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Question 1: What is the most appropriate perioperative
prophylactic antibiotic (agent, route, and number of doses) in
patients undergoing primary total joint arthroplasty to reduce
the risk of subsequent surgical site infections/periprosthetic
joint infections (SSIs/PJIs)?

Recommendation:
Themost appropriate perioperative prophylactic antibiotic is

a first- or second-generation cephalosporin (i.e. cefazolin or
cefuroxime) administered intravenously within 30 to 60 mi-
nutes before incision as a single and weight-adjusted dose.

Level of Evidence: Strong
Delegate Vote: Agree: 90%, Disagree: 8%, Abstain: 2% (Super

Majority, Strong Consensus)
Rationale:
The optimal prophylactic antibiotic should be a bactericidal agent

against the most common organisms responsible for causing surgical
site infections/periprosthetic joint infections (SSIs/PJIs). It must be
present within the tissues at the time of initial incisionwith adequate
serum concentrations, above the minimum inhibitory concentration
(MIC), and should bemaintained during the procedure [1,2]. A first- or
second-generation cephalosporin (i.e. cefazolin or cefuroxime) can be
used for routine perioperative prophylaxis with excellent distribution
and cost-effectiveness. The American Academy of Orthopaedic Sur-
geons currently recommends the use of either of these 2 agents in
patients undergoing any orthopedic procedure including total joint
arthroplasty (TJA) [3]. Prophylaxis should target the most common
organisms (i.e. Staphylococcus aureus, Staphylococcus epidermidis,
Escherichia coli, and Proteus) while avoiding unnecessary broad-
spectrum therapies [4]. Glycopeptides, such as teicoplanin and van-
comycin, have also been introduced as reasonable alternatives,
although they have a narrower spectrum of action with minimal ac-
tivity against gram-negative bacteria [5e7].

Vancomycin is selectively used in patients who are methicillin-
resistant S aureus carriers or at high risk of methicillin-resistant S
aureus colonization, such as nursing home residents and health-
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care workers. In patients with documentation or suspicion of an
allergy to cephalosporins, clindamycin can also be utilized and
should be administered within 1 hour of the surgical incision.
Vancomycin should be started 2 hours before incision due to the
extended infusion time [8,9]. Although alternative agents such as
vancomycin have been suggested in cases of allergies to cepha-
losporins, these have been associated with higher rates of SSIs if
used alone [10e12]. In the study by Courtney et al [12], the au-
thors reported that the addition of vancomycin to the prophylactic
antibiotic regimen does not decrease the rates of SSIs when
compared with cefazolin alone and could increase the risks of
adverse effects. Without clear evidence, the superiority of dual-
antibiotic prophylaxis in prevention of infection should be care-
fully considered.

Bosco et al [13] evaluated the increasing prevalence and viru-
lence of gram-negative pathogens, as these were the causative
pathogens in up to 30% of infections in total hip arthroplasty (THA).
They instituted the expanded gram-negative antimicrobial pro-
phylaxis for hip arthroplasty patients. Two groups were compared
in terms of SSI rates; 1 group did not receive weight-based high-
dose gentamicin while the second group did. The reported rates
were 1.19 vs. 0.55% after expanded gram-negative antimicrobial
prophylaxis was implemented (P ¼ .05). On a different study, Tan
et al [14] specifically evaluated the influence of comorbidities and
use of perioperative antibiotics in 1,022 patients with PJIs to
determine the influence of comorbidities on organism profile. They
found that no comorbidities were associated with an increased rate
of gram-positive or gram-negative infections. Their results support
the current recommendations of a universal antibiotic prophylaxis
protocol, rather than an antibiotic regimen individualized to a pa-
tient's comorbidities.

Malhas et al [15] examined microbiological results from hip
and knee revisions from 2001 to 2010. Antibiotic resistance pat-
terns were evaluated on S aureus and coagulase-negative Staphy-
lococcus (CNS) cultured from regional pan-specialty sources. A
total of 72 revisions in 67 patients were included. The most
common organisms were S aureus (36%) and CNS (35%). Resistance
to methicillin was 72% for CNS vs 20% for S aureus and resistance
to gentamicin was 40% for CNS vs 4% for S aureus. Among all
regional (background pan-specialty) cultures, S aureus resistance
to methicillin fell from 32% to 16% from 2006 to 2010 with no
change in gentamicin resistance at 3%. During the same period,
resistance of CNS to methicillin and gentamicin increased from
63% to 70% and 32% to 47%, respectively. The prophylaxis regime
before 2008 was cefuroxime and after 2008 was gentamicin and
flucloxacillin.

Other Agents

Flucloxacillin and Gentamicin

Torkington et al [16] investigated bone penetration of intrave-
nous antibiotic prophylaxis with flucloxacillin (2 grams) and
gentamicin (3 mg/kg) single doses during hip (18 patients) and
knee (21 patients) arthroplasty and their efficacy against S aureus
and S epidermidis. This study demonstrated that the intravenous
antibiotic prophylaxis combination of flucloxacillin and gentamicin
achieved adequate concentrations in bone against the common
causative organisms in total knee arthroplasty and THA PJIs, adding
to the available evidence to support its use.

Teicoplanin

Four randomized controlled trials provide strong evidence for
the use of a single dose of 400 mg of teicoplanin at induction in
selected cases [17,18]. Although there is no evidence to suggest that
higher doses or prolonged courses of treatments result in fewer
SSIs, studies have shown that this dose may be inadequate for pa-
tients weighing over 70 kg [19].

Sulbactam-Ampicillin

Yuasa et al [20] compared the incidence of SSIs with 2 doses of
sulbactam-ampicillin after THA: 1.5 and 3 g. They found a global
decrease in SSIs in the 3-g dose group from 2.91% to 1.08% (P¼ .268)
and in deep infection from 1.2% to 0% (P ¼ .231).

Cloxacillin vs Clindamycin

Robertson et al compared the risks of PJIs between cloxacillin
and clindamycin used as perioperative antibiotics in 80,018 total
knee arthroplasties. The risk of failure leading to revision due to PJI
was higher with clindamycin compared to cloxacillin (risk ratio ¼
1.5, 95% confidence interval [CI]: 1.2-2.0; P ¼ .001). Clindamycin
inhibits bacterial protein synthesis by binding to bacterial 50S ri-
bosomal subunits, and it may be bacteriostatic or bactericidal based
on the organism and drug concentration. Cloxacillin is in the beta-
lactam category and works by binding to specific penicillin-binding
proteins located inside the bacterial cell wall inhibiting cell wall
synthesis. The primary reason for using clindamycin as periopera-
tive prophylaxis antibiotic is a reported allergy to penicillin. Even
though between 5% and 10% of hospitalized patients report allergy
to penicillin [21], most of these have negative results when tested
for type-I hypersensitivity [21].

Dose

Current guidelines and studies recommend giving universal
antibiotic prophylaxis to all TJA patients regardless of their medical
conditions or immune status [2,3,14]. We did not identify studies
that showed consistent reports on prophylactic dosage. Clinical
practice guidelines, based on available evidence and expert
opinion, recommend increasing the single preoperative prophy-
lactic antimicrobial agent dose for select prophylactic antimicrobial
agents in overweight and obese patients. For cefazolin, recom-
mendations are to administer 2.0 g for patients weighing >60-80 kg
and 3.0 g if > 120 kg. For aminoglycosides, dosing is calculated
using the patient's ideal body weight plus 40% of the difference
between the actual and ideal body weight. Vancomycin should be
dosed at 15 mg/kg. The goal of dosing is to achieve a safe and
effective tissue concentration of the drug that sufficiently exceeds
the concentration needed to inhibit the growth of most colonizing
skin flora at the time of surgical incision [2,7].

Angthong et al [22] found that intravenous cefazolin at a dose
of 2 g produced greater intraosseous concentrations overall than
at a dose of 1g. However, the higher intraosseous concentrations
did not correlate with higher inhibitory effects. A second study
demonstrated that biofilm formation could develop for up to 1e2
days [12]; therefore, hypothetically, the higher dose (2 g) of
cefazolin might be more beneficial than the lower dose of 1 g
[22].

Redosing

Moderate-quality evidence suggested no benefits of intra-
operative antibiotic redosing. Clinical practice guidelines, based on
a review of the evidence and expert opinion, recommend prophy-
lactic antimicrobial agent redosing in cases of prolonged proced-
ures (when the procedure exceeds the half-life of the prophylactic
antimicrobial agent or is longer than 3 to 4 hours) and in patients
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with major blood loss (>1500 mL) or extensive burns. Redosing
should also be performed at intervals of 1 to 2 times the prophy-
lactic antimicrobial agent half-life, starting at the beginning of the
preoperative dose [2].
Route

The best route to deliver antibiotics before TJA is considered to be
intravenous to reach levels above minimum inhibitory concentra-
tion. Therapeutic concentrations should be maintained for the
duration of the surgical procedure. Recent publications have sug-
gested alternate routes such as intraosseous administration although
further research is required [1]. Irrigation solutions with antibiotics
have also been used with little or no evidence. Among the few
available low evidence studies,Whiteside reported his experience in
2,293 arthroplasties using an irrigation solution of normal saline
with Vancomycin 1000mg/L and polymyxin 250,000 units/L at 2 L/h.
No patients required readmission for primary infection or further
antibiotic treatment [23]. However, in a meta-analysis study evalu-
ating theuseof topical antibiotic in colorectal surgery, no benefitwas
identifiedwhen used in conjunctionwith systemic antibiotics [1]. At
present, the use of topical antibiotics in conjunction with systemic
antibiotics for prophylaxis in TJA remains unproven.

Question 2: What are the appropriate weight-adjusted pro-
phylactic antibiotic dosages?

Recommendation:
The recommended weight-adjusted doses of antimicrobials

for prophylaxis of hip and knee arthroplasty in adults are shown
in Table 1.

Level of Evidence: Moderate
Delegate Vote: Agree: 92%, Disagree: 4%, Abstain: 4% (Super

Majority, Strong Consensus)
Rationale:
Weperformed a systematic review to examine the literature and

determine appropriate weight-adjusted prophylactic antibiotic
doses for the prevention of infections after hip and knee arthro-
plasties. The nature of the question and the lack of high-quality
evidence did not allow a formal systematic review. We searched
for larger comparative studies or systematic reviews in which
different doses of antibiotics or different antibiotics are being
compared or smaller prospective pharmacokinetic/tissue penetra-
tion studies in which antibiotics doses are recorded. We included
studies examining systemic (not local) antimicrobials and where
the antimicrobial was given for a primary or revision hip or knee
arthroplasty procedure and no other procedures (eg, dental pro-
cedure) with a prosthetic joint in situ.

Perioperative antimicrobial prophylaxis for patients undergoing
orthopedic procedures is routinely administered and is believed to
be one of the most important steps for prevention of surgical site
infections and/or periprosthetic joint infections. Cephalosporins
are believed to be the most effective prophylactic agents for pa-
tients undergoing orthopedic procedures as they have excellent
bone penetration, bioavailability, and a relatively extended half-life.
Table 1
Recommended Weight-Adjusted Doses of Antimicrobials for Prophylaxis of Hip and
Knee Arthroplasty in Adults.

Antimicrobial Recommended Dose Redosing
Interval

Cefazolin 2 g (consider 3 g if patient weight is �120 kga) 4 h
Vancomycin 15-20 mg/kga Not applicable
Clindamycin 600-900 mgb 6 h

a Actual body weight.
b No recommended adjustment for weight.
However, in patients with allergies, a range of antimicrobials may
be utilized that includes vancomycin and clindamycin.

The American Society of Health-System Pharmacists (ASHP)
clinical practice guidelines provide important information
regarding antimicrobial prophylaxis in surgery [24]. Doses of an-
timicrobials commonly used for surgical prophylaxis can be found
in these guidelines.

No high-quality randomized trials are investigating the safety or
efficacy in preventing surgical infections of different doses of pro-
phylactic systemic antimicrobials for surgery, including joint
arthroplasty. The first International Consensus Meeting in 2013
recommended that perioperative antimicrobial prophylaxis be
weight based. These recommendations were based on the notion
that the dose of antibiotic administered directly influences the
serum levels of the given antimicrobial with inadequate serum
levels of the antimicrobial being considered detrimental.

Serum and tissue concentrations of antimicrobials given at
standard doses may not be adequate for obese patients because of
various factors [25]. Pharmacokinetic studies have shown that tis-
sue levels of cefazolin below the minimum inhibitory concentra-
tion (MIC) of common pathogenic organisms are found in body
tissues near the end of surgery with a 1-g dose [26,27]. In one small,
prospective study on obese patients, a 2-g dose of cefazolin was
associated with a lower surgical site infection rates than a 1-g dose
[27]. A 2-g dose likely achieves appropriate local surgical tissue
levels, including in bone, in normal size patients [28]. However, in
one study with morbidly obese patients, a 2-g dose was associated
with levels below pathogenic MICs of cefazolin [29]. Given the
finding of these studies, as well as the low cost and favorable safety
profile of cefazolin, weight-based dosing of prophylactic cefazolin
has been recommended as part of the ASHP clinical practice
guideline for antimicrobial prophylaxis in surgery [24]. In this
guideline, 2 g of cefazolin is recommended as a standard dose and 3
g for patients weighing 120 kg or greater. Subsequent small studies
[30,31], including a small randomized controlled trial [32], have
compared tissue levels of 2 g with 3 g of cefazolin in obese women
undergoing caesarean section. These have shown higher tissue
levels in patients receiving 3 g; however, 2 g doses generally
exceeded theMIC of commonpathogens. Given the lack of evidence
showing a clear benefit in tissue penetrations or reduced infection
rates, we recommend that a 2 g dose of cefazolin is appropriate for
most patients; however, given the limited toxicity, a 3 g dose can be
considered in patients �120 kg as per the ASHP guidelines.

There is some evidence to suggest that vancomycin may be
more likely to achieve therapeutic serum levels with weight-based
dosing of 15 to 20 mg/kg compared with a standard dose (often 1g)
when given for surgical prophylaxis without an increased risk of
renal impairment. Patients receiving appropriate weight-based
dosing may have a lower rate of methicillin-resistant Staphylo-
coccus aureus infection; however, there is no evidence suggesting
an overall lower rate of infection [7,33,34]. In addition, weight-
based dosing rather than a fixed 1g dose has been recommended
for total joint arthroplasty [7,33]. Kheir et al reported that a fixed
1-g dose was administered in 94% of total joint arthroplasties with
64% (1105/1726) of these patients being underdosed. Furthermore,
the authors found that weight-based dosing achieved higher levels
of Vancomycin at all points during surgery without increasing
nephrotoxicity and acute kidney injury [7].

There are no studies comparing clinical or pharmacokinetic
outcomes with different doses of clindamycin for surgical pro-
phylaxis. Older pharmacokinetic studies show good penetration of
clindamycin into surgical tissues, including bone [35e37]. Based on
serum levels after intravenous administration, this suggests that
commonly used doses of 600 mg or 900 mg should exceed the MIC
of most relevant pathogens [24,37].
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Question 3: Is one dose of preoperative antibiotic adequate
for patients undergoing total joint arthroplasty?

Recommendation:
Despite the current guidelines from the Centers for Disease

Control and Prevention (CDC) advocating for a single dose of
perioperative antibiotics, these studies are underpowered and
primarily in specialties outside orthopedics. From the limited
evidence available, it appears that a single perioperative dose of
antibiotics, compared to multiple doses, does not increase the
rates of subsequent surgical site infections/periprosthetic joint
infections (SSIs/PJIs). A randomized prospective study in pa-
tients undergoing elective arthroplasty is underway that should
answer this question definitively.

Level of Evidence: Limited
Delegate Vote: Agree: 92%, Disagree: 7%, Abstain: 1% (Super

Majority, Strong Consensus)
Rationale:
Perioperative antibiotic prophylaxis remains an important

strategy for minimizing one of the most devastating complications
after total joint arthroplasty, periprosthetic joint infections (PJIs)
[38,39]. All current guidelines recommend the use of perioperative
antibiotics [40e44] (Table 2). For arthroplasty, the costs and mor-
bidities associated with prosthetic joint infections have led to
abundant research to reduce the rate of postoperative infections. To
this end, perioperative antibiotics are widely used; however, hos-
pital protocols are variable from a single preoperative dose to
several days of postoperative prophylaxis. Many surgeons admin-
ister antibiotics for a total of 24 hours, as this is the maximum time
period recommended by several of the current guidelines. How-
ever, there was a change in the guidelines as the recent World
Health Organization and Centers for Disease Control and Preven-
tion (CDC) guidelines recommend against the administration of
antibiotics in the postoperative period and that only a single pre-
operative antibiotic be administered largely due to fears of
increased bacterial resistance and side effects of unnecessarily
prolonged antibiotics [41,42]. The 2017 CDC guidelines issued this
statement as a strong recommendationwith high-quality evidence.
However, the limited literature in arthroplasty cannot support this
recommendation.

A recent systematic review and meta-analysis by Thornely
et al [47] explored whether a single preoperative antibiotic dose
is adequate for arthroplasty patients. Their review returned 4
randomized controlled trials (RCTs) [45,46,48,49] with a total of
4036 patients. In patients receiving postoperative prophylaxis,
the infection rate was 3.1% (63/2055), compared with a single
preoperative dose, 2.3% (45/1981). They concluded that post-
operative antibiotics did not reduce the rates of infections;
however, they reported that the quality of evidence was very low.
Among the available RCTs, 3 include teicoplanin as a single-dose
Table 2
Guidelines for Perioperative Antibiotic Prophylaxis.

Recommendation From
Guidelines

Organization

BOA 2012 AAOS 2014 SAOA 2016 ACS 2016 SC

Appropriate antibiotic selection √ √ √ √ √
Administration within 1 h

before surgical incision
√ √ √ √ √

Discontinuation after
incision closure

� � � No �

Discontinuation within 24 h Debatable √ √ Unknown √

AAOS, American Academy of Orthopedic Surgeons [39]; ACS, American College of Surge
Orthopaedic Association [38]; CDC, Centers for Disease Control and Prevention [45]; IHI, In
Care Excellence [46]; SAOA, South African Orthopedic Association [40]; SCIP, Surgical Car
WHO, World Health Organization [48].
treatment, which is currently unavailable in the United States
[45,50,51]. Heydemann et al randomized 211 patients to single
dose vs. 48 hours of nafcillin or cefazolin, and no deep infections
were seen in either cohort [48]. Ritter et al compared a single
preoperative dose of cefuroxime to 24 hours of postoperative
prophylaxis in a small RCT of 196 patients and found no post-
operative infections in either group [46]. Finally, Wymenga et al,
in a multicenter RCT of 3013 patients, compared a single preop-
erative dose of cefuroxime to a group receiving 3 total doses and
found no significant differences in infections between groups.
These authors, however, recognize that their sample sizes were
too small to detect a difference given the infrequency of PJIs and
recommended continued use of postoperative prophylaxis until
larger studies could be performed [49]. Other literature has been
retrospective in nature, including reviews by Tang et al [52] and
van Kasteren et al [53], each of which had <2000 patients, and
found no differences in infection rates between groups. The
largest retrospective review by Engesaeter et al showed signifi-
cantly higher revision rate with single dose compared with 4
doses given on the day of surgery. The higher revision rate was
partially caused by infections [54]. While the majority of studies
are underpowered, a retrospective study by Tan et al demon-
strated no differences in 90-day or 1-year PJIs in 4523 patients
that received a single dose of antibiotics compared to 16,159
patients that received 24 hours of antibiotics. Throughout all
preoperative risk groups, however, patients with 24 hours of
antibiotics demonstrated a trend toward a higher rate of acute
renal failure.

It is important to recognize the different antibiotics used in each
study noted previously, as well as the small sample sizes. Further-
more, the meta-analysis performed by the CDC includes predomi-
nantly surgical interventions of the trunk without hardware
retention (including vascular surgery, cardiothoracic surgery, gen-
eral surgery, as well as ear, nose, and throat). For surgeries of the
extremity with retained implants, however, the evidence is more
limited and consists of small RCTs or retrospective reviews without
sufficient power to detect a statistical difference [50,51,55e62].
Among them, Gatell et al did find a significant reduction in the rates
of infections compared with a single preoperative dose for patients
with retained metal implants [61]. These studies were also per-
formed predominantly in the 1990s and early 2000s, and modern
antibiotics may have a different result. Given the devastating out-
comes of prosthetic joint infections for patients, we neither agree
nor disagree with the CDC recommendations that antibiotics
should not be provided postoperatively until sufficiently powered
evidence can be provided through a multicenter RCT that is
adequately powered and is considering the low event rate of
infection in total joint arthroplasty. While future studies may show
that there are no differences in single vs multiple doses of
IP 2011 IHI 2012 ASHP 2013 SIGN 2014 WHO 2016 CDC 2017 NICE 2017

√ √ √ √ √ √
√ √ √ √ √ √

� � � √ √ �

√ Debatable � � � �
ons [41]; ASHP, American Society of Health-System Pharmacists [44]; BOA, British
stitute for Healthcare Improvement [43]; NICE, The National Institute for Health and
e Improvement Project [42]; SIGN, Scottish Intercollegiate Guidelines Network [47];
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perioperative antibiotic prophylaxis, the current literature does not
support this strong conclusion.

Question 4: Should patients undergoing outpatient total
joint arthroplasty receive additional postoperative prophylactic
antibiotics?

Recommendation:
Despite the current guidelines from the Centers for Disease

Control and Prevention (CDC) advocating for a single dose of
perioperative antibiotics, the studies utilized to form these
guidelines are underpowered and primarily in specialties
outside orthopedics. The limited evidence suggests that a single
perioperative dose of antibiotics, compared to multiple doses,
does not increase the rates of subsequent SSIs/PJIs. A random-
ized prospective study in patients undergoing elective arthro-
plasty is underway, which should help answer this question
definitively.

Level of Evidence: Limited
Delegate Vote: Agree: 94%, Disagree: 4%, Abstain: 2% (Super

Majority, Strong Consensus)
Rationale:
Administration of prophylactic antibiotics during total joint

arthroplasty (TJA) has been demonstrated to be an important step
in the prevention of surgical site infections and periprosthetic joint
infections (PJIs). During the early years of arthroplasty, prophylactic
antibiotics for a few days postoperatively were routine. Over the
last decade or so, there has been a movement toward reducing the
amount of prophylactic antibiotics administered to TJA patients.
Currently, antibiotics are administered to patients undergoing
primary TJA for a period of 24 hours. The number of doses of an-
tibiotics that need to be administered to TJA patients is not known.

In recent years, and with the increase in popularity of outpatient
TJA, many patients undergoing primary TJA may only receive a
single dose of antibiotics. It is not known if a single dose of anti-
biotics may predispose these patients to higher incidences of sur-
gical site infections/PJIs. Recent guidelines for prevention of
surgical site infection issued by the World Health Organization and
the Centers for Disease Control and Prevention recommend against
the administration of additional postoperative antibiotics
[41,63,64]. The recommendation by these organizations is in an
antibiotic stewardship practice intended to limit liberal use of an-
tibiotics that can result in emergence of antimicrobial resistance,
and also expose the patients to adverse effects associated with
administration of prolonged antibiotics [41,65,66]. Although the
Centers for Disease Control and Prevention guidelines issued this
statement as a strong recommendationwith high-quality evidence,
there is limited literature in arthroplasty to support this
recommendation.

A systematic review and meta-analysis by Thornley et al have
examined the issue of the number of doses of antibiotic prophylaxis
after TJA. The analyses revealed that the incidence of infections was
3.1% (63/2055) in patients receiving multiple doses of antibiotics
compared with the infection rate of 2.3% (45/1981) in patients
receiving a single dose of antibiotics [47]. They concluded that
postoperative antibiotics did not have additional benefits in
reducing the rate of infections. The authors of the systematic re-
view did acknowledge that the quality of evidence related to this
subject in TJA is low. Of the 4 available randomized controlled trials,
3 include teicoplanin, which is currently unavailable in the United
States [45,50,51]. Furthermore, studies are usually underpowered
with 1 randomized trial enrolling only 196 patients when
comparing a single dose of cefuroxime to 24 hours of prophylaxis
[46]. In addition,Wymenga et al compared a cohort of patients who
received a single preoperative dose of cefuroxime to a cohort who
received 3 total doses in 3013 patients and found no significant
differences in infections between the 2 groups [49]. However, the
authors recognized that their sample size was too small to detect a
difference given the infrequency of PJI and recommended
continuing the use of postoperative prophylaxis until larger studies
could be performed [49]. In addition, in a national registry study,
Engsaeseter et al demonstrated higher revision rates in patients
receiving a single dose of antibiotics compared with 4 doses given
on the day of surgery [54]. Finally, a retrospective study by Tan et al
demonstrated no difference in the 90-day or 1-year PJI in 4523
outpatient TJA patients that received a single dose of antibiotics
compared with 16,159 patients that received 24 hours of antibi-
otics, regardless of the patient’s preoperative risk of PJIs [67].

When comparing infection rates between outpatient and inpa-
tient TJA, the majority of the literature demonstrates no difference
in the rate of postoperative infection. In a large retrospective review
of the PearlDiver Database, Arshi et al found that patients who
underwent outpatient total knee arthroplasty demonstrated an
increased risk of prosthesis explantation (adjusted odds ratio [OR]
1.35, 95% CI: 1.07-1.72) and irrigation and debridement (adjusted
OR 1.50, 95% CI: 1.29-1.77) compared with inpatients [68]. Despite
these findings, multiple large national database studies have
demonstrated no difference in postoperative infection between
outpatient and inpatient TJAs [69e72].

Question 5: Does extended prophylactic antibiotics therapy
for patients undergoing aseptic revision help reduce the risk of
subsequent surgical site infections/periprosthetic joint in-
fections (SSIs/PJIs)?

Recommendation:
In the absence of concrete evidence, we recommend the use

of routine antibiotic prophylaxis (maximum 24 hours) for pa-
tients undergoing revision arthroplasty as long as the infection
has been properly ruled out before surgery.

Level of Evidence: Limited
Delegate Vote: Agree: 81%, Disagree: 15%, Abstain: 4% (Super

Majority, Strong Consensus)
Rationale:
Infections are common causes of failures after aseptic revisions,

occurring after 5-9% for total knee arthroplasties and 1.35% to 17.3%
for total hip arthroplasties [73e78]. One of the modalities to pre-
vent surgical site infections (SSIs) and/or periprosthetic joint in-
fections (PJIs) after arthroplasty is administration of prophylactic
antibiotic therapy [2,44,79]. Considering the high rate of SSI and PJI
after revision arthroplasties, one can argue that extended prophy-
laxis for longer than 24 hours may be indicated in these types of
surgeries. Several studies have been conducted in primary total
knee arthroplasty and total hip arthroplasty, indicating no differ-
ence in the rate of SSI in patients who received prophylaxis for
24 hours and in those who received it for longer than 24 hours
[38,80e83].

A comprehensive literature search was performed to identify
studies evaluating the potential role of extended antibiotic pro-
phylactic therapy after aseptic revision arthroplasty. A single
retrospective study conducted by Claret et al on 341 patients un-
dergoing revision arthroplasty was identified [84]. In the latter
study, the authors compared the rate of PJI after changing their
local protocol from administering teicoplanin and ceftazidim
before surgical incision and again after 2 hours as antibiotic pro-
phylaxis (2007-2010) to prolonging this regimen until the fifth day
after revision surgery (2010-2013). Several criteria concerning in-
flammatory markers, imaging, and synovial fluid analysis were
performed to rule out infection before revision surgery. They
observed that the PJI rate, occurring within 3 months after revision
surgery, was lower in the long-prophylaxis group compared with
the short-prophylaxis group (2.2% vs 6.9%, P ¼ .049). In addition,
prolonged antibiotic prophylaxis was the only variable indepen-
dently associated with a lower rate of PJI in their analysis (OR: 0.27,
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95% CI: 0.07e0.99). These data suggest that there might be a pro-
tective effect of prolonging antibiotic prophylaxis. However,
although no other protocol modifications were made during the
study period according to the authors, bias cannot be completely
ruled out due to the retrospective nature of the study, especially as
diagnostic methods to rule out an infection before revision surgery
have been improved during the recent years. Thus, there is a need
for a randomized controlled trial that can examine this question.
The PARITY trial, an international prospective randomized
controlled trial currently conducted in the field of orthopedic
oncology, may provide us additional evidence about the potential
benefits of extended antibiotic prophylaxis in high-risk patients
undergoing joint arthroplasty [85].

Question 6: Should duration and the type of antibiotic pro-
phylaxis be altered in patients with a prior PJI?

Recommendation:
In patients with a prior PJI, antibiotic prophylaxis should be

tailored when undergoing another subsequent elective primary
or revision joint arthroplasty. Antibiotic prophylaxis should
cover the initial causative organism(s) as well as the most
common pathogens that can cause periprosthetic joint infec-
tion (PJI), with either single or dual antibiotics.

Level of Evidence: Limited
Delegate Vote: Agree: 93%, Disagree: 6%, Abstain: 1% (Super

Majority, Strong Consensus)
Rationale:
Patients with prior periprosthetic joint infections (PJIs) have a

significantly higher risk for PJI in another prosthetic joint. Murray
et al [86] described for the first time the risk of metachronous in-
fections in multiple joints due to hematogenous spread. Studies by
Parvizi et al [87] and Leung et al [88] both demonstrated that the
majority of recurrent infections following PJI due to methicillin-
resistant Staphylococcus aureus (MRSA) were reinfected with the
same organism (66.7 and 89.9%, respectively).

Preexisting PJI was identified as a significant risk factor for a
subsequent infection in a study by Luessenhop et al in 1996 [89].
The presence of rheumatoid arthritis and a prior sepsis were shown
to be significantly associated with a higher risk for development of
subsequent PJI (P < .001 and P < .0001, respectively).

Another study by Jafari et al [90] retrospectively identified 55
patients with PJI who had another prosthetic joint in place at the
time of presentation. Eleven of them (20%) developed a PJI in a
second joint, with the same bacteria in 36% of cases. Zmistowski
et al [91] found that recurrent PJI was due to the same organism as
the index infection (PJI persistence) in 31.5% of 92 relapsed cases,
after 2-stage arthroplasty failure. A new organism (PJI reinfection)
was observed in 68.5% of these cases. The only independent pre-
dictor of PJI persistence vs new infection was the original infecting
organism, specifically Staphylococci (MRSA in particular). More-
over, polymicrobial PJI were more frequently involved in immu-
nocompromised hosts.

Bedair et al [92] confirmed these observations in a multicenter,
retrospective cohort study with 90 patients previously treated for
PJI undergoing a second primary total joint arthroplasty (total hip
arthroplasty and total knee arthroplasty). The study showed that
patients with a history of PJI had a higher risk of developing PJI in a
subsequent total hip arthroplasty or total knee arthroplasty (10 of
90, vs 0 of 90 in the control group; relative risk: 21.00; 95% CI, 1.25-
353.08; P ¼ .04). The authors found that a second PJI occurred more
frequently in those whose initial infection was by a staphylococcal
species (OR, 4.26 P ¼ .04). The infecting organisms were the same
species in the first and second PJI in 40% of cases, and all 4 of these
were caused by Staphylococci.

Based on the available data, it appears that patients with a prior
PJI who are undergoing elective arthroplasty are at higher risk of
subsequent infection. The infecting organism for the second joint is
most of the time same as the first infecting organism. Taken
together, we feel that antibiotic prophylaxis for patients with a
prior PJI who are undergoing an elective primary or revision
arthroplasty needs to be altered. These patients may require
administration of an alternative or additional antibiotic(s). For
example, patients with a prior PJI by a gram-negative organism
should receive prophylactic antibiotics against gram-negative
bacteria. The same applies to patients with a prior MRSA infec-
tion and so on.

Question 7: Should prophylactic antibiotic therapy be
administered for an extended duration in patients admitted to
the intensive care unit (ICU)?

Recommendation:
Surgical prophylactic antibiotic therapy should not be

administered for an extended duration in patients admitted to
the intensive care unit (ICU).

Level of Evidence: Limited
Delegate Vote: Agree: 82%, Disagree: 13%, Abstain: 5% (Super

Majority, Strong Consensus)
Rationale:
The literature on surgical site infections (SSIs) classifies SSI risk

factors into intrinsic (patient) related (eg, age and underlying
morbidity) and extrinsic (procedure) related (procedure, facility,
preoperative and intraoperative factors), both being either modi-
fiable or not [93]. Admittance to the intensive care unit (ICU) is not
treated as an independent risk factor, although risk factors for SSIs
and risk factors for ICU admittance are correlated (age, comorbidity,
complexity of procedure). Using the published search algorithm
from the World Health Organization (WHO) guideline's literature
review and narrowing it with the term “ICU” and expanding it with
the term “observational study,” 180 articles were retrieved from
October 1, 2015 until present (PubMed 39, Embase 84, Central 57).
All abstracts were screened, but none found relevant for the
question of extending antibiotic duration in patients admitted to
the ICU. Using the unaltered WHO search algorithm (without nar-
rowing with “ICU” and expanding with “observational study”),
another 23 PubMed articles not covered within the first search
were identified, but none of the screened abstracts were relevant.
An unsystematic search in the PubMed Clinical Queries search was
then performed with the terms “Therapy/Broad [filter]) AND
(antibiotic prophylaxis extended)” returning 245 articles. All titles
were screened and abstracts of putative relevance were reviewed,
and nonewere found to be relevant. The 34 articles retrievedwith a
modified search term (Therapy/Broad [filter]) AND (antibiotic
prophylaxis prolonged ICU) were not found to be relevant either.
Thus, no studies were found examining extended antibiotic pro-
phylaxis in ICU patients when these patients are considered as a
separate patient category, and there are no data to support or refute
an extended duration for preventing SSIs solely based on the
admittance to the ICU.

However, ICU patients are included in the core randomized
controlled trials (RCTs) showing no benefit of extending antibiotic
prophylaxis past wound closure [94,95] albeit not specifically for
arthroplasty patients. Since the publication of the Proceedings of
the International Consensus Meeting on Periprosthetic Joint In-
fections in 2013, 3 major literature reviews and guidelines on
prevention of SSI have been published from the WHO [94], Centers
for Disease Control and Prevention (CDC) [95], and American Col-
lege of Surgeons and Surgical Infection Society [93], respectively.
The CDC and WHO guidelines agree on not extending prophylaxis
past wound closure based on a comprehensive systematic literature
review, but the strength of the data supporting the recommenda-
tion for arthroplasty have been questioned [46,56,58,59,61,96e98].
The American College of Surgeons and Surgical Infection Society
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makes an exception for prophylactic antibiotics past wound closure
for joint arthroplasty, on the grounds that optimal antibiotic ther-
apy for these patients remains unknown, but refers to the American
Society of Health-System Pharmacists/Infectious Diseases Society
of America/Surgical Infection Society/Society for Healthcare
Epidemiology of America guidelines for a total antibiotic prophy-
laxis duration �24 hours [24]. A recently published meta-analysis
and review on postoperative antibiotic prophylaxis in knee and
hip arthroplasty did not find evidence to show efficacy of extended
antibiotic prophylaxis for the prevention of SSI in patients under-
going total hip or knee arthroplasty. It did however question the
quality of the existing evidence and call for new and sufficiently
powered RCTs to settle the issue [24]. None of the guidelines or the
extensive literature reviews underpinning them thus makes a
distinction or specific recommendation for patients admitted to the
ICU in general or for use of extended antibiotic prophylaxis for ICU
patients in particular. However, ICU patients are included in the
core RCTs forming the basis for the strong recommendations of not
extending antibiotic prophylaxis after completion of the operation.

ICUs are heterogeneous, and ICU capacity varies greatly across
hospitals and countries. Consequently, both patient morbidity and
hospital policies for ICU admittance will vary, making studies
examining extended antibiotic prophylaxis based on ICU admit-
tance unlikely. Should they be undertaken, their external validity
would for the aforementioned reasons be questionable.

The purpose of prophylactic antibiotic therapy in orthopedic
surgery is to prevent SSIs, for which a narrow-acting antibiotic with
gram-positive coverage is a proven and sufficient option [47]. Pre-
vention of remote infections in patients admitted to the ICU would
have required a different prophylactic approach, including admin-
istration of broad-spectrum antibiotics and selective digestive
decontamination, as opposed to the narrow spectrum antibiotics for
SSI prevention. Although there are some data to support such a
strategy, mainly from ICUs with low levels of antibiotic resistance
[99], it remains highly controversial due to concerns of long-term
resistance promotion and disturbance to the gut microbiome
[100]. There is currently insufficient evidence to recommend its use
in settings with high levels of antibiotic resistance [101]. Although
an in-depth discussion of the issue is beyond the scope of the
assigned question, the increased sense of urgency regarding resis-
tance prevention following the 2014 WHO report on global resis-
tance [102] speaks strongly against adoption of this strategy.

In addition to high awareness, prompt diagnostic workup and
early initiations of broad empiric antibiotic therapy are the core
interventions for reducing infection-related complications in the
ICU [103]. The continuation of a narrow-acting antibiotic therapy
from the operating theater into the ICU may give a false sense of
security and both obscure and delay these interventions, or even
harm patients by promoting antimicrobial-resistant bacteria
[104,105].

Arguably, the immunosuppressed state following surgery and
trauma could be enhanced in patients ill enough to require treat-
ment in the ICU, thus justifying implementation of antibiotic pro-
phylaxis recommendation for immunosuppressed patients.
However, despite not identifying studies addressing extended
surgical antimicrobial pprophylaxis in arthroplasty for immuno-
compromised patients, the CDC guidelines give a strong recom-
mendation (category 1a) against extended surgical antimicrobial
pprophylaxis in the immunocompromised patients based on their
inclusion in the core RCTs with high-quality evidence for surgical
antimicrobial pprophylaxis �24 hours postoperatively [2].

In an editorial commenting on a survey of 67 ICUs finding 50% of
antibiotic prescriptions being continued beyond 72 hours despite
the absence of a definitive infectious source [106], the editor states
that “there is a pervasive belief that an error of commission”
(continuation of empiric antibiotics in the absence of evidence of
infection) “is somehow better or safer than an error of omission”
(ceasing antibiotic therapy when there is some chance, however
slim, that the patient will benefit) [107]. This statement also applies
fittingly to the question of extended prophylaxis in patients
admitted to ICU; with a real threat of running out of effective an-
tibiotics due to indiscriminate use, extending prophylaxis on the
sole ground of ICU admittance should be avoided as there is neither
theoretical rationale nor clinical evidence to support the practice.

Question 8: Does the use of allografts alter the recommended
duration of prophylactic antibiotics?

Recommendation:
No. Allografts are avascular materials that are prone to

contamination and may serve as a scaffold for bacterial colo-
nization and biofilm production, similar to a prosthesis or
osteosynthetic material. However, it is difficult to establish a
causal relationship between the use of an allograft and subse-
quent infection. Thus, there is no evidence to support the use of
extended antibiotic prophylaxis.

Level of Evidence: Limited
Delegate Vote: Agree: 91%, Disagree: 6%, Abstain: 3% (Super

Majority, Strong Consensus)
Rationale:
Allografts are typically utilized to address bone defects or

damaged tendons at the time of revision procedures for patients
who have already undergone multiple operations. By virtue of their
operative history, these patients are already associatedwith a higher
risks of infections (2-3 times) [108] compared to primary total joint
arthroplasty patients. One recent study of 50 consecutive extensor
mechanism allograft reconstructions in total knee arthroplasty re-
ported an infection rate of 10% [109]. The pooled infection rate from
a systematic review andmeta-analysis of proximal femoral allograft
in revision total hip arthroplasty (THA) was reported to be 8% [110].
Allografts are avascular materials that, similar to a prosthesis or
osteosynthetic material, are prone to contamination and may serve
as a scaffold for bacterial colonization and biofilm production.
However, it is difficult to establish a causal relationship between the
use of an allograft and subsequent infection. The question of
whether the antibiotic prophylaxis in such complex cases should be
altered is a separate discussion from treating infections arising from
undetected contamination of the allograft.

There are no high-quality studies available comparing differences
between the duration of systemic antibiotic prophylaxis with and
without allograft use in primary or revision total joint arthroplasty.
Allograft bonemay be utilized in different forms including untreated
or processed, gamma-irradiated, chemically sterilized, and as fresh-
frozen product. A contamination rate of up to 23% immediately af-
terasepticprocurementofunprocessedandunsterilizedallograft has
been reported [110]. Alternatively, sterilization reduces bacterial
contamination rates approaching 0% aftermultiple decontamination
processes [111]. Anefficient “prophylaxis”mayonlybeexpectedafter
using processed or sterilized allografts [112], perhaps by conferring
additional local antimicrobial protection [113].

Two-stage procedures for infected total knee arthroplasty [114]
and THA [115] with allograft bone demonstrated no differences
with respect to short and long durations of antibiotic therapy and
reinfection rates; however, antibiotic impregnated bone cement
was utilized in these cases. Withholding systemic antibiotic ther-
apy has also been reported and recommended following revision
THA for periprosthetic joint infection with adjunctive local anti-
biotic bone cement elution except in cases of multiple-operated
patients infected with highly resistant organisms [116]. High-
quality studies evaluating the optimal duration of prophylactic
antibiotics during allograft reconstructive procedures are
warranted.
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