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Prosthetic joint infections 

 

ÅPJ = prosthetic joint 

ÅPJI = prosthetic joint infection 

ÅLevels of evidence 

 



Background    

ÅPJ are common: 2030 = 4 million/yr in the USA 

ÅJoint replacement  

ïQuality of life 

ïSymptom relief 

ïRestoration of limb function ς mobility, independence 

ÅProsthetic joint infection (PJI)  

ïSerious complication 

ï1-2% over a lifetime of the prosthesis 

ÅStill some unanswered questions  

ÅBest management - multidisciplinary 



Case study 

Å83 year-old woman  

ÅBilateral total knie prostheses ς 21 y back 

ÅNo other medical problems 

 

ÅShoulder problems in the last weeks: 2 steroid infiltrations ς 
no effect 

 

ÅA week ago: starts to have painful, swollen right knie, and 
feels generally unwell  



Risk factors? 

Å Retrospective study of 462 cases:   

Å Major risk factor  

ï superficial surgical site infection (odds ratio [OR] 
35.9) 

 

Å Other risk factors included  

ï presence of systemic or joint malignancy (OR 3.1)  

ï prior joint arthroplasty (OR 2.0)  

ï Worse surgical risk score (OR 1,7-3,9)  

 

Å Additional risk factors for PJI include 

ï Perioperative and post-nonarticular infections 

ï Prior infection of the joint or adjacent bone 

ï Prior surgery on the joint 

ï Prolonged duration of surgery 

 

ï Rheumatoid arthritis or other 
immunocompromised conditions 

ï High body mass index (BMI) 

ï Postoperative bleeding hematoma formation 

ï Advanced age 

ï Diabetes mellitus 

 

Å In a case-control study including 126 patients with PJI 
matched with uninfected controls:  

 

Å Following risk factors were identified (Ref 11utd) 

 

ï Bacteremia during the previous year (OR 4.25) 

 

ï Nonsurgical trauma to the prosthetic joint (OR 
21.4) 

 

ï Early onset surgical site infection (OR 5.25) 

 

http://www.uptodate.com/contents/clinical-manifestations-and-diagnosis-of-prosthetic-joint-infections/abstract/11


Diagnosis -preop evaluation 

Å1: Suspect infection if (BIII):  

 

ïSinus tract or persistent wound drainage 

 

ïAcute onset of painful prosthesis 

 

ïChronic painful prosthesis at any time after implantation 

 

ïPrior wound healing problems/superficial/deep infections 

 



Diagnosis ς classification 

ÅFaire tableau 

Early 
< 3 months 

Delayed 
3-12 (24) months 

Late 
> 12 months 

Virulent pathogens  
-Staph aureus 
-Gram negative Bacilli 
-Anaerobes 
-polymicrobial 

Less virulent organisms 
-Propionibacteria spp  
-Coagulase-negative Staph 
-Enterococci 

 

 
- Staph aureus 
- b-hemolytic streptococci  
- Gram negative bacilli 

 

Implant infection or via wound 
infection 

Implant infection or via wound 
infection 

Hematogenous spread 
 

Acute onset with:  
-wound drainage 
-erythema, oedema  
-joint pain & effusion 
-fever 

Prolonged indolent course with: 
- persistent pain  
- +/- implant loosening 
-fever in <50% 
-high WBC < 10% 

Acute onset in previously ok joint 
Other infection ? 
- KT ?  
- UTI?  
- Soft tissue infection? 

Often  
-hematoma 
-superficial necrosis 

If not treated, leads to:  
-sinus tract formation  
-intermittent drainage 
 
Risk if prior wound healing problems 

Prospective study 44 patients having 
a PJ + a bacteriaemia: PJI occurred in 

34% (ref 26) 

 
Distant source id-ed in 50% of cases 

(ref 25) 



Case 

ÅPhysical exam 

ïwarm, painful, swollen right knie 

ïpainful and swollen right shoulder 

ÅKnie joint aspirate (synovial fluid): opaque 
liquid 

ÅBlood cultures 

ÅBloods 

ï CRP 281mg/L, WBC 19400/mm3, ESR 110 mm/h 



Case 

ÅX-ray of the knie:  
 
ïPresence of a total knie prosthesis 

on the right. No radiolucent zones 
around the prosthesis. No 
argument for a loosening of the 
prosthesis.  

 
 

 
ÅStarted on antibiotics 



Å 2: History and examination: type of prosthesis, date, past surgeries, aller, co-morbidities, recent abx 

 

Å 3: ESR and CRP  

ï CRP seems more accurate than ESR  

ï both is best (ref 21-28-30) combination of sensitivity and specificity (AIII) 

 

Å 4: imaging  

ï plain X-ray recommended (AIII) low sensitivity and specificity but may show another problem. Baseline for other 
exams 

ï New subperiosteal bone growth and transcortical sinus tracts are specific for infection 

ï Other exams: expensive, availability, image distortion due to prosth ς most often leukocyte scan  - false positive rates 
after implantation or arthritis. Should not be used for diagnosis (BIII) 

 

Å 5: diagnostic arthrocentesis (AIII) (unless antibiotics can be safely withheld til planned surgery BIII)  

ï Synovial fluid 

Å Total cell count   >1700 c/µl    - 94% sensitivity 

Å Differential leukocyte count  >65% neutrophils -97% sensitivity in a knie >6mths post op 

Å Culture 

Å Crystal analysis if indicated 

 

Å 6: Blood cultures if fever, acute onset of symptoms, or suspected other infection (eg Staph aureus) that make bloodstream 
infections more likely 

Diagnosis: Preop evaluation 



ÅDay 1: Synovial fluid culture Ą Staph aureus 

 

 

Case 



Case 

ÅDay 1 

ï Synovial fluid culture: rich growth of Staph aureus 

 

ÅDay 2: Lavage via arthrotomy with debridement 

ïLavage grows the same Staph aureus 

 

ÅDay 3: pus coming out of the wound 

ÅCRP 317mg/L 

 



 



Surgical options 

ÅIn some cases: diagnostic confirmation 

 

ÅTherapeutic surgery 



Diagnosis: intraoperative   

Å Intraoperative histopathological exam of periprosthetic tissue samples (BIII)  

ï >80% sensitivity, >90% specific  

ï not realistic / feasible 

 

Å Samples for culture (BIII): 

ï up to 6 tissue samples at time of debridement: fewer than 5-6: lower sensitivity (ref 40-
41)  

ï prosthesis itself if removed; +/- sonication 78,5 vs 60,8 sensitivity (ref 41) 

 

 

 

 

 

Å Stop abx 2 weeks before if possible: increases the yield (AII) (ref 41) 



Definition of PJI  

ÅDefinite 
ïPresence of sinus tract to prosthesis (BIII)  
ïPurulence around prosthesis without another aetiology (BIII) 
ï2 or more intraop or 1preop/1intraop culture yielding the same 

organism 

 
ÅHighly suggestive 
ïAcute inflammation on histopath exam (BII)  
ïGrowth of virulent microorganism in single specimen  
ÅNot if 1 culture with common contaminant (BIII)  

 
ÅEven without those criteria, PJI still possible: clinical 

judgment 



Surgical options 

ÅRetention of prosthesis 

ÅRemoval of prosthesis 

ïWith reimplantation 

Å1-stage 

Å2-stage 

ïWithout reimplantation (arthrodesis) 

ÅAmputation 



Retention of prosthesis 

Å Success rates: 14-100% 

 

Å Successful salvage of the infected arthroplasty 
at 1, 2 and 3 years of 89%, 81% and 78%, 
respectively  (ref 62) 

 

Å Worse if  
ï sinus tract 

ï Staph aureus if no rifampicin used  

ï MRSA, Gram Neg 

 

Å Arthroscopy ς worse outcome (62, 76) 

Å Open or arthroscopic ς operator dependent 
(50-80) 

 

Å Following Failed debridement: may be worse 
outcome of 2-stage procedure 

 

Å Utility?  (ref 84,92) 

 



Removal of prosthesis 



Removal: 1-stage exchange 

Å THP 

ï 80-90% dep on extent of debridement 
(93-95)  

 

Å ΨHealthierΩ ǇŀǘƛŜƴǘΣ Ψeasier to treatΨ 
bacteria 

 

Å Most with impregnated cement 

 

Å Lower morbidity rate compared to 2-stage 

Å Cheaper option 

Å Recent QALY analysis: preferred option! 
(Ref95) 

 



Removal: 2-stage exchange 

Å Better outcome in rheumatoid arthritis patients 

 

Å Most often in USA ς PJI with loosening 

 

Å 87% success rate (ref 4) 

 

Å Removal of all tissue, debridement of infected 
periprosthetic tissue 

 

Å Often Use antimicrobial-impregnated cement 
and devices/spacers (no RCT) 

ï Functionnal utility 

 

Å Best not to use a spacer for MRSA/SCvariant, 
fungi: may be detrimental to the erradication 



Between the 2 stages 

Å IV antibiotics for 4-6 weeks 

ï Emerging evidence: very short or no abx if impregnated spacers/cementς not yet recommended 

 

Å Interval before reimplantation 

ï 2weeks to several months 

ï ΩearlierΩ Ǿǎ ΨdelayedΩ reimplantation:  

ÅΨearlierΩΥ ƛƴƛǘƛŀƭ studies ς worse, but now cohort study w/i 2-6 weeks ς favourable outcome (ref 
2,109-113) if no MRSA, enterococci, MDR Gram Neg  

ÅΨdelayedΩΥ  ƎƻǳǊƻǳǎ suggest 2-8 weeks then 2 weeks without antibiotics (ref 13-104-106-120) 

 

ï Time to evaluate residual infection (clini, biol, and intraop inspection +histo during re-implantation 

Å Not infrequent to find another organismΧ 

Å If clear infection ς perform debridement first  

 

  

Å Re-implantation with impregnated cement 

Å If infection after a 2-stage exchange: may consider another in some cases 



Not candidate for new prosthesis 

 



What to choose? 

 

ÅNo randomised trials ς single centre cohorts 

 

 

ÅMany factors, including ǇŀǘƛŜƴǘΩǎ decision 



Case 

ÅDay 2: Lavage via arthrotomy with debridement 

ÅDay 3: pus out of the wound; CRP 317mg/L 

 

ÅDecision to operate in view of a 2-stage exchange 

ÅDay 5  

ïremoval of TKP  

ïbiopsies taken 

ïcement spacer put in  

ÅMicrobiology samples: 1 synovial biopsy (Neg) 

 



  Microbiology 

 

 

 

Å Staphylococcus aureus    ς 22 percent 

Å Coagulase-negative staphylococci  ς 19 percent 

Å Mixed infection    ς 19 percent 

Å Beta-hemolytic streptococci   ς 9 percent 

Å Aerobic Gram-negative bacilli   ς 8 percent 

Å Anaerobes     ς 6 percent 

Å No organisms detected   ς 12 percent 

Å Other organisms    ς 5 percent 



  Microbiology 

 

ÅPropionibacterium acnes  
ï> shoulder arthroplasties (16% in one study)  

ï longer (14 day) incubation 

ÅStaph aureus  
ï> in patients with rheumatoid arthritis 

ÅSmall-colony variant Staph  
ïEmerge > after trt  for Staph, difficult to find 

ÅStaph lugdunensis  
ς  similar virulence to St aureus, despite being a CNS 

ÅMycobacteria / Coxiella: rare 



 Microbiology:  biofilm 

Å Susceptibility to infection enhanced in the setting of a foreign body due to the possible 
formation of a biofilm 

 

Å Pathogenesis 

ï attachment of bacteria to a solid surface ς non-specific or specific adhesins 

ï May need as few as 100 cfu to start the process 

ï Then multiply 

ï Formation of an elaborate exopolysaccharide = glycocalyx, where microcolonies encase 
further 

 

Å Ąbiofilm is formed 

ï Deeper bacteria metabolically inactive/protected from host defences (phagocytes) and 
antibiotics 

ï Locally acquired granulocyte defects via neutrophil activation releasing human 
neutrophil peptide ς deactivates granulocytes (ref 26 NEJM) 

ï Highly resistant ς time-dep: >7days: very resistant (Ref 40 upd) 

 



  



Biofilm 

ÅCementΧΚ 

 

ÅFibronectin (plasma and tissue glycoproteins) enhances 
adherence of Staph aureus on cement via adhesins 
(MSCRAMMs) 

 

ÅSeems that cement itself can inhibit phagocytosis, 
lymphocytic ŀƴŘ ŎΩ function 

 

ÅPolymerisation process ς generates heat - increases 
susceptibility ǘƻ ƛƴŦŜŎǘƛƻƴΧ 



Biofilm  

ÅSo, important role  

ïInitial clinical response then relapse when 
antibiotics are stopped unless PJ removed 

ïPJI may become manifest only weeks after surgery  

ïFailure of long courses of abx 

ïOccasionnal success if chronic low dose abx 

ïDifficulty to demonstrate organism if late PJI 



 Medical treatment 

ÅWith retention of prosthesis 

 

ÅWith 1-stage exchange 

 

ÅWith removal of prosthesis 

ïafter reimplantation 

ÅAfter amputation 

 

 



Retention of prosthesis ς initial treatment 

 
 

Staphylococcal PJI 
 

Å 2-6 weeks IV  

ï -̡lactam (oxacillin, ceftriaxone)  

ï or vanco (78) 

 

Å + rifampicine 300mgx2/day (Ref 74,78) 

 

Å Alternative:  

ï linezolid if res (Careful toxicities) 

ï 4-6 weeks L± ʲ-lactam  or vanco if no rifampicine 
given 

 

Å Follow by oral combination (AI) 

ï 3 -6 months for a THP 

ï 6 months for a TKP  

 

Å Rifampicine + OTHER = 

ï Ciprofloxacin (AI) (78,62), levoflox (AII) 

ï Co-trim (AII) 

ï Doxycycline (CIII), oral cephalo or pen (CIII) 

 
 

Other organisms 
 

Å 4-6 weeks appropriate IV agent 

 

 

 

Å Alternative:  
ï highly bioavailable PO (BII)  

 

Å Use of a quinolone for Gram Neg ς 
may improve outcome (ref 166-167) 



Retention of prosthesis ς initial IV treatment 


