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2.5. DIAGNOSIS: REIMPLANTATION

Authors: Carlos A. Higuera, AliSina Shahi

QUESTION 1: Are the MusculoSkeletal Infection Society (MSIS) and Interntional Consensus 
Meeting (ICM) criteria valid for decision-making before reimplantation?

RECOMMENDATION: The validity of the MSIS and ICM criteria for determination of the timing of reimplantation is unclear. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 90%, Disagree: 7%, Abstain: 3% (Super Majority, Strong Consensus)

RATIONALE 

George et al. [1] studied 79 patients undergoing reimplantation and 
found that MSIS criteria had a high specifi city (96%) in predicting 
persistent infection, though the sensitivity was low (26%). They also 
found that patients who had positive MSIS criteria were at increased 
risk for reinfection after reimplantation. Kheir et al. [2] also investi-
gated the MSIS criteria in patients who were undergoing two-stage 

exchange for periprosthetic joint infection (PJI) and reported a sensi-
tivity of 25% and a specifi city of 87% for detecting persistent infection. 
The authors further investigated the utility of the leucocyte esterase 
(LE) strip test and found that the LE strip test was positive in 22.2% 
of culture-positive and 4.4% of culture-negative cases. The LE test 
was negative in all patients who had not failed at their latest follow-



Section 2   Diagnosis 379

up, showing a great negative predictive value. In another study of 
32 patients undergoing reimplantation, the authors found that the 
MSIS criteria had a very low sensitivity (0%), though the specifi city 
was high (89%) [18]. Therefore, the MSIS criteria have a limited utility 
in the sett ing of reimplantation; nevertheless, it appears to be useful 
for ruling in infection.

Cultures are an integral part of the MSIS criteria. Multiple 
studies examining the role of reimplantation microbiology have 
found that positive cultures were associated with an increased risk 
for failure [3–10]. Tan et al. [8] reported that the risk of failure due 
to infection was higher (odds ratio (OR) = 2.5) in those with a posi-
tive culture during reimplantation. The study did not show a diff er-
ence in the reinfection rates between a single and multiple (≥ 2) 
positive cultures. Although cultures are useful in predicting failure, 
the results of intraoperative cultures are not available before reim-
plantation. Prolonged antibiotics are recommended in patients 
who have positive intraoperative cultures. In a study by Murillo et 
al. [6], the authors had seven patients with positive intraoperative 
cultures during reimplantation and treated them all with 6-8 weeks 
of parenteral antibiotics. Patients were followed for a median of 30 
months and none of them had recurrence of infection. The authors 
concluded that preoperative cultures can help identity patients who 
can benefi t from an additional debridement procedure with spacer 
exchange. Mont et al. reported that the reinfection rates were lower 
in patients who underwent an additional debridement procedure if 
the preoperative cultures were positive prior to reimplantation [11].

Intraoperative frozen sections can help formulate a decision in 
a timely manner compared to intraoperative cultures. Studies exam-
ining the utility of frozen sections have consistently shown that 
frozen sections had a high specifi city and low sensitivity in detecting 
persistent infection [1,12,13]. Therefore, a positive result should be 
treated as infection and reimplantation should be delayed, while a 
negative result may not be able to exclude infection.

Erthrocyte sedimentation rate (ESR) and C-reactive protein 
(CRP) have been widely used to monitor response to treatment. 
Currently, there is limited evidence to support a specifi c cut-off  for 
ESR and CRP. Although some studies have reported that both ESR and 
CRP decrease between the stages of a two-stage exchange protocol in 
patients with resolution of infection, their corresponding values are 
often above the MSIS cut-off s even in patients whose infection has 
clinically being cleared [14–16].

Synovial markers such as white blood cell (WBC) count and 
polymorphonuclear leukocytes (PMN) % have shown promising 
results in determination of reimplantation timing, however the 
optimal cut-off  threshold for WBC count might be lower than the 
MSIS threshold of 3,000 cells/μL [14,15,17]. 

One of the major concerns with the studies evaluating the MSIS 
criteria or its components is the lack of a gold standard for diag-
nosing PJI or determining persistent infection. Most studies have 
compared the MSIS criteria with failure after reimplantation or the 
clinical decision to perform a spacer exchange [1,2,18]. However, it is 
unclear whether failure after reimplantation is an accurate repre-
sentation of an undetected persistent infection or a newly acquired 
PJI. In a multicenter study of 92 patients who developed failure after 
reimplantation, only 32% of the patients had an identical organism at 
failure suggesting that many patients may be having a new infection 
rather than a persistent infection [9]. Another limitation of most 
studies is the presence of missing data [1,2,18]. As diagnostic tests are 
often performed in patients with an uncertainty in the diagnosis, it 
is possible that many patients with obvious infection may not have 
had all the appropriate tests performed. This can underestimate the 
utility of the MSIS criteria and maybe partly responsible for the low 
sensitivity of the MSIS criteria.

In summary, very few studies have evaluated the role of MSIS 
criteria in determining the reimplantation timing. Therefore, it is 
unclear whether the MSIS or the ICM criteria are a reliable tool for 
this matt er. Cultures constitute a major part of MSIS criteria and a 
positive culture at reimplantation has been shown to increase the 
risk of failure in numerous studies. Frozen sections are reported 
to have a high specifi city, though their sensitivity is limited. Syno-
vial markers such as WBC counts, PMN % and the LE test had bett er 
results in diagnosing persistent PJIs compared to serum markers. 
Although ESR and CRP decrease between the stages of a two-stage 
exchange treatment, they cannot be reliably used to detect persis-
tent infection at the current thresholds. There is a dire need for an 
accurate diagnostic test to determine optimal timing of reimplanta-
tion in patients undergoing surgical treatment for PJI. 
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QUESTION 2: What metrics should be considered to determine the timing of reimplantation 
after two-stage exchange arthroplasty of the infected hip or knee?

RECOMMENDATION: There are no defi nitive metrics to allow determination of optimal timing of reimplantation. Thus, timing of reimplanta-
tion should consider resolution of clinical signs of infection, down-trend in the serological markers and results of synovial analysis, if aspiration 
is performed.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 96%, Disagree: 3%, Abstain: 1% (Unanimous, Strongest Consensus)

RATIONALE 

Because optimal timing for reimplantation is unknown, most 
surgeons prefer to rely on a combination of clinical evaluations, 
such as clinical evidence of infection control and normalized labora-
tory values after a period of antibiotic therapy [1]. There is no gold 
standard that can guide surgeons to determine the optimal time of 
reimplantation [2]. Various serum and synovial markers have been 
studied to identify the most accurate test for screening for persistent 
periprosthetic joint infection (PJI). A common fi nding of most of the 
studies is a high specifi city, but low sensitivity.

Serum Analysis
Several serum markers have been evaluated for PJI, but only a 

few prior to reimplantation. Serum erythrocyte sedimentation rate 
(ESR) and C-reactive protein (CRP) have been widely evaluated for 
diagnosis, monitoring treatment and evaluating their role in iden-
tifying the optimal timing of reimplantation [2–9]. Although a 
decreasing trend in both markers is seen during the interval period, 
they can still be elevated in patients that are considered to have a 
treated infection and have also been seen to be normal in persistent 
infection. In diff erent studies, no cut-off  values could be determined 
and there were no signifi cant diff erences in average ESR and/or CRP 
values at time of reimplantation between infected and non-infected 
cases [3,7].

Interleukin-6 (IL-6) has been recently studied among other 
biomarkers in PJI. It has been seen that it may have a role in defi ning 
persistent infection prior to reimplantation, although stronger 
evidence is needed [10]. A recent study by Shahi et al. [11], showed 
promising results in determining the reimplantation time using 
serum D-dimer test. In their cohort, 29 patients underwent reimplan-
tation surgery for PJI. Five patients had elevated D-dimer levels at the 
time of reimplantation, two of which had a positive culture from 
intraoperative specimens (Staphylococcus epidermidis in one patient 
and Cutibacterium acnes (C. acnes) in the other patient). Both of those 
patients subsequently experienced failure due to infection. Based 
on the results of this study, D-dimer outperforms both ESR and CRP 
for determining the timing of reimplantation. The corresponding 
CRP and ESR values were falsely negative in both of these patients 
(a CRP level of 8 mg/L and an ESR of 20 mm/hr in one patient; a CRP 
level of 1 mg/L and an ESR of 9 mm/hr in the other patient). Ongoing 
clinical research is currently investigating the utility of D-dimer in 
determining the timing of reimplantation surgery. D-dimer is an 

inexpensive and widely available test that can aid in identifying the 
timing of reimplantation.

Joint Aspiration
Synovial fl uid aspiration and analysis for cell count, microbio-

logical culture and biomarkers prior to reimplantation is also widely 
being used to detect persistent infection. Studies on synovial fl uid 
WBC and diff erential analysis are contradictory [6–9,12,13]. Kusuma 
et al. [7], showed that prior to reimplantation, synovial fl uid white 
blood cell (WBC) and diff erential analysis are poor markers of persis-
tent PJI in the knee. Conversely, Shukla et al. (6) found pre-reim-
plantation synovial WBC count to be highly diagnostic of persistent 
infection in the hip. Zmitowski et al. [12], reported elevated synovial 
WBC count and polymorphonuclear lukocyctes (PMN) % statistically 
signifi cant in patients with persistent PJI but did not provided useful 
threshold to identify patients with persistent PJI. Almost all studies 
evaluating microbiological culture of joint aspirate report a very 
low sensitivity, which means persistent infections are not detected 
[8,9,13,14]. In addition, Mühlhofer et al, [8] identifi ed that micro-
biological synovial fl uid analysis can also be misleading due to false 
positive cultures.

Kheir et al, [15] reported on the use of the leukocyte esterase (LE) 
as a screening test for persistent infection. This test demonstrated a 
high specifi city (100%), but low sensitivity (25%). A positive LE result 
had a high predictive value of failure of reimplantation. Frangi-
amore et al, [16] evaluated synovial fl uid cytokines to determine the 
highest diagnostic accuracy for PJI. IL-6 and IL-1β showed the greatest 
decrease between fi rst and second stages; these could potentially be 
used to monitor PJI treatment response. Due to the low sensitivity of 
these tests, they fail to provide a defi nite answer as to the infection 
status. 

MusculoSkeletal Infection Society (MSIS) Criteria
The effi  cacy of MSIS criteria for determining infection resolu-

tion in PJI has also been evaluated [15–17]. Despite the clinical impor-
tance of these criteria, the lack of sensitivity of these tests do not 
make them useful in diagnosing persistent infection. Frangiamore et 
al. reported a specifi city of 89% and sensitivity of 0% for MSIS criteria 
to rule out PJI after the fi rst-stage [16]. Another study by Georges et 
al. [17], evaluated 97 patients undergoing reimplantation and also 
demonstrated a high specifi city but low sensitivity for MSIS criteria 


