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Abstract. Aims: It remains unclear if postoperative antibiotic (AB) treatment is advantageous in presumed
aseptic revision arthroplasties of the hip (tTHA) and knee (rTKA) with unexpected positive intraoperative cul-
tures (UPIC). The aim of this study is to evaluate if there is a difference in the re-revision rate in patients with
UPIC when treated with postoperative AB or when postoperative AB is withheld. Methods: In this retrospective
matched cohort study we compared the re-revision rates in rTHA and rTKA with (AB group: 45 rTHA, 25 rTKA)
and without (non-AB group: 45 rTHA, 25 rTKA) AB treatment in patients with UPIC. Baseline covariates for
matching were the microorganism (likely or not likely to be a contaminant), patient demographics, joint, revision
type, surgical site infection score, American Society of Anesthesiologists classification, serum C-reactive protein
(CRP). Results: After a median follow-up of 4.1 (inter-quartile range, IQR: 2.9-5.5) years after 'rTHA and rTKA,
the re-revision rate between the AB group and the non-AB group was 14.3 % versus 15.7 % (P = 0.81). In the
AB group, 4.3 % (3/70) of patients underwent revision due to septic complications compared to 5.7 % (4/70)
in the non-AB group (P = 0.69). None of the patients were diagnosed with a confirmed periprosthetic joint
infection (PJI) according to the PJI diagnostic criteria of European Bone and Joint Infection Society (EBJIS).
In 22/70 (31.4 %) of the patients in the AB group and in 15/70 (21.4 %) of the patients in the non-AB group, a
diagnosis of “infection likely” was made according to the EBJIS criteria (P = 0.18). All UPICs with low viru-
lent microorganisms were considered to be contamination (coagulase-negative Staphylococci; Corynebacterium;
anaerobic Gram-positive bacilli and cocci, e.g., Finegoldia magna, Cutibacterium acnes). Conclusion: Postop-
erative AB treatment did not result in a decreased re-revision rate in patients with UPIC in presumed aseptic
rTHA and rTKA. Patients diagnosed with pathogens classified as a likely contaminant can be safely ignored.
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1 Introduction

Loosening of a prosthetic joint is one of the most common
indications for hip and knee revision surgery (Kenney et al.,
2019; Di Martino et al., 2021; Postler et al., 2018). Unex-
pected positive intraoperative culture (UPIC) in presumed
aseptic revision total hip (rTHA) and knee (rTKA) arthro-
plasty is described in between 5.9 % and 38 % of cases (Bar-
rack et al., 2007; Jacobs et al., 2017; Ribera et al., 2014).

UPICs are often associated with low-virulent pathogens
and single positive cultures, which can be due to contam-
ination (Goh et al., 2022; Hipfl et al., 2021; Simon et al.,
2023). It is well established that microorganisms can live on
or around implants without signs or symptoms of infection
or they cause no harm but can lead to loosening (Jakobsen et
al., 2018; Parvizi and Gehrke, 2018). Antibiotic treatment is
essential if a periprosthetic joint infection (PJI) is diagnosed
(Miller et al., 2020). However, the clinical relevance of mi-
crobiological findings in presumed aseptic revisions is not
entirely clear, and treatment recommendations differ (Goh et
al., 2022; Kloos et al., 2022). There is inconclusive evidence
on whether antibiotics (ABs) should be started in patients
with UPIC when infection was not suspected during the pre-
operative diagnostic workup (Goh et al., 2022; Saleh et al.,
2014). Furthermore, the current literature regarding the as-
sociation between UPICs and revision rates is also inconclu-
sive. While some studies have reported a higher revision rate
in patients with UPICs (Milandt et al., 2019; Schwarze et al.,
2022; Staats et al., 2017; Vargas-Rever6n et al., 2025), oth-
ers have not identified a significant difference in this regard
(Goh et al., 2022; Neufeld et al., 2021, 2022).

The 2018 International Consensus Meeting on Muscu-
loskeletal Infection (ICM) provides limited evidence regard-
ing the administration of AB therapy to patients with UPIC
(Parvizi and Gehrke, 2018). Differences between proposed
treatment algorithms in UPIC may be due to small sample
sizes and the heterogeneity of patients included in studies
(Purudappa et al., 2020). The European Bone and Joint In-
fection Society (EBJIS) definition of 2021 states that a PJI
classified as infection likely does not require AB treatment
if the pathogen is likely to be a contaminant (McNally et al.,
2021). However, to date, there is very little to no evidence on
this topic (Wu et al., 2024).

The aim of this study is to assess whether the administra-
tion of postoperative ABs is associated with a reduced inci-
dence of septic and/or aseptic re-revision in THA and TKA
with UPIC in presumed aseptic revisions.

2 Methods

2.1 Study design and population

This retrospective matched cohort study was approved by the
institutional review board (EK11/2020). We analyzed our in-
stitutional arthroplasty registry and prospectively maintained
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the PJI database between 1 January 2011 and 31 Decem-
ber 2020. The study included presumed aseptic knee and hip
revisions with a minimum follow-up of 2 years.

Presumed aseptic revisions were defined as revisions with
no clinical signs of infection and no or one preoperative
positive criteria according to the EBIJIS infection likely
group. For rTHA, single-stage replacements, one- or two-
component replacements, and head and liner replacements
for aseptic reasons were included. For rTKA, only single-
stage replacements for aseptic loosening were included. Re-
visions were excluded if (1) PJI was known or suspected
preoperatively, (2) the revision was part of the management
of an ongoing PJI (second stage of a two-stage revision), or
(3) no intraoperative cultures were obtained or results were
not available.

The patient’s demographic data, surgical site infec-
tions (SSIs), and the reason for revision and re-revision were
evaluated (Austin, 2011; Everhart et al., 2016; Parvizi et
al., 2018). Tissue samples or swabs were taken intraopera-
tively in all included patients, and explanted devices were put
into sonication containers and processed as described before
(Frank et al., 2021).

Patients with presumed aseptic loosening and UPIC were
postoperatively diagnosed according to the PJI definition of
the EBJIS into the categories of infection unlikely, infection
likely, and infection confirmed. Additionally, the causative
pathogen(s), knee or hip joint, and revision following pri-
mary or revision surgery were analyzed. Pathogens were
classified into two categories: those likely to be contaminants
and those not likely to be contaminants (Sousa et al., 2023).
The following microorganisms were not likely to be contam-
inants: Staphylococcus aureus, Staphylococcus lugdunen-
sis, beta-hemolytic streptococci, Streptococcus anginosus
group, enterococci, Enterobacterales, Pseudomonas aerugi-
nosa, anaerobic Gram-negative rods, and Candida. The fol-
lowing microorganisms were likely to be contaminants: most
coagulase-negative staphylococci (S. epidermidis, S. capi-
tis, S. hominis, S. warneri, or S. haemolyticus), micrococci,
Corynebacterium, anaerobic Gram-positive bacilli (Cutibac-
terium acnes), anaerobic Gram-positive cocci (Finegoldia
magna, Acinetobacter lwoffii, and Neisseria spp.).

2.2 Study cohorts according to AB treatment

All patients received routine intravenous (IV) first-generation
cephalosporin (or vancomycin for those with a history of
allergy to penicillin or cephalosporins) prior to surgical
incision as antibiotic prophylaxis. Postoperative empirical
AB treatment was decided on an individual basis according
to surgeon and infectious disease specialist preference. Pa-
tients were subsequently divided into two groups.

1. AB group. The AB group received intravenous or per os
postoperative AB treatment within 4 d postoperatively
with a minimum duration of 2 weeks. Empirical AB
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treatment was based on our institutional guidelines, and
once microbiological test results were available, the reg-
imen was changed according to the recommendations of
our infectious disease specialist.

2. Non-AB group. The non-AB group received periopera-
tive prophylaxis with cephalosporin or vancomycin but
no further postoperative AB treatment.

A matching between the UPIC patients treated with antibi-
otics (AB group) and the patient treated without antibiotics
(non-AB group) was performed using defined baseline co-
variates. The microorganism (likely or not likely to be a con-
taminant), joint (hip/knee), reason for revision, serum CRP
(C-reactive protein), sex, BMI (body mass index), age, ASA
(American Society of Anesthesiologists), and SSI score (0—
35) (Everhart et al., 2016) were baseline covariates to con-
duct a 1 : 1 matching via z scoring (Fig. 1). A z score was
created for each of these covariates to create one total z score
including all covariates. The most similar z score between
one patient from the AB group was matched with one pa-
tient from the non-AB group (Fig. 1). In total, 140 rTHA and
rTKA (70 in the AB group, 70 in the non-AB group) patients
were included in the study. There was no significant distribu-
tion of patient demographics or preoperative PJI workup in
either rTHA or rTKA (Fig. 1).

The outcome of patients with UPICs treated with ABs and
without ABs was analyzed by evaluating the septic and asep-
tic re-revision rates during follow-up. A septic re-revision
rate was defined as a confirmed PJI according to the EBJIS
definition. The minimum follow-up period was 24 months.
Follow-up was conducted through patient recall and a review
of the clinical databases for clinical visits.

2.3 Statistical analyses

Descriptive statistics were used with means (M), standard de-
viations (SD) and medians (Md) for continuous study param-
eters and frequencies and percentages for categorical vari-
ables. If the data were skewed, we used the interquartile
range (IQR). Continuous data were compared using Mann—
Whitney U tests or two-sample ¢ tests for non-parametric and
parametric data, respectively. Categorical data were com-
pared using Pearson’s x? test or Fisher’s exact test as ap-
propriate. The Kaplan—Meier method with 95 % confidence
intervals (Cls) was used to determine revision-free implant
survival at 1, 2, 5, and 8 years for the AB group and the non-
AB group with subsequent septic or aseptic revision as the
end point. Patients who died or were lost to follow-up after
2 years were censored. The 95 % Cls were calculated using
the Greenwood asymmetric exponential formula. Statistical
significance was two-tailed and set at a P value <0.05. All
analyses were performed with IBM SPSS® version 25 and
GraphPad Prism 8.
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3 Results

3.1 Re-revision rate during follow-up of the AB group
compared to the non-AB group

After a median follow-up of 4.1 years (IQR: 2.9-5.5), the re-
revision rate between the AB group (10/70, 14.3 %) and the
non-AB group (11/70, 15.7 %) was similar (P = 0.81). In the
AB group, three patients were revised due to septic reasons
after 13, 253, and 376 d, while seven were revised for asep-
tic reasons (four dislocations and one hematoma, one wear,
one loosening). In the non-AB group, four patients were re-
vised due to septic reasons after 18, 24, 192, and 214 d, while
seven were revised for aseptic reasons (three dislocations,
three loosening, and one wear). There was no difference in
the septic or aseptic revision rate between the AB group and
the non-AB group after 1, 2, 5, and 8 years (Fig. 2). In two out
of three (66.7 %) septic re-revisions in the AB group and in
four out of four (100 %) septic re-revisions in the non-AB
group, intraoperative tissue cultures were positive. The same
microorganism, as during the initial revision, was identified
in two out of four in the non-AB group and in one out of three
in the AB group but all with different antibiograms. One ad-
ditional microorganism was found in the AB group. In the
infection likely group, 2 out of 37 (5.4 %) patients had a sep-
tic re-revision during follow-up compared to 5 out of 103
(4.9 %) in the infection unlikely group (P > 0.99).

Overall, 65/70 (92.9 %) patients in the AB group re-
ceived AB treatment with at least two different ABs. In
total, 57/70 (84.4 %) patients received IV and oral ABs,
8/70 (11.4 %) received two oral ABs, 3/70 (4.3 %) patients
received one IV AB, and 2/70 (2.9 %) patients were treated
with only one oral AB. The mean duration of IV treatment
was 9d (IQR: 6-14). The total duration of AB treatment was
41d (IQR: 23.5-56.5).

3.2 PJl diagnosis and microbiological spectrum of
UPICs

According to the EBJIS definition, none of the patients with
UPIC were classified as a confirmed PJI. However, 22 out
of 70 (31.4 %) in the AB group, and 15 out of 70 (21.4 %)
in the non-AB group were classified as infection likely (P =
0.18). All patients in the infection likely category had an el-
evated serum CRP level between 10 and 20mgL~! and at
least one positive intraoperative culture. In total, 7 out of 35
(20.0 %) patients had an increased leucocyte count between
1500 and 3000 cells per uL in synovial fluid. A total of
140 UPICs were evaluated in rTHA and rTKA procedures.
All UPICs with low virulent microorganisms were consid-
ered a likely contaminant.

The results of all intraoperative microbiological analyses
are presented in Table 1. The mean number of intraoperative
cultures was 3.4 (+2.4). None of the patients had two pos-
itive samples with the same microorganism. Sonication was
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Presumed Aseptic revisions THA and TKA 2011-2020

(rTHA: 751; rTKA: 679)

UPIC in presumed aseptic hip and knee revisions
251/1,430 (17.6%)
(rTHA: 154; rTKA: 97)

Postoperative AB treatment
n=157
EBJIS infection likely 25 (15.9%)

EBJIS infection unlikely 132 (84.1%)

No postoperative AB treatment
n=94
EBJIS infection likely 16 (17.0%)
EBJIS infection unlikely 78 (83.0%)

Excluded
97/157 (61.8 %)

1:1 Propensity-Score Matching
Microorganism (likely to be an contaminant), Joint,
type of revision, serum CRP, sex, BMI, Age, SSI, ASA

AB Group
n=70
EBJIS infection likely 22 (31.4%)
EBJIS infection unlikely 48 (68.6%)

Excluded
[~ 24/94 (24.7%)

Non AB Group
n=70
EBJIS infection likely 15 (21.4%)
EBJIS infection unlikely 55 (78.6%)

Parameters AB-group non-AB-group P-value
rTHA (%) 45 (64.3) 45 (64.3) 1.0
rTKA (%) 25 (35.7) 25 (35.7) 1.0
& |Age (years) 70 (64-76) 69 (57-79) 0.99
g BMI (kg/m?) 28.5 (+6.1) 28.7 (+6.1) 0.80
T |Sex Women (%) 44 (62.9) 50(71.4)
2 0.28
S Men (%) 26 (37.1) 20 (28.6)
én SSI-score (IQR) 4.5 (3-5.5) 3(3-4.5) 0.31
8 |asai (%) 8 (11.4) 8(11.4)
11 (%) 51(72.9) 50 (71.4) 0.97
11 (%) 11 (15.7) 12 (17.1)
o Change of mobile parts (%) 10 (14.3) 10 (14.3) 1.0
S Wear 4 5
©
g Dislocation 6 5
§ Aseptic loosening (%) 60 (85.7) 60 (85.7) 1.0
98—0 Cup Exchange 13 26
g Stem exchange 16 5
§ Single stage exchange 31 29
:g Not likely to be a contaminant (%) 10 (14.3) 10 (14.3) Lo
© Likely to be a contaminant (%) 60 (85.7) 60 (85.7) '
o [Serum CRP (mg/l; D) 4.6 (+3.5) 4.1 (+4.0) 0.48
f‘:_; Preoperative Joint aspiration (%) 18 (25.7) 17 (24.3) 0.85
§ Synovial leucocyte count (cells/ul, SD) 751 (£512) 923 (+1,080) 0.60
PMN (%; SD) 28.1 (£12.9) 36.9 (+18.7) 0.2

Figure 1. Flow chart for propensity score matching in rTHA (revision total hip arthroplasty) and rTKA (revision total knee arthroplasty) with
UPICs (unexpected positive intraoperative cultures). EBJIS (European Bone and Joint Infection Society), BMI (body mass index), SSI (sur-
gical site infections), AB (antibiotic), PMN (polymorphonuclear leukocytes), ASA (American Society of Anesthesiologists Classification),
and median with IQR (inter-quartile range).
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non-AB-Group [94.3 (85.5-97.8) 94.3 (85.5-97.8) 94.3 (85.5-97.8) 94.3 (85.5-97.8) .
1b Aseptic revision free survival
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AB-Group 100 100 98.4 (88.9-99.8) 78.5 (58.5-89.6) 0.974
non-AB-Group 100 100 97.0 (88.4-99.2) 73.3 (47.0-88.0)

Figure 2. Revision-free implant survival after 1 a, 2a, 5a and 8 a (95 % confidence interval) (a: years, AB: antibiotic).

performed in 16/70 (22.9 %) of patients in the AB group and
in 7/70 (10.0 %) of patients in the non-AB group. None of
the patients had a positive sonication fluid culture according
to the 50 colony forming units (CFU) per mL cut-off (Mc-
Nally et al., 2021).

A total of 25 distinct microorganisms were identified
from intraoperative cultures. The most prevalent microorgan-
isms were Staphylococcus epidermidis (25.5 %), Cutibac-
terium acnes (23.6 %) and coagulase-negative staphylococci
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(23.6 %). The number of S. epidermidis cultures was higher
in the AB group (30/70 (42.9 %)) compared to the non-
AB group (10/70 (14.3 %); P < 0.001). There were more
positive cultures after enrichment in the non-AB group

(65/70 (92.9 %)) compared to the AB group (55/70 (78.6 %);
P =0.02).
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Table 1. Microbiological spectrum for unexpected positive intraop-
erative cultures in revision total knee and hip arthroplasties in the
AB group and the non-AB group. MSSE (methicillin-susceptible
Staphylococcus epidermidis); MRSE (methicillin-resistant Staphy-
lococcus epidermidis), MRSA (methicillin-resistant Staphylococ-
cus aureus), VRE (vancomycin resistant enterococcus). * Not likely
to be a contaminant.

Microorganisms AB group Non-AB group
n=70 n="170
Not likely to be a contaminant 10 (14.3 %) 10 (14.3 %)
positive after enrichment 8 (80.0 %) 9 (90.0 %)
Likely to be a contaminant 60 (85.7 %) 60 (88.6 %)
positive after enrichment 47 (78.3 %) 56 (93.3 %)
Single culture positive 61 (87.1 %) 64 (91.4 %)
Multiple cultures positive 9 (12.9 %) 7 (10.0 %)
No. of isolated microorganisms 79 78
Gram-positive bacteria 78 (98.7 %) 74 (94.9 %)
Staphylococcus epidermidis 30 10
MSSE 22 7
MRSE 8 3
Cutibacterium acnes 14 23
Staphylococcus hominis 4 6
Staphylococcus capitis 6 3
Staphylococcus haemolyticus 4 1
Staphylococcus lugdunensis™ 2 2
Staphylococcus aureus™ 1 2
MRSA* - 1
Staphylococcus warneri 1 2
Staphyloccocus pasteuri 1 -
Staphylococcus caprae 1 -
Staphylococcus pettenkoferi - 1
Bacillus 6 8
Micrococcus - 5
Enterococcus faecalis™ 1 1
Enterococcus faecium™ 2
VRE* 1 -
Alpha-hemolytic streptococci™ 4 2
Corynebacterium 4
Enterobacter cloacae™ - 1
Enterobacter xiangfangensis™ - 1
Finegoldia magna 1
Lactobacillus paracasei - 1
Dermacoccus nishinomiyaensis 1 -
Gram-negative bacteria 1(1.3%) 4(5.1%)
Neisseria 1 2
Acinetobacter lwolffii - 1
Klebsiella pneumoniae™ - 1

4 Discussion

This matched single-center cohort study demonstrated that
postoperative AB treatment did not result in a lower septic
or aseptic re-revision rate during follow-up in patients who
underwent a presumed aseptic hip or knee revision with an
UPIC in conventional microbiology.

J. Bone Joint Infect., 10, 51-59, 2025

There is clear consensus in favor of AB treatment af-
ter septic revision surgery when two or more intraopera-
tive cultures isolate the same microorganism (Le Vavasseur
and Zeller, 2022). However, controversy exists regarding the
necessity of treating UPICs with ABs in cases with pre-
sumed aseptic loosening (Izakovicova et al., 2019; Wu et al.,
2024). Various approaches have been suggested, including
observation of the situation for a period of time, intravenous
AB treatment for a certain duration, or long-term antibiotic
suppression (Fernandez-Sampedro et al., 2015; Goh et al.,
2022; Kloos et al., 2022; Purudappa et al., 2020; Saleh et al.,
2014). ABs may not be required when only a single intra-
operative culture identifies a microorganism. However, there
may be circumstances when a single positive culture may in-
dicate treatment (Parvizi and Gehrke, 2018). According to
the EBJIS definition, an infection is considered likely in sin-
gle positive cultures (McNally et al., 2021). However, the
clinical relevance of a single positive culture of a common
contaminant is debatable, and it is not clear whether this re-
quires AB treatment (McNally et al., 2021).

On the one hand, AB therapy may not be necessary if a mi-
croorganism is isolated from a single intraoperative culture
(Barrack et al., 2007). A recent study by Goh et al. (2022)
suggested that positive cultures can be safely ignored in re-
vision arthroplasty patients who do not meet the ICM-2018
criteria for PJI as long as these patients are appropriately in-
vestigated preoperatively. In their study, no patient received
prolonged oral ABs after revision surgery. In comparison to
the culture-negative group, the culture-positive group had no
significant difference in the overall re-revision rate (Goh et
al., 2022). On the other hand, Saleh et al. (2014) argued that
PJI cannot be ruled out in patients with a single positive cul-
ture, particularly when a virulent organism is isolated or in
the presence of other signs of infection. This study demon-
strated a higher recurrence rate of infection in patients with
a single positive intraoperative culture than in those with a
negative culture (Saleh et al., 2014). In comparison to Saleh
et al. (2014), we did not observe a higher re-revision rate for
pathogens that are uncommon contaminants. However, the
number of patients was insufficient to conclude that no treat-
ment is necessary.

The total septic re-revision was slightly higher in this study
compared to the study by Goh et al. (2022). This could be ex-
plained by the fact that only UPICs and no culture-negative
revisions were included in our study. However, the septic re-
revision rate of our study was lower compared to the study
by Saleh et al. (2014). The lack of AB treatment did not re-
sult in a higher overall revision rate in UPICs even in pa-
tients with microorganisms that were uncommon contami-
nants. Consequently, our results are consistent with those of
Goh et al. (2022).

However, there may be circumstances where a UPIC sin-
gle positive culture, in combination with other positive di-
agnostic tests, may indicate the presence of infection, and
treatment would be indicated. This decision should always
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be made by a multidisciplinary team, taking into account all
available diagnostic tools and preoperative PJI workup (Mit-
terer et al., 2023). In this study, experienced arthroplasty sur-
geons, in collaboration with an infectious disease specialist,
made decisions on a case-by-case basis, which resulted in a
low rate of septic failure.

In some patients in this study, serum CRP levels were
slightly elevated preoperatively, but there were no other signs
of infection or other elevated parameters to confirm PJI, and
therefore the patients were considered aseptic. In the study
by Akgiin et al. (2018), serum CRP levels alone cannot be
used to confirm or exclude PJI and verify between specific
pathogens and types of infections (Akgiin et al., 2018). In
patients with single positive UPICs with pathogenes likely to
be contaminants and slightly elevated serum CRP levels, it
is often difficult to decide whether the microbiological find-
ings should be ignored or not. However, in this study, these
patients did not have a significantly higher septic re-revision.

The matching performed in this study minimized the lim-
itations of the retrospective design. Although the most im-
portant co-founders were included in the propensity score
matching, not all possible co-founders could be included due
to the high heterogeneity of the patients. Therefore, there is
a potential selection bias. In addition, the decision to treat
with ABs introduces an inherent selection bias into the study.
There were no specific patient characteristics for treatment
or no treatment as there were no guidelines for treatment,
and the decision was made on an individual basis. Antibi-
otic treatment was heterogeneous between patients with the
inclusion criteria for AB treatment; in this study, we try to
perform a more homogeneous group by defining a minimum
antibiotic treatment period. Compliance was not measured in
patients receiving AB treatment. Moreover, not all patients
received a full preoperative assessment, which may have re-
sulted in missed PJI diagnoses.

5 Conclusion

In conclusion, AB treatment of UPIC in patients undergoing
rTHA and rTKA did not result in a lower re-revision rate dur-
ing follow-up compared to untreated cases. It should be noted
that this cohort comprised patients in which no confirmed PJI
was diagnosed and that the patients who were diagnosed as
having an infection likely all had UPIC with microorganisms
that are common contaminants.
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