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ABSTRACT

Introduction: Guidelines have improved the
management of prosthetic joint infections (PJI).
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However, it is necessary to reassess the inci-
dence and risk factors for treatment failure (TF)
of Staphylococcus aureus PJI (SA-PJI) including
functional loss, which has so far been neglected
as an outcome.

Methods: A retrospective cohort study of SA-PJI
was performed in 19 FEuropean hospitals
between 2014 and 2016. The outcome variable
was TF, including related mortality, clinical
failure and functional loss both after the initial
surgical procedure and after all procedures at
18 months. Predictors of TF were identified by
logistic regression. Landmark analysis was used
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to avoid immortal time bias with rifampicin
when debridement, antibiotics and implant
retention (DAIR) was performed.

Results: One hundred twenty cases of SA-PJI
were included. TF rates after the first and all
surgical procedures performed were 32.8% and
24.2%, respectively. After all procedures, func-
tional loss was 6.0% for DAIR and 17.2% for
prosthesis removal. Variables independently
associated with TF for the first procedure were
Charlson > 2, haemoglobin < 10 g/dL, bacter-
aemia, polymicrobial infection and additional
debridement(s). For DAIR, TF was also associ-
ated with a body mass index (BMI) > 30 kg/m?*
and delay of DAIR, while rifampicin use was
protective. For all procedures, the variables
associated with TF were haemoglobin < 10 g/
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dL, hip fracture and additional joint surgery not
related to persistent infection.

Conclusions: TF remains common in SA-PJI.
Functional loss accounted for a substantial
proportion of treatment failures, particularly
after prosthesis removal. Use of rifampicin after
DAIR was associated with a protective effect.
Among the risk factors identified, anaemia and
obesity have not frequently been reported in
previous studies.

Trial registration: This study is registered at
clinicaltrials.gov, registration no.
NCT03826108.
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Graphical abstract:

Rates and predictors of treatment failure in Staphylococcus aureus prosthetic joint infections
according to different management strategies: a multinational cohort study
(The ARTHR-IS study group).

Why carry  S. aureus has been associated with a higher rate of prosthetic joint infection (PJI) and treatment failure (TF) compared to other pathogens.
out this

study

Changes in last decades in management of S. aureus PJI (SA-PJI) makes it necessary to reassess the incidence and risk factor (RF)s for treatment
failure including functional loss which has been previously neglected as an outcome.

Population q'.
. 6 European countries 128 post-surgical SA-PJI M
and location HHE 18 sites, 2014-2016
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* Functional loss
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What was - A considerable proportion of SA-Plis failed after initial surgical treatments, although a substantial part of them can be rescued by additional

learned procedures
izz:y‘he - Significant functional loss must be considered in addition to clinical failure, mainly in patients in whom the prosthesis was removed, with no

possibility of recovery.
- In patients manage with debridement, antibiotic and prosthesis retention (DAIR), the loss of function was lower even if this procedure fails.
- Anaemia and obesity were risk factors for treatment failure that are rarely reported.
- The importance of some risk factors for treatment failure were reinforced, including the protective role of rifampicin-based treatment in DAIR.

The graphical abstract represents the opinions of the authors. For a full list of declarations, including funding and author disclosure statements, and copyright
information, please see the full text online.
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PLAIN LANGUAGE SUMMARY

Staphylococcus aureus is one of the most virulent
bacteria and frequently causes prosthetic joint
infections.

Knowledge of the treatment of this type of
infection has advanced in recent years, and
treatment guidelines have led to improved
management. Typically, the successful treat-
ment of these infections has been determined by
clinical cure, that is, the symptoms of infection
have disappeared, but has not taken into account
loss of function (such as significant difficulties
walking), which is critical for the patient’s qual-
ity of life. Our aim in this study was to evaluate
the success of current management strategies for
S. aureus prosthetic joint infection, including
recovery of functionality, and the factors that
predict why some of these infections are not
cured, to identify areas for improvement.

In a multinational cohort of 128 patients with
S. aureus prosthetic joint infection, rates of
treatment failure were found to be high, with
significant rates of loss of function, especially
when the prosthesis needed to be removed. Loss
of function was less frequent when the infection
was initially treated with surgical cleaning with-
out removal of the prosthesis, even when this
procedure failed at first. We found that anaemia
and obesity were associated with lower treatment
success, and that the probability of treatment
success increased when surgical cleaning with-
out prosthesis removal was performed early, and
when the antibiotic rifampicin was used in
combination with another antibiotic.

Keywords: Prosthetic joint
Staphylococcus aureus; Outcome;
failure; Functional failure

infection;
Clinical
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Why carry out this study?

Staphylococcus aureus has been associated
with a higher rate of prosthetic joint
infection (PJI) and treatment failure
compared with other pathogens.

Changes in the management of S. aureus
PJI (SA-PJI) in recent decades make it
necessary to reassess the incidence and
risk factors for treatment failure, including
functional loss which has previously been
neglected as an outcome.

What was learned from the study?

A considerable proportion of SA-PJIs failed
after initial surgical treatments, although
a substantial part of them can be rescued
by additional procedures.

Significant functional loss must be
considered in addition to clinical failure,
mainly in patients in whom the prosthesis
was removed, with no possibility of
recovery.

In patients managed with debridement,
antibiotic and prosthesis retention
(DAIR), the loss of function was lower
even if this procedure fails.

Anaemia and obesity were risk factors for
treatment failure that are rarely reported.

The importance of some risk factors for
treatment failure was reinforced,
including the protective role of
rifampicin-based treatment in DAIR.

DIGITAL FEATURES

This article is published with digital features,
including [list digital features available e.g. a
video abstract and slide deck], to facilitate
understanding of the article. To view digital
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features for this article go to https://doi.org/10.
6084/m9.figshare.21163246.

INTRODUCTION

Staphylococcus aureus is widely recognized as a
key microorganism causing prosthetic joint
infection (PJI), and has been associated with
higher rates of treatment failure (TF) compared
with other aetiologies [1]. However, studies
evaluating TF have traditionally focused on
outcomes related primarily with control of the
infection [2-8], while functional outcomes have
been given little consideration. A definition of
TF that integrates clinical and functional
aspects could provide a more realistic measure-
ment of the consequences of S. aureus-PJI (SA-
PJI).

TF rates may vary according to patient
characteristics, infection type (early, delayed or
late) and surgical management. Implementa-
tion of the recommendations included in the
guidelines for the management of PJI [9, 10]
may have positively influenced changes in the
rates and predictors of TF in general, and par-
ticularly in patients managed with debride-
ment, antibiotics and implant retention (DAIR).
For SA-PJI, however, there is little published
data on the outcomes associated with different
therapeutic strategies and their predictors, and
the timing and role of rifampicin in combina-
tion with other antibiotics, particularly in
patients undergoing DAIR, remain
controversial.

Assessments of TF tend to be analysed for the
first surgical procedure performed to treat the
infection, which is important to evaluate the
outcomes associated for the decision about
which procedure must be performed. However,
additional procedures are usually performed if
that first procedure fails to cure the infection,
which may rescue some patients but could also
affect the functional outcome. Evaluations of TF
considering all the procedures performed are
not usually made. Such an evaluation would
provide a more global view of the final conse-
quences of SA-PJI.

The objectives of this study were to provide
updated rates of TF in SA-PJI, taking into

account clinical and functional aspects, and to
investigate the predictors of TF according to
different management strategies. The assess-
ment of both objectives will be carried out for
both the first surgical procedure and all addi-
tional procedures performed on patients in
whom the first one failed.

METHODS

Study Design, Sites and Period

This study is part of the ARTHR-IS project (reg-
istered at clinicaltrials.gov: NCT03826108) and
was designed to evaluate the incidence, risk
factors and predictors of SA-PJI TF after primary
hip and knee arthroplasty. A retrospective
cohort study was conducted in 19 European
hospitals to identify patients older than 18 years
who received a primary arthroplasty between 1
January 2014 and 31 December 2016 and
developed post-surgical knee or hip PJI due to
S. aureus within the first year after the proce-
dure. The participating sites, located in Spain,
Italy, France, Germany, UK and the Nether-
lands, were selected using the CLIN-NET net-
work (https://www.combacte.com/about/clin-
net/), based on their research experience and
data collection capability.

The STROBE recommendations were fol-
lowed for the reporting of the study (Supple-
mentary Table S1).

Participants

Patients with post-surgical hip or knee PJI due
to S. aureus diagnosed within the first year after
primary arthroplasty were included. The criteria
used to define SA-PJI were as follows: presence
of at least one sign or symptom of PJI, including
joint pain and/or swelling, or a sinus tract
communicating with the prosthesis; and the
isolation of S. aureus from (a) > one joint aspi-
rate culture, (b) > two periprosthetic tissue
samples and (c) blood cultures with no other
obvious source of infection. The patients were
identified by reviewing medical records from
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microbiological laboratory databases, local PJI
surveillance databases and discharge reports.

Variables and Definitions

The primary outcome variable was TF until
month 18 after the first surgical procedure per-
formed, and was analysed separately both for
the first surgical procedure performed (mim-
icking an intention-to-treat analysis for that
procedure) and for all procedures performed
(including those performed after failure of the
first one). TF was defined as a composite vari-
able including SA-PJI-related mortality, clinical
failure and functional failure. Clinical failure
was defined as persistence or recurrence of signs
or symptoms of infection. For the analysis of
the first procedure, this also included the need
for an additional course of antibiotics beyond
the initial one, the need to use long-term sup-
pressive antibiotic therapy and need of pros-
thesis removal if not performed as the initial
surgical procedure. Functional failure was
defined as impeded or significantly impaired
walking due to prosthetic loosening or the need
to perform a Girdlestone procedure or
arthrodesis. Finally, TF was also analysed in the
subgroup of patients who underwent DAIR as
the first procedure.

Potential predictors of TF were selected
according to previous studies [2-8] and addi-
tional hypotheses developed by the project
team, and are included in Tables 1 and 2.

DAIR as primary treatment procedure was
considered appropriate if it was per-
formed < 21 days from onset of PJI symptoms,
there was no sinus tract communicating with
the joint prosthesis and replacement of poly-
ethylene or mobile components was performed
according to IDSA guidelines [9]. The defini-
tions for other variables are included in the
Supplementary Table S2.

Data Collection and Ethical Aspects

Data collection was supervised locally by staff
with relevant expertise in the field. Data were
entered into an anonymized electronic case
report form and checked for missing values and

inconsistencies. The study was approved by the
Ethics Committees at each site (Supplementary
Table S5). The need to obtain written informed
consent was waived owing to the retrospective
nature of the study and anonymized data,
except in the case of the French hospitals where
a letter of non-opposition was sent to eligible
patients. All patients included in these centres
therefore gave their authorization to
participate.

Statistical Analysis

For bivariate analysis of the association of
exposure variables with TF, relative risks with
95% confidence interval (CI) were calculated;
p values were calculated by Chi-square or Fish-
er’s exact test, as appropriate. Continuous vari-
ables were categorized after analysing for
stratified associations with TF. Multivariable
analyses were performed by logistic regression:
the effect of study site was controlled for using a
generalized linear mixed model in which study
sites were considered random effects. Variables
with p value < 0.15 in bivariate analysis, and
those considered as potentially relevant from
clinical judgement, were entered into the
models and selected using a manual stepwise
backward procedure. Variables with
p value <0.1 were Kept in the models.
Collinearity and modification effects between
variables were studied when clinically sound.
The predictive ability of each model was
examined by calculating their areas under the
receiver operating characteristic (AUROC)
curves with 95% Cls. For the effect of rifampicin
in the subgroup of patients who underwent
DAIR as first surgical treatment, a propensity
score (PS) was calculated using a non-parsimo-
nious multivariate logistic regression model, in
which the outcome variable was combination
therapy with rifampicin. As further sensitivity
analyses for the impact of rifampicin therapy,
parsimonious multivariate logistic regression
models were performed, in which one or two
other variables were removed. In addition, to
avoid immortal time bias, landmark analysis
was used, excluding patients who died or failed
treatment in the first 21 days after debridement.
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Table 1 Characteristics of 128 patients with Staphylococ-
cus aureus prosthetic joint infections (SA-PJI)

Variables No. of patients
(percentage), except
where specified

Spain 52 (40.6)

France 15 (11.7)

Germany 7 (5.5)

United Kingdom 6 (12,5

Italy

The Netherlands

Male sex

Born abroad

Age in years; median (IQR)

Body mass index units; median
(IQR)

ASA 3-4 assessment for primary
arthroplasty

Charlson comorbidity index;
median (IQR)

Comorbidities
Chronic heart failure
Chronic pulmonary disease
Diabetes mellitus
Chronic renal insufficiency
Reason for arthroplasty
Osteoarthritis
Hip fracture
Osteonecrosis
Others
Type of arthroplasty
Total hip arthroplasty
Partial hip arthroplasty
Total knee arthroplasty
Partial knee arthroplasty

7 (133

21 (164

65 (50.8
2 (15)
73 (59.3-80.8)
31.2 (25.6-35.1)

)
)
)
)

64 (50%)

1(1-2)

13.3)
23.4)

—~ o~ —~

29
5(3.9)

22.7)

Table 1 continued

Variables

No. of patients
(percentage), except
where specified

Methicillin-resistant

Staphylococcus aureus
Polymicrobial infection

Bacteraemia

Days from arthroplasty to onset of

SA-PJI symptoms; median

(IQR)
Symptoms and signs of SA-PJI
Fever

Joint pain

Suppuration

Cellulitis

Wound dehiscence

Articular swelling

Sinus tract

Laboratory data at diagnosis of
SA-PJI; median (IQR)

Haemoglobin (g/dL)
Blood leucocytes (cells/pL)
C-reactive protein (mg/L)

Erythrocyte sedimentation rate

(mm/h)

Type of initial surgical procedure
performed to treat SA-PJI

Debridement and prosthesis

retention

Partial removal and

reimplantation

One-stage replacement and

reimplantation

Two—stage replacement and

reimplantation

8 (21.9)

36 (28.1)
25 (19.5)
24 (15-36)

105 (9.5-11.4)
9600 (7550-12,950)
84.5 (23.2-224.2)
68.5 (39.8-92.3)

99 (77.3)

6 (4.7)

4(3.1)

13 (10.2)
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Table 1 continued

Variables No. of patients
(percentage), except

where specified

Girdlestone procedure (hip 6 (4.7)
resection arthroplasty)
Days from onset of SA-PJI 4 (1-11)
symptoms to first surgical
procedure performed; median
(IQR)
Days of antibiotic treatment to
treat PJI; median (IQR)
Empirical intravenous 2 (1-4)
Target intravenous 16 (11-34)
Target oral 50 (33-80)
Total 73 (56-96)
Target oral antibiotics
Rifampicin 103 (80.5)
Fluoroquinolones 73 (63.5)
Clindamycin 17 (14.8)
Trimethoprim—sulfamethoxazole 15 (13.0)
Tetracyclines 3 (2.6)
Linezolid 4(35)
Others 3 (2.6)
RESULTS

Patient Characteristics and Treatment
Failure Rates

A total of 130 cases of SA-PJI were detected, and
128 were included (relevant follow-up data were
missing for the other two). The median number
of cases per hospital was 7 (interquartile range
[IQR] 5-9). The median age of patients was
73 years (IQR 59-81 years); 65 (50.8%) were
males; 77 (60.2%) had hip arthroplasty (50 total
and 27 partial) and 51 (39.8%) knee arthro-
plasty (47 total and 4 partial). Patient

characteristics are presented in Table 1. Infec-
tion-related symptoms started a median of 24
(IQR 15-36) days after the primary arthroplasty
(Supplementary Fig. S1), while the first surgical
procedure for treatment of infection was per-
formed a median of 4 days (IQR 1-11) after
symptom onset. Bacteraemia occurred in 25
cases (19.5%). Overall, out of 128 PJI cases, 28
(21.9%) were due to methicillin-resistant S. au-
reus (MRSA) strains.

Figure 1 shows patient outcomes according
to the first and additional surgical procedures
performed. The rate of TF after the first proce-
dure was 32.8% (42 patients; 95% CI
25.2-41.3%). TF was due to clinical failure in 27
cases (21.1%), related deaths in 9 (7%) and loss
of function in 6 (4.7%). Median days until fail-
ure was 126 (IQR 34-335). Deaths occurred at a
median of 21 (IQR 13-48) days after the first
surgical procedure performed.

After further surgical interventions, 11
patients who failed the first procedure (9 with
persistent infection, 2 with functional failure
due to prosthesis loosening after DAIR) were
rescued. After 18 months of follow-up, TF was
24.2% (95% CI 17.5-32.3%). The reasons for
failure were 9 related deaths (7.0%), 11 cases of
clinical failure and 11 cases of functional loss
(8.5%, respectively). Excluding functional loss,
the failure rate was 15.5%.

Of the 99 patients who received DAIR as a
first intervention to treat the SA-PJI (Fig. 1), 31
(31.3%) failed treatment due to death (n = 6),
clinical failure (n=23) or loss of function
(n = 2). Despite further interventions, 15 were
still failing at the end of the 18-month follow-
up.

Of the 29 patients who received other types
of first interventions to treat SA-PJI, 11 (37%)
failed treatment, broken down as follows: rela-
ted death (n = 3), clinical failure (n = 4) and loss
of function (n=4). Notwithstanding further
interventions, 7 were still failing at the end of
the 18-months follow-up.

A summary of the rates and reasons for
treatment failure is provided in Supplementary
Table S3, including the rate of TF for prosthesis
removal as first procedure.
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Fig. 1 Outcome of patients with SA-PJI according to type
of procedure performed to treat the infection. This
figure shows the outcome of patients with SA-PJI
according to the first type of procedure performed to
treat the infection. For boxes on the left, 99 patients
receiving initial debridement, antibiotic and implant
retention (DAIR) were included: treatment was successful
in 68 patients and 31 failed, including 6 deaths, 23 clinical
failures and 2 loss of function. The 25 surviving patients
with failure after the first procedure underwent subsequent
procedures. After 18 months and considering additional
procedures, 15 were still failing (9 clinical failures and 6

Analysis of Variables Associated
with Treatment Failure

Table 2 presents the bivariate analysis of risk
factors for TF after the initial surgery. Variables
with p-value < 0.15 were Charlson index > 2,
haemoglobin < 10 g/dL, hip fracture as the
reason for arthroplasty, type of arthroplasty,
radiological signs of infection, sinus tract,
MRSA, polymicrobial infection, bacteraemia,
need for additional procedures not due to per-
sistent infection, inadequate empirical antimi-
crobial treatment, and treatment with
rifampicin and fluoroquinolones. After con-
trolling for hospital and type of initial surgery
performed, multivariable analysis retained

loss of function). Similar explanations apply to other
surgical procedures. *Failure: a composite variable that
included related mortality, clinical failure and functional
loss (see Methods section). "Includes: persistence or relapse
of infection, need for extra courses of antibiotics after
initial scheduled treatment and need for suppressive
antibiotic therapy. ‘Includes severe impairment of limb
function that impedes or makes walking very difficult,
including Girdlestone or arthrodesis. "Two aseptic loosen-
ing. “Two arthrodesis (one hip, one knee), four prosthesis
removal waiting for a new prosthesis. ~ One arthrodesis

Charlson index > 2 [adjusted OR 2.5 (95% CI
1.1-5.9)], haemoglobin < 10 g/dL [aOR 3.6
(95% CI 1.6-8.4)], bacteraemia [aOR 2.7 (95%
CI 1.0-7.6)], polymicrobial infection [aOR 3.1
(95% CI 1.2-8.2)] and need for additional pro-
cedures not due to persistent infection [aOR 2.7
(95% CI 1.1-6.6)] as variables independently
associated with TF following the first surgical
procedure (Table 3). The AUROC of the model
for the observed data was 0.82 (95% CI
0.74-0.89).

In the specific analysis performed to inves-
tigate the factors associated with TF of SA-PJI
after DAIR as the first surgical procedure, the
variables with p-values < 0.15 identified in
bivariate analysis were the same as for the whole

A\ Adis



Infect Dis Ther (2022) 11:2177-2203

2191

Table 3 Multivariate analysis of associations of potential predictors of treatment failure among patients with SA-PJI after

the first surgical procedure, after DAIR, and after all surgical procedures performed

Failure after the initial

surgical procedure

performed (z = 128;

failures = 42)*

Failure after Failure at 18 months

debridement and after the initial and
prosthesis retention as  additional surgical
first surgery procedure
performed (2 = 99;

failures = 31)°

procedures performed
(= = 128; failures = 31)°

Variable Adjusted OR Adjusted OR - Adjusted OR P-
(95%IC) Value (95%IC) Value (95%IC) Value

Charlson index > 2 2.5 (1.1-5.9) 0.030

Body mass index > 30 kg/m” - 3.9 (1.2-12.6) 0.021 -

Hip fracture - - 4.6 (1.6-12.9) 0.005

Haemoglobin < 10 g/dL 3.6 (1.6-8.4) 0.003 5.2 (1.9-14.5) 0.002 2.5 (1.0-6.6) 0.059

Bacteraemia 2.7 (1.0-7.6) 0.058 6.4 (1.7-24.2) 0.007 - -

Days from symptom onset to surgery — 1.03 (1.01-1.06)  0.003 - -

Polymicrobial infection 3.1 (1.2-8.2) 0.021 - -

Additional surgery not due to 2.7 (1.1-6.6) 0.033 4.4 (1.4-13.9) 0.044 3.2 (1.1-8.9) 0.028

persistent infection
Rifampicin therapy - 0.2 (0.1-0.7) 0.015 - -

BMI body mass index

*The AUROC curve of the model was 0.82 (95% CI 0.74-0.89)
®The AUROC curve of the model was 0.84 (95%CI 0.76-0.93). The model prediction was similar when rifampicin was

introduced at more than 21 or 28 days

“The AUROC curve of the model was 0.80 (95% CI 0.71-0.90)

cohort, except for radiological signs of infection
and MRSA, and with the addition of body mass
index (BMI) > 30 kg/m? interval > 21 days
from symptom onset to surgery,
polyethylene/mobile component replacement
and appropriate indication for DAIR (Table 2).
No statistically significant differences were
found between patients treated with and with-
out combination rifampicin therapy (Supple-
mentary Table S4). As we were unable to obtain
a PS sufficiently predictive for the probability of
receiving rifampicin (AUROC curves < 0.5), a PS
was not useful to provide additional control for
confounding for the indication of rifampicin.
On multivariable analysis (Table 3), variables
independently associated with TF of DAIR were:
BMI > 30 kg/m? [aOR 3.9 (95% CI 1.2-12.6)],

haemoglobin < 10 g/dL. [aOR 5.2 (95% CI
1.9-14.5)], bacteraemia [aOR 6.4 (95% CI
1.7-24.2)], days from symptom onset to surgery
[aOR 1.03 (95% CI 1.01-1.06)], and need for
additional debridements after the first proce-
dure not due to persistent infection [aOR 4.4
(95% IC 1.4-13.9)]; use of rifampicin was a
protective factor [aOR 0.2 (95% CI 0.1-0.7)].
The AUROC of the model for the observed data
was 0.84 (95% CI 0.76-0.93). The model pre-
diction was similar when rifampicin was con-
sidered to be used for more than 21 or 28 days.
For the different models made in which one or
two variables other than rifampicin were
removed, the estimates of the OR for rifampicin
ranked from 0.15 (95% CI 0.04-0.5) to 0.2 (95%
CI 0.1-0.7). In the landmark analysis excluding
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patients who died or failed in the first 21 days
after debridement, use of rifampicin remained
protective for TF [adjusted ORs (95%CI), 0.22
(0.06-0.80); AUROC curve of the model, 0.82
(95% CI 0.72-0.91)].

Table 2 also presents the bivariate analysis of
risk factors for patients who failed after all pro-
cedures performed. In addition to the variables
identified for the first procedure, TF was also
associated with age > 80years, prosthesis
removal as first procedure, need to perform
additional joint surgery not due to persistent
infection and non-use of rifampicin and fluo-
roquinolones in combination. On multivariate
analysis, hip fracture [aOR 4.6 (95% CI
1.6-12.9)], haemoglobin level < 10 g/dL [aOR
2.5 (95% CI 1.0-6.6)] and need to perform
additional joint surgery not due to persistent
infection [aOR 3.2 (95% IC 1.1-8.9)] were
independently associated with TF at 18 months
(Table 3). The AUROC of the model for the
observed data was 0.80 (95% CI 0.71-0.90).

DISCUSSION

In this study, we found that nearly a third of
initial surgical procedures resulted in TF. The TF
rate decreased when further surgical procedures
were performed. Importantly, we estimated the
impact of significant functional loss. When
DAIR was used as the first procedure, even
though it is a less aggressive strategy, additional
procedures rescued a significant proportion of
initial failures without increasing loss of func-
tion. In addition, the predictors of TF for SA-PJIs
were identified, and the role of rifampicin in
patients undergoing DAIR was confirmed.

A review of the literature on SA-PJI studies
focusing on treatment outcomes highlighted
the difficulties of comparing different study
results owing to heterogeneity in study design,
case definitions adopted, length of follow-up
and types of analyses used (Table 4). Overall,
previously reported TF rates ranged from 0% to
16.6% for prosthesis removal [4, 5, 8, 11] and
13.6% to 63% for DAIR [2, 4-8, 12-15]. It should
also be noted that, to the best of the authors’
knowledge, functional outcome was not con-
sidered at all in previous studies, despite it being

critical to the quality of life of patients. Func-
tional loss is significantly influenced by the
surgical procedures performed and this infor-
mation is therefore relevant to the decision-
making process.

When DAIR was analysed as the initial pro-
cedure, the TF rate was 31.3% (29.2% without
considering functional loss), which is slightly
higher than reported in more recent observa-
tions [7, 12] but lower than in older publica-
tions [2-4, 6, 13] (Table 4). However, the TF rate
decreased to 21.2% after additional procedures,
and to 15% if functional loss was not taken into
account (which is more consistent with defini-
tions in previous reports). The lower TF rates for
DAIR reported by the latest studies (and by this
one) could be attributed to better patient
selection for this treatment strategy and to the
involvement of multidisciplinary teams in the
management of PJI. Indeed, Bouaziz et al. [13]
found an overall TF rate of 42%, which
decreased to 30% when DAIR was performed
according to the latest guidelines [9]. Our data
further suggest that appropriate patient selec-
tion favours more positive outcomes, and that
an initial TF can be rescued without significant
functional loss in a considerable number of
patients.

The overall TF rates, including clinical and
functional updates, for prosthesis removal in
our cohort (34.4%) may seem relatively high
when compared with other studies, but when
only clinical cure was considered: the rate of TF
for SA-PJI was 17.2%, which is similar to that
found in other series [4, 5, 11]. The high pro-
portion of TF after prosthesis removal related to
functional loss is noteworthy and reinforces the
importance of early diagnosis of SA-PJI to
increase the likelihood of being treated with
DAIR.

Since the decision to perform DAIR or
remove the prosthesis as first procedure is
strongly influenced by patient and infection
characteristics, we did not try to compare the
outcomes of the two procedures as they are not
comparable. Instead, we focused our analysis on
identifying potential predictors for TF. Regard-
ing the variables identified, the Charlson index
is a predictor of survival and also of prognosis of
many infections; similarly, other studies have
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used the ASA index [5] or > 2 comorbidities for
similar reasons [11]. Anaemia was previously
identified as a predictor in one study [16], but
was not assessed at all in most of the others.
Anaemia is a potential marker of nutritional
status that can increase tissue hypoxia or even
indicate a systemic inflammatory process. As in
our study, bacteraemia, polymicrobial infection
and the need for additional debridement were
also predictors of TF in other studies [6, 14].

Since DAIR is the most frequent initial pro-
cedure, we also analysed predictors of TF in this
subgroup. Apart from the above variables, obe-
sity and delay in performing DAIR were also
identified as risk factors, while the use of
rifampicin had a protective effect. Obesity is a
risk factor for PJI and was also found to be
associated with TF in hip PJI undergoing two-
stage replacement [17], but was not even con-
sidered in most studies. Obesity could be asso-
ciated with wound complications, additional
debridement, impaired innate immune
response and changes in the pharmacokinetics
of some antimicrobial drugs [18]. Delayed DAIR
following onset of PJI symptoms is a known
factor for TF regardless of the microorganism
involved, but is particularly pertinent in the
case of SA-PJI [2, 6, 12-14]. Establishing a
threshold is complex. The 21-day threshold for
performing DAIR recommended by the guide-
lines [9] was based on one small-scale study
experience [19], and a delay of >2days in
patients with SA-PJI treated with beta-lactams
was associated with increased TF in another
study [2] but not when a rifampicin-fluoro-
quinolone combination was used [6-14, 16]. In
our cohort, we found an increased risk for each
day of delay, supporting the recommendation
that debridement should be performed as early
as possible.

Rifampicin in combination with other
antibiotics (mainly fluoroquinolones) was
reported to increase cure rates in a small ran-
domized trial [19] and in observational studies
[5, 6, 12, 20-22]. However, two recent meta-
analyses found controversial results on the role
of rifampicin: one found no benefit in staphy-
lococcal infections [23] and the other only a
limited impact [24]. The studies included in the
meta-analysis had a considerable risk of

selection and immortal time bias. In our study,
on the other hand, we found that rifampicin
combinations were associated with a protective
effect, even after performing sensitivity and
landmark analyses.

Although previous studies have found higher
TF rates in PJIs caused by MRSA compared with
susceptible strains [3, 15], our data did not
demonstrate this association, which is in line
with more recent observations [5, 6]. Whether
this is due to the use of anti-MRSA drugs with
good bioavailability and anti-biofilm activity,
such as linezolid, would require further studies.

Finally, we also analysed the predictors of TF
after all procedures had been performed. Apart
from other factors, hip fracture increased the
risk of TF, probably reflecting the frailty of the
patients affected. In these patients, the first
surgical approach was crucial, since initial TF
was followed by functional failure in all cases
(data not shown). In a previous multicentre
cohort study of patients with hip PJIs, fracture
was also associated with clinical failure and
worse functional prognosis [25]. The risk of TF
also increased when additional joint surgery not
due to persistent infection was performed; this
may have been due to tissue damage, delayed
healing  or  facilitation @ of  bacterial
superinfections.

This study has some limitations that should
be considered when interpreting the results.
The sample size was too small to investigate
predictors of other initial surgical procedures
and may have been insufficient to detect addi-
tional predictors of TF; its retrospective design
limited the available variables; residual con-
founding is also possible; we did not collect data
about ethnicity of the patients; finally, some
changes in management may have occurred
during the study period. Some strengths include
that it is a multinational study, the definitions
of TF including clinical and functional aspects
and the good predictive ability of the models
developed.

CONCLUSIONS

In conclusion, we observed that a considerable
proportion of SA-PJIs failed after initial surgical

I\ Adis



2200

Infect Dis Ther (2022) 11:2177-2203

treatments, although a substantial part of them
were recovered with further procedures. Signif-
icant functional loss should be considered
alongside clinical failure, and the importance of
certain risk factors for TF was confirmed,
including the protective role of rifampicin-
based treatment in DAIR.
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