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Infecciones protésicas articulares por 
estafilococos meticilin-resistentes y meticilin-
sensibles tratadas mediante desbridamiento y 
retención de la prótesis

RESUMEN

Objetivo. Comparar las características específicas, los 
resultados y los factores predictivos de mal pronóstico de las 
infecciones de prótesis articulares (IPA) por estafilococos me-
ticilin-resistentes (EMR) y meticilin-sensibles (EMS) tratadas 
mediante desbridamiento, retención del implante y tratamien-
to antibiótico.

Material y métodos. Se realizó una revisión retrospectiva 
de todas las IPA’s por EMR o EMS registradas en nuestra base 
datos desde 1999 a 2009. 

Resultados. Durante el periodo del estudio, 96 pacien-
tes cumplieron los criterios de inclusión en el estudio. El se-
guimiento medio de los pacientes fue de 3,9 años y todos los 
pacientes tenían al menos 2 años de seguimiento. La tasa de 
fracaso fue del 25%. La única variable asociada significativa-
mente a fracaso terapéutico en el total de pacientes fue la 
infección polimicrobiana (59,3% vs. 40,7%, p=0,036). Treinta 
y cuatro (35,4%) pacientes tuvieron una infección por EMR 
y 62 (63,6%) por EMS. Respecto las infecciones por EMS, el 
95,2% correspondían a cirugías primarias mientras que el 
29,4% de las IPA’s por EMR ocurrieron tras cirugías de revision 
(p=0,001). El valor de la PCR fue significativamente superior en 
las IPA’s por EMS (5,2 mg/dl vs 9,1 mg/dL, p=0,02). La tasa de 
fracaso fue similar en las infecciones por EMS y EMR (20% vs 
27%, p=0,62).

Conclusión. Las IPA’s por EMR fueron causadas principal-
mente por estafilococos coagulase-negativo, ocurrieron más 
frecuentemente  tras cirugías de revisión, tenían una reacción 
inflamatoria menor  y obtuvieron una tasa de fracaso similar a 
las infecciones por EMS.

Palabras clave: Infección protésica, desbridamiento, meticilin-resistente. Sta-
phylococcus aureus, estafilococo coagulase-negativo

ABSTRACT

Objectives. To compare the specific characteristics, the 
outcome and the predictors of failure of prosthetic joint in-
fections (PJI) due to methicillin-resistant (MRS) and methicil-
lin-susceptible staphylococci (MSS) treated with open debride-
ment and retention of the implant.

Material and methods. PJI due to MRS or MRS prospec-
tively registered in a database from 1999 to 2009 were retro-
spectively reviewed. 

Results. During the study period, 96 patients met the in-
clusion criteria of the study. The mean follow-up period was 
3.9 years and at least 2 years in all patients.  The failure rate 
was 25%. The only variable significantly associated with fail-
ure in the global cohort was polymicrobial infection (59.3% 
vs. 40.7%, p=0.036). Thirty-four (35.4%) patients had an in-
fection due to MRS and 62 (63.6%) due to MSS. Among MSS 
infections, 95.2% corresponded to primary arthroplasties 
while 29.4% of PJI due to MRS were after revision arthroplas-
ties  (p=0.001). CRP was significantly higher in PJI due to MSS 
(5.2 mg/dl vs 9.1 mg/dL, p=0.02).The failure rate (20% vs 27%, 
p=0.62) was very similar in MSS and MRS groups. 

Conclusion. PJI due to MRS were mainly coagulase-nega-
tive staphylococci, more frequent after revision arthroplasties, 
had a lower inflammatory response, and had a similar failure 
rate than MSS infections.

Keywords: prosthetic joint infection, debridement, methicillin-resistant, Staphylo-
coccus aureus, coagulase-negative staphylococci.
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INTRODUCTION

Early prosthetic joint infections (PJIs) are associated with 
substantial morbidity, increased medical costs and reduced 
quality of life1,2. Debridement and prosthesis retention com-
bined with a prolonged antibiotic regimen including rifamp-
in is an accepted therapeutic approach when the duration of 
symptoms is less than 4 weeks and there are no radiological 
signs of loosening. The outcome of patients with a PJI has 
been previously assessed in several articles with success rates 
between 60% to 90%3-6. Articles describing outcome predic-
tors in patients treated with an open debridement combined 
with a rifampin-based regimen are scarce and mainly focused 
on PJIs due to Staphylococcus aureus4,7-9. During recent years, 
the prevalence of coagulase-negative staphylococci (CNS) as 
an etiological agent of PJI is increasing10 and frequently asso-
ciated with methicillin and fluoroquinolone resistance, thereby 
reducing the antibiotic options for combining with rifampin.

The aim of the present study was to compare specific char-
acteristics, outcome and predictors of failure of infections due to 
methicillin-resistant and methicillin-susceptible staphylococci, in-
cluding S. aureus and CNS, treated with open debridement with-
out removing the implant and prolonged antibiotic treatment. 

METHODS

Since January 1999 patients with a PJI (hip or knee arthro-
plasties) were prospectively registered in a database. Relevant 
information about demographics, co-morbidity, type of im-
plant, clinical manifestations, leukocyte count, and C-reactive 
protein (CRP) concentration at the time of admission for infec-
tion, surgical treatment, microorganism isolated, antimicrobial 
therapy, and outcome were recorded. For the present study, 
cases with a mono- or polymicrobial prosthetic joint infection 
due to staphylococcal microorganism (S. aureus or CNS) regis-
tered from 1999 to 2009 were retrospectively reviewed.

Prosthetic joint infection was defined by the presence of 
local inflammation, macroscopic evidence of extension of the 
infection through the capsule during open debridement, and 
isolation of significant microorganisms from deep samples. In 
case of CNS, ≥2 positive deep samples were required for con-
sidering this microorganism a true pathogen. All patients were 
treated in the bone and joint infection unit of our hospital, 
which includes orthopaedic surgeons, infectious disease spe-
cialists and microbiologists. For debridement, pre-existing in-
cisions were always used, necrotic tissue was excised, and the 
joint was washed out with 7 liters of sterile water. The compo-
nents of the prosthesis were left in situ after it was confirmed 
during surgery that there were no signs of loosening. In knee 
arthroplasties, the polyethylene component was removed and 
replaced with a new one, while in total hip arthroplasties, the 
polyethylene as well as the femoral head were replaced when-
ever possible. The patients were taken back to the operating 
room to repeat the irrigation only when systemic or local signs 
of infection persisted after debridement. Six deep samples of 

synovial fluid or periprosthetic tissue were submitted to the 
microbiology laboratory. An antibiogram for all significant iso-
lates was performed by microdilution method.

After debridement, a broad-spectrum intravenous antibi-
otic regimen including vancomycin (1 g/12 h) plus ceftazidime 
(2 g/8 h) was started and maintained until definitive microbi-
ological results were obtained. When the microorganism was 
susceptible to methicillin, vancomycin was switched to intra-
venous cloxacillin (2 g/4 h). The definitive oral antibiotic treat-
ment was levofloxacin (500 mg/24 h) plus rifampin (600 mg/24 
h), except in those cases with resistant strains or polymicrobial 
infection, in which an alternative was selected according to 
the antibiogram. The protocol of our hospital recommends 10 
days of intravenous antibiotics, and the duration of oral anti-
biotics was decided by a member of the team (A.S) in each case 
according to the clinical manifestations and the CRP value.

After being discharged, patients were followed up month-
ly while they were receiving treatment and every 6 to 12 
months after finishing the therapy. Outcome was classified 
according to the following definitions: (i) remission, when the 
patient had no symptoms of infection, the prosthesis was re-
tained, and CRP was <1 mg/dl after at least 2 years of fol-
low-up; or (ii) failure, when inflammatory signs and high CRP 
remained during treatment and the patient needed a second 
surgery (second debridement or prosthesis removal) or when 
symptoms re-appeared after completing treatment. Relapsed 
or re-infection was considered to have occurred depending 
on the microorganism that was isolated. It was not considered 
failure when the patient developed an aseptic loosening that 
required the prosthesis to be exchanged and deep samples tak-
en during surgery were found to be negative.

Statistical analysis

Variables analyzed were age, sex, co-morbidity (having 
or not having one or more of the following conditions: dia-
betes mellitus, liver cirrhosis, chronic renal failure, rheumatoid 
arthritis, or chronic obstructive pulmonary disease), type of 
prosthesis (hip or knee), age of implant, duration of symp-
toms, presence of fever, leukocyte count, CRP value, positive 
blood cultures, the need for a second debridement, resistance 
to methicillin or fluoroquinolones, and polymicrobial infection. 
For the statistical analysis, continuous variables were explored 
and categorized. Categorical variables were compared by Chi-
square test or Fisher’s exact test when necessary and continu-
ous variables by Student’s t test. Kaplan-Meier survival method 
was used to estimate the cumulative probability of treatment 
success according to the microorganism and compared using 
the log-rank test. Statistical significance was defined as a two-
tailed p<0.05. The analysis was performed using SPSS, version 
15.0 (SPSS, Inc., Chicago, IL, USA).

RESULTS

During the study period, 96 patients met the inclusion 
criteria of the study. The mean (SD) age of cohort was 70.2 
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Table 1	� Characteristics of patients with staphylococcal prosthetic joint infections according to the outcome 
(N=96)

SD, standard deviation. CRP, C-reactive protein.
1 See text for definitions.
2 Diabetes mellitus, chronic renal failure, rheumatoid arthritis, chronic obstructive pulmonary disease or history of steroid therapy.
3 Includes those patients who received oral antibiotics for > 15 days (n=81, 68 remission vs 13 failures)

Characteristics Remission1 (%) N= 72 Failure1 (%) N=24 p

Mean Age (SD) years 70.4 (10.7) 69.4 (9.7) 0.67

Age > 70 years 40 (55.6) 9 (37.5) 0.16

Sex Male 34 (47.2) 14 (58.3) 0.48

Comorbidity2 23 (31.9) 11 (45.8) 0.23

Primary arthroplasty 61 (84.7) 22 (91.7)
0.51

Revision arthroplasty 11 (15.3) 2 (8.3)

Hip arthroplasty 26 (36.1) 5 (20.8)
0.21

Knee arthroplasty 46 (63.9) 19 (79.2)

Mean (SD) age of prosthesis in days 26.3 (21.1) 24.3 (28.7) 0.71

Age of prosthesis: < 15 days 20 (27.8) 10 (41.7) 0.22

                             15 - 45 days 46 (63.9) 12 (50.0) 0.24

                              > 45 days 6 (8.3) 2 (8.3) 1

Mean (SD) days of symptoms 4.9 (4.6) 5.4 (4.9) 0.68

Interval of days with symptoms: 0-2 days 31 (43.1) 9 (37.5) 0.81

                                                   3-5 days 18 (25.0) 6 (25.0) 1

                                                   6-10 days 14 (19.4) 5 (20.8) 1

                                                   >10 days 9 (12.5) 4 (16.7) 0.73

Fever 13 (18.1) 5 (20.8) 0.77

Mean (SD) leukocyte count (cells/mm3) 8837 (3678) 9043 (3537) 0.81

Mean (SD) CRP (mg/dL) 7.1 (9.2) 9.5 (10.2) 0.27

Interval of CRP (mg/dL): <5 43 (59.7) 13 (54.2) 0.64

                                        5-12 17 (23.6) 5 (20.8) 1

                                        >12 11 (15.3) 6 (25.0) 0.36

Methicillin-resistance 27 (37.5) 7 (29.2) 0.62

Fluoroquinolone-resistance 20 (27.8) 6 (25.0) 1

Bacteraemia 3 (4.2) 4 (16.7) 0.063

Polymicrobial 16 (22.2) 11 (45.8) 0.036

Mean (SD) days of oral antibiotics3 82.3 (42.0) 73.2 (48.0) 0.48

Intervals of days of oral antibiotics3:

    < 90 days 50 (69.4) 10 (41.7)
1

    > 90 days 16 (22.2) 3 (12.5)

Oral antibiotics3

    Levofloxacin + rifampin 40 (58.8) 6 (46.2) 0.37

    Linezolid + rifampin 9 (13.2) 2 (15.4) 1

    Other combinations 19 (27.9) 5 (38.5) 0.52

    Linezolid 16 (23.5) 3 (23.1) 1

    No rifampin 8 (11.8) 1 (7.7) 1
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Table 2	 Characteristics of PJI due to methicillin-resistant and methicillin-susceptible staphylococci

Characteristics Methicillin-R (%) n=34 Methicillin-S (%) n=62 p

Mean Age (SD) years 70.5 (9.2) 70.0 (11.0) 0.81

Age > 70 years 18 (52.9) 31 (50.0) 0.83

Sex Male 18 (52.9) 30 (48.4) 0.83

Comorbidity2 20 (58.8) 42 (67.7) 0.50

Primary arthroplasty 24 (70.6) 59 (95.2)
0.001

Revision arthroplasty 10 (29.4) 3 (6.2)

Hip arthroplasty 11 (32.4) 20 (32.3)
1

Knee arthroplasty 23 (67.6) 42 (67.7)

Mean (SD) age of prosthesis in days 25.6 (21.4) 25.9 (24.2) 0.96

Age of prosthesis: < 15 days 10 (29.4) 20 (32.3) 0.82

15 - 45 days 21 (61.8) 37 (59.7) 1

> 45 days 3 (8.8) 5 (8.1) 1

Mean (SD) days of symptoms 4.2 (4.4) 5.5 (4.8) 0.18

Interval of days with symptoms: 0-2 days 18 (52.9) 22 (35.5) 0.13

3-5 days 7 (20.6) 17 (27.4) 0.62

6-10 days 6 (17.6) 13 (21.0) 0.79

>10 days 3 (8.8) 10 (16.1) 0.37

Fever 5 (14.7) 13 (21.0) 0.58

Mean (SD) leukocyte count (cells/mm3) 8283 (3321) 9226 (3769) 0.22

Mean (SD) CRP (mg/dL) 5.2 (5.4) 9.1 (10.8) 0.02

Interval of CRP (mg/dL): <5 22 (64.7) 34 (54.8) 0.51

5-12 8 (23.5) 14 (22.6) 1

>12 4 (11.8) 13 (21.0) 0.28

S. aureus 5 (14.7) 51 (82.3)
<0.001

Coagulase-negative staphylococci 29 (85.3) 11(17.7)

Fluoroquinolone-resistant 20 (58.8) 6 (9.7) <0.001

Bacteraemia 1 (2.9) 6 (9.7) 0.41

Polymicrobial 11 (32.4) 16 (25.8) 0.64

Mean (SD) days of oral antibiotics3 68.9 (40.5) 89.0 (43.0) 0.04

Intervals of days of oral antibiotics3:

      < 90 days 27 (79.4) 33 (53.2)
0.19

      > 90 days 5 (14.7) 14 (22.6)

Oral antibiotics3

          Levofloxacin + rifampin 9 (27.3) 37 (77.1) <0.001

          Linezolid + rifampin 9 (27.3) 2 (4.2) 0.006

          Other combinations 15 (45.5) 9 (18.7) 0.013

          No rifampin 6 (18.2) 3 (6.2) 0.147

          Linezolid 15 (46.9) 4 (8.5) <0.001
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Table 2	 Characteristics of PJI due to methicillin-resistant and methicillin-susceptible staphylococci (cont.)

Characteristics Methicillin-R (%) n=34 Methicillin-S (%) n=62 p

Failure1 (%) 7 (20.6) 17 (27.4) 0.62

Relapse1 (%) 7 (20.6) 14 (22.6) 1

Failure during antibiotic therapy (%) 3 (8.8) 9 (14.5)
0.53

Failure after finishing antibiotic therapy (%) 31 (91.2) 53 (85.5)

Mean (SD) years of follow-up 3.6 (1.9) 4.0 (2.3) 0.34

SD, standard deviation. CNS, coagulase-negative staphylococci. CRP, C-reactive protein.
1See text for definitions.
2Diabetes mellitus, chronic renal failure, rheumatoid arthritis, chronic obstructive pulmonary disease or history of steroid therapy.
3Includes those patients who received oral antibiotics for > 15 days (n=81, 33 MRS vs 48 MSS)

Figure 1	� Cumulative probability of being free of failure according to the 
staphylococcal methicillin resistance in the first 1000 days of follow-up.

(10.4) years. Forty-eight were male (50%), and 31 infections 
(32.3%) were on a hip and 67 (67.7%) on a knee prosthesis. 
In 83 (86.5%) cases the infected prosthesis was a primary ar-
throplasty and in 13 (13.5%) a revision arthroplasty. The mean 
(SD) age of prosthesis at the moment of infection diagnosis 
was 25.8 (23.1) days, and it was <15 days, 16 to 45 days or 
>45 days in 30, 58 and 8 cases respectively. The mean (SD) 
days of symptoms was 5.0 (4.7) days and it was <3 days, 3 
to 5 days, 6 to 10 days or >10 days in 40, 24, 19 and 13 ca-
ses respectively. Fever was present in 18 patients (18.8%) and 
the preoperative mean (SD) leukocyte count was 8889 (2626) 

cells/mm3. The preoperative mean (SD) CRP was 7.7 (9.4) mg/
dl, and it was <5 mg/dl, 5-12 mg/dl or >12mg/dl in 56, 22 and 
17 cases, respectively. There were 51 S. aureus (82.3%) among 
MSS and 29 CNS (85.3%) among MRS (p<0.001). Seven pa-
tients (7.3%) had bacteremia and in 27 cases (28%) the infec-
tion was polymicrobial. The mean (SD) duration of intravenous 
and oral antibiotics was 9.5 (5.6) and 81 (43) days, respectively. 
The mean follow-up period was 3.9 years and at least 2 years 
in all patients in remission except one who died after 6 months 
due to an unrelated cause and without evidence of failure. The 
failure rate was 25% (24 out of 96) and the characteristics of 
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patients according to the outcome are summarized in table 1. 
The only variable significantly associated with failure in the 
global cohort was polymicrobial infection (59.3% vs. 40.7%, 
p=0.036) and there was a trend towards significance for bac-
teremia (42.9% vs 57.1%, p=0.063)

Thirty-four (35.4%) patients had an infection due to a 
MRS and 62 (63.6%) due to a MSS. The characteristics of these 
two groups are shown in table 2. It is of note the relationship 
between resistance pattern and the type of surgery, 95.2% of 
PJI due to MSS corresponded to primary arthroplasties while 
29.4% of PJI due to MRS were after revision arthroplasties  
(p=0.001). There were no statistically significant differences 
between both groups in age, sex, co-morbidity, type of pros-
thesis (hip or knee), age of prosthesis, fever, leukocyte count, 
rate of polymicrobial infections, days of symptoms or days of 
intravenous and oral antibiotics. CRP was significantly higher 
in PJI due to MSS (5.2 mg/dl vs 9.1 mg/dL, p=0.02). Fluoro-
quinolone-resistance was higher in MRS than in MSS (58.8% 
vs 9.6%, p<0.001). Oral antibiotic regimen including levo-
floxacin plus rifampin was more frequently given to patients 
with PJI due to MSS (76% vs 28%, p<0.001) while the use of 
linezolid plus rifampin (28% vs 4%, p=0.006) or other com-
binations (46% vs 18%, p=0.013) were more frequent in PJI 
due to MRS. The failure rate (20% vs 27%, p=0.62) and the 
relapse rate (20% vs 22%, p=1.0) were very similar in MSS and 
MRS groups. The cumulative probability of being in remission 
during the first 1000 days of follow-up according to the resist-
ance pattern is shown in figure 1. The figure shows that failure 
in MSS appeared earlier than in MRS although the final result 
is very similar. 

DISCUSSION

The success rate in our cohort of patients with PJI treated 
with debridement and retention of the implant after at least 2 
years of follow-up was 75% (72 out of 96), considering both 
relapse or re-infection as failure. This result is similar to other 
authors using a rifampin combination3-5,7,11-12. In our series, MRS 
were predominantly CNS, infected revision arthroplasties, had 
lower CRP at the time of diagnosis and received less frequently 
levofloxacin plus rifampin but the outcome of infections due to 
MRS was not significantly worse than the outcome of infections 
due to MSS. Previous reports suggested lower remission rates 
in PJI due to MRS8,13-16, however, the majority of these authors 
analyzed infections due to MR S. aureus. In contrast, in our se-
ries the predominant methicillin-resistant pathogens were CNS.  
Previous experience describing the outcome in MR-CNS treated 
without implant removal is scarce. Our results suggest that oral 
combinations with rifampin, including levofloxacin, linezolid and 
others, are effective in MR-CNS. 

The abscense of good predictors of failure in PJIs treated 
with open debridement has been previously described by oth-
ers9. In the future, it is necessary to analyze factors associated 
with the microorganism (i.e. biofilm production), in order to 
improve the selection of those patients that could benefit of a 
conservative surgery o require a more aggressive one.

Byren et al.17 using a prolonged oral regimen including 
rifampin, described a failure rate in S. aureus PJIs of 27.6%. 
In our study, 94% of patients were treated with an antibiotic 
combination including rifampin, the duration of intravenous 
(9.5 days) and oral (80 days) antibiotic treatment was signifi-
cantly shorter than in the Byren study but a similar failure rate 
(25%) was observed. Our results are in agreement with others18 
and suggests that the duration of both intravenous and oral 
regimens could be reduced. 

The main drawback of our study was the relative small 
sample size and its retrospective nature, however, it is one of 
the largest series with a long-term follow-up and a standard-
ized surgical protocol.

In conclusion, open debridement and retention of the 
prosthesis in staphylococcal PJI was associated with a failure 
rate of 25%. PJI due to MRS were mainly CNS, more frequent 
after revision arthroplasties, had a lower inflammatory re-
sponse, and had a similar failure rate than MSS infections using 
a rifampin oral combination. 
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