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Increased risk of joint failure in hip prostheses infected
with Staphylococcus aureus treated with debridement, antibiotics
and implant retention compared to Streptococcus
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Abstract
Purpose The debridement, antibiotic and implant retention
(DAIR) procedure is an option for patients with prosthetic
hip joint infections for whom arthroplasty removal is prob-
lematic. Unfortunately, some of the guidelines proposed for
deciding on DAIR management of arthroplasty infections fail
to take into consideration the role of the infecting pathogen.
While Staphylococcus aureus and streptococci are major con-
tributors to infected hip arthroplasties, their respective contri-
butions to treatment success or failure rates with the DAIR
procedure have not been thoroughly analysed from a micro-
biological perspective.
Methods This retrospective study included all patients who
were hospitalised in Geneva University Hospitals between
1996 and 2012 and were initially treated with DAIR for
prosthetic hip joint monomicrobial infection due to S. aureus
or Streptococcus spp. The outcome of DAIR treatment was
evaluated after a minimal follow-up of two years. A literature
search was also performed to retrieve data from additional
DAIR-treated cases in other institutions.
Results In our institution, 38 DAIR-treated patients with hip
arthroplasty monomicrobial infections underwent at least one

surgical debridement (median two, range one to five), ex-
change of mobile parts and concomitant targeted antibiotic
therapy for several weeks or months. A literature search
identified outcome data in other institutions from 52 addition-
al DAIR-treated cases according to our study criteria. After
merging our own data with those retrieved from other reports,
we found a failure rate of 21 % instead of 24 % for S. aureus-
infected, DAIR-treated patients, but no failure in 14
streptococcal-infected patients. In the pooled data, the failure
rate linked with S. aureus infections was significantly higher
than that with Streptococcus ssp. (19/90 vs 0/14 episodes;
Fisher’s exact test, P=0.07).
Conclusions DAIR-treated patients with prosthetic hip joint
infections due to S. aureus tended to have worse outcomes
than those infected with Streptococcus spp. The specific in-
fluence of the infecting pathogen should be considered in
future guidelines and recommendations.
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Introduction

Among the different approaches used for the management of
infected joint prostheses [1], the one- or two-stage exchanges
are the preferred options for remission. Nevertheless, for pa-
tients with advanced age, severe co-morbidities [2] and antici-
pated anaesthesiological problems [3, 4], or for acute infections
occurring within less than three to four weeks, a debridement,
prolonged antibiotics and implant retention (DAIR) approach
[1, 4–7] may be attempted following experts’ recommenda-
tions. Contraindications for DAIR are considered the presence
of a sinus tract, implant loosening and maybe delay in
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debridement for more than one month [3]. Infection due to
methicillin-resistant Staphylococcus aureus (MRSA) could
also worsen the prognosis [5] because of the limited availabi-
lity of bactericidal antibiotics and potential emergence of gly-
copeptide resistance in vancomycin-treated patients [8].

Unfortunately, some of the guidelines proposed for decid-
ing on DAIR management of osteoarticular infections, with
[1, 9] or without implants [10], fail to take into consideration
the role of the infecting pathogen (besides its methicillin
resistance) [1]. This is surprising in view of data indicating a
more difficult eradication of S. aureus compared to
Streptococcus spp. infections [4, 6, 7]. We recently reported
that for DAIR-treated prosthetic total knee joint infections
failure rates for S. aureus-infected patients were nearly five
times higher than those due to streptococci [11]. Using a
similar approach, this study reports the outcome of DAIR
treatment in prosthetic hip infections due to S. aureus com-
pared to Streptococcus spp. To extend the significance of the
study, we pooled data from our institution with those from
other DAIR-treated cases retrieved from the literature.

Methods, criteria and analyses

We included all patients hospitalised in our institution from
1996 to 2012 for an infection of total hip arthroplasty or
hemiarthroplasty who met criteria for DAIR treatment.
Exchange of mobile parts of the prostheses was allowed
according to the study definition and routinely performed in
our institution. Only the first episodes of S. aureus or
Streptococcus spp. infections were included. Exclusion
criteria were recurrent episodes, treatment by implant remov-
al, pathogens other than S. aureus or Streptococcus spp.,
culture-negative and mixed infections. A minimal active
follow-up of two years was required. Remission was defined
as the absence of clinical, radiological and laboratory signs of
infection during the two year follow-up or later on. Failure
was defined by the persistence or recurrence of infections. The
design of our retrospective study was approved by our local
Ethics Committee (Arthroplasty Cohort, no. 08–057).

To extend the significance of our study, we retrieved from
the literature outcome data from patients with hip arthroplasty
infections who were treated with DAIR in other institutions,
by using the same search criteria (except for time restriction of
follow-up periods) as for our study. These data were retrieved
from PubMed and other public websites, in particular various
national arthroplasty registers in English, French, German and
Turkish languages, by focusing on studies with a specific
stratification of pathogens linked to DAIR and hip prostheses.

Group comparisons were performed by using theWilcoxon
rank sum test for continuous variables or Fisher’s exact test for
categorical variables. Due to the small number of failures
scored as outcome variable, there was no possibility for

case-mix adjustment in a multivariate model. P values ≤0.05
(two-tailed) were significant. Stata™ software (version 9.0,
StataCorp, College Station, TX, USA) was used.

Results

A total of 38 monomicrobial episodes of hip arthroplasty
infections occurring in 38 DAIR-treated patients were re-
trieved in our institution (Table 1). Of the episodes, 12 were
due tomethicillin-susceptible S. aureus, 17 toMRSA and nine
to various species of streptococci (S. bovis, S. pyogenes,
S. agalactiae). The median follow-up was 3.5 years (range
2.2–9.8 years), during which seven treatment failures (18 %)
occurred, after a median post-therapy period of 50 days. The
patient populations with remission and failure were equally
balanced (Table 1). While the median delay between initial
prosthesis implantation and first debridement for infection
was not different between remissions and failures (23 vs
34 days, Table 1), it was significantly shorter for staphylococ-
cal compared to streptococcal infections (0.5 vs 24 months,
P=0.003).

All patients underwent at least one surgical debridement
(median two, range one to five), exchange of mobile parts of
the arthroplasty and concomitantly received pathogen-
directed antimicrobial therapy for a median duration of
12 weeks (range 4.3–28.7 weeks), with an initial phase of
intravenous administration for a median period of 14 days.

While there was a trend for a higher failure rate in the group
of DAIR-treated hip joint prostheses infected with S. aureus
compared to Streptococcus spp., this difference did not reach
statistical significance due to the small sample size (Fisher’s
exact test, 7/31 vs 0/9 episodes, P=0.32). A similar lack of
statistical significance was equally observed when comparing
failure rates due to methicillin-susceptible S. aureus alone
compared to Streptococcus spp. [2/21 vs 0/9 episodes, odds
ratio (OR) 0.3, 95 % confidence interval (CI) 0.02–1.92, P=
0.50]. When increasing our database by adding 52 additional
cases reported in the literature, a significant difference was
detected between S. aureus and streptococcal DAIR-treated
infections (19/90vs 0/14 episodes, OR 0, 95 % CI 0–0.86, P=
0.07) (Table 2). In contrast to the significant failure rate that
occurred in 21 % of the DAIR S. aureus-infected patients, no
failure was recorded among the 14 streptococcal hip
arthroplasty infections.

Discussion

When merging our own clinical data with those from other
reports, the success rates of the DAIR treatment for infected
hip arthroplasties were significantly influenced by the nature
of the pathogens. Indeed, the DAIR protocol led to an average
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21 % failure rate in S. aureus-infected patients compared to a
much lower failure rate with monomicrobial streptococcal
infections. These findings are similar to those previously
reported for infected knee prostheses where streptococci led
to a lower DAIR failure risk than S. aureus [11]. These data
lend support to the inclusion of the pathogen nature in clinical
guidelines for DAIR decisions, in particular the presence of
S. aureus (even if methicillin-susceptible) or Streptococcus
spp. as a specific, additional risk factor besides implant loos-
ening, fistulas, soft tissue aspects, antibiotic resistance
and co-morbidities.

The enhanced adherence capacity of S. aureus to implants
lies in its virulence factors [12], the ability to form biofilms
[13] and to adapt locally, e.g. by transformation into small
colony variants [14], once infection has been established. In
contrast, streptococci, especially of the β-haemolytic group,
prefer rather an arsenal for rapid spread inside soft tissues and
fascia [15, 16] than formation of abscesses or biofilms. With
these microbiological differences in mind, our results are not
surprising. Moreover, other authors [6, 7], even if not all [17],
equally mention a worse outcome of staphylococci in cases of
DAIR. To cite an example, colleagues from the Mayo Clinic

Table 1 Clinical variables associated with failure of infected hip prostheses in hospitalised patients at Geneva University Hospitals

Remission, n=31 Pa Failure, n=7

Female gender 17 (55 %) 1.00 4 (57 %)

Median age 75 years 0.22 83 years

Immune suppressionb 14 (45 %) 0.21 1 (14 %)

Staphylococcus aureus 22 (71 %) 0.16 7 (100 %)

Methicillin sensitive 19 (61 %) 0.21 2 (29 %)

Methicillin resistant 12 (39 %) 0.21 5 (71 %)

Streptococcus spp. 9 (29 %) 0.16 0 (0 %)

Bacteremia 8 (26 %) 0.39 3 (43 %)

Sinus tract 2 (6 %) 0.47 0 (0 %)

Implant loosening 0 (0 %) – 0 (0 %)

Median delay between prosthesis implantation and debridement 23 days 0.63 34 days

Median number of surgical interventions 2 0.08 2

Median duration of antibiotic therapy 12 weeks 0.22 9 weeks

Rifampicin use 18 (58 %) 0.68 5 (71 %)

aP values ≤0.05 are significant
b Diabetes mellitus, Child class C cirrhosis, active cancer

Table 2 Comparison of our results with similar cases in the literature

Remission,
n=71

Failure,
n=19

Median age
(years)

Minimal duration
of antibiotic therapy

Median no. of
debridements

Minimal
follow-up

Our study S. aureus 22 7 78 6 weeks 2 3 years

Streptococci 9 0 78 4.3 weeks 1 4.4 years

Aboltins et al. [22] S. aureus 10 1 75 12 months 2.2 1 year

Soriano et al. [23] S. aureus 5 0 76 2.7 months – 2 years

Streptococci 2 0 – 2.7 months – 2 years

Drancourt et al. [24] S. aureus 3 3 – 6 months – 2.8 years

Barberan et al. [5] S. aureus 10 5 75 1.5 months – 0.5 years

Segreti et al. [25] S. aureus 2 1 59 58 months – 5 years

Streptococci 1 0 74 49 months – 5 years

Sukeik et al. [3] S. aureus 5 2 66 1.5 months 1.4 5 years

Streptococci 2 0 – 1.5 months 1 5 years

Overall S. aureus 57 19

Streptococci 14 0
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attributed a remission of only 13 % for prosthetic joint infec-
tions due to S. aureus [4], in contrast to 79 % for streptococci,
which reveals a worse outcome than in our database with 79%
success for S. aureus.

The main limitation of this study is the small sample size of
90 documented and published monomicrobial episodes,
which were pooled from our institution with additional cases
retrieved from small case series performed in other institu-
tions. Unfortunately, a large number of reports addressing
DAIR problems failed to provide detailed numbers of epi-
sodes treated for each pathogen, in particular S. aureus [18], or
to report the number of hip arthroplasty infections associated
with S. aureus separately [1, 2, 4, 7, 17, 19] from those
involving other joint prostheses [1, 4, 6, 20], although this
information is likely present in their databases. Further
multicentre studies including a more open access to those
available registers could provide a most welcome benefit for
both clinicians and investigators. A second limitation to our
study was the decision to analyse exclusively monomicrobial
infections due to S. aureus or Streptococcus spp. Hence, our
conclusion is invalid for mixed infections or other pathogens
that are potentially difficult to eradicate such as Pseudomonas
spp. [20, 21]. Finally, all of the Genevian patients, in both
populations, had mobile parts of their prostheses changed,
while this information was inconsistently available in the
literature. Both staphylococcal and streptococcal infections
benefit from this approach, because mobile part exchanges
were performed according to local procedures independently
of the pathogen that was unknown at the time of debridement.
Consequently, we are formally unable to pass judgment on the
role of this surgical approach. Therefore, while exchanging
mobile parts might per se be a protective factor regarding
DAIR failure, we believe nevertheless that it has no substan-
tial interaction with underlying microorganisms.
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