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Abstract
Purpose To assess the likelihood of occult infection in patients with clinically unsuspected orthopedic implants during 
Staphylococcus aureus bacteremia (SAB).
Methods In a retrospective study in two Dutch hospitals, we included all patients with SAB between 2013 and 2020 with 
one or more orthopedic implants in whom  [18F]FDG-PET/CT was performed. The primary outcome was the percentage of 
patients who had an orthopedic implant-related infection by S. aureus. We also compared clinical parameters in patients 
with clinically suspected and unsuspected implants.
Results Fifty-five of 191 (29%) orthopedic implants in 118 SAB patients included had clinical signs of infection. Of all 136 
unsuspected implants, 5 (3%, all arthroplasties), showed increased  [18F]FDG uptake around the prosthesis on  [18F]FDG-
PET/CT. The clinical course of these patients without clinically overt infection or relapse of bacteremia during follow-up of 
a median of 48 months (range 0–48), however, argued against prosthetic joint infection.
Conclusion Although orthopedic implants are evidently a risk factor for metastatic infection during SAB, the absence of 
clinical symptoms obviate the need of additional investigations or prolonged antibiotic treatment.
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Introduction

Orthopedic implant-related infection is a notorious 
complication of Staphylococcus aureus bacteremia 
(SAB) [1]. In clinical practice, the presence of orthopedic 
implants in patients with SAB, therefore, commonly leads 
to additional imaging or the consideration to aspirate a 
prosthetic joint [2, 3]. Current guidelines classify SAB 
as complicated if the patient has prosthetic material and, 
therefore, recommend prolonged treatment [4]. However, 
such an approach is questionable in orthopedic implants 
clinically unsuspected for infection. A recent study 
observed a low risk of a prosthetic joint infection (PJI) if 
asymptomatic during a concomitant hematogenous PJI 
of another joint [5]. In a small previous study, we found 
that 2-[18F]fluoro-2-deoxy-d-glucose positron emission 
tomography with combined computed tomography  ([18F]
FDG-PET/CT) showed no infection in the seven SAB 
patients with clinically unsuspected orthopedic implants [6]. 
In this study, we assess the likelihood of occult infection 
in patients with clinically unsuspected orthopedic implants 
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using  [18F]FDG-PET/CT in a large multi-center cohort of 
SAB patients.

Methods

In this retrospective multi-center cohort study, all adults with 
SAB between 2013 and 2020 were included if (i) they had 
one or more orthopedic implants and (ii)  [18F]FDG-PET/
CT was performed. Orthopedic implants included prosthetic 
joints and osteosynthesis material such as plates, rods, and 
intramedullary nails. Patients who died within 72 h after the 
first positive blood culture with S. aureus were excluded. 
This study was performed in two Dutch hospitals: one uni-
versity hospital and one large teaching hospital. The regional 
institutional ethics committee approved this study and the 
requirement to obtain informed consent was waived (nr 
2020-7104). We manually retrieved the clinical data from 
the electronic medical charts.  [18F]FDG-PET/CT scans were 
not revised. The primary outcome measure was the percent-
age of patients who had an orthopedic implant-related infec-
tion with S. aureus. We also compared clinical parameters in 
patients with clinically suspected and unsuspected implants.

Definitions for proven, probable, unlikely, and rejected 
diagnosis of orthopedic implant-related infection, includ-
ing compatible clinical signs of a clinically suspected 
implant-related infection, are shown in Table 1. An ortho-
pedic implant-related infection within 30 days after surgery 
was considered a postoperative wound infection. Cure was 
defined as the patient being alive without signs and symp-
toms of infection 3 months after discontinuation of antibiotic 
treatment. A new episode of SAB within this time frame was 
considered a relapse.

SPSS (Version 25.0; SPSS, Inc.) was used for data anal-
ysis. The unpaired student’s t-test, Mann–Whitney U test, 
chi-square test or Fisher’s exact test were used to compare 
groups, where appropriate. Statistical significance was 
defined as a two-sided P value of < 0.05.

Results

One hundred and eighteen SAB patients with a total of 
191 orthopedic implants were included (Table  2). Of 
these 118 patients, 48 (41%) had one or more clinically 
suspected orthopedic implants and, therefore, a proven 
(73%) or probable (27%) implant-related infection. Of the 
191 orthopedic implants, 138 were prosthetic joints and 
53 osteosynthesis material. Fifty-five implants (29%) had 
clinical signs of infection: 33 PJI (60%; proven 25; prob-
able 8) and 22 osteosynthesis infections (OI) (40%; proven 
12; probable 10). Four of 33 PJI (12%) and 8 of 22 OI 
(36%) were postsurgical deep wound infections.

Of all 136 orthopedic implants without clinical signs 
of infection,  [18F]FDG-PET/CT showed increased  [18F]
FDG uptake in 5 prosthetic joints (5%) (4 patients). Of 
these 5 prosthetic joints, 3 were considered due to poly-
ethylene wear (2 patients) [7]. In one patient with rheu-
matoid arthritis treated with etanercept and prednisone, 
 [18F]FDG uptake was present around the clinically silent 
right hip prosthesis. A follow-up  [18F]FDG-PET/CT after 
3 months of antibiotic treatment showed unchanged  [18F]
FDG uptake around the prosthesis. No relapse occurred 
after discontinuation of antibiotics.  [18F]FDG-PET/CT 
showed increased  [18F]FDG uptake in the shoulder pros-
thesis of another patient who received chronic suppressive 
treatment for an infection of this prosthesis by Candida 
albicans. She had a new septic arthritis of the left shoul-
der without prosthesis but unchanged complaints on the 
right side. The left shoulder was drained. She died one 
month after SAB diagnosis due to frailty and heart failure 
without signs of a relapse of SAB. In these 4 patients with 
an unlikely diagnosis of PJI, median follow-up without 
any relapse was 48 months (range 0–48). In 2 of the 131 
implants where infection was rejected, the patient had pain 
at the implant site. In these 2 patients,  [18F]FDG-PET/CT 
did not show uptake around the implants.

Table 1  Definitions for orthopedic implant-related infection

Definition

Proven infection A positive culture with S. aureus from the implant site [14] with compatible clinical signs 
such as pain, redness, swelling, impaired function

Probable infection Above clinical signs of infection and increased  [18F]FDG uptake of the orthopedic implant
Unlikely infection Absence of above clinical signs but increased  [18F]FDG uptake of the orthopedic implant
Rejected infection No increased  [18F]FDG uptake of the orthopedic implant
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Discussion

This multi-center study in 118 patients with 191 orthopedic 
implants showed that 29% of them became infected during 
SAB, but that the risk of silent implant-related infection—as 
assessed by  [18F]FDG-PET/CT—was negligible if clinical 
signs of infection were absent.

This larger study confirms the suggestion we found in 
a small subgroup of patients with orthopedic implants in 
our study where we refined the role of  [18F]FDG-PET/CT 
in SAB [6]. Likewise, our findings are consistent with a 
recent study in the presence of asymptomatic PJI during 

bacteremia. In that study, however, only over one-third of 
the bacteremia episodes was due to S. aureus [5]. Tande 
et al. found 4 PJI in 50 SAB patients with 71 asymptomatic 
arthroplasties who had an infection of another arthroplasty 
[8]. These infections occurred between 174 and 670 days 
after SAB clearance, making the relationship to the initial 
bacteremia questionable. In another prospective cohort study 
of 143 SAB patients, no PJI developed during follow-up in 
the patients without apparent PJI at onset of bacteremia [9].

A strength of the current study is that in all patients an 
 [18F]FDG-PET/CT was performed at the time of bactere-
mia, which was not standard procedure in other studies. 

Table 2  Baseline characteristics and outcome of all patients

*Comorbidity was reported using the Charlson comorbidity score [15]
**Total of 191 orthopedic implants in 118 patients
***Follow-up was missing in 4 patients

SAB patients with clinically orthope-
dic implant-related infection, n = 48

SAB patients without clinically ortho-
pedic implant-related infection, n = 70

P value

Male (%) 29 (60) 32 (46) 0.136
Age (mean, IQR) 65.4 (21) 74.6 (14) 0.003
Community-acquisition (%) 39 (81) 46 (86) 0.180
Persistent fever > 72 h (%) 22 (46) 16 (23) 0.012
Persistent blood cultures > 48 h (%) 21 (44) 43 (61) 0.058
Delay between onset and start of treatment > 48 h (%) 19 (40) 19 (27) 0.155
Charlson Comorbidity Index* (mean, IQR) 3.7 (3) 6.9 (4) < 0.001
 Diabetes mellitus (%) 11 (23) 24 (34) 0.938
 Malignancy (%) 6 (13) 12 (17) 0.301
 Renal failure (%) 2 (4) 14 (20) 0.014
 Heart valve prosthesis 0 0
 Vascular graft prosthesis 0 0
 Pacemaker/ICD 0 0

Overall number of involved joints** 55 136
Location of prosthetic joint
 Hip 13 55
 Knee 17 40
 Shoulder 2 9
 Elbow 1 1

Location of osteosynthesis material**
 Femur 6 11
 Pelvis 3 0
 Tibia 3 2
 Ankle 3 6
 Foot 0 4
 Vertebra 7 1
 Arm 0 2
 Hand 0 3
 Jaw 0 2

Treatment duration, weeks (mean, IQR) 14.3 (12) 7.1 (4) 0.003
Mortality*** 9 (19) 19 (27) 0.292
Relapse*** 1 (2) 1 (1) 0.787
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 [18F]FDG-PET/CT is a very sensitive nuclear imaging 
technique [10] that is increasingly used to detect meta-
static infections in patients with SAB [3] 11. Although 
 [18F]FDG is a very sensitive tracer for diagnosis of infec-
tion, discrimination between infection and inflammation 
may be difficult [12].  [18F]FDG uptake can also occur due 
to postsurgical inflammation, development of wear parti-
cles, and subtle aseptic loosening [13]. Correspondingly, 
in our study there were 5 patients without symptoms in 
whom  [18F]FDG uptake was indeed not due to infection.

The results of this study contribute to the individual-
ized diagnostic work-up in SAB patients. The presence 
of clinically silent orthopedic implants in patients with 
SAB should not lead to additional imaging such as  [18F]
FDG-PET/CT, and/or joint aspirations. Also, clinically 
unsuspected orthopedic implants should not affect treat-
ment duration in patients with SAB. The latter is supported 
by a similar mortality in low-risk SAB patients with clini-
cally unsuspected implants compared to patients without 
implants, while treatment duration was equally short [14].

Limitations of this study are the retrospective design 
and the inclusion of only patients who underwent  [18F]
FDG-PET/CT which may have led to selection bias. 
Although this impact of the latter is likely to be lim-
ited, because in our clinics  [18F]FDG-PET/CT is mainly 
omitted in patients at low risk of dissemination or with 
already proven metastatic infection [3, 6]. As scans were 
not revised, interpretation of increased  [18F]FDG uptake 
in clinically silent orthopedic implants may have been 
inconsistent, however, follow-up in these patients made the 
diagnosis of orthopedic implant-related infection unlikely.

In conclusion, although orthopedic implants are a 
clear risk factor for metastatic infection during SAB, the 
absence of clinical symptoms obviates the need of addi-
tional investigations or prolonged antibiotic treatment.

Author contributions IK, JtO, and EG designed the study. LS, IK, and 
EG provided the data. LS and IK analyzed the data. All authors have 
read and approved the manuscript for publication.

Funding None.

Availability of data and materials To be requested from the authors.

Declarations 

Conflict of interest IK, LS, EA, MS, IM, MvM, JtO, and EG declare 
they have no financial interests. WR has served as consultant for 
Stryker (faculty work in Exeter courses) and for Materialise (for 
education/surgical training).

Ethical approval The regional institutional ethics committee approved 
this study and the requirement to obtain informed consent was waived 
(nr 2020-7104).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Honkanen M, Jamsen E, Karppelin M, Huttunen R, Eskelinen 
A, Syrjanen J. Periprosthetic joint infections as a consequence 
of bacteremia. Open Forum Infect Dis. 2019;6:ofz218.

 2. Komnos GA, Manrique J, Goswami K, Tan TL, Restrepo C, 
Sherman MB, et al. Periprosthetic joint infection in patients who 
have multiple prostheses in place: what should be done with the 
silent prosthetic joints. J Bone Jt Surg Am. 2020;102:1160–8.

 3. Berrevoets MAH, Kouijzer IJE, Aarntzen E, Janssen MJR, 
De Geus-Oei LF, Wertheim HFL, et al. (18)F-FDG PET/CT 
optimizes treatment in Staphylococcus aureus bacteremia 
and is associated with reduced mortality. J Nucl Med. 
2017;58:1504–10.

 4. Liu C, Bayer A, Cosgrove SE, Daum RS, Fridkin SK, Gorwitz 
RJ, et al. Clinical practice guidelines by the infectious diseases 
society of America for the treatment of methicillin-resistant 
Staphylococcus aureus infections in adults and children: 
executive summary. Clin Infect Dis. 2011;52:285–92.

 5. Wouthuyzen-Bakker M, Sebillotte M, Arvieux C, Fernandez-
Sampedro M, Senneville E, Barbero JM, et al. How to handle 
concomitant asymptomatic prosthetic joints during an episode 
of hematogenous periprosthetic joint infection, a multicenter 
analysis. Clin Infect Dis. 2021;73:e3820–4.

 6. van Leerdam EJ, Gompelman M, Tuinte RAM, Aarntzen E, 
Berrevoets MAH, Maat I, et al. Individualizing the use of [(18)
F]FDG-PET/CT in patients with complicated Staphylococcus 
aureus bacteremia: experiences from a tertiary care center. 
Infection. 2021;50:491–8.

 7. Kisielinski K, Cremerius U, Reinartz P, Niethard FU. 
Fluordeoxyglucose positron emission tomography detection of 
inflammatory reactions due to polyethylene wear in total hip 
arthroplasty. J Arthroplasty. 2003;18:528–32.

 8. Tande AJ, Palraj BR, Osmon DR, Berbari EF, Baddour LM, 
Lohse CM, et al. Clinical presentation, risk factors, and outcomes 
of hematogenous prosthetic joint infection in patients with 
Staphylococcus aureus bacteremia. Am J Med. 2016;129:221 
e11-320.

 9. Dufour S, Piroth L, Chirouze C, Tattevin P, Becker A, Braquet 
P, et al. Staphylococcus aureus bloodstream infection in patients 
with prosthetic joints in the prospective VIRSTA cohort study: 
frequency and time of occurrence of periprosthetic joint 
infection. Open Forum Infect Dis. 2019;6:ofz515.

 10. Vos FJ, Bleeker-Rovers CP, Sturm PD, Krabbe PF, van Dijk 
AP, Cuijpers ML, et  al. 18F-FDG PET/CT for detection of 
metastatic infection in gram-positive bacteremia. J Nucl Med. 
2010;51:1234–40.

 11. Ghanem-Zoubi N, Kagna O, Abu-Elhija J, Mustafa-Hellou M, 
Qasum M, Keidar Z, et al. Integration of FDG-PET/CT in the 
diagnostic workup for Staphylococcus aureus bacteremia: a 

http://creativecommons.org/licenses/by/4.0/


747Clinically unsuspected orthopedic implants during S. aureus bacteremia do not require…

1 3

prospective interventional matched-cohort Study. Clin Infect 
Dis. 2021;73:e3859–66.

 12. Kiran M, Donnelly TD, Armstrong C, Kapoor B, Kumar G, 
Peter V. Diagnostic utility of fluorodeoxyglucose positron 
emission tomography in prosthetic joint infection based on 
MSIS criteria. Bone Jt J. 2019;101-B:910–4.

 13. Gelderman SJ, Jutte PC, Boellaard R, Ploegmakers JJW, Vallez 
Garcia D, Kampinga GA, et al. (18)F-FDG-PET uptake in non-
infected total hip prostheses. Acta Orthop. 2018;89:634–9.

 14. Kaasch AJ, Kern WV, Joost I, Hellmich M, Seifert H, Rieg 
S. Effect of clinically uninfected orthopedic implants and 
pacemakers/AICDs in low-risk Staphylococcus aureus 

bloodstream infection on crude mortality rate: a post hoc 
analysis of a large cohort study. Open Forum Infect Dis. 
2019;6:ofz170.

 15. Osmon DR, Berbari EF, Berendt AR, Lew D, Zimmerli W, 
Steckelberg JM, et al. Diagnosis and management of prosthetic 
joint infection: clinical practice guidelines by the Infectious 
Diseases Society of America. Clin Infect Dis. 2013;56:e1–25.

 16. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method 
of classifying prognostic comorbidity in longitudinal studies: 
development and validation. J Chronic Dis. 1987;40:373–83.


	Clinically unsuspected orthopedic implants during S. aureus bacteremia do not require additional diagnostic work-up
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	References




