
Periprosthetic Joint Infection: Current Clinical Challenges
Sandra B. Nelson,1, Jodian A. Pinkney,1 Antonia F. Chen,2 and Aaron J. Tande3

1Division of Infectious Diseases, Massachusetts General Hospital, Harvard Medical School, Boston, Massachusetts, USA; 2Department of Orthopedic Surgery, Brigham and Women’s Hospital, 
Harvard Medical School, Boston, Massachusetts, USA; and 3Division of Public Health, Infectious Diseases, and Occupational Medicine, Mayo Clinic, Rochester, Minnesota, USA

Over the last several decades, periprosthetic joint infection has been increasing in incidence and is occurring in more complex 
patients. While there have been advances in both surgical and medical treatment strategies, there remain important gaps in our 
understanding. Here, we share our current approaches to the diagnosis and management of periprosthetic joint infection, 
focusing on frequent clinical challenges and collaborative interdisciplinary care.
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Since the advent of modern arthroplasty in the 1970s, joint re
placement has become one of the most common surgical pro
cedures and has afforded significant quality-of-life gains. 
Improvements in surgical strategies and infection prevention 
protocols may reduce infectious complications; however, 
these have been offset by the increasing medical complexity 
of patients who undergo arthroplasty. Overall, periprosthetic 
joint infection (PJI) impacts more than 2% of arthroplasty pa
tients, a risk that has not substantially changed over time 
[1–4]. Given the growth in arthroplasty procedures, the inci
dence of PJI continues to rise [4, 5]. Over the last decade, there 
has been a new focus on optimal PJI care; however, many 
management questions evade treatment guidelines, and out
comes remain suboptimal. We aim to provide an approach 
to the diagnosis and management of PJI, focusing on clinical 
challenges, collaborative multidisciplinary care, and manage
ment of uncertainty.

CLINICAL PRESENTATION

The clinical presentation of PJI differs based on the timing of 
infection. Acute infections present within the first few weeks 
to months after the index procedure [6–8], usually with clas
sic signs of infection: pain, redness, warmth, and swelling at 
the surgical site. Some patients with acute PJI present with 
wound complications or persistent drainage. Patients with 
hematogenous infection may also present with pain, redness, 

warmth, and swelling, though the onset of infection is often 
much later, often years after the index procedure. These de
layed presentations occur in previously well-functioning de
vices due to bacteremic seeding, such as from a remote 
infection or mucosal breach. Typically, the bacteremic event 
itself is unrecognized.

Chronic PJI, caused by indolent organisms inoculating the 
surgical site, usually present within 2 years after the index pro
cedure. The most common presenting symptom of chronic PJI 
is pain, which overlaps with many noninfectious diagnoses, in
cluding polyethylene wear, aseptic loosening, and adverse local 
tissue reaction to metal (ALTR). Associated symptoms and spe
cific pain localization may help to differentiate PJI from aseptic 
causes. For example, patients with polyethylene wear may also 
complain of instability, and patients with aseptic femoral com
ponent loosening after hip arthroplasty may describe thigh pain 
when initiating ambulation.

DIAGNOSTIC APPROACHES

The diagnosis of acute PJI is often straightforward, as it is typi
cally accompanied by classic signs and symptoms of infection, 
including fever, purulent drainage, and synovial inflammation. 
Likewise, the diagnosis of hematogenous infection is usually 
clearcut, though rarely crystalline disease or acute flare of in
flammatory arthritis may mimic infection. However, the diag
nosis of chronic PJI remains challenging, in part, because 
these present more slowly, with less inflammation and with 
symptoms that overlap those of aseptic complications. 
Multiple guidelines have been developed for the diagnosis of 
PJI in hips and knees, including from the Musculoskeletal 
Infection Society [9], the International Consensus Meeting on 
Musculoskeletal Infection [10], and the European Bone and 
Joint Infection Society [11]. In these guidelines, the presence 
of sinus tract that communicates to the joint or prosthesis 
and/or the recovery of the same organism in at least 2 separate 
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synovial fluid and/or periprosthetic tissue cultures confirms PJI. 
However, these criteria are often not met preoperatively in 
chronic PJI. The guidelines differ with respect to the thresholds 
of and weight afforded other factors, including erythrocyte sed
imentation rate (ESR), C-reactive protein (CRP), synovial fluid 
white blood cell (WBC) count and neutrophil percentage, syno
vial fluid alpha-defensin, and histology. Algorithms have been 
developed to guide evaluation, but the presence of PJI is not al
ways confirmed or refuted, especially preoperatively. Further, 
the impact of race and gender on these diagnostic protocols 
has not been well explored and may be important; for example, 
ESR is less accurate in the identification of PJI among females 
and Blacks [12]. Yet, surgical decision-making, including 
whether revision surgery is offered and what type of surgery 
to perform, often depends on the preoperative assessment of 
PJI likelihood.

Diagnostic Challenges

Infectious diseases (ID) physicians may be asked to evaluate the 
significance of a single positive culture when other factors do 

not confirm PJI. A single positive culture for pathogenic organ
isms, such as Staphylococcus aureus, is highly likely to represent a 
true infection, while positive cultures for organisms such as 
Cutibacterium acnes and/or coagulase-negative Staphylococci 
(CoNS), may be true positives or represent contamination 
[13]. Understanding surgical plans may assist with the diagnostic 
approach. If surgery would only be offered if PJI was confirmed 
preoperatively or if the type of surgery to be performed would 
differ if PJI were confirmed, then repeat synovial fluid sampling 
could be performed with attention to optimized culture tech
niques, molecular pathogen detection if available, and the use 
of additional synovial fluid biomarkers, as reviewed below.

This scenario is particularly challenging when Cutibacterium 
species are recovered in suspected shoulder PJI. Shoulder arthro
plasty infection is typically less inflammatory than hip and knee 
PJI, and serum inflammatory markers and synovial fluid studies 
may be normal. Further, Cutibacterium species evade topical an
tisepsis and may contaminate surgical cultures, even with optimal 
surgical skin preparation [14]. A consensus definition of shoulder 
PJI was recently developed and includes weighting of 13 factors to 
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develop a probability score [15]. The microbial factors include dif
ferent weights based on organism virulence and the number of 
same-organism positive cultures. This definition requires valida
tion but may provide a framework to assess the likelihood that 
positive cultures represent true infection.

ID physicians may be asked to consider the diagnosis of infec
tion in the setting of ALTR, which results from metal corrosion 
in metal-on-metal implants or involving the trunnion between 
the femoral head and neck in total hip arthroplasty. Metal corro
sion leads to substantial periprosthetic inflammation. Patients 
with ALTR in the absence of infection may have elevated inflam
matory markers and synovial fluid cell counts but are also at 
higher risk of PJI [16]. When suspected, preoperative measure
ment of serum chromium and cobalt levels and magnetic reso
nance imaging (MRI) using a metal-suppression technique 
(metal artifact reduction sequence [MARS]) are often sufficient 
to diagnose ALTR but may not enable exclusion of concurrent 
PJI. In this setting, surgery is often indicated to revise compo
nents, at which time additional tissue cultures may be collected 
to enable a definitive diagnosis.

Additional Testing Options

When confirmation of infection is not achieved through ini
tial synovial fluid testing, additional synovial fluid biomark
ers, such as alpha-defensin, synovial CRP, and calprotectin, 
may be used [17]. Of these, alpha-defensin has been the 
most widely adopted. Alpha-defensin is an antimicrobial pep
tide released by neutrophils activated in the presence of path
ogens and has a high reported sensitivity (96%) and specificity 
(95%) when measured in synovial fluid for PJI [18]. It remains 
useful even with prior antibiotic exposure, less virulent or
ganisms, and in inflammatory arthritides, though it may be 
falsely positive in ALTR [19]. Alpha-defensin is an expensive 
test and adds little to diagnostic certainty in straightforward 
cases [20]. It is often used when initial test results are equiv
ocal [21], though its role in this setting has not yet been effec
tively scrutinized. The alpha-defensin test is also available as a 
point-of-care lateral flow assay [22] and may be a helpful in
traoperative adjunct for decision-making when PJI is suspect
ed but not confirmed preoperatively.

In general, imaging studies have limited utility in confirming 
PJI diagnosis, though they are still useful in evaluating nonin
fectious causes of pain and in informing surgical decision- 
making. Plain films are an important tool to assess loosening, 
subsidence, and periprosthetic fracture but are neither sensitive 
nor specific for PJI. MARS-MRI is often performed when 
ALTR is suspected, and both MRI and computed tomography 
(CT) may demonstrate associated soft tissue abscesses when PJI 
is suspected. A 3-phase bone scan may be useful to exclude in
fection when negative [11] but has limited specificity and is not 
diagnostic when positive. The role of other imaging modalities, 
including WBC scintigraphy and fluorodeoxyglucose positron 

emission tomography/computed tomography, are not as well 
established [23].

Optimizing Microbial Identification

While confirmation of infection informs the need for surgery, 
preoperative microbial identification may influence the type 
of surgery offered. PJI due to organisms such as methicillin- 
resistant S. aureus, Pseudomonas aeruginosa, and Candida 
species is more difficult to eradicate, and their preoperative 
identification should be weighed among other factors (see be
low) in surgical decision-making. Preoperative identification 
of organisms also enables crafting of optimal local antimicrobi
al delivery, including in antimicrobial cement (polymethyl 
methacrylate [PMMA]) or calcium sulfate beads. Culture yield 
is improved when antibiotics are withheld at least 14 days prior 
to sampling, by including incubation in blood culture bottles 
and via prolonged (14 days) culture incubation [24].

Culture-negative PJI, reported in 5%–42% of cases [25], frus
trates physicians, challenges antimicrobial treatment, and may, 
in some cases, represent conditions other than infection. When 
organisms do not grow in conventional culture, molecular 
methods, including 16S ribosomal RNA polymerase chain re
action (PCR) and sequencing (both shotgun and targeted meta
genomic sequencing), may be considered. These techniques 
have demonstrated improved microbial identification in 
culture-negative PJI [26, 27] in some studies but with disap
pointing utility in others [28, 29]. While these technologies of
fer promise, they remain expensive and are not widely 
available, which functionally limits their role in challenging 
culture-negative infections. An exception is the newly US 
Food and Drug Administration–approved synovial fluid multi
plex PCR panel (BioFire) [30], which returns results rapidly 
and may therefore inform surgical decision-making when 
used preoperatively. Importantly, the BioFire PJI panel does 
not include C. acnes or any CoNS other than Staphylococcus 
lugdunensis, therefore, limiting its utility in chronic infections.

SURGICAL MANAGEMENT

Once the diagnosis of PJI is suspected or confirmed, surgical 
plans are made. The most commonly used surgical procedures 
include debridement, antibiotics, and implant retention (DAIR) 
and 1-stage and 2-stage exchange procedures. Other alternatives 
may be considered in refractory PJI or when later reconstruction 
is not feasible; these include amputation, device removal without 
reimplantation (resection arthroplasty), and arthrodesis (fusion). 
The choice of surgical procedure hinges on the duration of symp
toms, the offending microorganism, and patient comorbidities 
and considers trade-offs between surgical morbidity and the like
lihood of successful infection control (Figure 1). While decisions 
around management of acute infections should be made expedi
tiously, those for chronic PJI can be made carefully with input 
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from multiple care providers. Ideally, such decisions are made by 
informed patients after counsel from an experienced orthopedic 
surgeon and ID specialist, who consider patient goals, surgical 
factors, medical risks, the organism involved, and the anticipated 
ability to tolerate antimicrobial treatment.

Debridement, Antibiotics, and Implant Retention

For acute and hematogenous infections, the first line of treat
ment is typically a DAIR procedure. In these surgeries, the 
modular parts (eg, acetabular liner and femoral head in hip ar
throplasty; polyethylene insert in knee arthroplasty) are ex
changed to reduce organism bioburden and to enable 
thorough surgical debridement. The prosthesis and peripros
thetic tissues are debrided of necrotic tissue, and multiple irri
gations are performed to liberate biofilm. New modular parts 
are placed after debridement and creation of a new surgical 
field. Double DAIR describes sequential debridement proce
dures performed approximately 1 week apart, with placement 
and later removal of antibiotic beads and exchange of modular 
components during both procedures [31].

In the surgical literature, a successful PJI outcome is defined 
by clinical infection eradication, no need for further surgery for 
infection, no PJI-related mortality, and absence of long-term 
antimicrobial suppression [32]. With this definition, DAIR 
procedures are less successful compared with exchange proce
dures, estimated at 60%–67% in several recent meta-analyses 
[33–35]. Factors that contribute to the failure of DAIR include 
prolonged duration of symptoms, sinus tract presence, inability 
to close the surgical wound, older age and medical comorbidi
ties, certain pathogens (including S. aureus, Enterococci, and 
Candida), and prior history of DAIR in the index joint. 
However, even when the risk of failure by this definition with 
DAIR is higher, it may still be reasonable in the setting of med
ical frailty or when exchange procedures would be poorly toler
ated. In these cases, DAIR may reduce the bioburden of 
organisms, enabling long-term antibiotic suppression to 
achieve infection control even when cure is not expected. 
Patients selected for DAIR should have a reasonable likelihood 
of tolerating a longer antimicrobial course, potentially includ
ing the addition of rifampin, as discussed below.

Figure 1. Interdependence of surgical and antimicrobial management, with suggested antimicrobial treatment protocols.Figure 1 has been reprinted with permission from the 
American Society of Microbiology in a modified format [Tande AJ and Patel R. Prosthetic joint infection. Clinical Microbiology Reviews 2014; 27(2): 302–345]. Abbreviations: ALC, 
antimicrobial-loaded cement; DAIR, debridement, antibiotics, and implant retention; IV, intravenous.
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Exchange Arthroplasty

In chronic PJI and when there is a heightened risk of failure 
after DAIR, patients are often offered a 1- or 2-stage exchange 
arthroplasty. In 1-stage exchange arthroplasty, all device com
ponents are removed, and new revision components are insert
ed after debridement as part of the same surgical procedure. In 
2-stage exchange arthroplasty, all components are removed in 
the first stage, and a temporary antibiotic-laden spacer device 
is placed. The second stage of definitive reimplantation is per
formed months later following the administration of systemic 
antibiotic therapy. Historically, spacers were composed entirely 
of antibiotic cement (PMMA) and served both as a delivery 
mechanism for antibiotics and to enable easier reoperation. 
Increasingly, spacers are being comprised not only of 
antibiotic-eluting PMMA but also of metal and polyethylene 
components that provide an articulating surface much like 
permanent components (Figures 2 and 3). Some patients elect 
to maintain their spacer devices. Studies have reported good in
fection control, functionality, and survivorship of components 
while still allowing safe component removal for those who un
dergo second-stage reimplantation [36]. While 2-stage revision 
in the United States has traditionally been favored for chronic 
PJI, this paradigm is being challenged. Several randomized, 
controlled studies comparing 1- vs 2-stage exchange for PJI 
are ongoing [37, 38].

Nonsurgical Management

For patients with limited life expectancy and for those who 
might not survive surgery, treatment with antibiotics alone 
may be the only option. Without surgery, eradication of infec
tion is not expected, and long-term antibiotic suppression 
is planned. This approach is not always successful; however, 
in select cases, it may still be appropriate [39, 40]. In all cases, 

multidisciplinary discussions to inform patients and their care
givers of the consequences of different treatment approaches is 
critical.

OVERVIEW OF ANTIMICROBIAL THERAPY

Nearly all approaches to PJI involve antimicrobial therapy. The 
selection and duration of antimicrobial therapy are inextricably 
linked to the surgical strategy (Figure 1). A clear understanding 
of any residual undebrided infection and/or retained implants 
is important in constructing an optimal antimicrobial plan. 
Further, successful provision of antimicrobial therapy is con
tingent on optimal antimicrobial dosing and administration, 
review of drug interactions, management of side effects, and 
ongoing safety surveillance. Accordingly, a close working rela
tionship between the ID specialist and orthopedic surgeon is 
critical to ensure a successful antimicrobial course.

Duration of Antimicrobial Therapy

Antimicrobial therapy for PJI is often considered in stages: 
treatment, which may consist of a first parenteral phase and a 
second oral phase, and suppression. Commonly used antimi
crobials for PJI are listed in Tables 1 and 2. Decisions about an
tibiotic duration hinge on whether all components of the 
arthroplasty are resected or retained. The Infectious Diseases 
Society of America (IDSA) guidelines [41], now 10 years old, 
provide guidance on duration of therapy but were based on 
limited evidence. A treatment duration of 4–6 weeks of antimi
crobial therapy following resection arthroplasty (either as part of a 
2-stage exchange or as definitive management), 1-stage exchange, 
or DAIR was advised. For patients undergoing DAIR or 1-stage ex
change with staphylococcal infection, recommendations differed 
according to the joint involved. For hip PJI, 3 months of rifampin- 

Figure 2. Articulating spacers for use following the first stage of a 2-stage exchange arthroplasty. A, Articulating hip spacer. B, Articulating knee spacer. Abbreviation: 
PMMA, polymethylmethacrylate.
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based combination therapy was recommended. For knee PJI, 3 
months of such therapy was recommended when 1-stage ex
change was performed, and 6 months when the patient under
went DAIR. For both surgical strategies, there was a lack of 
consensus about the need for chronic suppression thereafter.

The recent Duration of Antibiotic Treatment in Prosthetic 
Joint Infection (DATIPO) trial was conducted to provide clarity 
around duration of PJI therapy. Patients who underwent surgi
cal treatment of PJI were randomized to receive either 6 or 
12 weeks of antimicrobial therapy [42]. The primary outcome, 
persistent infection within 2 years, occurred in 18.1% of the 
6-week group and 9.4% of the 12-week group, failing to meet 
the prespecified noninferiority level. However, most failure 
events occurred among those who underwent DAIR, support
ing current clinical practice of extending antibiotic treatment 
beyond 6 weeks for PJI treated with DAIR. Findings among 
those with knee PJI treated with DAIR were particularly notable 
(38.2% failure, 6-week arm vs 13.5%, 12-week arm). This em
phasizes the high failure rates for knee PJI treated with DAIR 
and suggests that such patients should receive courses of at least 
12 weeks and/or be considered for oral suppression.

Among patients undergoing 1-stage exchange, 12 weeks of 
therapy is supported by guideline documents [43] and large 

studies [44]. In the DATIPO study, among those undergoing 
1-stage exchange, 6 weeks was noninferior to 12 weeks, al
though it was underpowered to detect a difference within this 
subgroup [42]. For patients undergoing a 2-stage procedure, 
the historical standard has been a 6-week treatment course 
following resection, then an antibiotic-free period prior to re
implantation. In the DATIPO trial, among those who under
went 2-stage exchange, a 10.1% risk difference between the 
2 treatment groups favored the 12-week arm [42]. However, 
in the centers where this study was performed, 1-stage ex
change is the standard for most patients with chronic PJI, 
and 2-stage exchange is reserved for those at a higher risk of 
failure. In the United States, 2-stage exchange procedures are 
used more commonly, which limits the direct applicability of 
these data. Based on these findings and accumulated experi
ence, we support a 6-week antimicrobial duration for most pa
tients who undergo 2-stage exchange. However, there may be a 
subgroup of patients at higher risk of failure who would benefit 
from a longer duration of antibiotic therapy.

While 2-stage exchange is associated with a higher likelihood 
of a successful outcome by surgical definitions, patients who de
velop recurrent infection are at higher risk of chronic pain, func
tional limitation, or amputation. There has been increasing 

Table 1. Intravenous Antimicrobials Used for Periprosthetic Joint Infection

Antimicrobial Recommended Dosea Targeted Organism

Ampicillin 12 g over 24 h in continuous infusion  
or divided every 4–6 h

Sensitive streptococci and enterococci

Cefazolin 2 g every 8 h MSSA; methicillin-sensitive CoNS; penicillin-sensitive streptococci

Cefepime 2 g every 8–12 h Pseudomonas aeruginosa

Ceftriaxone 2 g every 24 h Streptococci; Cutibacteria; sensitive Enterobacterales; some clinicians use for 
non-bacteremic MSSA

Ceftazidime 2 g every 8 h Pseudomonas aeruginosa

Daptomycin 6–10 mg/kg every 24 hb MRSA; enterococci (including vancomycin-resistant enterococcus)

Ertapenem 1 g every 24 h Enterobacterales, including ESBL strains; polymicrobial infections, including anaerobes

Imipenem 500 mg every 6 h Pseudomonas aeruginosa; ESBL-producing Enterobacterales; polymicrobial infections 
including anaerobes

Meropenem 1 g every 8 h Pseudomonas aeruginosa; ESBL-producing Enterobacterales; polymicrobial infections 
including anaerobes

Nafcillin 1.5–2 g every 4–6 h MSSA; methicillin-sensitive CoNS

Oxacillin 1.5–2 g every 4–6 h MSSA; methicillin-sensitive CoNS

Penicillin G 20 million units over 24 h in continuous 
infusion or divided every 4 h

Penicillin-sensitive streptococci and enterococci; Cutibacteria

Piperacillin-tazobactam 3.375–4.5 g every 6 hc Pseudomonas aeruginosa; Enterobacterales; polymicrobial infections including 
anaerobes

Vancomycin 15 mg/kg every 12 hd MRSA; methicillin-resistant CoNS; also second-line for MSSA, methicillin-sensitive 
CoNS, streptococci and enterococci, Cutibacteria

Adapted with permission from Tande AJ, Steckelberg JM, Osmon DR, Berbari EF. Osteomyelitis in: Bennett, J. E. Mandell, Douglas, and Bennett’s Principles and Practice of Infectious 
Diseases. Netherlands: Elsevier Health Sciences. 2020: 1418–1429.  

Antimicrobial selection should be based on in vitro sensitivity, allergies and intolerances, drug interactions, and renal and hepatic function.  

Abbreviations: CoNS, coagulase-negative staphylococci; ESBL, extended-spectrum beta-lactamase; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive 
Staphylococcus aureus.  
aDoses provided for normal renal function; adjustment may be needed with reduced renal function.  
bHigher doses recommended for MRSA and Enterococcus.  
cHigher doses recommended for Pseudomonas aeruginosa.  
dDosing to be adjusted based on therapeutic drug monitoring.

Periprosthetic Joint Infection • CID 2023:77 (1 October) • e39

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/77/7/e34/7222985 by ID

SA M
em

ber Access user on 25 O
ctober 2023



interest in the use of oral antibiotics after 2-stage exchange ar
throplasty, even when there is no evidence of infection at reim
plantation. Secondary prophylaxis given for 3 months following 
reimplant led to a significant decrease in failure at 2 years in an 
unblinded, multicenter, randomized, controlled trial [45]. The 
optimal duration of therapy is not known, and retrospective 
data suggest that similar benefit may be achieved with 2 weeks 
of antibiotic prophylaxis [46]. Any benefit must be balanced 
against an increased risk of resistant pathogens if PJI occurs 
[47].

Oral Therapy

Historically, PJI was treated with parenteral antimicrobial ther
apy, based largely on expert opinion [48]. In the last 2 decades, 
there has been growing practical experience and evidence for 
oral therapy in the management of bone and joint infection 
[49–53]. In the United States, initial parenteral therapy is often 
given for at least 2 weeks, though recent data support transition 
to oral therapy after 7–10 days [42]. The decision to use oral an
timicrobials involves several factors. First, the organism must 
be susceptible to highly bioavailable oral agents, and ideally 
the planned regimen should be one studied for use in bone 
and joint infection (Table 2). Notably, the oral regimens used 
in the Oral versus Intravenous Antibiotics for Bone and Joint 
Infection and DATIPO trials differed from those used more 
routinely in the United States [42, 51]. Most oral therapy stud
ies for bone and joint infection, even in the absence of orthope
dic implants and in the setting of 2-stage exchange, have used 
rifampin-containing combination therapy for staphylococcal 
infection. Second, patients who receive oral therapy should 

not have conditions that might impair absorption from the gas
trointestinal tract. For example, absorption of certain antimi
crobials following bariatric surgery may be decreased [54]. 
Third, the treating provider must be able to follow the patient 
closely to ensure adherence and optimize tolerability. This is 
particularly important for patients with lower health literacy 
or when language or cultural barriers exist. While parenteral 
therapy does not guarantee adherence, outpatient parenteral 
antimicrobial therapy team structures provide a mechanism 
for essential follow-up. Finally, there are little data on the use 
of oral therapy for patients with obesity, which may impact 
the achievement of sufficient drug levels at the site of infection 
compared with patients of normal weight.

Rifampin

Biofilm, a complex community of microorganisms embedded 
within an extracellular matrix of polysaccharides, proteins, 
and nucleic acids, serves as a fundamental mechanism of or
ganism survival and persistence in PJI. Biofilm alters local pH 
and impacts microbial metabolic activity and replication, im
pairing the activity of many antimicrobials. The in vitro and 
in vivo efficacy of rifampin in biofilm-associated staphylococcal 
infections has been consistently demonstrated [55]. Most clin
ical studies suggest significant benefit of rifampin-based combi
nation therapy in staphylococcal PJI [55–58]. However, a 
recent small, open-label, randomized trial demonstrated no 
benefit of 6 weeks of rifampin vs placebo (combined with van
comycin or cloxacillin) for staphylococcal PJI treated with 
DAIR [59]. This study included primarily hip arthroplasties, 
limited rifampin treatment to 6 weeks, and did not include 

Table 2. Oral Antimicrobials Used for Treatment of Periprosthetic Joint Infection

Antimicrobial Recommended Dosea Targeted Organism

Amoxicillin 1000 mg 3 times daily Sensitive streptococci and enterococci

Cefadroxilb 1000 mg twice daily MSSA; methicillin-sensitive CoNS; penicillin-sensitive streptococci

Ciprofloxacin 500–750 mg twice daily Enterobacterales, Pseudomonas aeruginosa

Clindamycinb 600 mg 3 times daily MSSA; CoNS

Doxycyclineb 100 mg twice daily MSSA; CoNS

Levofloxacinb 750 mg daily MSSA or MRSA; Enterobacterales; Pseudomonas aeruginosa

Linezolidb 600 mg twice daily Enterococci; MRSA

Minocyclineb 100 mg twice daily MSSA; CoNS

Rifabutinc 300 mg daily Combination therapy for staphylococci when rifampin is not feasible

Rifampinc 600–900 mg daily (or in 2 divided doses) Combination therapy for staphylococci

Trimethoprim-sulfamethoxazoleb 8–10 mg/kg (of trimethoprim component)  
in 2–3 divided doses daily

MSSA; CoNS; Enterobacterales

Antimicrobial selection should be based on many factors, including in vitro sensitivity, allergies and intolerances, drug interactions, adverse event risk, renal and hepatic function, and cost. 
Please note that these doses are not informed by outcomes data. Lower doses may be selected for long-term suppression.  

Abbreviations: CoNS, coagulase-negative staphylococci; MRSA, methicillin-resistant staphylococcus aureus; MSSA, methicillin-sensitive staphylococcus aureus.  
aDoses provided for normal renal function; adjustment may be needed with reduced renal function.  
bWith rifampin when used for treatment of staphylococci. Rifampin has been used for staphylococcal infection in most of the studies evaluating oral therapy. In the case of rifampin resistance 
or intolerance, each of the listed agents (except levofloxacin) may be used alone, although the data supporting this approach are less robust.  
cIn combination with another antimicrobial, such as cefadroxil, clindamycin, doxycycline, levofloxacin, linezolid, minocycline, or trimethoprim-sulfamethoxazole. Rifampin and rifabutin are not 
used for suppressive therapy, and drug–drug interactions should be reviewed.
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quinolone as the companion medication. As other studies have 
shown greater benefit with a longer duration of rifampin, for 
knee vs hip PJI, and when rifampin is paired with a fluoroquin
olone [56, 57], the conclusions of this study may not be appli
cable. Given the consistent association with improved 
outcomes and the magnitude of benefit in other studies, the au
thors of this review use rifampin for staphylococcal PJI follow
ing DAIR or 1-stage exchange, barring contraindications. 
While not frequently done, we sometimes also use rifampin 
combination therapy when treating orally in the setting of 
2-stage exchange, in alignment with published data [42, 51].

Given its low barrier to development of resistance, rifampin 
must always be given with a companion medication to which 
the staphylococcal isolate is susceptible. Initial combination 
therapy with rifampin is typically with intravenous vancomycin 
or daptomycin for methicillin-resistant staphylococci or with 
intravenous cefazolin or an anti-Staphylococcal penicillin (ox
acillin, nafcillin, or flucloxacillin) for methicillin-sensitive 
strains. Historically, levofloxacin or ciprofloxacin was used 
most commonly with rifampin during the oral phase. Data sup
ports the effectiveness of this combination compared with other 
companion medications [56, 60]; however, an increasing focus 
on fluoroquinolone toxicity has led some to move away from flu
oroquinolones as the companion drug [61]. While fluoroquino
lones remain appropriate as a companion drug for many 
patients, shared decision-making is important, and before pre
scribing, particular attention should be paid to preexisting QTc 
prolongation and history of aortic aneurysm or prior quinolone 
tendinopathy. Other appropriate companions include cefadroxil, 
cephalexin, dicloxacillin, trimethoprim-sulfamethoxazole, doxy
cycline, minocycline, clindamycin, and linezolid. Rifampin leads 
to decreased concentrations of doxycycline [62] and clindamycin 
[63] when administered concurrently, though the clinical rele
vance is uncertain, and both remain appropriate companion 
medications. In the setting of drug–drug interactions, there is 
in vitro and in vivo data as well as a small case series to support 
rifabutin as an alternative [64–66].

The timing of rifampin initiation is impacted by both theo
retical and practical concerns. Theoretically, the risk of rifam
pin resistance is greatest when the burden of bacteria is high 
and/or the concentration of the companion antimicrobial is 
low. Accordingly, rifampin should be started only after de
bridement and exchange of modular components; after remov
al of drains, which may support biofilm; and after the 
companion antimicrobial is at a therapeutic level. Practically, 
there are additional considerations. Nausea may accompany ri
fampin treatment; therefore, any adverse effect from anesthesia 
should be resolved prior to its initiation. When rifampin drug 
interactions are relevant (eg, with anticoagulants and opiates), 
rifampin should be started once the background regimen has 
stabilized following surgery. Based on these considerations, 
the authors typically wait until at least the third or fourth 

postoperative day to initiate rifampin; notably, one recent study 
suggested a benefit if rifampin was not started until at least 
postoperative day 5 [56].

Rifampin dosing strategies vary, with most clinicians using a 
total daily dose of 600 to 900 mg, either once daily or divided 
twice daily. The optimal dose and frequency are not known 
[67], though higher doses may not necessarily be associated 
with improved outcomes [68]. Likewise, the duration of rifam
pin necessary to optimize its benefit is unknown. An early ran
domized study used a 6-month rifampin combination regimen 
for knee PJI and a 3-month regimen for hip PJI following 
DAIR; this duration was also incorporated into IDSA treatment 
guidelines [41, 60]. As evidenced by the subsequent DATIPO 
and other studies, the poor outcomes of knee arthroplasty infec
tion treated with DAIR do support a longer course of rifampin 
therapy [42, 56, 57]. When treating staphylococcal PJI, the au
thors recommend a 6-month course of rifampin for knee infec
tions and a 3-month course of rifampin for other arthroplasty 
infections following DAIR, with careful monitoring for adverse 
reactions requiring early discontinuation in all patients.

Rifampin has also been investigated for PJI due to organisms 
other than staphylococci, including streptococci, enterococci, 
and C. acnes. Retrospective clinical studies on the use of rifam
pin for streptococcal and Cutibacterium PJI are mixed, though 
a recent meta-analysis based on few studies suggests the possi
bility of benefit [67]. Several retrospective studies suggest a bet
ter outcome with rifampin for enterococcal PJI, but event size 
and lack of adjustment for confounders limit the ability to 
draw firm conclusions [69, 70]. Based on the lack of consistent, 
high-quality clinical data, the authors do not routinely use ri
fampin for non-staphylococcal PJI, though they may consider 
it in selected high-risk cases due to these other pathogens.

Long-Term Suppression

There remains considerable debate regarding the need for long- 
term suppression following antibiotic treatment in patients 
who undergo DAIR. Practically, these decisions are challenging 
for both clinicians and patients, as there is no test that confirms 
cure prior to antibiotic completion, and recurrent infection is of
ten significantly morbid. When long-term suppression is used, 
the goal of therapy changes from cure of infection to control 
of infection, maintenance of function, and freedom from pain. 
Some clinicians use long-term suppression in nearly all cases af
ter DAIR [57], while others rarely or never do [56]. We believe 
that neither approach is optimal, as the former exposes some al
ready cured patients to the unnecessary risk of antimicrobials, 
while the latter withholds potentially effective treatment from se
lected high-risk patients. Long-term suppression should be tar
geted to those at highest risk for failure and/or those for 
whom recurrence would be most devastating (Table 3).

At this point, there are no clear data to inform who does and 
does not need long-term suppression. Studies indicate 
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that patients with early postoperative PJI, those who receive 
DAIR promptly after symptom onset, those with hip arthro
plasty infection (versus knee infection), those who require 
only a single debridement and undergo exchange of modular 
components, and those with staphylococcal infection who re
ceived an adequate duration of rifampin therapy all have lower 
likelihood of failure [56, 71] and may be less likely to benefit 
from suppression. Several risk scores have been developed to 
predict failure after DAIR, including the KLIC (Kidney, 
Liver, Indication, Cemented prosthesis and C-reactive protein 
value) score for early acute (post-surgical) PJI [72] and the 
CRIME80 (COPD and C-reactive protein value, Rheumatoid 
arthritis, Indication, Male, Exchange of mobile components, 
Age >80 years) score for late acute (hematogenous) PJI [73]. 
Artificial intelligence may also hold future advances for pre
dicting failure after DAIR [74].

Shared decision-making between patient and providers is 
critical in deciding whether to use suppression and, corre
spondingly, whether and when to stop. In these situations, 
the ID physician and orthopedic surgeon should estimate the 
likelihood of relapse and consider the resulting treatment if fail
ure were to occur. Among patients who stop suppression, the 
timing of discontinuation and need for active vs passive mon
itoring should be carefully planned a priori. We carefully con
sider each patient’s goals along with their medical risks and, at 
times, their event calendar to choose a time during which po
tential relapse would be least disruptive. Typically, we obtain 
ESR and CRP when suppression is discontinued to serve as a 
baseline in the setting of later concern for recurrence.

PATIENT COUNSELING

The diagnosis of PJI is intensely stressful for both patients [75] 
and providers [76]. Ensuring that patients have access to both 
optimal infection care and the information needed to inform 
choices that align with their goals is paramount. When facing 
infection after arthroplasty, many patients do not initially 
have a full understanding of the functional consequences, the 
prognosis of recovery from pain, and the potential need for lon
ger courses of antibiotics than are typically used for other, more 
common infections. ID physicians can play an important role 
in ensuring that patients are provided this information as 
soon as is feasible.

Patient education and counseling may be especially impor
tant for groups that have historically been marginalized within 
the healthcare system. Individuals from some minority groups 
are more likely to have obesity, diabetes, and poor dental 
health, all of which increase the risk of developing PJI, and 

Figure 3. Schematic image of the Prostalac Hip System. Image reprinted with 
permission from DePuy Synthes.

Table 3. Considerations for Long-Term Suppression When Debridement, 
Antibiotics, and Implant Retention or No Surgery Performed

Risk Factor for Treatment Failure

Host factors Medical frailty

Advanced age

Limited ability to tolerate additional surgery in the setting 
of relapse

Surgical and 
anatomic factors

Delay of surgery in acute infection

Surgery performed less likely to lead to cure (eg, DAIR 
performed for chronic infection)

Inability to exchange modular components during DAIR

Need for additional DAIR procedure during initial course

No surgical procedure

Knee (vs hip)

Microbial and 
infection factors

Late hematogenous infection (vs early postoperative 
infection)

Resistant or difficult-to-treat organisms (methicillin- 
resistant Staphylococcus aureus, enterococci, 
candida, Pseudomonas)

Lack of rifampin (for Staphylococcal infection  
treated with DAIR)

Consequences of recurrence

If recurrence would be life-threatening or limb-threatening

Abbreviations: DAIR, debridement, antibiotics, and implant retention.

e42 • CID 2023:77 (1 October) • Nelson et al

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/77/7/e34/7222985 by ID

SA M
em

ber Access user on 25 O
ctober 2023



may be more likely to suffer poor outcomes after arthroplasty 
[77–81]. Black patients who sustain knee PJI are more likely 
to receive an above-knee amputation compared with White pa
tients [82]. The extent of difference and reasons for adverse 
outcomes in PJI is unknown, but physicians involved in PJI 
care should work to establish open and trusting relationships 
with all impacted patients. In response to historic injustices 
and present-day barriers to healthcare, patients from racial and 
ethnic minority groups often have high levels of medical mistrust 
[83–85], which may lead to delays in seeking medical care, 
missed appointments, and nonadherence to medical advice 
[86]. These effects may be amplified among individuals with lim
ited English proficiency [87, 88]. ID and orthopedic physicians 
who care for patients with PJI should strive to provide empathic 
care and may consider dedicated appointments to build trust. 
For patients with limited English proficiency, access to language- 
concordant physicians and competent language/interpreter ser
vices can also build trust [87, 89]. Community engagement in PJI 
research, advocacy for improved insurance coverage, and access 
to multidisciplinary centers of PJI care may also help to improve 
outcomes [90, 91].

CONCLUSIONS

Despite improvements in infection prevention, more individu
als are being diagnosed with PJI each year. While the last sev
eral decades have seen important advances in diagnostic 
approaches and surgical and antimicrobial treatments, signifi
cant gaps in our understanding remain. Treatment has become 
more nuanced over time, and decisions traditionally made by 
surgeons and those traditionally made by ID physicians can 
no longer be made in isolation. A collaborative, patient- 
centered approach with frequent communication and joint 
decision-making is more essential than ever. Patients diag
nosed with PJI face significant physical and emotional stress. 
Ensuring access to timely, informed, equitable, and culturally 
centered care can go a long way toward mitigating the stress 
of this devastating condition.
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