Update on the
diagnosis and
management of

prosthetic joint

infection in hip an
knee arthroplasty

INTRODUCTION

Prosthetic joint infection (PJI) is a major compli-
cation following hip or knee arthroplasty, and
presents significant challenges in regard to both
diagnosis and treatment. Estimates of the risk of
PJI after primary total knee arthroplasty (TKA)
and total hip arthroplasty (THA) are low, rang-
ing from 0.4% to 2.4%.1-3 The risk of PJI follow-
ing revision arthroplasty is greater, at 8% to
10%. However, as an indication for revision, PJI
contributes to approximately 20% to 25% of TKA
revisions and 10% to 15% of THA revisions.*7
Both TKA and THA are surgical procedures that
and the
demand for these procedures is predicted to

are undertaken very frequently,

increase globally over the next decade.®'

Analyses of temporal trends of PJI have not
shown any signs of a decrease in this complica-
tion, and so it is not surprising that revision sur-
gery for PJI continues to increase.12.13

The burden of PJI to both patients and
healthcare systems is significant. Patients with
PJI typically suffer pain, reduced function, pro-
longed antimicrobial therapy, and multiple sur-
gical interventions. PJI has been shown to
negatively influence patient quality of life, and
to increase the risk of mortality.’*15 The eco-
nomic cost of managing PJl is also significant.
Estimates from the United States for treating hip
and knee PJI demonstrated hospital costs of
$566 million in 2009, and a predicted increase
to $1.6 billion by 2020.2 On a per-patient basis,

analyses from the United Kingdom have
reported costs per revision for infection at
approximately £20000 and £30000 for hip and
knee PJI cases, respectively.16,17

Due to the complex nature of managing PJI,
it is recommended that treatment should take
place in centres with specialist multidisciplinary
teams (MDT) to optimize outcomes. Such MDTs
should include orthopaedic surgeons, infec-
tious diseases physicians, plastic surgeons, spe-
cialist nurses, musculoskeletal radiologists, and
a specialist musculoskeletal pathologist. In the
United Kingdom, there are a number of formal
and informal ‘revision’ networks centred on
specialist centres. These networks represent
best practice; surgeons managing PJI should
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consider discussion with a centre of excellence
when at all possible. This review aims to provide
an overview and update of the diagnostic and
treatment options available in managing hip or
knee PJI.

Compared to managing soft-tissue infections,
PJI presents additional challenges due to the
presence of the foreign prosthetic material. The
prosthesis provides a material on which micro-
organisms can adhere, and reduces the bacte-
rial inoculum required to establish infection.'8
The increased difficulty in clearance of infection
in PJl is related to the formation of a bacterial
biofilm on the implant. Biofilms are formed
when bacteria adhere and aggregate on a sur-
face, and embed themselves in a self-secreted
extracellular matrix of exopolysaccharides,
The
development of a biofilm is a critical feature in

deoxyribonucleic acids, and proteins.

PJI; once established, bacterial populations
exhibit
improved evasion of hostimmune mechanisms,

increased resistance to antibiotics,
and increased horizontal gene transfer (includ-
ing those for antibiotic resistance).’%.20 The
speed at which a mature biofilm forms in vivo is
unclear, and is affected by both organism and
host. In vivo studies using mice have demon-
strated that with large inoculums, biofilm for-
mation occurs within hours, even though
maturation may take up to six weeks.2! An
appreciation of biofilm biology is important, as
once the biofilm is mature, eradication of infec-
tion is unlikely without exchange surgery.

PJI has traditionally been classified according
to the time interval since implantation as acute
(within four to six weeks of primary implanta-
tion), acute haematogenous (any time after pri-
mary implantation, with a short clinical course),
or chronic (all others). Acute PJI is widely con-
sidered to be a result of perioperative contami-
nation, while acute haematogenous PJl is
considered to be a result of microorganism
seeding of implants from a distant site (such as
from a urinary or respiratory infection). Chronic
PJl is considered to be a result of all other PJIs
(and represents existence of a mature biofilm).
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However, there have been recent calls to move
away from a time-based approach and towards
managing PJl as a spectrum of disease.?!
Nevertheless, the use of a traditional time-based
classification system affords some clarity for
managing most cases.

A large number of PJI causative organisms
have been reported. The majority are Gram-
positive cocci (Staphylococcus aureus, Staphyl-
ococcus epidermidis, and coagulase-negative
Staphylococci spp.). Less common are strepto-
cocci, enterococci, and aerobic Gram-negative
bacilli.2223 Fungal PJl is rare (predominantly
due to Candida spp.), is typically seen in immu-
nocompromised hosts, and requires two-stage
exchange with prolonged antifungal therapy.
There are also concerning reports that the preva-
lence of infections caused by resistant organisms
such as methicillin-resistant  Staph. aureus
(MRSA) and methicillin-resistant Staph. epider-
midis (MSSA) is increasing.24 Prevalence of
causative PJl organisms differ by region, and
readers are encouraged to review their local
infection patterns and to ensure their local
prophylaxis policy is both up to date and appro-
priate for the local prevalent organisms.

Finally, there is increased recognition of
‘culture-negative’ PJIs, in which all evidence
suggests the presence of PJl, but no organisms
have been cultured. Reports of culture-negative
PJI vary widely from 5% to 41%, with 10% a rea-
sonable estimate.2223,.25 Reasons for negative
culture can include fastidious organisms with
demanding culture requirements, rare organ-
isms not previously associated with PJI, or fail-
ure to obtain a sample including the causative
organism. However, the most important cause
of culture-negative PJI is antibiotic administra-
tion prior to sampling.26:27

The acutely infected prosthetic joint typically
presents with a painful, erythematous, and
swollen joint, in a potentially septic patient.
Pain on weightbearing is a strong clinical indica-
tor of an infected joint and should not be dis-
missed. Chronic PJI is more indolent and may
present with vague symptoms of discomfort

and radiological loosening rather than a very
painful, hot, or red joint (more obvious find-
ings, such as a draining sinus, may exist in
established cases), with additional investiga-
tions leading to a diagnosis of PJI. In addition to
appropriate history and examination of the
patient presenting with a painful joint suspi-
cious for PJI, there exist a number of investiga-
tions that can be employed to inform the
diagnosis.

Several criteria-based definitions of PJI have
been published, with the Musculoskeletal
Infection Society (MSIS) arguably the most
widely accepted and established system. The
original MSIS criteria were developed by work-
ing group consensus, and published in 2011.28
The original criteria have been modified and
updated twice following the 2013 and 2018
International Consensus Meetings (ICM) on PJI,
to take account of new diagnostic tools and vali-
dation studies.29-30 The 2018 MSIS system takes
account of clinical findings and a number of
investigations, which are discussed below.

Serum biomarkers

The use of biomarkers for the detection of dis-
ease are widespread in medicine, with a bio-
marker defined as “a characteristic that is
objectively measured and evaluated as an indi-
cator of normal biological processes, patho-
genic processes or pharmacologic responses to
a therapeutic intervention”.31 Both serum and
synovial fluid biomarkers are of value in the
diagnosis of PJI, with sensitivities and specifici-
ties of common markers presented in Table I.
Serum markers are advantageous in that sam-
ples can be obtained without violating a poten-
tially aseptic joint, and serial measurements can
be more easily obtained than articular aspira-
tion. However, the specificity of serum biomark-
ers is typically less than that of synovial
biomarkers. There has been renewed interest in
both in recent years.

Traditionally, C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR) have been
used as markers for PJI. CRP is produced by the
liver, is released as an acute phase reactant in



Diagnostic performance of common biomarkers; sensitivities and specificities of selected tests for the diagnosis of chronic prosthetic joint infection, modified from
a meta-analysis by Carli et al4' and results from a study by Shahi et al34

Biomarker

Serum biomarkers

Synovial biomarkers

Sensitivity, % Specificity, %

Sensitivity, % Specificity, %

C-reactive protein 84.5 81.3 88.8 93.3
Erythrocyte sedimentation rate 81.6 79.0 N/R N/R
D-dimer 89.0 93.0 N/R N/R
Leucocyte count 41.6 89.7 90.1 92.5
Interleukin-6 87.5 87.0 83.8 971

a-defensin (Enzyme-linked immunosorbent assay) N/R N/R 96.7 96.8
a-defensin (Lateral flow test) N/R N/R 82.1 95.5
Leucocyte esterase test strip (2+) N/R N/R 93.0 971

Culture N/R N/R 68.6 96.4

N/R, not reported

response to rising interleukin (IL)-6 levels, and
can bind to the surface of bacteria to assist
binding and activation of the complement sys-
tem. ESR describes how quickly erythrocytes
settle in a column, with increased serum pro-
teins present during inflammation resulting in
a more rapid fall, and thus an elevated ESR.
These tests are rapid, widely available, econom-
ical, and feature in criteria-based diagnostic
schemes for PJI. However, CRP and ESR rise as
part of a general inflammatory response and
so, while reasonably sensitive, are not highly
specific for PJI.

Similar to CRP and ESR, the measurement of
peripheral white blood cell count (WBC) is well
recognized as a marker of infection. Typically,
the WBC count will be elevated (with a neutro-
philia) in an acute PJl, but in the case of chronic,
indolent PJI, or after the administration of antibi-
otics, WBC counts may be normal. As a result,
use of peripheral WBC count as a diagnostic
tool for PJI has limited value, and is not included
in the major diagnostic schemes for PJI.32

New to the updated MSIS criteria for Pl
diagnosis is the inclusion of serum D-dimer test-
ing. D-dimer is a fibrin degradation product,
released following the enzymatic degradation
of thrombus. It has been shown in animal mod-
els that fibrin is produced by inflamed syn-
ovium, and subsequent breakdown leads to
elevated synovial D-dimer levels.33 Shahi et al34
demonstrated that serum D-dimer potentially
outperforms serum CRP and ESR for PJI diagno-
sis. However, while D-dimer testing is widely
available, it also has the drawback of being
raised in a variety of other conditions, and a
recent study has suggested limited use as a
diagnostic tool for PJI.35 Additional validation

studies to confirm the utility of D-dimer as a PJl
biomarker are required.

Additional serum markers for PJI have also
received attention recently. IL-6 is secreted by
activated monocytes and macrophages, and is a
mediator of the acute phase response. IL-6 has a
complex modulatory effect on the acute phase
response and also has local signalling roles. IL-6
is, however, potentially more attractive than
CRP as a PJI marker in the early postoperative
period, as levels of IL-6 levels rise and fall more
rapidly than CRP.36 Currently, testing for IL-6 is
not routine in clinical practice, owing to availa-
bility and the need for additional validation. A
number of other potential markers have been
identified, such as tumour necrosis factor (TNF)-
o, IL-4, and procalcitonin. However, as with
IL-6, these markers are not used clinically owing
to the need for further validation, concerns
regarding sensitivity/specificity, or a lack of rou-
tine clinical availability. Combinations of serum
biomarkers are also being actively investigated
in an effort to improve diagnostic performance
for PJI.

Synovial fluid

Synovial fluid presents several diagnostic
opportunities for reaching or excluding a Pl
diagnosis, with sensitivities and specificities of
tests discussed below and provided in Table I.
Culture and microscopy of synovial fluid
remains a core investigation for PJl assessment,
enabling the identification of organisms and
determination of antibiotic resistance profiles.
The Infectious Diseases Society of America
(IDSA) recommends that samples should be

sent via sterile containers and processed within

two hours. If possible, blood cultures bottles
should also be inoculated to improve yield.37
The 2018 International Consensus Meeting on
PJl recommends that cultures are maintained
for five to seven days, or up to 21 days if there
is suspicion of low-virulence organisms, or
where previous culture results have been
negative.38

Microscopy of synovial fluid to determine
nucleated cell counts and the proportion of
neutrophils is included in the MSIS minor crite-
ria. Exact thresholds for each, and their associ-
ated sensitivity/specificity, vary by report, joint,
and timing after implantation. However, the
updated MSIS criteria specify a synovial leuco-
cyte count of > 3000 or a neutrophil popula-
tion of > 80% as being the threshold for
suspecting infection. It is important to appreci-
ate that false-positive results can occur, for
example in postoperative patients and in
patients with haemarthrosis, a failing metal-on-
metal prosthesis, or an underlying inflamma-
tory arthropathy. While potentially sensitive,
these kinds of microscopy for cell presence are
not terribly specific.

Synovial fluid leucocyte esterase (LE) has
emerged as an accurate and cost-effective test
for PJI in recent years. LE is produced by acti-
vated neutrophils, and can be detected using
urine dipsticks as a point-of-care test.3? Care
should be taken in the event of a blood-stained
aspirate, as this can cloud the result. To over-
come this problem, centrifugation of the sam-
ple prior to testing is recommended.40

Synovial a-defensin has been identified as a
valuable Pl biomarker and has been widely stud-
ied and discussed.41-43. Activated neutrophils
produce a-defensin, which disrupts pathogenic
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cell membranes. Detection of a-defensin can be
achieved using immunoassay, or with a recently
commercialized lateral-flow device (Synovasure,
Zimmer Biomet, Warsaw, Indiana). Both tech-
niques are expensive and demonstrate high
specificity, but the lateral-flow device can be
performed as a point of care test, with results
available in minutes. The immunoassay test
requires submission of samples for laboratory
testing, taking approximately 24 hours, but
benefits from an approximately 15% higher
sensitivity.#1 Compared with existing biomark-
ers for PJI, a-defensin has demonstrated addi-
tional advantages, in that it can be used to
detect PJI in the setting of low-virulence organ-
isms and following prior antibiotic use.4243 A
variety of additional synovial biomarkers are
under investigation (for example human -
defensin, LL-37, TNF-a, and several interleu-
kins); however, none are currently in routine
clinical use, and so are not discussed further.

Radiology

Imaging in suspected PJI can provide support-
ing evidence, but cannot be used in isolation.
Plain radiographs of the affected joint may
demonstrate evidence of radiolucency or an
associated periosteal reaction, but with poor
specificity. Ultrasound may be used to locate
and aspirate a joint effusion, both to reduce
bacterial load and to provide samples for cul-
ture. Cross-sectional images such as CT and
MRI can provide better bone and soft-tissue
imaging, but are limited by metal artefact,
and are not routinely required. In patients
with metal-on-metal hip prostheses, Metal
Artefact Reduction Sequence (MARS) MRI
should also be used. However, the diagnosis
of PJI in the presence of adverse local tissue
reaction (ALTR) is very challenging, as many of
the standard tests (including serum and syno-
vial biomarkers) can be falsely positive. The
recent ICM guidelines suggest that culture
and histology are the most reliable diagnostic
tests in this setting.44

Nuclear imaging techniques can be applied
in the diagnosis of PJI.4> Bone scintigraphy
(most often with Technetium-99m) demon-
strates high signal at areas of increased bone
metabolism, with a meta-analysis demonstrat-
ing 80% sensitivity and 69% specificity (specific-
ity increases with time elapsed since surgery).46
The inclusion of autologous labelled leucocytes
in bone scintigraphy improves the sensitivity of
the technique to approximately 95%.46 These
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techniques demonstrate excellent negative pre-
dictive value, and may be of value in ruling out
prosthesis-related problems. Finally, positron
(PET),
18Ffluorodeoxyglucose (FDG), was found to

emission tomography using
have 83% sensitivity and 91% specificity in the
diagnosis of hip PJI in a meta-analysis of 725
joints.46 This technique relies on the differential
uptake of FDG by cells of differing metabolic
activity and glucose transport expression (as
seen in activated leucocytes). Nuclear medicine
techniques, however, have additional limita-
tions with regard to availability, significant
whole body radiation exposure, and cost, so are
not used routinely.4>

Culture

Intraoperative sampling remains an important
step. Results can be used to confirm organisms
obtained by aspiration and their antibiotic
resistance profile, or in the case of exchange
arthroplasty, to detect evidence of residual
organisms that will alter subsequent manage-
ment. It is widely recommended that five paired
specimens be obtained at the time of surgery
for microbiology as well as histology.
Importantly, each sample should be taken with
a clean set of instruments.38 Samples should be
obtained systematically from areas of visible
inflammation, as well as from the implant/bone
interface, and each sample should be clearly
labelled with its origin to aid decision making in

the postoperative period.

Histology

Histological examination of periprosthetic tissue
(paired with specimens for culture) from areas
suspicious for infection can demonstrate acute
inflammation. Neutrophil infiltration is consid-
ered suggestive of infection, with more than five
neutrophils in at least five high powered (X400)
fields being a minor diagnostic criterion in the
MSIS PJI definition. Histological examination
may be of additional value in patients who have
received preoperative antibiotics, as this is
unlikely to affect microscopic findings. A 2012
meta-analysis demonstrated an overall likeli-
hood ratio of a positive test of 12 (95% confi-
dence interval (Cl) 8.4 to 17.2) when acute
inflammation was identified on frozen-section
histology.#” However, histological examination
is operator-dependent and low-virulence organ-
isms may not stimulate a neutrophilic response
meeting the above criteria.

Sonication

Sonication involves the application of low-
frequency ultrasound to the explanted prosthe-
sis when immersed in Ringer’s lactate. This frees
sessile bacteria from the implant surface, with
the sonication fluid subsequently cultured. This
technique has demonstrated good sensitivity
and specificity (greater than 80%), including in
patients who have received antibiotics within
two weeks of surgery.4849 Sonication may add
value in the diagnosis of culture-negative PJls.
However, sonication does require additional
resources in the form of specific containers and
an appropriately equipped laboratory, and the
additional diagnostic accuracy is not firmly
established.

The development of novel molecular techniques
for the diagnosis of Pl is ongoing, with the fall-
ing costs of sequencing technologies presenting
new opportunities. These technologies are now
becoming more affordable and are being uti-
lized more routinely in many centres. One such
example is next-generation sequencing (NGS),
in which the DNA of a given sample can be rap-
idly sequenced to identify multiple organisms
and their antibiotic resistance genes. Tarabichi
et al®0 used “16S amplicon targeted” NGS to
demonstrate an overall sensitivity of 89.3% and
specificity of 73.0%. Other authors have demon-
strated that another approach of implementing
NGS, namely “shotgun metagenomics” (which
sequences the whole genomes of all organisms
present in a sample) is also very accurate at
detecting causative pathogens involved in PJl,
and that it may be particularly useful for culture-
negative infections.> Increasing appreciation of
the proteomes and metabolomes associated
with PJI present additional opportunities. Many
of these molecular techniques are being rigor-
ously investigated as PJI diagnostic tools, and
this exciting field is likely to receive increasing
attention in the years to come.

Management of the patient with PJl requires an
understanding of the causative organism, chro-
nicity of infection, systemic health of the host,
limb. The
McPherson staging system (Table II) is recom-

and condition of the affected

mended, with evidence supporting correlation
between stage and treatment success. As previ-
ously discussed, treatment of patients with PJI
should be provided by a specialized MDT, and



McPherson staging system

Category Grade Description
Infection type | Prosthetic joint infection (PJI) < 4 wks after implantation
Il Acute haematogenous PJI (< 4 wks duration)
1] Late and chronic PJI
Host grade (systemic) A No compromising factors”
B Compromised (< 2 factors)
C Significant compromise (> 2 factors) or one of the following:
Absolute neutrophil count < 1000
CD4™" T-cell count <100
Intravenous drug abuse
Chronic active infection (distant to joint)
Dysplasia/neoplasm of immune system
Lower limb grade 1 No compromising factorst
2 Compromised (=< 2 factors)
3 Significant compromise (> 2 factors)

*Systemic compromising factors include: age more than 80 years; alcoholism; hepatitic insufficiency/cirrhosis; chronic active der-
matitis or cellulitis; chronic indwelling catheter; chronic malnutrition (albumin < 3.0g/dl); current nicotine use; diabetes mellitus;
immunosuppressive medications; active malignancy (or a history thereof); pulmonary insufficiency (arterial saturation of 60% on
room air); renal failure requiring dialysis; systemic inflammatory disease; systemic immune compromise from infection or disease
tLimb compromising factors include: local active infection present for more than three months; multiple previous incisions creat-
ing skin bridges; soft-tissue loss from prior trauma; subcutaneous abscess > 8 cm?2; synovial cutaneous fistula; prior periarticular

fracture or trauma about joint; prior local irradiation to wound area; vascular insufficiency (absent limb pulses, chronic venous

stasis disease, significant calcific arterial disease)

identification of causative organisms should ide-
ally be determined before antibiotic administra-
tion or operative intervention. In the stable
patient, antibiotics should not be given until
intraoperative sampling has taken place, in
order to maximize organism yield.

There are several management options for
PJI, the choice of which is guided by infection
characteristics (organism, antibiotic resistance,
and chronicity), the health of the host and
affected limb (compromised vs not), and treat-
ment objective (eradication of infection vs func-
tional outcome vs symptom control). Where
possible, eradication of infection and mainte-
nance of function is the goal. Techniques to
achieve this include debridement, antibiotics,
and implant retention (DAIR), as well as one-
and two-stage revision arthroplasty. These
options aim to clear infection while retaining a
functional joint. However, in select cases, such
an outcome may not be achievable, and there-
fore long-term antibiotic suppression, arthrode-
sis, oramputation may be considered. Associated
symptoms in challenging PJI cases should also
be addressed, for example the use of wound
management bags over draining sinuses.

Regardless of the specific surgical technique
selected, there are steps common across DAIR

and revision surgery techniques. As previously
discussed, paired samples for culture and his-
tology should be obtained from areas of inflam-
mation and the bone/implant interface.
Administration of antibiotics prior to sampling
can reduce culture yield or lead to negative cul-
tures, as previously discussed. As such, in the
stable patient, antibiotic administration should
be withheld until after sampling is complete.
Antibiotics can then be given, as advised by an
infectious disease physician and local protocol.
Typically, these will be broad spectrum agents
with good bone penetration, with rationaliza-
tion of antibiotic choice according to culture
results.

Postoperative antibiotic regimens are required
for DAIR, one-stage procedures, and the first of
two-stage procedures. With the second of two-
stage procedures, postoperative antibiotics are
typically given until intraoperative cultures are
reported as negative. Again, the specific agents,
route, and duration of therapy will be depend-
ent on culture findings and guided by the infec-
tious disease team. Of note is the recently
published Oral Versus Intravenous Antibiotics
for Bone and Joint Infection (OVIVA) rand-
omized controlled trial.>2 This demonstrated
noninferiority of six weeks of oral antibiotics ver-
sus six weeks of intravenous antibiotics in bone
and jointinfection (with treatment failure at one

year the primary end point). This is a valuable
report, and provides evidence that prolonged
intravenous antibiotics may not be necessary.
An additional avenue of antibiotic administra-
tion is the use of absorbable antibiotic loaded
carriers, which allow high intra-articular antibi-
otic concentrations, while limiting systemic tox-
icity. However, evidence of benefit for these
agents is currently limited, and so they are not
in widespread use outside of specialist units.

Clearance of infected material is a critical
step, regardless of technique. Debridement
should result in clearance of all devitalized,
inflamed, or unhealthy tissue and cement/
debris. This is followed by joint irrigation using
a large volume of aqueous chlorhexidine or
povidone iodine (six to nine litres). At this point,
the surgical field is considered clean. The surgi-
cal instruments should be exchanged for clean
instruments, the surgical team should rescrub
and the surgical field reprepped and draped. A
further irrigation of the joint with more than
three litres of saline is then performed prior to
any following steps.

It is important to consider the need for soft-
tissue cover with each of the techniques dis-
cussed below, as excision of previous wound
margins or sinus tracts can present challenges.
If there is any concern regarding wound closure
or soft-tissue tension, the input of a plastic sur-
geon should be sought. With regard to man-
agement of the infected knee arthroplasty, the
rotational medial gastrocnemius muscle flap is a
common option.53:54 Rotational muscle flaps
utilizing vastus lateralis or gluteus maximus can
be used when managing THA PJI.5> All patients
require prolonged monitoring to identify recur-
rence of infection, with clinical, laboratory, and
radiological assessment.

Debridement, antibiotics, and
implant retention (DAIR)

DAIR allows for the retention of the in situ pros-
thesis, and is a treatment option when the pros-
thesis is well fixed and the PJI is considered
acute (either early postoperative or late haema-
togenous). The importance of chronicity relates
to a window in which to intervene prior to the
establishment of a mature biofilm. Potential
benefits of DAIR include reduced bone and soft-
tissue destruction compared with formal
exchange revisions, with functional outcomes
demonstrated to be superior to staged revision
surgery.>6:57 With respect to eradication of
infection, quoted success rates vary widely,
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with differences in patient selection, treatment
technique, and outcome definitions making
direct comparisons difficult. A 2018 meta-
analysis, however, provides valuable pooled
estimates.>® This demonstrated infection con-
trol in 75.40% (95% Cl 68.90 to 81.50) for hip
PJl and 52.60% (95% Cl 45.10 to 60.10) for
knee PJI. This analysis also demonstrated that
DAIR for acute postoperative and acute haema-
togenous PJl was more successful than DAIR for
chronic PJI, at 67.7% (95% Cl 59.60 to 75.50),
52.70% (95% Cl 40.80 to 64.50), and 31.90%
(95% ClI 8.50 to 60.20), respectively. Currently,
there is insufficient evidence to recommend a
specific timeframe in which DAIR is indicated,
but it is clear that success rates fall with increas-
ing chronicity of PJI.

Beyond the timeframe of the onset of infec-
tion, there are some further considerations with
DAIR that do not apply to other techniques. The
prosthesis and all fixed components should be
stable and functioning well previously, and pri-
mary wound closure at the time of DAIR should
be achievable. Relative contraindications to
DAIR are the presence of a draining sinus, diffi-
cult to treat organisms (e.g. multidrug-resistant
bacteria or fungal), or immunocompromised
patients, as these are associated with lower suc-
cess rates. In such cases, exchange revision
should be considered. However, in the absence
of other contraindications, DAIR can be per-
formed without a preoperative microbiological
diagnosis.

Itis important that DAIR is not seen as a sim-
ple joint washout. Within our centre, experi-
enced revision surgeons are responsible for
performing DAIRs, on a planned list as an
urgent case, preceded by rapid medical optimi-
zation of the patient. DAIR can never be per-
formed adequately using an arthroscopic
approach, and is to be discouraged. In the
event of an unstable septic patient, arthro-
scopic washout can be performed, but this
should be considered a temporizing measure
until formal DAIR (or exchange revision) can be
performed. The DAIR procedure crucially
involves as radical a debridement as a tradi-
tional exchange revision.

The defining feature of the DAIR technique is
retention of the implant, which involves key
aspects beyond the common steps described
above. First, an intraoperative assessment of
implant stability needs to be made. If the
implant is loose, conversion to a staged revision
technique is necessary. Second, all modular
should be

components removed (femoral
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heads, acetabular liners, polyethylene trays).
This step serves to improve access to soft-tissue
structures for thorough debridement, but also
removes microorganisms that may be adherent
to these components or in the component
interfaces. Once the joint cavity has been deter-
mined clean, replacement modular compo-
nents can be implanted. The joint is then closed
according to surgeon preference, typically over
a deep drain. Ongoing antibiotic therapy is then
guided by culture results and infectious disease
team input.

One-stage exchange

One-stage exchange is the most common treat-
ment option for PJI in Europe, and involves
removal of all implants, debridement, irrigation,
and implantation of a new definitive prosthesis
during the same procedure.5® The benefits of
one-stage exchange over two-stage exchange
include lower morbidity, lower mortality, and
lower healthcare resource usage, yet similar
functional outcomes and rates of infection
recurrence have been reported (approximately
8% for both hip and knee PJI).60-64 However,
these reports are based on heterogeneous stud-
ies with disparities in definitions, techniques,
and treatment algorithms for PJI. It is accepted
that patient selection is a critical moment in
achieving a successful outcome, with the indi-
cations recommended by ICM 2018 provided in
Table 111.64

The surgical technique for one-stage exchange
is similar to DAIR; however, it may require tech-
niques to improve exposure and implant
removal, such as a tibial tubercle osteotomy,
quadriceps turndown, or extended trochanteric
osteotomy. The common steps regarding antibi-
otics, sampling, excision of sinus tracts, debride-
ment, irrigation, and redraping are equally
important when performing one-stage exchange.
The primary difference between DAIR and one-
stage exchange, however, is the removal of all
prosthetic components (including cement man-
tles) during the debridement stage. Following
rescrubbing, redraping, and the second joint irri-
gation step, a new prosthesis can be implanted
using standard revision techniques. Cemented
components allow for the use of antibiotic-
loaded cement for delivery of local antibiotics at
high concentrations. In cases of significant soft
tissue or bone loss, a semi-constrained or hinged
prosthesis may be necessary, as well as recon-
structive augments. As with DAIR, the postopera-
tive antibiotics regimen should be guided by

culture results and infectious diseases team
input, and monitoring should be in place to

detect recurrence of infection.

Two-stage exchange

Two-stage revision differs from DAIR and one-
stage revision in that patients undergo two
planned procedures. This is the most com-
monly performed technique for PJI manage-
ment in North America. As previously discussed,
outcomes for one- and two-stage exchange
appear to be similar. However, two-stage
exchange mandates a secondary procedure for
implantation of a definitive prosthesis, with
associated morbidity and cost.64 Outside North
America, two-stage exchange is typically indi-
cated for cases not meeting the indications for
one-stage exchange (Table Ill), or where previ-
ous one-stage exchange has failed. However,
two-stage revision for PJl may not be possible in
frailer patients, owing to the morbidity and
mortality associated with repeat, major surgery.
For these patients a single-stage revision may be
preferable and should be considered on a case-
by-case basis.

Technically, a two-stage exchange mirrors
that of one-stage exchange until the point of
reimplantation of the prosthesis. In two-stage
exchange, this does not happen, and instead a
cement spacer is implanted, which is typically
antibiotic loaded. This serves to generate a high
local antibiotic concentration, provide joint sta-
bility, and maintain soft-tissue tension. Spacers
can be static (that is, they do not allow for any
joint motion) or dynamic, with evidence to sug-
gest that dynamic spacers provide superior
range of movement and patient-reported out-
comes (dynamic spacers should be avoided in
cases of severe ligamentous laxity or muscle
loss, due to the risk of instability and disloca-
tion).65 Dynamic spacers can be handmade in
theatre or alternatively shaped using commer-
cially available moulds (at significantly greater
cost).66 As discussed above, if soft-tissue proce-
dures are required to ensure coverage, these
should be undertaken at the first stage.

Postoperatively, patients receive a course of
antibiotics, typically via the intravenous route
with broad spectrum agents in the immediate
postoperative period. Antibiotic choice and route
of administration are rationalized according to
culture results and antibiotic resistance profile,
under infectious diseases physician guidance.
There is currently no specific recommended
interval between the first and second stages to



Indications for single-stage revision in prosthetic joint infection (P)I)

Indications

Contraindications

Preoperatively identified organism

Culture-negative PJI

Susceptibility to available antibiotics

Highly virulent or multiple-resistance organism

Healthy, uncompromised host

Fungal infection

Absence of severe sepsis

Cases where radical debridement not achievable (e.g.

involvement of major neurovascular bundles)

Minimal bone or soft tissue loss

Inability to achieve primary wound closure

Insufficient bone stock for new prosthesis

optimize treatment success, due in part to heter-
ogeneity of studies investigating this variable. As
such, the recommendation is to perform the sec-
ond stage when the treating team consider the
infection to be controlled, based on clinical
judgement, laboratory, and radiological mark-
ers.%7 With regard to preoperative joint aspira-
tion prior to the second stage reimplantation, the
exact role of this traditional practice remains
undefined. Culture of synovial fluid from a joint
with an antibiotic-loaded cement spacer in situ
has been shown to have low sensitivity for dem-
onstrating persistence of infection, and so the
general consensus from the most recent ICM
guidelines is that they are not necessary.68
However, it is very important to carry out repeat
sampling intraoperatively at the time of reim-
plantation and these results should be relied
upon. Patients with positive microbiology at this
point should receive further antibiotic therapy, as
the presence of organisms during the second
stage has been shown to correlate with higher
rates of failure and early reinfection.69,70

In a subset of patients whose inflammatory
markers do not improve, or who experience
poor/delayed wound healing, then a repeat first
stage should be undertaken, with an exchange
of cement spacer, and definitive components
implanted in a ‘third’ stage.

During the second stage, sampling, debride-
ment, and irrigation are repeated, prior to
implantation of definitive components (which
may require increased levels of constraint, as
well as augments to manage associated bone
and ligament insufficiency). This is similar to the
implantation stage of a one-stage procedure.
Postoperatively, patients should be placed on
broad spectrum antibiotics until intraoperative
cultures are reported negative.

Antibiotic suppression

Long-term antibiotic suppression of PJl as a defin-
itive treatment is reserved for patients who will
not benefit from surgery. Examples include

patients who are unfit for surgery, who no longer
wish to undergo further surgery, or in whom
repeated exchange revisions have failed to eradi-
cate PJl. However, for antibiotic suppression to
be a viable option, the PJl must be the result of a
low-virulence organism, with a tolerable oral
antibiotic option and with well-fixed implants.
This treatment is not a curative option, with the
objective instead being to suppress bacterial
activity and minimize symptoms. Compliance
with a lifelong antibiotic regimen can be difficult
for patients to manage, with intolerance and side
effects being common problems.

Salvage procedures

Finally, in cases where eradication of PJI, has
been unsuccessful, despite all efforts, salvage
procedures represent an option for infection
clearance, but with a loss of function. The point
at which salvage procedures are considered is
made on a case-by-case basis, and with input
from both the specialist clinical team, the
patient, and their carers. Typically, these proce-
dures are reserved for patients who have failed
multiple previous attempts at infection eradica-
tion or have an unreconstructable joint (as a
result of soft-tissue or bone loss).

Arthrodesis

Knee fusion is a salvage technique to provide the
patient with a stable, pain-free joint with which
they can mobilize. Evidence of outcomes of knee
arthrodesis for PJI are limited to small series, with
generally good rates of infection clearance, but
at the cost of a reduced quality of life.”! Knee
arthrodesis can be achieved using intramedullary
nail, external fixator, or internal plate fixation.”2

Amputation

Amputation for persistent Pl of the hip or knee
is a last resort, typically after multiple two-stage

revisions with extensive soft-tissue and bone
loss as a consequence. Rarely, amputation may
be necessary for critical sepsis as a life saving
measure or in the event of irreparable neurovas-
cular injury. Both hip and knee amputation
result in a significant functional deficit, and sig-
nificantly higher metabolic requirements to
mobilize.”374 As a consequence, the significant
loss of independence should be explained to
the patient during counselling.

Permanent resection arthroplasty

Permanent resection arthroplasty constitutes
removal of the prosthesis and extensive debride-
ment of soft tissue and bone. While high suc-
cess rates have been reported for resection
arthroplasty, the procedure typically results in
an unstable limb, with associated disability,
pain, and reduced quality of life.”> As such, this
procedure is reserved for patients who would
not be able to ambulate following alternative
salvage procedures.

PJlis a significant challenge facing the orthopae-
dic community. With increasing numbers of
patients living with a major joint arthroplasty,
and with demand for such procedures rising,
this challenge is expected to grow. While this
review has discussed options for diagnosis and
management, a critical component of care is
the prevention of PJl. Infection prevention is a
topic worthy of its own discussion, with patient
optimization, surgical technique, implant fac-
tors, antibiotic usage, and service factors all key
components. However, when PJI is considered
the possible cause of a failing hip or knee arthro-
plasty, accurate diagnosis and appropriate
management is key. Diagnostic markers for PJI
are an area of active investigation, and, as such,
it is likely that new tools (such as NGS) will
become available to orthopaedic surgeons.
However, validation and evidence of superiority
and cost-effectiveness over existing methods
need to be published. We recommend that
patients diagnosed with PJI should be managed
within specialist centres using an MDT approach
in order to optimize outcomes. Such centres
have a responsibility to drive forward knowl-
edge in the field, as there remain uncertainties
in the diagnosis and management PJI.
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