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23.1 Introduction

The successful eradication of periprosthetic joint
infection (PJI) depends on various host factors,
treatment modalities, and infection characteristics.
Infections caused by antibiotic-resistant organisms
have been increasing in recent years [1, 2]. Studies
have clearly demonstrated the difficulty of treating
PJI caused by organisms including methicillin-
resistant  Staphylococcus epidermidis (MRSE),
methicillin-resistant ~ Staphylococcus  aureus
(MRSA), and enterococcus [1, 3-6]. It is vital to
understand the treatment ramifications of the vari-
ous resistant organisms when treating PJI.

23.1.1 Staphylococcus epidermidis

Staphylococcus epidermidis (S. epidermidis)
was previously thought of as an innocuous bac-
terial colonizer on human skin. However, it is
now recognized as an opportunistic pathogen
that is responsible for the greatest proportion of
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infections on all indwelling medical devices [7].
S. epidermidis falls into the broader category of
coagulase-negative staphylococci which causes
30-43% of all PJIs [8]. S. epidermidis first non-
specifically binds to implanted prostheses, then
subsequent biofilm formation occurs via a poly-
saccharide intercellular adhesin [9]. It is this
ability to develop a strong glycocalyx that
accounts for the difficulty of eradication of this
low-virulent organism [1]. For these reasons,
aggressive treatment of S. epidermidis is recom-
mended (especially when methicillin resistance
is encountered).

23.1.2 Staphylococcus aureus

Staphylococcus aureus (S. aureus) is a Gram-
positive human commensal organism that has
shown persistent nasal colonization in 20-25%
of adults and intermittent colonization in up to
60% [10]. S. aureus infection causes 10-23% of
all PJIs. S. aureus interacts with host fibronectin,
fibrinogen, and collagen to cover a prosthesis
immediately after implantation [8, 11]. A subcu-
taneous foreign body reduces the minimum
infection causing inoculum with S. aureus more
than 100,000x. The susceptibility to PJI caused
by S. aureus combined with emerging and wors-
ening resistance has increased recurrent infection
rates [1]. Successful infection eradication of PJIs
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caused by methicillin-resistant S. aureus (MRSA)
with debridement and implant retention (DAIR)
is reported as low as 20% and is generally not
recommended [12]. Even two-stage revision for
MRSA infections has demonstrated low rates of
infection eradication, thus highlighting the diffi-
culty in managing this virulent and resistant
organism [3].

23.1.3 Enterococcus

Enterococcus is a Gram-positive, facultative
anaerobe which has been reported to cause 2—-3%
of all PJIs [4, 13]. El Helou et al. reported 94%
success with two-stage exchange for enterococ-
cal infections; however, 46% of their cohort
were treated with definitive resection while only
34% underwent two-stage revision. Rasouli
et al. achieved successful eradication of entero-
coccal PJIs in only 20% of cases treated with
DAIR and only 44% treated with two-stage revi-
sion [4]. An additional challenge treating entero-
coccal PJIs occurs when the bacteria are resistant.
Vancomycin-resistant  enterococcus  (VRE)
infections remain exceptionally difficult to treat
with reimplantation rather than salvage options
such as definitive resection, fusion, or above-
knee amputation [4, 14].

23.2 Debridement and Implant
Retention

Debridement and implant retention (DAIR) is
commonly utilized for the treatment of acute
periprosthetic joint infections as discussed in pre-
vious sections. The success rates vary widely in
the literature and largely depend on the infecting
organism. Duque et al. report successful infec-
tion eradication with DAIR in only 20% of
MRSA and 33.3% of Pseudomonas aeruginosa
infections compared to 85.3% for all other bacte-
ria [12]. Other authors have reported on similar
difficulties and comparable failure rates when
treating staphylococcal infections with DAIR

[15-17]. Chung et al. have recently reported on
improved success of a planned two-stage DAIR
[18]. In their protocol, the first stage consists of a
thorough debridement with placement of antibi-
otic cement beads, while the second stage (occur-
ring 5 days later) involves an additional
debridement with exchange of modular compo-
nents. They report successful infection eradica-
tion in 89.6% of TKAs (93.5% in primary TKAs),
including overall successful treatment of 70% of
MRSA infections [18].

The addition of rifampin to targeted intrave-
nous (IV) antibiotic therapy is recommended for
all cases of DAIR, especially those caused by
staphylococcal species [19-24]. The successful
results of adding rifampin are thought to result
from its ability to penetrate biofilm when used in
DAIR [8].

23.3 Two-Stage Revision

Two-stage revision remains the gold standard
for treatment of chronic periprosthetic joint
infection. Overall success rates between 80%
and 100% are commonly quoted for infection
eradication utilizing a two-stage approach
[25-29]. However, when stratifying these
results based on type of organism, treatment
outcomes worsen with resistant bacteria.
Kilgus et al. report 89% success treating meth-
icillin-sensitive S. aureus (MSSA) compared
to only 18% infection eradication of MRSA
and MRSE infections utilizing a two-stage
approach [3]. Mittal et al. found 24% reinfec-
tion rate when treating MRSA and MRSE in a
two-staged fashion [1]. However, 14% were
reinfected with new organisms rather than
recurrence, therefore they recommend two-
stage revision as a viable treatment option in
this setting [1]. Rasouli et al. successfully
eradicated enterococcal PJIs with two-stage
revision in only 7 of 16 patients. Six patients
were treated with definitive resection and 3
had either knee fusion or above-knee amputa-
tion [4].
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Case Example

This is a 61-year-old male with a complex history
starting with right total knee arthroplasty, subse-
quent revision for polyethylene wear, and then
complete revision TKA. This was complicated by
subsequent hematogenous MRSA PJI which was
treated with a single-stage revision. Four years
subsequent to that he was found to have an MSSA
PJI which was treated with two-stage exchange
which was complicated by a traumatic wound
dehiscence. At this time he presented to our prac-

Fig. 23.1 Anteroposterior
(AP) and lateral radiographs
at presentation
demonstrating revision
components without
evidence of implant
loosening

tice with a draining sinus and chronic extensor
mechanism disruption with revision components
in place (Fig. 23.1). He underwent resection and
placement of a static antibiotic cement spacer
with multiple intraoperative cultures demonstrat-
ing enterococcus. This required 2 additional
repeat debridements with 1 spacer exchange
before the infection was cleared and the knee was
reimplanted (Fig. 23.2). At most recent follow-up
2 years after reimplantation, he demonstrated no
evidence of infection and was off all antibiotics.
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Fig. 23.2 Anteroposterior
(AP) and lateral
radiographs after
reimplantation
demonstrating sleeved
revision components

23.4 Conclusion

Treatment of knee PJI with resistant organisms
remains a challenge with high complication and
reinfection rates. Two-stage revision is often the best
approach to maximize chances of successful infec-
tion eradication. If DAIR is chosen, consideration
should be given to performing a planned two-staged
DAIR as described by Chung et al. [18]. Further, the
addition of 6 months of oral rifampin to targeted IV
antibiotic therapy when treating staphylococcal knee
PJI with DAIR has demonstrated improved results.
Regardless of treatment approach, infection recur-
rence remains high and salvage procedures such as
fusion, definitive resection, and above-knee amputa-
tion are realistic outcomes despite best attempts to
retain or reimplant prostheses.
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