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Abstract. - OBJECTIVE: This study aimed at
examining if prior failed debridement, antibiotics,
and implant retention (DAIR) for prosthetic joint in-
fection have an impact on the success of subse-
quent two-stage revision arthroplasty (2SRA).

MATERIALS AND METHODS: Search was
conducted on PubMed, Embase, and Google
Scholar up to 14th April 2022 for studies compar-
ing 2SRA with and without a history of DAIR.

RESULTS: Six retrospective studies were includ-
ed. The success of 2SRA was defined as either ab-
sence of additional surgical intervention for infec-
tion or absence of antibiotic suppression or both.
We noted no statistically significant difference in
the odds of success between failed DAIR and no
DAIR group, albeit with an inclination of reduced
success with prior failed DAIR (OR 0.63 95% CI
0.33, 1.19 P=66% p=0.16). Five studies reported ad-
justed outcomes. The meta-analysis demonstrated
no statistically significant difference in the odds of
success between failed DAIR and no DAIR groups
(OR 0.57 95% CI 0.26, 1.26 P=66% p=0.17). During
sensitivity analysis, the removal of a single study
changed the effect size indicating significantly low-
er success rates in failed DAIR group.

CONCLUSIONS: Our results indicate that pa-
tients undergoing 2SRA after failed DAIR may
have a non-significant tendency of lower success
rates as compared to patients directly undergo-
ing 2SRA. However, current evidence is scarce
and fraught with several limitations and there is a
need for further research to delineate the impact
of failed DAIR on the success of 2SRA.
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Introduction

Total joint arthroplasty (TJA) is a routine elec-
tive surgical procedure performed worldwide.
The number of primary and revision procedures
has increased by a dramatic rate in the past de-
cade'. Indeed, a recent study? based on data from
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the USA indicates that the number of TJA proce-
dures is expected to increase by 85% in 2030.
Prosthetic joint infection (PJI) is a crippling
complication noted in 1-2% of individuals un-
dergoing TJA. It also accounts for approximately
15% of revision surgeries in such patients’. De-
spite a heightened interest in the prevention and
treatment of PJI amongst the orthopedic com-
munity, there has been no reduction in the rate
of this devastating complication for knee and hip
joints**. Recent models suggest that the rate of
PJI will grow by 170% for knee and 176% for hip
joint in the coming years?. PJI and its subsequent
management not only has a significant impact on
the clinical outcomes and quality of life of the pa-
tient, but it confers a significant financial burden
on the healthcare system as well*°. Since medical
research is continuously striving towards opti-
mum and cost-effective disease management, it is
imperative to understand the success of different
treatment options for the management of PJI.
Debridement, antibiotics, and implant retention
(DAIR) is generally the preferred treatment option
for PJI diagnosed in an early stage (within 4 weeks).
The procedure involves open arthrotomy followed
by irrigation and thorough debridement of the joint
for all infected matter®. As implants are retained
in this procedure, DAIR is low-cost, less invasive,
and associated with reduced morbidity as compared
to two-stage revision arthroplasty’. The success of
DAIR has improved over the years with recent data
suggesting favorable outcomes in >70% of patients
with DAIR®. However, in case of treatment failure,
two-stage revision arthroplasty (2SRA) remains the
only definitive treatment option for managing PJI®.
Since DAIR is not 100% successful, a large
number of patients undergo 2SR A with a prior his-
tory of DAIR and it is currently unclear if failed
DAIR impacts the success of subsequent revision
arthroplasty. In the past few years, researchers have
tried to understand the role of prior failed DAIR on
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outcomes of 2SRA but with conflicting results®'".
While one study suggests that prior DAIR has
no impact on overall success rates of 2SRA, oth-
er cautions surgeons and patients that failed DAIR
would compromise the results of subsequent
2SR A®. Given such contrasting evidence, there is
aneed to systematically analyze data to present the
best possible evidence to make informed clinical
decisions. Thus, this review was planned to sys-
tematically search literature and pool data from in-
dividual studies to assess the impact of prior failed
DAIR on outcomes of 2SRA.

Materials and Methods

Research Question

The research question of the study was: “Does
prior failed DAIR impact the success rates of sub-
sequent 2SRA?”. Reporting methodology of the
PRISMA statement (Preferred Reporting Items
for Systematic Reviews and Meta-analyses) was
followed'?. The review was registered on PROS-
PERO (No. CRD42022325129).

Literature Search

Studies for the review were searched PubMed,
Embase, and Google Scholar by two independent
reviewers up to 14" April 2022. The researchers
used the following term in different combinations:
“arthroplasty”, “joint replacement”, “irrigation and
debridement”, “debridement, antibiotics, and im-
plant retention”, “prosthetic joint infection”, and
“two-stage revision”. Further details of the search
strategy can be found in Supplementary Table 1.
The search strategy was common for all databas-
es. Due to the significantly high results in Google
Scholar, only the initial 100 results were examined.
This was considered to be the gray literature search
while the remaining were primary databases. Dupli-
cate search results were excluded, and the remain-
ing unique studies were reviewed by titles/abstracts.
Studies close to the review question were segregated
and full text downloaded. The two reviewers inde-
pendently read the articles for eventual inclusion.
Any disagreements in selection were resolved by
common consent. We further reviewed the bibliog-
raphy of included studies for any other references.

Eligibility Criteria

The PICOS (Population, Intervention, Com-
parison, Outcome, Study type) inclusion criteria
were: 1) all prospective/retrospective cohort and
cross-sectional studies conducted on patients
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undergoing 2-stage revision knee or hip joint ar-
throplasty for PJI (Population); 2) studies were
to have an Intervention group with a history of
failed DAIR before 2SRA (failed DAIR group)
and a Comparative group of individuals directly
undergoing 2SRA (No DAIR group); 3) studies
were to assess the success of 2SRA (Outcomes).
Criteria for success was not predefined and defi-
nition from the included studies were acceptable.

Exclusion criteria was: 1) studies not on pa-
tients undergoing revision arthroplasty; 2) studies
failing to report required outcomes; 3) non-En-
glish language studies; 5) those with duplicate
data. For duplicate studies, the one with the larg-
est patient population was eligible.

Data Extraction and Quality Assessment

Two authors independently extracted data of
the first author, study type, study location, joint
studied, sample size, mean age, gender, number
of diabetics, Carlson’s comorbidity index, the
definition of success, type of follow-up, and study
outcomes.

Risk of bias tool used for the review was the
Newcastle-Ottawa scale (NOS)"®. This was done
independently by two researchers. NOS awarded
stars for selection of study population, comparabil-
ity, and outcomes, with the highest score of nine.

Statistical Analysis

RevMan, version 5.3 (Review Manager Web,
The Cochrane collaboration, Copenhagen, Den-
mark) was the software selected for the analysis.
We used a random-effects model for all outcomes.
We pooled crude success rates using odds ratios
(OR) with 95% confidence intervals (CI). We also
used the multivariable-adjusted data on success
rates for the meta-analysis. A sensitivity analysis
was conducted for the primary outcome. A sub-
group was performed based on the definition of
success. Heterogeneity was judged by the P statis-
tic where 25-50% was low, 50-75% was medium,
and >75% denoted substantial heterogeneity. We
did not use funnel plots to assess publication bias
as there were less than 10 studies in the analysis.
p < 0.05 was considered statistically significant.

Results

1,373 unique articles were retrieved in the
search (Figure 1). Of these, 12 studies were ana-
lyzed by the full texts. Finally, 6 articles met the
inclusion criteria®!14-16,
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Table I. Details of included studies.

Study Location Joint Groups Sample Mean Male BMI DM Ccl Definition Follow- NOS
studied size Age gender kg/m? (%) of success up score
(years) (%) (years)
Kavolus etal® USA Hip Failed DAIR 49 57.6+13.8 46.9 NR NR NR No additional surgery required due 2 8
No DAIR 65 63.2+13.2 53.8 to infection after reimplantation
Lizaur-Utrilla Spain Knee Failed DAIR 43 73.3£6.2 349 32.6£74 372 2.7£1.6  No additional surgery required due 3 7
et al'® No DAIR 49 72.54¢7.5 22.4 31771 30.6 2.2+41.2 to infection or antibiotic
suppression after reimplantation
Kim et al®® New Knee Failed DAIR 75 64.5+9.6 61.3 342493 24 3+1.9 Retention of components 2 8
Zealand No DAIR 63 67.3£10.3 58.7 30.847.3 27 3.3+1.9 without antibiotics
Rajgopal India Knee Failed DAIR 88 69.5+NR 48.9 28.84NR 34.1 NR No additional surgery required due 2 8
et al No DAIR 96 68.2+NR 36.5 2744NR 20.8 to infection or antibiotic suppression
after reimplantation
Nodzo etal"  USA Knee Failed DAIR 45 66.8+11.4 533 30.6£7.5 NR 3.1£1.9 No additional surgery required due to 4 8
No DAIR 132 65.8+9.8 62.9 30.8+6.5 3.542 infection after reimplantation
Brimmo et a'® USA Knee Failed DAIR 57 68.1+10.4 58 NR NR NR No additional surgery required due to 2 8
No DAIR 693 66+£11.1 47 infection after reimplantation

BMI, Body mass index; CCI, Carlson’s comorbidity index; DAIR, debridement antibiotics and implant retention; DM, Diabetes Mellitus; NOS, Newcastle Ottawa Scale; NR, not reported.
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Records identified through database searching:
B PubMed (n=1493); Embase (n= 1990); Google scholar (n=500);
',‘E (Total=3983)
=
=)
c
Q
p=)
A
Records after duplicates
removed
(n=1373)
w Records excluded after evaluation of
£ »| title/abstract due to non-relevance
b (n=1361)
N
Full text articles excluded as
Full text articles screened they did not meet inclusion
for eligibility »| criteria
(n=12) ¢ Non-comparative studies
(n=6)
Z
a
=
w
A 4
Studies included in
systematic review
(n=6)
o Studies included in meta-
E analysis
g (n=6)

Figure 1. Study flow chart.

Three of the studies were conducted in the
USA!" while one each was conducted in India',
New Zealand", and Spain'® (Table I). All were
retrospective cohort studies. Only one study® was
conducted on patients undergoing hip arthroplasty,
while the remaining were on knee joints. The sam-
ple size in the failed DAIR group varied from 43
to 75 patients, while those in the no DAIR group
ranged from 49 to 693. The mean age of study pop-
ulation was above 55 years in all articles. There
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were some variations in the definition of success
in the included studies. It was defined as either ab-
sence of additional surgical intervention for infec-
tion or absence of antibiotic suppression or both.
Antibiotic spacers were used by all studies after
the first stage of revision arthroplasty and with
the variable postoperative antibiotic protocol. The
minimum follow-up amongst studies was 2 years
from 2SRA. The NOS score was high for the in-
cluded studies and ranged between 7-8.
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Failed DAIR No DAIR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% ClI
Kavolus 2020 28 49 57 65 16.6% 0.19 [0.07, 0.48] 2020 S —
Kim 2019 54 75 51 63 18.2% 0.61[0.27, 1.35] 2019 .
Lizaur-Utrilla 2019 35 43 45 49 12.6% 0.39 [0.11, 1.40] 2019 _—
Rajgopal 2018 67 88 81 96 19.1% 0.59[0.28, 1.24] 2018 —
Nodzo 2017 37 45 109 132 17.1% 0.98 [0.40, 2.37] 2017 I E—
Brimmo 2016 52 57 572 693 16.5% 2.20[0.86, 5.62] 2016 T
Total (95% CI) 357 1098 100.0% 0.63 [0.33, 1.19] —~ai
Total events 273 915
Heterogeneity: Tau® = 0.42; Chi® = 14.86, df = 5 (P = 0.01); I’ = 66% obs 02 : %
Test for overall effect: Z = 1.42 (P = 0.16) Favours [No DAIR] Favours [Failed DAIR]

Figure 2. Meta-analysis of crude success rates between failed DAIR and no DAIR groups.

On combined analysis of all 6 studies, we
noted no statistically significant difference in
the odds of success between failed DAIR and no
DAIR group, albeit with an inclination of reduced
success with prior failed DAIR (OR 0.63 95% CI
0.33, 1.19 ’=66% p=0.16) (Figure 2). On sensitiv-
ity analysis, the exclusion of the study of Brimmo
et al'” changed the significance of the results with
significantly reduced odds of success in the failed
DAIR group (OR 0.50 95% CI 0.29, 0.85 I’=43%

p=0.01). Details of subgroup analysis depending
upon the definition of success are presented in
Table II. The power of the analysis was signifi-
cantly reduced due to the fewer studies in each
subgroup. Adjusted outcomes were reported by
five of the six included studies. The meta-anal-
ysis demonstrated no statistically significant
difference in the odds of success between failed
DAIR and no DAIR groups DAIR (OR 0.57 95%
CI 0.26, 1.26 P=66% p=0.17) (Figure 3). Howev-

Table Il. Subgroup analysis of success of 2-stage revision joint arthroplasty based on definition of success.

without antibiotics

Definition of success Number Number of Effect Size
of studies participants (Odds Ratios)
Failed No
DAIR DAIR
Crude success rates
No additional surgery required due 3 151 890 0.74 95% CI: 0.18, 2.99 12=86% p=0.67
to infection after reimplantation
No additional surgery required due 2 131 145 0.53 95% CI: 0.28, 1.01 12=0% p=0.05
to infection or antibiotic suppression
after reimplantation
Retention of components 1 75 63 0.61 95% CI: 0.27, 1.35 I12=- p=0.22
without antibiotics
Adjusted success rates
No additional surgery required due 3 151 890 0.68 95% CI: 0.18, 2.58 12=81% p=0.57
to infection after reimplantation
No additional surgery required due 1 88 96 0.52 95% CI: 0.27, 1.00 12=- p=0.05
to infection or antibiotic suppression
after reimplantation
Retention of components 1 75 63 0.25 95% CI: 0.03, 1.80 I2=- p=0.17

DAIR, debridement, antibiotics, and implant retention.
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Study or Subgroup

0Odds Ratio
log[Odds Ratio] SE Weight IV, Random, 95% Cl Year

0Odds Ratio
1V, Random, 95% CI

Test for overall effect: Z = 1.38 (P = 0.17)

Kavolus 2020 -1.5141 0.5161 21.1% 0.22 [0.08, 0.60] 2020 —_—
Kim 2019 -1.3823 1.0052 10.7% 0.25[0.03, 1.80] 2019
Rajgopal 2018 -0.6539 0.3344 26.3% 0.52[0.27, 1.00] 2018 — =
Nodzo 2017 -0.4155 0.5843 19.2% 0.66 [0.21, 2.07] 2017 —_—
Brimmo 2016 0.7129 0.4588 22.7% 2.04 [0.83, 5.01] 2016 T
Total (95% CI) 100.0% 0.57 [0.26, 1.26] i
ity: Tau? = - Chi? = = = = ; } }
Heterogeneity: Tau® = 0.51; Chi® = 11.85, df = 4 (P = 0.02); I’ = 66% o1 o1 10 100

Favours [Failed DAIR] Favours [No DAIR]

Figure 3. Meta-analysis of adjusted success rates between failed DAIR and no DAIR groups.

er, on sensitivity analysis, exclusion of the study
of Brimmo et al'’ again changed the significance
of the results with significantly reduced odds of
success in the failed DAIR group (OR 0.43 95%
CI10.26, 0.69 P=0% p=0.0005). Results subgroup
analysis based on the definition of success is pre-
sented in Table I1.

Discussion

2SRA is deemed to be the gold standard treat-
ment for PJI. However, the time of infection, pa-
tient factors, type of microorganism, and availabil-
ity of surgical skill are important considerations
in choosing the most appropriate treatment plan.
In this context, DAIR may be preferred owing to
the lower morbidity and cost of the procedure’.
However, does prior DAIR impact success rates
of subsequent 2SR A? Our results indicate that al-
though there is a tendency for higher failure rates
of 2SR A in patients with failed DAIR, the differ-
ence is not statistically significant.

In our review, which included a pooled sam-
ple of 357 patients with failed DAIR, the success
rates of 2SRA were noted to be 76.47%. On the
contrary, the success rate in 1,098 patients direct-
ly undergoing 2SRA was 83.33%. These figures
are more or less parallel to those reported in the
literature. Single-arm studies like that of Sherrell
et al” have reported success rates of only 66% in a
cohort of 84 patients undergoing 2SR A with prior
failed DAIR. They defined success as no addition-
al surgical intervention for infection and attribut-
ed the lower success rates to the additional time to
recovery post DAIR. In another study, Gardner et
al'® reviewed 44 cases of knee arthroplasty under-
going DAIR of which 25 patients (57%) failed and
19 patients underwent 2SRA. On final follow-up,
only 11 (58%) of these revisions were deemed to
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be successful. Cochran et al”, in a retrospective
study of the Medicare database, evaluated success
rates of 2,150 knee arthroplasty patients who un-
derwent prior DAIR with liner exchange. After a
follow-up of one year, 74.3% of cases were suc-
cessful, but the success rate dropped to 60% after
6 years. In comparison, a recent study by Corona
et al?® has demonstrated a success rate of 80.6% in
PJI patients undergoing 2SRA.

On comparing data with patients directly un-
dergoing 2SRA, we noted that despite the lower
success rates of failed DAIR group the difference
was not statistically significant. On close analysis
of the forest plot, it can be seen that a statistically
significant difference in success rates between the
two groups was noted only by Kavolus et al’, while
the remaining studies noted no such difference.
Also, on sensitivity analysis, exclusion of the study
of Brimmo et al'® changed the significance of the
results and indicated 50% lower odds of success in
patients with prior DAIR on a pooled analysis of
the remaining studies. One probable reason for this
variation could be attributed to the eligibility crite-
ria of Brimmo et al'®. The authors excluded all pa-
tients who had DAIR two years before 2SRA and
with a follow-up longer than four years. No such
restriction was placed by the remaining studies.

The tendency of lower success rates of 2SRA
with prior DAIR is difficult to explain as DAIR
by itself is not deleterious. Pathophysiologically,
there seems to be no harm in performing DAIR
in acutely infected joints with appropriate indi-
cation. Kavolus et al’ have hypothesized that the
time gap between initial DAIR and subsequent
explantation may allow maturation of biofilm col-
onies, which enables the microorganisms to be-
come more entrenched in the periprosthetic bone.
Such deep-rooted infection may be difficult to
eradicate with subsequent 2SR A leading to infe-
rior outcomes. Secondly, the lower success with
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failed DAIR may also be attributed to the baseline
characteristics of these patients. Furthermore, due
to the retrospective nature of the studies, there are
obvious concerns regarding selection bias. Prob-
ably, patients without comorbidities who had PJI
due to antibiotic-sensitive bacteria and received
timely DAIR with successful outcomes were
excluded from the analysis. Only those patients
with comorbidities and resistant bacteria or those
who did not receive appropriate DAIR may have
been included in the failed DAIR group. Indeed,
the literature suggests that the success of DAIR
depends on several factors and is highly variable.
Kunutsor et al?!, in a meta-analysis of 99 observa-
tional studies, have reported the success of DAIR
to be 61.4% ranging from a low of 11.1% to 100%.
Such disparity was attributed to several differenc-
es in patient characteristics. Research has shown
that polymicrobial infections and those caused by
resistant organisms like Staphylococcus Aureus
decrease the success rates of DAIR**%. A recent
study has suggested that streptococcal PJI are
also associated with worse outcomes after DAIR
and Streptococcus agalactiae infection is an in-
dependent predictor of failure**. In one study,
Rajgopal et al' noted higher failure rates in the
failed DAIR group; however, on the exclusion of
PJIs caused by resistant organisms, they found no
difference in the success of 2SR A between failed
and no DAIR groups. In addition to the type of
microorganism, variables like patients’ age, gen-
der, comorbidities, symptoms duration, type and
duration of antibiotic therapy can also impact out-
comes of DAIR?%,

In this context, it becomes important to ana-
lyze multivariable-adjusted success rates to pro-
vide a better delineation of outcomes in the two
groups. In our second meta-analysis, we again
noted no significant impact of prior DAIR on suc-
cess rates of 2SR A on pooling adjusted outcomes
from included studies. Also, as seen earlier, once
the study of Brimmo et al'® was excluded, the re-
sults were again significantly in favor of direct
2SR A with prior DAIR reducing the success rates
by 57%. However, owing to the small number of
studies included in the review, the results may not
allow for strong conclusions and there is a need
for further research on this important subject.

Another important aspect to consider while in-
terpreting the results is the variability in the defi-
nition of success for treatments of PJI. Tan et al?,
in a study of 703 PJI patients undergoing 2SRA
have reported variable success rates ranging from
54.2% to 88.9% just based on different definitions

used. A standardized definition of success of sur-
gical treatment of PJI has not evolved yet due to
several factors like lack of reimplantation in some
patients due to medical issues and difficultly in
defining an adequate follow-up time*. However,
there is an urgent need to devise one single defi-
nition of success to ease comparison between dif-
ferent surgical procedures carried out at different
centers worldwide for PJI. In this review, we not-
ed three different definitions of success amongst
the included studies. While we attempted to ana-
lyze the difference in outcomes using a subgroup
analysis, the number of included studies in each
subgroup was too scarce for definitive conclu-
sions. All six studies were pooled in one analysis
based on the optimism that the same definition
was used in the failed DAIR and no DAIR groups
in each study.

Limitations

The limitations of this review are quite a few.
Other than the difference in definitions of success
there were other variations between the included
studies. One study was carried out on the hip joint
while others were on the knee joint. The baseline
patient characteristics, antibiotic regimen, micro-
biology of infection were variable in the included
studies. Secondly, only six studies were available
for analysis and all of them were retrospective
in nature with a high tendency of selection bias.
Thirdly, since the studies were conducted at vari-
able periods and different centers worldwide there
could have been differences in the treatment proto-
col along with variations in the surgical methodol-
ogy. All these factors could have skewed the over-
all results. Fourthly, the period between DAIR and
2SR A was not reported by the included studies. At
this point, it is unclear if this factor has an impact
on treatment success. Lastly, the follow-up dura-
tion was also not congruent in the included studies.

Conclusions

Nevertheless, this review is the first to assess
the role of prior DAIR on outcomes of subsequent
2SRA. Our review shows that patients undergoing
2SRA after failed DAIR may have a non-signifi-
cant tendency of lower success rates as compared
to patients directly undergoing 2SRA. However,
current evidence is scarce and fraught with sev-
eral limitations and there is a need for further re-
search to delineate the impact of failed DAIR on
the success of 2SRA.
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