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Abstract:
Background:
Periprosthetic Joint Infection Remains a Dreaded Complication After Hip and Knee Replacement Surgery.
Treatment Options for Acute Postoperative and Acute Hematogenous Infections Include Arthroscopic or Open Debridement With
Retention or Exchange of the Prostheses. This Review Article Aims to Summarize the Evidence for Management of Acute
Postoperative And Acute Hematogenous Infections.
Methods:
A Systematic Literature Search Was Performed Using a Computer-based Search Engine Covering Medline (OvidSP), PubMed
Database (U.S. National Library of Medicine, National Institutes of Health), Embase, Web of Science, Cochrane and Google Scholar
for Relevant Articles.
Results:
Common Themes Around Treatment of Acute Postoperative and Acute Hematogenous Infections Discussed in this Review Include
the Timing of Intervention, Description of the Optimal Procedure and How we Perform it at our Institution, the Role of Arthroscopic
Debridement, Most Commonly Isolated Micro-organisms and Prognostic Factors for Infection Control.
Conclusion:
Success in Treating Acute Postoperative and Acute Hematogenous Infections Depends on Early Diagnosis and Aggressive Surgical
Debridement Combined With Effective Antibiotic Therapy.
Keywords: Acute, Arthroplasty, Debridement, Hip, Irrigation, Knee, Periprosthetic joint infection.

INTRODUCTION
Despite all precautions taken in patient selection and patient optimization preoperatively, periprosthetic joint
infection (PJI) after hip and knee replacements remains an important yet difficult complication to manage. While
historical rates of early PJIs have been reported as high as 9.5% [1], nowadays the infection rates have declined to less
than 2% [1, 2] after primary and up to 6% after revision surgery [3]. However, a recent study by Avram et al. [4]
evaluating 30-day hospital readmission rates after joint arthroplasty showed that infections accounted for the majority of
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readmissions (23%).
Several systems for classification and staging of PJIs have been proposed [5]. However, the most widely accepted
classification system was devised by Tsukayama et al. [6] and comprises four categories based on the clinical
presentation as follows: (1) positive intraoperative cultures when at least two specimens obtained at the time of revision
surgery are positive for the same organism on culture (2) early post-operative infection that occurs less than 1 month
post-operatively (3) late chronic infection that develops with an insidious clinical onset one month or more from the
primary operation and (4) acute hematogenous infection which is a result of hematogenous spread of an organism from
a remote site to the affected joint where the prosthesis has been implanted. Patients found to have a positive
intraoperative culture are usually managed with six weeks of intravenous antibiotics and no further operative
intervention is needed [5, 6]. For late chronic PJI, two-stage exchange procedure is considered the gold standard
treatment and is associated with good rates of infection control [1, 7 - 9]. In early post-operative and acute
hematogenous infections, open or arthroscopic debridement with retention or exchange of the prostheses and antibiotic
therapy has been conventionally the treatment of choice [10 - 13]. The potential advantages with such approaches in
acute infection over a two-stage procedure would be avoiding the technical difficulty of the surgery involved, the
morbidity and costs of prolonged immobilization of patients and possibly restoring the full function of the affected
limb. The main aim of early aggressive debridement is to control the infection prior to biofilm formation, and hence the
importance of intervening in a timely fashion [14].
This review article aims to summarize the evidence for management of acute postoperative and acute hematogenous
infections after hip and knee replacements with emphasis on timing of intervention, description of the optimal
procedure and how we perform it at our institution, the role of arthroscopic debridement, most commonly isolated
micro-organisms and prognostic factors for infection control.
ACUTE INFECTION AND TIMING OF INTERVENTION
There is currently no consensus on the definition of acute infection and the optimal time for effective intervention
[15, 16]. Tsukayama et al. [6] defined infections occurring within 4 weeks postoperatively as early infections. Toms
[17] proposed a classification in which stage I infections occur within the first six weeks after the surgery. Zimmerli et
al. [18] defined early infection as an infection that occurs within the first two months postoperatively, while Coventry
[19] accepted a 3 months cut-off following the index operation.
On the other hand, acute hematogenous infection is usually associated with a documented or suspected antecedent
bacteraemia and is characterized by acute onset of symptoms, involving a well-fixed prosthesis that has been
functioning properly for months or years [5, 6]. The most frequent primary seeding site is skin and soft tissue infections
[14]. However, other sources of infection may include the urinary, respiratory, and gastrointestinal tracts, as well as
recent dental work [20].
Recent clinical practice guidelines by the Infectious Diseases Society of America [16] suggest performing an
incision and drainage in patients diagnosed with a periprosthetic infection who have a stable prosthesis without a sinus
tract and are within approximately 30 days of prosthesis implantation or less than 3 weeks of onset of infectious
symptoms. Evidence from the literature varies in relation to the optimum time window of intervention with
debridement, irrigation and prosthesis retention after the commencement of clinical symptoms and signs of infection
[21, 22]. There is no dispute though, that rapid intervention is a primary prognostic factor because it may prevent the
formation of biofilm by the infecting bacteria [23]. In fact, it has been reported that early biofilms are relatively unstable
and so more susceptible to elimination by host defence systems and microbiological agents [24]. For example, Brandt
et al. [25] showed that a higher probability of treatment failure was strongly associated with the initiation of
debridement later than 2 days after onset of symptoms.
Aboltins et al. [26] highlighted that the short median duration of 7 days until the debridement, was a key to
excellent outcomes. Similarly Crockarell et al. [27] suggested a 6 days cut-off from onset of symptoms for early
intervention. Meehan et al. [28] reported worse infection control rates when the treatment was started after 4 days.
Sukeik et al. [11] reported good infection eradication after total hip replacement (THR) when the intervention was
commenced within 5 days (90% infection control vs. 77% for treatment within 6 weeks) and another case series by Peel
et al. [29] showed better outcomes when treatment was instigated within 24h of symptoms onset.
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HOW TO PERFORM THE IRRIGATION AND DEBRIDEMENT (I&D)
The best approach to the debridement procedure varies in different reports. However, it is important that the joint is
opened via the pre-existing wound under aseptic conditions [30], and then a complete synovectomy is performed. The
debridement should include an aggressive removal of all non-vital and infected periarticular tissues, the cement, wires,
cables and non-absorbable sutures. The debridement should only be performed if the prosthesis is stable, so this should
be confirmed carefully intra-operatively.
Several authors [6, 11, 26, 31 - 33] suggested exchanging the polyethylene liner or modular parts of the prosthesis,
especially for total knee replacements (TKRs) to access the posterior capsule and perform an extensive debridement. In
particular, a recent multi-centered study including hip and knee arthroplasties found that exchanging the modular
component of the prosthesis reduced the risk of failure by 33% [31]. Additionally, the early removal of all modular
components may prevent formation of the resistant biofilm and reduce the overall bacterial burden. All retained
components should be scrubbed with bacterocidial solutions such as sodium hypochlorite (Dakin’s solution) [2], or
diluted betadine [11]. Copious irrigation with 6-9L using pulse lavage should be performed [2, 11, 32]. However some
reports in trauma surgery have expressed concerns regarding the use of high pressure lavage as it may potentially spread
the infection deeper [34, 35]. Once the debridement is completed, the operating team should completely change gloves,
gowns and surgical setup, and the modular components are then exchanged [36, 37]. Kelm et al. also [38] showed good
outcomes using the vacuum-assisted closure (V.A.C.) system after debridement in treatment of early PJI with
eradication of infection in 26/28 cases at a mean follow-up of 36 months (range 12-87 months). At our institute, we
perform an open aggressive debridement including a complete synovectomy, debridement of all aspects of the infected
joint, irrigation with hydrogen peroxide, Betadine® solutions and pulsatile lavage using at least 9 litres and then
exchanging all mobile components.
SINGLE VS. MULTIPLE PROCEDURES
There is no conclusive evidence or consensus as to whether a single surgical debridement is sufficient or whether
multiple repeat procedures are necessary for optimal treatment. Mont et al. [37] in their series of 24 infected total knee
arthroplasties performed 1-3 debridements and achieved an overall 83% infection control at 48 months (range 24-140
months) follow-up. In another series of 10 infected TKRs, Tsumura et al. [39] reported good results with repeated
synovectomy, debridement, and continuous irrigation (7-29 days) with an overall 80% infection control. However,
various studies in the literature [10, 40, 41] showed no extra advantage when patients were treated with repeat
debridements. In fact, a recent study comparing patients receiving a single vs. multiple surgical debridements showed
that the strategy of a single surgical debridement proved to be at least as effective in controlling the infection and
retaining the hip implant as routinely performing multiple debridements, without compromising the clinical end result
[42]. On the other hand, repeat cultures during the second or third debridement identified resistant bacteria even though
the initial cultures showed growth of sensitive pathogens [42]. Another multi-centered study reported that out of the 83
knees that had undergone previous irrigation and debridement, 28 (34%) failed subsequent two-stage revision and
required reoperation for persistent infection [43]. Similarly, Gardner et al. [44] reported that the success of two-stage
revision due to infection in TKR may be affected after a failed open debridement associated with polyethylene liner
exchange. At our institute, following failure of a first attempt, we perform a maximum of two further debridements
before proceeding to any other surgical intervention, taking into consideration patients’ comorbidities and risks for
surgery and patients’ preference for type of treatment. Our results show an overall 77% infection control rate at 5 years
follow-up using this strategy [11].
HOW MANY SAMPLES?
The definitive diagnosis of PJI is made when the same organism is isolated from at least 2 intraopearive cultures of
specimens taken during the debridement surgical procedure. At least 3 and preferably 5-6 periprosthetic intraoperative
tissue samples, joint fluid sample and the explanted component itself should be sent to the microbiology lab for aerobic
and anaerobic cultures [2, 15, 16, 45, 46]. The samples should be collected from areas that macroscopically appear
infected based on the clinical suspicion of the surgeon; these should include superficial, deep and periprosthetic tissues
[2]. The incubation period for cultures should be at least 7 days. However, reports published recently suggest
prolonging incubation for 14 days as this increases the chances of identifying organisms that otherwise may remain
culture negative [47, 48]. Implant sonication has also proven to be an accurate tool in isolating bacteria from the biofilm
on the extracted implant even with patients who are receiving antibiotic treatment [15, 16, 49]. It is worth noting that
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intraoperative cultures, although presumed to be the gold standard for identifying the infected organism, are possibly
subject to false-positive and false negative results. In some cases despite the presence of clear signs for infection
including gross purulence, cultures may still be negative [50]. Possible causes may be inappropriate collection of
samples, short incubation duration and the use of antimicrobial therapy prior to samples collection [51]. Interestingly
though, Ghanem et al. [52] demonstrated that the administration of preoperative antibiotics to patients with a positive
preoperative joint aspirate did not interfere with the isolation of the infecting organism from intraoperative culture
samples more than when antibiotics were stopped.
ROLE OF ARTHROSCOPY
Arthroscopic treatment is attractive as a less invasive procedure than open debridement. However, only few reports
have been published demonstrating the role and outcomes of I&D with arthroscopy. The main limitation with an
arthroscopic procedure is the difficulty to access all compartments and parts of the joint to perform a proper
debridement, especially the posterior compartment in TKR, which is limited by the presence of the insert.
Flood and Kolarik [53] were the first in 1988 to report successful arthroscopic treatment in 2 patients with acutely
infected TKRs. Waldman et al. [54] showed that only 6/16 patients (38%) presenting with acute infection within 7 days
or less of a TKR retained their prosthesis at a mean follow-up of 64 months (range, 36-151 months). They concluded
that an arthroscopic debridement should be reserved to selected cases such as the anticoagulated or medically unfit
patients. Various reports have since been published on the role of arthroscopic debridement in TKRs. For example,
Dixon et al. [55] and Chung et al. [56] reported that in 9 out of 15 patients (60%) and 10 out of 16 patients (62.5%)
respectively, infection has been controlled. Furthermore Chung et al. [56] suggested the use of at least one arthroscopic
posterior portal to get access to the posterior compartment in order to perform a more meticulous irrigation and
debridement.
While knee arthroscopy has shown a possible role in managing periprosthetic infection, arthroscopy of the hip joint
for infected hip arthroplasty is less well described with only 11 cases in the literature reported to have undergone an
arthroscopy in the setting of PJI [57]. Hyman et al. [58] observed no recurrence of infection in 8 patients treated with
arthroscopic irrigation and debridement of late acute periprosthetic infection and then a prolonged course of antibiotics
at 70 months follow up. However, they suggested that effective treatment requires early diagnosis, prompt arthroscopic
debridement, well-fixed components, a sensitive microorganism, and patient tolerance to and compliance with the
antibiotic therapy. Similarly McCarthy et al. [59] reported successful treatment in 2 patients treated with arthroscopic
lavage and debridement plus intravenous antibiotics. It is important though to note the technical complexity of hip
arthroscopy in evaluation and treatment of infection due to the limitations of performing traction and the presence of
intra-articular scar tissue and adhesions.
INFECTION CONTROL RATES
The literature indicates that infection control rates using an I&D strategy and prosthesis retention are lower
compared to those reported after one or two-stage revision surgery [67]. However, I&D remains an attractive option for
treating acute PJIs with an overall infection control rate ranging between 15-91% Table (1) and average infection
control after a single procedure of 45.9% according to the review by Romano et al. [68] and 51.3% according to Chen
et al. [69].
Romano et al. [68] highlighted that differences in patient selection and indications for surgery occur between
centers treating infection, and hence standard protocols should be used to provide more homogenous results.
Furthermore, differences in antibiotic regimes and duration of administration postoperatively may also influence
infection control. The lack of standardized surgical techniques and the fact that not all studies exchanged modular
components may also explain the variable results. Although changing the liner should theoretically reduce the total
amount of bacteria in the joint and lead to better infection control rates, there are currently no randomized studies that
demonstrated the superiority of one treatment over the other.
In a recent systematic review by Anagnostakos and Schmitt [22] which included 11 studies reporting on 292 cases
of periprosthetic hip infections, five different treatment modalities including debridement, antibiotics, irrigation, and
retention (DAIR) of the prosthesis have been identified. As expected, older studies showed lower infection control rates
which the authors related to the advances in surgical techniques, introduction of vacuum assisted therapy and the use of
pulsatile lavage. On the other hand, the study was inconclusive for favouring a treatment strategy over another due to
the variability of antibiotics administered from four weeks up to one year postoperatively.
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Among a cohort of 40 patients who underwent I&D and exchange of the modular components for acute
hematogenous infections, Konigsberg et al. [63] reported a high rate of mortality with 25% of patients dying within two
years of treatment. The authors concluded that acute hematogenous infection might be a marker of poor general health
as almost half of the patients in this series had some critical medical co-morbidity that rendered them
immunocompromised and may have predisposed them to developing infection.
Table 1. Studies reporting infection control rates after irrigation and debridement.
Author, year

Type of study

Joint

No. of implants No. of eradicated
infections

% of eradicated
infections

Exchange of
mobile part

Mean Follow-up
(months)

Aboltins 2007 [32]

Retrospective Hip/knee

20

18

90

Partly

32

Aboltins 2011 [26]

Prospective Hip/knee

17

15

88.2

Yes

28

Ackermann 2014 [21] Retrospective Hip/knee

50

46

91.6

Partly

24

Retrospective Hip/knee

104

46

44

29%

68

Betz 2014 [60]

Retrospective

Hip

38

7

18.4

Bradbury 2009 [61]

Retrospective

Knee

Azzam 2010 [40]

Brandt 1997 [25]
Crockarell 1998 [27]

19

3

15.85

Yes

43

Retrospective Hip/knee

33

12

36.3

No

78

Retrospective

Hip

19

4

21.1

No

75.6

Knee

31

11

35

No

48

42

33

76

Yes

56

Deirmengian 2003 [62] Retrospective

Konigsberg 2014 [63] Retrospective Hip/knee
Koyonos 2011 [64]

Retrospective Hip/knee

102

64

62.7

No

54

Kuiper 2013 [41]

Retrospective Hip/knee

91

60

66

Partly

35

Lora-Tamayo 2013 [31] Retrospective Hip/knee

341

199

55

Yes

24

20

83

Yes

91

56

56.5

Partly

24

Retrospective Hip/knee

112

94

83.9

Partly

33.5

Sukeik 2012 [11]

Retrospective

Hip

26

20

77

Yes

79

Tsukayama 1996 [6]

Prospective

Hip

41

35

68

Yes

82

Mont 1997 [37]

Prospective

Knee

Marculescu 2006 [66] Retrospective Hip/knee
Peel 2013 [29]

48

Despite the wide use of I&D, it is still based on non-randomized retrospective studies and/or expert opinion. Large
cohort studies or randomized controlled trials with high power, to define who the best candidates for this treatment
option are and what the ideal procedure should be are still lacking.
PROGNOSTIC FACTORS FOR INFECTION CONTROL
Many studies have analyzed factors associated with success or failure of the I&D procedure. One of the most
recognized factors associated with high failures is infection due to methicillin-resistant Staphylococcus aureus (MRSA)
[69]. The poor prognosis and high risk of re-infection due to MRSA is linked to the limited availability of selective
antibiotics and the potential insurgence of glycopeptide resistance in vancomycin-treated patients [60, 70]. ZürcherPfund et al. [71] treated 21 infected TKRs with a combination of debridement and antibiotics and followed them up for
a mean of 7 years. They concluded that debridement and retention of prosthesis in infected TKRs is associated with
high failure if MRSA is the infecting pathogen as opposed to streptococcal infections. One of the possible explanations
is that MRSA is more virulent and hence adapts locally forming a biofilm with phenotypic resistance to many
antibiotics [72]. Accordingly, the authors suggested that the decision for I&D with retention of the knee prosthesis
should be dependent in the first instance on the nature of the infecting pathogen. Betz et al. [60] reported similar results
in infected hip arthroplasties, with an average 21% failure rate of Staphylococcus aureus infections compared to no
failure of streptococcal infections treated with DAIR. Interestingly, Lora-Tamayo et al. [31] reported that the treatment
of MRSA PJIs was not less successful than methicillin-susceptible Staphylococcus aureus (MSSA) infections if
rifampin-based antibiotic combinations were administered during the first 30 days after debridement to both groups.
While there are many studies describing the outcomes of PJI caused by MRSA, there are only few studies
addressing the outcomes due to coagulase-negative staphylococci [73]. A recent study by Peel et al. [29] confirmed the
clinical challenge in treating MRSA PJIs but reported excellent outcomes in eradicating coagulase-negative
Staphylococcus infections treated with DAIR and a combination of rifampin and fusidic acid.
Similarly, Aboltins et al. [32] reported higher rates of infection control when patients were treated with oral
antimicrobials, including fusidic acid and rifampicin together with the I&D procedure. In a randomized controlled trial,
Zimmerli et al. [74] demonstrated that a combination of rifampin and ciprofloxacin for 3 to 6 months as an oral
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antibiotic showed 100% infection control compared to 58% infection control when using ciprofloxacin alone. Morata et
al. [13] reported recently that DAIR and linezolid with or without rifampicin is associated with a high remission rate
and is an alternative treatment for infections due to fluoroquinolone and/or rifampicin-resistant staphylococci. Another
important prognostic factor is the duration of symptoms prior to surgical intervention, i.e. better results are reported in
patients with short duration of symptoms (< 4 weeks) presenting after the index procedure [15, 75]. Additionally, I&D
should not be considered in patients with polymicrobial infection or in the presence of a sinus tract at the time of the
debridement as this increases the risk of treatment failure (hazard ratio 2.84) [65, 76].
Other factors associated with failure are post-operative drainage for more than 2 weeks [77], a hinged prosthesis,
loose components with radiologic evidence of osteitis and intra-articular purulence and retention of exchangeable
components [76]. Comorbidities such as rheumatoid arthritis, diabetes mellitus, malignancy, use of immunosuppressive
drugs and obesity have also been associated with increased risk of re-infection [22].
In particular, a body mass index (BMI) of more than 30 and having more than two co-morbidities has been shown to
increase the risk of treatment failure [78].
CONCLUSION
The present review shows that irrigation and debridement, in combination with exchange of the modular
components and optimal antibiotic therapy is effective in treating acute post-operative and acute hematogenous PJIs.
However, patient selection is also imperative to avoid specific risk factors associated with high failure rates.
LIST OF ABBREVIATIONS
BMI

=

Body mass index

DAIR

=

Debridement antibiotics, irrigation, and retention

I&D

=

Irrigation and debridement

MRSA

=

Methicillin-resistant Staphylococcus aureus

MSSA

=

Methicillin-susceptible Staphylococcus aureus

PJI

=

Periprosthetic joint infection

TKR

=

Total knee replacement

V.A.C

=

Vacuum-assisted closure

CONFLICT OF INTEREST
Each author certifies that he or she, or a member of his or her immediate family, has no commercial interests that
might pose a conflict of interest in connection with this work.
ACKNOWLEDGEMENTS
Declared none.
REFERENCES
[1]

Sukeik MT, Haddad FS. Management of periprosthetic infection in total hip arthroplasty. Orthop Trauma 2009; 23: 342-9.
[http://dx.doi.org/10.1016/j.mporth.2009.08.009]

[2]

Parvizi J, Cavanaugh PK, Diaz-Ledezma C. Periprosthetic knee infection: ten strategies that work. Knee Surg Relat Res 2013; 25(4): 155-64.
[http://dx.doi.org/10.5792/ksrr.2013.25.4.155] [PMID: 24368992]

[3]

Darwiche H, Barsoum WK, Klika A, Krebs VE, Molloy R. Retrospective analysis of infection rate after early reoperation in total hip
arthroplasty. Clin Orthop Relat Res 2010; 468(9): 2392-6.
[http://dx.doi.org/10.1007/s11999-010-1325-5] [PMID: 20352388]

[4]

Avram V, Petruccelli D, Winemaker M, de Beer J. Total joint arthroplasty readmission rates and reasons for 30-day hospital readmission. J
Arthroplasty 2014; 29(3): 465-8.
[http://dx.doi.org/10.1016/j.arth.2013.07.039] [PMID: 23993434]

[5]

Kaltsas DS. Infection after total hip arthroplasty. Ann R Coll Surg Engl 2004; 86(4): 267-71.
[http://dx.doi.org/10.1308/147870804579] [PMID: 15239869]

[6]

Tsukayama DT, Estrada R, Gustilo RB. Infection after total hip arthroplasty. A study of the treatment of one hundred and six infections. J
Bone Joint Surg Am 1996; 78(4): 512-23.
[PMID: 8609130]

Aggressive Early Debridement of Periprosthetic Hip and Knee Infections

The Open Orthopaedics Journal, 2016, Volume 10 675

[7]

Romanò CL, Gala L, Logoluso N, Romanò D, Drago L. Two-stage revision of septic knee prosthesis with articulating knee spacers yields
better infection eradication rate than one-stage or two-stage revision with static spacers. Knee Surg Sports Traumatol Arthrosc 2012; 20(12):
2445-53.
[http://dx.doi.org/10.1007/s00167-012-1885-x] [PMID: 22270671]

[8]

Stockley I, Mockford BJ, Hoad-Reddick A, Norman P. The use of two-stage exchange arthroplasty with depot antibiotics in the absence of
long-term antibiotic therapy in infected total hip replacement. J Bone Joint Surg Br 2008; 90(2): 145-8.
[http://dx.doi.org/10.1302/0301-620X.90B2.19855] [PMID: 18256078]

[9]

Hirakawa K, Stulberg BN, Wilde AH, Bauer TW, Secic M. Results of 2-stage reimplantation for infected total knee arthroplasty. J
Arthroplasty 1998; 13(1): 22-8.
[http://dx.doi.org/10.1016/S0883-5403(98)90071-7] [PMID: 9493534]

[10]

Van Kleunen JP, Knox D, Garino JP, Lee GC. Irrigation and débridement and prosthesis retention for treating acute periprosthetic infections.
Clin Orthop Relat Res 2010; 468(8): 2024-8.
[http://dx.doi.org/10.1007/s11999-010-1291-y] [PMID: 20224960]

[11]

Sukeik M, Patel S, Haddad FS. Aggressive early débridement for treatment of acutely infected cemented total hip arthroplasty. Clin Orthop
Relat Res 2012; 470(11): 3164-70.
[http://dx.doi.org/10.1007/s11999-012-2500-7] [PMID: 22826016]

[12]

Tsumura H, Ikeda S, Ono T, Itonaga I, Taira H, Torisu T. Synovectomy, debridement, and continuous irrigation for infected total knee
arthroplasty. Int Orthop 2005; 29(2): 113-6.
[http://dx.doi.org/10.1007/s00264-004-0626-2] [PMID: 15685455]

[13]

Morata L, Senneville E, Bernard L, et al. A retrospective review of the clinical experience of linezolid with or without rifampicin in prosthetic
joint infections treated with debridement and implant retention. Infect Dis Ther 2014; 3(2): 235-43. Epub ahead of print
[http://dx.doi.org/10.1007/s40121-014-0032-z] [PMID: 25139552]

[14]

Zimmerli W, Moser C. Pathogenesis and treatment concepts of orthopaedic biofilm infections. FEMS Immunol Med Microbiol 2012; 65(2):
158-68.
[http://dx.doi.org/10.1111/j.1574-695X.2012.00938.x] [PMID: 22309166]

[15]

Kuiper JW, Willink RT, Moojen DJ, van den Bekerom MP, Colen S. Treatment of acute periprosthetic infections with prosthesis retention:
Review of current concepts. World J Orthop 2014; 5(5): 667-76.
[http://dx.doi.org/10.5312/wjo.v5.i5.667] [PMID: 25405096]

[16]

Osmon DR, Berbari EF, Berendt AR, et al. Executive summary: diagnosis and management of prosthetic joint infection: clinical practice
guidelines by the Infectious Diseases Society of America. Clin Infect Dis 2013; 56(1): 1-10.
[http://dx.doi.org/10.1093/cid/cis966] [PMID: 23230301]

[17]

Toms AD, Davidson D, Masri BA, Duncan CP. The management of peri-prosthetic infection in total joint arthroplasty. J Bone Joint Surg Br
2006; 88(2): 149-55.
[http://dx.doi.org/10.1302/0301-620X.88B2.17058] [PMID: 16434514]

[18]

Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections. N Engl J Med 2004; 351(16): 1645-54.
[http://dx.doi.org/10.1056/NEJMra040181] [PMID: 15483283]

[19]

Coventry MB. Treatment of infections occurring in total hip surgery. Orthop Clin North Am 1975; 6(4): 991-1003.
[PMID: 1178168]

[20]

Maderazo EG, Judson S, Pasternak H. Late infections of total joint prostheses. A review and recommendations for prevention. Clin Orthop
Relat Res 1988; (229): 131-42.
[PMID: 3280197]

[21]

Achermann Y, Stasch P, Preiss S, Lucke K, Vogt M. Characteristics and treatment outcomes of 69 cases with early prosthetic joint infections
of the hip and knee. Infection 2014; 42(3): 511-9.
[http://dx.doi.org/10.1007/s15010-014-0584-6] [PMID: 24474624]

[22]

Anagnostakos K, Schmitt C. Can periprosthetic hip joint infections be successfully managed by debridement and prosthesis retention? World
J Orthop 2014; 5(3): 218-24.
[http://dx.doi.org/10.5312/wjo.v5.i3.218] [PMID: 25035823]

[23]

Moyad TF, Thornhill T, Estok D. Evaluation and management of the infected total hip and knee. Orthopedics 2008; 31(6): 581-8.
[http://dx.doi.org/10.3928/01477447-20080601-22] [PMID: 18661881]

[24]

Høiby N, Bjarnsholt T, Givskov M, Molin S, Ciofu O. Antibiotic resistance of bacterial biofilms. Int J Antimicrob Agents 2010; 35(4):
322-32.
[http://dx.doi.org/10.1016/j.ijantimicag.2009.12.011] [PMID: 20149602]

[25]

Brandt CM, Sistrunk WW, Duffy MC, et al. Staphylococcus aureus prosthetic joint infection treated with debridement and prosthesis
retention. Clin Infect Dis 1997; 24(5): 914-9.
[http://dx.doi.org/10.1093/clinids/24.5.914] [PMID: 9142792]

[26]

Aboltins CA, Dowsey MM, Buising KL, et al. Gram-negative prosthetic joint infection treated with debridement, prosthesis retention and
antibiotic regimens including a fluoroquinolone. Clin Microbiol Infect 2011; 17(6): 862-7.

676 The Open Orthopaedics Journal, 2016, Volume 10

Volpin et al.

[http://dx.doi.org/10.1111/j.1469-0691.2010.03361.x] [PMID: 20825437]
[27]

Crockarell JR, Hanssen AD, Osmon DR, Morrey BF. Treatment of infection with débridement and retention of the components following hip
arthroplasty. J Bone Joint Surg Am 1998; 80(9): 1306-13.
[PMID: 9759815]

[28]

Meehan AM, Osmon DR, Duffy MC, Hanssen AD, Keating MR. Outcome of penicillin-susceptible streptococcal prosthetic joint infection
treated with debridement and retention of the prosthesis. Clin Infect Dis 2003; 36(7): 845-9.
[http://dx.doi.org/10.1086/368182] [PMID: 12652384]

[29]

Peel TN, Buising KL, Dowsey MM, et al. Outcome of debridement and retention in prosthetic joint infections by methicillin-resistant
staphylococci, with special reference to rifampin and fusidic acid combination therapy. Antimicrob Agents Chemother 2013; 57(1): 350-5.
[http://dx.doi.org/10.1128/AAC.02061-12] [PMID: 23114758]

[30]

Schwechter EM, Folk D, Varshney AK, Fries BC, Kim SJ, Hirsh DM. Optimal irrigation and debridement of infected joint implants: an in
vitro methicillin-resistant Staphylococcus aureus biofilm model. J Arthroplasty 2011; 26(6)(Suppl.): 109-13.
[http://dx.doi.org/10.1016/j.arth.2011.03.042] [PMID: 21641757]

[31]

Lora-Tamayo J, Murillo O, Iribarren JA, et al. REIPI Group for the Study of Prosthetic Infection. A large multicenter study of methicillinsusceptible and methicillin-resistant Staphylococcus aureus prosthetic joint infections managed with implant retention. Clin Infect Dis 2013;
56(2): 182-94.
[http://dx.doi.org/10.1093/cid/cis746] [PMID: 22942204]

[32]

Aboltins CA, Page MA, Buising KL, et al. Treatment of staphylococcal prosthetic joint infections with debridement, prosthesis retention and
oral rifampicin and fusidic acid. Clin Microbiol Infect 2007; 13(6): 586-91.
[http://dx.doi.org/10.1111/j.1469-0691.2007.01691.x] [PMID: 17331125]

[33]

Aboltins C, Dowsey MM, Peel T, et al. Early prosthetic hip joint infection treated with debridement, prosthesis retention and biofilm-active
antibiotics: functional outcomes, quality of life and complications. Intern Med J 2013; 43(7): 810-5.
[http://dx.doi.org/10.1111/imj.12174] [PMID: 23656615]

[34]

Muñoz-Mahamud E, García S, Bori G, et al. Comparison of a low-pressure and a high-pressure pulsatile lavage during débridement for
orthopaedic implant infection. Arch Orthop Trauma Surg 2011; 131(9): 1233-8.
[http://dx.doi.org/10.1007/s00402-011-1291-8] [PMID: 21387137]

[35]

Hassinger SM, Harding G, Wongworawat MD. High-pressure pulsatile lavage propagates bacteria into soft tissue. Clin Orthop Relat Res
2005; 439(439): 27-31.
[http://dx.doi.org/10.1097/01.blo.0000182246.37454.b2] [PMID: 16205133]

[36]

Parvizi J, Kerr GJ, Glynn A, Higuera CA, Hansen EN. Periprosthetic joint infection: practical management guide. 1st ed. New Delhi: Jaypee
Brothers Medical Publishers 2013; p. 121.
[http://dx.doi.org/10.5005/jp/books/11779]

[37]

Mont MA, Waldman B, Banerjee C, Pacheco IH, Hungerford DS. Multiple irrigation, debridement, and retention of components in infected
total knee arthroplasty. J Arthroplasty 1997; 12(4): 426-33.
[http://dx.doi.org/10.1016/S0883-5403(97)90199-6] [PMID: 9195319]

[38]

Kelm J, Schmitt E, Anagnostakos K. Vacuum-assisted closure in the treatment of early hip joint infections. Int J Med Sci 2009; 6(5): 241-6.
[http://dx.doi.org/10.7150/ijms.6.241] [PMID: 19834589]

[39]

Tsumura H, Ikeda S, Ono T, Itonaga I, Taira H, Torisu T. Synovectomy, debridement, and continuous irrigation for infected total knee
arthroplasty. Int Orthop 2005; 29(2): 113-6.
[http://dx.doi.org/10.1007/s00264-004-0626-2] [PMID: 15685455]

[40]

Azzam KA, Seeley M, Ghanem E, Austin MS, Purtill JJ, Parvizi J. Irrigation and debridement in the management of prosthetic joint infection:
traditional indications revisited. J Arthroplasty 2010; 25(7): 1022-7.
[http://dx.doi.org/10.1016/j.arth.2010.01.104] [PMID: 20378306]

[41]

Kuiper JW, Vos SJ, Saouti R, et al. Prosthetic joint-associated infections treated with DAIR (debridement, antibiotics, irrigation, and
retention): analysis of risk factors and local antibiotic carriers in 91 patients. Acta Orthop 2013; 84(4): 380-6.
[http://dx.doi.org/10.3109/17453674.2013.823589] [PMID: 23848215]

[42]

Moojen DJ, Zwiers JH, Scholtes VA, Verheyen CC, Poolman RW. Similar success rates for single and multiple debridement surgery for acute
hip arthroplasty infection. Acta Orthop 2014; 85(4): 383-8.
[http://dx.doi.org/10.3109/17453674.2014.927729] [PMID: 24930545]

[43]

Sherrell JC, Fehring TK, Odum S, et al. The Chitranjan Ranawat Award: fate of two-stage reimplantation after failed irrigation and
débridement for periprosthetic knee infection. Clin Orthop Relat Res 2011; 469(1): 18-25.
[http://dx.doi.org/10.1007/s11999-010-1434-1] [PMID: 20582495]

[44]

Gardner J, Gioe TJ, Tatman P. Can this prosthesis be saved?: implant salvage attempts in infected primary TKA. Clin Orthop Relat Res 2011;
469(4): 970-6.
[http://dx.doi.org/10.1007/s11999-010-1417-2] [PMID: 20544317]

[45]

Lima AL, Oliveira PR, Carvalho VC, Saconi ES, Cabrita HB, Rodrigues MB. Periprosthetic joint infections Interdiscip Perspect Infect Dis
2013; 2013 542796.
[http://dx.doi.org/10.1155/2013/542796]

Aggressive Early Debridement of Periprosthetic Hip and Knee Infections

The Open Orthopaedics Journal, 2016, Volume 10 677

[46]

Atkins BL, Athanasou N, Deeks JJ, et al. The OSIRIS Collaborative Study Group. Prospective evaluation of criteria for microbiological
diagnosis of prosthetic-joint infection at revision arthroplasty. J Clin Microbiol 1998; 36(10): 2932-9.
[PMID: 9738046]

[47]

Schäfer P, Fink B, Sandow D, Margull A, Berger I, Frommelt L. Prolonged bacterial culture to identify late periprosthetic joint infection: a
promising strategy. Clin Infect Dis 2008; 47(11): 1403-9.
[http://dx.doi.org/10.1086/592973] [PMID: 18937579]

[48]

Larsen LH, Lange J, Xu Y, Schønheyder HC. Optimizing culture methods for diagnosis of prosthetic joint infections: a summary of
modifications and improvements reported since 1995. J Med Microbiol 2012; 61(Pt 3): 309-16.
[http://dx.doi.org/10.1099/jmm.0.035303-0] [PMID: 22222201]

[49]

Gomez E, Cazanave C, Cunningham SA, et al. Prosthetic joint infection diagnosis using broad-range PCR of biofilms dislodged from knee
and hip arthroplasty surfaces using sonication. J Clin Microbiol 2012; 50(11): 3501-8.
[http://dx.doi.org/10.1128/JCM.00834-12] [PMID: 22895042]

[50]

Parvizi J, Ghanem E, Menashe S, Barrack RL, Bauer TW. Periprosthetic infection: what are the diagnostic challenges? J Bone Joint Surg Am
2006; 88(Suppl. 4): 138-47.
[http://dx.doi.org/10.2106/JBJS.F.00609] [PMID: 17142443]

[51]

Parvizi J, Kerr GJ, Glynn A, Higuera CA, Hansen EN. Periprosthetic joint infection: practical management guide. 1st ed. New Delhi: Jaypee
Brothers Medical Publishers 2013; p. 121.
[http://dx.doi.org/10.5005/jp/books/11779]

[52]

Ghanem E, Parvizi J, Clohisy J, Burnett S, Sharkey PF, Barrack R. Perioperative antibiotics should not be withheld in proven cases of
periprosthetic infection. Clin Orthop Relat Res 2007; 461(461): 44-7.
[PMID: 17452914]

[53]

Flood JN, Kolarik DB. Arthroscopic irrigation and debridement of infected total knee arthroplasty: report of two cases. Arthroscopy 1988;
4(3): 182-6.
[http://dx.doi.org/10.1016/S0749-8063(88)80024-0] [PMID: 3166657]

[54]

Waldman BJ, Hostin E, Mont MA, Hungerford DS. Infected total knee arthroplasty treated by arthroscopic irrigation and débridement. J
Arthroplasty 2000; 15(4): 430-6.
[http://dx.doi.org/10.1054/arth.2000.4637] [PMID: 10884201]

[55]

Dixon P, Parish EN, Cross MJ. Arthroscopic debridement in the treatment of the infected total knee replacement. J Bone Joint Surg Br 2004;
86(1): 39-42.
[PMID: 14765863]

[56]

Chung JY, Ha CW, Park YB, Song YJ, Yu KS. Arthroscopic debridement for acutely infected prosthetic knee: any role for infection control
and prosthesis salvage? Arthroscopy 2014; 30(5): 599-606.
[http://dx.doi.org/10.1016/j.arthro.2014.02.008] [PMID: 24650834]

[57]

Heaven S, de Sa D, Simunovic N, Williams DS, Naudie D, Ayeni OR. Hip arthroscopy in the setting of hip arthroplasty. Knee Surg Sports
Traumatol Arthrosc 2014. [Epub ahead of print]
[PMID: 25410060]

[58]

Hyman JL, Salvati EA, Laurencin CT, Rogers DE, Maynard M, Brause DB. The arthroscopic drainage, irrigation, and débridement of late,
acute total hip arthroplasty infections: average 6-year follow-up. J Arthroplasty 1999; 14(8): 903-10.
[http://dx.doi.org/10.1016/S0883-5403(99)90001-3] [PMID: 10614878]

[59]

McCarthy JC, Jibodh SR, Lee JA. The role of arthroscopy in evaluation of painful hip arthroplasty. Clin Orthop Relat Res 2009; 467(1):
174-80.
[http://dx.doi.org/10.1007/s11999-008-0525-8] [PMID: 18830795]

[60]

Betz M, Abrassart S, Vaudaux P, et al. Increased risk of joint failure in hip prostheses infected with Staphylococcus aureus treated with
debridement, antibiotics and implant retention compared to Streptococcus. Int Orthop 2014. Epub ahead of print
[PMID: 25183296]

[61]

Bradbury T, Fehring TK, Taunton M, et al. The fate of acute methicillin-resistant Staphylococcus aureus periprosthetic knee infections treated
by open debridement and retention of components. J Arthroplasty 2009; 24(6)(Suppl.): 101-4.
[http://dx.doi.org/10.1016/j.arth.2009.04.028] [PMID: 19553077]

[62]

Deirmengian C, Greenbaum J, Stern J, et al. Open debridement of acute gram-positive infections after total knee arthroplasty. Clin Orthop
Relat Res 2003; (416): 129-34.
[http://dx.doi.org/10.1097/01.blo.0000092996.90435.35] [PMID: 14646751]

[63]

Konigsberg BS, Della Valle CJ, Ting NT, Qiu F, Sporer SM. Acute hematogenous infection following total hip and knee arthroplasty. J
Arthroplasty 2014; 29(3): 469-72.
[http://dx.doi.org/10.1016/j.arth.2013.07.021] [PMID: 23998990]

[64]

Koyonos L, Zmistowski B, Della Valle CJ, Parvizi J. Infection control rate of irrigation and débridement for periprosthetic joint infection.
Clin Orthop Relat Res 2011; 469(11): 3043-8.
[http://dx.doi.org/10.1007/s11999-011-1910-2] [PMID: 21553171]

678 The Open Orthopaedics Journal, 2016, Volume 10

Volpin et al.

[65]

Marculescu CE, Berbari EF, Hanssen AD, et al. Outcome of prosthetic joint infections treated with debridement and retention of components.
Clin Infect Dis 2006; 42(4): 471-8.
[http://dx.doi.org/10.1086/499234] [PMID: 16421790]

[66]

Romanò CL, Manzi G, Logoluso N, Romanò D. Value of debridement and irrigation for the treatment of peri-prosthetic infections. A
systematic review. Hip Int 2012; 22(Suppl. 8): S19-24.
[http://dx.doi.org/10.5301/HIP.2012.9566] [PMID: 22956381]

[67]

Fink B. Revision of late periprosthetic infections of total hip endoprostheses: pros and cons of different concepts. Int J Med Sci 2009; 6(5):
287-95.
[http://dx.doi.org/10.7150/ijms.6.287] [PMID: 19834595]

[68]

Chen AF, Heller S, Parvizi J. Prosthetic joint infections. Surg Clin North Am 2014; 94(6): 1265-81.
[http://dx.doi.org/10.1016/j.suc.2014.08.009] [PMID: 25440123]

[69]

Barberán J, Aguilar L, Carroquino G, et al. Conservative treatment of staphylococcal prosthetic joint infections in elderly patients. Am J Med
2006; 119(11): 993.e7-993.e10.
[http://dx.doi.org/10.1016/j.amjmed.2006.03.036] [PMID: 17071171]

[70]

Vaudaux P, Ferry T, Uçkay I, et al. Prevalence of isolates with reduced glycopeptide susceptibility in orthopedic device-related infections due
to methicillin-resistant Staphylococcus aureus. Eur J Clin Microbiol Infect Dis 2012; 31(12): 3367-74.
[http://dx.doi.org/10.1007/s10096-012-1705-8] [PMID: 22833247]

[71]

Zürcher-Pfund L, Uçkay I, Legout L, Gamulin A, Vaudaux P, Peter R. Pathogen-driven decision for implant retention in the management of
infected total knee prostheses. Int Orthop 2013; 37(8): 1471-5.
[http://dx.doi.org/10.1007/s00264-013-1923-4] [PMID: 23695880]

[72]

Uçkay I, Pittet D, Vaudaux P, Sax H, Lew D, Waldvogel F. Foreign body infections due to Staphylococcus epidermidis. Ann Med 2009;
41(2): 109-19.
[http://dx.doi.org/10.1080/07853890802337045] [PMID: 18720093]

[73]

Byren I, Bejon P, Atkins BL, et al. One hundred and twelve infected arthroplasties treated with DAIR (debridement, antibiotics and implant
retention): antibiotic duration and outcome. J Antimicrob Chemother 2009; 63(6): 1264-71.
[http://dx.doi.org/10.1093/jac/dkp107] [PMID: 19336454]

[74]

Zimmerli W, Widmer AF, Blatter M, Frei R, Ochsner PE. Foreign-Body Infection (FBI) Study Group. Role of rifampin for treatment of
orthopedic implant-related staphylococcal infections: a randomized controlled trial. JAMA 1998; 279(19): 1537-41.
[http://dx.doi.org/10.1001/jama.279.19.1537] [PMID: 9605897]

[75]

Silva M, Tharani R, Schmalzried TP. Results of direct exchange or debridement of the infected total knee arthroplasty. Clin Orthop Relat Res
2002; (404): 125-31.
[http://dx.doi.org/10.1097/00003086-200211000-00022] [PMID: 12439250]

[76]

Westberg M, Grøgaard B, Snorrason F. Early prosthetic joint infections treated with debridement and implant retention: 38 primary hip
arthroplasties prospectively recorded and followed for median 4 years. Acta Orthop 2012; 83(3): 227-32.
[http://dx.doi.org/10.3109/17453674.2012.678801] [PMID: 22489892]

[77]

Burger RR, Basch T, Hopson CN. Implant salvage in infected total knee arthroplasty. Clin Orthop Relat Res 1991; (273): 105-12.
[PMID: 1959256]

[78]

Choong PF, Dowsey MM, Carr D, Daffy J, Stanley P. Risk factors associated with acute hip prosthetic joint infections and outcome of
treatment with a rifampinbased regimen. Acta Orthop 2007; 78(6): 755-65.
[http://dx.doi.org/10.1080/17453670710014527] [PMID: 18236181]

© Volpin et al.; Licensee Bentham Open
This is an open access article licensed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International Public License
(CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/legalcode), which permits unrestricted, non-commercial use, distribution and
reproduction in any medium, provided the work is properly cited.

