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Abstract: Periprosthetic joint infection (PJI) continues to be one of the most serious complications
after hip and knee arthroplasty. The choice of surgical treatment depends on a multitude of factors
like chronicity of infection, host factors, and institutional or surgeon experience. Two-stage exchange
remains one of the most commonly used technique for chronic PJI in the United States of America.
The intended two-stage revision may involve an additional interim procedure where the initial
antibiotic cement spacer is removed and a new spacer is inserted. Mostly, the rationale behind spacer
exchange is an additional load of local antibiotics before proceeding to reimplantation. There is no
conclusive evidence whether a spacer exchange confers additional benefits, yet it delays reimplantation
and exposes already fragile patients to the risks and morbidity of an additional surgery.

Keywords: prosthetic joint infection; total knee arthroplasty; total hip arthroplasty; two stage
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1. Introduction

Periprosthetic Joint Infection (PJI) is a rare complication after total joint arthroplasty (TJA). The risk
following a total knee arthroplasty (TKA) varies from 0.5% to 2% with a slightly lower risk for total hip
arthroplasty (THA), less than 1% [1,2].

Despite some studies reporting declining trend [3,4], PJI will continue to be a prevalent and a
serious therapeutic challenge with the projected increase in hip and knee arthroplasty [5].

In addition to anti-microbial therapy, PJI is managed with surgery [6]. The surgical techniques
include debridement, antibiotics and implant retention (DAIR), one-stage and two-stage exchange.
The choice of the best surgical technique is based on the presentation [7] and chronicity of the
infection [8], the host and local factors [9], and the institutional/surgeon experience.

Two-stage exchange is the most commonly used approach for chronic PJI in the United States [10,11].
It consists of a first stage where the prosthesis is removed and an antibiotic loaded cement spacer is
inserted. After usually four to six weeks of systemic antibiotic therapy, the infection is considered to be
controlled. After the antibiotic treatment, the patients go on an antibiotic holiday varying from two to
eight weeks before proceeding to the second stage to receive a new implant. Of note, some studies
argued against the use of antibiotic holiday [12,13].

Two-stage exchange proved to be effective, with a success rate varying between 75% and 98% [11,
14,15] in eradicating infections. In addition, joint functionality scores appeared to be improved after
completion of the second stage [16,17]. Nonetheless, other studies reported a two-stage related mortality
varying between 9% [18] and 25% [19] at a mean follow-up of 69.8 months and 64.8 months, respectively.
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There are circumstances when the initial antibiotic spacer is exchanged in the interim (Figure 1).
For instance, a persistent infection, a spacer dislocation or fracture may lead to the additional surgical
procedure of ‘spacer exchange’. In the case of a persistent infection, the rationale behind spacer
exchange surgery is an interim irrigation, debridement, and the delivery of an additional antimicrobial
load through antibiotic impregnated spacers.
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This practice is based on the surgeon’s judgement as well as limited clinical evidence based on
helpful, yet not perfect biomarkers. There are no clear guidelines as to whether or when a spacer
should be exchanged, hence little is known about the candidates who would benefit most from this
procedure. This review aims to highlight the current evidence in order to guide providers in the
management of PJI.

2. Spacers

The use of antibiotic impregnated cement spacers allows the delivery of antimicrobials to the soft
tissue around the joint. This local concentration is believed to be hard to achieve with systemic antibiotics.

Despite the efforts and recommendations to adapt antimicrobials used in the spacer to the isolated
pathogen [20], vancomycin and aminoglycosides remain the most commonly used antibiotics [21,22].
Vancomycin and aminoglycosides are broad spectrum antibiotics; they exhibit ideal properties of
thermal stability and have minimal influence on the mechanical properties of the cement [23,24].

Besides targeting the pathogen, antimicrobials may be adapted to patients’ medical conditions,
particularly history of allergy [25,26] and renal function [27,28].

Depending on their type, the spacers can provide a certain degree of mobility in the time period
between the first and the second stage.
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Types of Spacers

Static and mobile spacers can be used for the hip and the knee. They are either hand-made
by the surgeon or pre-fabricated. For instance, a literature review by Citak et al. [29] reported
superior functional outcomes with the use of articulating spacers for hip infection on one hand, and a
higher rate of spacer fracture with the use of surgeon-made articulating spacers on the other hand.
However, the authors reported no difference in infection eradication or functional outcomes between
surgeon-made and preformed spacers.

Another systematic review by Voleti et al. [30] reported no significant difference in reinfection rates
between articulating and static spacers used for knee infection (7% vs. 12%; p = 0.2). Despite showing
that articulating spacers had a significantly increased range of knee motion (101 degrees vs 91 degrees;
p = 0.0002) after completion of the second stage, the authors reported similar functional scores
with articulating and static spacers. Rates of spacer-related complications were low and similar for
both types.

In a recent randomized controlled trial, Nahhas et al. [31] compared outcomes in 32 patients receiving
static spacers and 36 patients receiving articulating spacers for TKA infection. Articulating spacers
provided a significantly greater range of motion 113.0◦ (95% CI, 108.4◦ to 117.6◦) in the articulating spacer
group, compared with 100.2◦ (95% CI, 94.2◦ to 106.1◦) (p = 0.001) and significantly higher Knee Society
scores (79.4 compared with 69.8 points; 95% CI, 72.4 to 86.3 and 63.6 to 76.1, respectively; p = 0.043)
at a mean follow-up of 3.5 years. Static spacers were associated with a longer hospital stay following
removal of the infected implant. Of note, static spacers were associated with a greater need for extensile
exposure and a higher rate of reoperation. However, these findings were not statistically significant.

There is no clear consensus on the ideal type of spacer. Most of the time, the choice of the
spacer is based on the host (age, functionality) and local factors (bone loss, the extent of the infection,
wound condition) as well as the surgeon’s decision.

Articulating spacers may be used to maintain a certain degree of mobility and allow the limb
function to return after definitive reimplantation [32,33]. However, static spacers would be the better
option in some scenarios [24,34]. First, in cases where there is a lack of supportive structure around the
joint, namely collateral ligaments around the knee or abductor mechanism around the hip, static spacers
may be preferred. Second, extensive bone loss can prompt the surgeons to use a static spacer as it
requires less fixation and would put the patients at a lower risk of fracture [35]. Lastly, static spacers
allow for sufficient rest of an inflamed joint with a poor overlying skin condition.

3. Spacer Exchange

From a diagnostic standpoint, the interim spacer exchange procedure allows for repeat microbiology
studies including synovial fluid and tissue cultures to investigate a persistent infection. From a
therapeutic standpoint, as mentioned earlier, the rationale behind spacer exchange is a repeat irrigation
and debridement, and delivery of a local dose of antibiotics through cement, while preserving the space
that is left in the joint, thereby facilitating exposure during second stage reimplantation.

Spacer exchange may need to be performed, prior to definitive reimplantation, because of
persistent infection or mechanical complications. Major studies reported a similar prevalence of spacer
exchange, around 17% [21,22] in the course of a two-stage exchange procedure. Furthermore, a small
percentage of those patients received multiple exchanges. For instance, George et al. [21] reported a 5%
prevalence whereas Tan et al. [22] reported a prevalence of 12% of multiple spacer exchanges.

Nevertheless, multiple studies showed that spacers can be colonized by bacteria [35,36].
For instance, Ma et al. [36] reported that bacterial nucleic acids were detected on 54% (n = 7/13)
of cement spacers at reimplantation, after a 6-week antibiotic treatment. Yet, none of the patients with
detectable bacterial nucleic acids developed recurrent PJI at 15 months follow-up. This highlights
the colonization of antibiotic impregnated cement spacers through the presence of highly resistant
biofilms. Moreover, Sigmund et al. [37] reported that 17% (n = 17/99) of the patients undergoing
two-stage exchange for hip PJI had positive cultures at reimplantation. Sixteen of those patients were
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considered to have persistent infection, defined by the authors as discharging wound and/or increasing
CRP without any other infection focus and/or local signs of infection. Among those, three patients
had different microorganisms from the ones isolated at explantation. Thus, the presence of spacers is
meant to be a temporary stage.

3.1. Reasons for Spacer Exchange

3.1.1. Mechanical Complications

Spacers may be exchanged due to mechanical complications. For instance, Struelens et al. [38]
reported a 12% (n = 18/154) incidence of major mechanical complications like spacer dislocation,
fracture or subluxation in patients receiving an articulating spacer for periprosthetic knee infection.
The authors also reported minor complications like spacer tilting (24%) and mediolateral translation
(21%). When it comes to hip spacers, Jung et al. [39] reported a dislocation in 17% (n = 15/88) and
spacer fracture in 10.2% (n = 9/88) of the patients. Tan et al. [22] reported that out of 90 patients with
spacer exchange in their series, 18% (n = 16/90) were due to mechanical reasons.

Common underlying reasons for spacer mechanical complications include inadequate soft-tissue
tension, incorrect positioning of the spacer, or extensive bone loss [40].

Nonetheless, mechanical complications leading to spacer exchange raise the question whether the
use of cement spacers is rather beneficial in the prosthesis-free period, particularly in hip infection.
In fact, a major concern is leg length discrepancy which is thoroughly described after resection
arthroplasty without the use of spacers. For instance, Diemen et al. [41] reported a prevalence of 8% in
a series of 136 hip infections with the use of a cement spacer, with a mean discrepancy of 26 mm; plus,
the authors report a reinfection rate of 13% (n = 18/136). In contrast, Sigmund et al. [37] reported a 14%
prevalence of leg length discrepancy without the use of cement spacer, with a median discrepancy of
15 mm. In this latter study, the group of patients with a prosthesis-free interval less than 10 weeks had
an 8% prevalence of leg length discrepancy with a median of 13 mm compared to a prevalence of 20%
and a median of 20 mm in patients with prosthesis-free interval of more than 10 weeks; the authors
report a total reinfection rate of 10% (n = 9/93). These numbers suggest that a resection hip arthroplasty
with no cement spacer and a shorter prosthesis-free interval may have similar outcomes on leg length
discrepancy compared to cases where a spacer is used. However, randomized trials comparing both
strategies are lacking.

The indications to exchange a spacer with a mechanical complication were addressed in the
2018 International Consensus Meeting (ICM) on musculoskeletal infections. With a supermajority
consensus [42], the experts agreed that in the event of a mechanical complication, an exchange of the
spacer may be done if the spacer (1) is pressing against the skin with an imminent risk of necrosis,
(2) is compromising neuro-vascular structures, or (3) is causing pain and disability for the patient.
Should other complications occur, namely a dislocation or a fracture, the spacer is safe to leave in place
until the definitive second stage surgery.

3.1.2. Persistence of Infection

Although persistent infection is the most common indication for spacer exchange, there is no
perfect test to confirm it (Figure 2). For instance, Tan et al. [22] reported that the majority (82%; n = 74/90)
of spacer exchanges in their series were done for a persistent infection; persistent infection was defined
by poor wound healing or intraoperative purulence in addition to high serum inflammatory markers.
The patients in the exchange cohort had a higher body mass index (BMI), were more likely to have
rheumatoid arthritis, an index revision surgery and a resistant organism. George et al. [21] sought
to compare patients with hip and knee infections who underwent a classic two-stage exchange to
patients with an interim spacer exchange. The only indication for spacer exchange in their study was a
persistent infection. Persistent infection was defined by non-healing wound, ongoing drainage, or pain,
in accordance with Delphi criteria for the success/failure of two stage exchange [43]. The authors
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reported that patients with spacer exchange had significantly more comorbidities (higher Charlson
Comorbidity Index- CCI) and a higher prevalence of resistant microorganisms, yet the latter finding
did not reach statistical significance (p = 0.091).

J. Clin. Med. 2020, 9, x FOR PEER REVIEW 5 of 12 

Charlson Comorbidity Index- CCI) and a higher prevalence of resistant microorganisms, yet the latter 
finding did not reach statistical significance (p = 0.091).  

The findings in the aforementioned studies imply that the patients who received spacer 
exchange secondary to persistent infection share common characteristics: multiple comorbidities and 
more resistant microorganisms. 

Figure 2. Hip radiographs: periprosthetic joint infection (PJI) with history of three prior debridement 
surgeries and systemic antibiotics. (A) First Hip spacer (Girdlestone); (B) Status post second spacer 
exchange (third spacer) for persistent infection; (C) Status post third spacer exchange: failure of 
intended reimplantation. Clinical history: First exchange occurred after recurrence of fever, elevated 
CRP, local signs of hip infection and positive urinalysis s/p two-weeks off antibiotics. Of note, 
purulence was observed during the first exchange surgery. Second Exchange occurred after a 
purulent drainage, with an aspiration culture growing methicillin-resistant Staphylococcus aureus 
(MRSA). After a third spacer exchange, the intra-operative cultures grew Klebsiella Pneumoniae. 

Multiple studies rushed to investigate histopathology and biomarkers as ways to determine the 
control of the infection prior to, or during the completion of the second stage. 

Findings on histopathology at the moment of reimplantation were reported by a couple of 
studies. According to Musculoskeletal Infection Society (MSIS) and International Consensus Meeting 
(ICM) criteria, the presence of five or more Polymorphonuclears (PMNs) per High Power Field (HPF) 
in operative samples correlates generally with the presence of an infection in a revision arthroplasty 
[44,45]. However, in a series of 15 patients, Cho et. al [46] reported that the presence of 5 to 20 PMNs 
per HPF at the moment of reimplantation was not associated with re-infection (n = 0/15) at a minimum 
follow-up of two years. Moreover, George et al. [47] using a threshold of five PMNs per HPF in at 
least three HPFs, demonstrated that histopathology was 94% (95% CI, 89–99%) specific yet only 50% 
(95%CI, 13–88%) sensitive in detecting a persistent infection at reimplantation. In the same study, 
George et al. reported that MSIS criteria had a high specificity 94% (95% CI, 91–100%) but a poor 
sensitivity 26% (95% CI, 9–44%) in detecting a persistent infection. 

Zmistowski et al. [48] demonstrated that synovial white blood cells (WBC) and PMN prior to 
reimplantation were higher in patients with persistent infection. In fact, persistent infection was 
present in 25.6% of patients (n = 33/129) and was defined as a positive aspirate culture, positive 
intraoperative cultures, or persistent symptoms of PJI, including subsequent PJI-related surgery. Yet, 
receiver operating curves (ROC) showed poor sensitivity and specificity of WBC and PMN, casting 
doubt over their utility. In addition, Kusuma et al. [49] reported that synovial fluid WBC was a better 

Figure 2. Hip radiographs: periprosthetic joint infection (PJI) with history of three prior debridement
surgeries and systemic antibiotics. (A) First Hip spacer (Girdlestone); (B) Status post second spacer
exchange (third spacer) for persistent infection; (C) Status post third spacer exchange: failure of
intended reimplantation. Clinical history: First exchange occurred after recurrence of fever, elevated
CRP, local signs of hip infection and positive urinalysis s/p two-weeks off antibiotics. Of note, purulence
was observed during the first exchange surgery. Second Exchange occurred after a purulent drainage,
with an aspiration culture growing methicillin-resistant Staphylococcus aureus (MRSA). After a third
spacer exchange, the intra-operative cultures grew Klebsiella Pneumoniae.

The findings in the aforementioned studies imply that the patients who received spacer exchange
secondary to persistent infection share common characteristics: multiple comorbidities and more
resistant microorganisms.

Multiple studies rushed to investigate histopathology and biomarkers as ways to determine the
control of the infection prior to, or during the completion of the second stage.

Findings on histopathology at the moment of reimplantation were reported by a couple of studies.
According to Musculoskeletal Infection Society (MSIS) and International Consensus Meeting (ICM)
criteria, the presence of five or more Polymorphonuclears (PMNs) per High Power Field (HPF) in
operative samples correlates generally with the presence of an infection in a revision arthroplasty [44,45].
However, in a series of 15 patients, Cho et. al [46] reported that the presence of 5 to 20 PMNs per
HPF at the moment of reimplantation was not associated with re-infection (n = 0/15) at a minimum
follow-up of two years. Moreover, George et al. [47] using a threshold of five PMNs per HPF in at least
three HPFs, demonstrated that histopathology was 94% (95% CI, 89–99%) specific yet only 50% (95%CI,
13–88%) sensitive in detecting a persistent infection at reimplantation. In the same study, George et al.
reported that MSIS criteria had a high specificity 94% (95% CI, 91–100%) but a poor sensitivity 26%
(95% CI, 9–44%) in detecting a persistent infection.

Zmistowski et al. [48] demonstrated that synovial white blood cells (WBC) and PMN prior to
reimplantation were higher in patients with persistent infection. In fact, persistent infection was present
in 25.6% of patients (n = 33/129) and was defined as a positive aspirate culture, positive intraoperative
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cultures, or persistent symptoms of PJI, including subsequent PJI-related surgery. Yet, receiver operating
curves (ROC) showed poor sensitivity and specificity of WBC and PMN, casting doubt over their
utility. In addition, Kusuma et al. [49] reported that synovial fluid WBC was a better marker of a
persistent knee infection, two weeks after antibiotic cessation and prior to intended reimplantation.
In their study, ESR and CRP performed poorly; they were found to be falsely positive (ESR 54% and
CRP 21%) in cases where the infection was considered to be resolved.

Furthermore, synovial fluid alpha defensin showed poor sensitivity and accuracy in determining
control of the infection at the time of reimplantation [50].

After serum D-dimer gained particular interest in the diagnosis of PJI, Shahi et al. [51] investigated
its role in determining the time of reimplantation. Of the 29 patients who underwent reimplantation in
their cohort, five patients had a high D-dimer. Two of the five patients had a positive culture from
intraoperative specimen and subsequently failed the two-stage exchange. Of note, these two patients
had falsely negative CRP and ESR values. Nonetheless, a recent study by Wu et al. [52] showed that
D-dimer and fibrinogen were of limited value in determining ideal timing for reimplantation.

Lastly, synovial fluid aspiration in the presence of a spacer, prior to second stage reimplantation,
showed poor sensitivity 21% (negative predictive value 51%, specificity 100%, positive predictive value
100%) for the detection of a persistent knee infection [53]. In this latter study, the final diagnosis of a
persistent infection was based on intraoperatively acquired cultures and pathology samples during the
second stage surgery.

Moreover, as studies failed to agree on an ideal timing for reimplantation, the moment to determine
whether the infection is resolved is still unknown. In a retrospective cohort study, Aali-razaie et al. [54]
reported that time from resection to reimplantation was not associated with treatment failure (failure was
defined by Delphi criteria). Yet, using 26 weeks as a cut-off, the patients with a time to reimplantation
>26 weeks had merely significant (p = 0.057) higher prevalence, 43.8%, of treatment failure compared to
21.1% in patients with <26 weeks to reimplantation. In a recent retrospective analysis, Sigmund et al. [37]
reported that patients with >10 weeks between resection hip arthroplasty and reimplantation had more
total complications 66 (n = 49) compared to 80 (n = 44) in patients with a time interval of 10 weeks
or less, yet these findings did not reach statistical significance (p = 0.068). Of note, the complications
at explantation, during resection arthroplasty or at reimplantation were not significantly different,
however, patients with >10 week-interval had significantly more complications after reimplantation
(70% (n = 31/44) vs. 33% (n = 16/49); p = 0.012). Similarly, in a retrospective review of a cohort of
314 infected TKAs treated with two-stage exchange, Sabry et al. [55] found that patients with recurrent
infection had a significantly longer time to reimplantation median: 124 days (84–184) vs. 96 (70–161)
(p = 0.015). Furthermore, in a prospective non-randomized trial, Winkler et al. [56] assigned 38 patients
with infected THA and TKA to two groups (10 THA and 9 TKA in each group): short interval (4 weeks
or less) vs long time interval (>4 weeks) from resection to reimplantation. Reimplantation was done only
if the wound was non-draining and CRP down trending. Resection arthroplasty without a spacer was
done for infected THA whereas a static cement spacer was inserted for infected TKA. The mean interval
between implant removal and reimplantation was 63 days (range 28–204 days) in patients with a long
interval and 17.9 days (range 7–27 days) in patients with a short interval. Yet, the patients in both groups
received the same antibiotic regimen for the same duration, a minimum of 12 weeks. Outcomes were
comparable as only one patient had a persistent infection in the long interval group compared to
none in the short interval group; pain and functional outcomes assessed by patient reported outcomes
surveys were similar as well. In contrast, when it comes to multidrug resistant organisms, a long
interval to reimplantation appears to be safe and beneficial: Babis et al. [53] reported a 100% success in
treating 32 hip resistant infections with a prolonged time to interval period of mean 9.2 months (range,
8–12 months). Of note, authors used long durations of intravenous antibiotic therapy (mean 5.1 weeks,
range 4–6 weeks) followed by long-term oral administration (mean 17 weeks, range 12–21 weeks).
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From an infectious standpoint, leaving a spacer in the joint for prolonged periods of time does not
seem to confer additional antimicrobial activity. The effect of such strategy is hard to evaluate as it
coincides with systemic antibiotic treatment.

In summary, in the absence of solid evidence, the ideal timing to confirm the resolution of the
infection and determine reimplantation should rely on the combination of clinical assessment and
monitoring of biomarkers.

3.2. Spacer Exchange and Reimplantation

Two-stage exchange remains far from perfect when it comes to definitive reimplantation. In fact,
Gomez et al. [57] reported that 17% of patients in their series did not receive reimplantation in the course
of a two-stage exchange. Similarly, Wang et al. [58] reported no reimplantation in 18% (n = 111/616) of
the patients undergoing an intended two-stage exchange, at a minimum 1 year of follow-up. Of the
111 patients who did not receive reimplantation, 26.1% had spacer retention based on a shared decision
with the surgeon, 20.7% had a salvage procedure, and half the patients (53.2%) were judged medically
unfit for reimplantation thus having their spacer retained. The authors identified multiple risk factors
associated with failure of reimplantation including higher CCI, liver disease, infection by Gram
negative organisms, the presence of a sinus tract, prior revision for an aseptic failure, but also spacer
exchange after the initial spacer insertion.

If spacer exchange becomes necessary, the chances of completing the second stage greatly decrease.
George et al. [21] reported that 26% of patients with spacer exchange did not proceed to reimplantation
compared to 17% of patients without exchange. Eventually, patients with spacer exchange had a
significantly longer time to reimplantation with a mean of 218 ± 111 days vs. 127 ± 114 days (p < 0.001).
Tan et al. [22] reported that 30% of patients (n = 27/90) with spacer exchange did not proceed to
reimplantation compared to 18% (n = 81/443) of patients without exchange. Furthermore, the numbers
showed that 25% of those who had a spacer exchange for mechanical complications did not receive
reimplantation, compared to 31% of patients who had an exchange for a persistent infection. The authors
further reported reasons for not proceeding to reimplantation in the exchange cohort. The reasons
included, from most to least common: (1) medically unfit to receive reimplantation. (n = 11/27),
(2) salvage procedures (fusion n = 5, amputation = 3, girdlestone n = 1) for persistent infection, (3) a
shared decision between patient and surgeon to retain the spacer (n = 4), and (4) mortality before
proceeding to reimplantation (n = 3).

However, the authors used propensity score matching to compare patients with and those without
spacer exchange, they found no higher odds of failure to undergo reimplantation in patients with
spacer exchange (adjusted OR = 1.44, 95%CI 0.80–2.60).

In summary, the available evidence is flawed by an inherent bias linked to the characteristics of
the patients in the spacer exchange cohort. These patients tend to have more resistant microorganisms,
hence harder to treat infections, poor bone stock and soft tissue integrity, hence a higher incidence of
spacer-related mechanical complications. The retrospective nature of these studies makes the data
difficult to interpret. Furthermore, there is no gold standard approach in order to compare it with
alternative strategies.

Since most of the spacer exchanges are based on the surgeon’s discretion, with no initial plan to
exchange the spacer prior to the intended two-stage, there may be a selection bias in regards to the
patients who undergo the procedure. The surgeon might be reluctant to re-implant a patient with
multiple comorbidities who has a resistant microorganism if a persistent infection cannot be ruled out.

3.3. Impact of Spacer Exchange on the Success of Two-Stage Revision

3.3.1. Success of Two-Stage Revision

In an attempt to identify predictors of success of a two-stage revision, Mortazavi et al. [56]
analyzed prospectively collected data on a series of 117 hips and knees undergoing two-stage



J. Clin. Med. 2020, 9, 2901 8 of 12

exchange. The authors reported that culture negative (OR = 4.5; 95% CI 1.3–15.7), Methicillin-Resistant
Staphylococcus Aureus (MRSA) (OR = 2.8; 95% CI, 0.8–10.3) and increased reimplantation operative time
(OR = 1.01; 95% CI, 1.0–1.03) were found to be predictors of failure. While Mortazavi et al. did not find
any association between serum Erythrocyte Sedimentation Rate (ESR) and C-Reactive Protein (CRP) at
time of reimplantation and failure of two-stage exchange, Dwyer et al. [59] reported that patients with
a preoperative serum ESR > 99 mm/hr had a 1.8-times higher risk of failure. Moreover, Dwyer et al.
found that patients with synovial fluid WBC > 60,000 cells/µL and synovial fluid neutrophils >92%
were 2.5 and 2.0 times at higher risk of failure, respectively.

In 2013, Diaz-Ledezma et al. [43] used a Delphi based method to define a successful treatment of
PJI after a two-stage exchange. Success criteria included (1) infection eradication, characterized by
a healed wound without fistula, drainage, or pain, and no infection recurrence caused by the same
organism strain; (2) no subsequent surgical intervention for infection after reimplantation surgery;
and (3) no occurrence of PJI related mortality (sepsis or necrotizing fasciitis). Yet, the aforementioned
criteria were based on outcomes after reimplantation, disregarding the period in the interim and the
patients not receiving reimplantation.

These various outcomes in the course of a two-stage exchange underlined the importance of
establishing new success/failure criteria, not considering reimplantation as a sole starting point.
For instance, by dismissing the patients in the attrition group in the study by Wang et al. [58], the success
rate based on Delphi Consensus Criteria was 78.2% at 2 years and 72.6% at 5 years, clearly overestimating
the success rate of a two-stage revision.

Therefore, the ICM in 2018 agreed that the starting point should be the first stage where removal
of the infected implant and spacer insertion take place. The consensus [60] also recommended the
classification of the outcomes of a two-stage exchange into three categories: success, failure due
to secondary causes, and failure due to PJI. Success is defined by PJI resolution with no further
interventions, failure due to secondary causes is defined by aseptic or septic revisions (including DAIR,
excluding amputation, resection arthroplasty and fusion) after 1 year or mortality after 1 year,
whereas failure related to PJI, whether directly or indirectly, is defined by aseptic or septic revision
within 1 year, salvage procedures (amputation, resection arthroplasty, or arthrodesis), retained spacer,
or death within 1 year of initiation of PJI treatment.

3.3.2. Spacer Exchange and the Success of Two-Stage Revision

Exchanging a spacer can influence the success of a two-stage exchange. In fact, George et al. [21],
using Delphi based criteria, reported a lower success rate of 67% (9% CI, 53–77) and 64% (95% CI,
50–75) at 2 years and 5 years, respectively, in the exchange cohort compared to 83% (95%CI, 78–87) and
78% (95% CI, 72–82) in the non-exchange cohort. In the same way, patients in the exchange cohort had
a significantly lower infection-free survival (adjusted hazard ratio HR = 1.75 (1.05–2.93) p = 0.039).

With a mean follow-up of 5.1 years (range 1.0–16.2), Tan et al. [22] reported a higher reinfection
rate in the cohort of patients with exchange (41.3%; n = 26/63) compared to those without spacer
exchange (22.1%; n = 80/362). Using Delphi-based criteria, the authors reported a failure rate after
reimplantation of 22.10% (n = 80/362), 33.33% (n = 4/12), 43.14% (n = 22/51) in patients who did not
have a spacer exchange, patients who had spacer exchange for mechanical complications and patients
who had spacer exchange for persistent infection, respectively. This was exemplified by Kaplan-Meier
survivorship that showed significantly lower success rate among patients with spacer exchange
(p < 0.001). Using propensity score matching to compare patients with and those without spacer
exchange, the rate of reinfection remained higher in patients with spacer exchange (adjusted OR = 2.23,
95% CI 1.14–4.40).

4. Conclusions

Spacer exchange during two-stage exchange is a viable option in patients with a difficult to
treat or persistent infection, in accordance with the ICM 2018 recommendations. For instance, in a
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suspected ongoing infection requiring a revision surgery for diagnosis, exchanging the spacer along
with irrigation and debridement is an optimal strategy. Moreover, exchanging the spacer may be an
adequate strategy if a persistent infection is diagnosed prior to second stage. These persistent infections
usually manifest with continuous drainage and local signs of soft tissue or bone compromise that
warrant irrigation and debridement. However, if a persistent infection is diagnosed prior to intended
reimplantation and may benefit from prolonged systemic antibiotic therapy, this approach should
be adopted. The latter approach spares the patient the multiple risks associated with the additional
surgical procedure and the poor outcomes of a spacer exchange in such scenarios.

Nonetheless, in patients with a prior two-stage exchange, and/or a multiple prior spacer exchanges,
a special consideration to salvage procedures may be given. These patients likely have multiple
comorbidities and more resistant microorganisms. This may be a reflection of the fact that those
patients are prone for persistent PJI, which necessitates an interim spacer exchange. The higher failure
rates in this population not only elucidate the difficulty of eradicating a resistant infection in a fragile
host, but also the morbid effect of an additional surgical procedure prior to reimplantation. A spacer
exchange may place the host in a catabolic state and result in additional damage to soft tissues and
bone which in turn adversely affects the eventual outcome of PJI treatment.

Furthermore, The ICM 2018 experts agreed with a supermajority that after a failed two-stage
exchange, surgeons should consider the patient’s comorbidities and expectations when deciding
whether a repeat two-stage will be beneficial for the patient.

In cases where mechanical complications occur, the ICM 2018 experts agreed—with a super
majority—that a spacer may be exchanged in the following scenarios: a dislocated spacer is pressing
against the skin with an imminent risk of skin necrosis/ulceration and/or risk of severe soft tissue
or bone loss, a dislocated spacer is at risk of compromising neurovascular structures or is causing
severe pain.

It is crucial that subsequent studies further address risk factors for failure among patients who
receive spacer exchange and investigate biomarkers and predictors of infection control, but more
importantly establish reimplantation protocols.

In conclusion, indications for interim spacer exchange should be evaluated fully. If persistence of
infection is the reason for interim spacer exchange in patients with multiple comorbidities, a history of
multiple surgeries on the affected joint, considerations to salvage procedures may be given.

Author Contributions: Conceptualization J.P; writing—original draft preparation E.K.; writing—review and
editing E.K., E.C., J.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Namba, R.S.; Inacio, M.C.; Paxton, E.W. Risk Factors Associated with Deep Surgical Site Infections After
Primary Total Knee Arthroplasty. J. Bone Jt. Surg. 2013, 95, 775–782. [CrossRef] [PubMed]

2. Edwards, J.R.; Peterson, K.D.; Mu, Y.; Banerjee, S.; Allen-Bridson, K.; Morrell, G.; Dudeck, M.A.; Pollock, D.A.;
Horan, T.C. National Healthcare Safety Network (NHSN) report: Data summary for 2006 through 2008,
issued December 2009. Am. J. Infect. Control. 2009, 37, 783–805. [CrossRef] [PubMed]

3. Runner, R.P.; Mener, A.; Roberson, J.R.; Bradbury, T.L.; Guild, G.N.; Boden, S.D.; Erens, G.A. Prosthetic Joint
Infection Trends at a Dedicated Orthopaedics Specialty Hospital. Adv. Orthop. 2019, 2019, 1–9. [CrossRef]
[PubMed]

4. Wang, F.-D.; Wang, Y.-P.; Chen, C.-F.; Chen, H.-P. The incidence rate, trend and microbiological aetiology of
prosthetic joint infection after total knee arthroplasty: A 13 years’ experience from a tertiary medical center
in Taiwan. J. Microbiol. Immunol. Infect. 2018, 51, 717–722. [CrossRef]

5. Sloan, M.; Premkumar, A.; Sheth, N.P. Projected Volume of Primary Total Joint Arthroplasty in the U.S.,
2014 to 2030. J. Bone Jt. Surg. 2018, 100, 1455–1460. [CrossRef]

http://dx.doi.org/10.2106/JBJS.L.00211
http://www.ncbi.nlm.nih.gov/pubmed/23636183
http://dx.doi.org/10.1016/j.ajic.2009.10.001
http://www.ncbi.nlm.nih.gov/pubmed/20004811
http://dx.doi.org/10.1155/2019/4629503
http://www.ncbi.nlm.nih.gov/pubmed/30881702
http://dx.doi.org/10.1016/j.jmii.2018.08.011
http://dx.doi.org/10.2106/JBJS.17.01617


J. Clin. Med. 2020, 9, 2901 10 of 12

6. Osmon, D.R.; Berbari, E.F.; Berendt, A.R.; Lew, D.; Zimmerli, W.; Steckelberg, J.M.; Rao, N.; Hanssen, A.;
Wilson, W.R. Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the
Infectious Diseases Society of America. Clin. Infect. Dis. 2012, 56, e1–e25. [CrossRef] [PubMed]

7. Urish, K.L.; Bullock, A.G.; Kreger, A.M.; Shah, N.B.; Jeong, K.; Rothenberger, S.D.; Infected Implant Consortium;
Kreger, A. A Multicenter Study of Irrigation and Debridement in Total Knee Arthroplasty Periprosthetic Joint
Infection: Treatment Failure Is High. J. Arthroplast. 2017, 33, 1154–1159. [CrossRef] [PubMed]

8. Barberán, J.; Aguilar, L.; Carroquino, G.; Giménez, M.-J.; Artola, B.S.; Martinez, D.; Prieto, J. Conservative Treatment
of Staphylococcal Prosthetic Joint Infections in Elderly Patients. Am. J. Med. 2006, 119, 993.e7–993.e10. [CrossRef]

9. McPherson, E.J.; Woodson, C.; Holtom, P.; Roidis, N.; Shufelt, C.; Patzakis, M. Periprosthetic Total Hip
Infection. Clin. Orthop. Relat. Res. 2002, 403, 8–15. [CrossRef]

10. Castelli, C.C.; Gotti, V.; Ferrari, R. Two-stage treatment of infected total knee arthroplasty: Two to thirteen
year experience using an articulating preformed spacer. Int. Orthop. 2014, 38, 405–412. [CrossRef]

11. Cooper, H.J.; Della Valle, C.J. The two-stage standard in revision total hip replacement. Bone Jt. J. 2013, 95-B,
84–87. [CrossRef] [PubMed]

12. Ghanem, E.; Azzam, K.; Seeley, M.; Joshi, A.; Parvizi, J. Staged Revision for Knee Arthroplasty Infection:
What Is the Role of Serologic Tests Before Reimplantation? Clin. Orthop. Relat. Res. 2009, 467, 1699–1705.
[CrossRef] [PubMed]

13. Bejon, P.; Berendt, A.; Atkins, B.L.; Green, N.; Parry, H.; Masters, S.; McLardy-Smith, P.; Gundle, R.; Byren, I.
Two-stage revision for prosthetic joint infection: Predictors of outcome and the role of reimplantation
microbiology. J. Antimicrob. Chemother. 2010, 65, 569–575. [CrossRef] [PubMed]

14. Engesæter, L.B.; Dale, H.; Schrama, J.C.; Hallan, G.; Lie, S.A. Surgical procedures in the treatment of 784
infected THAs reported to the Norwegian Arthroplasty Register. Acta Orthop. 2011, 82, 530–537. [CrossRef]
[PubMed]

15. Wolf, M.; Clar, H.; Friesenbichler, J.; Schwantzer, G.; Bernhardt, G.; Gruber, G.; Glehr, M.; Leithner, A.;
Sadoghi, P. Prosthetic joint infection following total hip replacement: Results of one-stage versus two-stage
exchange. Int. Orthop. 2014, 38, 1363–1368. [CrossRef] [PubMed]

16. D’Angelo, F.; Negri, L.; Binda, T.; Zatti, G.; Cherubino, P. The use of a preformed spacer in two-stage revision
of infected hip arthroplasties. Musculoskelet. Surg. 2011, 95, 115–120. [CrossRef] [PubMed]

17. Kim, Y.-H.; Kim, J.-S.; Park, J.-W.; Joo, J.-H. Cementless revision for infected total hip replacements. J. Bone Jt.
Surg. Br. Vol. 2011, 93, 19–26. [CrossRef]

18. Haddad, F.S.; Muirhead-Allwood, S.K.; Manktelow, A.R.J.; Bacarese-Hamilton, I. Two-stage uncemented
revision hip arthroplasty for infection. J. Bone Jt. Surg. Br. Vol. 2000, 82, 689–694. [CrossRef]

19. Ibrahim, M.S.; Raja, S.; Khan, M.A.; Haddad, F.S. A multidisciplinary team approach to two-stage revision
for the infected hip replacement. Bone Jt. J. 2014, 96, 1312–1318. [CrossRef]

20. Koo, K.H.; Yang, J.-W.; Cho, S.-H.; Song, H.-R.; Park, H.-B.; Ha, Y.-C.; Chang, J.-D.; Kim, S.-Y.; Kim, Y.-H.
Impregnation of vancomycin, gentamicin, and cefotaxime in a cement spacer for two-stage cementless
reconstruction in infected total hip arthroplasty. J. Arthroplast. 2001, 16, 882–892. [CrossRef]

21. George, J.; Miller, E.M.; Curtis, G.L.; Klika, A.; Barsoum, W.K.; Mont, M.A.; Higuera, C.A. Success of Two-Stage
Reimplantation in Patients Requiring an Interim Spacer Exchange. J. Arthroplast. 2018, 33, S228–S232. [CrossRef]
[PubMed]

22. Tan, T.L.; Goswami, K.; Kheir, M.M.; Xu, C.; Wang, Q.; Parvizi, J. Surgical Treatment of Chronic Periprosthetic
Joint Infection: Fate of Spacer Exchanges. J. Arthroplast. 2019, 34, 2085–2090. [CrossRef] [PubMed]

23. Sukeik, M. Two-stage procedure in the treatment of late chronic hip infections - spacer implantation. Int. J.
Med Sci. 2009, 6, 253. [CrossRef] [PubMed]

24. Charette, R.S.; Melnic, C.M. Two-Stage Revision Arthroplasty for the Treatment of Prosthetic Joint Infection.
Curr. Rev. Musculoskelet. Med. 2018, 11, 332–340. [CrossRef] [PubMed]

25. Song, E.K.; Seon, J.K.; Jeong, M.S. Delayed-type hypersensitivity reaction to piperacillin/tazobactam in a
patient with an infected total knee replacement. J. Bone Jt. Surg. Br. Vol. 2010, 92, 1596–1599. [CrossRef]

26. Williams, B.; Hanson, A.; Sha, B. Diffuse Desquamating Rash Following Exposure to Vancomycin-Impregnated
Bone Cement. Ann. Pharmacother. 2014, 48, 1061–1065. [CrossRef]

27. Aeng, E.S.Y.; Shalansky, K.; Lau, T.T.Y.; Zalunardo, N.; Li, G.; Bowie, W.R.; Duncan, C.P. Acute Kidney Injury
With Tobramycin-Impregnated Bone Cement Spacers in Prosthetic Joint Infections. Ann. Pharmacother. 2015,
49, 1207–1213. [CrossRef]

http://dx.doi.org/10.1093/cid/cis803
http://www.ncbi.nlm.nih.gov/pubmed/23223583
http://dx.doi.org/10.1016/j.arth.2017.11.029
http://www.ncbi.nlm.nih.gov/pubmed/29221840
http://dx.doi.org/10.1016/j.amjmed.2006.03.036
http://dx.doi.org/10.1097/00003086-200210000-00003
http://dx.doi.org/10.1007/s00264-013-2241-6
http://dx.doi.org/10.1302/0301-620X.95B11.32906
http://www.ncbi.nlm.nih.gov/pubmed/24187360
http://dx.doi.org/10.1007/s11999-009-0742-9
http://www.ncbi.nlm.nih.gov/pubmed/19241115
http://dx.doi.org/10.1093/jac/dkp469
http://www.ncbi.nlm.nih.gov/pubmed/20053693
http://dx.doi.org/10.3109/17453674.2011.623572
http://www.ncbi.nlm.nih.gov/pubmed/21992085
http://dx.doi.org/10.1007/s00264-014-2309-y
http://www.ncbi.nlm.nih.gov/pubmed/24638215
http://dx.doi.org/10.1007/s12306-011-0128-5
http://www.ncbi.nlm.nih.gov/pubmed/21479729
http://dx.doi.org/10.1302/0301-620X.93B1.25120
http://dx.doi.org/10.1302/0301-620X.82B5.0820689
http://dx.doi.org/10.1302/0301-620X.96B10.32875
http://dx.doi.org/10.1054/arth.2001.24444
http://dx.doi.org/10.1016/j.arth.2018.03.038
http://www.ncbi.nlm.nih.gov/pubmed/29691181
http://dx.doi.org/10.1016/j.arth.2019.04.016
http://www.ncbi.nlm.nih.gov/pubmed/31182410
http://dx.doi.org/10.7150/ijms.6.253
http://www.ncbi.nlm.nih.gov/pubmed/19834591
http://dx.doi.org/10.1007/s12178-018-9495-y
http://www.ncbi.nlm.nih.gov/pubmed/29948954
http://dx.doi.org/10.1302/0301-620X.92B11.24827
http://dx.doi.org/10.1177/1060028014529547
http://dx.doi.org/10.1177/1060028015600176


J. Clin. Med. 2020, 9, 2901 11 of 12

28. Menge, T.J.; Koethe, J.; Jenkins, C.A.; Wright, P.W.; Shinar, A.A.; Miller, G.G.; Holt, G.E. Acute Kidney Injury
After Placement of an Antibiotic-Impregnated Cement Spacer During Revision Total Knee Arthroplasty.
J. Arthroplast. 2012, 27, 1221.e2–1227.e2. [CrossRef]

29. Citak, M.; Masri, B.A.; Springer, B.; Argenson, J.-N.; Kendoff, D.O. Are Preformed Articulating Spacers
Superior To Surgeon-Made Articulating Spacers in the Treatment Of PJI in THA? A Literature Review.
Open Orthop. J. 2015, 9, 255–261. [CrossRef]

30. Voleti, P.B.; Baldwin, K.D.; Lee, G.-C. Use of Static or Articulating Spacers for Infection Following Total Knee
Arthroplasty. J. Bone Jt. Surg. 2013, 95, 1594–1599. [CrossRef]

31. Nahhas, C.R.; Chalmers, P.N.; Parvizi, J.; Sporer, S.M.; Berend, K.R.; Moric, M.; Chen, A.F.; Austin, M.S.;
Deirmengian, G.K.; Morris, M.J.; et al. A Randomized Trial of Static and Articulating Spacers for the
Treatment of Infection Following Total Knee Arthroplasty. J. Bone Jt. Surg. 2020, 102, 778–787. [CrossRef]
[PubMed]

32. Emerson, R.H., Jr.; Muncie, M.; Tarbox, T.R.; Higgins, L.L. Comparison of a Static with a Mobile Spacer in
Total Knee Infection. Clin. Orthop. Relat. Res. 2002, 404, 132–138. [CrossRef] [PubMed]

33. Hsieh, P.-H.; Shih, C.-H.; Chang, Y.; Lee, M.S.; Shih, H.-N.; Yang, W.-E. Two-stage revision hip arthroplasty
for infection: Comparison between the interim use of antibiotic-loaded cement beads and a spacer prosthesis.
J. Bone Jt. Surg. 2004, 86, 1989–1997. [CrossRef]

34. Mazzucchelli, L.; Rosso, F.; Marmotti, A.; Bonasia, D.E.; Bruzzone, M.; Rossi, R. The use of spacers (static and
mobile) in infection knee arthroplasty. Curr. Rev. Musculoskelet. Med. 2015, 8, 373–382. [CrossRef] [PubMed]

35. Mariconda, M.; Ascione, T.; Balato, G.; Rotondo, R.; Smeraglia, F.; Costa, G.G.; Conte, M. Sonication of
antibiotic-loaded cement spacers in a two-stage revision protocol for infected joint arthroplasty.
BMC Musculoskelet. Disord. 2013, 14, 193. [CrossRef] [PubMed]

36. Ma, N.; Shanks, R.M.Q.; Davis, C.M.; Craft, D.W.; Wood, T.K.; Hamlin, B.R.; Urish, K.L. Viable bacteria
persist on antibiotic spacers following two-stage revision for periprosthetic joint infection. J. Orthop. Res.
2017, 36, 452–458. [CrossRef]

37. Sigmund, I.K.; Winkler, T.; Önder, N.; Perka, C.; Renz, N.; Trampuz, A. Complications of Resection
Arthroplasty in Two-Stage Revision for the Treatment of Periprosthetic Hip Joint Infection. J. Clin. Med. 2019,
8, 2224. [CrossRef]

38. Struelens, B.; Claes, S.; Bellemans, J. Spacer-related problems in two-stage revision knee arthroplasty.
Acta Orthop. Belg. 2013, 79, 422–426.

39. Jung, J. Complications after spacer implantation in the treatment of hip joint infections. Int. J. Med Sci. 2009,
6, 265. [CrossRef]

40. Lau, A.C.; Howard, J.L.; Macdonald, S.J.; Teeter, M.G.; Lanting, B.A.; Information, P.E.K.F.C. The Effect of
Subluxation of Articulating Antibiotic Spacers on Bone Defects and Degree of Constraint in Revision Knee
Arthroplasty. J. Arthroplast. 2016, 31, 199–203. [CrossRef]

41. Van Diemen, M.P.; Colen, S.; Dalemans, A.A.; Stuyck, J.; Mulier, M. Two-Stage Revision of an Infected Total
Hip Arthroplasty: A Follow-up of 136 Patients. HIP Int. 2013, 23, 445–450. [CrossRef] [PubMed]

42. Abdel, M.P.; Barreira, P.; Battenberg, A.; Berry, D.J.; Blevins, K.; Font-Vizcarra, L.; Frommelt, L.; Goswami, K.;
Greiner, J.; Janz, V.; et al. Hip and Knee Section, Treatment, Two-Stage Exchange Spacer-Related: Proceedings
of International Consensus on Orthopedic Infections. J. Arthroplast. 2019, 34, S427–S438. [CrossRef] [PubMed]

43. Diaz-Ledezma, C.; Higuera, C.A.; Parvizi, J. Success After Treatment of Periprosthetic Joint Infection:
A Delphi-based International Multidisciplinary Consensus. Clin. Orthop. Relat. Res. 2013, 471, 2374–2382.
[CrossRef] [PubMed]

44. Parvizi, J.; Zmistowski, B.; Berbari, E.F.; Bauer, T.W.; Springer, B.D.; Della Valle, C.J.; Garvin, K.L.; Mont, M.A.;
Wongworawat, M.D.; Zalavras, C.G. New Definition for Periprosthetic Joint Infection: From the Workgroup
of the Musculoskeletal Infection Society. Clin. Orthop. Relat. Res. 2011, 469, 2992–2994. [CrossRef]

45. Parvizi, J.; Tan, T.L.; Goswami, K.; Higuera, C.; Della Valle, C.; Chen, A.F.; Shohat, N.; Tan, T. The 2018
Definition of Periprosthetic Hip and Knee Infection: An Evidence-Based and Validated Criteria. J. Arthroplast.
2018, 33, 1309.e2–1314.e2. [CrossRef]

46. Cho, W.-S.; Byun, S.-E.; Cho, W.-J.; Yoon, Y.-S.; Dhurve, K. Polymorphonuclear Cell Count on Frozen Section
Is Not an Absolute Index of Reimplantation in Infected Total Knee Arthroplasty. J. Arthroplast. 2013, 28,
1874–1877. [CrossRef]

http://dx.doi.org/10.1016/j.arth.2011.12.005
http://dx.doi.org/10.2174/1874325001509010255
http://dx.doi.org/10.2106/JBJS.L.01461
http://dx.doi.org/10.2106/JBJS.19.00915
http://www.ncbi.nlm.nih.gov/pubmed/32379118
http://dx.doi.org/10.1097/00003086-200211000-00023
http://www.ncbi.nlm.nih.gov/pubmed/12439251
http://dx.doi.org/10.2106/00004623-200409000-00018
http://dx.doi.org/10.1007/s12178-015-9293-8
http://www.ncbi.nlm.nih.gov/pubmed/26395472
http://dx.doi.org/10.1186/1471-2474-14-193
http://www.ncbi.nlm.nih.gov/pubmed/24192225
http://dx.doi.org/10.1002/jor.23611
http://dx.doi.org/10.3390/jcm8122224
http://dx.doi.org/10.7150/ijms.6.265
http://dx.doi.org/10.1016/j.arth.2015.07.009
http://dx.doi.org/10.5301/hipint.5000049
http://www.ncbi.nlm.nih.gov/pubmed/23813178
http://dx.doi.org/10.1016/j.arth.2018.09.027
http://www.ncbi.nlm.nih.gov/pubmed/30348562
http://dx.doi.org/10.1007/s11999-013-2866-1
http://www.ncbi.nlm.nih.gov/pubmed/23440616
http://dx.doi.org/10.1007/s11999-011-2102-9
http://dx.doi.org/10.1016/j.arth.2018.02.078
http://dx.doi.org/10.1016/j.arth.2013.03.016


J. Clin. Med. 2020, 9, 2901 12 of 12

47. George, J.; Kwiecien, G.; Klika, A.; Ramanathan, D.; Bauer, T.W.; Barsoum, W.K.; Higuera, C.A. 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. [CrossRef]

48. Zmistowski, B.M.; Clyde, C.T.; Ghanem, E.; Gotoff, J.R.; Deirmengian, C.; Parvizi, J. Utility of Synovial
White Blood Cell Count and Differential Before Reimplantation Surgery. J. Arthroplast. 2017, 32, 2820–2824.
[CrossRef]

49. Kusuma, S.K.; Ward, J.; Jacofsky, M.; Sporer, S.M.; Della Valle, C.J. What is the Role of Serological Testing
Between Stages of Two-stage Reconstruction of the Infected Prosthetic Knee? Clin. Orthop. Relat. Res. 2010,
469, 1002–1008. [CrossRef]

50. Samuel, L.T.; Sultan, A.A.; Kheir, M.; Villa, J.; Patel, P.; Parvizi, J.; Higuera, C.A. Positive Alpha-defensin at
Reimplantation of a Two-stage Revision Arthroplasty Is Not Associated with Infection at 1 Year. Clin. Orthop.
Relat. Res. 2019, 477, 1615–1621. [CrossRef]

51. Shahi, A.; Kheir, M.M.; Tarabichi, M.; Hosseinzadeh, H.R.; Tan, T.L.; Parvizi, J. Serum D-Dimer Test Is
Promising for the Diagnosis of Periprosthetic Joint Infection and Timing of Reimplantation. J. Bone Jt. Surg.
2017, 99, 1419–1427. [CrossRef] [PubMed]

52. Wu, H.; Meng, Z.; Pan, L.; Liu, H.; Yang, X.; Yongping, C.; Hao, W.; Zhichao, M.; Liping, P.; Heng, L.;
et al. Plasma Fibrinogen Performs Better Than Plasma d-Dimer and Fibrin Degradation Product in the
Diagnosis of Periprosthetic Joint Infection and Determination of Reimplantation Timing. J. Arthroplast. 2020,
35, 2230–2236. [CrossRef] [PubMed]

53. Babis, G.C.; Sakellariou, V.I.; Pantos, P.G.; Sasalos, G.G.; Stavropoulos, N.A. Two-Stage Revision Protocol
in Multidrug Resistant Periprosthetic Infection Following Total Hip Arthroplasty Using a Long Interval
Between Stages. J. Arthroplast. 2015, 30, 1602–1606. [CrossRef]

54. Rezaie, A.A.; Goswami, K.; Shohat, N.; Tokarski, A.T.; White, A.E.; Parvizi, J. Time to Reimplantation:
Waiting Longer Confers No Added Benefit. J. Arthroplast. 2018, 33, 1850–1854. [CrossRef] [PubMed]

55. Sabry, F.Y.; Buller, L.; Ahmed, S.; Klika, A.K.; Barsoum, W.K. Preoperative Prediction of Failure Following
Two-Stage Revision for Knee Prosthetic Joint Infections. J. Arthroplast. 2014, 29, 115–121. [CrossRef]

56. Mortazavi, S.M.J.; Vegari, D.; Ho, A.; Zmistowski, B.; Parvizi, J. Two-stage Exchange Arthroplasty for Infected
Total Knee Arthroplasty: Predictors of Failure. Clin. Orthop. Relat. Res. 2011, 469, 3049–3054. [CrossRef]

57. Gomez, M.M.; Tan, T.L.; Manrique, J.; Deirmengian, G.K.; Parvizi, J. The Fate of Spacers in the Treatment of
Periprosthetic Joint Infection. J. Bone Jt. Surg. 2015, 97, 1495–1502. [CrossRef] [PubMed]

58. Wang, Q.; Goswami, K.; Kuo, F.-C.; Xu, C.; Tan, T.L.; Parvizi, J. Two-Stage Exchange Arthroplasty for
Periprosthetic Joint Infection: The Rate and Reason for the Attrition After the First Stage. J. Arthroplast. 2019,
34, 2749–2756. [CrossRef]

59. Dwyer, M.K.; Damsgaard, C.; Wadibia, J.; Wong, G.; Lazar, D.; Smith, E.; Talmo, C.; Bedair, H. Laboratory
Tests for Diagnosis of Chronic Periprosthetic Joint Infection Can Help Predict Outcomes of Two-Stage
Exchange. J. Bone Jt. Surg. 2018, 100, 1009–1015. [CrossRef]

60. Fillingham, Y.A.; Della Valle, C.J.; Suleiman, L.I.; Springer, B.D.; Gehrke, T.; Bini, S.A.; Segreti, J.; Chen, A.F.;
Goswami, K.; Tan, T.L.; et al. Definition of Successful Infection Management and Guidelines for Reporting of
Outcomes After Surgical Treatment of Periprosthetic Joint Infection. J. Bone Jt. Surg. 2019, 101, e69. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s11999-015-4673-3
http://dx.doi.org/10.1016/j.arth.2017.03.068
http://dx.doi.org/10.1007/s11999-010-1619-7
http://dx.doi.org/10.1097/CORR.0000000000000620
http://dx.doi.org/10.2106/JBJS.16.01395
http://www.ncbi.nlm.nih.gov/pubmed/28872523
http://dx.doi.org/10.1016/j.arth.2020.03.055
http://www.ncbi.nlm.nih.gov/pubmed/32376167
http://dx.doi.org/10.1016/j.arth.2015.04.004
http://dx.doi.org/10.1016/j.arth.2018.01.073
http://www.ncbi.nlm.nih.gov/pubmed/29605153
http://dx.doi.org/10.1016/j.arth.2013.04.016
http://dx.doi.org/10.1007/s11999-011-2030-8
http://dx.doi.org/10.2106/JBJS.N.00958
http://www.ncbi.nlm.nih.gov/pubmed/26378265
http://dx.doi.org/10.1016/j.arth.2019.06.021
http://dx.doi.org/10.2106/JBJS.17.00599
http://dx.doi.org/10.2106/JBJS.19.00062
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Spacers 
	Spacer Exchange 
	Reasons for Spacer Exchange 
	Mechanical Complications 
	Persistence of Infection 

	Spacer Exchange and Reimplantation 
	Impact of Spacer Exchange on the Success of Two-Stage Revision 
	Success of Two-Stage Revision 
	Spacer Exchange and the Success of Two-Stage Revision 


	Conclusions 
	References

