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QUESTION 5: What is the diagnostic accuracy of joint aspiration of a cement spacer in 
conjunction with clinical evaluation, imaging, serologic tests, and biopsies? Should it 
routinely be performed prior to reimplantation?

RECOMMENDATION: The diagnostic accuracy of joint aspiration prior to reimplantation is not known. None of the parameters being used to 
diagnose periprosthetic joint infection (PJI), and their respective thresholds, have been determined for aspiration. The decision to perform aspira-
tion should be made based on the index of suspicion for persistent infection and individualized. 

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 95%, Disagree: 4%, Abstain: 1% (Unanimous, Strongest Consensus)

RATIONALE 

Until today none of the diagnostic methods for PJI have demonstrated 
100% specifi city or sensitivity [1]. Therefore, a diagnostic method that 
involves a combination of clinical evaluation, imaging, serologic 
tests, as well as aspirate tests and biopsies, needs to be established 
for confi rming the diagnosis of PJI. Two-stage exchange arthroplasty 
is comparable with one-stage exchange arthroplasty in that all the 
components are removed at the time of surgery. In contrast to one-
stage arthroplasty, in two-stage surgery cases, a temporary antibiotic 
delivery device (a spacer) is implanted locally, and systemic antibi-
otics are administered intravenously for four to six weeks, with an 
antibiotic holiday of two to eight weeks prior to reimplantation for 
confi rming the elimination of the infection [2–4] and to ensure that 
the samples collected at reimplantation for microbial culture do not 
give negative results owing to previous antibiotic use [4].

The two-stage reimplantation procedure for managing infected 
total knee arthroplasty (TKA) was fi rst described by Insall et al. [5] in 
1983. According to them, the fi rst stage includes the removal of all 
the foreign materials from the joint. Thereafter, the debridement 
of all soft tissues, bone, synovectomy, irrigation and reaming of the 
medullary canals is performed. After joint preparation, antibiotic-
loaded cement beads and/or a static or articulating spacer is inserted, 
followed by the closure of the soft tissues and the skin. The patient is 
then prescribed antibiotics for an extended period of time. Intrave-
nous antibiotics are most commonly used and are selected on the 
basis of the sensitivities of the infecting organisms, as determined 
from the preoperative and intraoperative microbiologic cultures [5].  

In 2000, Mont et al. [6] conducted a prospective study involving 
34 patients who had undergone an aspiration before reimplanta-
tion, four weeks after antibiotic administration was discontinued. 
The authors concluded that cultures of knee aspirates had 75% sensi-
tivity, 100% specifi city, 100% positive predictive value, and 97% nega-
tive predictive value.

Beckerom and Stucky [7] (2006) studied the cultures of aspira-
tion fl uid from 68 infected knees in 67 patients; they reported 32 true 
positives, 17 true negatives, 6 false positives, and 13 false negatives 
and concluded that preoperative aspiration had a positive predictive 
value of 71% and a negative predictive value of 74%. They stated that a 
positive aspiration result may indicate prosthesis infection; however, 
a negative result does not rule out infection, and one must consider a 
coagulase-negative Staphylococcus infection in such cases.

Meermans and Haddad [8] (2010) prospectively followed 120 
patients with assumed infection of total joint arthroplasty, including 
64 with total hip arthroplasties (THAs) and 56 with TKAs. All patients 
had undergone aspiration with culture and biopsy. They inferred 
that the sensitivity was 83% for aspiration, 79% for biopsy, and 90% 
for the combination of both the techniques. The specifi city was 100% 

for aspiration, biopsy and the combination. Their overall accuracies 
were 84%, 81%, and 90%, respectively. They concluded that routine 
aspiration should be followed by a biopsy in the workup of septic 
joints.

Lonner et al. [9] (2001) published a study of 34 infected knee pros-
theses, where aspiration was performed for the detection of persis-
tent infection prior to reimplantation and after the completion of 
a four to eight week course of antibiotics. They concluded that knee 
aspiration following resection arthroplasty had sensitivity and posi-
tive predictive value of zero, a negative predictive value of 75%, and a 
specifi city of 92%. They further stated that a negative result of joint 
aspiration after resection arthroplasty may not necessarily rule out 
current infection. The average antibiotic-free interval in all patients 
was 20 days; patients with false-negative results of aspiration had an 
average antibiotic-free interval of 11.5 days compared with 26 days 
among all other patients.

In addition, the study performed by Ghanem et al. [10] (2009) 
reported that a negative result of aspiration of the knee did not rule 
out infection. They observed false-negative aspiration in 15% of their 
cases, similar to the report by Lonner [9] et al. 

Sanchez-Sotelo et al. [11] (2009) focused on long-term reinfec-
tion-free survival and mechanical durability; they retrospectively 
reviewed 168 patients (169 hips) with infected arthroplasty, all of 
whom had undergone two-stage reimplantation for an infected THA 
from 1988 to 1998. In the second stage, the femoral component was 
fi xed with antibiotic-loaded bone cement in 121 hips, while the other 
femoral components and all the acetabular components were unce-
mented. 

The minimum follow-up time was 2 years (mean, 7 years; range, 
2–16 years). At the most recent follow-up, 12 hips (7.1%) had under-
gone re-operation for reinfection, and 13 hips (7.7%) were revised for 
aseptic loosening or osteolysis. Aseptic loosening occurred on one or 
both sides of the joint in 24 hips (14.2%). The 10-year rates for survival 
without reinfection and mechanical failure were 87.5% and 75.2%, 
respectively. Nineteen hips dislocated and eight underwent revi-
sion surgery for instability. The two-staged procedures included the 
removal of all the prosthetic components, cement (if present), and 
all the foreign bodies followed by intravenous antibiotic therapy and 
delayed reimplantation of THA. They applied a spacer made of antibi-
otic-loaded polymethyl methacrylate in 31 hips, while the remaining 
hips underwent resection arthroplasty for the time interval between 
implant removal and reimplantation. 

In the 23 hips with negative intraoperative cultures, infection 
was diagnosed on the basis of positive intraoperative pathology (13 
hips), frank purulence (nine hips, six with positive pathology), posi-
tive preoperative aspiration (14 hips, seven with positive pathology) 
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and/or macroscopic evidence of infection. The average duration 
of intravenous antibiotic therapy was 6 weeks (range, 3–18 weeks). 
The median duration of the interval between the resection and 
reimplantation was 9.4 months (range, 3–18 months). After reim-
plantation, antibiotics were discontinued when the intraoperative 
cultures were finalized, except in 16 patients (16 hips) with chronic 
oral suppression antibiotic therapy. 

Kusuma et al. [12] (2011) have determined serology (erythrocyte 
sedimentation rate (ESR)/C-reactive protein (CRP)) and aspiration 
(synovial white blood cell (WBC) count) to be predictive parameters 
for determining the appropriate timing for defi nitive second-stage 
reimplantation. These were compared when stopping antibiotic 
treatment prior to the second-stage procedure. The WBC count in 
the synovial fl uid was found to be the most reliable indicator of infec-
tion resolution. However, the researchers were unable to launch any 
defi nitive outlines indicative of persistent infection. 

Newman et al. [13] retrospectively evaluated 77 hips undergoing 
aspiration before a second stage reimplantation and found a sensi-
tivity of 30% and specifi city of 100% in detecting infection. Simi-
larly, Preininger et al. [14] found that pre-reimplantation aspiration 
cultures had a high specifi city (100%), but low sensitivity (21%).

Although a majority of the studies report a high specifi city with 
respect to cultures, the utility of other aspiration tests is less clear. 
Shukla et al. [15] found that WBC counts had an area under the curve 
(AUC) of 0.91 at cut-off  of 3,528 cells/μL (sensitivity, 78%; specifi city, 
96%), whereas polymorphonuclear (PMN) % had an AUC of 0.81 at 
cut-off  of 79% (sensitivity, 78%; specifi city, 82%). Newman et al. [13] 
reported a sensitivity and specifi city of 47% and 87% for WBC counts 
(AUC = 0.67), and 76% and 80% for PMN % (AUC = 0.78), respectively 
at the MusculoSkeletal Infection Society (MSIS) thresholds of 3,000 
cells/μL and 80 PMN %. They also found that when any of the aspi-
ration results were positive for infection (WBC >3,000 cells/μL or 
PMN % >80 or positive culture), aspiration had a good diagnostic 
performance (AUC = 0.82). Additionally, they found that lowering 
the threshold for WBC count signifi cantly improved the diagnostic 
sensitivity (47 - 76%) while slightly decreasing the specifi city (87 - 
78%). On the contrary, Hoell et al. [16,17] reported poor diagnostic 
performances for WBC counts in their two studies (AUCs of 0.37 and 
0.56), though the cut-off  obtained was close to 1,000 cells/μL. Kheir et 
al. [18] found that leukocyte esterase (LE) test performed on synovial 
fl uid had a sensitivity and specifi city of 26% and 100%, respectively 
(AUC = 0.56) for detecting persistent infection. They also found that a 
positive LE test was associated with increased risk of reinfection after 
the reimplantation surgery.

Most of the studies were performed in a retrospective manner 
causing an inherent bias in patient selection and were of moderate 
or low quality [19]. A major concern while interpreting the studies 
assessing the utility of aspiration is the uncertainty regarding 
the gold standard test to diagnose persistent infection. Many 
studies compare the aspiration results to intraoperative cultures, 
histology or other markers at time of reimplantation, while some 
studies compare to subsequent failure after reimplantation. Lack 
of adequate fl uid (dry taps) is another concern while performing 
preoperative aspirations on spacers [13]. Sometimes, saline lavages 
are performed in an att empt to obtain fl uid when such dry taps are 
encountered. Newman et al. [13] compared the accuracy of aspira-
tion performed with and without a saline lavage, and found that 
synovial WBC counts and PMN % were noticeably aff ected by lavage, 
while culture results were less susceptible to lavage.

In summary, it appears that cultures obtained before the 
planned second stage are helpful in ruling in persistent infection. 
A patient with positive culture is likely to benefi t from an addi-
tional debridement. However, a negative culture does not rule out 

persistent infection and additional clinical, and laboratory markers 
should be considered in these patients. WBC counts and PMN % have 
demonstrated good diagnostic utility, though the WBC cut-off  might 
be lower than the MSIS threshold.

It is well known, that the most important factors in favor of 
routine aspiration are its reliability, low cost and simplicity of appli-
cation in an outpatient clinic. Given the studies [8,12] as Level II, 
diagnostic studies emphasizing the diagnostic accuracy of an aspi-
ration of a cement spacer following a drug-holiday in literature, we 
conclude that aspiration of a cement spacer in conjunction with 
clinical evaluation, imaging, serologic tests and biopsies has high 
diagnostic accuracy and may be performed before reimplantation 
based on the index of suspicion for persistent infections [20,21].
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QUESTION 6: What intraoperative metrics can be utilized at the time of intended 
reimplantation to help decision-making and reduce the risk of subsequent recurrence?

RECOMMENDATION: Intraoperatively, frozen section and leukocyte esterase (LE) strip test can be used as decision-making metrics for 
reimplantation. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 66%, Disagree: 25%, Abstain: 9% (Super Majority, Weak Consensus)

RATIONALE 

The intraoperative decision-making process for reimplantation 
must be based on metrics that are fast (due to time constraints), 
accurate to reduce the risk of recurrence and reliable so that such 
metrics can be reproduced in many scenarios.

Frozen Section (FS)
Intraoperative FSs have been used as a fast and accurate indi-

cator of infection during reimplantation due to high specifi city. 
Most of the studies recommend withholding reimplantation in 
the presence of positive results. Nonetheless there is a debate 
regarding optimal cutoff  for the number of polymorphonuclear 
cells (PMNs) per high-power fi eld and whether this should be a 
quantitative or qualitative analysis. The primary reason FS is not 
universally accepted as a decision-making marker is its reliability. 
FS continues to have a low sensitivity (between 25 - 50%) in the pres-
ence of infection [1–5]. FS is also dependent on a highly specialized 
pathologist with experience, which is evident in a study published 
by George et al. where even in the presence of a highly trained 
pathologist, the sensitivity only reached 50% [5]. Gram and fungal 
stains have very low sensitivity [6–8], and therefore are not recom-
mended.

Leukocyte Esterase (LE)
The LE strip test has the advantages of being a fast, accurate and 

reliable test. This is supported by several recently published studies 
and a meta-analysis [9–22]. These publications show that LE has a 
sensitivity that ranges from 49% up to 95%, and a specifi city that 
ranges from 82 - 100%. Some papers also have shown a positive predic-
tive value (PPV) from 71.5 to 100%.

One of the limitations observed with LE, being a colorimetric 
assay, was the potential for inaccurate readings in the presence of 
a bloody sample. A recent study by Li X et al. [23] showed that when 
a bloody sample is centrifuged, the LE continues to have excellent 
sensitivity and specifi city (92 and 93.1% respectively), making it still 
a very reliable test for intraoperative decision-making. Another 
concern when LE started to be widely used was its accuracy in the 
presence of adverse local tissue reactions (ALTR), namely metal-
losis. Tischler et al. [12] demonstrated that LE combined with PMN 
% was reliable in ruling out infection in 92.9% of the cases evalu-
ated.

Alpha-Defensin
The alpha-defensin test as a reliable synovial biomarker for the 

diagnosis of infection was introduced by Deirmengian et al. [14] 
Since then, newer techniques have been developed which achieve 
similar results in a faster fashion. Alpha-defensin lateral-fl ow immu-
noassays [24–31]are faster and have a sensitivity that ranges from 64.7 
- 94.5%, a specifi city with a range of 87 - 99.6%, a positive predictive 
value (PPV) from 74.6 - 98.1%, and a negative predictive value (NPV) 
from 83.7 - 98.2%. However, a few studies [29,30] have demonstrated 
that the immunoassay test performed in the laboratory sett ing is 
more accurate than the lateral-fl ow technique, and provides sensi-
tivity ranges from 83.6 - 97.1%, specifi city ranges of 97 - 100%, PPV 
ranges from 94.9 - 100%, and NPV ranges from 89.9 - 98.2%.

As with LE, other factors can impact the accuracy of Alpha-
defensin testing. The specifi city and PPV can decrease in the presence 
of ALTR [24] and crystal deposition arthroplasties [31].

Interleukins
Another lateral-fl ow immunoassay technique being used for 

the diagnosis of PJI involves interleukins, specifi cally Interleukin-6 
 (IL-6). This intraoperative test allows for a rapid assessment of the 
cytokines within the synovial fl uid. This technique is already in use 
with an acceptable specifi city but relatively low sensitivity. However, 
when IL-6 is measured in the lab with radioimmunoassay tech-
niques, it is more accurate [32].

Despite having these time-tested and novel techniques, the 
surgeon continues to rely on a combination of preoperative testing, 
intraoperative clinical judgment and the interpretation of these 
intraoperative metrics to decide whether it is safe to proceed with 
reimplantation and avoid the risk of PJI recurrence.
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