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Opinion Statement

Prosthetic joint infection (PJI) is a rare but serious and catastrophic complication of total
joint arthroplasty (TJA). Culturing the causative microorganism can be difficult especially
in the setting of biofilm formation or antibiotic exposure. In culture-positive cases,
Staphylococcal species continue to be the most common organisms isolated. In this
review, we will discuss the potential role of sonication to increase the yield of
periprosthetic cultures as well as new treatment options for gram-positive organisms. As
the percentage of patients who undergo TJA continues to grow, we must continue to

optimize our diagnostic and treatment options of PJIs.

Introduction

Total joint arthroplasty (TJA) can dramatically improve
the quality of life of patients with debilitating arthritis or
other joint diseases. Prosthetic joint infection (PJI) is the
most serious and catastrophic complication of TJA and
may lead to multiple surgical procedures, prolonged
courses of antibiotics, increased costs to the patient
and the healthcare system, and significant functional

impairment and disability. Although PJI is a relatively
rare complication of TJA with an incidence of around
1 % for primary arthroplasty, utilization of TJA has
increased dramatically [1]. This trend is projected to
continue, and by 2030, it is estimated that 4 million
arthroplasty surgeries will be performed in the USA each
year [2]. One study demonstrated that the lifetime risk of
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receiving a primary total knee arthroplasty was 7.0% for
males and 9.5 % for females [3].

Prosthetic joint infections are notoriously difficult to
manage, and diagnosis and treatment of these infections
is challenging. This review will discuss the use of soni-
cation, a method to enhance diagnostic capabilities, as
well as newer treatment options for multi-drug resistant
organisms often implicated in PJI.

Sonication

Microbiologic diagnosis of prosthetic joint infection
can be problematic since standard culturing of
periprosthetic tissue may not yield the offending organ-
ism. This occurs due to multiple factors, which include
the lack of sensitivity and specificity of standard culture
methods due to sampling limitations, the presence of
biofilm on prosthetic material, difficult-to-culture or-
ganisms, and the prior receipt of antibiotics. Unfortu-
nately, culture-negative PJI does occur and negative
periprosthetic tissue cultures were found in 7 % of PJI
cases at one large academic medical center [4]. The
management of culture-negative prosthetic joint infec-
tions is fraught with problems, and empiric therapy is
utilized since there is no positive culture result to guide
antimicrobial therapy. Culture-negative PJI is a source of
frustration for physicians in both orthopedics and infec-
tious diseases since identification of the offending or-
ganism plays a great role in the choice of both the
medical and surgical therapy for PJI.

Sonication was proposed as a technique to potential-
ly enhance the yield of standard culture methods, thus
decreasing the number of culture-negative PJIs. Sonica-
tion involves placing the explanted prosthesis in sterile
fluid, then using an ultrasound bath to dislodge bacteria
from a periprosthetic surface. The fluid is then cultured
using standard microbiologic methods (Fig. 1). A 2007
study demonstrated increased sensitivity of sonication
when compared to conventional culture methods of
periprosthetic tissue, especially in patients who had re-
cently received antibiotics [5]. This study stimulated
interest in sonication as an adjunct method to diagnose
PJI and has been replicated in several other studies [6, 7].
Sonication is now utilized in multiple centers as an
adjunct diagnostic modality for PJI.

Since the initial 2007 study, centers have been work-
ing to enhance the sonication method further by adding
other diagnostic modalities to the sonication protocol. A
2012 study assessed the utility of broad-range PCR on
sonicate fluid but did not find a difference in the

(b) removal of fluid for culture

Fig. 1. Selected steps from the sonication procedure. a Pros-
thetic knee in ultrasound bath. b Removal of fluid for culture.

proportion of patients with PJI detected with sonicate
fluid PCR or sonicate fluid culture. However, subgroup
analysis did indicate a trend towards higher sensitivity of
PCR in patients who received antibiotics within 2 weeks
of surgery [8]. A recent prospective multicenter study
evaluated PCR (without sonication) for the diagnosis
of PJI and demonstrated a low sensitivity of 73 % [9].
The advantages of PCR (rapid turn-around time, possi-
ble enhanced sensitivity with prior antimicrobial use)
must be weighed against the disadvantages (false-
positive results due to contamination, high cost,
difficulty with polymicrobial cultures) when consider-
ing implementation into a PJI diagnosis protocol.

A 2013 study evaluated the usefulness of prolonged
incubation time in cultures of sonicated orthopedic im-
plants and found that extending the incubation time to
14 days did not add more positive results when com-
pared with a standard 7-day incubation period [10].
Another study involving prolonged incubation demon-
strated that sonication detected pathogens more rapidly
than traditional tissue cultures [11].

A 2015 study evaluated sonication in combination
with incubation in BD Bactec bottles for diagnosis of PJI
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and demonstrated a higher yield of microorganisms
compared with synovial fluid incubated in BD Bactec
bottles without sonication. However, coagulase-
negative Staphylococci was frequently detected in this
study from the patients with aseptic failure (no evidence
of infection), indicating that this method may enhance
the isolation of contaminant organisms [12].

A meta-analysis of 12 studies on sonication
showed a pooled sensitivity of 80 % and a speci-
ficity of 95 % for diagnosis of PJI [13]. A subgroup
analysis was performed and demonstrated that al-
terations in sonication technique like adding cen-
trifugation and using 400-500 ml of solution for
containers may improve sensitivity and/or specific-
ity. This analysis was, however, limited by the rel-
atively small number of prospective studies avail-
able for analysis, as well as variation of PJI diag-
nostic criteria and sonication methods utilized.

Sonication of implants other than the primary pros-
thesis has been studied. A small, single-center study of
36 patients in 2014 sought to evaluate if sonication of
antibiotic spacers in two-stage revisions improved the
sensitivity of intraoperative cultures and also if positive
sonication results were predictive of implant failure. The
researchers found that sonication of antibiotic spacers
did improve the sensitivity of cultures alone and also
were more likely to predict reinfection after two-stage
reimplantation for PJI [14].

Although multiple studies have demonstrated
that it is feasible to implement sonication as an
adjunct method for diagnosis of PJI, the sensitivity
of sonication remains low (<80 % in most studies).
The reported sensitivity is also dependent on the
criteria used for diagnosis of PJI, and different
criteria were utilized in the various studies. Imple-
mentation of the sonication protocol also necessi-
tates the purchase of laboratory equipment along
with specialized training of laboratory technicians.
The addition of other techniques, including PCR
and prolonged incubation, may not increase the sen-
sitivity of sonication alone and add additional costs
and steps in the laboratory.

All of these issues must be taken into account
prior to implementation of sonication for diagnosis
of PJI. It may also be useful to evaluate the sensitivity
of the microbiology laboratory at a center prior to
consideration of the addition of any additional pro-
cedures like sonication or PCR, as this determines
whether new procedures will add to the yield of the
current microbiologic methods.

Antimicrobial Agents for Infections Due to Resistant
Gram-Positive Organisms

Gram-positive organisms continue to be the primary
bacterial pathogens associated with prosthetic joint in-
fections. The causative microorganism often correlates
with the timing of the infection, with Staphylococcus
aureus seen more in early-onset infections (<3 months)
and less virulent organisms, such as coagulase-negative
staphylococci seen in delayed and late-onset infections.
Together, Staphylococcus aureus and coagulase-negative
staphylococci are responsible for approximately half of
all prosthetic joint infections (PJI) [15-17]. Other gram-
positive organisms, including enterococci and beta-
hemolytic streptococci, comprise a much small propor-
tion (<10 %) [18].

Since penicillin resistance in Staphylococcus aureus was
first identified in 1945, the decreasing susceptibility of
this organism has been a significant concern [19]. It was
a less than two decades later that methicillin resistance
emerged in both Staphylococcus aureus (MRSA) and
Staphylococcus epidermidis (MRSE) [20]. Increasing num-
bers of infections due to healthcare-associated MRSA
(HA-MRSA) occurred in the 1970s-1990s. MRSA infec-
tions then began to occur in patients without traditional
risk factors for HA-MRSA and became known as
community-associated MRSA (CA-MRSA) infections
[21]. Epidemiologic studies indicate that about 60 %
of invasive infections due to S. aureus are methicillin-
resistant Staphylococcus aureus (MRSA), and approxi-
mately 80 % of coagulase-negative staphylococci iso-
lates are methicillin-resistant Staphylococcus epidermidis
(MRSE) [22, 23].

Antibiotic-resistant staphylococci are a significant
concern in patients with PJI given the severity of infec-
tion and propensity to form biofilm on the implant.
These infections generally necessitate an aggressive and
often complex management strategy utilizing antimicro-
bial agents that specifically target resistant staphylococci
along with appropriate surgical management. Table 1
shows the various antimicrobial agents utilized to man-
age resistant gram-positive infections, which are further
discussed in the review below.

Since its introduction in 1958, Vancomycin, a glyco-
peptide, has been the mainstay in treatment for serious
infections caused by resistant staphylococci. Vancomy-
cin usage increased significantly due to the increasing
incidence of MRSA infections which led to the develop-
ment of staphylococcal strains with decreased suscepti-
bility to vancomycin [24]. Fortunately, infections due to
Staphylococcus aureus that are fully resistant to



338

Bacterial Infections and Drug Resistant Pathogens (H Wisplinghoff, Section Editor)

Table 1. Antimicrobial agents for the treatment of drug-resistant gram-positive infections

Drug Year Route of administration

name introduced

Vancomycin 1958 Intravenous (oral for treatment of
Clostridium difficile colitis or
S. aureus enterocolitis only)

Daptomycin 2003 Intravenous

Ceftaroline 2010 Intravenous

Tigecycline 2005 Intravenous

Linezolid 2000 Intravenous or oral

Tedizolid 2014 Intravenous or oral

Telavancin 2009 Intravenous

Dalbavancin 2014 Intravenous

Oritavancin 2014 Intravenous

vancomycin (VRSA) continue to be a rare occurrence.
Vancomycin is, however, associated with toxicities,
complex dosing regimens and laboratory monitoring,
and continued concerns for emerging resistance. The
antimicrobial agents outlined below offer additional
options for the treatment of resistant gram-positive
microorganisms.

Daptomycin is a bactericidal lipopeptide antibiotic
that was introduced in 2003. The once daily weight-
based dosing is simplified compared to vancomycin's
dosing nomogram. It is not indicated for pulmonary
infections, because it binds to alveolar surfactant leaving
it inactivated. Daptomycin has been associated with
asymptomatic creatinine phosphokinase (CPK) eleva-
tions and serious myopathy and rhabdomyolysis; there-
fore, weekly CPK monitoring is recommended. Lastly,
daptomycin-induced acute eosinophilic pneumonitis is
a rare but potentially fatal adverse drug reaction that can
present with fever, cough, hypoxemia, and new pulmo-
nary infiltrates [25].

Ceftaroline is a fifth-generation cephalosporin that
was approved for use in 2010. It has a broad spectrum

FDA-approved indications

Endocarditis, bloodstream infection, bone
infections, lower respiratory tract infections,
skin and skin structure infections

Complicated skin and skin structure infections,
Staphylococcus aureus bloodstream infection,
right-sided endocarditis

Acute bacterial skin and skin structure infections,
community-acquired bacterial pneumonia

Complicated skin and skin structure infections,
community-acquired bacterial pneumonia,
complicated intra-abdominal infection

Nosocomial pneumonia, complicated skin
and skin structure infections,
community-acquired bacterial pneumonia

Acute bacterial skin and skin structure infections

Complicated skin and skin structure
infections, hospital-acquired bacterial
pneumonia and ventilator-associated bacterial
pneumonia caused by Staphylococcus aureus

Acute bacterial skin and skin structure infections

Acute bacterial skin and skin structure infections

of activity, including some gram-negative organisms and
resistant gram-positive organisms. Ceftaroline is general-
ly well-tolerated, with a side effect profile similar to other
cephalosporins (e.g., hypersensitivity reactions, gastroin-
testinal effects, hematological abnormalities) [26].

Tigecycline is a derivative of minocycline and was the
first member of the glycylcyclines to be approved in
2005. It has a broad spectrum of activity including resis-
tant gram-positive organisms and gram-negative organ-
isms. Concerns about the pharmacodynamics of tigecyc-
line have limited its use. The FDA also issued a warning
regarding increased mortality in patients who received
tigecycline. The initial alert in 2010 was specifically in
patients treated with tigecycline for ventilator-associated
pneumonia, which is not an FDA-approved indication.
Analyzation of additional data in 2013 prompted the
FDA to expand its warning to include FDA-approved
indications [27].

Linezolid was approved in 2009 and was the first
member of the oxazolidinones to be marketed. It has
excellent bioavailablity, allowing for oral therapy and
the avoidance of risks associated with long-term
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intravenous catheters (e.g., deep vein thrombosis (DVT)
and bacteremia). Use is often limited because of cost
and significant drug interactions. Linezolid can inhibit
monoamine oxidase (MAO), increasing the risk of sero-
tonin toxicity when it is given concomitantly with drugs
that increase the levels of serotonin in the central ner-
vous system, such as the commonly prescribed selective
serotonin reuptake inhibitors (SSRIs) [28]. Linezolid is
also associated with reversible myelosuppression, pe-
ripheral neuropathy, and optic neuropathy.

Tedizolid, also an oxazolidinone, has a similar spec-
trum of activity as linezolid (e.g., MRSA, vancomycin-
resistant enterococci (VRE)) but has the added advan-
tage of efficacy against emerging linezolid-resistant
strains. Long-term tidezolid data is lacking, but it ap-
pears to have less potential for myelosuppression and
MAO inhibition [29].

Telavancin, dalbavancin, and oritavancin are all
semisynthetic lipoglycopeptides, with telavancin being

Conclusion

the first to gain FDA approval in September 2009. All
three have activity against methicillin-resistant staphylo-
cocdi, but they have varying activity against vancomycin-
resistant staphylococci and resistant enterococci [30].
These drugs are promising, especially in the outpatient
arena because they have very long half-lives, allowing for
once weekly dosing with dalbavancin and oritavancin.

Although the antimicrobial agents discussed
above are utilized for the treatment of various com-
plicated bone and joint infections due to resistant
staphylococci, only vancomycin is currently FDA
approved for the treatment of osteomyelitis. Further
studies on the pharmacodynamics properties and
clinical applications of these agents are ongoing,
and obtaining this data is important in order to
ensure that these newer agents provide opportunity
for the optimal antimicrobial management of com-
plicated bone and joint infections due to resistant
gram-positive organisms.

As more people undergo total joint arthroplasty, even a relatively rare compli-
cation like prosthetic joint infection will continue to become more common in
the population. It is imperative that methods to enhance our ability to accu-
rately diagnose and to effectively treat these catastrophic infections are devel-
oped. Preoperative evaluation and reduction of infection risk through modifi-
cation of known risk factors is also an important area of focus that deserves
significant attention. Although strides have been made in all of these arenas,
there is much work to be done. Large, multicenter trials are necessary to
effectively evaluate the use of newer diagnostic and therapeutic agents for the
treatment of infections in prosthetic joints as well as other complicated bone
and joint infections. These will only occur through collaborative efforts in-
volving multiple centers, and the provision of adequate funding mechanisms is
vital in order to conduct these important trials.
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