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Behandlungskonzepte
für Protheseninfektionen

29. Jahrestagung der PEG



Infektionen in Prothetik

• Historische Infektionsraten bei 
Hüft-TP: um 10% 

• Infektionsprävention


• Antibiotikaprophylaxe


• Verbesserung Hygiene/ 
Operationssaal


• Operationstechniken/ Materialien 

860

analysis with allowance for village did not affect these results. Mean
PCV was not significantly dependent on net use, with or without
allowance for age. In view of the possibly complex relationship
between socioeconomic status, health awareness, net use, and
malaria, we looked for associations between net use and the
possession of (a) mules in the compound, (b) a corrugated iron roof,
and (c) an infant welfare card but found none of these indices to be
significantly correlated with net use.

These results confirm previous findings in the Farafenni areal
but with fewer confounding factors. A strong inverse association
between the use of bed-nets and parasitaemia and splenomegaly was
found in young children. The failure of PCV to follow this trend
suggests that influences other than malaria on this index are
dominant in this population. Since bed-nets appear to be

acceptable2 and have no known side-effects, it seems that their use in
malaria-endemic regions is to be encouraged.

Medical Research Council Laboratories,
Fajara, Banjul, The Gambia

H. CAMPBELL
P. BYASS
B. M. GREENWOOD

1. Bradley AK, Greenwood BM, Greenwood AM, et al. Bed-nets (mosquito-nets) and
morbidity from malaria. Lancet 1986; ii: 204-07.

2. MacCormack C, Snow RW. What do people think of bed-nets? Parasitol Today 1985;
1: 147-48.

TOBACCO CHEWER’S PSEUDOPALSY

SIR,-In a medical outpatient clinic an instructor (M. L.) and a
group of interns were examining a 54-year-old woman with a neck
mass. The patient had a pronounced left facial droop, suggesting a
central seventh nerve palsy. As we began to discuss the significance
of this neurological abnormality in the setting of a neck mass, one of
the interns (M. J. M.) asked if he might examine the patient.
Donning a glove, he proceeded to examine the oropharynx-and
extracted a large wad of moist chewing tobacco. The facial droop
suddenly resolved.
Having learned the lesson, one month later M. L. was asked to

consult on a 60-year-old man with critical aortic stenosis and severe
coronary artery disease. Entering the room, he was struck by the
patient’s facial asymmetry. This looked like a facial nerve palsy and
raised concern about an embolic event. The patient, unaware of our
concerns, said, "If you are going to examine me, maybe I ought
to remove this chewin’ tobacco". Prompt resolution of the
"neurological" abnormality followed removal of the offending wad.
We believe this sign merits clinical attention, not so much for

what it is but more so for what it is not. The rise (lamentable though
it be) in popularity of "smokeless" tobacco makes it likely that other
physicians will encounter other examples of this "pseudopalsy".
Division of General Internal Medicine,
Department of Medicine,
Duke University Medical Center,
Durham, North Carolina 27710, USA

MARK LINZER
MICHAEL J. MILLER

LONG-TERM RESULTS OF PROPHYLACTIC
CEFAZOLIN VERSUS PLACEBO IN TOTAL HIP

REPLACEMENT

SIR,-In 1981, we reported the efficacy of five days of antibiotic
prophylaxis with cefazolin injections in total hip replacement.! This
multicentre double-blind, randomised, placebo-controlled trial on
2137 patients showed that antibiotic prophylaxis significantly
reduced the frequency of hip infections within two months of
surgery from 3-3% (placebo) to 0-9% (cefazolin). The difference
was greater in the five centres with a conventional theatre (5-2% vs
0-7%) and was not found in the four centres with hypersterile
operating theatres (0-8% vs 1-3%).
We report here the long-term results of this trial. 6% of the

patients died within 5 years without hip infections. 69% have been
followed up for at least three years, 60 % for four years, and 50 % for
five years. 14 later hip infections, all in the placebo group and in
conventional theatres, occurred during the additional follow-up
years. No late hip infection occurred in the cefazolin group. 59 hip
infections were observed during the whole follow-up period (49 in
the placebo group and 10 in the cefazolin group; p < 0-001, log-rank
test adjusted on centres). The figure gives the Kaplan-Meier curves

for hip infections. The difference is restricted to the five centres
with conventional theatres, where the rates of hip infection have
been 7-6% and 0-7% in the placebo and the cefazolin groups,
respectively.
Thus five days of cefazolin at the time of hip replacement

prevented not only early hip infections1 but also late infections, but
only in patients operated on in conventional theatres.
Cancer Epidemiology Research Unit,
INSERM,
Institut Gustave Roussy,
94800 Villejuif, France FRANCOISE DOYON

Orthopaedic Surgery Clinic
and INSERM,

H&ocirc;pital Cochin, Paris JACQUES EVRARD
Orthopaedic Surgery Clinic,
H&ocirc;pital Bicetre,
Le Kremlin-Bicetre FRAN&Ccedil;OIS MAZAS
Department of Medical Statistics,
Institut Gustave Roussy CATHERINE HILL

1. Hill C, Mazas F, Flamant R, Evrard J. Prophylactic cefazolin versus placebo m total
hip replacement: Report of a multicentre double-blind randomised trial Lancet
1981; i: 795-97.

IMMUNE RESPONSES AND ALLOGRAFT
REJECTION

Sm,&mdash;Dr Gratama and colleagues (Feb 28, p 471) highlight the
possible relationship between immune responses to infectious

agents and allograft rejection. In their discussion, one potentially
important mechanism which might account for this association is
omitted. T lymphocytes which recognise foreign antigens in the
context of self major histocompatibility complex (MHC) antigens
can cross-react with allogeneic MHC antigens.1,2 Thus, every time
that an immune response is generated (eg, to a herpesvirus) there is a
concomitant alloreactive response; this is irrelevant to the normal
host, but may be important in allograft recipients.
One of the most striking findings in Gratama’s study of bone

marrow transplant recipients was the relative protection from
graft-versus-host disease (GVHD) shown by Epstein-Barr virus
(EBV) seronegative recipients. In EBV seropositive recipients, host
virus which persists in the oropharynx3 (probably at higher levels
after the immunosuppression that precedes grafting’) will infect
donor B cells. Memory T cells from EBV seropositive donor
marrow which recognise EBV antigens in association with donor
HLA antigens will be reactivated. Each EBV-specific T cell clone
will have a concomitant allospecificity, and the total number of
alloantigenic determinants which may be recognised by the
polyclonal virus-specific T cells will be large. Any T cell which
happens to cross-react with recipient HLA antigens may be
preferentially expanded because of increased antigenic stimulation,
and could then initiate GVHD.
Where EBV-seronegative marrow is grafted to an EBV

seropositive recipient, donor T cells would mount a primary
response to EBV-infected donor B cells. GVHD may again be
initiated by the mechanism outlined above, rather than by the
non-specific polyclonal activation of T cells suggested by Gratama

Lange Tradition…
IR 0.7 %

IR 7.6 %

p<0.001

Charnley Brit J Surg 1964 14129434 // Harris CORR 2009 18982399 // Hill Lancet 1981 PMID 6111670 // (1)Doyon Lancet 1987 PMID 2882258 // Fogelberg JBJS1970 5197855 // Wilson JBJS 1972 4651258

Multicentre study, Placebo controlled, >2000 
hip replacements, Follow-up 5 year1

Frankreich 1975-1978
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Aktuelle Infektraten
PJI Raten über die Zeit

MAC J Arthroplast 2022 PMID 34678445 // MAC JBJS 2020 PMID 31876641

Knie-TP: ca. 2% Hüft-TP: ca 1%
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Referenz Fremdkörper Infektosis ohne 
Fremdkörper

Infektdosis mit 
Fremdkörper Keim

Elek 1957 
(Menschen) Nahtmaterial 7 Mio Keime 100 Keime Staphylococcus 

aureus

Zimmerli 1982 
(Meerschwein) >10 Mio Keime 100 Keime Staphylococcus 

aureus

Widmer 1988 
(Meerschwein) >10 Mio Keime 1000 Keime SKN (Hautkeim)

Zimmerli JID 1982 7119479 // Elek Brit J Exp Pathol 1957 13499821 // W Zimmerli

Fremdkörper potenziert Infektanfälligkeit um mehr als das 10’000 fache! 

Minimale abszess-bildende Dosis

https://www.readcube.com/library/6bcbe775-61e0-440b-93de-4ab378880799:CF61916A-202B-44A2-8563-C913BA241F45
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Chronische- und Biofilminfektion
Antibiotische Therapie alleine nicht ausreichend

Gristina 1987 PMID 3629258 // Costerton 1989 PMID 10334980 // Veerachamy 2014 PMID 25406229 // Bjarnsholt Lancet ID 2022 34506737

3 days 1 day 1 min 3 h 12 h 

Biofilm

https://www.readcube.com/library/6bcbe775-61e0-440b-93de-4ab378880799:3ea7a42e-196b-43a9-a565-2a7be5429fed
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Barry D Brause in: Mandell et al (eds), PPID 7th ed 2010

„Successful treatment of a TJA infection 
depends on extensive and meticulous 
surgical débridement and effective 
antimicrobial therapy. Simple surgical 
drainage (with retention of the 
prosthesis in situ) followed by 
antibiotic therapy has been successful 
in only 20 - 36%1 of cases. 

For effective treatment complete 
removal of all foreign material is 
essential.“

(1)Lentino Curr Infect Dis Rep 2004 15461890

→ 2-zeitiger Prothesenwechsel

https://www.readcube.com/library/6bcbe775-61e0-440b-93de-4ab378880799:7e442403-af4c-4fb0-b1c6-a3bf2169b704


Zuweisung durch Hausarzt

70 Jahre, Hüft-TP 2007


Schmerzen inguinal und über 
Tractus iliotibials


Klinisch: Mitte Oberschenkel 
Rötung und Fistelporus 


Auf Druck entleert sich weiss-
gelbliche Flüssigkeit


CRP 32, Leuk 13.7

Anfang 2024



Fistulierender PJI mit subkutaner 


Abzesskollektion Hüfte links mit 


Staph. aureus



Girdlestoneanlage
13.2.24

März 24



Wiedereinbau 2 Monate postoperativ



Doch möglich Prothesengelenk 
zu erhalten?



RCT Zimmerli 1998

• Einschluss von 33 Patienten 


• 15 Protheseninfektionen 

• 18 Infizierte Osteosynthesen


• ‚Stopped early after interim 
analysis‘


• ‚Per protocol analysis‘: n=24

Prothesenerhalt … ja

Zimmerli JAMA1998 PMID 9605897

n=12

n=12

100%

https://www.readcube.com/library/6bcbe775-61e0-440b-93de-4ab378880799:A8130AFD-5615-4774-8D40-3D1F39367FE5


Outcome nach Prothesenretention - DAIR
DAIR - Debridement Antibiotics Irrigation Retention

Longo J ISAKOS 2024 PMID 37714518

Studie Jahr Anzahl Patienten Success rate (%)
Barros et al., 2021 Portugal 38 90%

Chalmers et al., 2021 USA 122 58%
Chang et al., 2017 China 5 80%
Estes et al., 2010 USA 20 90%
Fink et al., 2017 Deutschland 67 72%

Klement et al., 2019 USA 189 56%
Manrique et al., 2019 USA 176 78%

Riesgo et al., 2017 USA 74 72%
Rudelli et al., 2021 Brasilien 56 82%

Tirumala et al., 2021 USA 149 83%
Van Kleunen et al., 2010 USA 18 72%

Veerman et al., 2022 Niederlande 56 63%

56-90%

https://www.readcube.com/library/6bcbe775-61e0-440b-93de-4ab378880799:cdae023a-647d-43f3-9296-548fc7658a42


—> Behandlungskonzept

• Patientenselektion


• Standardisiertes chirurgisches 
Debridement


• Antimikrobielle Therapie

Was ist das Geheimnis?

n=33 (15 PJI, 18 FRI); per protocol analysis n=24 
was stopped early after interim analysis

n=12

n=12

100%

Zimmerli JAMA1998 PMID 9605897

https://www.readcube.com/library/6bcbe775-61e0-440b-93de-4ab378880799:A8130AFD-5615-4774-8D40-3D1F39367FE5


Patientenselektion für DAIR
1. Nur akute Infektionen!

Zimmerli und Sendi Mandell 2019 // Barberán Am J Medicine 2006 PMID 17071171

Akuter Infekt Chronischer Infekt

<4 Wo postop.

<3 Wo Symptome

Frühinfekte (postoperativ):

Spätinfekte (hämatogen):

Alles andere

https://www.readcube.com/library/6bcbe775-61e0-440b-93de-4ab378880799:DA59B500-C2D7-435F-ACCD-E80E34D2F7E8


Patientenselektion für DAIR
2. Nur bei festem Prothesenmaterial

2017 2023

Periostreaktion, 
Lysesaum

Zimmerli NEJM 2004 15483283

https://www.readcube.com/library/6bcbe775-61e0-440b-93de-4ab378880799:9DEBB2FF-9245-4F39-BC68-ADEFCE566FC8


Patientenselektion für DAIR
2. Nur bei festem Prothesenmaterial

2017 2023

Periostreaktion, 
Lysesaum

Zimmerli NEJM 2004 15483283
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Patientenselektion
3. Nur bei guten/ intakten Weichteilen

• Keine Fistel


• Keine Abszesse


• Weichteile müssen 
primär verschlossen 
werden können

Fistel

Abszess

Zimmerli NEJM 2004 15483283

https://www.readcube.com/library/6bcbe775-61e0-440b-93de-4ab378880799:9DEBB2FF-9245-4F39-BC68-ADEFCE566FC8


Patientenselektion
4. Kein „difficult-to-treat“ Keime

• Rifampicinresistenz bei Staphylokokken


• Chinolonresistenz bei Enterobakterien


• Candida sp


• ….

Zimmerli NEJM 2004 15483283

Beim DAIR selten relevant… (Keim meist unbekannt!) 

—> Eher bei Planung eines 1-zeitigen Wechsels

https://www.readcube.com/library/6bcbe775-61e0-440b-93de-4ab378880799:9DEBB2FF-9245-4F39-BC68-ADEFCE566FC8


Chirurgisches Debridement
Behandlungskonzept

• Immer offenes Debridement 

• schlechtere Ergebnisse mit arthroskopischer Spülung (TKA)1


• „Tageschirurgie“


• Erfahrener Orthopäde in Arthroplastie-Revisionen (2.9x höhere Erfolgsrate)2


• Wechsel der mobilen Teile (wenn immer möglich)3


• Entfernung von Narbengewebe, radikale Synovektomie


• Adäquate Spülung: >3L (Kochsalzlösung, Ringer-Laktat oder Polyhexanid)
(1)Johns J Arthroplast 2020 PMID 32713724 & Bartsch AOTS 2023 36735051 // (2)Sendi BJJ 2017 PMID 28249972 & Vaz Ann Jt 2020 PMID 38529146 & Young 2016 (paper presented at the combined AUS and NZL 
Knee&Sports Society Meeting) // (3)Chalmers J Arthroplast. 2021 PMID 33750631
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Antimikrobielle Therapie 
Biofilm-aktive Therapie falls möglich!

• Rifampicin-Kombination für Staphylokokken 

• Streptokokken, Cutibacterien → zu wenig Evidenz


• Kombinationssubstanz: Chinolone (Levofloxacin) [alt. Clindamycin (3x600mg)?] am 
besten


• Interaktionen: Fusidin, Bactrim, Clindamycin, Tetracycline, Linezolid, Moxifloxacin, …


• Wann? → ≈5d nach Chirurgie (Trockene Wunden, keine Drainagen, Keime↓)


• Rifampicin-Dosis: 2x450mg (→ Unverträglichkeit 2x300mg oder 1x600mg)


• Enterobakterien/ Non-Fermenter: Ciprofloxacin 2x750mg

Beldman CID 2021 33970214 // Tornero JAC 2016 26929270 // Sendi CMI 2017 27746393 // Achermann Infection 2012 22987291 // Zimmerli und Sendi Mandell 2019 //  Lora-Tamayo CID 2017 28369296 // 
Achermann CID 2020 33300545 
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Antimikrobielle Therapie 
Dauer intravenöse Therapie

median: 5 Tage IV

Li NEJM 2019 30699315
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Antimikrobielle Therapie 
Therapiedauer bei Protheseninfektionen: 12 Wochen

Bernard NEJM 2021 34042388 //  (1)Lora-Tamayo IJAA 2016 27524103 & Chaussade IJID 2017 28804007 & Roger JAC 2023 38113529 // (2)Chieffo MEMI 2020 32284220 // (3)Benkabouche JAC 2019 31106353 // 
McNally SOLARIO Trial EBJIS 2024 (Protocol) // Lora-Tamayo Antibiotics 2024 38666969
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Antimikrobielle Therapie 
Therapiedauer bei Protheseninfektionen: 12 Wochen

Bernard NEJM 2021 34042388 //  (1)Lora-Tamayo IJAA 2016 27524103 & Chaussade IJID 2017 28804007 & Roger JAC 2023 38113529 // (2)Chieffo MEMI 2020 32284220 // (3)Benkabouche JAC 2019 31106353 // 
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• DAIR: 12 Wochen, ev 8 Wo?1


• 1-stage: wsh 6 Wo ausreichend?2


• 2-stage: je nach Protokoll 6 
Wochen „standard of care“, 4 Wo? 
1 Wo & Lokale AB?3
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DAIR bei strikter Anwendung der Konzepte
Retrospektive Serien

Studie Anzahl Patienten Keime Akut postoperative  Algorithmus Succes rate (%)

Huotari CID 2018 47 Streptokokken 38% Inlaywechsel, 4 Wo 
IV 81%

Fischbacher 
EBJIS/FP41 2018 159 Diverse ? Strikt 81%

Sendi BJJ 2017 32 Diverse 59% Strikt (32/34 
Hüften) 91%

Strahm ECCMID 
2017 39 Streptokokken >> 

Enterokokken 10% Strikt 92%

>80%

Sendi BJJ 2017 28249972 // Huotari CID 2018 29684101

https://www.readcube.com/library/6bcbe775-61e0-440b-93de-4ab378880799:63636E6D-7C0E-471E-9C33-004CE1E113EE
https://www.readcube.com/library/supplement?library_id=6bcbe775-61e0-440b-93de-4ab378880799:ABC716C9-EDB7-4915-8CBE-88D95F05E8D2&index=0


PJI: One size fits all…?
Paradigmenwechsel

• „Früher“: Goldstandard 2-stage exchange


• Aktuell: „ALGORITHMIC APPROACH“


• Ziel: Bestes funktionelles Resultat


• Möglichst wenig invasiv für Patienten 


• (K)ein Kompromiss bei der Heilungsrate 

I. Patientenselektion 
II. Chirurgisches Debridement  
III. Biofilmaktive Therapie  

1. Rifampicin 
2. Chinolone



Orthopädische Therapie Protheseninfektion
Ziel: Langfristig schmerzfreies, funktionales Gelenk mit Infekteradikation

• DAIR (Debridement Antibiotics (Irrigation) & Implant Retention)


• 1-stage Exchange


• 2-stage Exchange


• Langes Intervall (keine genaue Definition, 6-8 Wochen bis mehrere Monate)


• „Schweizer Spezialität“: kurzes Intervall 2-3 Wochen 

• (RESECTION ARTHROPLASTY/ ARTHRODESIS; AMPUTATION)

Behandlungskonzepte! 
Teamwork!



Akuter PJI Chronischer PJI

Erhalt (DAIR)

Wechsel

1-zeitig 2-zeitig
Intervall

kurz 2-3 Wochen
lang 6-8 Wochen

Weichteile? 
Keim?

Akut?  
Feste Prothese? 

Weichteile? 
Keim?



Vielen Dank für Aufmerksamkeit


