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DEFINITIONSDEFINITIONS

Exogenous Infection
• Implantat-associated infection is mainly introduced 

during surgery or before complete wound healing
• Early (<3 months) or delayed (3-24m) infection in 

case of bridging symptoms starting after surgery
Hematogenous Infection
• New signs and symptoms during/after bloodstream 

or focal infection with hidden bacteremia
Probable hematogenous Infection
• All late infection (> 2 y) after free interval



TREATMENT OPTIONS TREATMENT OPTIONS OF OF 
PROSTHETIC JOINT ASSOCIATED PROSTHETIC JOINT ASSOCIATED 
INFECTIONINFECTION

• 2-stage replacement
• 1-stage replacement
• Débridement with retention
• Removal without replacement
• Suppressive therapy



22--STAGE EXCHANGE FOR EVERYBODY:STAGE EXCHANGE FOR EVERYBODY:
WHY SHOULD WE BEND THIS RULE? WHY SHOULD WE BEND THIS RULE? 

•• TheThe least invasive least invasive possiblepossible interventionintervention
shouldshould bebe chosenchosen, , sincesince eacheach surgerysurgery
resultsresults in in tissuetissue destructiondestruction

•• DDéébridement bridement oror 11--stage stage exchangeexchange allowsallows
resolutionresolution of of thethe problemproblem duringduring oneone singlesingle
hospitalhospital staystay

HoweverHowever, , lessless invasive invasive surgerysurgery shouldshould notnot
bebe paidpaid withwith poorerpoorer resultsresults



ROLE OF RIFAMYCINS ROLE OF RIFAMYCINS 
IN THE TREATMENT IN THE TREATMENT 
OF PJIOF PJI



PERSISTENCE OF INFECTION IN THE PERSISTENCE OF INFECTION IN THE 
VICINITY OF AN IMPLANTVICINITY OF AN IMPLANT

It is a general clinical observation that 
infection around a foreign body cannot 
be cured. 
⇒ What is the reason that bacterial

clearance cannot be predicted by the
routine susceptibility testing?



GUINEA PIG MODEL TO TEST THE EFFICACY OF GUINEA PIG MODEL TO TEST THE EFFICACY OF 
A 4A 4--DAY ANTIBIOTIC TREATMENTDAY ANTIBIOTIC TREATMENT

• Perforated cylinders
(subcutaneous tissue cages) 
were directly inoculated with
10e4 cfu S. aureus

• Treatment was started 24h later
with different bid-regimens by
the intraperitoneal route
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PROPERTIES OF MICROORGANISMS PROPERTIES OF MICROORGANISMS 
INVOLVED IN DEVICEINVOLVED IN DEVICE--RELATED INFECTIONS RELATED INFECTIONS 

Microorganisms involved in device-
related infections are typically:  

• in stationary-phase of growth

• surface-adhering instead of planctonic

• in biofilm formation



Minimal Minimal bactericidalbactericidal concentrationconcentration in different in different 
growth growth phasesphases ((locallocal peakpeak levellevel))

Strain Rifampin (8.3 mg/l) Ciprofloxacin (0.95 mg/l)
S.aureus MBClog MBCstat MBClog MBCstat

mg/l mg/l

KE89 1.8 3.6 0.8 133
ZP89 2.2 7.0 1.3 175
FB90 1.3 9.4 0.5 75
JJ89 0.7 5.1 0.8 133
EW90 0.7 1.8 1.1 113
HM92 1.7 1.7 0.8 150



ROLE OF RIFAMPIN IN IMPLANTROLE OF RIFAMPIN IN IMPLANT--RELATED BONE RELATED BONE 
INFECTIONS: A INFECTIONS: A randomizedrandomized controlledcontrolled trialtrial

Treatment: Initial débridement and antibiotics:

Flucloxacillin or Vancomycin plus
Rifampin or Placebo

followed by:

Ciprofloxacin plus Rifampin or Placebo

2 weeks iv

3-6 months p.os

Zimmerli et al. JAMA 279:1537-41,1998



STUDY POPULATION (2)STUDY POPULATION (2)
Placebo-
combination
(n=15)

Rifampin-
combination
(n=18)

Microbiology:

- S. aureus 11 15
(0/26 methicillin-resistant)

- S. epidermidis 4 3
(2/7 methicillin-resistant)

Initial iv-treatment:

- Flucloxacillin 13 13
- Vancomycin 2 5

Follow-up (months) 33 (15-41) 35 (24-46)
(median,range)



RESULTSRESULTS

CIP+PLACEBO       CIP+RIF

Cure (ITT) 9/15 (60%)               16/18 (89%)

Cure (as treated) 7/12 (58%)               12/12 (100%)*

Drop-out 3/15                            6/18

Follow-up 33 (15-41)                  35 (24-46)
(months)

*p=0.019 (Fisher‘s exact test)



ROLE OF RIFAMYCINS IN IMPLANTROLE OF RIFAMYCINS IN IMPLANT--RELATED RELATED 
BONE INFECTIONS: BONE INFECTIONS: SummarizedSummarized evidenceevidence

• In vitro: Rifamycins are able to kill stationary-phase
staphylococci which is a prerequisite for the efficacy
in device-related infection. 

• Animal model: Rifamycins are more efficacious than
other antimicrobial agents in a guinea pig model for 
device-related infection.

• Controlled trial: Among patients with a stable
orthopedic implant, a long-term treatment with
rifampin-ciprofloxacin combined with débridement
surgery was highly efficacious without removal of 
the device.



PJI: TREATMENT ALGORITHMPJI: TREATMENT ALGORITHM

N Engl J Med 351:1645-54, 2004



Surgical procedure
•• Debridement with retentionDebridement with retention
•• Irrigation and suction drainageIrrigation and suction drainage
•• Antimicrobial treatmentAntimicrobial treatment

Culture from synovial fluid or 
hematoma

Duration of clinical symptoms ≤3 weeks≤3 weeks >3 weeks>3 weeks

Condition of implant StableStable UnstableUnstable

Figure 3Figure 3Condition of soft tissue Intact or 
slightly
damaged

Intact or 
slightly
damaged

Susceptibility to antimicrobial 
agents with activity against surface-
adhering microorganisms YesYes NoNo

Manifestation

No growthNo growth GrowthGrowth

Moderately or 
severely 
damaged

Moderately or 
severely 
damaged

Early Hematogenous

Zimmerli et al., NEJM 2004



Patients not qualifying for implant retention

•• Moderately or severely damagedModerately or severely damaged
•• AbscessAbscess
•• Sinus tractSinus tract

•• OneOne--stage stage 
exchangeexchange

•• Irrigation and Irrigation and 
suction drainagesuction drainage

•• Antimicrobial Antimicrobial 
treatmenttreatment

•• TwoTwo--stage stage 
exchange with exchange with 
long interval (6 to long interval (6 to 
8 weeks)8 weeks)

•• Irrigation and Irrigation and 
suction drainagesuction drainage

•• No spacerNo spacer
•• Antimicrobial Antimicrobial 

treatmenttreatment

•• LongLong--term term 
suppressive suppressive 
antimicrobial antimicrobial 
treatmenttreatment

•• Implant removal Implant removal 
without without 
replacementreplacement

•• Irrigation and Irrigation and 
suction drainagesuction drainage

•• Antimicrobial Antimicrobial 
treatmenttreatment

•• Intact or slightly damagedIntact or slightly damaged

General condition General condition 
or surgical risk:or surgical risk:

•• DebilitatedDebilitated
•• BedriddenBedridden
•• High risk for High risk for 

anaesthesiaanaesthesia

DifficultDifficult--toto--treat microorganism:treat microorganism:
•• MethicillinMethicillin--resistant resistant 

Staphylococcus aureusStaphylococcus aureus (MRSA)(MRSA)
•• Other multiOther multi--drug resistant drug resistant 

microorganismsmicroorganisms
•• Enterococcus spp.Enterococcus spp.
•• FungiFungi

Underlying problems:Underlying problems:
•• Severe immunosuppressionSevere immunosuppression
•• Active intravenous drug useActive intravenous drug use
•• No functional improvement No functional improvement 

by exchange of the implant by exchange of the implant 

Condition of 
soft tissue

Modifying
circumstances

Surgical
procedure

•• TwoTwo--stage stage 
exchange with exchange with 
short interval (2 short interval (2 
to 4 weeks)to 4 weeks)

•• Irrigation and Irrigation and 
suction drainagesuction drainage

•• SpacerSpacer
•• Antimicrobial Antimicrobial 

treatmenttreatment



PJI: PJI: 
CLINICAL COHORT STUDYCLINICAL COHORT STUDY



Validation with a cohort study in patients Validation with a cohort study in patients 
with TKAwith TKA--associated infection:associated infection:
PATIENTSPATIENTS’’ CHARACTERISTICSCHARACTERISTICS

• Number of episodes: 40 (35 patients)

- own patients 13 (36%)

- referred patients 22 (64 %)

• Median age: 70.1 y (43-90)

• Sex (F/M) 51%/49%

• Median follow-up 28 months

[Laffer R et al. Clin Microbiol Infect Dis 12:1537-9 2006]



Staphylococcus aureus 14 (33.3)
Coagulase-negative staphylococci 9 (21.4)
Streptococcus species 5 (11.9)
Gramnegative rods 5 (11.9)
Enterococcus faecalis 3 (7.1)
Peptostreptococcus species 1 (2.4)
Propionibacterium acnes 1 (2.4)
Hafnia alvei 1 (2.4)
Granulicatella adiacens 1 (2.4)
No growth 2 (4.8)

MICROORGANISMS No. (%)

2 mixed infections: S. aureus plus Enterococcus faecalis, and S. aureus plus 
coagulase-negative Staphylococcus



OUTCOME AFTER FIRST TREATMENTOUTCOME AFTER FIRST TREATMENT

• Successful outcome 36/40 (90%)
with a follow-up of 877 d 
(range 236-5‘879 d)

• Failures 4/40 (10%)
- first year 3
- second year 1

• Success in patients with > 2y of follow-up:

25/27 ( 92.8%)



KAPLANKAPLAN--MEIER ESTIMATE OF SURVIVALMEIER ESTIMATE OF SURVIVAL



SUCCESS RATE ACCORDING TO SUCCESS RATE ACCORDING TO 
SURGICAL THERAPYSURGICAL THERAPY

Débridement with retention 20/21 (95.2)
One-stage exchange 2/2
Two-stage exchange 11/13 (84.6)
Arthrodesis 3/3
Amputationa 0/1

Type of surgery Success rate, No. (%)

aEarly death due to sepsis and comorbidity



CONCLUSIONSCONCLUSIONS

• Different surgical procedures result in 
similar success rates, provided that the type
of infection, the pathogen, the stability of the
implant, and the local skin and soft tissue
conditions are considered

• Adherence to an algorithm defining a rational 
surgical and antibiotic treatment strategy
contributes to the favorable outcome



I got an 

artificial hip

Didn‘t you have money
for a natural one?

Thank you for your attention


