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QUESTION 2: Are there any tests that can guide antimicrobial treatment in patients with 
periprostetic joint infections (PJIs) so as to determine when treatment may be discontinued?

RECOMMENDATION: No. There are no tests that can be used to guide therapies and monitor responses to treatments in patients with PJIs. Eryth-
rocyte sedimentation rate (ESR) and C-reactive protein (CRP) are considered useful for monitoring responses to treatments; however, sustained 
elevations after treatment does not predict persistent infections. Emerging biomarkers, such as D-dimer and presepsin, have shown promising 
results. Nevertheless, more studies are required to assess their role in monitoring response to treatment in patients with PJIs.

LEVEL OF EVIDENCE:  Moderate

DELEGATE VOTE: Agree: 89%, Disagree: 8%, Abstain: 3% (Super Majority, Strong Consensus)

RATIONALE 

The diagnosis of PJIs remains a challenge. Currently ESR and CRP 
are the most commonly used serological markers used for diag-
nosis. More recently, serum molecular biomarkers such as D-dimer 
and presepsin have emerged as potential diagnostic tools. However, 
determining whether the infection is controlled after surgical and 
antimicrobial treatment is even more diffi  cult. There are limited 
studies assessing the roles of biomarkers in the follow-up periods 
of these patients; most of these studies have focused on diagnostic 
performance. No studies were found to specifi cally assess the role of 
biomarkers for guiding the antibiotic treatment protocols. However, 
there are studies that evaluate the roles of these markers in deter-
mining reimplantation timing and prognosis of PJIs.

Of the 11 published studies that were found to be relevant to 
this topic, 9 were prospective nonrandomized trials that focused 
on comparing the levels of biomarkers at the time of the diagnosis 
and reimplantation. These studies have shown that serum ESR and 
CRP are poor predictors of persistent infections and that they are 
frequently abnormal even when the infection has been controlled. 
New markers, such as the cytokines in synovial fl uid, leukocyte 
esterase and serum D-dimer, tend to normalize at the time of reim-
plantation. However, more studies are required to show their trends 
with antimicrobial treatments.

Sanzén et al. studied the performance of serum ESR in 76 
patients with PJI and found that in treated infections, ESR decreased 
to a lower value compared to the initial assessment [1]. In those with 
persistent infections there was a non-signifi cant increase in ESR after 
6 weeks, 3 months, 6 months and 12 months; the average ESR was 
above 30 mm/hr; and in resolved cases ESR was lower than 20 mm/
hr. However, the authors did not take into account patients who had 
infl ammatory diseases. Likewise, George et al. evaluated the values of 
ESR and CRP in 14 infected arthroplasties in patients with infl amma-
tory arthritis, fi nding that these markers remained elevated in the 
infected group [2]. Shukla et al., Ghanem et al., Tornero et al., Hoell et 
al. and Kusuma et al., all showed that ESR and CRP remained elevated 
in more than one-third of cases in which the infection was eradi-
cated, demonstrating that ESR and CRP often fail to normalize and 
do not refl ect infection eradication [3–7]. 

Frangiamore et al. evaluated cytokine profi les of the synovial 
fl uid between the fi rst and second stage of a two-stage exchange 
protocol for PJIs in order to determine the cytokines that can indi-
cate resolved infections [8]. The reimplantation (second-stage revi-
sion) was performed after symptom resolution, completion of anti-
biotic treatment (3-16 weeks, mean of 6 weeks), and normalization 
of CRP and ESR in addition to negative cultures by aspiration. Inter-
leukin (IL)-1β and IL-6 had the best performance for determination of 
infection eradication. 

Kheir et al. assessed the leukocyte esterase (LE) strip test for 
its ability to predict persistent infections in patients with PJIs [9]. 
Patients were evaluated at the time of reimplantation with the LE 
strip test, considering 2+ as a positive read. The LE test was negative 
in all reimplantations that did not fail. The authors found higher 
failure rates in those who had positive test results at the time of reim-
plantation.

A single prospective multicenter study by Marazzi et al. evalu-
ated the trends of presepsin and chemokine (C-C motif) ligand 2 
(CCL2) in 30 patients with PJIs [10]. The authors found a gradual 
decrease in the fi rst week after surgery and reach values similar 
to the control group (patients without PJIs) in the fi rst month 
and three months after the fi rst revision. Another prospective 
study conducted by Shahi et al. evaluated the utility of D-dimer 
in the diagnosis of PJIs and also examined its role in determining 
the timing of reimplantation [11]. The authors found that serum 
D-dimer levels fell below the diagnostic threshold at the time of 
reimplantation in resolved cases. Furthermore, serum D-dimer was 
able to indicate the persistence of infection at the reimplantation 
time if the values were greater than 850 ng/mL (the recommended 
cutoff ). Whether serum D-dimer levels can guide antibiotic treat-
ment and have a consistent trend in response to antibiotics 
remains to be evaluated.

In conclusion, there is no single test or a gold standard that can 
indicate infection eradication in patients with PJIs. Although there 
are several studies on biomarkers for diagnosis, studies on responses 
to antibiotic treatments in patients with PJIs are lacking.
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QUESTION 3: Does the International Consensus Group (ICG) agree with the Infectious Diseases 
Society of America (IDSA) guidelines regarding the recommended duration of antibiotic therapy 
in orthopaedic infection?

RECOMMENDATION: There is some disagreement between what the ICG and the IDSA recommends regarding the duration of antibiotic treat-
ments for diff erent infective organisms. The diff erences between the two organizations resides on the duration of oral antibiotic therapy following 
a pathogen-specifi c intravenous (IV) antimicrobial therapy.

LEVEL OF EVIDENCE:  Moderate

DELEGATE VOTE: Agree: 82%, Disagree: 3%, Abstain: 15% (Super Majority, Strong Consensus)

RATIONALE 

The optimal length of antibiotic treatment following surgical 
treatment of periprosthetic joint infections (PJIs) by resection 
arthroplasty, one-stage exchange arthroplasty, or debridement and 
implant retention remains unknown. There are numerous studies 
related to this subject and during the last meeting of the ICG, it was 
felt that antibiotic treatments between two and six weeks appeared 
to be suffi  cient for patients with PJIs.

The last ICG found no conclusive evidence regarding the 
ideal duration of antibiotic therapy when considering treatment 
following resection arthroplasty due to PJIs. They found that the 
ideal duration of antibiotic therapy, either IV or combined with 
oral medications, was unknown. Cost and resistance were lower 
when decreasing the time of antibiotic regimens [1–6]. Most of the 
literature, at the time, recommended antibiotic therapy between 
6 and 12 weeks, although Bernard et al. found that 1 week of an IV 
antibiotic regimen plus a following 5 weeks with oral regimen 
was suffi  cient to control infection. This study involved irrigation 
and debridement (I&D), single-stage exchange arthroplasty and 
two-stage exchange arthroplasties [4]. Stockley et al. used a short 
two weeks IV-only antibiotic therapy following I&D and place-
ment of an antibiotic-impregnated cement spacer, and noted an 
87% success rate [7]. Nevertheless, the ICG strongly recommends a 
course of two to six weeks of antibiotics.

The ICG then explored how the duration of antibiotic treat-
ments could be determined, agreeing that there was not enough 
evidence to determine whether biomarkers or clinical symptoms 
could be used to monitor response to treatment.

Additionally, the ICG att empted to determine the duration 
for antifungal therapy in the presence of fungal PJIs. They strongly 
agreed upon consensus stated that systemic antifungal treatment 
should be initiated before resection, and continued for at least six 
weeks, and stopped before reimplantation, without a need (in most 
cases) to restart antifungal therapy. For Fluconazole, the literature 
had 3 to 6 weeks or more (in some studies even 26 weeks) before 
reimplantation, then no further treatment, or only 2 to 6 weeks more 
after reimplantation. For Amphotericin B, the duration was often 
found to be about six weeks before reimplantation [8–20].

IDSA Guidelines
The IDSA guidelines suggest no more than a 6-week course of 

antimicrobial therapy following resection arthroplasty for PJIs due 
to more virulent organisms such as Staphylococcus aureus [21].The 
IDSA recommends two to six weeks of pathogen-specifi c IV anti-
microbial therapy combined with 300 to 450 mg of rifampin given 
orally twice daily. The treatment should continue with rifampin plus 
a companion oral drug (ciprofl oxacin (A-I), or levofl oxacin (A-II), or 
others for a total of three months for Staphylococcal total hip arthro-
plasty PJI, treated with one-stage exchange or with debridement and 
retention of the prosthesis. The IDSA recommendation for Staphy-
lococcal total knee arthroplasty PJI is the same, but for a total of six 
months when treated with debridement and prosthesis retention.

For organisms other than Staphylococci, the IDSA guidelines 
recommends an initial course of pathogen-specifi c IV therapy for 
four to six weeks, or highly bioavailable oral antimicrobial therapy 
(B-II). Chronic suppression after fl uoroquinolone treatment of 
gram-negative bacilli was not unanimously recommended [21]. 
Longer courses of combination antimicrobial therapies of six 
months or more are recommended by the current guidelines and 
reports for bone infections due to rapidly growing mycobacteria 
(RGM) [22,23].

IDSA guidelines recommend a minimum of six weeks of anti-
fungal therapy for fungal PJIs, but a longer course of antifungal 
therapy has been considered to be an essential factor for the success 
of fungal PJIs treated with staged reimplantation. Phelan et al. 
administered antifungal therapies after resection arthroplasty for 
six weeks to nine months in four patients who underwent two-stage 
reimplantations [8]. 

Regarding the IDSA guidelines on the treatment of osteomy-
elitis due to invasive Candidiasis, they recommend treatment dura-
tion from 6 to 12 months.
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