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Abstract

with multi-drug resistant pathogens.

drug resistant pathogens were provided.
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Context: There is a need to find if patients with poorly controlled diabetes, immunosuppression, or autoimmune disease require
different perioperative antibiotic prophylaxis. There is also a need to determine if antibiotic prophylaxis should be different for
primary cases, revision cases, hip arthroplasty and knee arthroplasty. The best antibiotic prophylaxis to choose in patients with
colonization by carbapenem resistant enterobacteriaceae or multi-drug resistant (MDR)-Acinetobacter spp needs to be determined.
Evidence Acquisition: Delegates in workgroup 3 of the consensus meeting on PJI reviewed English literature for relevant articles.
30 of 221 articles were relevant to the 4 following questions regarding perioperative antibiotic prophylaxis to prevent PJI.

Results: There is no need to use different antibiotic prophylaxis for patients with poorly controlled diabetes, immunosuppression,
or autoimmune disease than routine antibiotic prophylaxis. Perioperative antibiotic prophylaxis should be the same for primary
and uninfected revision arthroplasty. Perioperative antibiotic prophylaxis should be the same for hips and knees arthroplasties.
There is insufficient data to recommend expanded antibiotic prophylaxis in patients known to be colonized or recently infected

Conclusions: Based on evidences in the literature and consensus of expert delegates from consensus meeting recommendations for
type of antibiotic prophylaxis in patients with poorly controlled diabetes, immunosuppression, or autoimmune disease, primary
and uninfected revision arthroplasty, hip or knee arthroplasties and patients known to be colonized or recently infected with multi-

[

. Context

Decision making in choosing the appropriate antibi-
otic prophylaxis for patients with poorly controlled dia-
betes, immunosuppression, or autoimmune disease, pri-
mary or revision cases, hip or knee arthroplasty, patients
with colonization by carbapenem resistant enterobacte-
riaceae or multi-drug resistant (MDR)-Acinetobacter spp.
needs to be defined.

2. Evidence Acquisition

From November 2012 till August 2013, 400 delegates
from all over the world formed 15 workgroups to review
the current literature and find high level evidence for all is-
sues related to PJI. Workgroup No.3 (authors) was assigned
to review current literature on perioperative antibiotics.

The goal was to find answers and recommendations for
more than 264 questions based on the high level evidence
if present or reach to a consensus when there is a lack of
high level evidence.

After 10 months of hard work by delegates from
58 countries and 100 societies, relevant publications re-
viewed, communications exchanged and finally a draft
was prepared to be presented for vote at the final meet-
ing on 1st of August 2013. The draft included recommen-
dations for management on the basis of high level of evi-
dence if present. Otherwise the cumulative wisdom of 400
delegates from 58 countries and over 100 societies used to
reach consensus about practices lacking higher level of ev-
idence.
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3. Results:

Question 20: Do patients with poorly controlled di-
abetes, immunosuppression, or autoimmune disease re-
quire a different perioperative antibiotic prophylaxis?

Consensus: No. Routine antibiotic prophylaxis is rec-
ommended in these patients.

Delegate Vote: Agree: 90%, Disagree: 9%, Abstain: 1%
(Strong Consensus)

Justification: Several studies have demonstrated that
diabetes mellitus (DM), especially uncontrolled DM, is a
risk factor for postoperative infection in THA and TKA (1-
4). A recent retrospective cohort study within the Kaiser
Healthcare system found no significant increase in risk of
revision or deep infection or revision whether patients had
controlled (HbAic < 7%) or uncontrolled diabetes (HbA1ic
> 7%). Specifically, compared with patients without DM,
there was no association between controlled DM and risk
of revision (OR1.32; 95% CI 0.99 -1.76).

Similarly, compared to patients without DM, there was
no association between uncontrolled DM and risk of revi-
sion (OR1.03; 95% CI 0.68-1.54)(5).

Obesity has also been associated with a significant in-
crease in rate of postoperative infection following TJA (6-8).

Human immunodeficiency virus (HIV) has also been
associated with an alarming rate of postoperative com-
plications, including infection. Parvizi et al. reported on
6 deep infections in 21 HIV-positive patients undergoing
TJA. The authors remarked that the immune status of the
patients was related to their risk of deep PJI, in that 5 of
the 6 patients ultimately developed Acquired Immune De-
ficiency Syndrome (AIDS) and the CD4 count was signif-
icantly lower at 239 £ 112 uL at latest follow-up for pa-
tients who developed infection compared to 523 = 171 uL
for the study population as a whole (P < 0.001). In this
study the authors reported using prophylactic antibiotics
(cephalosporins) preoperatively and 3 doses postopera-
tively and added antibiotic powder (vancomycin and to-
bramycin)to the cementin 2 patients thought to be at high
risk for infection (9).

Similarly, Ragni et al. found a very high postoperative
infection rate (26.5%) in 34 TJA in HIV positive hemophili-
acs, all of whom had CD4 counts less than 200/uL at time
of surgery (10).

Haberman et al. noted an infection rate of 12.7% in
their cohort of 41 patients with HIVundergoing TJA, but did
notidentify any difference in the outcomes relating to CD4
count (11).

Their perioperative antibiotic protocol was a 5 day
course of cefuroxime and in all procedures antibiotic-
containing cement (Palacos R, Zimmer, Warsaw, IN) was

used. In a smaller series of 6 HIV-infected patients under-
going TJA, Wang et al. noted no infectious or other compli-
cations.

The authors again used antibiotic (vancomycin)-
impregnated bone cement in all cemented cases (12).
Unger et al. evaluated the results of 26 TKAs in HIV-positive
hemophiliacs and found no cases of deep infection, but it
is interesting to note that the average CD4 count of these
patients was 463 L (13).

Hemophilia has historically been considered a risk fac-
tor for PJI, due in part to its relation to HIV and AIDS, but
also as an independent risk factor. An article by Silva et
al. reviewed the long term results of primary TKA in pa-
tients with hemophilia and noted an overall prevalence of
PJI of 16% with a rate of infection in HIV-positive and HIV-
negative patients of 17% and 13% respectively (P = 0.5). The
authors perioperative protocol included 3 to 5 days of pro-
phylactic antibiotics and antibiotic cement was not used
(14). In contrast, Rodriguez-Merchan reported an infection
rate of only 3% of 35 TJA in hemophiliac patients, but used
antibiotic-laden bone cement and 2 days of perioperative
antibiotic prophylaxis (15).

Asplenic patients are at increased risk of infection
by encapsulated bacteria; and although there is evidence
to support vaccinations and penicillin prophylaxis in pa-
tients under 16 and over 50 years of age, there is no con-
sensus on the appropriate perioperative management of
these immunocompromised patients. In a single case re-
port by Shaarani et al. of an asplenic patient who un-
derwent a TKA, the patient ultimately developed a MRSA
infection. In this case standard polymethylmethacrylate
(PMMA) was used for cementing components and the pa-
tient received intravenous prophylactic dose of second
generation cephalosporin preoperatively (16).

Renal disease (including renal failure, dialysis depen-
dence, and renal transplant) has been implicated as in-
creasing the risk of PJI. McCleery et al. analyzed the Scottish
Arthroplasty Registry in order to determine the rates of PJI
in patients with renal failure, those undergoing dialysis,
and those with arenal transplant. They found that patients
with renal failure had a significantly increased risk of early
infection (1.6%, RR 1.52, P = 0.02) and late infection (4.47%,
RR 2.2, P < 0.001). Patients on dialysis had a significantly
increased risk of late infection (8.0%, RR 3.99, P < 0.001)
and earlyrevision (3.7%, RR 4.4, P < 0.001). Renal transplant
patients had a significantly increased risk of late infection,
despite whether the transplantation occurred before TKA
(9.1%,RR 4.5, P=0.03) or at any time (8.0%, RR 4.0, P=0.05)
(17). Lieberman et al. documented a deep infection rate of
19% in16 chronicrenal dialysis patients and more favorable
outcomes in renal transplant patients (18). Sakalkale et al.
reported a deep infection rate of 13% in 12 patients with
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end-stage renal failure on dialysis who underwent THA. In
this study, perioperative prophylactic antibiotics were ad-
ministered for 2 to 5 days (19). In contrast, other authors
have reported no increased rate of infection in patients on
chronic hemodialysis undergoing THA (20, 21).

Similarly, liver disease has been associated with in-
creased morbidity following TJA. Pour et al. performed a
case control study of 71 non-cirrhotic patients with hepati-
tis Cundergoing TJA and found that this cohort had higher
rates of wound drainage following THA when compared to
matched controls (15 vs 3.8%, P = 0.03) (22). Orozco et al.
recently published a case control study to analyze the ef-
fect of fibrosis and thrombocytopenia on the diagnosis of
hepatitis Cand clinical outcomes. Analyzing 72 patients (77
jointreplacements), the authors found that fibrotic hepati-
tis C patients had higher deep infection rates (21% vs 0%, P
= 0.047) and rates of cellulitis (21% vs 0%, P = 0.047), while
thromobocytopenia showed a trend towards greater infec-
tion (23).

Solid organ transplant (SOT) is a risk factor for PJI due
to the need for chronic use of immunosuppressant medi-
cations. Vergidis et al. performed a case control study of
patients with SOT who developed PJI and compared them
to non-infected controls matched by transplant type, pros-
thetic joint type, and order of organ transplantation or
joint implantation. Of 367 patients with both a joint re-
placement and SOT, there were 12 cases of PJI, of which 8
were renal transplants, 3 were liver transplants, and 1 was
a heart transplant patient. Eight infections were caused
by gram-positive organisms, 2 were caused by nontuber-
culous mycobacteria, and the remaining 2 were culture-
negative. Of note, patients received perioperative cefa-
zolin, or in cases of colonization or prior infection with
MRSA, vancomycin (24). Tannenbaum et al. reported re-
sults on 35 TJA in 19 patients with renal or liver transplant
and documented an infection in 5 patients who had the
joint replacement after the transplantation. There were no
infections in patients who had TJA before the organ trans-
plantation. In this series, prophylactic antibiotics were ad-
ministered for at least 48 hours or until the drains were re-
moved and bone cement when used was not impregnated
with antibiotics (25).

Question 21A: Should preoperative antibiotics be differ-
ent for primary and revision TJA?

Consensus: No. Perioperative antibiotic prophylaxis
should be the same for primary and uninfected revision
arthroplasty.

Delegate Vote: Agree: 89%, Disagree: 10%, Abstain: 1%
(Strong Consensus)

Question 21B: Should preoperative antibiotics be differ-
ent for hips and knees?

Consensus:  Perioperative antibiotic prophylaxis
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should be the same for hips and knees.

Delegate Vote: Agree: 99%, Disagree: 1%, Abstain: 0%
(Strong Consensus)

Justification: Patients undergoing revision TJA are at
higher risk of developing PJI than primary arthroplasty
and those undergoing revision knee procedures are at
even highest risk (26-28).

One recent study has effectively demonstrated target-
ing infection prevention programs at high-risk surgical pa-
tients that take into account an institution’s local epidemi-
ology and Antibiogram (29).

Liuetal. determined the impact of adding vancomycin
to cefazolin as antimicrobial prophylaxis in 414 patients
undergoing revision TKA based on a notable increase in
PJI in revision TKA patients, with many being methicillin-
resistant. Following introduction of vancomycin to the
routine preoperative antibiotic prophylaxis, the infection
rate decreased from 7.89% t03.13% (P=0.046). In particular,
a significant reduction in PJI resulting from methicillin-
resistant organisms over this time period was seen (4.2% to
0.9%,P=0.049) (29).

Question 22: What is the best antibiotic prophylaxis
to choose in patients with colonization by carbapenem re-
sistant enterobacteriaceae or multi-drug resistant (MDR)-
Acinetobacter spp?

Consensus: There isinsufficient data torecommend ex-
panded antibiotic prophylaxis in patients known to be col-
onized or recently infected with MDR pathogens.

Delegate Vote: Agree: 76%, Disagree: 8%, Abstain: 16%
(Strong Consensus)

Justification: There is an increasing awareness of the
threat posed by K. pneumoniae strains with decreased sus-
ceptibility to carbapenems worldwide (30). This resistance
is conferred by K. pneumo carbapemenase (KPC), which
is a S-lactamase that also confers resistance to broadspec-
trum cephalosporins, as well as commercially available 3-
lactam/ -lactamase inhibitor combinations (31). As there
are few antimicrobial options, prevention of K. pneumo
carbapemenase K. pneumoniae (KPC-KP) has become a ma-
jor priority of those studying nosocomial infections (32).

4. Conclusions

While there is no evidence on the management of
surgical antimicrobial prophylaxis in a patient with past
infection or colonization with a resistant gram-negative
pathogen, itislogical to provide prophylaxis with an agent
active against MRSA for any patient known to be colonized
with this gram-positive pathogen who will have a skin inci-
sion; specifically, prophylaxis for a resistant gram-negative
pathogen in a patient with past infection or colonization
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with such a pathogen may not be necessary for a purely cu-
taneous procedure.

In a literature review, KPC-producing microbes are re-
sistant to many non-S-lactam molecules.

Mostisolates are resistant to fluoroquinolones, amino-
glycosides, and co-trimoxazole. Some isolates are suscepti-
ble to amikacin and gentamicin and most are susceptible
to colistin and tigecycline (30, 33-35).

In a prospective RCT, De Smet et al. studied the elim-
ination of colonization with MDR organisms using selec-
tive oropharynegeal and/or digestive tract decontamina-
tion (SOD/SDD)in a multicenter crossover study using clus-
ter randomization of 5,939 intensive care unit patients in
the Netherlands. SOD included 4 days of intravenous ce-
fotaxime and topical application of tobramycin, colistin,
and amphotericin B in the oropharynx and stomach. SDD
consisted of oropharyngeal application only of the same
antimicrobials. Using a random effects logistic regression
analysis, the OR for death at day 28 in the SOD and SDD
group, as compared with the standard care group, were
0.86 (95% C10.74-0.99) and 0.83 (95% CI 0.72-0.97) respec-
tively (36).

Perez et al. used a mouse model to examine the ef-
fectof antibiotic treatment on the establishmentand elim-
ination of intestinal colonization of KPC-KP. They admin-
istered 3 days of antibiotics (clindamycin, zosyn, tigecy-
cline, ertapenem, cefepime, and ciprofloxacin) before KPC-
KP was administered orogastrically. The authors reported
that of the 4 antibiotics with minimal activity against the
KPC-KP strain (MIC > 16 mcg/mL), those that suppressed to-
tal anaerobes and Bacteroides (ie clindamycin and zosyn)
promoted colonization by KPC-KP (P < 0.001), while agents
that did not suppress total anaerobes and bacteroides (ie
ciprofloxacin and cefepime) did not (P = 0.35). Of the an-
tibiotics with moderate activity against KPC-KP, ertapenem
(MIC 4 mcg/mL) did not promote colonization by KPC-KP,
while tigecycline (MIC 3 mcg/mL) did (P < 0.001), despite
not reducing levels of total anaerobes and bacteroides.

Orgogastric administration of gentamicin and
polmyxin E-suppressed KPC-KP was at undetectable levels
in the majority of mice. The authors posited that antibi-
otics that disturb the intestinal anaerobic microflora lack
significant activity against KPC-KP promote colonization,
while the administration of non-absorbed oral antibiotics
may be an effective strategy to suppress colonization with
this microorganism (37).
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