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with I&D [1]. Of the 83 knees that had undergone prior I&D, 28 (34%) 
failed subsequent two-stage revision and required reoperation for 
persistent infection. With the numbers available, there was no diff er-
ence between success and failure with respect to age, gender or Amer-
ican Society of Anesthesiologists (ASA) grade. The other earlier study 
was a retrospective review of 44 patients who had undergone I&D for 
acute periprosthetic knee infections identifi ed from the HealthEast 
Joint Replacement Registry and the Minneapolis Veterans Aff airs 
Medical Center (MVAMC) total knee arthroplasty (TKA) database 
[2]. Of the 25 (57%) patients who failed an att empt at an I&D, 19 went 
on to an att empted two-stage revision procedure, and in only 11 of 
these 19 cases (58%) was the two-stage revision procedure ultimately 
successful. In a very recent retrospective review of 184 PJIs, Rajgopal 
et al. reported a 23.86% (21/88) failure rate after two-stage exchange 
following failed I&D compared to 15.62% (15/96) after direct two-stage 
exchange [3]. The success rate of the subsequent two-stage exchange 
arthroplasty procedures in all of these series is lower than historical 
published results, which the authors conclude may be due to the 
infection becoming more entrenched in the soft tissues and bone.

Two more recent studies on this topic report the opposite fi nd-
ings, namely that I&D before a two-stage exchange does not increase 
the risk of failure. Brimmo et al. used the California and New York 
State Inpatient Databases to identify all two-stage exchange revision 
TKA patients and compared failure rates, as defi ned as subsequent 
surgery due to infection within four years, between those with and 
without prior I&D [4]. Of the 750 patients who underwent two-stage 
exchange arthroplasty from 2005-2011, 57 (7.6%) had undergone a 
prior I&D.After four years, the estimated failure rate was 8.7% (95% 
confi dence interval (CI), 1.9%-16.9%) in the group with prior I&D 
and 17.5% (95%CI, 14.7%-20.4%) in the group without prior I&D. After 
adjusting for sex, race, insurance, median household income and 
comorbidities, the hazard ratio for the group with a failed I&D was 
0.49 (p = 0.122, 95% CI, 0.20-1.20) which the authors indicate revealed a 
lower risk of failure compared to the group without prior I&D. Nodzo 

et al. reviewed their single institutional experience of patients who 
underwent two-stage exchange arthroplasty for PJI of total knee 
replacements, which included 132 who had not had an I&D and 45 
patients who had a prior failed I&D [5]. The success rates between 
groups were similar at 82.5% and 82.2%, respectively, and the only vari-
able they studied which decreased the odds of reoperation was the 
use of greater than 2gm of vancomycin in the spacer construct.

As is evident from the current literature, there is no conclusive 
evidence whether performing a DAIR aff ects the outcome of a subse-
quent two-stage exchange arthroplasty. All of the articles included, 
whether single institution, multicenter or database derived reported 
on a small number of patients who actually had a two-stage exchange 
arthroplasty after a failed I&D (n = 83, 25, 88, 57, 45) and therefore small 
diff erences in accuracy of coding or interpretation of data could 
potentially sway the results signifi cantly. For those that support the 
belief that a failed I&D is associated with a decreased success rate for 
subsequent two-stage exchange arthroplasty, it may not be due to 
the infection becoming more established in the periarticular tissue, 
but that it is a patient or organism selection bias/confounding vari-
able, and those individuals that fail an I&D inherently have a higher 
risk of failing a subsequent two-stage exchange arthroplasty.
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QUESTION 11: How many debridement, antibiotics and implant retention (DAIR) procedure(s) 
are acceptable in management of patients with acute periprosthetic joint infection (PJI) of a 
primary arthroplasty before removal of components needs to be performed?

RECOMMENDATION: After one failed DAIR procedure, strong consideration should be given to removal of components. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 86%, Disagree: 13%, Abstain: 1% (Super Majority, Strong Consensus)

RATIONALE 

A systematic review of the literature was conducted utilizing the 
Medline/PubMed (www.ncbi.nlm.nih.gov/pubmed), Embase (www.
embase.com), and SCOPUS (www.scopus.com) databases. Studies 
in which there was a standard protocol for a second surgery other 
than DAIR (i.e., repeat surgery to remove antibiotic beads or planned 
multiple irrigation and debridement) were not included in this 
review. 

The majority of the studies reviewed are limited by their retro-
spective nature, small sample sizes and lack of diff erentiation 
between acute postoperative PJI and late-hematogenous PJI. Most 
researchers viewed failure of DAIR as an indication for a diff erent 

therapeutic procedure; thus, most studies were limited to a single 
DAIR. Studies in which multiple DAIRs were performed had given 
limited insight in their methodology as to why and when a second 
procedure was performed. Multiple DAIR procedures were only 
performed in a small portion of the sample size [1,2]. 

A retrospective review by Triantafyllopoulos et al. att empted 
to address the appropriate number of DAIR procedures a patient 
should undergo before resection arthroplasty should be performed.
In this retrospective series of 141 patients who underwent DAIR for 
treatment of a deep periprosthetic infection after primary or revi-
sion total knee arthroplasty (TKA) or total hip arthroplasty (THA), 
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19 patients underwent multiple DAIR procedures [3]. Of the 19 
patients who underwent multiple (two or three) DAIR procedures, 
10 (52.6%) achieved implant retention with infection control. Of 
the 122 patients who underwent a single DAIR, 78 (63.9%) achieved 
implant retention with infection control. All failures underwent 
prosthesis removal and two-stage reimplantation. The diff erence 
in failure rate between those who underwent multiple DAIR and 
those who underwent a single DAIR was not statistically signifi cant. 
This study was limited by several factors. The authors included both 
primary and revision surgeries, as well as a heterogenous mixture of 
acute postoperative PJI and late-hematogenous PJI. The manuscript 
also had no clear protocol for which patients underwent repeat DAIR 
or a diff erent procedure. Furthermore, there was no protocol for 
patients to undergo additional DAIR or any notation of the timing.
Patients who underwent a second DAIR greater than 20 days after 
the fi rst DAIR had 97.4% lower odds of achieving success compared 
to patients undergoing the second procedure less than 20 days after 
the fi rst [3].

A multicenter retrospective analysis by Urish et al. demonstrated 
109 out of 216 patients who underwent DAIR after TKA required an 
additional procedure [4]. Of the 109 failures, 59 underwent repeat 
DAIR. Ultimately, of the patients who failed initial DAIR, only 28.4% 
had DAIR as their fi nal procedure; thus, subsequent irrigation and 
debridement had a failure rate of over 70%.

Another retrospective study compared 64 patients who under-
went DAIR (n = 39) versus two-stage revision (n = 25) within three 
months of primary TKA. Of the 39 patients who underwent DAIR, 
there were 24 failures (61.5%) and all 24 underwent repeat DAIR [5]. 
All 24 DAIR procedures failed to control the infection [5]. The DAIR 
patients underwent on average 3.2 additional surgical procedures 

(range 1-6) to control the infection whereas the two-stage exchange 
patients underwent a mean of 2.2 surgical procedures (range 2-4). 
A further study by Vilchez et al. of 53 THA and TKA patients with PJI 
treated with DAIR, demonstrated that the need for a secondary DAIR 
was predictive of failure [6]. 

The literature demonstrates a second DAIR procedure has, at 
best, equivalent success as an initial DAIR procedure. In order to 
avoid additional surgical procedures, resection arthroplasty should 
be considered after an initial DAIR procedure. 
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QUESTION 12: What is the optimal length of antibiotic treatment following debridement, 
antibiotics and implant retention (DAIR) for acute periprosthetic joint infections (PJIs)?

RECOMMENDATION: The optimal length of antibiotic treatment following DAIR remains relatively unknown as there is considerable 
heterogeneity regarding the length, dose and administration of treatment. A minimum of six weeks of antibiotic therapy seems to be suffi  cient 
in most cases of PJIs managed by DAIR-provided surgical treatment.

LEVEL OF EVIDENCE:  Moderate

DELEGATE VOTE: Agree: 91%, Disagree: 8%, Abstain: 1% (Super Majority, Strong Consensus)

RATIONALE 

Acute PJIs may be treated by DAIR [1,2]. In this sett ing, antimicro-
bial therapy is administered at high doses during the postoperative 
period. The median success rate for DAIR for management of acute 
PJI varies from 34.8 - 100% [3–23]. However, none of the published 
reports directly compare the outcome of DAIR in relation to the 
length of antibiotic treatment.

In addition, the details of antibiotic treatment such as the 
route of administration, dose and the duration of therapy, appear 
to be missing. Two studies, though not providing the route of anti-
microbial treatment, stated that patients undergoing DAIR in the 
cohort received at least six weeks and a median of seven weeks 
(range, 3 to 39 weeks) of antimicrobial treatment [9,10]. Majority 
of the studies reporting the outcome of DAIR [3,5,7,13–18] used an 
antibiotic treatment regimen based up the algorithm proposed 

by Zimmerli et al. [1]. The latt er consists of 7 to 14 days of intrave-
nous antibiotics, followed by 3 to 6 months of oral antibiotics with 
activity against bacteria in biofi lm (e.g., ciprofl oxacin, adjunct 
therapy with rifampin). 

Four studies report that intravenous antibiotic was used in 
their cohort, with or without adjunctive oral antibiotics during the 
course of treatment for a median duration of six weeks [8,12,19,24]. 
A single study discloses that the patients received oral antibiotics 
only after the DAIR procedure, with a duration of six weeks to life-
long treatment [2]. The remaining 11 studies used a combination of 
intravenous, followed by oral antibiotic therapy. In these studies, the 
median duration of intravenous antibiotic therapy was 6 weeks and 
among the seven studies which reported the duration of oral antibi-
otics, the median was 16 weeks (range 9 weeks to lifelong).


