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Abstract. Purpose: Debridement, antibiotics, and implant retention (DAIR) is an established treatment modal-
ity in periprosthetic joint infections (PJIs), but success rates vary. This study compared the success of DAIR
for PJIs after a total hip arthroplasty (THA), with or without local antibiotic delivery with CaSO4 as the carrier
material. Methods: A retrospective review of DAIR for PJIs after THA performed between 2010 and 2018, in-
cluding 41 patients is conducted. A total of 27 patients were treated by DAIR with local antibiotics with CaSO4
as the carrier material, and 14 patients were treated by a standard DAIR. The endpoints were treatment failure,
defined as the need for a reoperation, either a second DAIR or a prosthesis removal or exchange due to persistent
or recurrent infection, the initiation of a long-term suppressive antibiotic treatment, or death related to infection.
Results: Considering any reoperation as an outcome, 11 of 14 cases treated without AB-CaSO4 (79 %) and 4
of the 27 cases treated with AB-CaSO4 failed (15 %). Considering revision as an outcome, 9 out of 14 cases
treated without AB-CaSO4 (64 %) and 4 of the 27 cases treated with AB-CaSO4 (15 %) failed. A Kaplan–Meier
survival analysis showed that local antibiotic delivery with CaSO4 as the carrier material led to a significantly
longer infection-free survival, considering any surgical revision (p < 0.0001; hazard ratio 8.9 (95 % CI 2.8–
28.2)) or revision with component exchange (p = 0.0015; hazard ratio 5.6 (95 % CI 1.7–18.2)) as the endpoint.
Conclusion: The addition of local antibiotics with CaSO4 as the carrier material to DAIR for PJIs after THA sig-
nificantly increases success rates, such as infection-free survival, any reoperation, and revision with component
exchange in particular.

1 Introduction

Periprosthetic joint infection (PJI) has an incidence of ap-
proximately 1 % after total hip arthroplasty (THA) and 2 %
after total knee arthroplasty (TKA) in large register-based
studies (Kurtz et al., 2010; Gundtoft et al., 2015; Huotari et
al., 2015). PJI is associated with high morbidity and mortal-
ity (Kurtz et al., 2012; Webb et al., 2014; Lum et al., 2018;
Natsuhara et al., 2019) and represents a high economic and
logistic burden on the healthcare system (Kurtz et al., 2012;

Vanhegan et al., 2012; Haddad et al., 2017; Fischbacher et
al., 2018; Sousa et al., 2018; Schwartz et al., 2020).

A two-stage exchange remains the standard therapy for
PJIs (Cooper and Della Valle, 2013; Osmon et al., 2013).
While being very successful regarding the eradication of in-
fection, this option is associated with functional outcomes
that are worse (Oussedik et al., 2010; Dzaja et al., 2015;
Grammatopoulos et al., 2017a, b; Herman et al., 2017),
with higher complications and increased mortality rates com-
pared to implant-retaining procedures and one-stage ex-
change (Berend et al., 2013; Browne et al., 2017; Barton
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et al., 2020). PJIs may also be treated successfully by de-
bridement, antibiotics, and implant retention (DAIR) if the
implant is well-fixated and if biofilm-active antibiotic treat-
ment is available (Trebse et al., 2005; Osmon et al., 2013;
Grammatopoulos et al., 2017b). The reported success rates
of DAIR, regarding the eradication of infection, vary from
35 % to 88 % (Deirmengian et al., 2003; Trebse et al., 2005;
Marculescu et al., 2006; Vilchez et al., 2011; Font-Vizcarra et
al., 2012; Aboltins et al., 2013; Lora-Tamayo, 2013; Gram-
matopoulos et al., 2017b; Lora-Tamayo et al., 2017). The
variability in the results may be explained by the heterogene-
ity of the cohorts, the influence of the duration of the symp-
toms and of the causative microorganisms, variable defini-
tions of success, and differing follow-up periods. Even a hard
outcome, such as reoperation, may result in differences in
analysis, as the persistence of infection is not necessarily di-
agnosed or reoperated and a suppressive antibiotic treatment
is possibly started instead (Prendki et al., 2017; Sandiford
et al., 2020). Repeated DAIR procedures may also be suc-
cessful, with persistence of infection after a first DAIR not
necessarily requiring component removal (Grammatopoulos
et al., 2017b; Wouthuyzen-Bakker et al., 2020). Neverthe-
less, the functional outcomes of successful DAIR correspond
to results obtained after primary THA or TKA without PJI
(Barros et al., 2019), which are much better than the func-
tional outcomes after two-stage exchange (Dzaja et al., 2015;
Grammatopoulos et al., 2017a; Herman et al., 2017).

The efficacy of the antibiotic treatment, and thus the suc-
cess rate of DAIR, may potentially be increased with local
antibiotic delivery. Calcium sulfate (CaSO4) is a particularly
interesting carrier material for this indication. As it dissolves,
it does not require secondary removal as bone cement (poly-
methyl methacrylate – PMMA) does (McKee et al., 2010). It
is soft and does not cause relevant third-body wear on pros-
thetic components (Heuberger et al., 2014), and it is compat-
ible with many antibiotics (Wahl et al., 2018). Biofilm-active
concentrations of vancomycin may be obtained locally for at
least 2 weeks and with therapeutic release for some months
(Post et al., 2017; Wahl et al., 2017; Baeza et al., 2019). The
aim of this study was to compare the success rates of DAIR
for PJI after THA with or without local antibiotic delivery
with CaSO4 as the carrier material.

2 Patients and methods

A retrospective, single-institution study of patients treated
with DAIR between January 2010 and December 2018 for
PJIs after THA was conducted. Cases were identified by
reviewing the in-house coding database for codes poten-
tially used for the revision of THA (Swiss Operation CHOP
codes 00.70 to 00.79 and 81.52.00 to 81.53.99) and review-
ing the prospectively collected database of patients receiving
local antibiotic treatment with CaSO4 as the carrier mate-
rial. DAIR procedures performed on primary THA, exclud-

Figure 1. Flowchart showing the process of patient identification,
exclusion, and grouping of PJI treatment options. Repeated revi-
sions were excluded with regard to higher failure rates. Only PJIs
following primary THA were considered.

ing larger-sized revision implants, were manually identified.
Cross-verification was performed with data from the Swiss
Arthroplasty Register (SIRIS) to identify septic revisions
performed after in-house primary THA. However, the lat-
ter identified no supplementary revisions. Thus, 990 revision
THAs were identified, of which 41 DAIR procedures could
be analyzed for this study (Fig. 1). Demographic data, co-
morbidities, surgical data, infection characteristics (includ-
ing diagnostic criteria, type of microorganism, and antibi-
otics administered), and follow-up data were then retrieved
from the electronic patient files.

The diagnosis of PJIs is based on current international
guidelines (Zimmerli et al., 2004; Osmon et al., 2013). At
least one of the two attending physicians of the hip team were
involved in all cases, with one physician being replaced in
2015. Since 2010, an anterior approach, performed in supine
position on a traction hemi-table applied to the operated leg,
has been the standard in-house procedure for primary THA.
Pre-existing, other approaches were also used, which was
particularly appropriate for external cases referred for treat-
ment. Debridement repeated within 72 h following the initial
DAIR procedure was supposed to be second-look operations
as part of the initial treatment plan and was not counted as
separate DAIR procedure. While there was no strict rule to
perform second-look operations, this was common practice
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in the early phase of the study. Modular components were al-
ways exchanged in DAIR procedures (Svensson et al., 2020)
but only once in the case of second-look operations. In case a
second look was performed, only the first operation was con-
sidered for the Kaplan–Meier analysis. Postoperative antibi-
otic treatment followed international guidelines, including a
biofilm-active drug administered as soon as possible and for
a total duration of 12 weeks (Zimmerli et al., 2004; Osmon et
al., 2013). Treatment in both groups was otherwise identical,
except for the local application of antibiotic-loaded calcium
sulfate (AB-CaSO4). AB-CaSO4 (Osteoset®; Wright Medi-
cal Technology, Inc., Arlington, Tennessee) was introduced
in our institution in 2015 and became routinely applied from
2017 onwards. The technical details regarding preparation of
the beads are described elsewhere (Wahl et al., 2017). Rou-
tinely, three 25 mL packs of Osteoset® loaded with 2 g van-
comycin each were implanted into the hip joint after debride-
ment. This quantity was usually reduced to one or two packs
in case of severe renal failure, due to potential for hypercal-
caemia. As ceftriaxone causes a major volume expansion, the
number of packs, consequently, also had to be reduced as
adaptation.

All patients underwent regular clinical and radiologic out-
patient follow-up. Since not every patient was able to at-
tend follow-up later than 3 months postoperatively, the pa-
tients and/or their general practitioners were contacted by
telephone to receive the required information for a follow-up
of at least 1 year after the DAIR procedure. Treatment failure
was defined as either any reoperation, such as a second DAIR
procedure beyond the accepted time limit of 72 h for a sec-
ond look, or a revision with prosthesis removal or exchange
due to persistent or recurrent infection. The introduction of a
suppressive antibiotic treatment or death related to infection
were also defined as treatment failures. The end of follow-up
or death for unrelated causes resulted in censoring.

Considering the small number of cases, scalar data are re-
ported with the median and range, and non-parametric tests
were used for comparison. Categorical data are reported with
number of cases and percentages. Differences in the distribu-
tion between groups were analyzed using Fisher’s exact test,
the chi-squared test for nominal variables, and Wilcoxon’s
rank sum test for ordinal variables. Kaplan–Meier survival
analysis was performed with DAIR or any revision later than
72 h after the first DAIR (Analysis A) and any revision with
implant exchange (Analysis B) as endpoints. The subgroup
analysis stratified by treatment with and without CaSO4 was
evaluated using a log rank test. Hazard ratios and 95 % con-
fidence intervals were derived from univariate Cox propor-
tional hazards regression models. All analyses were con-
ducted using the software package R (the R Project for Sta-
tistical Computing) with a significance level set at p < 0.05.

Prior to this study, written general consent for such an
analysis was obtained from all patients as a matter of rou-
tine. As this study only involved a retrospective review of
anonymized data without any intervention for study pur-

Figure 2. Graphical illustration of the number of cases of DAIR
procedures for hip PJIs included per year in the study and color-
coded depending on the application of antibiotic-loaded CaSO4
(AB-CaSO4). AB-CaSO4 was introduced in our department in
2015. The change happened progressively, with the last DAIR pro-
cedure performed without AB-CaSO4 at the beginning of 2017.
This does not appear on this figure, as cases operated without AB-
CaSO4 during the transition period fulfilled the exclusion criteria
of this study. The increase in cases during the last few years may
be indicative of a shift towards DAIR procedures induced by the
obviously favorable results with addition of AB-CaSO4.

poses, Swiss law requires no specific approval by an external
ethical committee.

3 Results

Among the 41 patients treated using the DAIR procedure for
PJI after THA with standard implants used for primary op-
erations, 14 were treated between 2010 and 2017 without lo-
cal application of antibiotics, and 27 were treated between
2015 and 2018 with AB-CaSO4. There were no planned sec-
ond looks in the AB-CaSO4 group, but there were three in
the group without AB-CaSO4. The patient demographics and
surgical data are summarized in Table 1. There were no sig-
nificant differences between both groups, except for the ASA
(American Society of Anesthesiology) score, with a higher
proportion of healthier (ASA score 1 and 2) patients in the
group without AB-CaSO4 (p = 0.004). The distribution of
cases of the study period is illustrated in Fig. 2. The spectrum
of microorganisms identified from intraoperative sampling is
shown in Table 2. All antibiotic treatments followed current
international guidelines regarding the selection of drug and
duration of administration (Zimmerli et al., 2004; Osmon et
al., 2013). No patient received any long-term suppressive an-
tibiotic treatment.

Considering any reoperation as outcome parameter, 11 of
14 cases treated without AB-CaSO4 failed (79 %), whereas 4
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Table 1. Demographic data and surgical characteristics of the study population. There are no statistically significant differences between
both groups. All categorial data were compared with chi-squared tests, while a non-parametric test was used for age. The resorbable bead
kit (RBK) was mixed with vancomycin or ceftriaxone, according to the causative bacteria and identified antibiotic resistances. Osteoset® T
(Wright Medical Technology, Inc.) is a ready-to-use product, containing 400 mg of tobramycin sulfate per 10 mL of beads.

All patients (n = 41) DAIR with AB-CaSO4 (n = 27) DAIR without AB-CaSO4 (n = 14) Statistics (p value)

Age (years), median (range) 70.2 (34.6–91.9) 71.3 (34.6–91.9) 65.3 (51.8–81.5)

Gender, n (%) 0.67a

Male 26 (63.4 %) 16 (59.3 %) 10 (71.4 %)
Female 15 (36.6 %) 11 (40.7 %) 4 (28.6 %)

BMI (kg/m2), n (%) 0.21c

< 24.9 6 (14.6 %) 5 (18.5 %) 2 (14.3 %)
25.0–29.9 16 (39.0 %) 12 (44.4 %) 4 (28.6 %)
30.0–34.9 6 (14.6 %) 6 (22.2 %) 0
35.0–39.9 4 (9.8 %) 2 (7.4 %) 2 (14.3 %)
> 40.0 2 (4.9 %) 2 (7.4 %) 0
Unknown 6 (14.6 %) 0 6 (42.9 %)

ASA score n (%) 0.004c

1 and 2 17 (41.5 %) 7 (25.9 %) 10 (71.4 %)
3 and 4 22 (53.7 %) 20 (74.1 %) 2 (14.3 %)
Unknown 2 (4.9 %) 2 (14.3 %)

Comorbidities

Diabetes 6 (14.4 %) 2 (7.4 %) 4 (28.6 %) 0.16b

Renal functione 0.08c

KDIGO 1 17 (41.5 %) 12 (44.4 %) 5 (35.7 %)
KDIGO 2 13 (31.7 %) 11 (40.7 %) 2 (14.3 %)
KDIGO 3a 6 (14.6 %) 4 (14.8 %) 2 (14.3 %)
NA 5 (12.2 %) 0 5 (35.7 %)
Therapeutic immunosuppressiond 5 (12.3 %) 4 (14.8 %) 1 (7.1 %) 0.64b

Fixation of index prosthesis 0.62b

Uncemented 29 (70.7 %) 18 (66.7 %) 11 (78.6 %)
Hybrid 10 (24.4 %) 7 (25.9 %) 3 (21.4 %)
Cemented 2 (4.9 %) 2 (7.4 %) 0

Surgical approach DAIR 0.09b

Anterior 31 (75.6 %) 21 (77.8 %) 10 (71.4 %)
Anterolateral 1 (2.4 %) 1 (3.7 %)
Lateral 3 (7.3 %) 3 (21.4 %)
Posterior 3 (7.3 %) 2 (7.4 %) 1 (7.1 %)
Trochanteric osteotomy/transfracture 3 (7.3 %) 3 (11.1 %)

Quantities of CaSO4 (Osteoset® RBK 25 mL), n (%)

1 pack 2 2
2 packs 11 11
3 packs 11 11
4 packs 1 1

Quantities of vancomycin, n (%)

2000 mg 1 1
4000 mg 10 10
6000 mg 11 11
8000 mg 1 1

Quantities of ceftriaxone, n (%)

2000 mg 1 1
4000 mg 1 1

Quantities of Osteoset® T (10 mL), n (%)

1 pack 1 1
2 packs 1 1

NA: not available. BMI is the body mass index. Results from a a chi-squared test, b Fisher’s exact test, and c Wilcoxon’s rank sum test. d Treatment includes systemic glucocorticoids and other medical
immunosuppressive drugs such as methotrexate. e The glomerular filtration rate was estimated with the Cockcroft–Gault formula (Cockcroft and Gault, 1976) and was categorized analogous to the stages
defined by KDIGO (kidney disease: improving global outcomes). The glomerular filtration rate could not be estimated for five patients in the group without AB-CaSO4 as no indication of their weight was
available. The serum creatinine values were within the normal range in these patients, though.

J. Bone Joint Infect., 7, 11–21, 2022 https://doi.org/10.5194/jbji-7-11-2022



K. Reinisch et al.: Local antibiotics with CaSO4 in DAIR for hip PJIs 15

Table 2. Overview of the microorganisms identified in our study population. There were no statistically significant differences between
the groups. The identification procedure for microorganisms changed during the study period. Until December 2017, only a phenotypical
identification was performed. Since January 2018, matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) spectrometry has
allowed the identification of individual species. As more than one microorganism may be identified in a patient’s samples, the total numbers
do not add up. In total, four cases had a polymicrobial infection, i.e., two in each treatment group. Any identified microorganism had to
fulfill the usual diagnostic criteria to be considered as causative (Zimmerli et al., 2004; Osmon et al., 2013). In two cases, culture-negative
infections were treated. In both cases, clinical and radiological signs were present, indicating an overt infection. However, in these cases,
antibiotic treatment had been started before sampling in a referring institution.

Microorganism All patients (n = 41) DAIR with AB-CaSO4 (n = 27) DAIR without AB-CaSO4 (n = 14)

Staphylococcus aureus 11 (26.8 %) 5 (18.5 %) 6 (42.9 %)
Coagulase-negative staphylococci 11 (26.8 %) 10 (37.0 %) 1 (7.1 %)
Streptococcus spp. 11 (26.8 %) 6 (22.2 %) 5 (35.7 %)
Enterococcus spp. 3 (7.3 %) 2 (7.4 %) 1 (7.1 %)
Corynebacterium spp. 2 (4.9 %) 1 (3.7 %) 1 (7.1 %)
Propionibacterium spp. 2 (4.9 %) 1 (3.7 %) 1 (7.1 %)
Bacillus spp. 1 (2.4 %) 1 (3.7 %)
Escherichia coli 3 (7.3 %) 2 (7.4 %) 1 (7.1 %)
Citrobacter spp. 1 (2.4 %) 1 (3.7 %)
Pseudomonas aeruginosa 3 (7.3 %) 2 (7.4 %) 1 (7.1 %)
Culture negative 2 (2.4 %) 2 (7.4 %)
Polymicrobial 4 (9.7 %) 2 (7.4 %) 2 (14.3 %)

Figure 3. The Kaplan–Meier cumulative survival curves of 41 pa-
tients with PJI of the hip treated by DAIR procedure are shown
and are stratified by treatment with and without local application of
antibiotics with CaSO4 as the carrier material. The end point was
defined as any reoperation, including DAIR or exchange, later than
72 h after the first DAIR. DAIR repeated within 72 h was accepted
as a second look and was not counted as a failure. The survival data
were compared using the log rank test. A significantly (p < 0.0001)
longer infection-free cumulative survival could be observed in the
intervention group compared to the control group. The confidence
interval indicated corresponds to a 95 % confidence interval. The
Cox proportional hazard ratio over the whole study period was 8.9
(95 % CI 2.8–28.2) for this analysis, favoring the addition of AB-
CaSO4.

Figure 4. The Kaplan–Meier cumulative survival curves of the 41
patients with PJI of the hip treated by DAIR procedure are shown
and are stratified by treatment with and without local application of
antibiotics with CaSO4 as the carrier material. The end point was
defined as any reoperation for component exchange. For this analy-
sis, repeat DAIR was not considered as a failure. The survival data
were compared using the log rank test. A significantly (p = 0.0015)
longer infection-free cumulative survival could be observed in the
intervention group compared to the control group. The confidence
interval indicated corresponds to a 95 % confidence interval. The
Cox proportional hazard ratio over the whole study period was 5.6
(95 % CI 1.7–18.2) for a revision with component exchange, favor-
ing the addition of AB-CaSO4.
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of the 27 cases treated with AB-CaSO4 failed (15 %). When
considering the revision with component exchange as fail-
ure, these numbers were 9 out of 14 cases treated with-
out AB-CaSO4 (64 %) and, respectively, 4 of the 27 cases
treated with AB-CaSO4 (15 %). The Kaplan–Meier survival
analysis showed that AB-CaSO4 led to a significantly longer
infection-free survival. The success rate regarding any reop-
eration (p < 0.0001; Fig. 3), and revision with component
exchange (p = 0.0015; Fig. 4), was also in favor of the DAIR
procedure with AB-CaSO4 compared to standard DAIR. For
all reoperations, the Cox proportional hazard ratio over the
whole study period was 8.9 (95 % CI 2.8–28.2), whereas it
was 5.6 (95 % CI 1.7–18.2) for the revision with component
exchange, with both procedures favoring the addition of AB-
CaSO4.

4 Discussion

In this study, infection-free survival and the success rates of
DAIR for hip PJI greatly improved when AB-CaSO4 was
added to the standard care (Figs. 3 and 4; Zimmerli et al.,
2004; Osmon et al., 2013). The differences in the survival
curves over time were highly significant (p < 0.0001) when
any reoperation was considered and remained significant
(p = 0.0015) when only revisions with exchange of the pros-
thesis were considered as treatment failure. This second anal-
ysis was performed as repeated DAIR may be successful, and
the recurrence of infection after a first DAIR does not nec-
essarily require the removal of the implants (Wouthuyzen-
Bakker et al., 2020). None of the patients received suppres-
sive antibiotic treatment, which might have biased the indi-
cation for reoperation. The findings of this study were con-
sistent, whichever outcome was analyzed. Expressed differ-
ently, the hazard ratio over the whole study period was 8.9
(95 % CI 2.8–28.2) for the outcome any reoperation, whereas
it was 5.6 (95 % CI 1.7–18.2) for a revision with component
exchange, with both procedures favoring the addition of AB-
CaSO4 despite the fact that the group treated without AB-
CaSO4 had a higher proportion of healthier patients, based
on the ASA score (Table 1).

Our observations are in contrast to previous publications,
which did not identify the advantages for the local delivery of
antibiotics in DAIR (Flierl et al., 2017; Wouthuyzen-Bakker
et al., 2019; Abosala and Ali, 2020). This may be due to a va-
riety of reasons. While PMMA remains the standard carrier
for local antibiotic delivery, drug elution kinetics are mostly
unfavorable (Mueller et al., 2004; Hsieh et al., 2006; Anag-
nostakos et al., 2009; Wall et al., 2021). Aminoglycosides
with bone cement serving as the carrier material may even
be associated with worse outcomes in DAIR (Wouthuyzen-
Bakker et al., 2019); this is not only due to the requirement of
reoperation to remove the non-resorbable carrier (McKee et
al., 2010). The choice of applied antibiotics may be another
explanation. Aminoglycosides (gentamicin and tobramycin)

are small molecules with a high solubility (DiCicco et al.,
2003). When not covalently bound, these drugs rapidly elute
from any carrier material, with the consecutive potential for
systemic toxicity (Swieringa et al., 2008; Anagnostakos et
al., 2009; Wahl et al., 2011; Overstreet et al., 2015). In addi-
tion, the mode of action of the aminoglycosides may be inad-
equate for orthopedic indications, as intracellular penetration
that is necessary for the primary mode of action of inhibi-
tion of the protein synthesis is an oxygen-dependent active
transport which is reduced in an acidic environment (Taber
et al., 1987; Kadurugamuwa et al., 1993). In this case series,
aminoglycosides were only added in two cases (Table 1) and
with the intention of optimizing the effect of vancomycin or
ceftriaxone, which are both known to have favorable elution
kinetics from CaSO4 (Wahl et al., 2017, 2018). The larger
volumes of beads used in this case series, compared to the
10 mL of Stimulan® (Biocomposites; Keele, UK) reported in
a study with low success rates in DAIR for PJI after THA
(Flierl et al., 2017), which is roughly equivalent to 25 mL
Osteoset®, may also lead to a more favorable elution due to
a bulk effect of the carrier material. Elution kinetics may also
differ due to differences in the concentration of vancomycin
and of tobramycin and explain the differences in the results
(Flierl et al., 2017).

The current study has several limitations which have to
be discussed. Patient care followed standard guidelines re-
garding patient selection and systemic antibiotic treatment
(Zimmerli et al., 2004; Osmon et al., 2013). A rather small
team of attending surgeons and infectious diseases special-
ists was involved, which ensured a certain standardization
and continuity. Whereas the principles of the DAIR proce-
dure were applied during the whole study period, the quality
of the procedure may vary. The inclusion period was set to
begin in 2010, as this corresponds to a switch in our depart-
ment to the anterior approach as the standard approach in
primary THA. However, CaSO4 as the carrier material for
the local delivery of antibiotics was introduced in our depart-
ment only in 2015 (Fig. 2). The introduction of AB-CaSO4
is associated with the raising of attention about PJIs by the
team involved. However, we cannot comment on the signif-
icance of the impact of this increased awareness, but it may
have to be considered as a potential bias. AB-CaSO4 became
the standard of care; the last DAIR without AB-CaSO4 at
our institution was performed in January 2017 (Fig. 1). From
a methodological point of view, this represents only a short
period of overlap. Basically, the current study compares two
different treatment modalities performed in separate periods.
Another limitation is the data quality of the retrospective pa-
tient file analysis. Thus, precise and detailed reconstruction
might not have been possible for all cases. This is one of
the reasons why DAIR repeated within 72 h was not consid-
ered as a failure but rather as a second look, which is a pro-
cedure commonly performed in the early study period. This
ceased with the local application of AB-CaSO4. The success
rate in the DAIR group without local antibiotic treatment ap-
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pears to be rather low compared to other case series (Lora-
Tamayo et al., 2013; Grammatopoulos et al., 2017b; Kunut-
sor et al., 2018; Wouthuyzen-Bakker et al., 2019; Shohat et
al., 2020; Wouthuyzen-Bakker et al., 2020). Small numbers
in the group without local antibiotics, mainly due to a high
early failure rate, lead to a consecutively broad confidence in-
terval in the later follow-up. Nevertheless, highly significant
improvements of results were observed in the AB-CaSO4
group. Our results for both DAIR with and without local an-
tibiotic treatment with CaSO4 appear similar to a recently
published study with similar design (historical comparison)
about knee PJIs (Gramlich et al., 2020). Only cases with reg-
ular implants for primary THA were included, limiting the
generalizability, as larger revision or tumor implants are as-
sociated with worse outcomes (Wouthuyzen-Bakker et al.,
2019). This may be due to a larger surface of the implants
exposed to contamination, reduced possibilities to obtain rad-
ical debridement, or due to impaired soft tissues in complex
reconstructions.

While corresponding to the spectrum of bacteria usually
encountered in hip PJIs (Fulkerson et al., 2006; Moran et al.,
2007; Schafer et al., 2008; Holleyman et al., 2016; Flierl et
al., 2017; Gramlich et al., 2020), the microbiology in this
case series was heterogeneous (Table 2). It is well known
that the outcome for certain microorganisms is worse than for
others (Lora-Tamayo et al., 2013, 2017; Wouthuyzen-Bakker
et al., 2019; Shohat et al., 2020). Nevertheless, the spectrum
of microorganisms may not explain the differences in results
(Table 2). Failure happened nearly exclusively within the first
few months after DAIR. This is in accordance with results
from other studies investigating virulent species like strepto-
cocci and methicillin-resistant staphylococci (Lora-Tamayo
et al., 2013; Flierl et al., 2017; Lora-Tamayo et al., 2017).
Extending antibiotic coverage to gram-negative bacteria was
only seldom necessary (Table 2). Standard systemic treat-
ment always was 12 weeks, following the regimes usually
recommended (Zimmerli et al., 2004; Osmon et al., 2013).
Antibiotic treatment was not extended, as recommended re-
cently for streptococci (Renz et al., 2019). No patients in-
cluded in this study had long-term suppressive antibiotic
treatment.

Curing infection is only one relevant issue among other pa-
rameters. Improving outcomes of DAIR procedures is very
important, as functional outcomes for successful DAIR are
much better than after exchange procedures are performed,
particularly if staged (Dzaja et al., 2015; Grammatopoulos
et al., 2017a; Herman et al., 2017). Reported success rates of
DAIR, regarding the eradication of infection, vary from 35 %
to 88 % (Deirmengian et al., 2003; Trebse et al., 2005; Mar-
culescu et al., 2006; Vilchez et al., 2011; Font-Vizcarra et al.,
2012; Aboltins et al., 2013; Lora-Tamayo et al., 2013; Flierl
et al., 2017; Grammatopoulos et al., 2017b; Lora-Tamayo
et al., 2017). In the group without local antibiotic applica-
tion, the mid-term success rate was comparatively low, which
points, of course, to other issues. On the other hand, the suc-

cess of DAIR with AB-CaSO4 has provided reliable results.
None of the patients received antibiotic suppressive treat-
ment, which would have biased the chosen outcome of re-
operation. As the risk of recurrence becomes neglectable af-
ter some years of follow-up (Slullitel et al., 2021), no later
failure of our cases is to be expected. In order to avoid is-
sues with the potential prolonged wound drainage reported
in association with CaSO4 (Abosala and Ali, 2020), subcuta-
neous suction drains were commonly left in place for 5 d or
more. As these drains are not intra-articular, contamination
by continuity from the skin should not be an issue (Sankar
et al., 2004; Ponnusamy et al., 2012). Rifampin should, how-
ever, be started only once the wound and any drain port sites
have become dry, which might be delayed (Achermann et
al., 2013). One of the most important factors for the success
of DAIR is that the implants are well fixed (Grammatopou-
los et al., 2017b). Time is, of course, associated with the
development or maturation of the biofilm, which has con-
secutively decreasing treatment success rates (Burger et al.,
1991; Marculescu et al., 2006; Vilchez et al., 2011; Fehring et
al., 2013; Lora-Tamayo et al., 2013; Grammatopoulos et al.,
2017a; Narayanan et al., 2018). Prolonged exposure to an-
tibiotics at high concentrations may, however, overcome and
even eradicate the matured biofilm (Post et al., 2017; Baeza
et al., 2019). The required thresholds may be obtained for
vancomycin with CaSO4 as the carrier material for approxi-
mately 2 weeks, with concentrations remaining above usual
MIC (minimal inhibitory concentration) for approximately
2 months (Wahl et al., 2017). When vancomycin is, thus,
applied locally, the delayed introduction of rifampin due to
drain port sites should not be an issue. The elution of ceftri-
axone may even be more favorable, but clinical data are still
lacking (Wahl et al., 2018).

In conclusion, this study shows a major advantage for lo-
cal antibiotic treatment with CaSO4 as the carrier material
in the outcome of DAIR procedures for hip PJI when used
as an addition to the standard treatment. Considering the
subgroups, this conclusion is mainly valid for vancomycin,
which was chosen regardless of the gram-positive bacteria
involved, when considering known pharmacokinetics. Our
results are, similarly, dramatically favorable to those in a
recently published study about knee PJIs (Gramlich et al.,
2020).
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