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Background: The reported success rate of debridement, antibiotics, and implant retention (DAIR) for
periprosthetic joint infection varies considerably between studies, despite institutions reporting use of
the same procedure. In this narrative review, we aim to delineate the differences between the various
DAIR approaches and highlight why they influence the outcome.
Objectives: We performed a PubMed and internet search investigating the different approaches for DAIR
and their associated outcomes.
Sources: Twenty-two studies with defined infection criteria, consisting of 50 or more periprosthetic joint
infection cases and a follow-up of 1 year or longer, were included.
Content: Most studies did not report whether the presence of a sinus tract was a criterion for not per-
forming DAIR, and the use of biofilm-active agents for curative DAIR was only reported in a few studies.
The duration of infection as criterion for early postoperative and acute haematogenous infection varied
between studies. The epidemiology of host factors and microorganisms, healthcare systems, patient
edoctor interactions, and decision-making processes for surgical interventions vary worldwide, and so
do the indications for DAIR.
Implications: Studies should precisely declare the indication for DAIR, the variables that influence
decision-making for treatment options, the surgical technique applied, and the type and duration of
antimicrobial therapy. Such an approach will increase the quality of research data and allow the
development of recognized subcategories of DAIR. Parham Sendi, Clin Microbiol Infect 2025;31:1445
© 2025 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and
Infectious Diseases. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
Introduction

The management of periprosthetic joint infection (PJI) consists
of combined surgical and antibiotic treatment. Among the surgical
possibilities, debridement, antibiotic therapy, and implant reten-
tion (DAIR) is increasingly performed [1]. The success rate of DAIR is
reported to vary between 11.1% and 100% in 4897 PJIs [2]. Conse-
quently, the indications for DAIR and its outcome differ worldwide
[3], despite institutions reporting use of the same procedure. When
orthopaedic surgeons and infectious diseases specialists from
iseases, University of Bern,
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different areas of the world recommend DAIR to a patient, do they
have the same understanding of the intention of this surgical
procedure?

When ‘DAIR with a curative approach’ was introduced in a
treatment algorithm >20 years ago [4], it meant one single surgical
intervention by a surgeon specialized in PJI, followed by a
maximum of 3 to 6 months of antibiotic therapy, in a constellation
with a high chance of cure (�80%). Current data suggest that a
treatment duration of 3 months is sufficient for both hip and knee
PJI [5,6]. Cure is typically defined as lack of any signs of infection
after a minimum of 2 years since the last surgical intervention in a
patient without suppressive antibiotics. Over the past 2 decades,
the concept of DAIR has been published from different viewpoints
with various modifications of the classical curative procedure.
These variants include, e.g. repetitive debridement (also called
of Clinical Microbiology and Infectious Diseases. This is an open access article under
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‘redo’ or ‘second’ or ‘2-stage’ DAIR) [7e10] and prolonging anti-
biotic treatment from 3 months to 1 year or even longer in a shared
patientedoctor decision [11e13]. The latter concept is also referred
to routine suppressive antimicrobial therapy (SAT) for enhancing
DAIR's success whereas the exact treatment duration is determined
during follow-up investigations [14].

Arguments can be made in favour of each approach. Although
patients and surgeons hope for a cure and avoidance of additional
surgical interventions in all approaches, the corresponding out-
comes vary substantially.

In this review, a combined data-narrative approach was used.
First, we performed a thorough literature search to identify
outcome studies on DAIR with �50 patients and a follow-up of at
least 1 year. Thereby, we excluded low-evidence data, analysed the
various inclusion criteria in each study population, and illustrated
the range of outcome data. Second, we built a narrative on factors
influencing the outcome of DAIR, the corresponding challenge in
clinical practice in assessing these, and how these factors are
considered in published studies. The aim was to delineate the dif-
ferences between the various DAIR approaches and highlight why
they influence the outcome.

Methods

In December 2024, we conducted a literature review of studies
describing the indication for DAIR, host and surgical variables in
patients undergoing DAIR, and corresponding outcomes. We
searched PubMed with the following keywords: DAIR, implant
retention and arthroplasty, PJI, debridement, arthroplasty infection.
References within these articles were evaluated to identify other
relevant publications, and additional publications were identified
and included manually. All article types were reviewed, including
systematic reviews, retrospective and prospective studies, and
cohort studies. Studies that consisted of DAIR procedures per-
formed entirely before 2004 were excluded. The rational for this
decision was based on the publication year of the algorithm [4].
Table S1 in the Supplementary material represents the list of
included studies that investigated the outcome of DAIR, categorized
according to failure proportion (>40%; 30e40%; 20e30%; <20%). In
the included studies, the following criteria were reviewed: the
criterion duration of clinical signs for infection, the presence of a
sinus tract, and the use of biofilm-active agents. In addition,
considering the heterogeneity of study populations and research
questions in the included publications, findings of interest to cli-
nicians were displayed in the footnotes of Table S1.

Criteria for DAIR with a curative approachdthe crucial four

The chance for cure with DAIR is highest if the patient fulfils the
criteria for implant retention. The criteria for success have been
published elsewhere [4,15]. In brief, (a) the implant has to be stable,
(b) the duration of clinical symptoms short (acute PJI), (c) bone and
soft tissue not severely damaged (amenable to radical surgical
debridement of complete joint lining, without damaging functional
tissue and with no sinus tract), and (d) the microorganism sus-
ceptible to a biofilm-active antibiotic. Among these four criteria, the
determination of the duration of symptoms is themost challenging.
The second most debated criterion is the influence of microor-
ganisms. Although the categorization of the soft-tissue criterion
seems clinically obvious, the data evidence on this subject is scarce.
An opinion statement from the authors is displayed in Supple-
mentary material. With an ageing and still mobile population, and
alongside a growing incidence of comorbidities, the host factor has
become an important patient selection criterion over the past
decades [16].
DAIR without a primarily curative approach

DAIR without a primarily curative approach is considered
palliative (DAIR with SAT) and is applied to PJIs that are beyond the
acute phase, hence, to chronic infection. One of the most cited ar-
guments for this approach is the aim of improving quality of life.
This approachddespite the term ‘palliative’ddoes not mean that
the patient is bedridden or in an end-of-life situation and does not
exclude eventual cure. However, the chances for cure are low
without an implant exchange. There are numerous reasons for
choosing such an approach, including the patient's choice to retain
the prosthesis and the risk of complications if the prosthesis is
exchanged. Hence, this approach may be adequate as a result of a
shared decision for patients with a very high perioperative risk [17].
Occasionally, the intention is to delay the decision for implant ex-
change and to observe whether a cure will occur with palliative
DAIR. In our institutions, we do not advocate such an approach.
First, data on SAT for a chronic infection after DAIR are heteroge-
neous but show uniformly high rates of failure (28% to 45%)
[3,18e23]. Second, prolonged antibiotic treatment is accompanied
by an increasing risk for toxicity and resistance. Adverse events
occur in 25% to 50% of patients on SAT [19e23]. In addition, the risk
of drugedrug interactions increases with age due to the rise in
polypharmacy and the decline in drugmetabolism dynamics. Third,
an infectiondeven when suppresseddis considered as a
consuming focus in the human body, and hence, persistent chronic
infection is a catabolic source. Fourth, the risk of complications after
implant removal due to host factors increases with age as well.
Thus, delaying the decisionmay endwhen the patient is too frail for
a staged arthroplasty exchange. Hence, patients' choice for DAIR
must be considered diligently.

Patient selection for curative DAIR

Among the four crucial criteria, implant stability is objective and
soft-tissue damage is based on clinical experience. In Supplemen-
tary material, our view and definition of the term ‘sinus tract’ is are
described in the paragraph ‘indications and contraindications’ in
the section surgical approach. In the analysed publications
(Table S1), most studies did not report whether the presence of a
sinus tract was a criterion for not performing DAIR. Assessing the
duration of infection is difficult, and the relevance of certain
microorganism properties is not yet completely explored.

Duration of infection

Assessing duration of infection is challenging in clinical practice,
but differentiating between terminologies is important. Duration of
infection is likely equal to biofilm age, but not to the duration of
symptoms. The dynamic of biofilm formation in the laboratory may
not be the same as that in the human body. Similarly, there is no
uniformly accepted cutoff to distinguish between immature and
mature biofilms. There are considerable differences between or-
ganisms and intraspecies clones. Recommendations for clinical
decision-making are based on preclinical rationale and pathogen-
esis of infection (exogenous vs. haematogenous; Fig. 1).

According to the PJI algorithm and Infectious Disease Society of
America guidelines, patients with acute postoperative PJI qualify for
curative DAIR until approximately 1 month after implantation
[4,15]. The assessment of this time interval is objective because it
includes (at maximum) the period from the date of the index sur-
gery until the onset of first symptoms or clinical findings. The 4-
week (or 30-day) time interval is debated in studies that use
retrospective data [24,25]. However, all providers agree with the
statement that the shorter time interval, the better the chance for
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cure. Nevertheless, data of the included studies show a consider-
able range of this DAIR criterion (Table S1). This may be due to the
uncertainty of infection duration or the fact that DAIR is occa-
sionally attempted despite low(er) chance of cure.

The duration of symptoms in patients with acute haematoge-
nous PJI is more difficult to assess because it starts after a symptom-
free period and relies on the patient's history. In the PJI treatment
algorithm [4,15], it is proposed that not exceeding a 3-week dura-
tion of symptoms has a good chance for cure. The time interval was
initially based on a controlled study on the role of rifampin inwhich
the longest duration of infection was 21 days [26]. In addition, it is
based on expert opinion and mostly retrospective data without
strict experimental proof [27,28]. Like acute postoperative infec-
tion, the shorter time interval, the better the chance for cure (Fig.1).

The risk for haematogenous PJI is highest during the first 5 years
after implantation but persists lifelong [29]. Whether acute hae-
matogenous PJI has a higher failure rate than acute postoperative
PJI when managed with DAIR is controversial [27,28,30e34]. It can
be hypothesized that in studies with a high failure rate, some PJI
may be misclassified as acute haematogenous instead of chronic
dormant infection with acute exacerbation. This can occur in the
following constellations (Fig. 1).

First, the association of delayedwound healing after surgery and
low-grade infection may be missed. PJI often remains unrecog-
nized, as signs and symptoms are typically subtle and inflammatory
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Fig. 1. Pathogenesis and course of periprosthetic joint infection (PJI):.Upper panel: Exogeno
PJI is caused by microbial seeding during obvious or occult bloodstream infection. Middle pa
case of early surgery, DAIR has a good prognosis provided that the other criteria for curative
the implant is high (old or mature biofilm). Such an infection persists either with subtle
infection can reactivate at any time with acute symptoms which may be misinterpreted as
values unremarkable, especially after short empirical postoperative
antimicrobial therapy. Categorization for low-virulent and virulent
microorganisms is not absolute. PJIs caused by the former category
can present with acute inflammation and those by the latter with
subtle signs. However, if such a low-grade infection exacerbates to
sepsis, it may be misjudged as late acute infection.

Second, silent or clinically obvious bacteraemia seeding to an
arthroplasty may be unrecognized, either because it was mis-
interpreted as flu symptoms, or because other infection foci are the
primary treatment goal (e.g. infective endocarditis). Suspicion for
haematogenous PJI should be high in patients with previous
Staphylococcus aureus bacteraemia. In one-third of cases with
documented bacteraemia, S. aureus seeds on the prosthetic joint
[35,36]. In acute haematogenous PJI, the primary source of infection
can be identified in only two-thirds of cases.

Several studies have demonstrated that the failure rate of DAIR is
higher when bacteraemia is present [32,37e40]. It should be noted
that bacteraemia and sepsis, in particular due to S. aureus, have a
substantial mortality and morbidity in an increasingly ageing pop-
ulation, irrespective of the presence of an arthroplasty [41].

Microorganisms

When categorizing antibiotics and microorganisms for PJI, the
terms ‘biofilm-active’ and ‘difficult-to-treat’ are used in the
Risk of 
DAIR failure

arly 
rgery

Good DAIR 
prognosis

Reactivation

Acute 
symptoms

Chronic symptoms

Haematogenous 
Infection

Bacteraemia

us PJI occurs either periinterventionally or during an invasive trauma. Haematogenous
nel: If PJI is early detected, the microbial load on the implant is low (young biofilm). In
DAIR are fullfilled.Lower panel: If early detection of PJI is missed, the bacterial load on
symptoms (chronic PJI) or even without any symptom of infection (silent PJI). Silent
acute infection. In these cases, the risk of failure with DAIR is high.
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literature. We recommend not using the latter anymore, because it
is imprecisely defined, and its meaning may change over time.
However, if the device is not replaced in PJI, antibiotics must
eliminate adherent bacteria that persist as biofilm (Fig. 1). As a rule,
in non-septic patients, the microorganism should be known before
performing DAIR, since for curative DAIR, the availability of an
agent with activity against biofilm microorganisms is required.
Several studies have shown that patients with staphylococcal PJI
have indeed a better prognosis when they are treated with a
rifampin combination [37,42e44]. Similarly, the outcome of Gram-
negative PJI is better when a fluoroquinolone is used [45,46]. In the
review analysis (Table S1), the use of biofilm-active agents for
curative DAIR was only reported in a few studies.

The need for a biofilm-active agent is less clear or debated for
other microorganisms. In streptococcal PJI, a beneficial effect of a
rifampin combination could not be unequivocally confirmed [38].
In a series of streptococcal PJI treated with DAIR in a specialized
centre, the outcome was excellent with or without rifampin [47].

Cutibacterium spp. causes typically chronic PJI that do not qualify
for curative DAIR. In 34 PJIs that were categorized as postoperative
and then treated with DAIR, the advantage of the rifampin com-
bination was not significant (27% vs. 37% failure) [48].

For most other microorganisms, it is less clear whether curative
DAIR can be performed without the availability of a biofilm-active
antimicrobial agent. However, if the failure risk due to the causa-
tive microorganism is considered too high, DAIR should not be
performed, not even if all other criteria for curative DAIR are ful-
filled. For example, in a largemulticentre study of 269 patients with
PJI due to Candida spp., DAIR increased the failure risk with an OR of
1.95 (95% CI: 1.16e3.29, p 0.01) in the multivariable analysis [49]. In
another study of patients with fungal PJI, 18.5% (22/119) were
treated with DAIR because the infection was considered acute. In
this group of patients, the success rate was as low as 18% [50]. In
addition, patients with small-colony variants of bacteria are
indicative of a chronic infection and should not be treated with
DAIR [51e53]. Finally, polymicrobial PJI increases the risk for failure
after DAIR [27,54,55]. This may be due to the fact that polymicrobial
PJI mainly occurs in patients with prolonged postoperative wound
healing disturbance. In these patients, the risk of misinterpretation
of the duration of infection is especially high.

Host factors

If the four criteria for curative DAIR are fulfilled and the patient
is not too frail for any surgical intervention, host factors should not
influence whether to perform debridement and implant retention.

Two risk scores for DAIR failure have been elaborated: the KLIC
(or KLICC) score and the CRIME80 score. The former score includes
the variables chronic kidney failure (K), liver cirrhosis (L), type of
index surgery (I), cemented prosthesis (C), and C-reactive protein
>115 mg/L (C) [39,56], and predicts early postoperative failure in
patients with a high score. However, the prediction reliability could
not be confirmed by different institutions [55,57]. The CRIME80
score includes chronic obstructive pulmonary disease, C-reactive
protein>150 mg/L, rheumatoid arthritis, indication for prosthesis,
male, no exchange of mobile parts, and age >80 years [32,58]. Pa-
tients with a high score have an increased risk for haematogenous
PJI, but its influence on the outcome after DAIR is debated [30,59].

It is obvious that an arthroplasty exchange is a more invasive
surgical approach than DAIR. However, in our experience, the fear
of harming themusculoskeletal apparatus by implant removal or to
create peri- or postoperative complications is too often used as an
argument for not replacing the arthroplasty in patients with the
above-mentioned host factors. Consequently, DAIR and SAT are
performed in patients in whom a joint exchange should be
performed to achieve cure. Of note, the outcome does not depend
only on the host factors. If no surgical intervention or an incomplete
debridement is performed, the risk of failure remains high. Yet, host
factors may influence the decision as to whether a defined anti-
biotic treatment duration of 3 months or SAT will follow debride-
ment, and whether any surgical intervention or ‘proper’
debridement will be applied. Thus, for a complete understanding of
curative DAIR, a view of the surgical approach is necessary, also.
Surgical approach

The aim of DAIR is elimination of infection with complete con-
servation of joint function [11,60]. Debridement in PJI is not a
simple septic surgical technique. It requires training and experience
for judging intraoperative status. The surgical procedure is
described in detail in Supplementary material. It is important to
note that debridement must be performed diligently and system-
atically [61]. Visible findings of chronic inflammation in the oper-
ating field are the intraoperative signs that the PJI was misclassified
as acute infection and that DAIR will likely not be curative. A sinus
tract that communicates from the joint to the skin is a known risk
factor failure [62,63]. A sinus tract communicating with other
anatomical structures not amenable to complete debridement due
to potential neurovascular damage (e.g. from hip joint to pelvic
region or adductor muscles) is a risk factor for failure that will be
identified by the septic surgeon. Years of experience as an ortho-
paedic surgeon per se is less important than profound knowledge of
PJI and septic joint pathological anatomy, and the ability to perform
this specialized technique [64].

Arthroscopic lavage does not allow access to all parts of the joint
and exchange of mobile parts. Thus, it has a significantly higher
failure rate than open debridement [13,65]. Similarly, a simple
washout, which might apply to an aseptic haematoma, does not
qualify as an optimal debridement procedure [66]. Exchange of
mobile parts is performed in most specialized centres [67]. How-
ever, the scientific proof of this procedure could not be proven in a
systematic review [68].

There are anatomical and surgical factors that indicate DAIR
failure, even when other factors for cure are fulfilled. The infection
may be associated with an incorrectly positioned and malfunc-
tioning arthroplasty. In this case, one-stage replacement should be
preferred. DAIR should not be applied when a joint cavity cannot be
correctly debrided, which occurs when thorough debridement of
the complete joint lining around the infected implant is not
feasible. Detailed surgical knowledge on how to perform DAIR and
when not to perform DAIR with a curative approach is often
missing in the data set of outcome studies.
The data challenge

Published studies on DAIR present different patient populations,
leading to varying indications and management in different cen-
tres. Thus, summarizing all published DAIR results in a systematic
review and uncritically comparing all outcome results has no
clinical impact. Most data are retrospective, and the analysis often
includes all patients in whom DAIR was performed. Data on
whether a sinus tract was present are frequently missing. Similarly,
data on whether a biofilm-active agent was used are often missing.
The detailed surgical debridement technique should be described
in the operative note. However, it is often not decrypted into
meaningful variables or is not at all considered for studies that
investigate the outcome of DAIR. It is possible that retrospective
outcome studies include cases with insufficient debridement,
which then decreases the overall success rate of DAIR.
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The decision for redo debridement [7e10] and prolonging
antibiotic treatment [11e13] depends on numerous non-medical
factors. Hence, the interpretation of these data is challenging and
cannot be uncritically extrapolated to other institutions with a
different epidemiology or decision-making process for these non-
medical factors. In specialized centres with PJI cohorts or under
clinical trial investigations, follow-up investigations are typically
scheduled in a timely manner [5]. This may not be the case in other
circumstances. These heterogeneities are frequently not captured
in the literature. Therefore, it is meaningful to differentiate the data
from specialized institutions with a primarily curative approach
from those with a palliative approach.

Outlook

In our narrative review, we have presented the different nu-
ances related to DAIR that are practised in different parts of the
world. The criteria predictive of a favourable outcome (a curative
approach) can only be applied rigidly if patient selection is strict.
Future providers and clinical researchers should precisely declare
the indication for DAIR, the variables that influence decision-
making for treatment options, the surgical technique applied, and
the type and duration of antimicrobial therapy. Such an approach
will increase the quality of research data and allow the develop-
ment of recognized subcategories of DAIR. With such a scheme, the
heterogeneity of outcome results can be counterbalanced.
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