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a b s t r a c t
Introduction:Weexamined the efficacy of implementing amultimodal programaimed at reducing the incidence of periprosthetic joint infection (PJI) after total joint
arthroplasty (TJA) in a mid-size community hospital.
Methods:An infection reduction committee (IRC)was formed at our hospital inNovember 2010. The IRC consisted of two orthopaedic surgeons, an infectious disease
specialist, an internist with extensive experience in perioperative medical management of TJA patients, an anesthesiologist, the hospital infection control nurse, and
two additional nurses. Their goalswere to 1) evaluate the current incidence of PJI at our institution, compare itwith the reportednational data, and considermeasures
already in place directed at preventing PJI; 2) review and routinely evaluate recently published studies or information obtained from continuing medical education
events related to PJI to determine if practice changes were warranted (based on intervention efficacy, cost, and safety) and then develop a plan to implement appro-
priate alterations in perioperative protocols using a multimodal strategy; and 3) evaluate the effect and safety of newly-introduced infection reduction strategies on
the incidence of PJI.
Results: In 2008, the incidence of PJI at our hospital was 1.0%. By 2013, this rate had reduced to 0.4%. In absolute numbers, in 2009, 20 of 1,150 TJAs developed a PJI in
the 12-month period following partial, primary, or revision TJA. In 2013, PJI occurred in only 4 of 1,053 TJA patients.
Conclusion:We found that formation of an IRC focused on evaluating and implementing strategies to reduce PJI following TJA can be effective.
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Periprosthetic joint infection (PJI) after total joint arthroplasty (TJA)
is a significant complication associated with substantial morbidity and
cost [1-5]. There are multiple risk factors that increase a patient's likeli-
hood for developing a PJI: comorbidities, preoperative care, surgical fac-
tors, and postoperative factors.

Patients who have certain medical conditions have a higher risk of
developing infections. Modifiable risk factors such as obesity (body
mass index N35 kg/m2), alcohol abuse, smoking, and intravenous drug
use have been associated with an increased risk of PJI [6-11].
Nonmodifiable risk factors include age at the time of surgery [4,12]
and sex [13,14]. Patients with diabetes mellitus, cardiopulmonary
comorbidities, bone cancer, depression, hemophilia, hepatitis C, HIV,
malnutrition, hypertension, hypercholesterolemia, renal disease, liver
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disease, sickle cell hemoglobinopathies, and psoriasis have a higher
risk of developing infection [6,9,11,15-21]. Finally, the presence of infec-
tions such as previous infections in the same joint [22,23], previous
orthopedic infections [24], methicillin-resistant Staphylococcus aureus
colonization [11], and urinary tract infections [6,25]may predispose pa-
tients to developing PJI. Postoperative factors, such as allogeneic trans-
fusions, postoperative atrial fibrillation, longer hospitalizations, and
wound drainage, may contribute to the development of PJI [25].
Wound drainage may develop from hematomas that may be secondary
to using anticoagulants such as warfarin [26].

Infection rates after TJA are dependent onmany factors includingpa-
tient comorbidities, operative time, operating room environment, and
perioperative risk reduction interventions [3,8,27-36]. Reported rates
of PJI after TJA are highly variable and range from 0.5% to 3.3% in the
early postoperative period [1,3-5,28,37]. A recent study demonstrated
that PJI was the most common reason for early revision after total
knee arthroplasty (TKA) [38]. Multimodal strategies have been shown
to effectively reduce venous thromboembolic events (VTEs) and im-
prove pain management after TJA [39-42]. The purpose of this study
was to determine the efficacy of implementing a program using a mul-
timodal approach aimed at reducing the incidence of PJI in a mid-size
community hospital performing a high volume of TJA.
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Methods and Materials

In an effort to reduce the incidence of PJI after TJA, an infection re-
duction committee (IRC) was formed at a mid-sized community hospi-
tal in November 2010. The impetus behind forming this IRCwas a noted
increase in the incidence of PJI in 2008 and 2009 (1.0%-1.7%). Combined
with the recognized high cost andmorbidity associatedwith PJI, the for-
mation of this committee was strongly endorsed by the hospital admin-
istration and supported by the clinical staff that provided care for the
TJA patients.

This mid-size community hospital has 185 beds, and more than
1000 TJA procedures are performed annually, with more than 90% of
these procedures done by 1 of the 2 fellowship-trained adult recon-
structive surgeons. The IRC consisted of 2 orthopedic surgeons, an infec-
tious disease specialist, an internist with extensive experience in
perioperative medical management of TJA patients, an anesthesiologist,
the hospital infection control nurse, and 2 additional nurses who man-
age the operating room and postoperative orthopedic units. At the ini-
tial meeting of the IRC, the committee tasked itself with 3 issues:

1 Evaluate the current incidence of PJI at our institution, compare it
with the reported national data, and considermeasures already in
place directed at preventing PJI.

2 Review and routinely evaluate recently published studies or infor-
mation obtained from continuing medical education (CME)
events related to PJI to determine if practice changes were war-
ranted (based on intervention efficacy, cost, and safety) and
then develop a plan to implement appropriate alterations in peri-
operative protocols using a multimodal strategy.

3 Meet quarterly to evaluate the effect and safety of newly intro-
duced infection reduction strategies on the incidence of PJI and re-
spond accordingly.

Periprosthetic joint infection incidence was carefully monitored by
the infection control nurse. Any patient presenting within 1 year of
the index arthroplasty with a PJI was categorized as a hospital-
acquired infection. Periprosthetic joint infection was defined according
to the criteria proposed by the Musculoskeletal Infection Society [43].
The incidence of PJI after partial, primary, and revision total hip
arthroplasty or TKA was documented for each year from 2009 to
2014. Confidence intervals (CIs) and P values were calculated using lo-
gistic regression.

after the first IRCmeeting in December 2010, it was determined that
the baseline strategies for reducing PJI already in place at our hospital
consisted of timely administration of prophylactic antibiotics, expedi-
tious performance of TJA, routine use of body exhaust suits, and limiting
operating room traffic. In addition, surgeries were postponed in cases of
active symptomatic urinary tract infections or active dental disease [43].

At this first meeting, the IRC agreed that staff education regarding
contributing factors to infection was needed. In-service training follow-
ed, and emphasis was placed on furtherminimizing the operating room
traffic (eg, all needed items were made available in the room before in-
cision, no intraoperative staff breaks, etc). In addition, eliminating lint
producing materials (eg, cloth surgical caps) and unnecessary items
(backpacks, briefcases, purses, etc) was implemented.

Before December 2010, the routine postoperative TJA surgical
dressing consisted of a betadine-impregnated petroleum strip over the
incision, gauze, and foam tape, which was routinely removed on post-
operative day 2. A new dressing was applied if copious drainage was
present. The IRC recommended changing the postoperative dressing
to an occlusive antimicrobial dressing (Aquacel; Convatec, Bridgewater
Township, NJ) left in place until postoperative day 5. This decision was
based on a contemporaneous literature analysis [44-46].

Analysis of the data from a community hospital affiliated with ours
suggested that the combined use of preoperative cephalosporin and
vancomycin may reduce PJI and associated morbidity if PJI did occur.
This analysis was later reported and published by a coauthor of this
paper [37]. Combined antibiotic use was implemented in June 2011.
Preoperative decolonization of nares and skin withmupirocin ointment
and chlorhexidinewipes, respectively, has been reported to be effective
for reduction of PJI [47-49].

Beginning in December 2011, after IRC approval, both of these strat-
egies were introduced. Preoperative patient instruction included a rec-
ommendation for patients to use mupirocin nasal ointment and
decolonize with chlorhexidine wipes for 3 days before surgery. Screen-
ing for the presence of nasal methicillin-resistant S aureuswas not per-
formed, and the use of mupirocin was recommended for all patients.
Compliance was not monitored, but the importance of performing
these tasks was emphasized.

The IRC agreed in September 2012 that wound hematoma and
bleeding after TJA could be an independent risk factor for PJI. Literature
published at that time supported this opinion [50]. Therefore, postoper-
ative bleeding reduction strategies were considered and implemented
after a risk-benefit analysis [51]. Routine administration of intravenous
tranexamic acid was already in place at our institution and became part
of the standard protocol in July 2010. Before September 2012, standard
pharmacologic VTE prophylaxis consisted of low-dose warfarin, but at
this time, the IRC recommended a transition to aspirin prophylaxis
after TJA for low- to moderate-risk patients. This was done by concur-
rently monitoring VTE incidence. By January 2013, greater than 95% of
all patients receiving TJA also received with aspirin for postoperative
VTE prophylaxis.

The use of dilute betadine irrigation at the completion of TJA has
been reported to reduce the incidence of subsequent PJI [52]. In Decem-
ber 2012, the IRC recommended the routine use of dilute betadine irri-
gation at the completion of surgery, and this practice was instituted.

Finally, in September 2013, based on cumulative literature available
at that time, the IRC advocated postponing surgery for patients at high
risk for PJI (hemoglobin A1c N7.5, body mass index N40, and laboratory
evidence of malnutrition). These patients subsequently had TJA only
after modification of risk factors or a proven effort to do so.

Results

A timeline that schematically depicts the institution of each PJI re-
duction modality is shown in Fig. 1. In 2008, the incidence of PJI at our
hospital was 1.0%. In 2009, the incidence increased to 1.7%, and this
prompted the recommendation for an institutional IRC. The incidence
of PJI after TJA subsequently decreased annually as noted in Fig. 2. In
2013, the incidence of PJI reduced to 0.4%. In absolute numbers, in
2009, 20 of 1150 TJAs developed a PJI in the 12-month period after
partial, primary, or revision TJA. In 2013, PJI occurred in only 4 of 1053
TJA patients.

When infectionswere divided into primary and revisions, both had a
significant decrease each year. The rate of primary total joint infection
dropped from 1.4% in 2009 (95% CI, 0.77%-2.33%) to 0.37% in 2014
(95% CI, 0.10%-0.95%). During that same period, the rate of revision
total joint infection dropped from 6.58% (95% CI, 2.17%-14.69%) to 0%
(95% CI 0%-3.93%). The infections in primary operations declined with
an odds ratio of 0.730 (95% CI, 0.603-0.872) per year and revision
operations declined with an odds ratio of 0.439 (95% CI, 0.236-
0.705) (Fig. 3).

Discussion

Periprosthetic joint infection is a complication after TJA that is
expensive to manage and associated with significant patient suffering
and morbidity [1-5]. The evolving paradigm in health care has
emphasized the need to reduce hospital acquired infections [30]. Impor-
tantly, because of very high procedural volume, particular focus has
been placed on PJI after TJA [1-6,28,29,32,53,54]. Recognition of this
changing environment prompted the creation of an IRC at 1 mid-sized



Fig. 1. Timeline for implementation of IRC recommendations.
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community hospital in 2010. Because of the large volume of TJA per-
formed at our institution, the committee directed its attention to reduc-
ing PJI after these procedures. Initial meetings led to the IRC choosing to
adopt an approach for reducing PJI based on frequent literature reviews
and CME-reported information with subsequent implementation of
strategies likely to be cost-effective and safe. The IRC then reviewed all
protocol changes on a continuous basis to determine efficacy. The safety
of each intervention was considered, and efficacy was monitored after
institution of each particular strategy.

Based on a review of data on PJI at our institution, it appears that the
cumulative protocol modifications recommended and then implement-
ed by the IRC had a measurable positive effect on the incidence of PJI at
our hospital. In 2008, the incidence of PJI after TJA at this facility was
1.0% (10 of 1045 patients). In 2009 and 2010, the incidence of PJI in-
creased to 1.7% (20 of 1150 patients) and 1.3% (16 of 1204 patients), re-
spectively. In 2012 and 2013, the incidence of PJI reduced to 0.6% (7 of
1167 patients) and 0.4% (4 of 1053 patients), respectively.

This study has several weaknesses. Because it is a retrospective in-
vestigation, the possibility exists that other factors, separate from
those implemented by the IRC, positively affected PJI incidence noted
Fig. 2. Yearly PJI incidence for total hip a
in this investigation. However, most TJAs performed at our hospital
are performed by only 2 surgeons who routinely used standard and
identical protocols for perioperative patient management after TJA. Al-
though other factors could have influenced PJI incidence, none were
readily apparent to the authors.

In addition, the cost efficacy and potential risk of each intervention
were considered but not analyzed by scientific methodology. Nonethe-
less, these issueswere routinely discussed during IRCmeetings. The cost
of each intervention is relatively small when compared to the cost of PJI
management, which has been reported to be as high as $100,000 per
case [55]. In this context, an intervention that costs $50 per case
would be effective if it reduced the incidence of PJI by only 0.1%. This
contention is even truer when the substantial morbidity associated
with PJI is considered.

Potential intervention risks were also considered at IRC meetings.
For example, aspirin prophylaxis was implemented only after the
committee believed that the safety of this intervention was reasonably
demonstrated in the published literature [51]. In addition, VTE
prophylaxis slowly transitioned over a 6-month period from routine
use of low-dose warfarin to aspirin for appropriate patients. Venous
rthroplasty, TKA, and combined TJA.



Fig. 3. Graphical representation of the infection rates of primary and revision TJA from
2009 to 2014.
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thromboembolic event rates were closely monitored during this time
and did not appreciably change. These issues demonstrate the impor-
tance of organizing a committee with participation from all specialties
providing services surrounding the TJA episode of care. There is concern
for selection of vancomycin for routine prophylaxis due to vancomycin-
resistant organisms, and we do not strongly recommend its routine use
until clear safety parameters can be established. Widespread participa-
tion allows for the concerns of each provider to be addressed and then
subsequent buy-in from all participants. Furthermore, the number of in-
terventions and relatively low incidence of PJI does not allow for mean-
ingful statistical analysis of the impact of each intervention. However,
the cost and risk of each reduction strategy are generally considered
low. Therefore, given the absence of data to refute the efficacy of this
method of reducing PJI, it seems logical to adapt amultimodal approach
to reduce the incidence of this complication. Further study could be per-
formed as a prospective multicenter design.

In summary, this study demonstrated that formation of an
institutional IRC focused on evaluating and implementing strategies to
reduce PJI after TJA can be effective. Our data further suggest that
using the existing literature and CME-reported information as a basis
for decisionmaking to create amultimodal approach is a useful strategy
for reducing PJI. Importantly, the members of the IRC should represent
themultiple providers who contribute to the patient's care. This will en-
sure that concerns about efficacy, cost-effectiveness, and safety are ap-
propriately considered.

References

1. Lamagni T. Epidemiology and burden of prosthetic joint infections. J Antimicrob
Chemother 2014;69(Suppl. 1):i5.

2. Kurtz SM, Lau E, Watson H, et al. Economic burden of periprosthetic joint infection in
the United States. J Arthroplasty 2012;27(8 Suppl.):61 [e1].

3. Lindeque B, Hartman Z, Noshchenko A, et al. Infection after primary total hip
arthroplasty. Orthopedics 2014;37(4):257.

4. Kurtz SM, Lau E, Schmier J, et al. Infection burden for hip and knee arthroplasty in the
United States. J Arthroplasty 2008;23(7):984.

5. Kurtz SM, Ong KL, Lau E, et al. Prosthetic joint infection risk after TKA in the Medicare
population. Clin Orthop Relat Res 2010;468(1):52.

6. Bozic KJ, Ong K, Lau E, et al. Estimating risk in Medicare patients with THA: an elec-
tronic risk calculator for periprosthetic joint infection and mortality. Clin Orthop
Relat Res 2013;471(2):574.
7. LehmanCR,RiesMD,PaiementDG, et al. Infectionafter total joint arthroplasty inpatientswith
human immunodeficiency virus or intravenous drug use. J Arthroplasty 2001;16(3):330.

8. Namba RS, Paxton L, Fithian DC, et al. Obesity and perioperative morbidity in total hip
and total knee arthroplasty patients. J Arthroplasty 2005;20(7 Suppl. 3):46.

9. Peersman G, Laskin R, Davis J, et al. Infection in total knee replacement: a retrospec-
tive review of 6489 total knee replacements. Clin Orthop Relat Res 2001;392:15.

10. Moucha CS, Clyburn TA, Evans RP, et al. Modifiable risk factors for surgical site infec-
tion. Instr Course Lect 2011;60:557.

11. Everhart JS, Altneu E, Calhoun JH. Medical comorbidities are independent preopera-
tive risk factors for surgical infection after total joint arthroplasty. Clin Orthop Relat
Res 2013;471(10):3112.

12. Soohoo NF, Farng E, Lieberman JR, et al. Factors that predict short-term complication
rates after total hip arthroplasty. Clin Orthop Relat Res 2010;468(9):2363.

13. Jamsen E, Huhtala H, Poulakka T, et al. Risk factors for infection after knee arthroplasty. A
register-based analysis of 43,149 cases. J Bone Joint Surg Am 2009;91(1):38.

14. Dale H, Skramm I, Lower HL, et al. Infection after primary hip arthroplasty: a compar-
ison of 3 Norwegian health registers. Acta Orthop 2011;82(6):646.

15. Namba RS, Inacio MC, Paxton EW. Risk factors associated with deep surgical site in-
fections after primary total knee arthroplasty: an analysis of 56,216 knees. J Bone
Joint Surg Am 2013;95(9):775.

16. Parvizi J, SullivanTA,PagnanoMW,etal.Total jointarthroplasty inhumanimmunodeficiency
virus-positive patients: an alarming rate of early failure. J Arthroplasty 2003;18(3):259.

17. Pour AE, Matar WY, Jafari SM, et al. Total joint arthroplasty in patients with hepatitis
C. J Bone Joint Surg Am 2011;93(15):1448.

18. Yi PH, Frank RM, Vann E, et al. Is Potential Malnutrition Associated With Septic Failure
and Acute Infection After Revision Total Joint Arthroplasty? Clin Orthop Relat Res
2015;473(1):175.

19. Sunday JM, Guille JT, Torg JS. Complications of joint arthroplasty in patients with end-
stage renal disease on hemodialysis. Clin Orthop Relat Res 2002(397):350.

20. Silva M, Luck Jr JV. Long-term results of primary total knee replacement in patients
with hemophilia. J Bone Joint Surg Am 2005;87(1):85.

21. Chiang CC, Chen PQ, Shen MC, et al. Total knee arthroplasty for severe haemophilic
arthropathy: long-term experience in Taiwan. Haemophilia 2008;14(4):828.

22. Cherney DL, Amstutz HC. Total hip replacement in the previously septic hip. J Bone
Joint Surg Am 1983;65(9):1256.

23. Jupiter JB, Karchmer AW, Lowell JD, et al. Total hip arthroplasty in the treatment of
adult hips with current or quiescent sepsis. J Bone Joint Surg Am 1981;63(2):194.

24. Pruzansky JS, Bronson MJ, Grelsamer RP, et al. Prevalence of modifiable surgical site
infection risk factors in hip and knee joint arthroplasty patients at an urban academic
hospital. J Arthroplasty 2014;29(2):272.

25. Pulido L, Ghanem E, Joshi A, et al. Periprosthetic joint infection: the incidence, timing,
and predisposing factors. Clin Orthop Relat Res 2008;466(7):1710.

26. Patel VP, Walsh M, Sehgal B, et al. Factors associated with prolonged wound drainage
after primary total hip and knee arthroplasty. J Bone Joint Surg Am 2007;89(1):33.

27. Bozic KJ, Kurtz SM, Lau E, et al. The epidemiology of revision total knee arthroplasty in
the United States. Clin Orthop Relat Res 2010;468(1):45.

28. Chesney D, Sales J, Elton R, et al. Infection after knee arthroplasty a prospective study
of 1509 cases. J Arthroplasty 2008;23(3):355.

29. Jafari SM, Casper DS, Restrepo C, et al. Periprosthetic joint infection: are patients with
multiple prosthetic joints at risk? J Arthroplasty 2012;27(6):877.

30. Kuehn BM. Some progress in effort to reduce hospital-acquired infections. JAMA
2014;311(15):1488.

31. Lai K, Bohm ER, Burnell C, et al. Presence of medical comorbidities in patients with in-
fected primary hip or knee arthroplasties. J Arthroplasty 2007;22(5):651.

32. Luessenhop CP, Higgins LD, Brause BD, et al. Multiple prosthetic infections after total
joint arthroplasty. Risk factor analysis. J Arthroplasty 1996;11(7):862.

33. Malinzak RA, Ritter MA, Berend ME, et al. Morbidly obese, diabetic, younger, and uni-
lateral joint arthroplasty patients have elevated total joint arthroplasty infection
rates. J Arthroplasty 2009;24(6 Suppl.):84.

34. Perka C, Labs K, MuschikM, et al. The influence of obesity on perioperativemorbidity and
mortality in revision total hip arthroplasty. Arch Orthop Trauma Surg 2000;120(5-6):267.

35. Ritter MA. Operating room environment. Clin Orthop Relat Res 1999;369:103.
36. Salassa TE, Swiontkowski MF. Surgical attire and the operating room: role in infection

prevention. J Bone Joint Surg Am 2014;96(17):1485.
37. SmithEB,WynneR, JoshiA, et al. Is it time to includevancomycin for routineperioperativean-

tibiotic prophylaxis in total joint arthroplasty patients? J Arthroplasty 2012;27(8 Suppl.):55.
38. Sharkey PF, Lichstein PM, Shen C, et al. Why are total knee arthroplasties failing

today–has anything changed after 10 years? J Arthroplasty 2014;29(9):1774.
39. CroninM, Hill T, Reich DA, et al. Implementation of a multidisciplinary, pharmacy-led,

thromboprophylaxis program in total-joint arthroplasty patients. Am J Health Syst
Pharm 2009;66(2):171.

40. Karam JA, Zmistowski B, Restrepo C, et al. Fewer postoperative fevers: an unexpected
benefit of multimodal pain management? Clin Orthop Relat Res 2014;472(5):1489.

41. Lu N, Salvati EA. Multimodal prophylaxis for venous thromboembolic disease after total
hip and knee arthroplasty: current perspectives. Chin J Traumatol 2010;13(6):362.

42. Parvizi J, Miller AG, Gandhi K. Multimodal pain management after total joint
arthroplasty. J Bone Joint Surg Am 2011;93(11):1075.

43. Parvizi J, Gehrke T, Chen AF. Proceedings of the International Consensus on
Periprosthetic Joint Infection. Bone Joint J 2013;95-B(11):1450.

44. Cai J, Karam JA, Parvizi J, et al. Aquacel surgical dressing reduces the rate of acute PJI fol-
lowing total joint arthroplasty: a case-control study. J Arthroplasty 2014;29(6):1098.

45. Ravenscroft MJ, Harker J, Buch KA. A prospective, randomised, controlled trial com-
paring wound dressings used in hip and knee surgery: Aquacel and Tegaderm versus
Cutiplast. Ann R Coll Surg Engl 2006;88(1):18.

46. Barnea Y, Weiss J, Gur E. A review of the applications of the hydrofiber dressing with
silver (Aquacel Ag) in wound care. Ther Clin Risk Manag 2010;6:21.

http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0005
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0005
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0010
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0010
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0015
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0015
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0020
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0020
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0025
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0025
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0030
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0030
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0030
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0035
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0035
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0040
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0040
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0045
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0045
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0050
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0050
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0055
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0055
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0055
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0060
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0060
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0065
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0065
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0070
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0070
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0075
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0075
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0075
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0080
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0080
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0085
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0085
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0090
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0090
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0090
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0095
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0095
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0100
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0100
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0105
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0105
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0110
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0110
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0115
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0115
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0120
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0120
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0120
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0125
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0125
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0130
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0130
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0135
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0135
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0140
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0140
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0145
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0145
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0150
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0150
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0155
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0155
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0160
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0160
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0165
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0165
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0165
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0170
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0170
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0175
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0180
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0180
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0185
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0185
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0190
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0190
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0195
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0195
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0195
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0200
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0200
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0205
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0205
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0210
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0210
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0215
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0215
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0220
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0220
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0225
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0225
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0225
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0230
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0230


455L.J. Matsen Ko et al. / The Journal of Arthroplasty 31 (2016) 451–455
47. Kalmeijer MD, Coertjens H, van Nieuwland-Bolland PM, et al. Surgical site infections
in orthopedic surgery: the effect of mupirocin nasal ointment in a double-blind, ran-
domized, placebo-controlled study. Clin Infect Dis 2002;35(4):353.

48. Perl TM, Cullen JJ, Wenzel RP, et al. Intranasal mupirocin to prevent postoperative
Staphylococcus aureus infections. N Engl J Med 2002;346(24):1871.

49. Zywiel MG, Daley JA, Delanois RE, et al. Advance pre-operative chlorhexidine reduces
the incidence of surgical site infections in knee arthroplasty. Int Orthop 2011;35(7):
1001.

50. Asensio A, Antolin FJ, Sanchez-Garcia JM, et al. Timing of DVT prophylaxis and risk of
postoperative knee prosthesis infection. Orthopedics 2010;33(11):800.
51. Wind TC, Barfield WR, Moskal JT. The effect of tranexamic acid on transfusion rate in
primary total hip arthroplasty. J Arthroplasty 2014;29(2):387.

52. BrownNM,CiprianoCA,MoricM,et al. Dilutebetadine lavagebefore closure for thepreven-
tionofacutepostoperativedeepperiprosthetic joint infection. J Arthroplasty2012;27(1):27.

53. Adeli B, Parvizi J. Strategies for the prevention of periprosthetic joint infection. J Bone
Joint Surg (Br) 2012;94(11 Suppl. A):42.

54. Alijanipour P, Heller S, Parvizi J. Prevention of periprosthetic joint infection: what are
the effective strategies? J Knee Surg 2014;27(4):251.

55. Parvizi J, Pawasarat IM, Azzam KA, et al. Periprosthetic joint infection: the economic
impact of methicillin-resistant infections. J Arthroplasty 2010;25(6 Suppl.):103.

http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0235
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0235
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0235
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0240
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0240
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0245
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0245
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0245
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0250
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0250
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0255
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0255
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0260
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0260
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0265
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0265
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0270
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0270
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0275
http://refhub.elsevier.com/S0883-5403(15)00801-3/rf0275

	The Effect of Implementing a Multimodal Approach on the Rates of Periprosthetic Joint Infection After Total Joint Arthroplasty
	Methods and Materials
	Results
	Discussion
	References


