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Zusammenfassung

Einleitung

Neue Testmethoden wie alpha Defensin und das multiplex PCR (mPCR) System werden in
den letzten Jahren zunehmend zur Diagnostik von periprothetische Gelenkinfektionen (PPI)
herangezogen. Zudem z&hlt der zwei-zeitige Prothesenwechsel zu den am haufigsten
eingesetzten operativen Therapieverfahren bei periprothetischen Huftgelenkinfektionen (PHI).
Das Ziel der ersten Studie war es, den diagnostischen Wert des qualitativen alpha Defensin
Tests (Lateral flow Test) und des quantitativen alpha Defensin Tests (ELISA) in der
Synovialflissigkeit von Patienten mit Prothesenversagen zu untersuchen und miteinander zu
vergleichen. In der zweiten Studie wurde die Genauigkeit der mPCR zur genotypischen
Antibiotika-Resistenzbestimmung in Mikroorganismen von Patienten mit Implantat-
assoziierten Infektionen evaluiert. In der dritten Arbeit wurden die intra — und postoperativen
Komplikationen bei zwei-zeitigem Prothesenwechsel mit prothesen-freiem Intervall

(Resektionsarthroplastie) zur Behandlung von PHI eruiert.

Methodik

Studie 1: Bei insgesamt 71 Patienten mit Prothesenversagen wurde die Synovialflissigkeit
gualitativ und quantitativ auf alpha Defensin untersucht. Fir den Vergleich zwischen beiden
Testmethoden wurden die Flachen unter den Kurven (AUCs) beider Methoden mittels z-Test
verglichen.

Studie 2: In 94 Proben (60 Sonikationsflissigkeiten, 34 Synovialflissigkeiten) wurde
prospektiv ein Vergleich zwischen phéanotypischer (Kultur) und genotypischer (mPCR)
Resistenzbestimmung mit Hilfe von Konkordanz-Analysen durchgefiihrt.

Studie 3: Abhangig von der Dauer des prothesen-freien Intervalls wurden die 93
eingeschlossenen Patienten in zwei Gruppen (Gruppe 1 < 10 Wochen und Gruppe 2 > 10
Wochen) unterteilt und die Haufigkeit der Komplikationen mittels Chi-Quadrat Test verglichen.

Zusatzlich wurde das infektionsfreie Uberleben mit Hilfe von Kaplan-Meier Kurven analysiert.



Ergebnisse

Studie 1: Die Sensitivitat, Spezifitdt und AUC des alpha Defensin lateral-flow Tests war 46%,
98% und 0.72; und des ELISA Tests 50%, 98% und 0.74. Es konnte kein signifikanter
Unterschied zwischen beiden Testmodalitaten gefunden werden.

Studie 2: Die Sensitivitat, Spezifitat und Konkordanz aller mittels mPCR durchgefiihrten
genotypischen Resistenzbestimmungen war 46%, 95% und 80%. Die Ubereinstimmung von
genotypischer und phanotypischer Empfindlichkeit fur Biofilm-aktive Substanzen war fir
Rifampicin bei Staphylokokken 84% und fur Chinolone bei Enterobacteriaceae 89%.

Studie 3: Patienten mit kurzem Intervall zeigten eine niedrigere Komplikationsrate nach
Reimplantation. Das Infektions-freie Uberleben nach 24 Monaten war in Gruppe 1 94% und in

Gruppe 2 86% (p=0.058).

Schlussfolgerung

Aufgrund der geringen Sensitivitaten des alpha Defensins und der mPCR konnen diese Tests
die etablierten diagnostischen Methoden nicht ersetzen und bei hoher Spezifitat lediglich als
zusatzliche Untersuchungen fungieren. Der Vergleich von gqualitativem mit quantitativem alpha
Defensin zeigte keinen Unterschied. Die Komplikationsrate nach zwei-zeitigem
Prothesenwechsel mit prothesen-freiem Intervall (Girdlestone-Situation) zur Behandlung von
PHI ist mit 76% hoch. Eine hohere Komplikationsrate wurde bei langerem Intervall beobachtet,
weshalb ein kurzes Intervall (= 10 Wochen) zwischen Explantation und Reimplantation einer

neuen Prothese empfohlen werden kann.



Abstract

Background

In recent years, attention has focused on novel diagnostic methods as alpha defensin and
multiplex PCR (mPCR) for diagnosing periprosthetic joint infection. In addition, two stage
revision is the most widely used surgical approach to manage periprosthetic hip infection (PHI).
The aim of the first study was to evaluate the diagnostic value of qualitative (lateral flow) and
guantitative (ELISA) alpha defensin test in patients with prosthetic failure and to compare both
test methods among each other. In the second study, the performance of mPCR for
genotypical resistance detection in microorganisms isolated from patients with implant-related
infections was analysed. In the third study, the intra- and postoperative complications of a two-
stage revision using resection arthroplasty during stages were investigated according to the

length of the prosthesis free interval.

Methods

Study 1: In 71 patients with prosthetic failure, alpha defensin was determined in the aspirated
synovial fluid using two different methods (qualitative and quantitative). The area under the
curve (AUC) of each test was calculated and both AUCs were compared among each other
using the z-test.

Study 2: In 94 samples (60 sonication fluid, 34 synovial fluid) a comparison of phenotypical
(culture) and genotypical resistance analysis (mMPCR) was performed calculating the
concordance.

Study 3: According to the length of prosthesis-free interval, the 93 included patients were
assigned to two groups (group 1 < 10 weeks and group 2 > 10 weeks) and complication rates
were compared using chi-squared test. The infection-free survival rate was calculated using

Kaplan-Meier analysis.



Results

Study 1: The lateral flow test showed a sensitivity, specificity, and AUC of 46%, 98%, and 0.72,
respectively; and the ELISA tests of 50%, 98%, and 0.74, respectively. There was no
significant difference between both AUCs (p=0.566).

Study 2: The sensitivity, specificity and concordance of the mPCR regarding genotypical
susceptibility testing was 46%, 95%, and 80%, respectively.

The concordance between phenotypical and genotypical susceptibility for biofilm-active agents
was 84% for rifampin in Staphylococcus spp., and 89% for fluoroguinolone in
Enterobacteriaceae.

Study 3: Patients with a short interval showed less complications after reimplantation. At 24

months, the infection-free survival rate was 94% in group 1 and 86% in group 2 (p=0.058).

Conclusion

Due to the insufficient sensitivities of alpha defensin and mPCR, these tests cannot replace
the established diagnostic test methods but may be useful as specific adjuncts. No difference
between the qualitative and quantitative alpha defensin test was found. The complication rate
(76%) of a two-stage revision with a prosthesis-free interval (resection arthroplasty) for PHI
was high. Long intervals showed more complications. Therefore, short intervals (< 10 weeks)

can be recommended between stages.



1. Einleitung

Periprothetische Gelenkinfektionen (PPI) zéhlen mit einer Inzidenz von 1-3% zu den
gefurchtetsten Komplikationen nach Implantation einer Totalendoprothese (1), wobei
die tatsachliche Inzidenz aufgrund von derzeit schwer zu identifizierenden niedrig-
gradigen (low-grade) Infektionen und schwer zu detektierenden Biofilm-
produzierenden Mikroorganismen deutlich hher anzunehmen ist. Durch den Anstieg
der generellen Lebenserwartung kann in Zukunft ebenso mit einer Steigerung von
Primarimplantationen und Verlangerung der Prothesenliegedauer und damit
einhergehenden Zunahme von periprothetischen Infektionen gerechnet werden.
Aufgrund der Komplexitdt von Protheseninfektionen mit den haufig assoziierten
multiplen Revisionen, verlangerten Antibiotikagaben (mit den dazugehdrigen
Nebenwirkungen) und verlangerten Krankenhausaufenthalten wird eine
interdisziplinare Zusammenarbeit zwischen den Fachrichtungen Orthopadie,
Infektiologie und plastischen Chirurgie an einem spezialisierten Zentrum empfohlen
().

Der erste und entscheidende Schritt zur Infektionskontrolle bzw. -eradikation ist
zweifelsfrei eine prézise Diagnostik. Derzeit gibt es jedoch keine Testmethode mit
einer 100%igen Genauigkeit respektive Sensitivitdt und Spezifitat, weshalb
anerkannte orthopédische und infektiologische Gesellschaften (Musculoskeletal
Infection Society [MSIS], Infectious Diseases Society of America [IDSA], and European
Bone and Joint Infection Society [EBJIS]) unterschiedliche Infektionskriterien definiert
haben (siehe Punkt 9, Publikation 1, Table 1). Im Gegensatz zu den MSIS und IDSA-
Kriterien schlie3en die 2017 vorgeschlagenen EBJIS-Kriterien (pEBJIS) eine positive
Sonikationfliissigkeit von explantierten Prothesen und eine erhdhte Leukozytenzahl in
der Synovialflissigkeit zur besseren Detektion von niedrig-virulenten Keimen und low-

grade Infektionen als Infektions-bestatigende Kriterien ein. Ein prazises
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Klassifikationssystem ist sowohl fir die genauere ldentifikation von Infektionen als
auch fur die Evaluierung des diagnostischen Wertes einer neuen diagnostischen
Testmethode von enormer Wichtigkeit. Nichtsdestotrotz kdnnen mit den angegebenen
Kriterien nicht alle Infektionen zweifelsfrei identifiziert werden beziehungsweise
kbnnen andererseits aseptische Patienten als septisch fehlinterpretiert werden (3),
weshalb neuartige Testmethoden mit praziseren Ergebnissen erforscht werden
mussen.

In den letzten Jahren wurde ein vermehrtes Augenmerk auf Biomarker aus der
Synovialflissigkeit zur praziseren Diagnostik von PPI gelegt (4, 5). In der Literatur
zeigte sich alpha Defensin aufgrund seiner hohen Sensitivitat und Spezifitat als
vielversprechendster Biomarker. Alpha Defensin ist ein antimikrobielles Peptid, das als
Antwort auf Pathogene durch neutrophile Granulozyten freigesetzt wird und zur
Depolarisation der bakteriellen Zellmembran mit schnell einhergehendem Zelltod fuhrt
(6). Dieses Peptid kann in der Synovialflissigkeit sowohl quantitativ in Form eines
Enzyme Linked ImmunoSorbent Assay (ELISA) — Tests als auch qualitativ in Form
eines lateral flow-Tests gemessen werden. Fur die Durchfiihrung der ELISA-Testung
wird allerdings ein Labor mit entsprechender Infrastruktur benétigt. Aufgrund der damit
einhergehenden verlangerten Untersuchungsdauer eignet sich diese quantitative
Testung nicht als intraoperative diagnostische Methode. Der lateral-flow Test hingegen
kann aufgrund der leichten Handhabung von einem Chirurgen selbststéandig
durchgefiihrt und das Ergebnis nach ca. zehn Minuten abgelesen werden. Die beiden
Testmethoden unterscheiden sich nicht nur in ihrer Handhabung, sondern auch in ihrer
Genauigkeit. Der ELISA-Test zeigte in der Literatur bei Anwendung der MSIS-Kriterien
eine sehr hohe Sensitivitat mit Werten zwischen 97% und 100% und ebenso sehr hohe
Spezifitat zwischen 95% und 100% (4, 7, 8). Der lateral flow Test zeigte &hnlich gute

Spezifitaten von 82% - 96%, jedoch deutlich geringere Sensitivitaten von 69% — 84%
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(3, 9). Aufgrund dieser Diskrepanz in der Literatur und der bis dato fehlenden
Vergleichsstudien (zwischen beiden Testmodalitdten) wurde in der ersten Studie die
Genauigkeit des quantitative ELISA-Tests und die des qualitativen lateral-flow Tests
untersucht und miteinander verglichen (Studie 1).

Eine weitere neu eingeflihrte diagnostische Testmethode ist die multiplex PCR
(mPCR) zur genotypischen Identifikation von Mikroorganismen und deren
Resistenzmuster. Diese Methode punktet im Vergleich zur konventionellen
mikrobiologischen Kultur mit einer schnelleren Verfigbarkeit der Resultate sowie einer
hoheren Sensitivitat. Wéahrend die Kultur oftmals mehrtagige (bis zu 14 Tage bei
langsam wachsenden Mikroorganismen) Bebrutungszeit erfordert, sind die Resultate
des mPCR nach ca 5 Stunden verfugbar. Zudem ist die Sensitivitat der Kultur
bekannterweise limitiert (45-71% (10-12)), wéhrend die des mPCRs in friheren
Studien mit 67% - 96% (13-15) hoher liegt. Jedoch gibt es bis dato keine Daten tber
die genotypische Evaluierung der mikrobiellen Empfindlichkeit beziehungsweise der
Resistenzen, die mittels dieser mPCR identifiziert werden kénnen. Aus diesem Grund
wurde in der zweiten Studie die Genauigkeit der mPCR in Bezug auf die Identifikation
von Resistenzgenen bei Patienten mit einer nachgewiesenen orthopéadischen Infektion
und phano- (Kultur) und genotypisch (mPCR) identischen Mikroorganismen untersucht
(Studie 2).

Der zweite Schritt fur eine erfolgreiche Infektionseradikation ist eine optimale
chirurgische Technik. Allerdings gibt es derzeit keinen Konsensus uber das
bestmdgliche operative Verfahren. Der zwei-zeitige Wechsel z&hlt jedoch weltweit zu
den am haufigsten angewandten chirurgischen  Eingriffen  fir  die
Infektionsbekampfung nach Hifttotalendoprothesen mit Heilungsraten zwischen 68%
- 97% (16, 17). Im prothesen-freien Intervall kann ein Platzhalter in Form eines

antibiotika-beladenem Knochenzementes eingebracht oder eine Girdlestone Situation
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belassen werden (18). Die ,Girdlestone-Hufte* wurde erstmals 1928 von Gathorne
Robert Girdlestone zur Behandlung von Tuberkuloseinfektionen der Hufte und 1943
zur Behandlung von schweren putriden septischen Arthritiden beschrieben. Bei der
originalen Resektionsarthroplastie zur definitiven Versorgung einer Huftinfektion
wurde/wird eine Muskeltransposition mit einem gefaf3gestielten M. rectus femoris oder
M. vastus lateralis in das leere Acetabulum durchgefihrt (19). In der heutigen Zeit wird
allerdings unter ,Girdlestone® Situation eine modifizierte Version ohne
Muskeltransposition und leerem Acetabulum verstanden. Durch die modifizierte
Methode kann im weiteren Verlauf eine Hiftgelenksendoprothese (wenn es die lokalen
Bedingungen und der Allgemeinzustand des Patienten erlauben) wieder reimplantiert
werden. Diese Resketionsarthroplastie im prothesen-freien Intervall (bei zwei-zeitigem
Wechsel) wird vor allem bei Infektionen verursacht durch so genannte Problemerreger,
fur die keine Biofilm-aktiven Antibiotika verfigbar sind (Rifampicin-resistente
Staphylokokken, Ciprofloxacin-resistente gram-negative Bakterien oder Pilze),
eingesetzt.

In vielen Institutionen wird ein antibiotika-haltiger Zementspacer im prothesen-freien
Intervall implantiert. Die Vorteile dieser Platzhalter sind die Préavention von
Weichteilkontrakturen, die Reduktion des Totraumes und eine mdgliche
Antibiotikafreisetzung. Jedoch birgt die Implantation ebenso Nachteile wie zum
Beispiel Frakturen des Zementspacers, Knochenfraktur bei liegendem Spacer,
Spacer-Luxationen, Zunahme der acetabuldren Knochendefekte und acetabulare
Migration, bakterielle Kolonisation des Spacers (nach ca. 2 Wochen) und das erhohte
Risiko der Entwicklung von Resistenzen gegen das in den Knochenzement applizierte
Antibiotikum (meist Gentamicin oder Vancomycin) (20, 21). Aufgrund dieser Nachteile
wird am Zentrum flr muskuloskeletale Chirurgie der Charité — Universitatsmedizin

Berlin vorwiegend auf Zementspacer verzichtet und im prothesen-freien Intervall eine
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Girdlestone Situation belassen. In der Literatur wird eine Resektionsarthroplastie
jedoch vor allem aufgrund der hohen Rate an Beinlangenverkirzungen durch
Weichteilkontrakuren kontrovers betrachtet. Diese Beinlangenverkirzungen wurden
vor allem bei Patienten mit initial geplanter Girdlestone Situation als definitive
Behandlung einer Infektion beschrieben. Jedoch wurde durch den Operateur die
Entscheidung einer neuerlichen Prothesen-Reimplantation nach sehr langem
prothesen-freien Intervall getroffen (22, 23).

Bis dato gibt es nur wenig Information Uber die tatsachlichen Probleme und
Schwierigkeiten eines zwei-zeitigen Wechsels mit geplanter Girdlestone Situation als
Losung im Intervall, weshalb in der dritten Studie sowohl die lokalen als auch
systemischen Komplikationen in den unterschiedlichen Stadien (Explantation,
prothesen-freies Intervall, Reimplantation, nach Reimplantation) analysiert wurden.
Die vorliegende Forschungsarbeit, bestehend aus den drei angefiuihrten Studien,
mochte einen Beitrag zur Verbesserung der derzeit limitierten Diagnostik von
periprothetischen Gelenkinfektionen leisten und gleichzeitig ein besseres Verstandnis
einer an der Charité etablierten Behandlungsmethode von periprothetischen

Hiftinfektionen darbieten.

2. Material und Methoden

Alle drei Studien wurden am Zentrum fir muskuloskeletale Chirurgie der Charité —
Universitdtsmedizin Berlin nach erlangen eines positiven Ethikvotums (EA1/306/14,
EA4/040/14) gemal der Deklaration von Helsinki durchgefuhrt.

Die statistische Auswertung wurde mit XLSTATPM (Version 2017; XLSTAT; Addinsoft,

New York, NY, USA) durchgefihrt.
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Studie 1:

In dieser retrospektiven Studie wurden die in der Biobank gelagerten Punktate von
Patienten mit Prothesenversagen, die im Rahmen einer von April 2016 und Mai 2017
durchgefiihrten Studie gesammelt und bei -80°C gelagert wurden (24), auf alpha
Defensin mittels ELISA Test und lateral flow test (Synovasure™, Zimmer Biomet,
Winterthur, Schweiz) untersucht. Eingeschlossen wurden Patienten Gber 18 Jahre mit
durchgefuhrter Gelenkspunktion bei Prothesenversagen. Die Patienten wurden utber
die Studie aufgeklart und eine schriftliche Einwilligungserklarung wurde vom
Prufungsteilnehmer vor Einschluss in die Studie abgegeben (publical trial
identification: NCT02530229). Von den insgesamt 212 Patienten, die von Renz et al in
deren prospektiven Studie zur Evaluierung der Genauigkeit des alpha Defensin lateral
flow Tests beobachtet wurden, konnten 71 Patienten mit ausreichender
Synovialflissigkeitsmenge von Oktober 2016 bis April 2017 in unserer Studie
eingeschlossen werden. Ausgeschlossen wurden Patienten mit liegendem
Zementspacer, Patienten nach Resektionsarthroplastie und Patienten mit
unzureichender Gelenksflissigkeit.

Die Gelenkpunktion wurde von einem Chirurgen unter sterilen Kautelen préaoperativ in
der orthopadischen Ambulanz oder intraoperativ vor Inzision der Gelenkskapsel
durchgefuhrt. Ein Milliliter wurde fur die weitere Evaluierung des alpha Denfensins in
ein natives Rohrchen Uberfihrt und von einem der drei eingeschulten Mitarbeiter
(Katsiaryna Yermak, Nora Renz, Irene Sigmund) wie bereits in friheren Studien
beschrieben weiterverarbeitet (9). Nach ca. zehn Minuten konnten die Ergebnisse
(Infektion ja oder nein) abgelesen werden. Fur die ELISA Testmethode wurden 1.5mL
der Synovialflussigkeit fur 10 Minuten mit 2700rpm (revolutions per minute,
Umdrehungen pro Minute) zentrifugiert (Microcentrifuge 5427R, Eppendorf,

Wesseling-Berzdorf, Deutschland) und der Uberstand (zumind. 1mL) in ein neues
12



Aliquot Uberfuhrt und bis zur weiteren Verarbeitung bei -80°C gelagert (25). In einem
externen Labor (Labor Dr.Fenner und Kollegen, Hamburg, Deutschland) wurde mittels
Standard ELISA Test (Synovasure™, CD Diagnostics, Claymont, DE, USA) das
humane alpha Defensin Peptid 1-3 quantitativ bestimmt. Die Ergebnisse wurden als
standardisiertes Signal relativ zu einem Toleranzwert wiedergegeben (Interpretation:
<0.9 aseptisch, 0.9-0.99 unspezifisch, 21.0 septisch).

Eine periprothetische Gelenkinfektion wurde anhand der MSIS-, IDSA- und pEBJIS-
Kriterien definiert.

Die statistische Auswertung basiert auf receiver operating characteristics (ROC). Die
Sensitivitat, Spezifitat, positiver (PPV) und negativer pradiktiver Wert (NPV), positive
(LR+) und negative likelihood ratio (LR-) und die Area under the ROC (receiver operating
characteristic) curve (AUC) mit deren 95% Konfidenz-Intervallen (95%CI) des
gualitativen lateral flow Tests und des quantitativen ELISA alpha Defensin Tests
wurden berechnet. Fur den Vergleich zwischen Testmethoden wurden die AUCs

mittels z-Test verglichen. Das Signifikanz-Level der Tests ist p<0.05.

Studie 2:

Bei dieser prospektiven Kohortenstudie wurde eine Subpopulation zur Evaluierung der
Genauigkeit der mPCR in Bezug auf die Detektion von Antibiotika-Resistenzgene aus
zuvor publizierten Studien (November 2014 — Oktober 2015), die die Genauigkeit der
mPCR bezuglich Identifikation von Mikroorganismen in der Synovialflissigkeit von
nativen Gelenken (26) und periprothetischen Gelenken (10) und in der
Sonikationsflissigkeit von Fraktur-assoziierten Infektionen (11) und explantierten
Prothesen (12), herangezogen. Vor Einschluss in die Studien wurden die Patienten
Uber die Studie aufgeklart und eine schriftiche Einwilligungserklarung der

Prufungsteilnehmer eingeholt (publical trial identification: NCT02530229).
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Einschlusskriterium war das Vorliegen von identischen Mikroorgansimen und eine
geno- und phanotypisch durchgefuhrte Resistenzbestimmung in der mPCR und
konventionellen Kultur. Aus den insgesamt 378 gewonnenen Proben (179
Sonikationsflissigkeiten [128 Prothesen, 51 Osteosynthesen], 199
Synovialflissigkeiten [142 Prothesen, 57 native Gelenke]) zeigten 209 Proben kein
bakterielles Wachstum, 73 ein diskordantes Ergebnis und in zwei Patienten wurde
keine phanotypische Resistenzbestimmung durchgefihrt. In den restlichen 94 Proben
konnten  konkordante = Mikroorganismen mit geno- und phanotypischen
Resistenzbestimmungen identifiziert werden. Zur Gewinnung der Synovialflissigkeit
wurde préoperativ eine Aspiration des betroffenen Gelenkes unter sterilen Kautelen
durchgefuihrt. Fur die Gewinnung der Sonikationsflissigkeit wurde zunéchst das
Implantat explantiert und in einem sterilen Behélter in das mikrobiologische Labor
transportiert, wo es anschliel3end wie zuvor beschrieben weiter prozessiert wurde (11).
2 - 5 mL der Synovialflissigkeit und 10 — 50mL der Sonikationsflussigkeit wurden in
sterile R6hrchen tberfuhrt und bei -80°C bis zur weiteren Verarbeitung gelagert.

Fur die phéanotypische Resistenzbestimmung wurde das automatisierte System
Vitek®2 (bioMérieux, Nurtingen, Deutschland) eingesetzt. Die minimale
Hemmkonzentration wurde evaluiert und anhand der EUCAST (European Committee
on Antimicorbial  Susceptibility = Testing)  Definitionskriterien  interpretiert
(https://www.eucast.org/ast_of bacteria/).

Fur die genotypische Untersuchung wurde das Unyvero i60 ITI Application System
(Unyvero i60, Curetis, Holzgerlingen, Deutschland, 2.Generation) herangezogen.
Dieses System ist ein semi-quantitativer DNA-Test basierend auf der parallelen
Durchfihrung von 8 mPCR-Reaktionen. Es ist in der Lage 20 unterschiedliche
Antibiotika-Resistenzmarker zu  detektieren. Fur die Verarbeitung der

Sonikationsflissigkeit wurden zunachst 50mL bei 4000 x g bei 4°C fur 20 Minuten
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zentrifugiert (Microcentrifuge 5427R, Eppendorf, Wesseling-Berzdorf, Deutschland).
Der Uberstand wird verworfen und 180ul des Niederschlages fiir die Analyse in der
mPCR bendétigt. Die Synovialflussigkeit kann direkt ohne zusétzlichen
Prozessionsschritt in der mPCR verarbeitet werden. Wie im Handbuch dargestellt und
wie bereits in friheren Studien beschrieben, wurde die Analyse mittels mPCR
durchgefuhrt (12, 27).

Die Resistenzgene aacA4 (Aminoglykoside), ctx-M (3.Generation-Cephalosporine),
ermA (Makrolid/Lincosamid), gyrA83 (Fluoroquinolone), mecA (Oxacillin), vanA
(Vancomycin) und blandm, blaoxa-23, blaoxa-4s, blaoxa-ss (Carbapenem) werden mit einer
Konzentration von 10* DNA Kopien/ml und die Resistenzgene ermC
(Makrolid/Lincosamid), mecC (Oxacillin), rpoB (Rifampicin), and vanB (Vancomycin)
mit einer Konzentration von 106 DNA Kopien/ml mittels mPCR detektiert.

Fur die statistische Auswertung wurde die ph&noptypische Resistenzbestimmung
mittels konventioneller Kultur als Goldstandard herangezogen. Die Sensitivitat, die
Spezifitdt, der PPV und NPV wurden zur Bestimmung der Genauigkeit der mPCR in
Bezug auf die Evaluierung der Resistenz-ldentifikation berechnet. Konkordanz-
Analysen wurden fir den Vergleich von phano- wund genotypischen
Resistenzbestimmung durchgefuhrt, allerdings nur fir genotypische Resistenzmarker,

die in diesem mPCR System inkludiert sind.

Studie 3:

In dieser retrospektiven Kohortenstudie wurden 93 periprothetische Huftinfektionen
aus 92 Patienten (ein Patient mit gleichzeitiger Infektion der rechten und linken Hiifte)
mit durchgefihrtem zwei-zeitigem Wechsel und ,Girdlestone Hufte® im prothesen-
freien Intervall von Méarz 2006 bis Januar 2014 eingeschlossen. Patienten mit

insuffizienter Dokumentation oder zu kurzen Verlaufskontrollen unter einem Jahr
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wurden ausgeschlossen. Das durchschnittliche Follow-up nach Reimplantation lag bei
42.7 Monaten (Spanne: 13.1 — 104.6 Monate).

Lokale und systemische Komplikationen wurden (i) wahrend der Explantation, (ii)
wéhrend des prothesen-freien Intervalls, (iii) wahrend der Reimplantation und (iv) nach
der Reimplantation dokumentiert und analysiert.

Die Patienten wurden je nach Intervalllange in zwei Gruppen eingeteilt: Gruppe 1 <10
Wochen (n=49 [53%]); Gruppe 2 > 10 Wochen (n=44 [47%]) prothesen-freies Intervall.
Die Intervalllange wurde durch den Chirurgen, den klinischen Verlauf des Patienten
und den Operationssaal-Kapazitaten bestimmt. Die acetabuldren und femoralen
Knochendefekte wurden anhand der Paprosky Klassifikation eingeteilt (28, 29) und
eine periprothetische Gelenkinfektion wurde mit Hilfe der pEBJIS-Kriterien definiert (3).
Folgende lokale Komplikationen wurden erhoben: Blutverlust (definiert als notwendige
Erythrozytenkonzentrat-Transfusion), Knochenfissur- und -fraktur, iatrogener
Nervenschaden, Luxation, mikrobiologisch erwiesene persistierende Infektion
(wadhrend des prothesen-freien Intervalls), Reinfektion (nach Reimplantation),
Wundheilungsstorung, Beinlangendifferenz nach Reimplantation (>10mm), aseptische
Lockerung, ein Revision-bedirftiges massives Hamatom, heterotope Ossifikation,
Schmerz (VAS = 6 Punkte im prothesen-freien Intervall und nach Reimplantation) und
Bursitis trochanterica. Alle auftretenden systemischen Komplikationen wie z.B.
allergische Reaktion auf die verabreichten Antibiotika, kardiovaskulare Komplikationen
(Vorhofflimmern, Endokarditis, supraventrikulare Tachykardie, Myokardinfarkt, Insult,
etc.) thromboembolische Komplikationen (tiefe Beinvenenthrombosen,
Pulmonalembolien), systemisches inflammatorisches Response-Syndrom/Sepsis,
Leberinsuffizienz, Cholezystolithiasis, lleus, Niereninsuffizienz oder
Elektrolytentgleisungen wahrend des gesamten Beobachtungszeitraumes wurden

dokumentiert.
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Der Student t-test und der Fisher’s exact Test wurden fur den Vergleich von metrischen
und bindren Variablen zwischen beiden Gruppen herangezogen. Der chi-squared Test
wurde angewandt, um alle Komplikationen der beiden Gruppen miteinander zu
vergleichen. Kaplan-Meier Kurven wurden erstellt, um das revisions- und
infektionsfreie Uberleben beider Gruppen zu analysieren. Mit Hilfe des log-rank Tests
wurden die Uberlebenskurven zwischen beiden Gruppen verglichen. Das Signifikanz-

Level der Tests ist p<0.05.

3. Ergebnisse

Studie 1:

Bei Anwendung der pEBJIS-Kriterien lagen die Sensitivitat (Abbildung 1) , Spezifitat,
Accuracy, PPV, NPV, LR+ und LR- des alpha Defensin lateral flow Tests bei 46% (95%
Konfidenz-Intervall: 27% - 65%), 98% (88% -100%), 82% (73% — 91%), 91% (74% -
100%), 80% (70% - 90%), 22.27 (3.04 — 163.45) und 0.56 (0.38 — 0.82); und die des
ELISA alpha Defensin Tests lagen bei 50% (31% — 69%), 98% (88% — 100%), 83%
(74% — 92%), 92% (76% — 100%), 81% (71% — 91%), 24.50 (3.37 — 178.22) und 0.51
(0.34 — 0.78). Die AUC des lateral flow Test war 0.72 (0.61 — 0.83) und die des ELISA
Tests 0.74 (0.63 — 0.85). Es konnte kein signifikanter Unterschied zwischen den AUCs
beider Testmethoden gezeigt werden (p=0.566).

Basierend auf den MSIS-Kriterien wurde eine Sensitivitat des lateral flow Tests und
des ELISA Tests von 77% (49% — 92%) und 85% (56% — 97%) berechnet. Die
Spezifitdt beider Testmethoden war identisch mit 98% (90% — 100%). Wurden die
IDSA-Kriterien eingesetzt, konnte eine Sensitivitat des lateral flow Tests von 67% (42%
— 85%) und des ELISA Tests von 73% (48% — 98%) gezeigt werden. Die Spezifitat

beider Testmethoden war 98% (90% — 100%). Es konnte auch bei Anwendung der
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MSIS- und IDSA-Kriterien kein signifikanter Unterschied zwischen den AUCs beider
Testmethoden gefunden werden.

100%
uAD-ELISA AD-LF

90% 850&
77%
‘ ° 73%

0% 67%

0,
0% 450,

Sensitivity

MSIS IDSA EBJIS

Abbildung 1 Das Balkendiagramm zeigt die Sensitivititen des ELISA alpha Defensin Tests (AD-ELISA) und des lateral flow
alpha Defensin Tests (AD-LF) bei Anwendung der unterschiedlichen Kriterien (MSIS [Musculoskeletal Infection Society], IDSA
(Infectious Diseases Society of America], EBJIS [European Bone and Joint Infection Society]).

Studie 2:

Die mediane Sensitivitat, Spezifitit und Ubereinstimmung aller mittels mPCR
durchgefuihrten genotypischen Resistenzbestimmungen wurde mit 46%, 95% und
80% berechnet.

Die Ubereinstimmung von genotypischer und phanotypischer Empfindlichkeit in
Staphylococcus spp. war fur Oxacillin 72%, Aminoglykoside 73%, Makrolid/Lincosamid
73% und fur Rifampicin 84%. Die mPCR war in der Lage, in 10 Koagulase-negativen
Staphylokokken ein Oxacillin-Resistenzgen zu detektieren, wobei in der
konventionellen Kultur in 23 Koagulase-negativen Staphylokokken eine Resistenz
beobachtet wurde (Sensitivitdt 10/23; 44%). Keine, der in der Kultur detektierten
Rifampicin-Resistenzen (n=6), konnte mittels mMPCR nachgewiesen werden
(Sensitivitdt 0%). Beide Staphylococcus aureus Félle mit phanotypischer Resistenz

gegen Oxacillin konnten mit der mPCR identifiziert werden (Sensitivitat 100%).
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Bezuglich Rifampicin-Resistenzgenbestimmung zeigte sich ein richtig positives und
ein falsch positives Ergebnis mittels mPCR (Sensitivitat: 100%, Spezifitat: 93%).

In Enterococcus spp. konnte flr die Vancomycin Resistenzgenbestimmung mittels
MPCR eine Spezifitat von 100% ermittelt werden. Die Spezifitat der Aminoglykosid-
Bestimmung war ebenso 100%, die Sensitivitat jedoch nur 33% (Abbildung 2).

Die mPCR identifizierte in vier Enterobacteriaceae Aminoglykosid-Resistenzgene,
wohingegen keine phanotypische Resistenz gefunden werden konnte (Spezifitat:
71%). Es konnte weder mittels konventioneller Kultur noch mPCR eine Carbapenem-
Resistenz oder Resistenz gegen Cephalosporine der dritten Generation in
Enterobacteriaceae gefunden werden (Spezifitdit 100%). In neun Fallen wurde eine
Fluoroquinolon-Resistenz-Bestimmung mittels konventioneller Kultur durchgefuhrt.
Von diesen konnte in vier eine genotypische und in drei Fallen eine phanotypische
Resistenz beobachtet werden, wodurch eine Sensitivitat von 100% und Spezifitdt von
83% berechnet werden konnte.

In der konventionellen Kultur wurden in zwei Streptococcus spp. eine Resistenz gegen
Makrolide/Lincosamide gefunden, die allerdings nicht durch die mPCR erkannt wurden
(Sensitivitat: 0%, Spezifitat: 100%).

In den Cutibacterium spp. wurde in den sechs phanotypisch durchgefihrten
Resistenzbestimmungen weder in der konventionellen Kultur noch in der mPCR ein

Hinweis auf Resistenz beobachtet (Spezifitat: 100%).
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Abbildung 2 Detektion der antimikrobiellen Resistenzen durch die multiplex PCR in unterschiedlichen Pathogenen (aus
Sigmund et al, BMC Microbiology, 2020 (30).

Studie 3:

Es zeigte sich kein signifikanter Unterschied zwischen beiden Gruppen beztglich Alter,
Geschlecht, American Society of Anesthesiologists (ASA) Score und Anzahl der
vorangegangenen Operationen. Der Body Mass Index in Gruppe 2 war jedoch
signifikant geringer im Vergleich zur Gruppe 1. Zusatzlich gab es in Gruppe 1 mehr
Patienten mit acetabularen Paprosky Typ 1. Beztiglich Paprosky Typ 2 und 3 gab es
keine Unterschiede zwischen beiden Gruppen. Bei 72 Féllen gelang bei Explantation
ein phanotypischer Keimnachweis mittels konventioneller Kultur, wobei am haufigsten
Koagulase-negative Staphylokokken (n=53) gefolgt von Staphylococcus aureus
(n=11) und Cutibacterium acnes (n=8) nachgewiesen wurden.

Uber den gesamten Beobachtungszeitraum wurden insgesamt 146 Komplikationen,
66 in Gruppe 1 (10 Wochen) und 80 (>10 Wochen) in Gruppe 2, beobachtet, wobei

in 71 Fallen (71/93; 76%) zumindest eine Komplikation dokumentiert wurde. Die
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haufigsten lokalen Komplikationen (Tabelle 1) waren ein relevanter Blutverlust
wéahrend der Reimplantation (n=25) und wéhrend der Explantation (n=22), eine
persistierende Infektion (n=16), eine Beinlangendifferenz (n=13) und eine Reinfektion
(n=9). Es zeigten sich signifikant weniger Komplikationen nach Reimplantation in
Gruppe 1 (16 Komplikationen in 13 Patienten, n=13/49, 27%) im Vergleich zu Gruppe
2 (31 Komplikationen in 20 Patienten, n=20/44, 46%) (p=0.012).
Wundheilungsstérungen nach Reimplantation wurden haufiger bei Patienten mit
langem prothesen-freiem Intervall (Gruppe 2) beobachtet.

Mit  Hilfe der Kaplan-Meier  Analysen konnte eine Infektions-freie
Uberlebenswahrscheinlichkeit nach 12 Monaten von 93.9% (87% — 100%) nach < 10-
wochigem Intervall und von 90.9% (82% — 99%) nach >10-w6chigem prothesen-freiem
Intervall berechnet werden (Abbildung 3). Die Revisions-freie
Uberlebenswahrscheinlichkeit nach 12 Monaten war in Gruppe 1 85.7% (76% — 96%)
und in Gruppe 2 74.4% (61% — 88%). Es konnte kein signifikanter Unterschied
zwischen beiden Kurven/Gruppen beziglich infektions-freies (p=0.223) und revisions-
freies (p=0.058) Uberleben gefunden werden.

Interessant war die Tatsache, dass mit steigendem acetabularen (p=0.008) und
femoralen (p=0.043) Paprosky Score mehr Komplikationen beobachtet wurden. Bei
Patienten mit acetabuldren Paprosky Typ 1 (n=10) wurden 7 Komplikationen
dokumentiert, mit Paprosky Typ 2 (n=47) 69 Komplikationen und mit Paprosky Typ3
(n=36) 70 Komplikationen. Mit steigendem acetabularen Paprosky Score kam es zu
haufigeren Blutverlusten und Knochenfrakturen. Mit steigendem femoralen Paprosky

Score kam es vermehrt zu femoralen Frakturen und Luxationen.
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Tabelle 1. Alle Komplikationen nach 2-zeitigem Wechsel mit Girdlestone Hiifte im prothesen-freien Intervall (libersetzt aus
Sigmund et al, Journal of Clinical Medicine, 2019 (31)). *Heterortope Ossifikation, Himatom, Schmerz mit VAS > 6, Bursitis
trochanterica.

Komplikationen Total Gruppe 1 Gruppe 2 p-Wert
(Intervalls10Wochen) (Intervall>10Wochen)
(n=93) (n=49) (n=44)
Explantation (OP)
Blutverlust 22 (24) 9 (18) 13 (30) 0.230
Parese (temporar) 1(0) 0 (0) 1(2) 0.473
Fraktur 33 2 (4 1(2) 1.000

Girdlestonesitutation

Persistierende Infektion 16 (17) 8 (16) 8 (18) 1.000
Wundheilungsstérung 6 (6) 2 (4) 4(9) 0.417
Fraktur 3(3) 2 (4) 1(2) 1.000
Andere* 13 (14) 9 (18) 4 (9) 0.268

Reimplantation (OP)

Blutverlust 25 (27) 13 (27) 12 (27) 1.000
Fraktur 5(5) 3(6) 2 (5) 1.000
Positive Mikrobiologie 3(3) 1(2) 2 (5) 0.601
Parese (temporar) 2(2) 1(2) 1(2) 1.000

Nach Reimplantation

Beinlangendifferenz 13 (14) 4 (8) 9 (20) 0.134
Reinfektion 9 (10) 3 (6) 6 (14) 0.299
Dislokation 7 (8) 3 (6) 4(9) 0.704
Wundheilungsstérung 6 (7) 0 (0) 6 (14) 0.009
Fraktur 3(3) 2(4) 1(2) 1.000
Asept. Lockerung 2(2) 0 (0) 2 (5) 0.226
Andere* 7 (8) 4 (8) 3(7) 0.688
Total 146 66 80 0.068
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Abbildung 3. Kaplan Meier Kurve mit Infektion als Endpunkt bei Patienten mit prothesen-freiem Intervall < 10 Wochen
(schwarz, Group 1) und Intervall >10 Wochen (grau, Group 2). Es zeigte sich kein signifikanter Unterschied zwischen den
beiden Gruppen beziiglich Infektions-freiem Intervall.

Systemische Komplikationen waren unerwiinschte kardiovaskulare Ereignisse (n=6;
Vorhofflimmern, supraventrikulare Tachykardie, Herzinfarkt, Insult, Endokarditis),
allergische Reaktionen auf die verabreichten Antibiotika (n=6), thromboembolische
Ereignisse (n=4; tiefe Beinvenenthrombose, Lungenarterienembolie),
Leberinsuffizienz (n=2), Cholezystolithiasis (n=1), akutes Nierenversagen (n=1),
Sepsis/ Systemisches inflammatorisches Response-Syndrom (n=2), sakraler
Dekubitus (n=1), Pneumothorax (n=1), paralytischer lleus (n=1) und Hyponatriamie
(n=1). Thromboembolische Ereignisse waren signifikant h&ufiger in Gruppe 2

beobachtet worden.
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4. Diskussion

Studie 1:

Obwohl in der Literatur héhere Sensitivitdten des quantitativen ELISA alpha Defensin
Tests (97% — 100%; (4, 7)) im Vergleich zum qualitativen lateral flow alpha Defensin
Tests (69% - 77%; (9, 32)) beschrieben wurden, konnten wir dies in unserer Studie
nicht bestatigen. Ungeachtet von den herangezogenen Kriterien (MSIS, IDSA,
pEBJIS) war keine Modalitat der jeweils anderen Uberlegen. Nichtsdestotrotz war die
Sensitivitat beider alpha Defensin Tests (46% [qualitativ], 50% [quantitativ]) bei Einsatz
der pEBJIS — Kriterien deutlich geringer. Diese Diskrepanz (MSIS: 77% [qualitativ],
85% [quantitativ]; IDSA: 67% [qualitativ], 73% [quantitativ]) ist Ausdruck der Tatsache,
dass mit diesen Kriterien mehr periprothetische Gelenksinfektionen (n=22/71) und hier
vor allem chronische Infektionen im Vergleich zu den MSIS- (n=13/71) und IDSA-
(n=15/71) Kriterien in unserer Studie identifiziert werden konnten.

Aufgrund dieser geringen Sensitivitdt beider Testmethoden (bei Anwendung der
pPEBJIS-Kriterien) kbnnen bei hoher Spezifitat sowohl der quantitative ELISA Test als
auch der lateral flow Test lediglich als suggestive Kriterien (und nicht als Infektions-
bestéatigende Kriterien) in der Diagnostik von periprothetischen Gelenksinfektionen
empfohlen werden.

Da fur die ELISA-Bestimmung ein Labor mit der dazugehérigen Infrastruktur und
einhergehenden verlangerten Untersuchungsdauer benétigt wird, kann diese Methode
nur als praoperativer diagnostischer Test (und nicht als intraoperativer Test) eingesetzt
werden. Der lateral flow Test hingegen ist aufgrund der schnellen Verfugbarkeit (10
Minuten) und leichten Handhabung besser fur das intraoperative Setting geeignet,
jedoch mit héheren Anschaffungskosten verbunden. Hier ist jedoch auch zu beachten,
dass aufgrund der tiefen Sensitivitdt und der hohen Spezifitat nur ein positives

Ergebnis zuverlassig gewertet werden kann, d.h. bei positivem Resultat von einer
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Infektion ausgegangen werden sollte, ein negatives Resultat eine Infektion nicht

ausschlief3t.

Studie 2:

In unserer Studie, konnte insgesamt nur eine geringe Sensitivitat (46%) der
kommerziell erhaltichen mPCR in Bezug auf die Resistenzbestimmung gezeigt
werden, weshalb dieses System die konventionelle Kultur lediglich ergédnzen und nicht
ersetzen kann. Nichtsdestotrotz war die Spezifitat (95%) sehr hoch, somit kann davon
ausgegangen werden, dass ein positives Testergebnis mit hoher Wahrscheinlichkeit
eine tatséchliche Resistenz reprasentiert.

Die Detektionsrate von Oxacillin-Resistenzen in Staphylococcus aureus (100%) war
deutlich hoher im Vergleich zu jener in Koagulase-negativen Staphylokokken (44%).
Eine mogliche Erklarung fir die geringere Sensitivitdt in Koagulase-negativen
Staphylokokken ist die in low-grade Infektionen bedingte geringe Keimbelastung bei
niedrig-virulenten Staphylokokken, wodurch maoglicherweise nicht das Detektionslimit
fur mecA und mecC (~10% ~108) erreicht werden konnte. Ebenso kdnnte die Vielzahl
der unterschiedlichen mec — Gene in Methicillin-resistenten Koagulase-negativen
Staphylokokken fur die verringerte Detektionsrate von Oxacillin-Resistenzen
verantwortlich sein (33).

In Implantat-assoziierten Infektionen verursacht durch Cutibacterium spp. oder
Staphylokokken ist die Sensibilitit von Rifampicin als einziges Biofilm-aktives
Antibiotikum aus klinischer Sicht von enormer Bedeutung (34). Ist dem Operateur
praoperativ eine Rifampicin-Resistenz bekannt, wird normalerweise von einem
Wechsel der mobilen Teile (Debridement, Antibiotika, Implantaterhalt ohne totalen
Wechsel von Komponenten) oder einem ein-zeitigem Wechsel Abstand genommen

und ein zwei-zeitiger beziehungsweise mehr-zeitiger Wechsel favorisiert (1). In
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Koagulase-negativen Staphylokokken konnte in unserer Studie eine moderate
Ubereinstimmung (78%), in Staphylococcus aureus Stdmmen eine sehr gute
Ubereinstimmung (93%) und in Cutibacterium spp. eine exzellente Ubereinstimmung
(100%) zwischen der genotypischen und ph&notypischen Resistenzbestimmung von
Rifampicin beobachtet werden. In Gram-negativen Bakterien hingegen spielen
Fluoroquinolone als Biofilm-aktive Antibiotika eine bedeutende Rolle (35). In den
untersuchten Escherichia coli Stammen konnte ebenso eine sehr gute
Ubereinstimmung (89%) zwischen konventioneller Resistenzbestimmung und mPCR
gezeigt werden.

Es kann derzeit davon ausgegangen werden, dass diese kommerziell erhaltliche
mPCR nicht in der Lage ist alle Resistenzen zu identifizieren. Einerseits ist bekannt,
dass Resistenzgene nicht ausschlief3lich mit phanotypischen Resistenzen korrelieren
(36) und andererseits gibt es eine Vielzahl an Resistenzgene, die derzeit nicht in
diesem mPCR System enthalten sind. Aufgrund unserer Ergebnisse wird deshalb die
konventionelle Kultur weiterhin als Goldstandard zur Identifikation von

Mikroorganismen und deren Resistenzmuster empfohlen.

Studie 3:

Insgesamt kam es wahrend des Beobachtungszeitraumes in der Mehrzahl (76%) der
untersuchten Patienten zu mindestens einer Komplikation. Nichtsdestotrotz
unterscheidet sich die Komplikationsrate nach zwei-zeitigem Prothesenwechsel mit
kurzem prothesen-freiem Intervall (Girdlestone) nicht von der operativen Therapie
mittels antibiotika-beladenem Zementspacer im Intervall. Ganz im Gegenteil wurden
Spacer-assoziierte Komplikationsraten von 20 — 45% beschrieben und fuhrten bei
Spacer-Fraktur, Spacer-Luxation, Migration in das Becken mit einhergehendem

acetabularen Knochendefekten oder Knochenfrakturen hé&ufig zu notwendigen
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Revisionsoperationen wahrend des prothesen-freien Intervalls (37, 38). Diese
Nachteile stellen sogleich die Vorteile der Resektionsarthroplastie dar. Der allerdings
oftmals unter Chirurgen beanstandete Nachteil einer Girdlestone Hiifte ist dahingegen
die durch Muskel- und Weichteilkontrakturen und acetabularen und femoralen
Knochendefekten einhergehende Beinlangenverkirzung nach Reimplantation einer
Prothese (22). Nichtsdestotrotz zeigten in unserer Studie blof3 8% der Patienten in
Gruppe 1 (Intervall < 10 Wochen) eine Beinlangendifferenz von durchschnittlich 13mm
im Vergleich zu 20% in Gruppe 2 (Intervall >10 Wochen) mit durchschnittlich 20mm
Beinlangenverkirzung. In einer Studie von Diemen et al. (39), wurde nach zwei-
zeitigem Wechsel mit Implantation eines Zementspacers im prothesen-freien Intervall
eine Beinlangendifferenz von 8% aus 136 Patienten mit einer durchschnittlichen
Verkirzung von 26mm beschrieben.

Bezuglich Reinfektionen zeigte sich in der von uns untersuchten Kohorte ebenso ein
Trend zu niedrigeren Raten bei Patienten mit kurzem Intervall (6%) im Vergleich zu
Patienten mit langem Intervall (14%). Diese Ergebnisse stehen im Einklang mit den
beschriebenen Reinfektionsraten (2% - 19%) bei zwei-zeitigem Wechsel mit
Implantation eines Zementspacers im prothesen-freien Intervall (39-41). Infolge der
Ubereinstimmenden Rate der Beinlangendifferenz und Reinfektionen scheint die
Implantation eines Zementspacers der Resektionsarthroplastie mit kurzem prothesen-
freiem Intervall nicht Uberlegen. Da es sich hierbei jedoch lediglich um einen
Literaturvergleich handelt, werden randomisierte Studien zum Vergleich beider
Behandlungsmethoden mit kurzem Intervall empfohlen.

Ein weiterer Vorteil des kurzen Intervalls in der Behandlung von periprothetischen
Huftinfektionen konnte in Bezug auf alle erhobenen Komplikationen beobachtet
werden. Insgesamt wurde bei Patienten mit kurzem Intervall eine geringere lokale

Komplikationsrate nach Reimplantation einer Prothese im Vergleich zu Patienten mit
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langem Intervall ermittelt werden, jedoch ahnliche Komplikationsraten wahrend der
Explantation, des prothesen-freien Intervalls und der Reimplantation. Wenig
Uberraschend war hingegen die hthere Komplikationsrate bei Patienten mit grof3eren
acetabularen (Blutverlust, Knochenfrakturen, Luxationen, temporare Parese,
Wundheilungsstdrung) und femoralen (Frakturen) Knochendefekten.

Limitationen:

In allen drei Studien stellen die Rekrutierung der Patienten tber eine Universitatsklinik
als Selektions-Bias sowie die geringe Fallzahl wesentliche Limitationen dar. Aufgrund
der geringen Stichprobengrof3e konnte in Studie 1 eine informative Aufschliisselung
Uber die Genauigkeit beider alpha Defensin Tests in verschiedenen Gelenken, in
unterschiedlichen Pathogenen und bei Patienten mit unterschiedlicher klinischer
Prasentation nicht durchgefuhrt werden. Es zeigt sich dartber hinaus in Studie 2 eine
geringe Anzahl an detektierten Rifampicin-resistenten Staphylokokken und
Fluoroquinolon-resistenten Enterobacteriaceae, weshalb die Genauigkeit der mPCR
zur Resistenzbestimmung in Problemerregern mit Vorsicht interpretiert werden sollte.
In Studie 3 war die statistische Analyse zwischen beiden Gruppen ebenso aufgrund
der geringen Fallzahl erschwert. Nichtsdestotrotz représentiert diese Studie die grofite
single-center Beobachtungsstudie tiber Komplikationen bei zwei-zeitigem Wechsel mit

Resektionsarthroplastie im prothesen-freien Intervall.
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5. Schlussfolgerung

Zusammenfassend  konnten die zwei erst genannten  vorliegenden
Forschungsarbeiten (Studie 1, Studie 2) dazu beitragen den diagnostischen Wert von
alpha Defensin in der Synovialflissigkeit zur Diagnostik von periprothetischen
Infektionen und den Wert der mPCR zur Identifikation von Resistenzgenen bei
Patienten mit Implantat-assoziierter Infektion zu evaluieren. Diese Studien konnten
zwar exzellente Spezifitaten nachweisen, allerdings kénnen diese Methoden aufgrund
der geringen Sensitivitaten lediglich als zusatzliche Untersuchungen zu den bereits in
der Klinik etablierten Methoden empfohlen werden. Zukinftige Forschungsarbeiten in
diesem Bereich sind anzustreben, um die Diagnostik von periprothetischen
Gelenkinfektionen zu optimieren.

Die Ergebnisse der 3. Studie lassen schlussfolgern, dass die Komplikationsrate nach
zwei-zeitigem Prothesenwechsel mit prothesen-freiem Intervall (Girdlestone) zur
Behandlung von PHI mit 76% hoch ist. Perspektivisch stellt die Resektionsarthroplastie
im prothesen-freien Intervall ein  vielversprechendes  therapeutisches
Behandlungskonzept vor allem fur Patienten mit massiven acetabularen und

femoralen Knochendefekten dar.
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6. Abklrzungsverzeichnis

AUC
Ca

Cl
DNA
EBJIS
Etc
EUCAST
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circa

Konfidenzintervall

Desoxyribonukleinsaure

European Bone and Joint Infection Society

etcetera

European Committee on Antimicorbial Susceptibility Testing
Enzyme-linked Immunosorbent Assay

Infectious Diseases Society of America

positive likelihood ratio

negative likelihood ratio

Mikroliter

Milliliter

multiplex Polymerase-Kettenreaktion

Musculoskeletal Infection Society

negative pradiktiver Wert

Polymerase-Kettenreaktion (englisch: polymerase chain reaction)
proposed European Bone and Joint Infection Society (2017
vorgeschlagene EBJIS-Kriterien)

periprothetische Huftinfektion

periprothetische Gelenkinfektion

positiver pradiktiver Wert

receiver operating characteristic curve, Kurve der
Operationscharakteristik eines Beobachters

revolutions per minute, Umdrehungen pro Minute
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Abstract

Background: The performance of multiplex PCR (mPCR) for detection of antimicrobial resistance from clinical
isolates is unknown. We assessed the ability of mPCR to analyse resistance genes directly from clinical samples.
Patients with orthopedic infections were prospectively included. Phenotypical and genotypical resistance was
evaluated in clinical samples (synovial and sonication fluid) where identical pathogens were identified by culture
and mPCR.

Result: A total of 94 samples were analysed, including 60 sonication fluid and 34 synovial fluid samples. For
coagulase-negative staphylococcus strains, mPCR detected resistance to oxacillin in 10 of 23 isolates (44%) and to
rifampin in none of 6 isolates. For S. aureus isolates, detection rate of oxacillin and rifampin-resistance was 100% (2/
2 and 1/1, respectively). Fluoroquinolone-resistance was confirmed by mPCR in all 3 isolates of Enterobacteriaceae,
in enterococci resistance to aminoglycoside-high level was detected in 1 of 3 isolates (33%) and in streptococci
resistance to macrolides/lincosamides in none of 2 isolates. The overall sensitivity for different pathogens and
antimicrobials was 46% and specificity 95%, the median concordance was 80% (range, 57-100%). Full agreement
was observed for oxacillin in S. aureus, vancomycin in enterococci, carbapenems/cephalosporins in
Enterobacteriaceae and rifampin in Cutibacterium species.

Conclusion: The overall sensitivity for detection of antimicrobial resistance by mPCR directly from clinical samples
was low. False-negative mPCR results occurred mainly in coagulase-negative staphylococci, especially for oxacillin
and rifampin. However, the specificity of mPCR was high and a positive result reliably predicted antimicrobial
resistance. Including universal primers in the PCR test assay may improve the detection rate but requires additional
sequencing step.
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Diagnosis

Background

An interdisciplinary approach including surgical and
antimicrobial treatment is crucial to eradicate bone and
joint infection, including periprosthetic joint infections
(PJI) and infections after internal bone fixation [1].
Treatment strategies are guided by the type of causative
pathogen and its antimicrobial susceptibility, with special
focus on biofilm-active antibiotics [2].

Previous studies demonstrated limited sensitivity of
periprosthetic tissue culture (45-71%) and synovial fluid
culture (52-64%) for microbial detection [3—8]. Cultures
remain negative in particular in low- burden, chronic
low-grade infections or in case of preceding antimicro-
bial therapy [9, 10]. Moreover, phenotypical antimicro-
bial testing using conventional cultures requires several
days in mixed infections and if slow-growing microor-
ganisms are involved. Therefore, new techniques were
developed to improve the diagnostic yield, such as sonic-
ation of retrieved implants and broad-range PCR of son-
ication fluid, improving sensitivities to 73-89% [3, 4, 10,
11]. In a further study, inoculation of sonication fluid
into blood culture bottles further improved the diagnosis
of orthopaedic implant-associated infections and re-
duced the time to culture positivity [12].

The value of multiplex PCR (mPCR) in synovial fluid,
periprosthetic tissue and sonication fluid has been re-
cently extensively investigated [6, 13—18]. Advantages of
the mPCR technique are rapid identification of the
causative pathogen and potentially detection of genetic
markers for clinically relevant antimicrobial resistances
[18]. However, limited data exists on the performance of
mPCR for the detection of antimicrobial resistance
markers in the clinical setting.

In this study, we assessed the value of a commercial
mPCR assay (Unyvero i60 ITI) in genotypical detection
of antimicrobial resistance, considering conventional
culture the gold standard. In addition, we evaluated the
concordance of susceptibility test results deriving from
mPCR and culture in pathogens isolated from synovial
and sonication fluid.

Results

Patient demographics

Ninety-four samples of 82 patients with a median age of
75years (range, 28—98 years) were analysed, 47 patients
(57%) were female. The 60 sonication fluid samples orig-
inated from 38 infected prostheses (20 knee, 15 hip, 2

shoulder, and 1 elbow prosthesis) and 22 osteosyntheses
(localized in the spine in 9 patients, tibia in 6, ankle in 2,
femur in 2, humerus in 1, clavicle in 1, and elbow in 1
patient). The 34 synovial fluids were harvested from 31
infected prosthetic (13 knees and 18 hips) and 3 native
septic joints (two knee and one hip joint).

Microbiological characteristics

The detected pathogens in sonication and synovial fluid
samples are summarized in Table 1. The most frequently
isolated pathogens were Staphylococcus spp. (52%),
followed by Enterobacteriaceae (15%) and Streptococcus
agalactiae (12%). Eighty-five monomicrobial and 9 poly-
microbial infections were observed. In 12 patients, both
sonication and synovial fluid were analysed and yielded
the identical pathogen.

Performance of resistance gene detection and its
concordance with phenotypical resistance testing

The detection rate of vancomycin resistance by mPCR in
Enterococcus spp. could not be assessed as no resistance
was detected by conventional culture. The same applies
for Enterobacteriaceae and aminoglycosides, carbapenems,
third-generation cephalosporins, as well as for Cutibacter-
ium spp. and rifampin.

Performance of mPCR and concordance of phenotyp-
ical and genotypical susceptibility testing is summarized
in Table 2 (Additional file 1). Overall, a median sensitiv-
ity of 46% and specificity of 95% was shown, with a me-
dian concordance of 80%. There was no difference seen
regarding number of discordant pairs comparing syn-
ovial and sonication fluid.

Staphylococcus spp

Among Staphylococcus spp. isolates, concordance of
phenotypical and genotypical susceptibility to oxacillin,
aminoglycosides, macrolides/lincosamides and rifampin
was 72, 73, 73 and 84%, respectively. The mPCR detected
oxacillin resistance genes in 10 of 23 samples associated
with oxacillin-resistant coagulase-negative staphylococci
positive cultures (44%), whereas both oxacillin-resistant S.
aureus strains detected by culture were found to be resist-
ant by mPCR (sensitivity 100%). In coagulase-negative
staphylococci, none of the rifampin resistance determined
by culture was detected by mPCR; in S. aureus isolates,
one true positive and one false negative rifampin
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Table 1 Disribution of detected pathogens

Microbiokgy Sonication uic (n =62 Syravial Muid (n = 34) Totg (m =323
Cocqulase negetve staphvlocodd 21 12 33135
Staphisraccus auneus 2 7 16 (17%)
Streptococcus egaiactioe 4 7 11 {12%)
Enterccoccys sop? 8 z 10 {115
Eschenchic col 4 5 G (10%)
Cutibocrerum spp.” 8 1 S (10%)
Entercbacter cloncos 3 ] 3 (3%)
Finegeldia magna 0 1(1%)
Frafeus spo o 1 (1%
Kistisislin preumonios 1 4] 1 (1%

“Including 9 isalates of £. faecalis and 1 isclate of £ foacium
YIncluding 8 kolates of C. acnes and 1 Isclate of €. gwidum

resistance was detected by mPCR, resulting in a NPV of
100% and a PPV of 50%.

Enterococcus spp

The vancomycin antimicrobial resistance testing showed
100% agreement in 10 isolates (all tested susceptible),
Among 7 tested strains, one isolate was tested resistant
lo aminoglycosides with both methods. Genolypical
high-level resistance to aminoglycosides was determined
in 1 sample, whercas phenotypical resistance was deter-
mined by culture in 3 isolates. Thus, mPCR missed the
resistance to aminoglycosides detected through agc(6’)/
aph(2”) in 2 samples (66%). The resulting concordance
was 71% with a sensitivity, specificity, NPV and PPV of
33, 100, 67 and 100%, respectively.

Enterobacteriaceae

The overall agreement for the testing of dilferent anti-
microbial agents in 14 Enterobacteriaceae isolates was
good with mPCR test results showing NPV of 100% for
all antimicrobial agents. mPCR detected resistance Lo
fluoroquinolones in all 3 isolates, False-positive resist-
ance was detected for aminoglycosides in 4 patients,
resulting in a PPV of 0% and for fluorequinolones in 1
patient with a PPV of 75%.

Streptococcus spp

Of 10 Streptococcus agalactiae isolates, lincosamides by
cultureflincosamides by culture and ten by mPCR,
resulting in a concordance and NPV of 80% and a speci-
ficity of 100%. As no resistant strain was detected, PPV
could not be assessed.

Anaerobes

For rifampin, all 6 isolates of Cufibacterium spp. showed
concordance (susceptibility by culture and mPCR). In one
sonication fluid sample, Finegoldia magna was identilied

by culture and mPCR. This pathogen was susceptible to
amoxicillin/clavulanic acid, penicillin, piperacillin/tazobac-
tam, imipenem, clindamycin, rifampin and levofloxacin by
conventional susceptibility testing using culture. However,
no markers are available for resistance testing for this
pathogen using the mPCR system,

Discussion

Rapid identification of a pathogen and its susceptibility
pattern allows clfective optimization of the antimicrobial
treatment and prevention of emergence of resistance.
While conventional culture is the gold-standard microbio-
logical method, molecular methods are increasingly used
in the clinical routine. However, limitations of molecular
detection of drug-resistance genes need to be considered,
in particular the fact that genotypic drug-resistance identi-
fication does not conclusively corresponds to the pheno-
type [19]. In addition, focusing on the detection of a
certain selection of genes with mPCR, the diversity of all
bacterial resistance genes is not represented,

The sensitivity and specilicity of mPCR lor pathogen
detection directly from clinical samples found in the
published sub-cohorts ranged in sonication tluid from
51 to 71% and 92 to 94%, respectively, and in synovial
fluid from 23 to 60% and 89 to 91%, respectively [6-8,
17]. Previous publications using mPCR for pathogen
identification reported similar sensitivities ranging from
51 to 96% and specificities from 94 to 100% [13, 16, 18,
20, 21|. However, limited data exists on the performance
of the mPCR system for detection of resistance genes
and their agreement on conventional antimicrobial sus-
ceplibility testing in patients with bone and joint inlec-
tions [18, 22],

A recent study [23] employing the first generation of
the multiplex PCR device reported a low detection rate
(6%) of mecA and mecC genes in methicillin-resistant
staphylococei (not specified which subspecies), which
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increased to 35% when using the second generation of
the mPCR cartridge. In our cohort, we observed a detec-
tion rate of 48% (12 of 25 isolates) for oxacillin resist-
ance. However, the oxacillin-resistance detection rate in
S. aureus was considerably higher than in coagulase-
negative staphylococci (100% versus 44%). The limited
detection of oxacillin resistance in coagulase-negative
staphylococci by mPCR may be explained by the low mi-
crobial burden usually seen in low grade infections
caused by less virulent staphylococci, which probably
does not reach the detection limit of the mPCR system
of mecA and mecC, estimated at ~10* and ~10° DNA
copies/ml, respectively. This hypothesis is corroborated
by the fact, that the concordance in infections caused by
S. aureus — usually acute infections - was considerably
higher. Furthermore, a great diversity of the staphylococcal
cassette chromosome mec in coagulase-negative staphylo-
cocci may contribute to a reduced detection rate of oxacil-
lin resistance [24].

From the clinical viewpoint, susceptibility to rifampin is
of paramount relevance in implant-associated infections
caused by staphylococci and Cutibacterium spp., as this
antibiotic is the only biofilm-active antibiotic for these mi-
croorganisms [25, 26]. Pre-operative knowledge of rifam-
pin resistance influences the surgical decision, as a lack of
biofilm-active treatment usually discourages retention of
the implant in acute infections and a one-stage exchange
in chronic infections [1]. In our cohort, the concordance
between genotypical and phenotypical evaluation for ri-
fampin was moderate for Staphylococcus spp. (84%) with
86% false-negative test-result (i.e. phenotypically resistant
and genotypically susceptible) and excellent for Cutibac-
terium spp. (100%). However, the cartridge is not validated
for rifampin susceptibility testing in Cutibacterium spp.
and coagulase-negative staphylococci. When analysing S.
aureus only, for which the system is validated, a concord-
ance of 93% with a negative predictive value of 100% was
obtained. Similarly, fluoroquinolones represent the
biofilm-active agent for implant-associated infections
caused by gram-negative bacteria [27]. For all analysed E.
coli strains, a concordance of 89% for fluoroquinolones
with a 100% NPV was detected.

With 71 to 73%, the concordance of phenotypical and
genotypical testing for aminoglycosides was in the lower
range for all tested pathogens, i.e. staphylococci, entero-
cocci and gram-negative rods. For enterococci and
streptococci, the NPV was low due to missed resistance
by mPCR. In contrast, in gram-negative rods false-
positive mPCR test resulted in low PPV (0%).

We acknowledge several limitations of this study. First,
given the low number of rifampin-resistant staphylococci
and fluoroquinolone-resistant Enterobacteriaceae, its
value for detection of pathogens causing difficult-to-
treat infections is limited and their predictive values
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from our study should be taken with caution. Addition-
ally, we could not assess detection rates for several re-
sistance genes, as we did not include any isolates tested
resistant by conventional culture (e.g. gram-negative ba-
cilli resistant to aminoglycosides, third generation cepha-
losporines and carbapenems). Another limitation
represents the inclusion of exclusively those clinical
samples, which were concordant in pathogen detection
by culture and mPCR. The performance of mPCR in dis-
cordant samples is unknown and the specificity results
of this study may be overestimated. Furthermore, we
have not investigated the performance of mPCR in viable
but non culturable (VBNC) condition, where the num-
ber of DNA copies may be much lower than that in
growing condition. Finally, an analysis between the
quantitative MIC values (i.e., strength of resistance) and
detectability of resistance genes (i.e., numbers of DNA
copies) was not performed in our study, which
might provide additional insights in the performance of
mPCR for detection of antimicrobial resistance.

Conclusion

The overall sensitivity for detection of antimicrobial re-
sistance by mPCR directly from clinical samples was
low. Due to low sensitivity the evaluated commercial
mPCR system cannot replace conventional antimicrobial
resistance testing. False-negative mPCR results occurred
mainly in coagulase-negative staphylococci, especially for
oxacillin and rifampin. However, the specificity of mPCR
was high and a positive result reliably predicts resistance
and for some pathogens and antibiotics full agreement
was observed, including for oxacillin in S. aureus, vanco-
mycin in enterococci, carbapenems/cephalosporins in
Enterobacteriaceae and rifampin in Cutibacterium spe-
cies. Including universal primers in the PCR test assay
may improve the detection rate but requires additional
sequencing step.

Methods

Study design

This prospective single-center study (public clinical trial
identification at www.clinicaltrials.gov NCT02530229)
was conducted in accordance with the Declaration of
Helsinki. Approval of the institutional review board was
obtained (EA1/306/14) and patients provided written in-
formed consent before study inclusion. The results of
mPCR were not used to guide antimicrobial therapy.
Data analysed in this study represent a subpopulation of
previously published cohorts analysing the performance
of mPCR with regards to detection of bacteria in syn-
ovial fluid of native joints [7] and periprosthetic joints
[17], as well as in sonication fluid from removed joint
prostheses [6] and other orthopaedic hardware [8].
Among 378 samples (179 sonication fluids [128
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prostheses, 51 osteosyntheses], 199 synovial fluids [142
prosthetic joints, 57 native joints]) enrolled in the above-
mentioned published cohort studies, 94 samples de-
tected the same microorganisms using mPCR and con-
ventional culture. Two-hundred-nine specimens with no
microbial growth, 73 patients with discordant microor-
ganisms and two cases, where no phenotypical drug re-
sistance analysis was performed, were excluded. A study
selection flow diagram is shown in Fig. 1.

Study population

Consecutive adult patients who had undergone diagnos-
tic joint aspiration for suspected septic arthritis or revi-
sion surgery for implant-associated bone infection
between November 2014 and October 2015 were in-
cluded. Four patients in whom sonication fluid of re-
trieved osteosynthesis was investigated, were receiving
antimicrobial treatment at time of explantation. No
other patients had been pre-treated with antibiotics.

Joint aspiration
Synovial fluid was aspirated by an orthopaedic surgeon
according to standardized aseptic technique. After skin
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preparation, synovial fluid was collected using a sterile
18-gauge spinal needle and a 10-ml syringe. If no syn-
ovial fluid was obtained, the needle was repositioned
without withdrawing it through the skin.

Synovial fluid cultures

0.1 milliliter of synovial fluid was inoculated onto aer-
obic and anaerobic plates (sheep blood agar, chocolate
agar, and Schédler anaerobic agar), and 1 ml was inocu-
lated in thioglycolate broth. Agar plates were incubated
at 37 °C under aerobic and anaerobic conditions for 14
days and inspected daily for microbial growth. Microbial
identification was performed using Vitek2 (bioMérieux,
Niirtingen, Germany) or a matrix-associated laser de-
sorption/ionization-time of flight mass spectrometer
(bioMérieux). The antimicrobial susceptibility testing
was conducted using Vitek2 and the minimum inhibi-
tory concentration (MIC) values were determined and
interpreted according to EUCAST standards. For mPCR
analysis, 2-5ml of the synovial or 10-50ml of sonic-
ation fluid was transferred to a sterile vial and stored at
- 80°C until processing.

Total samples:

- 179 sonication fluids
- 199 synovial fluids

Excluded

y

Culture and mPCR negative

- 81 sonication fluids
- 128 synovial fluids

Culture and/or mPCR positive
- 98 sonication fluids
- 71 synovial fluids

Excluded

y

Discordant microorganisms™®

- 37 sonication fluids
- 36 synovial fluids

Concordant microorganisms®
- 61 sonication fluids

35 synovial fluids

Samples without phenotypical
Excluded resistance analysis
- 1 sonication fluids
- 1 synovial fluids
y
Comparable test results
(phenotypic/genotypic)

- 60 sonication fluids
- 34 synovial fluids

* All identified microorganisms discordantin culture and mPCR
° At least one concordant microorganism in the synovial fluid using culture and mPCR

Fig. 1 Study selection flow diagram
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Removal and transport of orthopedic hardware

The joint prosthesis components (metal, ceramic or
polyethylene parts) or other fracture fixation devices
(plates, nails or screws) were removed in the operating
room. After removal, the hardware components were
transported to the microbiological laboratory in a sterile
air-tight container (Lock&Lock, Frankfurt am Main,
Germany) and processed within 6 hours.

Sonication procedure

In the microbiology laboratory, normal saline was added
to the container, covering at least 80% of the hardware.
The container was vortexed for 30 s and sonicated for 1
minute at 40 kHz and 0.2 W/cm? (BactoSonic, Bandelin
electronic, Berlin, Germany). Additional vortexing was
conducted for 30 s before the sonication fluid was plated.
Then, 0.1 ml of the sonication fluid was inoculated onto
agar plates and 1ml was inoculated in thioglycolate
broth. Microorganisms were enumerated (i.e. number
of colony-forming unit [CFU]/ml sonication fluid).
Microbial identification and antimicrobial susceptibil-
ity testing were performed as described above for syn-
ovial fluid.

Multiplex PCR analysis

The Unyvero i60 ITI application (Unyvero i60, Curetis,
Holzgerlingen, Germany, second generation), designed for
a semi-quantitative DNA determination parallelly per-
forming eight multiplex PCR reactions, was used. This in-
strument is capable to detect 114 nucleic acids and 20
drug resistance markers. Fifty milliliter of the sonication
fluid were first centrifuged at 4000 x g at 4-°C for 20 min
(Microcentrifuge 5427R, Eppendorf, Wesseling-Berzdorf,
Germany). The supernatant was discarded and 180 ul of
the pellet were further processed. The synovial fluid was
processed directly without centrifugation. The Unyvero
i60 ITI application was used according to the manufac-
turer’s protocol. In brief, the pre-treated sample was
treated with proteinase K for 30 min, master mix was
added and inserted into the Unyvero ITI Cartridge. The
cartridge device is equipped with eight separate chambers,
a corresponding number of arrays, reagent containers and
a DNA purification column. The assembled and closed
Unyvero ITI Cartridge was inserted into the Unyvero
Analyzer, which then automatically processed the sample
within 5 hours. The microbial identification and antibiotic
resistance markers are displayed on the screen of the in-
strument. A sample was considered positive if at least one
of the analytes (pathogens) reached the threshold of 10*
DNA copies/ml.

According to the manufacturer, the resistance markers
aacA4, ctx-M, ermA, gyrA83, mecA, vanA and the beta-
lactamase genes bla, 4,y bla ey 23 blay, 18 blage, ss were
detected at a concentration of 10* DNA copies/ml; the
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Table 3 Resistance markers detected by the multiplex PCR test

panel

Antibiotics Resistance markers
Oxacillin mecA, mecC
Aminoglycosides aac(6'/aph(2"), aacA4
Macrolides/lincosamides ermA, ermC
Vancomycin vanA, vanB

Rifampin? rpoB
Third-generation cephalosporins  ctx-M

Carbapenems blayim, blaimp, blayye, blandm, blaoa-23

b/aoxa-%r b/aoxa-4& blaoxa-SB
gyrA83, gyrA87

“Rifampin resistance testing is only validated for Staphylococcus aureus
®Fluoroquinolone resistance testing is only validated for Escherichia coli among
gram-negative bacteria

Fluoroguinolones?

resistance markers aac(6’)/aph(2”), gyrA87, bla,,,
blay,e blayy, 24, and bla,;,, were detected at a concentra-
tion of 10° DNA copies/ml; and the resistance markers
ermC, mecC, rpoB, and vanB at a concentration of 10°
DNA copies/ml. The range of antibiotic resistance genes
detected with the mPCR system is shown in Table 3.

Statistical analysis

Categorical variables are described as absolute frequen-
cies and percentages. Metrical variables are expressed by
median and range, as appropriate. The performance of
mPCR (i.e. sensitivity and specificity) and its positive
predictive value (PPV) and negative predictive value
(NPV) were assessed in terms of detection of resistance,
using phenotypical testing by conventional culture as
gold standard. Concordance analysis was performed
comparing phenotypical and genotypical resistance test
results, for substances, for which genotypical resistance
markers were included in the mPCR cartridge. The soft-
ware packages XLSTATPM (version 2017; XLSTAT;
Addinsoft, New York, NY, USA).

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512866-020-01741-7.

Additional file 1. Raw data of the concordant microorganisms and their
detected resistances by mPCR and culture.
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Abstract: Little data is available regarding complications associated with resection arthroplasty in
the treatment of hip periprosthetic joint infection (P]1). We assessed complications during and after
two-stage revision using resection arthroplasty. In this refrospective study, 93 patients undergoing
resection arthroplasty for hip PJLwere included. Patients were assigned to a prosthesis-tree interval of
=10 weeks (group 1; 49 patients) or >10 weeks (group 2; 44 patients). The complication rates between
groups were compared using the chi-squared test. The revision-free and infection-free survival was
estimated using a Kaplan-Meier survival analysis. Seventy-one patients (76%) experienced at least
one local complication (overall 146 complications). Common complications were blood loss during
reimplantation {11 = 25) or during explantation (7 = 23), persistent infection (11 = 16), leg length
discrepancy (it = 13) and reinfection {1 = 9). Patients in group 1 experienced less complications after
reimplantation (p = 0L012). With increasing severity of acetabular bone delects, higher incidence
of complications {(p = (L008), periprosthetic bone fractures (p = 0.05) and blood loss (p = 0.039) was
observed. The infection-free survival rate at 24 months was 93.9% in group 1 and 85.9% in group 2.
The indication for resection arthroplasty needs to be evaluated carefully, considering the high rate of
complications and reduced mobility, particularly if longer prosthesis free intervals are used.

Keywords: complication; resection arthroplasty; two-stage revision; reinfection; Girdlestone hip;
periprosthetic joint infection; revision; hip

1. Introduction

Periprosthetic joint infection (P]I) is one of the most challenging complications after total hip
arthroplasty requiring comprehensive diagnoslics, lailored surgical techniques, and an interdisciplinary
approach to achieve high cure rates. Currently, there is no consensus on the optimal management
of hip PJL Two-stage revision protocols are the most widely used approach for infections after
total hip arthroplasty with cure rates ranging from 67.7% to 96.7% [1-t]. An antibiotic-loaded
polymethylmethacrylate (PMMA) bone cement spacer is commonly implanted in the prosthesis-free
interval [5]. However, their use is not uniformly accepted, and several institutions prefer to use
resection arthroplasty. Thus, the choice of cement spacer largely depends on surgical experience

1 Ciin, Med, 2019, 5, 2224; doi:10,2390/jemB3122224 woww mdpi comfournaljem
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and tradition. Advantages of spacer use are local antimicrobial therapy, prevention of periarticular
soft tissue contracture, and reduction of dead space [6,7], whereas the risk of peri-implant fractures,
dislocations combined with acetabular damage, bacterial colonization of the spacer, and the risk
of antimicrobial resistance emergence are commonly reported disadvantages [7-9]. Complications
associated with cement spacer use are well reported in the literature [10].

During the original resection arthroplasty, first described 1928 for draining tuberculous hips and
later in 1943 for severe pyogenic arthritis by Gathorne Robert Girdlestone, a muscle transposition
into the acetabular fossa is performed as definitive treatment for hip infections [11,12]. Today,
resection arthroplasty is recommended in difficult-to-treat infections caused by pathogens, for which
no biofilm-active antibiotics and, hence, no eradication treatment exists [13]. Less data exists on the
complications of resection arthroplasties used as a solution between stages before reimplantation.

The aim of the current study is to assess the type and frequency of complications during and
after two-stage revision performing resection arthroplasty during the interval. We evaluate local and
systemic complications occurring during a two-stage revision involving revision arthroplasty, whether
the incidence of complications differs in patients undergoing a shorter or longer prosthesis-free interval,
and the overall revision-free and infection-free survival rate in patients treated by a two-stage revision
with revision arthroplasty. In our institution, resection arthroplasty is the standard surgical treatment
of hip PJL

2. Materials and Methods

2.1. Study Design

This retrospective cohort study was conducted in a tertiary healthcare center specialized in septic
surgery. Cases were identified from the patient-based PJI database and data obtained by reviewing
electronic medical charts. The study protocol was reviewed and approved by the institutional ethics
committee Berlin Charité-Universitdtsmedizin Berlin (EA4/040/14) and was performed in accordance
with the Declaration of Helsinki. Informed consent was waived due to the retrospective study design.

2.2. Study Population

Included were 93 patients with hip PJI, who had undergone a two-stage revision surgery with
resection arthroplasty during prosthesis-free interval. Subjects treated at our institution from March
2006 to January 2014 were included. Patients with a prosthesis-free interval of <10 weeks were allocated
to group 1 and patients with an interval of >10 weeks to group 2. The individual interval length was
determined at the surgeon’s discretion, by the clinical course and operating room capacity.

2.3. Data Collection

Patients” medical histories, radiographs, surgical records, microbiology and histopathology
records, and laboratory analyses were reviewed. Information on demographics, preoperative acetabular
and femoral bone deficiency (according to the Paprosky classification [14,15]), surgical treatment
procedures and complications was collected. The following local complications were evaluated:
Relevant blood loss (defined as requiring transfusion of erythrocyte concentrates), bone fissure, bone
fracture, iatrogenic nerve damage, dislocation, microbiologically proven persistent infection (during
prosthesis-free interval) or re-infection (after reimplantation), wound healing disorder, leg length
discrepancy after reimplantation (>10 mm), aseptic loosening, massive haematoma requiring revision,
ossification, pain (VAS >6 points), and bursitis trochanterica. Complications were divided into four
groups according to their temporal appearance: Complications (i) during explantation, (ii) during
the prosthesis-free interval, (iii) during reimplantation and (iv) after reimplantation. All systemic
complications ocurring during the entire tretament period were assessed including allergic reaction
to antibiotics, cardiovascular events, thromboembolic events, hepatic insufficiency, sepsis/systemic
inflammatory response syndrome.
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Patients with incomplete data sets or with follow-up of less than twelve months were excluded.
PJI was diagnosed according to the 2017 proposed working criteria of the European Bone and Joint
Infection Society (EBJIS) [16]. Treatment success was evaluated according to the Delphi international
multidisciplinary consensus [17].

2.4. Surgical and Antimicrobial Treatment

All included patients underwent a two-stage revision involving resection arthroplasty. At the first
stage, all implants and foreign materials were removed (Figure 1).

Figure 1. Anteroposterior radiograph of a 66-year old female patient with a periprosthetic joint infection
of the right hip (A) before and (B) after the first stage (resection arthroplasty without spacer) and (C)

after the second stage in a two-stage revision procedure for eradication of Cutibacterium acnes.

A thorough debridement was performed and at least three periprosthetic tissue samples were
sent for microbiological analysis. To implant a new prosthesis at the second stage, the acetabular
fossa remained empty during the prosthesis-free interval. After debridement and the positioning of
drainage tubes, the wound was closed in layers.

Antimicrobial treatment was started after collecting the microbiological tissue samples or in the
case of patients presenting with sepsis preoperatively after synovial aspiration. Antibiotics were
administered intravenously for approximately two weeks after surgery, followed by oral antibiotics
according to the susceptibility of the isolated pathogen(s) until reimplantation, if available [18]. The
antibiotic treatment was given at the treating physician’s discretion and tailored to the isolated pathogen.
No standardized antimicrobial protocol was followed.

During the prosthesis-free interval, toe-touch weight-bearing was allowed. If possible, patients
were discharged after intravenous application of antibiotics (14 days). Wound controls were done
every two weeks by their general practitioners. Fourteen days before reimplantation, patients had an
appointment in our outpatient clinic for preoperative assessment.

Reimplantation was only performed when the wound was healed, soft tissues were ready for
surgery, the general status of the patient was suitable, and C-reactive protein (CRP) was significantly
decreased after explantation. At the second stage, again, at least three periprosthetic tissue samples
were collected and sent for microbiological analysis. A thorough debridement followed by (uncemented
or cemented according to the bone quality at the discretion of the operating surgeon) reimplantation of
a hip prosthesis determined by the character of the bone defects were performed. In patients with
small contained acetabular bone defects (Paprosky types 1 or 2) [15], a hemispherical uncemented

component with or without screw placement was used. Depending on the bone defect, allograft
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impaction bone grafting was performed. If a high risk of dislocation was considered, a bipolar cup
or constrained liner was used. Additional augments, and/or a reinforcement ring with a cemented
liner/cup were used in hips in higher grade acetabular bone defects. A cementless non-modular stem
was used in Paprosky type 1 and 2 femoral bone defects, and a cemented stem or an uncemented
modular stem for larger femoral bone defects. In case of a persistent infection at the time of planned
reimplantation surgery (discharging wound and/or increasing CRP without any other infection focus
and/or local signs of infection), an additional revision with debridement was performed.

The overall mean follow-up after the prosthesis reimplantation was 42.7 months (range:
13.1-104.6 months).

2.5. Demographics and Infection Characteristics

One hundred and two patients underwent a two-stage exchange for hip PJI with resection
arthroplasty during the evaluated period. After the exclusion of 10 patients because of insufficient
follow-up, a total of 93 PJI of 92 patients (one patient with concomitant P]JI of the right and left hip)
were eligible for inclusion. The demographic data of the 93 analyzed cases are shown in Table 1.

Table 1. Demographic data of patients stratified in groups with a prosthesis-free interval of <10 weeks
(group 1) and >10 weeks (group 2).

Variable ﬁlr(;u‘fg)l 3:‘;“1&)2 p-Value
Patient age, median (range)—years 75 (51-90) 77 (50-88) 0.790
Female sex 28 (57) 20 (45) 0.302
Body mass index (kg/m?) 29.2 (16.2-46.4) 25.7 (18.8-37) 0.014
ASA score 2.0 (2-3) 2.0 (1-3) 0.874
No. of previous surgeries 2 (0-8) 2 (0-10) 0.544
Acetabular bone defect (Paprosky [15])

Type 1 9(18) 1(2) 0.017

Type 2 24 (49) 23 (52) 0.836

Type 3 16 (33) 20 (45) 0.286
Femoral bone defect (Paprosky [14])

Type 1 14 (29) 5(9) 0.070

Type 2 20 (41) 21 (48) 0.536

Type 3 8 (16) 8 (18) 1.000

Type 4 7 (14) 10 (23) 0.421
Prosthesis-free interval, median (range)—weeks 8.6 (1.0-10.0) 12.0 (10.1-115) <0.0001
Type of prosthesis fixation 0.052

Cemented 13 (27%) 21 (48%)

Uncemented 36 (73%) 23 (52%)
Interval from reimplantation and first walk, median 2.0 (1-10) 2.0 (1-6) 0.506
(range)—days

NOTE. The values are given as the number (percentage) of cases, if not otherwise indicated.

According to the duration of the prosthesis-free interval, 49 cases (53%) were allocated to group
1 and 44 cases (47%) to group 2. Statistically significant differences besides the interval duration
between both study groups were only found regarding BMI and type 1 of Paprosky acetabular bone
defect classification. The distribution of all causative microorganisms isolated during explantation and
reimplantation is listed in Table 2.
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Table 2. Microbiological findings during explantation and reimplantation surgery among 93 cases.

Cases with Positive Cases with Positive
Microorganism Microbiology at Explantation Microbiology at Reimplantation
(n=72) (n=17)

Coagulase-negative staphylococci 53 174

Staphylococcus aureus 11 2

Cutibacterium acnes 8 1

Streptococcus spp. 3] 0

Enterococcus spp. 5 0

Gram-negative bacteria 2 5 0

Others 3 4 1

NOTE. The values are given as the number of cases. The sum exceeds the total of cases due to polymicrobial
infections with multiple causative pathogens. ! Of 19 positive tissue cultures with coagulase-negative staphylococci,
in seven patients only one tissue sample showed growth but the growth was considered relevant as the patients
were receiving antimicrobial treatment. 2 Escherichia coli (n = 2), Salmonella spp. (n = 1), Achromobacter xylosoxidans (n
= 1), Pseudomonas putida (n = 1). 3 During explantation: Corynebacterium spp. (n = 1), Granulicatella adiacens (n = 1),
Actinomyces neuii (n = 1), Lactobacillus spp. (n = 1), during reimplantation: Dermabacter hominis (n = 1).

In 72 cases (77%), the pathogen was cultured during explantation. In 18 of these cases (25%), more
than one microorganism caused the infection. During reimplantation surgery, cultures were positive in
17 cases (18%). In 5 of these cases (29%), polymicrobial infection was recorded.

Sixteen patients (17.2%) had a persistent infection. Among those, 13 patients grew the same
pathogen as isolated at the time of explantation, and, in 3 cases, a different microorganism was isolated.
In one patient, Staphylococcus simulans (two positive tissue cultures, one positive synovial fluid culture)
was isolated at the first stage and Staphylococcus haemolyticus (two positive synovial fluid cultures) at the
second stage. In another patient, Enterococcus faecium (two positive synovial fluid cultures, two positive
tissue cultures) was detected at the time of explantation, and Staphylococcus aureus and Staphylococcus
epidermidis (one positive tissue culture and one positive synovial fluid culture each) at reimplantation.
In the third patient, no bacterial growth was observed at the first stage, and Staphylococcus aureus (two
positive tissue cultures) was isolated at the second stage.

2.6. Statistical Analysis

Continuous variables are expressed by median and range; categorical variables are described as
absolute and relative frequencies (percentage). Student t-test and Fisher’s exact test were performed to
compare metric and binary variables between both groups. A chi-squared test was used to compare
the overall complication rate between both groups. Additionally, the revision-free and infection-free
survival were calculated using Kaplan-Meier analysis. To test the equality of the survival distribution
functions, a log-rank test was performed. All estimated parameters are reported with 95% confidence
intervals. The significance level for all tests was 5% (p < 0.05). The software package XLSTATPM
(version 2017; XLSTAT; Addinsoft, New York, NY, USA) was used for statistical analysis.

3. Results

3.1. Local Complications and Their Temporal Appearance During the Two-Stage Revision

Seventy-one patients (76%) had at least one local complication, and overall 146 complications
occurred during the entire follow-up period. Table 3 summarizes local complications during different
periods of the two-stage procedure. Common complications were relevant blood loss during
reimplantation (n = 25), and during explantation (n = 23), persistent infection during prosthesis-free
interval (n = 16), leg length discrepancy (n = 13), and reinfection (n = 9).
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Table 3. Local complications cccurring during different periods of the two-stage procedure in the group
with an interval of =10 weeks (group 1) and >10 weeks (group 2).

AllCases  Group1 Group 2

Complication (1 = 93) ( = 49) (1 = 44) p-Value
At explantation
Blood loss ! 22 {24) 9(18) 13 (30) 0.230
Bone fracture 3(3) 2(4) 1(2) 1.000
Nerve palsy 1(1) 0 (0) 1{2) 0473
Total 26 (28) 11 (22) 15 (34) 0.266
During resection arthroplasty
Persistent infection 16 (17) 8 (16) 5(18) 1.000
Wound healing disorder 6 (6) 2(4) 4{9) 0417
Bone fracture * 3(3) 2(4) 1{2) 1.000
Others * 13(14) 9(18) 1(9) 0.268
Total 38 (41) 21 (43) 17 (39) 0.737
At reimplantation
Blood loss 25 (27) 13(27) 12(27) 1.000
Bone fracture 7 5(5) 3(6) 2(5) 1.000
New infection 3(3) 1(2) 2(5) 0.601
Nerve palsy 5 (reversible) 2(2) 1(2) 1(2) 1.000
Total 35 (38) 18 (37) 17 (39) 0.875
After Reimplantation
Leg length discrepancy 9 13(14) 4(8) 9{20) 0.134
Reinfection 9(10) 3(6) 6(14) 0.299
Dislocation 7(8) 3(6) 4(9) 0.704
Wound healing disturbance 17 6(7) 00y 6(14) 0.009
Bone fracture 11 3(3) 2(4) 1(2) 1.000
Aseptic loosening 12 2(2) 00y 2(5) 0.226
Others 13 7(8) 4(8) 3(7) 0.688
Total 47 (51) 16(33) 31 (70) 0.012
Total 146 66 80 0.068

NOTE. The values are given as the number (percentage) of cases. ! Requiring transfusion of 2-9 (median 2)
ervthrocyte concentrates. ? Including 2 fissures and 1 fracture of the proximal femur stabilized with additional
cerclage wires. * Temporary palsy of the peroneal nerve (full recovery within 6 weeks). * Including 2 proximal femur
fractures stabilized intramedullary with cemented Steinmann pins and 1 non-displaced proximal femur fracture
treated with cerclage wires. 3 Including heterotopic ossification (i = 8), haematoma (n = 1), pain with VAS 26 points
(n= 2), and bursitis trochanterica (n = 2). ¢ Requiring transfusion of 2-14 (median 2) erythracyte concentrates.
* Including 4 fractures of the proximal femur stabilized with additional cerclage wires and 1 acetabulum fracture
reconstructed with an acetabular reinforcement ring and cemented cup. # Temporary palsy of the femoral nerve
with full recovery within 8 weeks (in the patient with the acetabulum fracture). ¥ Median leg length discrepancy of
15 mm (range: 10-35 mun}; in group 1, four (8%) patients had a median leg length discrepancy of 13 mm (range:
10-20 mm) and in group 2, nine (20%) patients with a median leg length discrepancy of 20 mm (range: 10-35 mm) (p
=0.134). 1 Twe palients required revision surgery. 11 One proximal femur fracture (treated with a fracture fixation
plate and cerclage wires), one acetabular fracture {navigated percutaneous screw fixation), and one ischial tuberosity
avulsion fracture (treated conservatively). '* Evaluated at follow-up visits (after 49.7 and 69.0 menths), no pain, no
required revision. 3 Heterotopic ossification (it = 1), haematoma {with required revision surgery; (s = 3)), pain with
VAS =26 points (# = 3).

During the prosthesis-free interval, two proximal femur fractures occurred and were stabilized
intramedullary with cemented Steinmann pins. Another non-displaced proximal femur fracture
detected during the interval was treated during reimplantation with cerclage wires. In 4 patients (4%),
a wound-healing disorder (WHD) without the need for revision surgery was present.

Seven patients (8§%) with acetabular Paprosky type 2 (i = 2) and tvpe 3 (7 = 5) or with femoral
Paprosky type 1 (11 = 1), type 2 (1 = 2), type 3 (1 = 1) and type 4 (11 = 3) experienced a postoperative
dislocation after a mean of 14.5 days (range: 8-26 days). While three patients had a successful closed
reduction, four patients required revision surgery. In three patients, a dual mobility cup was implanted
in which two had no further dislocation. One with a recurrent dislocation was treated with successful
closed reduction and a temporary custom-made hip orthosis. No further dislocation was observed
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after the last intervention. Another patient with dislocation underwent successful stem exchange with
reduction of antetorsion and increase in offset with no further dislocation.

3.2. Systemic Complications

Twenty-two (24%) patients experienced at least one systemic complication (Table 4), 12 (24%) in
group 1 (12 complications) and 10 (23%) in group 2 (14 complications, p = 0.501). Thromboembolic
events were more frequent in group 2 (p = 0.047).

Table 4. Systemic complications occurring during different periods of the two-stage procedure in the
group with an interval of <10 weeks (group 1) and >10 weeks (group 2).

All Cases Group 1 Group 2

Complications (1 = 93) (1 = 49) (1 = 44) p-Value
Allergic reaction to antibiotics 6 5 1 0.120
Cardiovascular events ! 6 5 1 0.208
Thromboembolic events 2 4 0 4 0.047
Hepatic insufficiency * 2 0 2 0.131
Sepsis/Systemic mﬂimmatory ’ 0 ’ 0131
response syndrome

Others 3 6 2 4 0.417
Total 26 12 14 0.501

NOTE. * denotes complications occurring after explantation. ! Including atrial fibrillation (1 = 2), supraventricular
tachycardia (1 = 1), acute ischemic stroke (1 = 1), myocardial infarction (1 = 1) and endocarditis (# = 1). 2 Including
deep vein thrombosis (1 = 3) and pulmonary embolism (1 = 1). 3 Sacral pressure sore (1 = 1), pneumothorax (1 = 1),
paralytic ileus (n = 1), hyponatremia (1 = 1), cholecystolithiasis* (n = 1) and acute kidney failure* (n = 1).

3.3. Bone Defects and Consecutive Complications

A statistically significant difference of total number of complications comparing acetabular bone
defect types (7 complications in 10 patients with type 1, 69 in 47 patients with type 2, and 70 in 36
patients with type 3; p = 0.008; Figure 2a) and femoral bone defect types (19 complications in 9 patients
with type 1 (n = 19), 63 in 41 patients with type 2, 29 in 16 patients with type 3, and 35 in 17 patients
with type 4; p = 0.043; Figure 2b) was observed.

a
8071 p=0.039
70+ 64
60+
o 49
g’ 50
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g.’ 301 25
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Blood Bone Leg Wound Reinfection Dislocation
loss fracture length healing

discrepancy disorder
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Figure 2. Cont.
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Figure 2. Frequency of complications in the different acetabular bone defect types according to
Paprosky classification [15] (a) and femoral bone defect types according to Paprosky classification [14]
(b). Number above the bars represent the frequency of the complication in the respective type.

3.4. Comparison of Groups

In group 1, 66 local complications (45%) occurred during the whole study period, whereas 80 (55%)
in group 2 (Figure 3). There were statistically significantly fewer complications after reimplantation of
the hip prosthesis in group 1 (16 complications) compared with group 2 (31 complications) (p = 0.012).
For no complication, a statistically significant difference between both groups was shown except for
wound healing disorders after reimplantation (p = 0.009).

1001 _
o Il Group 1 (n=49) p=0.068
Group 2 (n=44) 80

o 807
=
2 70 66
©
2
S 604
£
S 501
[ p=0.266 p=0737 p=0875 p=0.012
R
2 31
£ 301
g 21 18

201 15 17 17 16

11
os Explantation Prosthesis- Re- After Total

free interval implantation reimplantation

Figure 3. Complications during different periods of the two-stage procedure stratified according to
the group.

3.5. Revision-Free Survival

In group 1, the Kaplan-Meier analysis showed a revision-free survival probability of 91.8% (95%
CI: 84.2-99.5) at six months, and 85.7% (95% CI: 75.9-95.5) at 12 months. After 11 months, no further
revision was required. The mean revision-free survival time was 52.2 months (95% CI: 46.4-57.9). In

o4



J. Clin. Med. 2019, 8, 2224 9of 14

group 2, revision-free survival probabilities of 81.4% (95% CI: 69.8-93.0) at six months, 74.4% (95% CI:
61.4-87.5) at 12 months, and 69.4% (95% CI: 55.6-83.3) at 24 months were calculated. All complications
requiring revision surgery occurred within 2 years. The mean revision-free survival time was 41.3
months (95% CI: 33.6-48.9). There seems to be a higher revision-free survival rate in group 1 (Figure 4),
but not at a statistically significant level (p = 0.058).

Revision-free survival in months
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Group 2 44 34 30 27 24 21 14

Figure 4. Kaplan-Meier revision-free survival curve as an endpoint in cases with an interval of <10
weeks (black) and an interval of >10 weeks (grey). No statistically significant difference between both
groups was calculated (log-rank test, p = 0.058).

3.6. Infection-Free Survival

Overall, nine patients (10%) were revised because of infection after a mean time period of
7.8 months (range: 0.3-22.6). Of these, four (44%) were diagnosed as recurrent (one in group 1 and
three in group 2) and five (56%) as new, haematogenous infections (two in group 1 and three in group
2). All were treated with at least one further surgical intervention. For the Kaplan—-Meier analysis, all
nine further infections were counted as reinfections (Figure 5).
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Figure 5. Kaplan-Meier infection-free survival curve in cases with an interval of <10 weeks (group 1,
black) and an interval of >10 weeks (group 2, grey). No statistically significant difference between both
groups was calculated (log-rank test, p = 0.223).

In group 1, all three infections occurred within 12 months, leading to an infection-free survival
probability of 93.9% (95% CI: 87.2-100) at 12 months. The mean infection-free survival time was 72.1
months (95% CI: 66.5-77.7). Patients in group 2 showed an infection-free survival rate of 90.9% (95%
CI: 82.4-99.4) at 12 months, and 85.9% (95% CI: 75.4-96.4) at 24 months. No further infection was
diagnosed after 23 months. The mean infection-free survival time was 82.8 months (95% CI: 72.8-92.8).
The Kaplan—-Meier curves showed no significant difference between the two groups (p = 0.223).

4. Discussion

Few authors have systematically analysed local and systemic complications associated with
resection arthroplasty for the treatment of hip PJI. Most common local complications in our study
were relevant blood loss during reimplantation and during explantation, persistent infection during
prosthesis-free interval, leg length discrepancy, and reinfection.

While we had a low number of complications during the prosthesis-free interval in our study,
spacer-related complications are commonly described in the interim period of a two-stage revision
when using a PMMA bone cement spacer. Spacer related complication rates of 20-40% were reported
which often require further surgery during the prosthesis-free interval [19-21]. Yang et al. showed
a 45% (14/31) spacer related complication rate during the prosthesis-free interval in their cohort of
31 patients who underwent a two-stage revision with resection arthroplasty and implantation of
cement spacers at the first stage. Six (19%) patients had a spacer dislocation, three (10%) a spacer
fracture, four (13%) a femoral fracture, and one (3%) a spacer dislocation combined with a fracture.
Faschingbauer et al. described a 20% complication rate associated with cement spacers [19]. Of 138
included patients, 12 (9%) suffered from a dislocation, further 12 (9%) had a spacer fracture, one (1%)
had a femoral fracture, one a spacer fracture-dislocation, and one (1%) a spacer protrusion into the
pelvis (1%). These high numbers of complications demonstrate the advantage of two-stage revision
without a spacer. However, the most complained disadvantage of resection arthroplasty during the
interim period is leg length discrepancy. The leg length discrepancy after conversion of resection
arthroplasty into total hip arthroplasty occurs mainly due to soft tissue contracture and acetabular
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and femoral bone loss. Garcia-Rey et al. [22] showed greater leg length discrepancy in patients with
conversion after a mean of 39 months compared to patients, who had revision surgery for aseptic
loosening. Charlton et al [23] evaluated complications associated with reimplantation after Girdlestone
arthroplasty in 44 patients. They demonstrated a leg length discrepancy in 50% of the study cohort
with a mean discrepancy of 6.5 mm (5-30 mm) after placing a cement spacer into the acetabular bed
during the interim period. In a study by Diemen et al. [10], where a cement spacer was also used during
the interval, leg length discrepancy was shown in 8% of 136 cases with a mean discrepancy of 26 mm
(range, 1.5-9 mm). In the current study, 14% patients showed leg length discrepancy with a median
discrepancy of 15 mm. The patients in the group with shorter interval had less leg length discrepancies
(8%) with a lower median discrepancy (13 mm) compared to the group with a larger prosthesis-free
interval (20% and 20 mm, respectively). Therefore, with similar leg length discrepancy rates and
median discrepancies, two-stage revision involving resection arthroplasty with a short interval was
comparable with two-stage revision using a PMMA bone cement spacer during the interval. Other
authors described more pronounced leg shortening in case of delayed reimplantation [24]. If an early
reconstruction after resection arthroplasty is performed, results were similar to those in whom a
spacer was used [10]. However, randomized studies comparing both treatment options with a short
prosthesis-free interval are lacking.

Dislocations occurred in 7.5% of patients (6% in group 1, 9% in group 2) within the first four
weeks after reconstruction, which is in line with previous reports demonstrating a dislocation rate of
3%-11% in patients treated with resection arthroplasty [22,23,25] and comparable to the dislocation
rate with cement spacer, which was described to be 1%-8% [10,22,26]. The probability of periprosthetic
fracture after reimplantation in our study was 3.2%, which was similar to the reported incidence of
3.2% with resection arthroplasty and 4.3% with spacer use [22].

Importantly, patients with a shorter prosthesis-free interval had a lower local complication rate
after reimplantation compared with patients treated with prosthesis-free interval >10 weeks, while
the complications during the first and second stages showed no difference. Other authors also
recommended early reimplantation to avoid soft tissue contracture and leg length discrepancy [27].

Of note, the extent of the acetabular and femoral bone defects influenced the complication rate.
This could be explained by the more technically challenging reconstruction of a deficient bone stock
to recreate the center of the hip rotation, which is more time consuming compared to hips with less
deficiency [28]. In major acetabular bone defects, a higher overall complication rate was observed; for
example, blood loss and bone fractures were more frequent in patients with larger bony deficiency.
Dislocation, leg length discrepancy, nerve palsy, and wound healing disturbance were more common
in type 2 and 3 acetabular bone defects. An interaction effect between the femoral bone defect types
and the femoral fracture was also shown. Unsurprisingly, fractures were more frequent in patients
with larger bony deficiency.

In our series, reinfection occurred in nine patients (9.7%) and was only present in patients with
type 2 and 3 acetabular bone defects. Patients treated with a shorter prosthesis-free interval showed
a trend towards lower reinfection rate (6%) compared with patients with a longer one (14%). These
findings are in concordance with the reported reinfection rate ranging from 2.3 to 13.4% [10,23,25].

Regarding systemic complications, thromboembolic events were more often observed in patients
with a longer prosthesis-free interval. Although low-molecular-weight heparin was given, four events
were observed in the long interim period while none occurred in the short prosthesis-free interval
group. A possible explanation could be the reduced mobilization during a long interval. However,
each event occurred after reimplantation, when the patient was able to weight-bear again. In the study
by Charlton et al, no thrombosis or embolism was reported [23]. Due to the controversial results, the
impact of a long prosthesis-interval on thromboembolic events remains unclear. Further studies are
needed to elucidate this problem.

There are several limitations to this study. The present study did not include an evaluation of
functional outcome. However, in the retrospective study by Marczak et al., the final Harris hip score
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(HHS) and visual analogue scale (VAS) score showed no difference between patients treated with a
two-stage revision with or without spacer, while the final WOMAC (Western Ontario and McMaster
Universities osteoarthritis index) score showed a better outcome in the spacer group [24]. The decision
to use a spacer in this study was based on the preferences of the surgeon and local bone deficiency.
Hence, resection arthroplasty was performed in patients with a severe bone deficiency, which could be
a possible explanation for the significantly different WOMAC score. In the study by Hsieh et al. [6], the
functional status of the patients (measured by using the Merle d’Aubigné and Postel hip score) was
similar between patients treated with cement beads following resection arthroplasty and patients with a
cement spacer during the prosthesis-free interval. Another limitation is the limited number of patients,
making statistical comparisons between the groups difficult. Nevertheless, this retrospective series
represents the largest single-center observation of two-stage revision involving Girdlestone hips during
the prosthesis-free interval and still might be useful in solid decision making for orthopaedic surgeons.

5. Conclusions

In conclusion, complications of two-stage revision using resection arthroplasty were common,
including relevant blood loss, leg length discrepancy, persistent infection, and reinfection. Nevertheless,
the infection-free-survival was high (>85% after two years). Patients with shorter prosthesis-free
intervals (<10 weeks) experienced fewer complications after reimplantation. An increasing number of
complications were seen with increasing acetabular defects. The indication for resection arthroplasty
needs to be evaluated carefully, considering the high rate of complications and reduced mobility,
particularly if longer prosthesis-free intervals are applied.
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