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QUESTION 2: What are the indications for interim cement spacer exchange or repeat 
irrigation and debridement (I&D) instead of reimplantation?

RECOMMENDATION: Interim cement spacer exchange and/or repeat I&D may be performed, instead of reimplantation, in the presence of 
persistent infection and/or mechanical complications.

LEVEL OF RECOMMENDATION:  Limited

DELEGATE VOTE: Agree: 97%, Disagree: 0%, Abstain: 3% (Unanimous, Strongest Consensus)

RATIONALE 

Two-stage exchange arthroplasty remains the most utilized surgical 
treatment for the treatment of chronic periprosthetic joint infec-
tions (PJIs). However, there are occasions when the antibiotic cement 
spacer may be exchanged, or an I&D performed, and the reimplanta-
tion delayed [1]. The reason for these additional surgical procedures 
may include the inability to control infection or when potential 
infection is encountered during an intended reimplantation. 

The rationale behind this spacer exchange practice is to deliver 
a further “new load” of local antibiotics as a strategy to treat the 
persistent infection [2,3]. Alternatively, an I&D at this stage is hypoth-
esized to reduce the microbial bioburden. Although these practices 
seem intuitively rational, there is litt le to no published literature on 
the outcomes of interim spacer exchanges or additional irrigation 
and debridement. These additional procedures also carry marked 
morbidity and aff ect the patient journey, with Gomez et al. reporting 
that 17.3% of these patients never undergo reimplantation and 11.9% 
require more than one spacer [1]. It therefore remains unknown 
whether interim spacer exchange confers any benefi t versus conven-
tional two-stage exchange or in comparison to altered inter-stage 
antibiotic treatment.

George et al. recently presented a series of 416 two-stage 
exchanges for PJIs, of which 59 (17%) had an interim spacer exchange 
performed [4]. On assessment of Delphi treatment success, two-
year and fi ve-year success rates were 77% and 66% in the exchange 
group versus 86% and 77% in the non-exchange group. Their spacer 
exchange group had a lower infection-free survival adjusted hazard 
ratio (aHR) 10.69, 95% confi dence interval (CI) 1.02-2.81; p = 0.039. 
Similar fi ndings were presented by Goswami et al. in a retrospec-
tive study of 75 interim spacer exchanges and 352 matched controls 
undergoing conventional two-stage exchange at mean 3.5-year 
follow-up [5]. They found 31.1% of the interim exchange cohort failed 
treatment after eventual reimplantation, with a signifi cantly lower 
treatment success compared to matched patients who underwent 
conventional two-stage exchange (p = 0.045).

Current indications for an additional spacer exchange or I&D 
include persistent infection, wound-related problems, draining 
sinus or mechanical complications such as spacer dislocation or 
fracture. However, there is also no gold standard diagnostic method 
demonstrating eradication of joint infection or for optimal timing 
of reimplantation. Several studies have identifi ed metrics that are 
useful in determining if there is a persistent infectious state prior 
to reimplantation. Histological analysis, synovial fl uid cell counts, 
serum D-dimer, leukocyte esterase (LE), erythrocyte sedimentation 
rate (ESR) and C-reactive protein (CRP) have all been investigated 
[6–12].

Feldman et al. evaluated the ability of frozen section histology to 
identify ongoing infection [13]. They concluded that >5 polymorpho-
nuclear (PMN) cells per high power fi eld (HPF) had 100% sensitivity 
and 96% specifi city for the detection of infection. On the contrary, 

in a cohort of 54 patients, Cho et al. evaluated the role of PMN cell 
count in frozen sections at reimplantation in total knee arthroplas-
ties (TKAs) [12]. They identifi ed 15 patients with 5 to 20 PMNs per HPF 
during reimplantation. At a minimum follow-up of two years, they 
reported 100% eradication of infection, casting doubt on the role of 
frozen sections. Furthermore, George et al. demonstrated limited 
utility of this method for ruling out infection, given a sensitivity of 
only 50% (CI, 13 - 88%) [14]. False-positive frozen section results can 
potentially arise in patients with the use of dynamic spacers in hips, 
which may result in debris that accentuates infl ammation seen in 
frozen sections, thereby making conclusions from frozen section, 
unreliable in such scenarios.

ESR, CRP and joint aspiration have also been evaluated in this 
context [8,15]. However, there is no convincing evidence to estab-
lish their roles in diagnosing persistent infection or in determining 
if reimplantation is indicated. Ghanem et al. att empted to defi ne 
cut-off  values for ESR and CRP that improve clinical diff erentiation 
between aseptic failure and periprosthetic infection prior to revi-
sion total hip arthroplasty [16]. They published that an ESR threshold 
of 30 mm/h has a sensitivity of 94.3% and a CRP threshold of 10 mg/L 
had a sensitivity of 91.1% for infection. When combining ESR and 
CRP cut-off s for a positive diagnosis, this increased the sensitivity to 
97.6%. However, when calculated by receiver operating curve (ROC) 
analysis, the predictive cut-off s equated to 31 mm/h for ESR and 20.5 
mg/L for CRP.

Zmitowski et al. evaluated 129 patients undergoing two-stage 
arthroplasty who had an aspiration before their second-stage 
procedure [6]. Persistent infection was defi ned as a positive aspi-
rate culture. In 33 cases (25.6%) that were classifi ed as persistent PJIs, 
patients had signifi cantly elevated PMN % (62.2 vs. 48.9%; p = 0.03) 
and white blood cell (WBC) counts (1,804 vs. 954 cells/μL; p = 0.04). 
Although statistically signifi cant diff erences were noted, diagnostic 
accuracy for persistent PJIs was <60% for all variables, except synovial 
WBC counts.

In another retrospective study of 76 infected TKAs treated with 
two-stage exchange, Kusuma et al. evaluated the role of serological 
tests for determining eradication of infection during two-stage 
exchanges [8]. They concluded that while the ESR, CRP and syno-
vial fl uid WBC count decreased in cases where infection control 
was achieved, these values frequently remained elevated. The ESR 
remained persistently elevated in 54% of knees and the CRP remained 
elevated in 21% of knees where the infection had been controlled. 
Despite their inability to identify any patt erns in these tests indica-
tive of persistent infection, they proposed that synovial fl uid WBC 
counts as the best test for confi rmation of infection control.

Furthermore, Janz et al. investigated the eff ectiveness of syno-
vial aspiration in resection arthroplasty hips for detecting persistent 
infection in patients undergoing two-stage revision total hip arthro-
plasty (THA) [10]. Diagnostic performance of the synovial aspiration 
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of these hips achieved a sensitivity of only 13% and a specifi city of 
98%. They concluded that aspiration is of limited diagnostic validity 
and cannot reliably detect or rule out infection. However, they high-
lighted the fact that a positive aspiration culture had a high diag-
nostic performance.

Recently, serum D-dimer tests have been proposed as promising 
tests for diagnosing PJIs [7]. The study evaluated the role of D-dimer 
in detecting the presence of infection at the time of reimplantation. 
Out of fi ve patients with raised D-dimer levels at the time of reim-
plantation, two had a positive culture from samples taken during 
reimplantation and subsequently failed. It is worth mentioning that 
both ESR and CRP values were normal in these two patients. 

As previously mentioned, there is no gold standard test for PJIs. 
After spacer insertion and a period of antibiotic treatment, infection 
control is expected and laboratory and clinical signs are expected to 
improve. 

In the sett ing of a failure to improve or if there is ongoing active 
infection at the time of planned reimplantation, a repeated irriga-
tion, debridement and spacer exchange may be considered. Further 
research is essential to establish eff ective tests that prove eradica-
tion of PJIs and therefore determine if reimplantation should be 
performed. The role of several tests, such as elevated ESR and CRP, 
synovial WBC, and PMN % as well as serum D-dimer are helpful in 
determining whether reimplantation can be carried out but are 
not absolute determinants. A combination of these tests, clinical 
suspicion, completion of antibiotic therapy and careful evaluation 
of MusculoSkeletal Infection Society (MSIS) criteria [17] should be 
used to determine if a repeated cement spacer exchange may be 
indicated. Repeated I&D of an implanted spacer, without antibiotic 
spacer exchange, does not seem to have any evidence and is generally 
considered a suboptimal approach in this sett ing.

REFERENCES
[1] Gomez MM, Tan TL, Manrique J, Deirmengian GK, Parvizi J. The fate of 

spacers in the treatment of periprosthetic joint infection. J Bone Joint Surg 
Am.2015;97. doi:10.2106/JBJS.N.00958.

[2] Anagnostakos K, Meyer C.  Antibiotic elution from hip and knee acrylic 
bone cement spacers: asystematic review. Biomed Res Int. 2017;2017. 
doi:10.1155/2017/4657874.

[3] van de Belt H, Neut D, Schenk W, van Horn JR, van der Mei HC, Busscher HJ. 
Staphylococcus aureus biofi lm formation on diff erent gentamicin-loaded 
polymethylmethacrylate bone cements. Biomaterials. 2001;22:1607–1611. 
doi:10.1016/S0142-9612(00)00313-6.

[4] George J, Miller EM, Curtis GL, Klika AK, Barsoum WK, Mont MA. Success 
of two stage revision arthroplasty in patients requiring an interim spacer.J 
Arthroplasty. 2018;33:S228-S232.

[5] Goswami K, Kheir MM, Tan TL, Parvizi J. Fate of spacer exchanges in peripros-
thetic joint infection.AAOS 2017 Annual Meeting presentation.

[6] Zmistowski BM, Clyde CT, Ghanem ES, Gotoff  JR, Deirmengian CA, Parvizi J. 
 Utility of synovial white blood cell count and diff erential before reimplanta-
tion surgery. J Arthroplasty. 2017;32:2820–2824. doi:10.1016/j.arth.2017.03.068.

[7] Shahi A, Kheir MM, Tarabichi M, Hosseinzadeh HRS, Tan TL, Parvizi J.  Serum 
D-dimer test is promising for the diagnosis of periprosthetic joint infec-
tion and timing of reimplantation. J Bone Joint Surg Am. 2017;99:1419–1427. 
doi:10.2106/JBJS.16.01395.

[8] Kusuma SK, Ward J, Jacofsky M, Sporer SM, Della Valle CJ. What is the 
role of serological testing between stages of two-stage reconstruction of 
the infected prosthetic knee? Clin Orthop Relat Res. 2011;469:1002–1008. 
doi:10.1007/s11999-010-1619-7.

[9] Kheir MM, Ackerman CT, Tan TL, Benazzo A, Tischler EH, Parvizi J. Leukocyte 
esterase strip test can predict subsequent failure following reimplantation 
in patients with periprosthetic joint infection. J Arthroplasty. 2017;32:1976–
1979.

[10] Janz V, Bartek B, Wassilew GI, Stuhlert M, Perka CF, Winkler T. Validation 
of synovial aspiration in girdlestone hips for detection of infection persis-
tence in patients undergoing 2-stage revision total hip arthroplasty. J 
Arthroplasty. 2016;31:684–687. doi:10.1016/j.arth.2015.09.053.

[11] Bingham J, Clarke H, Spangehl M, Schwartz A, Beauchamp C, Goldberg B. 
The alpha defensin-1 biomarker assay can be used to evaluate the poten-
tially infected total joint arthroplasty. Clin Orthop Relat Res. 2014;472:4006–
4009. doi:10.1007/s11999-014-3900-7.

[12] Cho WS, Byun SE, Cho WJ, Yoon YS, Dhurve K. Polymorphonuclear cell count 
on frozen section is not an absolute index of reimplantation in infected 
total knee arthroplasty. J Arthroplasty. 2013;28:1874–1877. doi:10.1016/j.
arth.2013.03.016.

[13] Feldman DS, Lonner JH, Desai P, Zuckerman JD. The role of intraoperative 
frozen sections in revision total joint arthroplasty. J Bone Joint Surg Am. 
1995;77:1807–1813.

[14] George J, Kwiecien G, Klika AK, Ramanathan D, Bauer TW, Barsoum WK, et al. 
Are frozen sections and MSIS criteria reliable at the time of reimplantation 
of two-stage revision arthroplasty? Clin Orthop Relat Res.2016;474:1619–
1626. 

[15] Ghanem E, Antoci V, Pulido L, Joshi A, Hozack W, Parvizi J. The use of receiver 
operating characteristics analysis in determining erythrocyte sedimenta-
tion rate and C-reactive protein levels in diagnosing periprosthetic infec-
tion prior to revision total hip arthroplasty. Int J  Infect Dis. 2009;13:e444-9. 
doi:10.1016/j.ijid.2009.02.017.

[16] Ghanem E, Antoci V, Pulido L, Joshi A, Hozack W, Parvizi J. The use of receiver 
operating characteristics analysis in determining erythrocyte sedimenta-
tion rate and C-reactive protein levels in diagnosing periprosthetic infec-
tion prior to revision total hip arthroplasty. Int J Infect Dis. 2009;13:e444-9. 
doi:10.1016/j.ijid.2009.02.017.

[17] Parvizi J, Gehrke T. Defi nition of periprosthetic joint infection. J Arthro-
plasty. 2014;29:1331. doi:10.1016/j.arth.2014.03.009.

•    •    •    •    •
Authors: Akos Zahar, Andrew Porteous, Viktor Janz, Ankit Varshneya, Vishwas Sharma

QUESTION 3: Should the antibiotics placed in a cement spacer be tailored to the sensitivity of 
the infective organism?

RECOMMENDATION: Antibiotics added to cement spacer during resection arthroplasty should be tailored towards the causative organism and 
its susceptibility. In case of culture negative periprosthetic joint infections (PJIs), consideration should be given to the addition of a broad-spec-
trum antibiotic to the cement spacer to cover the most potential pathogens causing PJI.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 94%, Disagree: 3%, Abstain: 3% (Super Majority, Strong Consensus)

RATIONALE 

The literature was reviewed to identify all publications related to the 
above question. The systemic review revealed 12 publications with 
clear information about tailored local antibiotics in bone cement 
spacers. The majority of the papers were retrospective studies with 
a relatively low number of patients in each report. One study by 

Hsieh et al. contained 99 patients, which was the largest cohort [1]. 
There were two review articles from the same group [2,3]. Kiniet al. 
reviewed the available literature that consisted of 17 publications 
related to hip infections and 18 studies related to PJIs of the knee. 
They did not fi nd clear evidence related to the issue of antibiotics 


