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QUESTION 6: Does the use of surgical drains reduce the eff ectiveness of antibiotic-impregnated 
cement spacers?

RECOMMENDATION: The current literature indicates that the use of surgical drains does not reduce the overall eff ectiveness of antibiotic-
impregnated cement spacers.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 85%, Disagree: 10%, Abstain: 5% (Super Majority, Strong Consensus)

RATIONALE 

Recent literature suggests there is no inherent benefi t to using 
closed suction drainage (CSD) following primary total joint arthro-
plasty (TJA) [1–3]. Additionally, many of these studies have concluded 
that CSD is costly and can negatively infl uence early functional 
outcomes in primary TJA patients [4]. However, the utility of CSD 
in revision TJA has yet to be determined. In contrast to primary TJA, 
revision TJA has been shown to result in greater blood loss as well as 
increased wound complications and hematoma formation because 
of its greater operative complexity [5]. The potential value of using 
CSD for revision TJA lies in the belief that lowering the tamponade-
like eff ect of hematoma formation may lead to improved wound 
healing and bett er functional outcomes. A randomized prospective 
study comparing groups with CSD and those without CSD demon-
strated no signifi cant diff erences in patient satisfaction, pain levels 
and early functional outcomes for patients undergoing aseptic revi-
sion [6]. Still, there is much debate in regards to how CSD plays a role 
in periprosthetic joint infections (PJIs) following revision TJA and 
whether CSD should be used when there is placement of an antibi-
otic-laden cement spacer. 

The infl uence of CSD on local antibiotic concentrations 
following cement spacer placement is not well-studied. In 2006, 
Hsieh et al. reported on a series of 46 patients who underwent two-
stage hip revisions. Drains were placed for seven days and used to 
measure antibiotic levels (vancomycin) from day one to seven [7]. A 
comparison was made between serum antibiotic levels and antibi-
otic levels in the aff ected joint at a mean of 107 days postoperatively 
following the fi rst-stage surgery. Antibiotic concentrations were 
noted to be above the minimal required level showing substantial 
elution despite drain placement. Again in 2009, Hsieh et al. assessed 
the drain fl uid of 42 patients who had gentamicin spacers following 
infected total hip arthroplasty. They concluded that antibiotic levels 
in the drain fl uid were also at clinically eff ective levels [8]. 

In 2009, Anagnostakos et al. reported on a series of 28 patients 
who had infected total hip arthroplasties. Hip spacers were used 
in 17 patients and beads were used in 11 patients. Drains were 
placed until there was less than 50mL of daily output and local 
concentrations of vancomycin and gentamicin were assessed at 
that time. The study showed that that beads showed bett er elution 
rates than spacers after drains [9]. This may have been the result 
of increased surface area when using beads as the vector for anti-
biotic elution. Additionally, a study by Regis et al. examined seven 
patients who had infected total hip arthroplasties. Drains were 
placed for 24 hours and drainage fl uid was obtained at 1 and 24 
hours, respectively. Antibiotic concentration and bactericidal 
titers were analyzed against staphylococcal strains. Vancomycin 
and gentamicin concentrations were bactericidal at 1 and 24 hours, 
showing that the drains had not reduced the effi  cacy of elution 
[10]. Similarly, Balato et al. enrolled 18 patients in a prospective 
study where 10 total hip and 8 total knee arthroplasty patients 

underwent two-stage revisions with the placement of drains for 48 
hours. Samples were collected at 15 intervals over the course of the 
48-hour period. Antibiotic concentrations were highest at 1 hour 
and lowest at 48 hours. However, bactericidal concentrations of 
antibiotics were found at 48 hours, providing evidence of eff ective 
elution after drain placement [11].

Additionally, a study by Bertazzoni et al. reported similar fi nd-
ings to those mentioned above. They used drains to measure the 
concentrations of a vancomycin and gentamicin combination 
spacer in 12 patients for a 24-hour period following revision hip and 
knee arthroplasty [12]. They concluded that the concentrations of 
gentamicin and vancomycin were bactericidal, exerting a strong 
inhibitory eff ect against methicillin-resistant Staphalococcus aureus 
and coagulase-negative staphylococci strains. This demonstrated 
that drains had not reduced the effi  cacy of the antibiotic spacer 
elution rates. Another study by Isiklar et al. reported similar fi nd-
ings for spacers with vancomycin alone [13]. Kelm at al. used a novel 
study design (using both in vivo and in vitro analysis) to examine 
the spacers of ten patients who had infected total hip arthroplasties 
[14]. Initially, spacers were implanted and drain fl uid was assessed 
every 24 hours for 7 days. Spacers were explanted at a mean of 9 
weeks and they were analyzed for antibiotic concentrations left over. 
It was determined that after explantation there was still a suffi  cient 
concentration of antibiotics to inhibit bacterial growth even after 
drain placement for up to 7 days. In contrast, further research using 
animal models, where drains can be left in place for much longer, 
have measured antibiotic release up to 7 weeks [15].

The above studies illustrate that the presence of a drain does 
not diminish the minimal bactericidal concentration of antibiotics 
eluted from an implanted antibiotic-laden spacer. There was no 
evidence available to support a claim that the presence of drains 
increased the risk of reinfection. However, in a retrospective review 
of 82 patients who underwent two-stage revisions, Jung et al. noted 
that increased drain output was an independent risk factor for 
prolonged wound drainage and this indirectly was a signifi cant 
predictor of wound infection [16]. 

In summary, although suction drains will remove joint fl uid and 
therefore remove antibiotics from the joint, this is probably only a 
proportion of the total eluted antibiotic. Once the drains have been 
removed altogether, elution should continue locally at eff ective 
levels as justifi ed by the aforementioned studies.
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QUESTION 7: Is there a role for intraoperative autoclaving and reuse of an infected prosthesis as 
a spacer during resection arthroplasty?

RECOMMENDATION: Multiple studies have demonstrated that the reuse of autoclaved prosthetic components during knee resection 
arthroplasty did not compromise the eradication of an established infection. Though a viable option, there are potential legal implications 
associated with the reuse of autoclaved components and a proper standard for autoclaving of these components is also not known. Reuse of 
autoclaved components in resection arthroplasty, particularly for the knee, may be suitable in scenarios when proper dynamic spacer 
components are not available or for economic considerations. 

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 82%, Disagree: 12%, Abstain: 6% (Super Majority, Strong Consensus)

RATIONALE 

There are multiple types of antibiotic spacers reported in the litera-
ture. They are intended to preserve potential space for later reimplan-
tation and to deliver high dose local antibiotics from the cement. 
Spacers are either static or dynamic. Dynamic spacers allow for 
motion in the hip and knee, limb length preservation in the hip and 
at least partial weight bearing during the treatment period. Dynamic 
hip and knee spacers may be constructed from new components, 
cement molds, or from autoclaved components matched to new 
tibial or acetabular inserts. The literature on static vs. dynamic knee 
spacers is mixed, but there is some evidence that eventual range of 
motion may be superior with the use of dynamic spacers [1].

The reuse of an autoclaved femoral component (AC-FC) as a 
spacer in prosthetic knee infections was fi rst described by Hofmann 
et al. [2]. The clinical data from several subsequent studies supports 
the reuse of an AC-FC (Table 1), though they are Level III to IV evidence 
studies and are subject to being underpowered. Hofmann et al. 
reported on a 2- to 12-year experience using an AC-FC, demonstrating 
that 44 of 50 patients (88%) had successful reimplantation and were 
infection-free at latest follow-up [2]. Lee et al. reported that 19 of 
20 patients were successfully treated using an AC-FC articulating 
against antibiotic cement [3]. Anderson et al. reported 25 consecutive 
knees treated with an AC-FC spacer and found a 4% failure rate with 
excellent motion and knee scores at fi nal follow-up [4]. Emerson 

et al. compared patients treated before 1995 with a static cement 
spacer to patients treated after 1995 with an AC-FC dynamic spacer 
[5]. At fi nal follow-up, the patients with AC-FC achieved a signifi -
cantly bett er mean range of motion (107.8 vs. 93.7⁰), while there was 
no statistical diff erence in reinfection rate: 9% for AC-FC vs. 7.6% for 
static spacers. Chen et al.reported on a series of 18 patients: 10 treated 
with AC-FC and 8 treated with static cement spacers [6]. Similar to 
Emerson et al., they reported bett er eventual mean range of motion 
in the AC-FC group (94.5⁰) vs. the static cement spacer group (74.3⁰), 
with no statistical diff erence in reinfection rate. Jämsen et al. 
presented a retrospective series of 34 knees: 24 treated with AC-FC 
and 10 treated with cement spacers that were manually molded [7]. 
The authors described slightly bett er functional scores with AC-FC 
without increasing the risk for reinfection. Kalore et al. reported on a 
retrospective comparison of AC-FC vs. new femoral components and 
polyethylene vs. molded cement components in 53 patients [8]. The 
infection control rates were 66%, 87.5% and 63%, respectively, a diff er-
ence that was not statistically diff erent in this relatively small sample 
size. Importantly, the implant cost for the AC-FC group averaged $932 
compared to about $3,500 for the other two groups.

To our knowledge, there is only one study on reuse of hip 
components in resection arthroplasty. Etienne et al. fi rst reported 
the surgical technique to reimplant the autoclaved femoral stem or 


