8 of treatment). Exclud-
ing the case of protocol violation, the cause for no evaluation
occurred beyond the first 8 weeks in 25% of patients receiving the
long schedule.

Success was observed in 41 (65%) of 63 patients: 19 (58%) re-
ceiving the long schedule and 22 (73%) receiving the short schedule
(P = 0.190) (Fig. 2). Fig. 2 shows the 95% CI of the difference in cure
rates between the two treatment schedules, confirming the non-
inferiority hypothesis in the ITT analysis.

Overall, the prosthesis finally had to be removed for orthopae-
dic reasons, with no evidence of infection, in three patients (5%) (after
therapy had ended in one case). Among the other 60 patients, no
radiographic signs of prosthetic loosening were observed during the
first year of follow-up.

4. Discussion

The results of this RCT suggest that a short schedule of rifam-
picin and levofloxacin may be effective for patients with acute
staphylococcal PJI managed by DAIR. This study is the first RCT to
challenge the need for long therapies, and the results are consis-
tent with previous retrospective observational studies [3,8,9].

The main limitation of this study is the small size of the sample
analysed. However, it must be considered that the statistical power
is a pre-study tool and should play no role in the interpretation of
results, which should be based in the 95% CIs [16]. The sample
analysed produced 95% CIs wider than planned (especially in the
PP analysis, after excluding 30% of the patients): whilst they could
still prove the non-inferiority hypothesis in the ITT analysis, they
showed a non-significant trend in the PP analysis. Although both
PP and ITT analyses must be considered, in this work many exclu-
sions from the PP analysis could be potentially attributed to the
length of therapy, therefore giving relevance to the ITT analysis. Still,
the 95% CIs shown in this work compel moderating the strength
of our conclusions.

The rate of recruitment achieved in this study was low (36%),
illustrating the difficulties in conducting an RCT. Many of the pa-
tients excluded carried an initial poor prognosis, with higher odds
of developing early failure [3]. The overall results of this trial are
consistent with real-life practice as well as previously published
failure rates. Among the patients finally recruited, the 35% failure
rate observed in the ITT analysis is similar to previous series of
staphylococcal infection with more delayed failure [14,17], whereas
the 7% failure rate observed in the PP analysis is consistent with that

reported in other case series with very well selected patients [4,18].
Overall, extrapolation of the results of this study should be re-
served to patients with an initial good evolution, which is the
population of patients with PJI represented in this RCT.

Despite randomisation, the long treatment arm presented a higher
proportion of polymicrobial cases. Polymicrobial infections involv-
ing S. aureus have been associated with an increased risk of failure,
but this usually applies to the first 30 days after debridement (early
failure) [3]. However, in the current study all failures happenedmuch
later. In addition, most of the supplementary micro-organisms were
fluoroquinolone-susceptible Gram-negative bacilli, which are as-
sociated with a good prognosis [19]. Finally, none of the three cases
failing were polymicrobial.

Another potential limitation is the relatively short protocolised
period of follow-up (1 year). Still, the median time of follow-up was
actually more than 2 years. The highest risk of relapse occurs within
the first 4 months after antibiotic withdrawal [8], therefore making
it very unlikely to have missed any potential failures.

Despite its poor predictive validity, many physicians rely on the
CRP value to determine when to stop antibiotic therapy [20]. In the
present study, the progressive decrease of CRP appeared to bemainly
dependent on time, with no differences being observed between
the two schedules. Of note, many treatments would have been un-
necessarily extended beyondWeek 8 if the decision had been based
on this criterion alone.

5. Conclusions

This study suggests that 8 weeks of levofloxacin plus rifampi-
cin could be as effective as longer standard treatments for acute
staphylococcal PJI managed with DAIR that shows an initial good
evolution. Whilst this non-inferiority could be proven for patients
with infections of hip prostheses, some doubt persisted over
the benefit for infection of knee prostheses. The CRP value at the
end of treatment was also shown to have little correlation with
future outcomes. Until further evidence is available, we cannot
exclude the potential benefit of antibiotic therapy beyond a short
treatment schedule of 8 weeks among selected patients with S.
aureus infection of knee prostheses who have persistent clinical
findings.
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