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Response/Recommendation: 

In the absence of definitive evidence, we recommend that in patients with acute postoperative 

periprosthetic joint infection (PJI), a strong consideration be given to the removal of infected 

uncemented implants, particularly when not osseointegrated, and performing a one-stage exchange 

arthroplasty.  

 

 

Level of Evidence: Limited 

 

Delegate Vote: 

 

 

Rationale: 

The recommended surgical treatment of acute postoperative PJI has traditionally been a DAIR 

with or without modular component exchange. The success of this approach has been quoted in 

the literature to be approximately 70%. The failure can be potentially attributed to the existence of 

biofilm, and therefore other treatment options have been considered and explored, including 

multiple DAIR and one-stage exchange revision. The scenario of an acute postoperative PJI 

involving cementless implants poses a conundrum since sufficient time may not have passed to 

allow for solid osseointegration within the first four to six weeks after implantation. Therefore, 

some surgeons rationalize explanting all components and performing a one-stage revision to allow 

more aggressive debridement of the bony interfaces and remove all potential biofilm-covered 

implants without incurring the morbidity of removing well-fixed implants at a later stage if DAIR 

fails.   

 

Historically, since most primary total hips implanted are cementless and most primary total knees 

are cemented, the majority of the data focuses on acute postoperative PJI of primary THA. 

However, cementless TKA and revision cementless THA will also be reviewed.   

 

There are many limitations in the current literature on the optimal treatment of acute postoperative 

PJI in cementless implants:  

• Historic definitions of an early or acute PJI utilized a 3-month post-operative threshold. 

However, the majority of the recent literature on acute, postoperative PJI now utilizes a 

cut-off limit of two to six weeks. This will unquestionably have a pivotal role in interpreting 

the existing literature, which has been published over a long period of time with an evolving 

understanding of the necessity of thorough surgical debridement to remove biofilm. This 

review has utilized a pragmatic approach, and the definition of acute PJI has been adopted 

by the individual authors unless otherwise specified. 



• Furthermore, the acuity has serious clinical implications on the likelihood of 

osseointegration of cementless implants and progression of biofilm formation.  

• Many studies combined acute postoperative and acute hematogenous PJIs in the treatment 

of the ‘acute PJI,’ and therefore results are often merged without stratification. The 

delegates performed sub-analyses of cohorts when the details were available.   

There is tremendous heterogeneity in terms of protocols and treatment strategies, including but not 

limited to modular component exchange, use of antiseptic solutions, local antibiotics, and 

postoperative antibiotic courses. This confounds the overall success rates of each treatment 

strategy. 

 

DAIR 

Historically, the recommended surgical treatment of acute postoperative PJI following total joint 

arthroplasty has been a DAIR Spell out first time use abbreviations, and as a result, the vast 

majority of the literature on this topic has focused on this strategy.  There is a wide variability in 

the reported success of DAIR for acute postoperative PJI, ranging from 55.5 to 90% across many 

studies and settings with an average of 71% (Longo, 2024).Number all references in text –Take 

out these names and years Multiple prognostic factors have been identified that may impact the 

success of this procedure, including joint affected (Ashkenazi, 2024), exchange of modular 

components (Gavaskar, 2024), acuity of infection (Ghnaimat, 2021), preoperative infectious 

laboratory values (Kuiper, 2013; Ashkenazi, 2024), patient comorbidities (Ashkenazi), gender 

(Choont, 2022), organism type and resistance profile (Walkay, 2022), dual surgical set up 

(Katakam, 2020), local antibiotic use (Indelli, 2023; Miyake, 2023; Whiteside, 2017), and 

postoperative antibiotic courses (Puhto, 2012; Nandi 2023; Malahias, 2020). 

 

Modular component exchange provides greater access to irrigate and debride the whole joint and 

implant surfaces that may harbor biofilm. In a systematic review on the topic, Gerritsen et al. 

reported the success rate for hip DAIRs increased by 2.6% for each 10% increase in component 

exchange, but no significant difference in reinfection rates when restricted to more modern studies 

after 2004. (Gerritsen, 2021) 

 

Most studies report earlier DAIR after index arthroplasty provides improved outcomes, though 

that threshold is not well defined in the literature: one week or less (Gupta, 2024; Ghnaimat 2021), 

< 45 days (Gavaskar, 2024), < six weeks (Tarity, 2021), < three months (Wouthuyzen-Bakker, 

2020). 

 

Significantly elevated pre-operative inflammatory labs, likely reflecting a more virulent organism 

and aggressive infection, have been associated with a higher failure rate after DAIR for acute 

postoperative PJI:  ESR > 60 (Kuiper, 2013), CRP > 200 (Walkay, 2022), synovial WBC > 

5,168/mL and PMN% > 88.5 (Ashkenazi, 2024). 

 

Host factors also play a major role in a patient’s ability to clear an infection, especially as it relates 

to systemic inflammation and immunosuppression leading to failure of DAIR:  elevated BMI (> 

35, Walkay 2022), rheumatoid arthritis (Kuiper, 2013), increased CCI (odds ratio (OR) 1.57) 

(Ashkenazi, 2024), ASA spell out> 2 (Walkay, 2022). 

 



There is one systematic review that has evaluated the impact of sex on outcomes of PJI after DAIR 

and found that the odds of treatment failure were 29% lower in women after adjusting for duration 

of symptoms > seven days and S. aureus infection, though the authors note that none of the 64 

studies included in the paper conducted sex-specific analyses (Choong, 2022) 

 

Local antibiotic adjuncts have demonstrated promising results in the setting of PJI treatment: 

antibiotic-loaded hydrogel (DAC- Defensive Antibacterial Coating) (Zagra, Int Orthop 2019; 

Pellegrini 2022); antibiotic-impregnated cement and cancellous allograft bone (Dersch, 2022; 

Winkler JBJS Br 2008); intra-articular infusion (Miyake, 2023); intraosseous antibiotics (Kildow, 

2021). 

 

Most studies support a minimum of a 6-week course of parenteral antibiotics following DAIR 

procedures. There has been a trend towards shortened courses without affecting results (Puhto, 

2012). The addition of rifampin to the regimen for Staphylococcus infections has strong support 

because of its unique mechanism of action against biofilm (Tai, 2022). Oral suppressive antibiotics 

of varying durations are often initiated following completion of the intravenous (IV) course, 

though the length of treatment differs. One multicenter study suggested that the optimal duration 

is two years and does not induce resistance (Nandi, 2023). However, these suppressive 

antimicrobials are not benign, with at least one systematic review demonstrating a mean adverse 

effect of 15 and a 4% rate of adverse events leading to discontinuation (Malahias, 2020) 

 

Multiple DAIR 

The planned “Double DAIR” for acute postoperative PJI, popularized by the Mayo Arizona group, 

in which an initial DAIR (without component exchange) using antibiotic beads is followed five 

days later by a second DAIR (with modular component exchange), has reported infection control 

rates of 94 to 100% in primary THA and 72% in revision THA (Chung, 2019, Estes 2010).  

Unplanned second DAIR operations may also have some utility in preventing exchange 

arthroplasty.  In a retrospective, multicenter study of mostly (129 of 144) acute postoperative PJI 

with the majority being hips (105 of 129), only 16% of cases needed to have components ultimately 

removed (Wouthuyzen-Bakker, 2020).  A systematic review and meta-analysis comparing the 

outcomes of single versus multiple DAIR for early PJI included nine observational studies with 

1,104 patients and included both hips and knees, finding that the success rate of the two approaches 

was similar (67 and 70%, P = 0.7) (Salman, 2024). Since it was not possible to separately analyze 

the hip versus knee results of this study, the regression to the mean due to the often inferior results 

of infected knees may have blunted the true benefit of multiple DAIR procedures for the acutely 

infected total hip subgroup. 

 

One-Stage Exchange 

The one-stage exchange arthroplasty, initially described by Bucholz et al., relied on preoperative 

identification of the infecting bacteria and using microbe-directed antibiotic-cemented revision 

components. Since that time, the technique has undergone iterative improvements and expanded 

indications over the past decades. In an acute postoperative infection of cementless implants that 

have not achieved osseointegration, the one-stage exchange arthroplasty allows for the removal of 

all biofilm-covered components, more thorough debridement of all bony interfaces, and the 

potential of improved infection-free survivorship. Riemer et al. published on a series of 18 patients 

who have acute postoperative (< six weeks) PJI after primary THA using this CORIHA 



(Cementless One Stage Revision of Infected Hip Arthroplasty) technique with all patients retaining 

their implants at a minimum of 3-year follow-up and only two further surgeries for superficial I 

and D (Riemer, JBJS Infect 2022). A separate multicenter study including 27 similar patients 

reported that 19 (70%) were able to retain their implants at a mean of 50-month follow-up, with 

only four requiring further operative debridement with modular component retention (Hansen, 

CORR 2013). 

 

Cementless TKA 

In recent years there has been a rapid adoption of cementless total knees (Forlenza, 2024; Chiou 

2023). Similar to a primary total hip, an acutely infected cementless total knee prior to bony 

fixation could be treated with DAIR or a one-stage exchange arthroplasty.  However, there have 

been no publications to date on this particular topic. If extrapolating data from acute hip PJI, a 

DAIR may also be reasonable if the cementless TKA has achieved osseous ingrowth at the time of 

surgery or if the host, organism, and/or infection acuity are favorable.  A one-stage exchange 

arthroplasty with antibiotic-loaded bone cement could be considered if able to be performed with 

minimal iatrogenic bone loss during explant with the added benefit of local antibiotic delivery. 

 

Revision Arthroplasty 

Revision hip arthroplasty carries a much higher risk of infection than primary THA, and most 

revision constructs are cementless because of the documented improved survivorship compared to 

their cemented counterparts. However, very little is written about the treatment of the acutely 

infected revision total hip. (Veerman, 2022; Chung, 2019).  One study provided the outcome of  

DAIR for 88 early postoperative (< 90 days) infected arthroplasties, of which 53 were revision 

THA. They found that 72% of their infected revision total hips were successfully treated at a 

minimum of two years follow-up (Veerman 2022). Utilizing a double DAIR technique, Chung et 

al reported a similar success rate in 13 of 18 patients in their revision hip cohort. It is noteworthy 

that 56% of these patients were on suppressive antibiotics at the last follow-up (Chung 2019). 

 

 

Conclusion: 

The acute postoperative PJI in a patient who has cementless implants presents a conundrum for 

the treating surgeon. A one-stage exchange arthroplasty represents an attractive option in order to 

remove any potentially biofilm-covered implants and allow for a more aggressive surgical 

debridement. Thorough debridement of all necrotic and infected tissues is a critical component of 

surgical procedures for these patients. It is technically easier and less morbid to remove cementless 

components before osseointegration, thereby removing potential biofilm-coated implants and 

surfaces. The current literature on this topic is very heterogeneous, reporting varying infection 

control rates with various intraoperative adjuncts (e.g., antiseptics, local antibiotics, etc.) combined 

with different postoperative antibiotic treatment courses. Successful and nearly equivocal results 

have been demonstrated with DAIR and Double DAIR for both primary and revision cementless 

total hip implants. Currently, there is no data on the scenario of an acutely infected cementless 

TKA, but with the recent rise in popularity of cementless TKA, future studies on this topic are 

needed/anticipated.  In summary, there are many factors that more accurately predict the successful 

treatment of an acute postoperative infection in a patient who has cementless implants. 

Customized, patient-specific decisions to choose DAIR versus one-stage exchange revision should 

be made considering the acuity of infection, host and microbial factors, implant modularity, and 



available sensitive antibiotics, though removal of non-osseointegrated implants is preferred if 

possible. Future studies are required to clarify the optimal treatment in this challenging cohort of 

patients. 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

References: 

1. Chung AS, Niesen MC, Graber TJ, Schwartz AJ, Beauchamp CP, Clarke HD, Spangehl 

MJ. Two-Stage Debridement With Prosthesis Retention For Acute Periprosthetic Joint 

Infections J Arthroplasty. 2019 Jun;34(6):1207-1213. doi: 10.1016/j.arth.2019.02.013. 

Epub 2019 Feb 16. PMID: 30872035  

2. Estes CS, Beauchamp CP, Clarke HD, Spangehl MJ. A two-stage retention debridement 

protocol for acute periprosthetic joint infections Clin Orthop Relat Res. 2010 

Aug;468(8):2029-38. doi: 10.1007/s11999-010-1293-9. PMID: 20224958 

3. Wouthuyzen-Bakker M, Löwik CAM, Ploegmakers JJW, Knobben BAS, Dijkstra B, de 

Vries AJ, Mithoe G, Kampinga G, Zijlstra WP, Jutte PC; Northern Infection Network Joint 

Arthroplasty (NINJA). A Second Surgical Debridement For Acute Periprosthetic Joint 

Infections Should Not Be Discarded J Arthroplasty. 2020 Aug;35(8):2204-2209. doi: 

10.1016/j.arth.2020.02.043. Epub 2020 Feb 26. PMID: 32192835  

4. Salman LA, Altahtamouni SB, Khatkar H, Al-Ani A, Ahmed G. Success rate of single 

versus multiple debridement, antibiotics, and implant retention (DAIR) in hip and knee 

periprosthetic joint infection: a systematic review and meta-analysis Eur J Orthop Surg 

Traumatol. 2024 Dec;34(8):3859-3872. doi: 10.1007/s00590-024-04091-6. Epub 2024 Sep 

2. 

5. Hansen E, Tetreault M, Zmistowski B, Della Valle CJ, Parvizi J, Haddad FS, Hozack WJ. 

Outcome of one-stage cementless exchange for acute periprosthetic joint infection Clin 

Orthop Relat Res. 2013 Oct;471(10):3214-22. doi: 10.1007/s11999-013-3079-3. PMID: 

23775569 

6. Riemer K, Lange J. Early periprosthetic hip joint infection managed by cementless one-

stage revision- a case series J Bone Jt Infect. 2022 Feb 25;7(1):43-50. doi: 10.5194/jbji-7-

43-2022. eCollection 2022. PMID: 35251904 



7. Miyake Y, Takagi T. Treatment experience with continuous local antibiotic perfusion for 

periprosthetic joint infection J Orthop Sci. 2024 Nov;29(6):1469-1476. doi: 

10.1016/j.jos.2023.12.001. Epub 2023 Dec 15. PMID: 38101985  

8. Veerman K, Raessens J, Telgt D, Smulders K, Goosen JHM. Debridement, antibiotics, and 

implant retention after revision arthroplasty: antibiotic mismatch, timing and repeated 

DAIR associated with poor outcome Bone Joint J. 2022 Apr;104-B(4):464-471. doi: 

10.1302/0301-620X.104B4.BJJ-2021-1264.R1. PMID: 35360944 

9. Gavaskar AS, Tummala NC, Srinivasan P, Ayyadurai P, Ganesh D, Reddy R. Modular 

component exchange has no advantage in Debridement, Antibiotics, and Implant Retention 

(DAIR) for early onset hip and knee prosthetic joint infection. Arch Orthop Trauma Surg. 

2024 Dec;144(12):5261-5266. doi: 10.1007/s00402-024-05546-5. Epub 2024 Sep 24. 

10. Walkay S, Wallace DT, Balasubramaniam VSC, Maheshwari R, Changulani M, Sarungi 

M. Outcomes of Debridement, Antibiotics, and Implant Retention (DAIR) for 

Periprosthetic Joint Infection in a High-Volume Arthroplasty Centre. Indian J Orthop. 2022 

May 28;56(8):1449-1456. doi: 10.1007/s43465-022-00655-y. eCollection 2022 Aug. 

11. Malahias MA, Gu A, Harris EC, Adriani M, Miller AO, Westrich GH, Sculco PK. The 

Role of Long-Term Antibiotic Suppression in the Management of Peri-Prosthetic Joint 

Infections Treated with Debridement, Antibiotics, and Implant Retention: A Systematic 

Review. J Arthroplasty. 2020 Apr;35(4):1154-1160. doi: 10.1016/j.arth.2019.11.026. Epub 

2019 Dec 9. PMID: 31955984  

12. Gupta V, Shahban S, Petrie M, Kimani PK, Kozdryk J, Riemer B, King R, Westerman R, 

Foguet P. DAIR for periprosthetic joint infections- One week to save the joint? 

Arthroplasty. 2024 Dec 5;6(1):61. doi: 10.1186/s42836-024-00282-y. PMID: 39633436 

13. Choong AL, Shadbolt C, Choong E, Spelman T, Muñoz-Mahamud E, Lora-Tamayo J, Kim 

K, Wouthuyzen-Bakker M, Spangehl M, Chayakulkeeree M, Young SW, Choong PFM, 

Dowsey MM. The Impatct of Sex on the Outcomes of Prosthetic Joint infection Treatement 

with Debridment, Antibiotics, and Implant Retention: A Systematic Review and Individual 

Patient Data Meta-analysis. J Am Acad Orthop Surg Glob Res Rev. 2022 Nov 

9;6(11):e22.00102. doi: 10.5435/JAAOSGlobal-D-22-00102. eCollection 2022 Nov 1. 

14. Katakam A, Melnic CM, Bedair HS. Dual Surgical Setup May Improve Infection Control 

Rate of Debridement and Implant Retention Procedures for Periprosthetich Infections of 

the Hip and Knee. J Arthroplasty. 2020 Sep;35(9):2590-2594. doi: 

10.1016/j.arth.2020.04.068. Epub 2020 Apr 27. PMID: 32451278  

15. Ashkenazi I, Thomas J, Habibi A, Di Pauli von Treuheim T, Lajam CM, Aggarwal VK, 

Schwarzkopf R. Perioperative Demographic and Laboratory Characteristics of Failed 

Debridement, Antibiotics, and Implant Retention: Can We Determine Which Patients Will 

Fail? J Arthroplasty. 2024 Nov;39(11):2849-2856. doi: 10.1016/j.arth.2024.05.065. Epub 

2024 May 24. PMID: 38797446  

16. Puhto AP, Puhto T, Syrjala H. Short-course antibiotics for prosthetic joint infections treated 

with prosthesis retention. Clin Microbiol Infect. 2012 Nov;18(11):1143-8. doi: 

10.1111/j.1469-0691.2011.03693.x. Epub 2011 Nov 9. PMID: 22070556 

17. Nandi S, Doub JB, De Palma BJ, Potter GR, Stronach BM, Stambough JB, Brilliant ZR, 

Mears SC. Suppressive Antibiotic Therapy After Debridement, Antibiotics, and Implant 

Retention is Well-Tolerated Without Inducing Resistance: A Multicenter Study. J 

Arthroplasty. 2024 Mar;39(3):795-800. doi: 10.1016/j.arth.2023.09.004. Epub 2023 Sep 

15. PMID: 37717831  



18. Wouthuyzen-Bakker M, Löwik CAM, Ploegmakers JJW, Knobben BAS, Dijkstra B, de 

Vries AJ, Mithoe G, Kampinga G, Zijlstra WP, Jutte PC; Northern Infection Network Joint 

Arthroplasty (NINJA). A Second Surgical Debridement for Acute Periprosthetic Joint 

Infection Should Not Be Discarded. J Arthroplasty. 2020 Aug;35(8):2204-2209. doi: 

10.1016/j.arth.2020.02.043. Epub 2020 Feb 26. PMID: 32192835  

19. Kuiper JW, Vos SJ, Saouti R, Vergroesen DA, Graat HC, Debets-Ossenkopp YJ, Peters EJ, 

Nolte PA. 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 Aug;84(4):380-6. doi: 10.3109/17453674.2013.823589. 

Epub 2013 Jul 12. PMID: 23848215 

20. Tai DBG, Berbari EF, Suh GA, Lahr BD, Abdel MP, Tande AJ. Truth in DAIR: Duration 

of Therapy and the use of Quinolone/Rifampin- Based Regimens after Debridement and 

Implant Retention for Periprosthetic Joint Infections. Open Forum Infect Dis. 2022 Jul 

25;9(9):ofac363. doi: 10.1093/ofid/ofac363. eCollection 2022 Sep. PMID: 36072695 

21. Ghnaimat M, Alyamani A, Obeidat M, Jbarat A, Abushahot M. Is DAIR Still an Effective 

Way to Eradicate Acute Prosthetic Joint Infections: Our Experience in the Jordanian Royal 

Medical Services. Med Arch. 2021 Dec;75(6):451-455. doi: 10.5455/medarh.2021.75.451-

455. PMID: 35169373 

22. Indelli PF, Ghirardelli S, Valpiana P, Bini L, Festini M, Iannotti F. Debridement, Antibiotic 

Pearls, and Retention of the Implant (DAPRI) in the Treatment of Early Peirprosthetic Joint 

Infections: A Consecutive Series. Pathogens. 2023 Apr 16;12(4):605. doi: 

10.3390/pathogens12040605. PMID: 37111491 

23. Chiou D, Li AK, Upfill-Brown A, Arshi A, Hsiue P, Chen K, Stavrakis A, Photopoulos CD. 

Cementless Compared to Cemented Total Knee Arthroplasty is Associated with More 

Revisions Within 1 Year of Index Surgery. Arthroplast Today. 2023 May 10;21:101122. 

doi: 10.1016/j.artd.2023.101122. eCollection 2023 Jun. PMID: 37521088 

24. Forlenza EM, Serino J 3rd, Terhune EB, Weintraub MT, Nam D, Della Valle CJ. 

Cementless Total Knee Arthroplasty is Associated with Early Aseptic Loosening in a Large 

National Datase. J Arthroplasty. 2023 Jul;38(7 Suppl 2):S215-S220. doi: 

10.1016/j.arth.2023.02.058. Epub 2023 Mar 1. PMID: 36863574  

25. Tarity TD, Gkiatas I, Nocon AA, Jones CW, Carli AV, Sculco PK. Irrigation and 

Debridement with Implant Retention : Does Chronicity of Symptoms Matter? J 

Arthroplasty. 2021 Nov;36(11):3741-3749. doi: 10.1016/j.arth.2021.07.018. Epub 2021 

Aug 4. PMID: 34419314  

26. Zmistowski B, Fedorka CJ, Sheehan E, Deirmengian G, Austin MS, Parvizi J. Prosthetic 

joint infection caused by gram negative organisms. J Arthroplasty. 2011 Sep;26(6 

Suppl):104-8. doi: 10.1016/j.arth.2011.03.044. Epub 2011 Jun 8. PMID: 21641762  

27. Kildow BJ, Patel SP, Otero JE, Fehring KA, Curtin BM, Springer BD, Fehring TK. Results 

of debridement, antibiotics, and implant retention for periprosthetic knee joint infection 

supplemented with the use of intraosseous antibiotics. Bone Joint J. 2021 Jun;103-B(6 

Supple A):185-190. doi: 10.1302/0301-620X.103B6.BJJ-2020-2278.R1. PMID: 34053280  

28. Shao H, Li R, Deng W, Yu B, Yang D, Zhou Y, Chen J. Symptom duration is associated 

with failure of periprosthetic joint infection treated with debridement, antibiotics, and 

implant retention. Front Surg. 2022 Aug 31;9:913431. doi: 10.3389/fsurg.2022.913431. 

eCollection 2022. PMID: 36117805 



29. Longo UG, De Salvatore S, Bandini B, Lalli A, Barillà B, Budhiparama NC, Lustig S. 

Debridement, antibiotics, and implant retention (DAIR) for the early prosthetic jointi 

infection of total knee and hip arthroplasty. J ISAKOS. 2024 Feb;9(1):62-70. doi: 

10.1016/j.jisako.2023.09.003. Epub 2023 Sep 13. PMID: 37714518 

30.  Gerritsen M, Khawar A, Scheper H, van der Wal R, Schoones J, de Boer M, Nelissen R, 

Pijls B. Modular component exchange and outcome of DAIR for hip and knee 

periprosthetic joint infection : a systematic review and meta-regression analysis.Bone Jt 

Open. 2021 Oct;2(10):806-812. doi: 10.1302/2633-1462.210.BJO-2021-0090.R1. PMID: 

34592839  

 

 

https://pubmed-ncbi-nlm-nih-gov.ucsf.idm.oclc.org/34592839/

