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Abstract. Objectives: Patients with prosthetic joint infections (PJIs) not suitable for curative surgery may ben-
efit from suppressive antibiotic therapy (SAT). However, the usefulness of SAT in cases with a draining sinus
has never been investigated. Methods: A multicentre, retrospective observational cohort study was performed in
which patients with a PJI and a sinus tract were eligible for inclusion if managed conservatively and if sufficient
follow-up data were available (i.e. at least 2 years). SAT was defined as a period of > 6 months of oral antibiotic
therapy. Results: SAT was initiated in 63 of 72 (87.5 %) included patients. Implant retention during follow-up
was the same in patients receiving SAT vs. no SAT (79.4 % vs. 88.9 %; p = 0.68). In total, 27 % of patients using
SAT experienced side effects. In addition, the occurrence of prosthetic loosening in initially fixed implants, the
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need for surgical debridement, or the occurrence of bacteremia during follow-up could not be fully prevented
with the use of SAT, which still occurred in 42 %, 6.3 %, and 3.2 % of cases, respectively. However, the sinus
tract tended to close more often (42 % vs. 13 %; p = 0.14), and a higher resolution of pain was observed (35 %
vs. 14 %; p = 0.22) in patients receiving SAT. Conclusions: SAT is not able to fully prevent complications in
patients with a draining sinus. However, it may be beneficial in a subset of patients, particularly in those with
pain or the hindrance of a draining sinus. A future prospective study, including a higher number of patients not
receiving SAT, is needed.

1 Introduction

Patients with a periprosthetic joint infection (PJI) require
surgery in order to cure the infection. This can either be done
with surgical debridement, antibiotics, and implant retention
(DAIR) in case of an acute infection with a fixed implant or
by extraction of the prosthesis in case of a chronic infection
(Osmon et al., 2013). However, in some cases, surgical in-
tervention is not an attractive option, for example, in old and
fragile patients with multiple comorbidities or due to tech-
nical challenges with a high risk of amputation. In addition,
some patients may themselves refuse surgery. For these pa-
tients, suppressive antibiotic treatment (SAT) might be an al-
ternative option to maintain infection control and to reduce
the risk of complications (Tsukayama et al., 1991; Segreti
et al., 1998; Prendki et al., 2014; Rao et al., 2003; Siqueira
et al., 2015; Wouthuyzen-Bakker et al., 2017; Pradier et al.,
2018; Escudero-Sanchez et al., 2020). It can be debated if
patients with a draining sinus benefit from SAT, especially
for those where the infection is caused by a low virulent
pathogen, where patients have low inflammatory parameters,
or in the absence of pain. Indeed, in a recent survey, 10 % of
physicians prefer to withhold SAT in patients with a drain-
ing sinus, and 50 % indicate that they consider withholding
SAT in a select patient category (Lensen et al., 2020). The
clinical outcome of both strategies in patients with a sinus
tract is unclear. For this reason, we conducted a multicentre
observational study with the aim of achieving the following
outcomes:

i. describing the clinical outcome of inoperable patients
treated with SAT and a draining sinus

ii. investigating whether the above-mentioned patients
treated with SAT have a comparable clinical outcome
with patients for whom SAT was withheld.

2 Material and methods

2.1 Study design

We performed a multicentre retrospective observational co-
hort study. There were 15 participating medical centres
from six different countries, including Spain (n= 8), France
(n= 2), Italy (n= 2), Brazil (n= 1), Slovenia (n= 1), and
the Netherlands (n= 1).

2.2 Patient selection

Adult, i.e. 18 years or older, PJI patients with a sinus tract
were eligible for inclusion when the sinus tract was diag-
nosed between January 2008 and January 2018 and when
they were considered ineligible for a potential curative sur-
gical strategy or the patients themselves refused surgery. Pa-
tients were excluded if the duration of follow-up was less
than 2 years. Some of the patients included in this study were
part of a previously published article on the outcomes of SAT
(Escudero-Sanchez et al., 2020).

The primary end point of this study was retention of the
implant during follow-up. Secondary end points consisted of
the prevention of prosthetic loosening in initially fixed im-
plants, the need for surgical debridement during follow-up,
closing of the sinus tract, resolution of pain, the development
of bacteremia, the resolution of inflammation and anaemia,
and side effects when treated with SAT. For this study, SAT
was defined as a period of > 6 months of oral antibiotic ther-
apy.

2.3 Study procedures

Data were collected by an individual physician or researcher
at each of the participating centres. Demographic character-
istics included age, sex, body mass index (BMI), smoking
status, relevant comorbidities (e.g. diabetes mellitus, chronic
kidney disease, and liver cirrhosis), and the affected joint.
The indication to prescribe or withhold SAT was noted, and
the data on the primary and secondary outcome parameters
were collected.

2.4 Statistical analysis

Continuous variables are summarised by the mean (standard
deviation) or median (interquartile range), depending on the
normality of the data. Categorical variables are presented as
frequencies or percentages. To compare the outcomes be-
tween SAT and non-SAT patients, we used a t test for nor-
mally distributed and the Mann–Whitney U test for non-
normally distributed continuous data, whereas Fisher’s ex-
act test was used to compare categorical variables. Logistic
regression analysis was performed to establish predictors of
prosthesis retention. Spearman’s ρ was used to establish cor-
relations between haemoglobin and C-reactive protein (CRP)
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levels. IBM SPSS version 23.0 was used for the statistical
analysis.

3 Results

3.1 Patient population

Table 1 shows the patient and implant characteristics of
the total cohort of 72 included patients. The mean age was
74 years (standard deviation, SD, 15), of which 61 % were
male. The mean BMI was 29.0 kg/m2 (SD 8.0). Approxi-
mately 20 % of patients were treated for diabetes mellitus,
4 % had chronic kidney disease, and 3 % had liver cirrhosis.
Most of the included joints were hips and knees (50 % and
44 %, respectively), whereas only a small minority of the pa-
tients had a PJI of the shoulder or elbow (both 3 %). SAT was
initiated in 63 of 72 (87.5 %) patients, for the following rea-
sons: (i) common practice in the participating hospital in 22
out of 63 (35 %) cases, (ii) the intention to stop the drainage
or close the sinus tract in 6 out of 63 (9.5 %) cases, (iii) the
intention to prevent bacteremia in 5 out of 63 (8 %) cases,
or (iv) a combination of the previous reasons in 10 out of 63
(16 %) cases. In 20 out of 63 (31.7 %) cases, an alternative
reason or no indication was specified. In almost half of all
cases (47.6 %), patients were treated with intravenous antibi-
otics prior to the start of SAT. Reasons for not initiating SAT
were not noted but, in general, were based on the experience
of an acceptable outcome in patients with a draining sinus.

In the total cohort of patients with a sinus tract, gram-
positive cocci were cultured most often (approximately
70 %), whereas gram-negative rods were cultured less fre-
quently (24 %). In 19 of 72 cases (26.4 %) more than one
micro-organism was isolated. In 13 of 72 (18.1 %) cases, the
causative micro-organism was not known. For 11 of these
patients, no diagnostic procedures were performed to detect
the causative micro-organism. For the other two patients, cul-
tures were negative despite the absence of antibiotic treat-
ment at the time of culturing (one sinus tract swab and one
tissue biopsy).

The antibiotic therapy and adverse events for those pa-
tients who received SAT are summarised in the Supplement
(Tables S1 and S2). Sulfamethoxazole–trimethoprim and flu-
oroquinolones were prescribed most often (in 25 % and 17 %
of cases, respectively).

3.2 Clinical outcome

Baseline characteristics and causative micro-organisms of
patients treated with SAT were compared to those for whom
SAT was withheld and are summarised in Table 2. Most of
the studied variables did not significantly differ between both
groups, but SAT was prescribed more often for those pa-
tients with a CRP above 50 mg/L (46 % vs. 0 %; p= 0.02).
In the patient group for which SAT was not prescribed, the
causative micro-organism was less often identified (14 % vs.

Figure 1. Clinical outcome of patients with and without SAT (sup-
pressive antibiotic treatment).

44 %; p= 0.05), which is explained by the fact that addi-
tional diagnostics were less often performed in this group.
Table 3 and Fig. 1 show the primary and secondary end points
of the study.

Regarding the primary end point, the implant could be
retained during follow-up to the same extent in patients re-
ceiving SAT vs. those where the SAT was withheld (79.4 %
vs. 88.9 %; p= 0.68). For the 14 patients where the implant
could not be retained, infections were caused by Staphylo-
coccus epidermidis (n= 4), Staphylococcus aureus (n= 3),
Staphylococcus lugdunensis (n= 1), Staphylococcus sapro-
phyticus (n= 1), Escherichia coli (n= 1), Corynebacterium
striatum (n= 1), and Klebsiella pneumoniae (n= 1). A to-
tal of two cases were culture negative. We additionally anal-
ysed, in a univariate model, which variables were associated
with implant retention during follow-up. The implant could
be retained in 88.6 % of patients without prosthetic loosening
at baseline, compared to 65.0 % in patients with prosthetic
loosening at baseline (p= 0.038). CRP and haemoglobin at
baseline, type of joint, the use of SAT, sex, age, BMI, si-
nus tract closure at last follow-up, bacteremia, type of micro-
organism, time between development of the sinus tract and
SAT, pain at baseline, and IV antibiotic therapy prior to SAT
were not predictive for prosthesis retention during follow-up
(data not shown).

Regarding the secondary end points, of the 24 patients
with a fixed implant at baseline, 8 developed prosthetic loos-
ening during follow-up. SAT was prescribed in all of these
patients (for two of these patients, SAT was started 20 and
44 months after the development of a sinus tract, whereas
it was prescribed within 8 months after the development of
the sinus tract in the other cases). Surgical debridement dur-
ing follow-up to control the infection was needed in four pa-
tients. All of these four patients were treated with SAT. The
causative micro-organisms in these four cases were S. epider-
midis (n= 2), S. aureus (n= 1), and Klebsiella pneumoniae
(n= 1).

The sinus tract closed in 38.5 % of the total cohort and
tended to close more often in the SAT group vs. the no SAT
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Table 1. Patient and implant characteristics.

Patient and implant characteristics (n= 72)

Mean age (SD) 74 (15)
Male/female 44/28 (61 %/39 %)
Mean BMI (SD) 29.0 (8.0)
Smoker 4 (5.6 %)
Diabetes mellitus 15 (20.8 %)
Chronic kidney disease 3 (4.2 %)
Liver cirrhosis 2 (2.8 %)
Joint
– Hip
– Knee
– Shoulder
– Elbow

36 (50 %)
32 (44.4 %)
2 (2.8 %)
2 (2.8 %)

Primary prosthesis 26 (36.1 %)
Cemented prosthesis 39 (54.2 %)
SAT 63 (87.5 %)
IV antibiotics prior to SAT 30/63 (47.6 %)
Follow-up duration in months (SD) 54.4 (27)
Time (months) between appearance sinus tract
and initiating SAT (IQR)

2.0 (0.0–8.0)

BMI – body mass index; SAT – suppressive antibiotic treatment; SD – standard deviation;
IQR – interquartile range; IV – intravenous.

group (42 % vs. 13 %; p= 0.14). In patients receiving SAT,
pretreatment with IV antibiotics resulted in a higher rate of
sinus tract closure compared with an immediate start of oral
SAT, but this difference was not statistically significant (54 %
vs. 34 %; p= 0.14). Resolution of pain tended to occur more
often in patients receiving SAT compared to those for whom
it was withheld (35 % vs. 14 %; p= 0.22), and it was inde-
pendent of the presence of prosthetic loosening at baseline.
No clear differences were observed in the resolution of in-
flammation and/or anaemia and the occurrence of bacteremia
during follow-up between both groups (Table 3). In total, two
episodes of bacteremia occurred in the group of patients who
received SAT with the same micro-organism as the one caus-
ing the PJI (3 %), where one was caused by S. aureus and one
by C. perfringens. No bacteremic episodes were observed in
the group of patients where SAT was withheld. During all
episodes of SAT, 27 % of patients experienced side effects,
of which gastrointestinal manifestations were observed most
frequently (Tables S1 and S2).

4 Discussion

In this study, we described the outcome of a cohort of patients
with a PJI and a draining sinus treated conservatively without
an initial surgical intervention. Our study shows that, in most
patients (approximately 80 %), the implant could be retained
during a follow-up period of at least 2 years, regardless of
whether SAT was initiated. SAT was neither able to prevent
prosthetic loosening in patients who had a fixed prosthesis
at baseline, nor could SAT fully prevent the need for surgi-

cal debridement to control the infection during follow-up nor
the occurrence of bacteremia. In addition, 27 % of patients
experienced side effects during therapy. However, there was
a trend towards a beneficial effect of SAT in sinus tract clo-
sure and the resolution of pain.

In general, the success rates of PJI patients treated with
SAT vary from 23 % to 86 %, but the definition of treatment
success that is applied differs between studies. For the vast
majority of patients included in our study who received SAT,
the implant could be retained during follow-up (Siqueira et
al., 2015; Escudero-Sanchez et al., 2020). In a recent mul-
ticentre retrospective cohort study performed by Escudero-
Sanchez et al. (2020) the implant could be retained in 52.2 %
of cases receiving SAT, which is considerably lower com-
pared to our study. This finding can probably be explained
by the shorter follow-up period in our study compared to the
study of Escudero-Sanchez et al. (2020). The observed differ-
ence could not be attributed to the presence of a sinus tract;
133 of 302 (44 %) of the patients in the study of Escudero-
Sanchez et al. (2020) had a draining sinus, and its presence
was not a predictor for treatment success in the multivariate
analysis. Our observation that patients not receiving SAT had
a similar primary end point (prosthesis retention), compared
to those who received SAT, could not be explained by the
type of micro-organism involved or prosthetic loosening at
baseline, as these factors were similar between both groups.
Only prosthetic loosening at baseline was a predictor of pros-
thesis extraction during follow-up in logistic regression, but
loosening of the prosthesis could neither be prevented with
the use of SAT, nor did the prescription of SAT prevent the
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Table 2. Patient characteristics and causative micro-organisms for suppressive antibiotic treatment (SAT) vs. no SAT. SAT was stopped
before bacteremia developed.

SAT (n= 63) No SAT (n= 9) p value

Baseline characteristics

Mean age (SD) 74 (16) 70 (13) 0.10
Male/female 26/37 (41 %/59 %) 2/7 (22 %/78 %) 0.47
Mean BMI (SD) 29.8 (8.4) 25.6 (5.6) 0.12
Smoker 3 (4.8 %) 1 (11.1 %) 0.41
Diabetes mellitus 14 (22.2 %) 1 (11.1 %) 0.67
Chronic kidney disease 3 (4.8 %) 0 (0 %) 1.00
Liver cirrhosis 1 (1.6 %) 1 (11.1 %) 0.24
Joint
– Hip
– Knee
– Shoulder
– Elbow

31 (49.2 %)
29 (46.0 %)
2 (3.2 %)
1 (1.6 %)

5 (55.6 %)
3 (33.3 %)
0 (0 %)
1 (11.1 %)

0.36

CRP> 50 mg/L 25/55 (46 %) 0/7 (0 %) 0.021
Haemoglobin> 6 mmol/L 5/43 (11.6 %) 0/5 (0 %) 0.42

Gram positive

Staphylococcus aureus 17 (26.9 %) 1 (11.1 %) 0.52
Staphylococcus epidermidis 19 (30.2 %) 2 (22.2 %) 1.00
Coagulase-negative staphylococcus not specified 2 (3.2 %) 0 (0 %) 1.00
Staphylococcus lugdunensis 3 (4.8 %) 0 (0 %) 1.00
Methicillin-resistant Staphylococcus aureus 3 (4.8 %) 0 (0 %) 1.00
Corynebacterium species 3 (4.8 %) 0 (0 %) 1.00

Gram negative

Pseudomonas aeruginosa 5 (7.9 %) 0 (0 %) 1.00
Klebsiella pneumoniae 5 (7.9 %) 0 (0 %) 1.00
Escherichia coli 3 (4.8 %) 1 (11.1 %) 0.33
Proteus mirabilis 3 (4.8 %) 0 (0 %) 1.00

Other 5 (7.9 %) 1 (11.1 %) 1.0
No micro-organism identified 9 (14.3 %) 4 (44.4 %) 0.05
Polymicrobial 18/63 (28.6 %) 1 (11.1 %) 0.43

need for surgical debridement during follow-up to control the
infection or the occurrence of bacteremia. These factors are
important to take into consideration when considering its use,
as the latter reason in particular is sometimes used as an ar-
gument to consider using SAT. Regarding other secondary
end points, there was a trend towards a beneficial effect of
SAT in sinus tract closure (42 % vs. 13 %) and resolution of
pain (35 % vs. 14 %), but there was no difference regarding
the level of inflammation. In addition, side effects of SAT
were described in around 30 % of patients. For this reason,
the prescription of SAT should probably be individually tai-
lored, and pain and discomfort of sinus drainage should be
taken into account. An alternative approach for prescribing
SAT to avoid systemic side effects is the use of subcutaneous
SAT (Pouderoux et al., 2019), the local application of bacte-
riophages (Patey et al., 2018; Tkhilaishivili et al., 2019), or
phage lysins (Fischetti, 2018; Schuch et al., 2017; Fowler et

al., 2019). These concepts show potential as alternative con-
servative treatment options (Ferry et al., 2020).

Our study has several strengths and limitations. To our
knowledge, this is the first published study to address the
use of SAT for PJIs with a draining sinus managed conser-
vatively, and no previous data are available on the clinical
outcome of these patients for whom SAT is withheld. In addi-
tion, the secondary end points described in our study have not
been evaluated in previous literature and are of great value
for physicians who are involved in the treatment of these pa-
tients. One of the main limitations of our study is the low
number of patients not receiving SAT. For this reason, we
were unable to fully address the second aim of our study due
to the low number of patients included without SAT, and the
statistical analysis comparing both groups of patients (SAT
vs. no SAT) should be interpreted with caution. Although
a large percentage of physicians indicated that withholding
SAT in this patient category is realistic and indeed practised
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Table 3. Primary and secondary end points of suppressive antibiotic treatment (SAT) vs. no SAT.

SAT (n= 63) No SAT (n= 9) p value

Primary end point

Prosthesis retention 79.4 % 88.9 % 0.68

Secondary end points

Prosthetic loosening in initially fixed implants 42 % 0 % 0.08

Need for surgical debridement 6.3 % 0 % 0.44

Sinus tract closure at last follow-up 42.1 % 12.5 % 0.14

Resolution of pain 35.2 % 14.3 % 0.22

Bacteremia with same micro-organism as in PJI 3.2 % 0 % 1.00

CRP> 50 mg/L at last follow-up 12.5 % 16.7 % 0.78

CRP (mg/L)
– Baseline (range)
– Last follow-up (range)
Difference

32.0 (12.0–75.0)
11.7 (4.0–37.0)
−12.5 (−41.0 to −0.7)

36.5 (24.5–42.0)
23.0 (14.5–23.0)
−10.5 (−22.8–10.4)

0.93
0.26

Haemoglobin< 6 mmol/L at last follow-up 4.7 % 20 % 0.18

Haemoglobin (mmol/L)
– Baseline
– Last follow-up
Difference

7.1 (6.6–8.1)
7.3 (6.6–8.1)
−0.1 (−0.6–0.4)

6.83 (6.5–7.2)
6.95 (6.3–7.5)
0.06 (−0.2–0.3)

0.90
0.94

Side effects of SAT 27 %

by many (Lensen et al., 2020), most patients could not be ret-
rospectively identified and were lost to follow-up. Therefore,
prospective trials are needed to have a clear view what hap-
pens to these patients in the long term. In addition, patients
for whom SAT is withheld probably have a less severe infec-
tion. Indeed, in our study, SAT was prescribed more often if
patients had a high serum CRP level, rendering it challeng-
ing to compare both groups due to bias by indication. Finally,
due to the retrospective study design, there was a wide range
between the appearance of the sinus tract and the initiation
of SAT (i.e. 0–73 months), which may have distorted the in-
terpretation of results (e.g. patients with a greater delay in
initiation of SAT may have worse outcomes).

In conclusion, our data suggest that, in PJI patients with a
draining sinus, SAT should only be considered in a subset of
patients. SAT may reduce pain and favour closure of the sinus
tract in certain individuals, but the prescription of SAT does
not seem to have any influence on the prevention of pros-
thetic loosening and other infectious complications. Larger
randomised trials are needed to prospectively compare SAT
vs. no SAT in patients with draining sinus.
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