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Resum

La infeccido és una de les complicacions més greus que poden
apareixer després de la implantacié d’una artroplastia total de
maluc. Fer un recanvi en un terreny infectat comporta un major risc
d’infecci6 de la nova protesi. No existeix cap prova que tingui
suficient sensibilitat 1 especificitat com per determinar si
I’afluixament protétic és degut a una causa séptica 0 mecanica.
Aquesta tesi esta dedicada a I’estudi de la utilitat de la membrana
periprotetica per al diagnostic d’infeccié durant el recanvi d’una

protesi de maluc.

El primer objectiu d’aquesta tesi ha estat avaluar si el rendiment de
la membrana periprotética com a mostra per a I’estudi histologic
peroperatori d’infecci6 en un recanvi d’una artroplastia de maluc és
superior al de la mostra de pseudocapsula. Els resultats han
demostrat que el percentatge de la histologia positiva de la
membrana en pacients amb infeccid de protesi és significativament
més gran que el percentatge de la histologia positiva de
pseudocapsula. D’aquesta manera se suggereix que la membrana €s

millor com a mostra histologica.

El segon objectiu ha estat determinar si el rendiment de la
membrana periprotética com a mostra solida per al cultiu
convencional és superior al de la mostra de pseudocapsula per al

diagnostic d’infeccid en un recanvi d’una artroplastia de maluc. Els
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resultats han demostrat que no existeixen difereéncies significatives

entre tots dos tipus de mostra.

El tercer objectiu ha estat avaluar la utilitat de la histologia fent
servir la membrana periprotética per al diagnostic de la infeccio
durant un recanvi d’una artroplastia de maluc per una fractura
periprotetica. Els resultats han demostrat que la utilitzacio de la
histologia en casos de fractura esta associada a una elevada taxa de

falsos positius (baixa especificitat).



Abstract

Prosthetic infection is one of the most severe complications that can
appear after a total hip arthroplasty. To perform the replacement in
a septic environment entails a significantly higher risk of prosthesis
infection. Currently, there are no preoperative or perioperative
reliable tests able to determine whether the prosthesis loosening is
caused by septic or mechanical reasons. This thesis is devoted to
study the usefulness of the periprosthetic membrane for predicting

infection during a total hip replacement.

The first objective of this thesis has been to evaluate if the
usefulness of the periprosthetic membrane as a histologic sample is
more accurate than the pseudocapsule. The results have confirmed
that the percentage of positive histology of the membrane is
significantly higher than the pseudocapsule, suggesting that
periprosthetic membrane is the best specimen for the histological

diagnosis of prosthetic joint infection.

The second objective has been to assess whether conventional
cultures from the periprosthetic membrane are superior to
pseudocapsule samples in the diagnosis of infection in hip revision
arthroplasty. The results allow to concluding that the membrane
sample for a conventional culture is not superior to the

pseudocapsule sample in detecting microorganisms.

The third objective has been to analyze the usefulness of the

histology for the diagnosis of infection during a hip prosthesis
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replacement for the treatment of a periprosthetic fracture. The
results have demonstrated that periprosthetic fractures are a cause
of false-positive histology results for the diagnosis of infection
during revision of a hip prosthesis for the treatment of a
periprosthetic fracture when conventional cultures are used for

diagnosis of infection.
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Introduccio

La infeccido és una de les complicacions més greus que poden
aparcixer després de la implantacio d’una artroplastia total de
maluc. Avui en dia, es considera com a taxa acceptable d’infeccid
un valor per sota del 2 %, en funci6 de la durada de I’acte quirargic
i de la condici6 de base del pacient. En canvi, aquesta incidéncia

pot ascendir fins a un 15 % si es tracta d’un recanvi protetic (1).

Una infeccié d’aquest tipus acostuma a associar-se a una elevada
morbiditat. En el millor dels casos, una neteja quirrgica i
I’administracié perllongada d’antibiotics podria ser suficient per
curar la infeccid (2). Malauradament, sovint €s necessari retirar la
protesi infectada i1 substituir-la per una altra. Freqlientment cal
mantenir el pacient durant diverses setmanes sense articulacid
funcional 1 amb tractament antibiotic, i fer posteriorment una
segona intervencié per col-locar la nova protesi definitiva, la qual
ara tindra un risc aproximadament cinc vegades més alt de patir una
nova infeccid (3). Les repercussions funcionals, psiquiques,
familiars 1 economiques son per tant de gran magnitud (4, 5). Amb

I’envelliment de la poblacié occidental i I’increment del nombre de
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protesis de maluc que es col-loquen anualment (6), és previsible
que la necessitat de recanviar protesis afluixades sigui cada vegada
més gran. Aixi mateix, el nombre de fractures que es produeixen al
voltant d’una protesi de maluc va en augment. La fractura
periprotética es pot produir per un traumatisme important sobre una
protesi no afluixada o per un traumatisme minim sobre una protesi
que ja presenti un afluixament (aseptic o septic) previ. Si el pacient
presenta una fractura periprotética sobre un implant afluixat
[fractura tipus B2 segons la classificacid internacional de
Vancouver (7)], llavors el tractament consisteix en el recanvi de la
protesi. Si aquest recanvi es duu a terme en el context d’un
afluixament septic la probabilitat que s’infecti el recanvi és alta. Per
tot aixo, la necessitat de millorar la prevenci6, el diagnostic i el

tractament d’aquesta complicacio és essencial.

El diagnostic diferencial entre una infeccid cronica (afluixament
séptic) i un afluixament mecanic (afluixament aseéptic) és molt
dificil i alhora essencial, atés que el tractament quirtrgic en el
primer cas requereix un recanvi del material en dos temps i un
tractament antibiotic prolongat (8, 9). En el segon cas es fa el
recanvi en un sol temps i no és necessari prolongar el tractament
antibiotic més enlla de la profilaxi establerta. No recon¢ixer una
infeccid, 1 per tant dur a terme un recanvi en un terreny infectat,
comporta un major risc d’infecci6 de la nova protesi.
Malauradament, no existeix cap prova que tingui una sensibilitat i
especificitat del 100 % per determinar si 1’afluixament protctic és
degut a una causa séptica 0 mecanica (1). Si I’afluixament de la

protesi s’ha produit en el context d’una fractura, el diagnostic de la
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infeccid pot ser un problema encara més dificil de resoldre. Les
proves per diagnosticar infeccid al voltant de la protesi es poden

dividir en preoperatories i peroperatories.

1.1 Investigacions preoperatories

1.1.1 Anamnesi i exploracio fisica

Una historia clinica i fisica detallada €s important per al diagnostic,
perd no deixa de ser subjectiva. Unicament la troballa d’una fistula
¢és patognomonica d’infeccid, pero la seva preséncia és poc habitual
(Figura 1). Actualment la fistula esta considerada un criteri major
d’infeccid segons els nous criteris descrits per la Musculoskeletal
Infection Society (MIS) (10, 11). El que és més freqilient és que la
manifestaci6 principal sigui dolor de caracteristiques poc
especifiques. Si el context és una fractura periprotetica, el dolor
produit per la fractura fa que la simptomatologia aguda perdi

utilitat.

Figura 1. Preséncia de fistula en una cicatriu. A la imatge es pot apreciar la
preséncia d’una fistula a la cara externa de la cuixa després d’una protesi total de
maluc, signe patognomonic d’infeccié de I’implant.
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1.1.2 Radiologia

L’estudi radiologic aporta pocs canvis especifics suggestius
d’infecci6. En alguns casos es poden observar signes com osteolisi,
reabsorcid periostica i imatges radioltcides al voltant de I’implant,
pero habitualment apareixen en fases avancades de ’afluixament i
cap d’ells son utils per diagnosticar entre afluixament mecanic o

séptic (Figures 2 1 3).

Figura 2. Afluixament del component acetabular. Radiografia anteroposterior de
pelvis on es mostra una protesi total de maluc dret. A la imatge es poden observar
signes d’osteolisi i imatges radiolicides al voltant d’una cotila cimentada, que es
tradueix en afluixament d’aquest component protétic, perd sense poder
diferenciar si €s d’etiologia mecanica o séptica.
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Figura 3. Afluixament de la tija femoral. Radiografia anteroposterior d’ambdés
malucs on es mostra una protesi total de maluc dret. A la imatge poden observar-
se signes d’osteolisi i imatges radioldcides al voltant d’una tija femoral no
cimentada. La preséncia d’una osteolisi tan important podria suggerir la preséncia
d’una infeccid.

1.1.3 Analitica

El nombre de leucocits en la sang és un parametre molt poc sensible
(1, 12). En canvi la velocitat de sedimentacié globular (VSQG) i la
proteina C reactiva (PCR) no només tenen una sensibilitat,
especificitat, valor predictiu positiu i valor predictiu negatiu al
voltant de 85 %, 92 %, 95 % 1 66 % respectivament, segons les
series (1), sind que també tenen un cost economic baix, per tant son

de gran utilitat en 1’estudi preoperatori (13). No obstant aixo, s’ha
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de recordar que tant la VSG com la PCR son criteris menors
d’infeccié segons la MIS (10, 11). A més de no tenir una fiabilitat
del 100 %, la seva principal limitacié es troba en els pacients amb
malalties inflamatories i en els que pateixen una fractura al voltant
de la protesi, ja que els valors dels parametres poden estar elevats
per la mateixa malaltia i per la mateixa fractura. La interleucina-6
també s’ha descrit com un bon marcador correlacionat amb el
diagnostic d’infeccid, perd amb les mateixes limitacions que la
VSG ila PCR. Per tant, és necessari disposar de més informacié per
determinar quin ¢és el veritable paper diagnostic que pot

desenvolupar aquest parametre (14).

1.1.4 Medicina nuclear

La gammagrafia ossia amb *’"Tc-HMPAO (hexametil propilen
amino oxima) i utilitzant leucdcits marcats amb **"Tc-HMPAO,
aixi com la gammagrafia amb Ga-67, disposen en general d’elevada
sensibilitat 1 especificitat (Figura 4). No és aixi en infeccions
croniques amb poca resposta inflamatoria. La gammagrafia de
medul-la  macrofagica pot incrementar significativament els
resultats si es compara amb la gammagrafia amb leucocits marcats
(15). La seva utilitzacio fent servir 9ngc-ciproﬂoxacina sembla
d’utilitat per al diagnostic d’infecci6 de protesi de maluc, 1 la
sensibilitat, especificitat, valor predictiu positiu i valor predictiu
negatiu ¢és de 74 %, 90 %, 86 % 1 86 % respectivament (16). El
rendiment de la gammagrafia €s, en general, molt baix en el context

d’una fractura periprotética (17). Recentment s’ha descrit la
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utilitzacié de I’angiogammagrafia com una tecnica util en el
diagnostic preoperatori d’infeccidé protética, amb una sensibilitat,
especificitat i valor predictiu negatiu de 83 %, 79 % i1 97 %
respectivament. Aquesta teécnica pot reduir fins a un 70 % la

quantitat de *™Tc-HMPAO utilitzada per marcar els leucocits (18).
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Figura 4. Imatge gammagrafica d’una protesi de maluc infectada. Aquesta
gammagrafia correspon al pacient de la Figura 3. A la fase precog¢ vascular (A i
B) s’observa una area hiperémica al maluc dret. A la fase tardana ossia (C i D)
s’observa una hipercaptacioé periprotética difusa amb un cumul focal al trocanter
menor i ter¢ mitja de la tija femoral. Aixi mateix, destaca una hipercaptacio a
parts toves adjacents a la tija. A la gammagrafia utilitzant leucocits marcats (E i
F), s’observa un diposit leucocitari al ter¢ superior de la tija amb afectaci6é de
parts toves adjacents i un cumul de tracador a la zona externa del maluc, que
suggereixen una infeccid oOssia del material protétic amb fistula cap a 1’exterior.
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1.1.5 Analisi cel'lular del liquid articular

El recompte del nombre de leucocits i el percentatge de neutrofils
en el liquid articular ha despertat gran interes en els tltims anys per
diagnosticar infeccid al voltant de la protesi ja que aquests dos
parametres es consideren criteris menors d’infeccié segons la MIS
(10, 11). Segons les series, tenen una sensibilitat, especificitat, valor
predictiu positiu i valor predictiu negatiu al voltant de 83 %, 93 %,
63 % 1 93 %, respectivament (19-21), i per tant poden ser d’utilitat
en I’estudi preoperatori. Tot 1 aixi, aquests parametres no tenen una
fiabilitat del 100 %, sind només del 83 %. A més, la taxa d’aspirat
blanc és aproximadament del 23 % (21), la qual cosa impedeix
sovint que es pugui fer aquesta analisi. S’ha descrit que un aspirat
blanc no significa que no hi hagi infecci6 articular (22). Per ultim,
no esta ben estudiat quina és la fiabilitat d’aquests tests en pacients

amb malalties inflamatories i/o fractures periprotétiques.

1.1.6 Analisi microbiologica del liquid articular

El cultiu del liquid articular obtingut per teleradioscopia, ecografia
o tomografia computada (23) no ha mostrat ni una elevada
sensibilitat ni especificitat. Aquesta analisi microbiologica del
liquid articular unicament té un rendiment elevat quan es duu a
terme en pacients amb una elevada sospita d’infeccio i hi ha altres
indicadors suggestius d’infeccio (24). En el context d’una fractura
periprotetica aquesta analisi no és viable ja que retardaria la cirurgia

diversos dies.
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1.2 Investigacions peroperatories

1.2.1 Tincié de Gram del liquid articular

La tincié de Gram del liquid articular té una molt baixa sensibilitat
(varia entre el 0 % 1 el 19 % segons les series) 1 un pobre valor
predictiu negatiu, ja que la majoria de microorganismes es troben
adherits a la superficie protetica formant un biofilm (25). La seva
utilitzaci6 en el diagnostic d’infeccid protetica esta desaconsellada a

causa de ’elevada taxa de falsos negatius (26).

1.2.2 Cultius intraoperatoris

Els cultius intraoperatoris son actualment el patrd or per establir el
diagnostic de la infeccid i son considerats un criteri major
d’infecci6 segons la MIS (10, 11). Per tal de disminuir al maxim la
taxa de falsos negatius, és imprescindible que el malalt no hagi
rebut antibiotics durant les setmanes previes a la cirurgia. A causa
de la poca quantitat de microorganismes no adherits a la superficie
protetica, és recomanable obtenir de tres a cinc mostres de diferents

localitzacions (10).

S’ha descrit que el cultiu del liquid sinovial inoculat en flascons
d’hemocultiu és el tipus de cultiu convencional més sensible
comparat amb el cultiu de material solid periprotétic o els frotis
(27-30). En la nostra practica habitual les tres mostres

convencionals periprotétiques s’obtenen just en el moment d’obrir
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la capsula 1 visualitzar la protesi, és a dir, s’obtenen del liquid
sinovial, del teixit solid de la pseudocapsula que envolta el coll de

la protesi i fent un frotis del coll o el cap de la protesi.

Se sap que la major part dels microorganismes que infecten un
implant es troben creixent sobre el mateix implant formant biofilms
(sessile bacteria) 1 només una petita part es troben lliures
(planktonic bacteria) en els teixits periprotetics (29). Per tant, el fet
d’utilitzar material solid provinent de la pseudocapsula i no de la
membrana periprotética, que és el teixit solid més proxim i amb
més contacte a la superficie de I’implant, podria explicar aquesta
menor sensibilitat del material solid respecte al liquid inoculat amb
flascons d’hemocultiu. Avui en dia, les guies aconsellen obtenir
com a minim tres mostres per a cultiu, pero no deixen clar de quin

tipus i d’on s’han d’obtenir aquestes mostres (10, 31-33).

1.2.3 Histologia

L’estudi histologic consisteix en la determinacié del nombre de
leucocits polimorfonuclears (PMN) existents en una mostra de
teixit periprotétic. En un teixit no infectat, la seva preséncia és
minima o nul-la, mentre que €s abundant quan el teixit esta infectat
(34) (Figura 5). Actualment s’ha documentat que 1’anatomia
patologica per al diagnostic d’infeccid protética t€ un elevat
rendiment (17, 35-37), pero en canvi en altres publicacions ha estat
descrita una baixa sensibilitat (32, 38-42). La baixa especificitat
(elevada taxa de falsos positius) pot ser deguda al fet que les

mostres per a l’estudi histologic i les mostres per a [’estudi

10
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microbiologic son obtingudes de diferents localitzacions (8, 27, 40,
41). La baixa sensibilitat (elevada taxa de falsos negatius) s’ha
atribuit a: 1) preséncia de microorganismes de baixa viruléncia com
Staphylococcus epidermidis o Propionibacterium spp., que no
arriben a estimular la infiltracio de neutrofils en el teixit, 2)
contaminacié bacteriologica de la mostra obtinguda per a 1’estudi
microbiologic, i/0 3) punt de tall (nombre de neutrofils per camp de
gran augment) que s’utilitza per establir el diagnostic d’infecci6 (8,
27, 40, 43-45). S’ha de recordar que la histologia també és un criteri

menor per al diagnostic d’infeccio segons la MIS (10, 11).

Figura 5. Leucocits polimorfonuclears en un tall histologic. Fotomicrografia a
camp de gran augment (x400) de tall histologic en parafina amb tincié
d’hematoxilina-eosina, on es pot observar la preséncia d’abundants leucocits
polimorfonuclears (fletxes).

11
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Aixi mateix, un fet que pot provocar un possible biaix dels resultats
de la histologia son els pacients que es recanvien la protesi perque
presenten una fractura periprotética. Una revisié de la literatura
evidencia que molts autors (36, 38, 41, 46) afirmen que la fractura
periprotética és una causa de falsos positius per al diagnostic de la
infeccid mitjancant la histologia perd cap d’ells mostra dades

objectives sobre aquesta qiiestio.

12



Hipotesi i Objectius

2.1 Hipotesi

Ates que, com s’ha comentat, la major part dels microorganismes
que infecten un implant es troben creixent sobre aquest formant
biofilms i només una petita part es troben lliures en els teixits del
voltant de la protesi, la nostra hipotesi és que la utilitzacié de la
membrana periprotética com a mostra solida per al cultiu
convencional en el diagnostic d’infecci6 en un recanvi d’una
artroplastia de maluc pot tenir una major rendibilitat que no pas la
utilitzacié de la pseudocapsula. Aixi mateix, com que la important
formaci6 de fibrosi a la pseudocapsula pot dificultar la infiltracié de
neutrofils en el teixit, també establim la hipotesi que la utilitzacio
de la membrana periprotética com a mostra per a 1’estudi histologic
peroperatori d’infeccid en un recanvi d’una artroplastia de maluc
pot tenir una major rendibilitat que no pas la utilitzacié de la

pseudocapsula.

13
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D’altra banda, una fractura periprotetica pot produir el pas de
neutrofils des del torrent intravascular cap als teixits periprotétics
degut tant a fenomens de quimiotaxi com a la lesi6 mecanica dels
vasos sanguinis. Per tant, hipotetitzem que la utilitzaci6 de la
histologia com a métode diagndstic peroperatori d’infeccid durant
un recanvi d’una artroplastia de maluc per una fractura periprotética
pot estar associada a una elevada taxa de falsos positius (¢és a dir, a

una baixa especificitat).

2.2 Objectius

1. Analitzar si el rendiment de la membrana periprotética com a
mostra per a I’estudi histologic peroperatori d’infeccid en un
recanvi d’una artroplastia de maluc €s superior a la mostra de

pseudocapsula.

2. Avaluar si el rendiment de la membrana periprotética com a
mostra solida per al cultiu convencional per al diagnodstic d’infeccid
en un recanvi d’una artroplastia de maluc és superior a la mostra de

pseudocapsula.

3. Determinar la utilitat de la histologia fent servir la membrana
periprotética per al diagnostic d’infeccid en un recanvi d’una

artroplastia de maluc per una fractura periprotética.
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3.1 Disseny de I’estudi

Estudi prospectiu.

3.2 Pacients inclosos a ’estudi

Els pacients s’han inclos a I’estudi segons 1’objectiu.

Primer objectiu

Pacients sotmesos a un recanvi d’una protesi de maluc, entre gener
de 2007 i juny de 2009. Els pacients van ser classificats en dos
grups: grup A) pacients sotmesos a cirurgia de revisio protetica de
maluc amb diagnostic preoperatori d’afluixament aseptic i
diagnostic definitiu d’afluixament aséptic, i grup B) pacients
sotmesos a cirurgia de revisid protetica de maluc amb diagnostic
preoperatori  d’afluixament séptic 1  diagnostic  definitiu

d’afluixament séptic. No es van incloure pacients sotmesos a
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cirurgia de revisi6 de maluc per una fractura periprotética ni tampoc
pacients amb diagnostic preoperatori d’afluixament aseéptic i

diagnostic definitiu d’afluixament séptic.

Segon objectiu

Pacients sotmesos a un recanvi d’una protesi de maluc, entre
octubre de 2009 i octubre de 2011. Es van crear dos grups en funcio
de la mostra solida utilitzada: grup A) membrana periprotetica, 1
grup B) pseudocapsula. En el grup A, les mostres utilitzades per
identificar la infeccid eren dues mostres liquides, dos frotis i dues
mostres de la membrana periprotetica. En el grup B, les mostres
utilitzades per identificar la infecci6 eren dues mostres liquides, dos
frotis i dues mostres de la pseudocapsula. Les dues mostres liquides

1 els dos frotis eren les mateixes mostres per als dos grups.

Tercer objectiu

Pacients sotmesos a un recanvi d’una protesi de maluc degut a una
fractura periprotética tipus B2 segons la classificaciéo de Vancouver

(7) entre gener de 2007 i juliol de 2011.

3.3 Protocol d’obtencio de les mostres histologiques

Es van obtenir mostres de pseudocapsula i de membrana
periprotética de cada pacient intervingut. Les mostres de
pseudocapsula es van obtenir de la part en contacte amb el coll de la

protesi fent seccions perpendiculars. Les mostres de membranes es
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van obtenir de la interficie de la tija femoral 1 de la copa acetabular.
En fractures periprotétiques, la mostra es va obtenir de la tija
femoral on s’havia produit la fractura. Les mostres histologiques
van ser fixades amb formalina i parafina abans de ser tenyides amb
hematoxilina-eosina. El Servei d’ Anatomia Patologica de I’Hospital
Clinic de Barcelona va utilitzar el criteri de Mirra amb 1’adaptacio
feta per Feldman (37, 47), de manera que la histologia va ser
considerada positiva per infecci6 quan hi havia cinc o més
neutrofils per camp de gran augment (x400) en almenys cinc camps

microscopics diferents.

3.4 Microbiologia

En el moment de la retirada dels implants i préviament a
I’administraci6 de la profilaxi antibiotica, sis mostres
periprotétiques de diferents localitzacions van ser enviades al
laboratori per al cultiu: dues mostres de liquid periprotetic, dues
mostres solides (pseudocapsula) i dos frotis. Un cop obtingudes
aquestes sis mostres, es va iniciar la profilaxi antibiotica. Quan el
recanvi no era degut a una fractura, una vegada retirat ’implant, es
van obtenir dues mostres solides més de la membrana periprotética:
una provinent de la cotila i una altra provinent de la tija femoral. Si
el recanvi només era de la cotila o de la tija, es van obtenir dues

mostres de membrana del mateix lloc.

Les mostres liquides van ser obtingudes mitjancant aspiracié amb

una xeringa estéril, immediatament inoculades en flascons
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d’hemocultiu  Bactec 9000® (Becton Dickinson Diagnostic
Instruments®, Sparks, Maryland) i posteriorment incubades durant
cinc dies. Dels flascons amb creixement de microorganismes es van
fer subcultius en medis d’agar tant aerobic com anaerobic. També
es van obtenir cultius de frotis, fregant un isotop estéril (Deltalab®,
hisop estéril Eurotube®” en medi Stuart, Rubi, Catalunya, Espanya) a
I’area del teixit periprotétic, os o liquid sospités d’infeccid. Les
mostres solides de teixit periprotétic van ser posades
immediatament en un recipient estéril. Les mostres solides i els
frotis van ser cultivats en medis d’agar tant aerobi com anaerobi
aixi com en solucié en medi de tioglicolat, tots ells enriquits amb
vitamina K 1 hemina, 1 posteriorment cultivats durant deu dies. Els

cultius positius van ser enviats per a la identificacié i1 antibiograma.

3.5 Diagnostic preoperatori

El diagnostic preoperatori d’afluixament aseptic es va considerar
quan el pacient presentava aquests simptomes: dolor inespecific,
VSG < 30 mm/h, concentracié sérica de la PCR < 1,3 mg/dL,
signes radiologics d’afluixament i/o gammagrafia dssia amb **™Tc-
HMPAO i leucdcits marcats amb *"Tc-HMPAO negatives per

infecci6. En aquests pacients, es va fer un recanvi en un temps.

En canvi el diagnostic preoperatori d’afluixament septic es va
considerar quan el pacient presentava els simptomes segiients: dolor
al maluc i/o fistula, VSG > 30 mm/h, concentracié sérica de la

PCR > 1,3 mg/dL, signes radiologics d’afluixament, gammagrafia
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ossia amb *"Tc-HMPAO i leucocits marcats amb " Tc-HMPAO
positives per infeccid i/o cultiu de liquid sinovial obtingut per
aspiracio positiu. En aquests pacients, es va fer un recanvi en dos

temps.

3.6 Diagnostic definitiu

El diagnostic definitiu d’infeccié del recanvi es va considerar: 1)
quan després d’analitzar el conjunt de sis mostres obtingudes (dues
mostres liquides, dues mostres solides i dos frotis), dues o més
mostres van ser positives per al mateix microorganisme, o bé 2)
quan hi havia preseéncia de pus franc al voltant de la protesi (48).
Per tant, els pacients amb un o menys cultius intraoperatoris

positius van ser classificats com a no infectats.

Es van crear dos grups de sis mostres en funci6 de la mostra solida
utilitzada: membrana periprotética (grup A) o pseudocapsula (grup
B). En el grup A, les mostres utilitzades per identificar la infeccio
van ser dues mostres liquides, dos frotis i dues mostres de la
membrana periprotética. En el grup B, les mostres utilitzades per
identificar la infeccié van ser dues mostres liquides, dos frotis i
dues mostres de la pseudocapsula. Les dues mostres liquides i els
dos frotis van ser les mateixes mostres per als dos grups. Un cop
creats aquests dos grups de sis mostres, es va analitzar si hi havia
diferéncies en els resultats obtinguts en funci6 de si s havia utilitzat
la mostra solida de membrana (grup A) o la mostra solida de

pseudocapsula (grup B).
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Alhora, es van crear dos grups per avaluar quina era la mostra
histologica més 1util per al diagnostic d’infeccid. Grup 1: pacients
sotmesos a un recanvi de protesi de maluc amb diagnostic
preoperatori  d’afluixament aséptic 1 diagnostic definitiu
d’afluixament aseptic (protesi no infectada). Grup 2: pacients
sotmesos a un recanvi de protesi de maluc amb diagnostic
preoperatori  d’afluixament séptic 1 diagnostic  definitiu
d’afluixament septic (protesi infectada). Aquells pacients amb un
diagnostic preoperatori d’afluixament aséptic i un diagnostic
definitiu d’afluixament séptic van ser exclosos de I’estudi. Les

fractures periprotétiques també van ser excloses d’aquests dos

grups.

3.7 Analisi estadistica

Es va dur a terme una analisi estadistica amb la finalitat d’avaluar si
el rendiment de la membrana periprotetica com a mostra solida per
al cultiu convencional era superior a la mostra de pseudocapsula per
al diagnostic d’infeccid en un recanvi d’una protesi de maluc.
Acceptant un risc alfa de 0,05 1 un risc beta de 0,20 en un contrast
bilateral, es va calcular el nombre minim de subjectes necessaris per
formar part de 1’estudi. Es va utilitzar la prova Chi-quadrat (o la
prova exacta de Fisher si era necessari) assumint una significacid

estadistica amb un nivell de confianga del 95 % (p < 0,05).

D’una banda, es volia avaluar si el rendiment de la membrana

periprotética com a mostra per a 1’estudi histologic peroperatori
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d’infecci6 en un recanvi d’una protesi de maluc €s superior al de la
mostra de pseudocapsula. D’altra banda, es pretenia avaluar la
utilitat de la histologia fent servir la membrana periprotética per al
diagnostic d’infeccid durant un recanvi d’una protesi de maluc per
una fractura periprotética. Es per aixd que es va calcular
I’especificitat (veritables negatius / falsos positius + veritables
negatius), la sensibilitat (veritables positius / falsos negatius +
veritables positius), el valor predictiu positiu (veritables positius /
veritables positius + falsos positius) i el valor predictiu negatiu
(veritables negatius / veritables negatius + falsos negatius) del
criteri de Mirra. Per a 1’analisi comparativa de proporcions es va
utilitzar la prova exacta de Fisher assumint significacio estadistica
amb un nivell de confianca del 95 % (p < 0,05). L’analisi
estadistica es va dur a terme amb el programa SPSS® (versi6 20.0;

SPSS, Inc., Chicago, IL, EUA).
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Resultats

4.1 Estudil

«Interface membrane is the best sample for histological study to
diagnose prosthetic joint infection»

Autors: Guillem Bori, Ernesto Mufioz-Mahamud, Sebastian Garcia,
Carme Mallofré, Xavier Gallart, Jordi Bosch, Ester Garcia, Josep

Riba, Josep Mensa, Alex Soriano

Mod Pathol. 2011;24:579-584

Sintesi dels resultats

Es van incloure un total de 69 casos de recanvi de protesi de maluc,
57 classificats en el grup A (diagnostic preoperatori d’afluixament
aséptic i1 diagnostic definitiu d’afluixament aseptic) 1 12 en el grup
B (diagnostic preoperatori d’afluixament seéptic 1 diagnostic
definitiu d’afluixament septic). En el grup B, el percentatge de

positivitat de la histologia de la membrana va ser significativament
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superior al de la pseudocapsula (83 % i 42 % respectivament,

p = 0,04 a la prova exacta de Fisher) (Figures 61 7).

Figura 6. Histologia de membrana amb preséncia de leucocits
polimorfonuclears. Fotomicrografia a camp de gran augment (x400) de tall
histologic en parafina amb tincié d’hematoxilina-eosina, on es pot observar la
preséncia de més de 5 leucocits polimorfonuclears.

Figura 7. Histologia de pseudocapsula sense leucocits polimorfonuclears.
Fotomicrografia a camp de gran augment (x400) de tall histologic en parafina
amb tincié d’hematoxilina-eosina, on no s’observen leucocits polimorfonuclears.
Aquest tall histologic correspon al mateix pacient que el de la Figura 6.
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Els detalls dels resultats obtinguts dels pacients amb diagnostic
preoperatori  d’afluixament aséptic 1 diagnostic  definitiu
d’afluixament aseéptic (grup A) i dels pacients amb diagnostic
preoperatori  d’afluixament séptic 1 diagnostic  definitiu

d’afluixament séptic (grup B) es presenten a la Taula 1.
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Taula 1. Relacio entre els cultius i la histologia de la membrana periprotética

Histologia Cultiu »* MO*! Mostra
membrana pseudocapsula liquida solida frotis
GRUP A*

- - - 55 - - - -

- + - 1 - - - -

+ - - 1 - - - -

GRUP B’

+ + + 1 SAUR® 1/2 1/2 172
+ - + 1 PAER' 22 02 0/2
+ + + 1 KP* 2/2 2/2 2/2
- + + 1 PAER/ECN" 22 212 2/2
+ + + 1 ECN 2/2 2/2 2/2
+ - + 1 ECN 2/2 172 0/2
+ - + 1 ECN 1/2 3/3 0/2
+ - + 1 E. coli 1/1 1/2 2/2
+ - + 1 ECN 1/2 2/4 1/3
+ - + 1 ECN 2/2 0/2 0/2
- - + 1 ECN 1/2 172 0/2

- - + 1 SAUR 2/2 2/2 0/2

* Pacients sotmesos a cirurgia de revisié protética de maluc amb diagnostic
preoperatori d’afluixament aséptic i diagnostic definitiu d’afluixament aséptic

® Pacients sotmesos a cirurgia de revisio protética de maluc amb diagnostic
preoperatori d’afluixament séptic i diagnostic definitiu d’afluixament séptic
“Nombre de pacients

4 Microorganismes aillats als cultius

¢ Staphylococcus aureus

' Pseudomonas aeruginosa

¢ Klebsiella pneumoniae

"Estafilococ coagulasa-negativa
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La sensibilitat, especificitat, valor predictiu positiu 1 valor predictiu
negatiu van ser respectivament de 83 %, 98 %, 91 % 1 96% per a la
membrana i de 42 %, 98 %, 83 % 1 83 % per a la pseudocapsula. La
relacio entre els resultats dels cultius i de la histologia es detallen a

la Taula 2.

Taula 2. Relacio entre els cultius i la histologia en el recanvi protétic

Diagnostic definitiu (cultius)®

Histologia® Total
Positiu Negatiu

Membrana

periprotetica
Positiu 10 1 11
Negatiu 2 56 58
Total 12 57

Pseudocapsula
Positiu 5 1 6
Negatiu 7 56 63
Total 12 57

*El resultat va ser considerat com a positiu per infeccié quan es van identificar

cinc 0 més PMN per camp de gran augment (x400) en almenys cinc camps

microscopics en seccions de parafina

b . N - 5. ., . - ,
El diagnostic definitiu d’infeccié va ser considerat positiu quan dos o més

cultius intraoperatoris van ser positius per al mateix microorganisme, i/o quan es

va detectar la preséncia de pus al voltant de la protesi
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4.2 Estudi?2

«Comparison of bacterial results from conventional cultures of
the periprosthetic membrane and the synovial or pseudocapsule
during hip revision arthroplasty»

Autors: Ernesto Mufioz-Mahamud, Alex Soriano, Andrés
Combalia, Cristina Medrano, Jordi Bosch, Sebastian Garcia,

Guillem Bori

Arch Orthop Trauma Surg. 2014;134:577-583

Sintesi dels resultats

Es van incloure un total de 86 casos de recanvi de protesi de maluc
amb el diagnostic preoperatori seglient: 50 recanvis aséptics, 1
recanvi septic en un temps, 16 primers temps de recanvi septic en
dos temps, 18 segons temps de recanvi septic en dos temps 1 1
recanvi en un temps degut a fractura periprotética. La série incloia

32 homes i 54 dones, amb una mitjana d’edat de 54 anys.

Del total de 86 recanvis, 22 van ser definitivament considerats com
a septics de forma postoperatoria i, d’aquests, 16 van tenir cultius
positius. Dels 16 recanvis amb cultius positius, 14 es van considerar
positius utilitzant tant la membrana com la pseudocapsula com a
mostra solida per a cultiu (p = 0,484). En altres paraules, no es van
trobar diferéncies significatives entre els grups A i B. Els detalls
dels 16 casos de recanvi amb cultius positius es presenten a la

Taula 3.
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Taula 3. Recanvis séptics amb cultius positius. Pacients sotmesos a recanvi de
protesi de maluc, diferenciant en cada cas si el pacient hagués estat considerat
infectat o no depenent de si la mostra solida utilitzada per a cultiu era la

membrana (grup A) o bé la pseudocapsula (grup B)

Infeccié” MO*®

M’ (grup A)
Diagnostic (grup A)  (grup A)
n LA® Frotis .
preoperatori Infeccio MO*
P (grup B)
(grup B)  (grup B)
Recanvi 212 Si ECN'
1 L 1/2 2/2
aseptic 2/2 Si ECN
Recanvi 2/2 Si ECN
2 2/2 1/2
aseptic 2/2 Si ECN
2n temps de 0/2 No -
0/2 0/2
recanvi septic 2/2 Si S. capitis
1r temps de 1/2 Si STC®
4 2/2 0/2
recanvi septic 2/2 Si ECN
Recanvi 02 Si CB"
5 2/2 0/2
aseptic 2/2 Si CB
Ir temps de 2/2 Si SAUR'
6 12 2/2
recanvi séptic 0/2 Si SAUR
Ir temps de 12 Si SAUR
7 2/2 2/2
recanvi septic 2/2 Si SAUR
Recanvi 0/2 No -
8 0/2 12
aséptic 1/2 Si ECN
Ir temps de 02 Si ECN
9 2/2 0/2
recanvi septic 2/2 Si ECN
E. coli
1/2 Si .
KL/
Ir temps de
10 2/2 12 E. coli
recanvi septic
1/2 Si KL
ECN
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Ir temps de 172 Si SAUR
11 2/2 2/2
recanvi séptic 172 Si SAUR
Ir temps de 0/2 Si SAUR
12 2/2 2/2
recanvi septic 2/2 Si SAUR
Recanvi 172 Si ECN
13 2/2 172
aseptic 172 Si ECN
Ir temps de 2/2 Si SAUR
14 2/2 1/2
recanvi septic 2/2 Si SAUR
Ir temps de 2/2 Si SAUR
15 2/2 2/2
recanvi séptic 2/2 Si SAUR
Ir temps de 02 Si SAUR
16 2/2 2/2
recanvi septic 2/2 Si SAUR

* Liquid articular

® Membrana periprotética

¢ Pseudocapsula

4 El diagnostic definitiu d’infeccié va ser considerat positiu quan dos o més
cultius intraoperatoris van ser positius per al mateix microorganisme i/o quan es
va detectar la preséncia pus al voltant de la protesi

¢ Microorganismes aillats als cultius

"Estafilococ coagulasa-negativa

& Streptococcus spp.

]_1 Corynebacterium spp.

' Staphylococcus aureus

I Klebsiella spp.

Hi va haver dos casos de discrepancia diagnostica quant al tipus de
mostra de material solid utilitzat (casos 3 i 8). En tots dos casos, si
la mostra solida utilitzada hagués estat la membrana, el recanvi
hauria estat considerat com a aseptic, mentre que utilitzant la

mostra de pseudocapsula el recanvi hauria estat considerat septic.

Hi va haver cinc casos (casos 5, 6, 9, 12 1 16) on tamb¢ hi va haver
discrepancia quant al resultat obtingut utilitzant la membrana o bé

la pseudocapsula, pero el diagnostic definitiu hauria estat igualment
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de recanvi septic ja que la resta de cultius (liquid articular i/o frotis)

ja eren positius (p = 0,083).

Hi va haver dos casos de discrepancia quant al microorganisme
identificat a la mostra solida: en un cas (cas 4), en les dues mostres
de pseudocapsula va créixer un estafilococ coagulasa-negativa
(ECN) (igual que en una de les mostres de liquid articular), mentre
que en una de les mostres de membrana va créixer un
Streptococcus spp. (igual que en una de les mostres de liquid
articular). En D’altre cas (cas 10), en una mostra de pseudocapsula
va créixer un ECN (igual que en una de les mostres de frotis),
mentre que en una de les mostres de membrana va créixer un
Escherichia coli i una Klebsiella spp. (igual que en les dues mostres

de liquid articular).

El microorganisme més freqlientment identificat va ser ’ECN en
set casos (vuit casos, considerant que Staphylococcus capitis és un
ECN), seguit de Staphylococcus aureus en sis casos. Hi va haver

dos casos (4 1 10) d’infeccid polimicrobiana (Figura 8).

¥ Estafilococ coagulasa-negativa
W Staphylococcus aureus

B Streptococcus spp.

8
6
¥ Klebsiella spp.
Escherichia coli
5 ¥ Corynebacterium spp.
I 111

Figura 8. Microorganismes identificats als recanvis séptics amb cultius positius.
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4.3 Estudi3

«Usefulness of Histology for Predicting Infection at the Time of
Hip Revision for the Treatment of Vancouver B2 Periprosthetic
Fractures»

Autors: Ernesto Munioz-Mahamud, Guillem Bori, Sebastian Garcia,

José Ramirez, Josep Riba, Alex Soriano

J Arthroplasty. 2013;28:1247-1250

Sintesi dels resultats

Es van incloure un total d’onze casos de recanvi de protesi total de
maluc degut a fractura periprotetica tipus B2 de la classificacié de
Vancouver (Figura 9). La série incloia vuit dones i tres homes, amb
una mitjana d’edat de 78,1 anys. Dels onze casos, sis presentaven
una histologia positiva, dels quals quatre presentaven -cultius
negatius (falsos positius de la histologia). Els resultats es detallen a

la Taula 4.

La sensibilitat, especificitat, valor predictiu positiu i valor predictiu
negatiu de la histologia va ser de 100 %, 55,5 %, 33,3 % 1 100 %
respectivament (Taula 5). D’aquells sis pacients que van presentar
una histologia positiva, només dos van tenir cultius positius: 66,6 %

de falsos positius.
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Taula 4. Caracteristiques i evolucid dels pacients amb fractura periprotética

Cas Histologia® Cultius® Microorganisme Evolucio
1 + + ECN° bona
2 + - - bona
3 - - - bona
4 - - - 1s
5 - - bona
6 + ECN + SGV* bona
7 - - - exitus
8 + - - luxacio
9 - - - bona
10 + - - bona
11 - - - bona

*El resultat va ser considerat com a positiu per infeccidé quan s’identificaven cinc
o més PMN per camp de gran augment (x400) en almenys cinc camps
microscopics en seccions de parafina

" El diagnostic definitiu d’infeccid va ser considerat positiu quan dos o més
cultius intraoperatoris van ser positius per al mateix microorganisme, i/0 quan es
va detectar la preséncia de fistula o pus al voltant de la protesi

¢ Estafilococ coagulasa-negativa

1S: Infeccié superficial

¢SGV: Estreptococ del grup viridans
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Figura 9. Fractura periprotética de maluc. Radiografia anteroposterior de maluc
dret amb la preséncia d’una fractura al voltant d’una tija femoral afluixada.

Taula 5. Relacido entre els cultius i la histologia de les fractures
periprotétiques

Diagnostic definitiu (cultius)”

Positiu Negatiu
Histologia® Total
Positiu 2 4 6
Negatiu 0 5 5
Total 2 9 11

*El resultat va ser considerat com a positiu per infeccié quan s’identificaven cinc

o més PMN per camp de gran augment (x400) en almenys cinc camps

microscopics en seccions de parafina

bEl d < . o 5: .y . o , .
iagnostic definitiu d’infeccié va ser considerat positiu quan dos o més cultius

intraoperatoris van ser positius per al mateix microorganisme, i/0 quan es va

detectar la preséncia de pus al voltant de la protesi
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Dels onze pacients inclosos a la série, un total de tres casos van
presentar algun tipus de complicacio: en un cas (cas 4), el pacient
va presentar una infecci6 superficial de la ferida quirtrgica, que es
va tractar amb antibiotic via oral 1 va presentar una posterior bona
evolucié. En un altre cas (cas 7), el pacient va morir al cap de 20
dies de la intervenci6 a causa de problemes respiratoris no
relacionats directament amb la intervencié quirurgica. Un altre cas
(cas 8) va presentar una luxacid una setmana després de la
intervencio, que es va solucionar amb el recanvi del component
acetabular de la protesi. Els cultius de les mostres obtingudes durant

aquest Ultim recanvi van ser tots negatius.
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Discussio

5.1 Estudil

Utilitat de la membrana periprotética com a mostra histologica
en el diagnostic de la infeccio en el recanvi d’una artroplastia de

maluc.

Establir el correcte diagnostic d’infeccié protética és de gran
importancia per tal de dur a terme un tractament correcte. La utilitat
de la histologia intraoperatoria ha estat analitzada en diferents
treballs 1, avui en dia, forma part dels criteris diagnostics d’infeccid
protetica (10, 11). No obstant aixo, s’ha observat una notable
variabilitat quant a la seva sensibilitat depenent dels autors (32, 38-
42, 49, 50). Aquestes inconsisténcies poden atribuir-se al tipus de
pacient inclos a I’estudi (32, 39, 40), als criteris microbiologics (1,
35, 51) i/o histologics (35-37, 52-54) aplicats per establir el
diagnostic d’infeccid o bé al tipus de mostra utilitzada per a
I’analisi (36). Revisant la literatura, existeix una enorme variabilitat

quant al tipus de mostra histologica utilitzada. Aixi, alguns autors
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han utilitzat teixits diferents de la membrana periprotetica (17, 52,

55, 56), o bé simplement no especifiquen quina és la mostra

utilitzada (47, 50, 57). A la Taula 6 es detallen els articles més

importants on es va utilitzar mostra histologica per al diagnostic

d’infecci6 protética.

Taula 6. Mostres histologiques utilitzades per al diagnostic d’infeccid protética

Autor

Mostra utilitzada

Mirra i col. (58)
Fehring i col. (49)

Feldman i col. (37)
Athanasou i col.
(36)

Lonner i col. (46)

Pace i col. (59)
Abdul-Karim 1 col.

(41)

Spangehl i col. (1)
Pandey i col. (53,
60)

Pons i col. (17)
Della Valle i col.
(39)

Banit i col. (52)

Musso i col. (42)
Ko i col. (38)
Wong i col. (61)
Frances i col. (57)

Bori i col. (32, 40,
62)

Sinovial i teixit capsular

Pseudocapsula, membrana periprotética i qualsevol area
amb aspecte sospitos d’infeccio

Pseudocapsula i membrana periprotética

Pseudocapsula i membrana periprotética

Pseudocapsula, membrana periprotética i qualsevol area
amb aspecte sospitos d’infeccid

Pseudocapsula i membrana periprotética

Sospita aséptica: membrana periprotética. Sospita se€ptica:
membarana periprotética, teixit sinovial i teixit amb algun
inusual canvi de coloracid

Superficie sinovial

Pseudocapsula i membrana periprotética

Superficie sinovial

Pseudocapsula, teixit de granulacio i qualsevol area amb
aspecte sospitos d’infeccid

Pseudocapsula i qualsevol area amb aspecte sospitds
d’infeccio

Pseudocapsula, membrana periprotética i qualsevol area
amb aspecte sospitos d’infeccid

Pseudocapsula, membrana periprotética i qualsevol area
amb aspecte sospitos d’infeccid

Superficie pseudocapsula i
periprotética

Teixits tous periprotétics

Pseudocapsula, membrana periprotética i qualsevol area

sinovial, membrana

amb aspecte sospitos d’infeccio
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Morawietz i col. Membrana periprotética
(35, 54)
Nuiiez i col. (63) Pseudocapsula, membrana periprotética i qualsevol area

amb aspecte sospitos d’infeccio
Nilsdotter i col. (64)  Superficie sinovial i membrana periprotética

Della Valle i col. Superficie sinovial

(56)

Kanner i col. (50) Teixits tous periprotétics

Miiller i col. (65, Membrana periprotética

66)

Schinsky i col. (5§5)  Superficie sinovial

Woo-Shin Cho i Qualsevol area amb aspecte sospitdés d’infeccid, canal
col. (67) medul-lar, teixit intraarticular

Tohtz i col. (51) Membrana periprotética

En I’estudi comparatiu s’evidencia que la membrana té una major
sensibilitat i valors predictius que no pas la pseudocapsula. De fet,
la proporcié de pacients amb infeccid protética i amb membrana
positiva va ser significativament superior a aquells amb
pseudocapsula positiva (83 % 1 42 % respectivament, p = 0,04).
Aixi doncs, utilitzant només la pseudocapsula, set dels dotze
pacients amb infeccié no haurien estat correctament diagnosticats.
Athanasou 1 col. (36) ja van suggerir que, en general, hi ha una
major preseéncia de signes inflamatoris a la membrana que a la
pseudocapsula; no obstant aixo, aquesta informacié mai no va ser
quantificada. Una possible explicacid dels nostres resultats pot ser
la preséncia de fibrosi (Figura 10) a la pseudocapsula, que dificulta
la infiltraci6 dels neutrofils, aixi com el fet que la major part del

biofilm es troba entre I’implant i 1’os (32).
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Figura 10. Fibrosi a la pseudocapsula. Fotomicrografia de seccid en parafina de
pseudocapsula tenyida amb hematoxilina-eosina obtinguda en un primer temps
d’un recanvi séptic d’una protesi de maluc. A la imatge no s’observa infiltrat de
cel-lules polimorfonuclears. Just sota la superficie de la pseudocapsula (fletxa),
s’aprecia la preséncia d’un dens teixit fibros compost per fibres de col-lagen
madur i fibroblasts ordenats.

Hi ha una seérie d’autors (35, 51, 54, 65, 66) que han fet servir
només la membrana periprotctica i han proposat una classificacid
histologica per avaluar de forma estandarditzada els teixits
periprotetics. Els nostres resultats recomanen la utilitzacio de la

membrana periprotética com a teixit de referéncia.

Tot 1 que I’analisi de talls congelats de la mostra histologica ¢€s la
técnica habitualment utilitzada per obtenir un rapid diagnostic
durant la intervencio quirtrgica, en aquest estudi s’han fet servir
talls de parafina per tal de prevenir biaixos de la técnica, ja que s’ha

descrit que els talls congelats tenen una pitjor qualitat que no pas
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els talls de parafina (1, 57). Tohtz i col. (51) van descriure un 19 %
de discrepancies (en 14 de 64 casos) entre els resultats obtinguts

fent servir talls congelats i talls de parafina.

5.2 Estudi 2

Utilitat de la membrana periprotética com a mostra per a
I’estudi microbiologic en el diagnostic de la infeccio en el

recanvi d’una artroplastia de maluc.

El tractament antibiotic d’un afluixament d’una protesi de maluc
degut a una infeccid cronica és molt perllongat. Determinar el
microorganisme causant de la infeccio6 €s essencial per tal de poder
escollir I’antibiotic més adient en cada cas. En infeccions
protetiques de tipus cronic, el nombre de bacteris lliures en els
teixits periprotetics €s baix, ja que la majoria es troben formant part
d’un biofilm al voltant de I’implant (4, 68-72). Per tant, sembla
coherent obtenir diverses mostres durant la intervencid per tal de
poder identificar el microorganisme causant de la infecci6. Existeix
un consens general que durant un recanvi d’una protesi afluixada és
necessari agafar més d’una mostra i, de fet, diversos autors obtenen
fins a sis mostres (31, 32, 73, 74). En canvi, existeix una gran
discrepancia entre els autors sobre quin és el tipus de mostra que cal
obtenir. Aquest fet és de gran importancia ja que existeixen
diferéncies significatives entre la sensibilitat dels diferents tipus de
mostra periprotetica (liquid articular, mostra solida i frotis) (27, 28).

A la literatura, els diferents autors utilitzen varietat de mostres i
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combinacions d’aquestes: mostra solida (19, 60), frotis (28, 75-77),
mostra solida i mostra liquida (78), mostra solida i frotis (1) o

combinacid dels tres tipus (32).

Recentment s’han publicat alguns estudis que emfatitzen la baixa
sensibilitat dels frotis (28, 30, 79) i, de fet, les guies actuals (10,
73) no inclouen aquest tipus de mostra en els criteris per definir
infecciod periprotetica. Els nostres resultats tenen concordanga amb
els treballs publicats, ja que quatre dels setze casos infectats van
tenir frotis falsament negatius (25 % de taxa de falsos negatius).
Addicionalment, en altres quatre casos, només un dels dos cultius
de frotis va ser positiu, mentre que de dos a quatre dels cultius de la
resta de teixits van ser positius. D’altra banda, hi ha alguns autors
que defensen que els frotis poden tenir el seu rol ajudant en el
diagnostic, ja que alguns pacients efectivament no haurien estat
diagnosticats correctament com a infectats si els frotis no
s’haguessin fet (28, 75). Aixi, un dels pacients de la série (pacient

8) no hauria estat diagnosticat sense la mostra de frotis.

La literatura publicada afirma que la mostra amb una major
sensibilitat és el liquid sinovial o liquid periprotétic inoculat en
flascons d’hemocultiu, en comparacié amb el material solid o els
frotis. Levine i Evans (27), en un estudi incloent 24 casos, van
descriure un 92 % de sensibilitat del liquid inoculat en flascons
d’hemocultiu, 46 % de sensibilitat de la mostra solida 1 64 % de
sensibilitat dels frotis. Font-Vizcarra i col. (28) van corroborar
aquests resultats, publicant un 86 % de sensibilitat per a la mostra

liquida en flascd d’hemocultiu, 69 % per a la mostra solida 1 61 %
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per als frotis. No obstant aix0, en aquest treball I’objectiu era
determinar si la mostra de membrana periprotética com a mostra
solida per a cultiu t¢ un major rendiment que la mostra de

pseudocapsula per al diagnostic d’infecci6 protetica.

En les infeccions protétiques, els microorganismes causants poden
trobar-se en dues formes diferents: de forma lliure en els teixits al
voltant de la protesi (s’anomenen planktonic bacteria) o bé creixent
sobre el mateix implant formant els biofilms (s’anomenen sessile
bacteria). Totes dues formes coexisteixen de manera simultania, no
sent excloents, perd la majoria dels microorganismes es troben
sobre I’implant formant biofilms (80). Aquest fet desencadena un
primer problema des del punt de vista clinic, amb referéncia a la
identificacié del microorganisme causant de la infeccio, ja que els
metodes de cultiu de rutina van ser desenvolupats per identificar
planktonic bacteria en infeccions agudes. En canvi, en infeccions
proteétiques de tipus cronic, la majoria dels gérmens sén molt
dificils de fer créixer en cultius ja que romanen en un estat sessil.
Aquests gérmens poden ser clarament identificats utilitzant
tecniques avancades, mentre que sovint no son detectats pels
metodes tradicionals de cultiu (27, 28, 68-70, 80, 81). Per aquest
motiu, es podria pensar que la membrana d’interfase, és a dir, aquell
teixit amb major intim contacte amb I’implant, hauria de tenir un
major rendiment que no pas la pseudocapsula, tenint en compte que
en infeccions croniques la majoria de microorganismes es troben a

la superficie de la protesi formant biofilms.
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D’altra banda, en termes anatomopatologics, s’ha descrit que
existeix una major reaccié inflamatoria amb preséncia de neutrofils
a la membrana que no pas a la pseudocapsula (10, 72, 73, 80, 81).
Per tant, la possibilitat de trobar microorganismes podria ser també
major a la membrana. En canvi, els resultats de I’estudi mostren que
els resultats de les mostres solides de membrana no van
diagnosticar més casos d’infeccid que els de la pseudocapsula. De
fet, si només s’haguessin utilitzat mostres solides per al diagnostic,
hi hauria hagut dos casos (casos 3 i 8) en qué la infecci6é hauria
passat desapercebuda si la mostra hagués estat la membrana, perd
no amb la pseudocapsula. Una possible explicacio per a aquest fet
podria ser que el volum de pseudocapsula enviat per a I’estudi
microbiologic és major que el de la de membrana, ja que la
quantitat de la primera és molt més abundant i de més facil accés
per al cirurgia, mentre que la quantitat de membrana a vegades €s
escassa i1 sovint de dificil accés. A més a més, com que la mostra
liquida es considera la més sensible de totes (10, 27, 28, 73), cal
tenir en compte que aquell teixit en més intim contacte amb el

liquid ¢és la pseudocapsula, i no la membrana.

La pseudocasula és un teixit de facil accés que pot obtenir-se de
forma rapida al cap de pocs minuts d’haver comengcat la cirurgia. En
canvi, la membrana d’interfase només pot obtenir-se un cop s’ha
retirat ’implant, fet que pot tardar molta estona des de I’inici de la
intervenci6. Aixo comporta un factor important per comentar, i €s el
fet que, durant la intervenci6 quirargica, les mostres de
pseudocapsula es van obtenir préviament a I’administracio de la

profilaxi antibiotica, mentre que les mostres de membrana es van
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obtenir una vegada ja s’havia administrat la profilaxi. La profilaxi
antibiotica és un factor critic per disminuir la taxa d’infeccid en
cirurgia protética. L’administracié d’aquesta profilaxi s’intenta
demorar fins a ’obtencid de les mostres, ja que es creu que una sola
dosi d’antibiotic pot afectar el resultat dels cultius intraoperatoris.
Aixi, és congruent demorar la profilaxi uns minuts fins a haver
obtingut les mostres de pseudocapsula, el liquid articular i els frotis,
perd sembla inacceptable demorar 1’antibiotic molta estona fins a
poder obtenir la membrana. No obstant aixo, tot i que no existeix
una gran evideéncia sobre quin ¢és el millor moment per administrar
I’antibiotic amb millor rendiment (82, 83), estudis recentment
publicats suggereixen que la profilaxi antibiotica no té una
influéncia significativa sobre el resultat dels cultius (76, 77), i per
tant el fet d’administrar o no 1’antibiotic abans de ’obtencio de

mostres no hauria de suposar cap biaix.

5.3 Estudi3

Utilitat de la membrana periprotética com a mostra histologica
en el diagnostic de la infeccio en el recanvi d’una artroplastia de

maluc per un fractura periprotética.

La utilitat de la histologia per al diagnostic d’infecci6 periprotética
ha estat ampliament descrita per diversos autors (17, 35-37, 84).
Tanmateix, en diferents treballs s’ha descrit una baixa sensibilitat
associada a aquest metode diagnostic (32, 38-42, 50). Les

discrepancies entre la informacié publicada pels diversos autors
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poden ser degudes als diferents criteris per diagnosticar infeccid
[criteris microbiologics (1, 35, 51) i criteris histologics (35-37, 52-
54)], o bé als distints tipus de pacients estudiats [pacients sotmesos
a un recanvi protetic degut a un afluixament aseptic (40), a un
afluixament seéptic (62) o pacients sotmesos a un segon temps d’un

recanvi en dos temps per un afluixament séptic (32, 39)].

A la literatura hi ha diversos autors que consideren les fractures
periprotétiques una potencial causa de fals positiu de la mostra
histologica per al diagnostic d’infeccio (42, 46, 49, 52, 53, 59), perd
no hi ha cap estudi que hagi demostrat aquesta teoria. En aquest
treball s’ha tractat d’avaluar de forma especifica la utilitat de la
histologia de la membrana periprotética per al diagnostic de
pacients sotmesos a un recanvi per una fractura sobre una protesi
afluixada. En sis dels onze casos amb histologia positiva, dos van
tenir cultius positius i quatre cultius negatius (66,6 % de falsos
positius). Els quatre casos amb histologia positiva i cultius negatius
no van rebre tractament antibiotic addicional i ’evoluci6 de la
protesi de revisio va ser bona, la qual cosa suggereix que

veritablement eren falsos positius.

Els neutrofils son cel-lules intravasculars, que poden ser trobades
als teixits tous quan son atretes per quimiotaxi durant un procés
inflamatori i/0 quan existeix lesid dels vasos sanguinis i es produeix
una extravasacié d’aquests als teixits circumdants (34). Aixi, una
possible explicacid dels resultats obtinguts pot ser la infiltracio dels

neutrofils a la membrana periprotética, procedents de la inflamacid
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secundaria aixi com dels vasos sanguinis lesionats a causa de la

fractura.

En P’actualitat no existeix cap prova preoperatoria ni peroperatoria
que sigui capa¢ de dilucidar amb una fiabilitat del 100 % si una
fractura periprotética s’ha produit en un context d’infeccié o no. Els
simptomes previs a la fractura son inespecifics i massa subjectius
(37), els reactants de fase aguda (PCR i VSG) i la gammagrafia es
veuen alterats per la mateixa fractura, i els resultats dels cultius de
liquid articular (obtingut mitjangant aspiracio guiada per ecografia o
tomografia computada) retarden diversos dies la intervencio, i la
seva no suficientment elevada sensibilitat 1 especificitat no
justifiquen la demora d’una intervencié urgent (85). Hi ha autors
que han publicat series de fractures periprotétiques tractades
mitjancant recanvi de la protesi amb taxes d’infeccid6 que
ascendeixen fins al 33 % (86-88). Holley i col. (89) van publicar
una taxa d’infeccid del 10 % (2 de 20 casos) en fractures
periprotetiques de maluc tipus B2 de la classificaciéo de Vancouver,
i del 33 % (3 de 9 casos) en fractures tipus B3. Mukundan i col.
(86) van tenir una taxa d’infeccid del 17 % (3 de 17 casos) en
fractures tipus B3, mentre que Ko i col. (38) la van tenir del 14 %
(2 de 14 casos) en fractures tipus B2. Totes aquestes taxes
d’infeccié sén més elevades que les taxes publicades després d’un
recanvi per afluixament aséptic. Aquestes diferéncies podrien
explicar-se per la preseéncia d’un focus séptic al voltant de la protesi
sobre la qual s’ha produit la fractura. Per tant, identificar si una
fractura al voltant d’una protesi s’ha produit en un context septic o

aséptic pot ser de gran importancia de cara a escollir el millor
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tractament 1 de cara al pronostic. Aixi doncs, per exemple, si una
fractura periprotética al voltant de la tija femoral s’identifica com a
no séptica, sera suficient recanviar el component femoral de la
protesi. En canvi, si es detecta infeccio al voltant de la protesi, s’ha
de recanviar també el component acetabular de la protesi. Un fals
positiu en la histologia podria fer pensar erroniament que la fractura
s’ha produit sobre una protesi infectada, i per tant es faria el recanvi
del component acetabular de forma innecessaria, amb la

comorbiditat que aixo implica.

S’ha descrit que les fractures periprotetiques tipus Bl de la
classificacié de Vancouver que son tractades mitjancant reduccio
oberta i osteosintesi presenten un pitjor prondstic que les tipus B2
tractades mitjangant recanvi de la protesi, i1 la infeccid és un dels
motius d’aquesta diferéncia en el pronostic (90). Per tant, davant
una fractura periprotética de maluc tipus B2 de la classificacio de
Vancouver, sembla recomanable tractar-la mitjan¢ant un recanvi de
la protesi, i obtenir almenys sis mostres intraoperatories diferents
per a cultiu microbiologic, iniciar antibioterapia endovenosa
d’ampli espectre de forma empirica i mantenir-la fins a I’obtencid
dels resultats dels cultius. En cas que els cultius siguin positius, i
d’acord amb I’antibiograma, es podra escollir 1’antibiotic més
adient 1 fer el pas a antibiotic via oral. Si els cultius son tots

negatius, llavors el tractament antibiotic es podra suspendre.
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Conclusions

Objectiu 1

Analitzar si el rendiment de la membrana periprotética com a
mostra per a D’estudi histologic peroperatori d’infeccid en un
recanvi d’una artroplastia de maluc és superior a la mostra de

pseudocapsula.

Conclusié 1

El percentatge de positivitat de la histologia de la membrana
periprotetica en pacients amb infeccid protetica és superior al de la
pseudocapsula, 1 per tant es pot concloure que la millor mostra
histologica per al diagnostic de la infeccié durant un recanvi d’una

protesi de maluc €s la membrana periprotética.

Objectiu 2

Avaluar si el rendiment de la membrana periprotética com a mostra
solida per al cultiu convencional per al diagnostic d’infeccié en un
recanvi d’una artroplastia de maluc és superior a la mostra de

pseudocapsula.
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6. Conclusions

Conclusié 2

Quan per al diagnostic d’una infecciod s’utilitza el criteri d’un minim
de dos cultius positius per al mateix microorganisme per
diagnosticar infeccié periprotetica i es prenen un minim de sis
mostres, incloent dos liquids inoculats en flascons d’hemocultiu,
dos frotis 1 dos solids, el lloc d’on s’obté la mostra solida
(pseudocapsula o membrana periprotética) €s indiferent i no
modifica els resultats. Per tant, la mostra de membrana per al cultiu
convencional no és superior per a la deteccido de microorganismes a
la mostra de pseudocapsula, quan la profilaxi antibiotica ¢és
administrada després de [’obtencid de la mostra solida de

pseudocapsula i abans de la mostra solida de membrana.

Objectiu 3
Determinar la utilitat de la histologia fent servir la membrana
periprotética per al diagnostic de la infeccid durant un recanvi d’una

artroplastia de maluc per una fractura periprotetica.

Conclusio 3

La fractura periprotetica €s una causa de fals positiu de la histologia
en el diagnostic d’infeccid en un recanvi com a tractament d’una
fractura periprotética de maluc tipus B2 de la classificacio de
Vancouver. Per tant, no es recomana la utilitzacié de la histologia
per al diagnostic d’infeccid durant el tractament d’una fractura

periprotética a causa de la seva baixa especificitat.
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Interface membrane is the best sample for
histological study to diagnose prosthetic

joint infection

Guillem Bori?, Ernesto Munioz-Mahamud?, Sebastian Garcia', Carme Mallofre?, Xavier Gallart?,
Jordi Bosch?®, Ester Garcia', Josep Riba', Josep Mensa* and Alex Soriano*

'Department of Orthopaedic and Traumatology, Hospital Clinic, University of Barcelona, Barcelona, Spain;

*Department of Pathology, Hospital Clinic, University of Barcelona, Barcelona, Spain; *Department of
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The objective of our study was to study which is the most accurate specimen for histological diagnosis of
prosthetic joint infections (pseudocapsule or interface membrane). This is a prospective study including hip
revision arthroplasties performed from January 2007 to June 2009. Specimens from pseudocapsule and from
interface membrane were obtained from each patient. The histology was considered positive for infection when
>5 neutrophils per high-power field ( x 40) were found. Definitive diagnosis of infection was considered when
>2 cultures were positive for the same microorganism. According to the definition of infection, patients were
classified in two groups: (A) patients with aseptic loosening in whom cultures obtained during surgery were
negative and (B) patients with prosthetic joint infection. A total of 69 revisions were included in the study; 57
were classified in group A and 12 in group B. In group B, the percentage of positive interface membrane
histology was significantly higher than the percentage of positive pseudocapsule histology (83 vs 42%,
P=0.04, Fisher’s exact test). The results suggest that periprosthetic interface membrane is the best specimen

for the histological diagnosis of prosthetic joint infection.
Modern Pathology (2011) 24, 579-584; doi:10.1038/modpathol.2010.219; published online 3 December 2010

Keywords: aseptic loosening; hip replacement; histology; infection; prosthesis; septic loosening

Infection after total joint arthroplasty is a challen-
ging problem." Microorganisms colonizing the im-
plant surface are associated with prosthesis
loosening. Cultures and polymorphonuclear leuko-
cytes count from periprosthetic tissue are the gold
standard for the diagnosis of prosthetic joint infec-
tions.? The specificity and sensitivity of histology
has never been 100%°?*' and this may be for
different reasons.®>'*>?**** False-positive results of
histology could be because culture and histological
specimens are taken from different areas.>'*?* False-
negative results could be attributed to: (1) low
virulent microorganisms like Staphylococcus
epidermidis®’?****® or Propionibacterium spp>®?*’
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that do not stimulate neutrophile infiltration, (2)
bacteriological contamination of the specimen
obtained for culture’ or (3) the cut-off point
(number of neutrophils per field) to establish the
diagnosis of infection.*>**1%13:28-3% Another possibi-
lity for inconsistencies in the histological results
could be the type of specimen submitted to the
laboratory. The majority of investigators obtain
specimens from pseudocapsule, synovial surface,
interface membrane and any tissue area suspected
of infection.®-®1#1%1%22 The objective of our
study was to study which is the most accurate
specimen for histological diagnosis of prosthetic
joint infection.

Materials and methods

Prospective study including hip revision arthroplas-
ties performed in our hospital from January 2007 to
June 2009.
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Histological Protocol

Specimens from pseudocapsule and interface mem-
brane were obtained for each patient. The pseudo-
capsule specimens studied were obtained from the
part in contact with the neck of the prosthesis. The
surface of the pseudocapsule that faces the joint
cavity was identified and the sections were taken
perpendicular to it. These surfaces were histologi-
cally identified in each specimen examined. Inter-
face membranes from the femoral stem and from the
acetabular cup were taken. The specimens for
paraffin histology sections were formalin-fixed and
paraffin-embedded before hematoxylin-eosin stain-
ing. The pathologists of our hospital used the
Mirras’ criteria (adapted by Feldman).*** The histol-
ogy was considered positive for infection when >5
neutrophils per high-power field ( x 40) in at least
five separate microscopic fields were found. The
study was performed in paraffin sections and not in
frozen sections avoiding histological technical bias.

Microbiology

The specimens for the microbiological study were
always taken before the administration of antibiotic
prophylaxis. At the time of implant removal, at least
five periprosthetic specimens from different sites
were submitted to the laboratory for culture. Liquid
samples were aspirated from the operative site using
a sterile syringe and immediately inoculated into
blood culture flasks (Bactec 9400, Becton Dickinson
Diagnostic Instruments, Sparks, MD, USA) and
incubated for 5 days. Positive flasks were sub-
cultured in aerobic and anaerobic agar media. Swab
cultures were obtained by rubbing a sterile swab
(Deltalab, invasive sterile eurotube collection swab
with Stuart transport medium, Rubi, Catalonia,
Spain) over the tissue area, bone or fluid suspected
of infection. Solid tissue samples from pseudocap-
sule, periprosthetic membranes or tissue suspected
to be infected were immediately placed into a
separate sterile universal bottle. Solid tissue and
swabs were cultured in aerobic and anaerobic agar
media and in thioglicolate broth enriched with
vitamin K and hemin and incubated for 10 days.
Positive cultures were sent for identification and
sensitivity testing.

Patient Classification

Preoperative diagnosis of aseptic loosening was
made when the patient had pain, erythrocyte
sedimentation rate <30mm/h and a serum concen-
tration of C-reactive protein <1.3mg per 100ml,
radiological signs of loosening, Technetium®™
methylene diphosphonate scintigraphy and the
Tecnetium®™  hexamethylpropylene-amineoxine-
labelled leukocytes scintigraphy were negative for
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infection. In these patients revision was performed
using one stage exchange.

Preoperative diagnosis of septic loosening was
made when the patient had pain in the hip and/or
fistula, erythrocyte sedimentation rate >30mm/h
and serum concentration of C-reactive protein
>1.3mg per 100 ml, radiological signs of loosening,
Technetium®®™ methylene diphosphonate scintigra-
phy and the Tecnetium®™ hexamethylpropylene-
amineoxine-labelled leukocytes scintigraphy were
positive for infection and when a culture of synovial
fluid obtained by joint aspiration was positive. In
these patients, revision was performed using a two
stage exchange.

Definitive diagnosis of infection was considered
when >2 intraoperative cultures were positive for
the same microorganism or when there was pus
surrounding the prosthesis.®® Patients with <1
intraoperative positive culture were classified as
non-infected.

Patients included in the study were classified in
two groups:

Group A: patients submitted to hip revision
arthroplasty because of a preoperative diagnosis of
an aseptic loosening in whom the definitive diag-
nosis was as non-infected.

Group B: patients submitted to hip revision
arthroplasty because of a preoperative diagnosis of
a septic loosening in whom the definitive diagnosis
was confirmed as infection.

Patients who underwent hip revision arthroplasty
because of periprosthetic fracture*'*'® and patients
with a preoperative diagnosis of aseptic loosening
and a definitive diagnosis of infection were ex-
cluded for the study.®

Statistical Analysis

The specificity (true negatives/false positives +
true negatives), sensitivity (true positives/false ne-
gatives + true positives), positive predictive value
(true positives/true positives + false positives) and
negative predictive value (true negatives/true nega-
tives + false negatives) of Mirras’ criteria were
evaluated. For comparison of proportions, a Fisher’s
exact test was applied and the differences were
considered significant when P<0.05.

Results

During the study period, a total of 69 revisions hip
arthroplasties were included; 57 were classified in
group A and 12 in group B. The mean age was 65
years (range 45-85 years), 34 were women and 35
were men. The results of interface membrane,
pseudocapsule histology and microbiology from
group A and B are shown in Table 1.

The sensitivity, specificity, positive and negative
predictive value of interface membrane histology
were 83, 98, 91 and 96%, respectively (Table 2) and
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Table 1 Patients with preoperative diagnosis of aseptic loosening and definitive diagnosis of non-infected prosthesis (group A) and
patients with preoperative diagnosis of septic loosening and definitive diagnosis of infected prosthesis (group B)

Interface membrane Pseudocapsule Culture NP Microorganism® Li So Sw

histology” histology”

Group A
Negative Negative - 55 — — — —
Negative Positive - 1 — — — —
Positive Negative - 1 — — — —

Group B
Positive Positive + 1 Staphylococcus aureus 1/2 1/2 1/2
Positive Positive + 1 Pseudomonas aeruginosa 2/2 0/2 0/2
Positive Positive + 1 Klebsiella pneumoniae 2/2 2/2 2/2
Positive Positive + 1 Pseudomonas aeruginosa/CNS 2/2 2/2 2/2
Positive Positive + 1 CNS 2/2 2/2 2/2
Positive Negative + 1 CNS 2/2 1/2 0/2
Positive Negative + 1 CNS 1/2 3/3 0/2
Positive Negative + 1 Escherichia coli 1/1 1/2 2/2
Positive Negative + 1 CNS 1/2 2/4 1/3
Positive Negative + 1 CNS 2/2 0/2 0/2
Negative Negative + 1 CNS 1/2 1/2 0/2
Negative Negative + 1 Staphylococcus aureus 2/2 2/2 0/2

Abbreviations: CNS, coagulase-negative staphylococci; NP, number of patients; Li, liquid samples; So, solid samples; Sw, swab samples.
%The result was considered positive for infection if there were more than five PMN per high-power field (x 40) in at least five separate

microscopic fields.
PNumber of positive samples/number of samples taken for culture.

Table 2 Interface membrane histology and culture results in the
69 patients

Interface membrane Definitive diagnosis (culture)’ Total
histology*

Positive Negative
Positive 10 1 11
Negative 2 56 58
Total 12 57

#The result was considered positive for infection if there were more
than 5 PMN per high-power field (x40) in at least five separate
microscopic fields in paraffin histology sections.

YDefinitive diagnosis was considered positive for infection when >2
intraoperative cultures were positive for the same microorganism or
the presence of pus around the prosthesis.

Table 3 Pseudocapsule histology and culture results in the 69
patients

Pseudocapsule Definitive diagnosis (culture)® Total
histology*

Positive Negative
Positive 5 1 6
Negative 7 56 63
Total 12 57

%The result was considered positive for infection if there were more
than 5 PMN per high-power field (x40) in at least five separate
microscopic fields in paraffin histology sections.

YDefinitive diagnosis was considered positive for infection when >2
intraoperative cultures were positive for the same microorganism or
the presence of pus around the prosthesis.

Figure 1 This photomicrograph is a paraffin section from
periprosthetic interface membrane using hematoxylin-eosin in
the first-stage arthroplasty. There are more than five neutrophils
out of the vessels per high-power field (x40). It is a positive
criteria for infection, using Feldman’s criteria.

of pseudocapsule histology were 42, 98, 83 and
83%, respectively (Table 3). In group B, the
percentage of positive interface membrane histology
(Figure 1) was significantly higher than the percen-
tage of positive pseudocapsule histology (83 vs 42%,
P=0.04, Fisher’s exact test).

The types of specimens used for the histological
study in previous articles that evaluate the useful-
ness of histology in prosthetic loosening are sum-
marized in Table 4.
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Table 4 Summary of the main articles and type of specimens used for the histological study

Article

Specimen

Mirra et al'®**
Fehring et al’
Feldman et al?
Athanasou et al*
Lonner et al*®
Pace et al'”
Abdul-Karim et al’®

Spangehl et al'®
Pandey et al**%*

Synovial and capsular tissues

Joint pseudocapsule, interface membrane and any area that appeared suspicious for possible infection®
Joint pseudocapsule and interface membrane

Joint pseudocapsule and interface membrane

Joint pseudocapsule, interface membrane and any area that appeared suspicious for possible infection
Joint pseudocapsule and interface membrane

Interface membrane (aseptic suspicion). Interface membrane, synovial tissue and unusually discolored tissue
(septic suspicion)

Synovial surface

Joint pseudocapsule and interface membrane

Pons et al'®

Della Valle et al®
Banit et alP
Musso et al*®

Ko et al**

Wong et al*®
Francés et al*®
Bori et al®”**
Morawietz et al***°
Nuilez et al*®
Nilsdotter et al*®
Della Valle et al**
Kanner et al**
Miiller et al’7?®
Schinsky et al*®
Tohtz et al**

Synovial surface

Periprosthetic soft tissue

Interface membrane

Synovial surface
Periprosthetic soft tissue
Interface membrane
Synovial surface
Interface membrane

Joint pseudocapsule, granulation tissue and any area that appeared suspicious for possible infection
Joint pseudocapsule and any area that appeared suspicious for possible infection

Joint pseudocapsule, interface membrane and any area that appeared suspicious for possible infection
Joint pseudocapsule, interface membrane and any area that appeared suspicious for possible infection®
Synovial surface, joint pseudocapsule and interface membrane

Joint pseudocapsule, interface membrane and any area that appeared suspicious for possible infection

Joint pseudocapsule, interface membrane and any area that appeared suspicious for possible infection
Synovial surface and interface membrane

#Include synovial proliferation, unusually pigmented tissue and areas of bone erosion.

Discussion

Histology has been considered one of the gold
standards for the diagnosis of prosthetic joint
infection,?*'®*° however, a low sensitivity has been
observed by several authors.*®-'"*>** These incon-
sistencies could be attributed to the type of patients
included in each study,®® the microbiological'?*%**
or histological criteria applied for the diagnosis of
infection®**2%3° or the different specimens (inter-
face membrane or pseudocapsule) submitted for the
analysis.* Reviewing the literature (Table 4), there is
a lot of variability in the specimen submitted for
histological evaluation. Some investigators did not
obtain interface membrane®*®**** and others did not
define the type of specimen analyzed.'®'?' It is
generally accepted that there is no important
differences between tissue specimens.?**?* To our
knowledge, this is the first study comparing the
results of the histology in two different specimens
(interface membrane and pseudocapsule). The inter-
face membrane had a higher sensitivity and pre-
dictive values than pseudocapsule. In fact, the
proportion of infected patients with positive inter-
face membrane was significantly higher than those
with positive pseudocapsule (83 vs 42%, P=0.04).
Using only pseudocapsule, 7 out of 12 infected
patients would not have been correctly diagnosed.
Previously, Athanasou et al* suggested that more
florid inflammation was generally found in femoral
interface membrane than in joint pseudocapsule,

MODERN PATHOLOGY (2011) 24, 579-584

Figure 2 This photomicrograph is a paraffin section from
pseudocapsule without neutrophil infiltration from the same
patient showed in Figure 1. Below the synovial surface (head of
black arrow), a dense fibrous tissue with mature collagen fibers
and ordered fibroblasts is shown.

however, this information was not quantified.
A possible reasons for our results could be the
presence of fibrosis (Figure 2) in pseudocapsule that
makes difficult the neutrophil infiltration” and the
fact that the major bacterial biofilm is found
between implant and bone.

Recently, there are a group of investiga-
tors®?:3%:3237:3% that have used only membranes (not



pseudocapsule) and have proposed a histopatholo-
gical consensus classification for a standardized
evaluation of the periprosthetic tissues. Our results
support the selection of the interface membrane as a
reference tissue for histological classification.

Although frozen section gives surgeons intrao-
perative information about the diagnosis, our study
was performed on paraffin sections to avoid histo-
logical technical bias. It has been described that
frozen sections have inferior quality than paraffin
ones.'?1932 For instance, Tohtz et al?* described a
19% of discrepancies (in 14 out of 64 cases) between
frozen section and paraffin sections.**

The main drawback of our study was the low
number of infected patients included. However, this
study had enough statistical power to reveal differ-
ences between interface membrane and pseudocap-
sule specimens. Patients who underwent hip
revision arthroplasty because of periprosthetic frac-
ture were not included since it is a cause of false-
positive histology results.*'*'® Patients with a
preoperative diagnosis of aseptic loosening and a
definitive diagnosis of infection were also not
included since in our experience,® the sensitivity
of the histology (using Mirras’ criteria) in this group
of patients is low.

In conclusion, our results suggest that the best
specimen of periprosthetic soft tissue for histologi-
cal diagnosis of the infection in a total hip revision
arthroplasty is the periprosthetic interface mem-
brane.
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Abstract

Introduction Bacterial identification is essential to diag-
nose and treat a revision for prosthetic loosening of an
infected hip. The purpose of this study was to determine
whether conventional cultures from the periprosthetic
membrane are superior to synovial/pseudocapsule samples
in the diagnosis of infection in hip revision arthroplasty.
We performed a prospective
study including all hip revisions from October 2009 to
October of 2011. Once the implants were removed and
prior to the administration of the antibiotic prophylaxis,
six periprosthetic samples from different sites were sent to
the laboratory for culturing: two periprosthetic fluid sam-
ples, two solid material (synovial/pseudocapsule) samples
and two swabs. Once the six samples were taken, antibi-
otic prophylaxis was administered and just as the implant
was removed, two more solid samples of the periprosthetic
membrane were obtained.

Materials and methods

E. Mufioz-Mahamud (D<) - A. Combalia - C. Medrano -
S. Garcia - G. Bori

Bone and Joint Infectious Diseases Unit, Department
of Orthopaedics and Trauma Surgery, Hospital Clinic
of Barcelona, University of Barcelona, C/Villarroel 170,
08036 Barcelona, Spain

e-mail: e.munoz.mahamud @gmail.com

E. Muifioz-Mahamud - A. Soriano - J. Bosch - S. Garcia - G. Bori
Bone and Joint Infectious Diseases Unit, Hospital Clinic
of Barcelona, University of Barcelona, Barcelona, Spain

A. Soriano
Department of Infectious Diseases, Hospital Clinic of Barcelona,
University of Barcelona, Barcelona, Spain

J. Bosch
Department of Microbiology, Hospital Clinic of Barcelona,
University of Barcelona, Barcelona, Spain

Results Of a total of 86 hip revision surgeries, 22 were
considered septic revisions postoperatively, of which 16
resulted in positive cultures. Of these 16 revisions, 14
obtained the same microbiologic diagnostic when consider-
ing either the synovial/pseudocapsule culture results or the
solid membrane sample.

Conclusions We conclude that the membrane
ple for a conventional culture is not superior to the
synovial/pseudocapsule sample in detecting microorganisms.

sam-

Keywords Membrane - Hip arthroplasty - Revision -
Cultures - Infection

Introduction

Bacterial identification is essential to diagnose and treat
a revision for prosthetic loosening of an infected hip. In
chronic prosthetic joint infection, the majority of microor-
ganisms are attached to the implant surface forming bio-
films (sessile bacteria), whereas the amount of free floating
(planktonic bacteria) in the periprosthetic tissue is small
[1-9]. Current guidelines for diagnosis of periprosthetic
joint infection consider that it is imperative that tissue for
culture be obtained from representative periprosthetic tis-
sue or fluid [10, 11]. Among these samples, it has been
described that synovial fluid inoculated into blood culture
flasks is the one with the highest sensitivity and specificity
[1, 3]. However, these guidelines do not provide objective
data regarding which one is the best solid tissue to identify
microorganisms. It is accepted that at least three and opti-
mally five or six periprosthetic intraoperative samples from
the most suspicious areas of tissue as deemed by the ortho-
pedic surgeon should be obtained for aerobic and anaero-
bic culture for the optimal diagnosis of PJI. Nonetheless,
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to dilucidate which one is that most suspicious tissue still
remains unspecific.

On a physiopathological level, it can be assumed
that the membrane sample should be superior to the
synovial/pseudocapsule sample, since the membrane is
the closest tissue to the implant and hence to the biofilm.
Moreover, in pathological terms, it has been described
that there is more acute inflammatory reaction in the
presence of neutrophils in the membrane than in the
synovial/pseudocapsule [12]. Therefore, the possibility of
finding more microorganisms in the membrane should also
be greater.

Our hypothesis is that the membrane might be the best
solid tissue so as to identify the presence of microorgan-
isms. The objective of this study was to determine whether
conventional cultures from the periprosthetic membrane are
superior to synovial/pseudocapsule samples in the diagno-
sis of infection in hip revision arthroplasty.

Materials and methods

This was a prospective study that included all the hip revi-
sions that were performed in our hospital from October
2009 to October of 2011.

Microbiology

When the implants were removed and before antibiotic
prophylaxis was administered, six periprosthetic samples
from different sites were sent to the laboratory for cultur-
ing: two periprosthetic fluid samples, two solid material
(synovial/pseudocapsule) samples and two swabs. Once the
six samples were taken antibiotic prophylaxis was adminis-
tered and just as the implant was removed, two more solid
samples of the periprosthetic membrane were obtained, one
from the cup and one from the stem. If the revision was
either of the cup or the stem independently of each other
then two membrane samples were taken from the same site.

Synovial fluid was obtained through aspiration with a
sterile syringe, immediately inoculated into Bactec9000®
(Becton—Dickinson Diagnostic Instruments®, Sparks,
Maryland) blood culture flasks (one 8—10 mL aerobic flask
and one 8-10 mL anaerobic flask per synovial fluid sam-
ple) and then incubated for 5 days. If the system automati-
cally detected microorganism growth, subcultures were
done in aerobic and anaerobic agar media. Swab cultures
were obtained by swabbing the periprosthetic tissue area,
bone and fluids where infection was suspected with a ster-
ile swap (Deltalab®, sterile Eurotube® collection swab with
Stuart transport medium, Rubi, Catalonia, Spain). Solid
periprosthetic tissue samples were immediately placed
into a separate sterile recipient. Solid samples and swabs

@ Springer

were cultivated in both aerobic and anaerobic agar media
(Columbia Blood Agar and Schaedler Blood Agar, respec-
tively) as well as in fluid thioglycollate medium, which
were all enriched with vitamin K and hemin; all the sam-
ples were then incubated for 10 days. Microorganism iden-
tification and proper antibiogram were performed in those
cultures in which the Bactec9000® automatically detected
the presence of microorganisms.

Definitive diagnosis of infection was determined when
(1) there was a sinus tract communicating with the pros-
thesis, and/or (2) a pathogen was isolated by culture from
at least two separate samples obtained intraoperatively [10,
11].

Two groups were created out of the six samples accord-
ing to the solid sample that was taken: periprosthetic mem-
brane group (Group A) and synovial/pseudocapsule group
(Group B). In Group A, two fluid samples, two swabs and
two periprosthetic membrane samples were taken to iden-
tify infection. In Group B two fluid samples, two swabs
and two synovial/pseudocapsule samples were taken to
identify infection. Therefore, the two fluid samples and the
two swabs were the same for both groups. Once these two
groups of six samples each were created, they were sta-
tistically analyzed so as to dilucidate if there were differ-
ences in the results that were obtained according to whether
a solid membrane sample was considered (Group A) or
a solid synovial/pseudocapsule sample was considered
(Group B).

Quantitative results are reported as median and inter-
quartilic range (IQR). Qualitative, nominal and ordinal,
results are reported as absolute frequencies and percentage
(%). Qualitative variables were analyzed by means of Fish-
er’s exact test. Analyses were performed using the SPSS®
v. 20.0 statistical package (SPSS, Inc. Chicago, IL, USA).
Two-sided p < 0.05 was considered statistically significant.

Results

A total of 86 hip revision surgeries were performed during
the period of the study with a preoperative diagnostic of 50
aseptic revisions, 1 one-stage septic revision, 16 primary
two-stage septic revisions, 18 secondary two-stage septic
revisions and 1 one-stage revision due to a Vancouver type
B2 periprosthetic fracture. The series included 32 men and
54 women with a median age of 74.0 (IQR 66-80) years.
Out of the 86 performed revisions, a total of 22 were
considered as septic revisions postoperatively, and 16
had positive cultures (Table 1). Out of these 16 revi-
sions, 14 were considered as positive considering both
the synovial/pseudocapsule sample or the membrane sam-
ple as solid tissue (p = 0.484); hence there were no sta-
tistically significant differences between group A and
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Table 1 Cultures of the patients diagnosed of septic revision due to positive culture

n Preoperative diagnosis Fluid Swab Membrane (group A) Infection® (group A) Microorganism (group A)
Capsule (group B) Infection® (group B) Microorganism (group B)
1 Aseptic revision 172 2/2 22 Yes CNS
2/2 Yes CNS
2 Aseptic revision 2/2 12 2/2 Yes CNS
212 Yes CNS
3 2nd stage of septic revision 0/2 0/2 0/2 No -
2/2 Yes S. capitis
4 1st stage of septic revision 2/2 0/2 172 Yes Streptococcus spp
212 Yes CNS
5 Aseptic revision 2/2 0/2 0/2 Yes Corynebacterium spp
2/2 Yes Corynebacterium spp
6 Ist stage of septic revision 172 2/2 2/2 Yes S. aureus
0/2 Yes S. aureus
7 Ist stage of septic revision 2/2 2/2 172 Yes S. aureus
2/2 Yes S. aureus
8 Aseptic revision 0/2 172 0/2 No -
172 Yes CNS
9 1st stage of septic revision 2/2 0/2 0/2 Yes CNS
212 Yes CNS
10 Ist stage of septic revision 2/2 172 172 Yes E. coli
Klebsiella spp
172 Yes E. coli
Klebsiella spp
CNS
11 Ist stage of septic revision 2/2 2/2 172 Yes S. aureus
172 Yes S. aureus
12 Ist stage of septic revision 2/2 2/2 072 Yes S. aureus
2/2 Yes S. aureus
13 Aseptic revision 22 172 172 Yes CNS
172 Yes CNS
14 Ist stage of septic revision 2/2 12 2/2 Yes S. aureus
2/2 Yes S. aureus
15 1st stage of septic revision 2/2 2/2 2/2 Yes S. aureus
2/2 Yes S. aureus
16 1st stage of septic revision 2/2 2/2 0/2 Yes S. gordonii
2/2 Yes S. gordonii

CNS coagulase-negative staphylococci

 Infection was determined when: (1) there was a sinus tract communicating with the prosthesis; and/or (2) a pathogen was isolated by culture

from at least two separate samples obtained intraoperatively [8, 9]

group B. There were only two cases of discrepancies
between the definitive diagnosis of an aseptic or sep-
tic revision according to whether the sample was either
from the synovial/pseudocapsule or the membrane: in
both cases (cases three and eight), if the solid mem-
brane sample had been considered the revision would
not have been diagnosed as infected, whereas if the solid
synovial/pseudocapsule sample had been considered the
revision would have been diagnosed as septic.

There were five cases (cases 5, 6, 9, 12 and 16) where
a discrepancy was found with respect to the solid cul-
tures depending on whether the sample was from the
synovial/pseudocapsule or the membrane, but the final
diagnosis was the same for both of the solid samples since
the other cultures (fluids and swabs) were all positive as
well (p = 0.083).

There were two cases where discrepancies were found in
relation to the microorganism that was identified in the solid
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samples: in one case (case four), on the synovial/pseudocapsule
grew one coagulase-negative staphylococci (CNS) in two of
the samples (the same as in one of the fluid samples), but on
the membrane grew a Streptococcus spp in one sample (the
same as in one of the fluid samples); in another case (case
ten), whereas on the synovial/pseudocapsule grew one CNS in
one sample (the same as in one of the swab samples) and on
the membrane grew one E. coli and one Klebsiella spp in one
sample (the same as in two of the fluid samples). This latter
case was the only case of polymicrobial infection. The most
frequent microorganism was CNS in seven cases, followed by
S. aureus in six of the cases.

Discussion

The antibiotic treatment of an infection of a prosthetic
loosening of a chronic infected hip is prolonged and
determining the implicated etiological microorgan-
ism is essential to select the most suitable antimicrobial
therapy. In chronic periprosthetic infections the number
of free-floating bacteria in the periprosthetic tissues is
low since the majority is part of a biofilm [2, 5-9]. As
a result, it is a logical procedure for the surgeon to take
more than one sample during the revision arthroplasty
to identify the microorganism that is causing the infec-
tion. There is a general consensus that during a revision
arthroplasty for chronic loosening more than one sample
must be taken and many authors take up to six differ-
ent samples [10, 13—-15]. However, there is a difference
of opinion among the authors as to what type of sample
should be taken for conventional cultures. This fact is of
paramount importance since the sensitivity of the differ-
ent periprosthetic samples (fluid, solid or swab) is dif-
ferent [1, 3]. According to the literature, authors use all
kinds of different combinations of the type of samples
that are used for conventional cultures: solid samples
[16, 17], swabs [3, 18-20], solid and fluid [21], solid and
swabs [22] or a combination of the three types of sam-
ples [13]. Some studies have recently highlighted swabs’
low sensitivity [3, 23] and current guidelines [10, 11] do
not include them in the criteria to define periprosthetic
joint infection. In fact, our results remain in concordance
with the published data, as 4 of the 16 cases had false-
negative swabs (25 % false-negative rate). Furthermore,
in four additional patients, only one out of two swab
cultures were positive, whereas 2—4 of the rest of tissue
cultures were positive. There are still some authors who
emphasize that swabs may have a role and may help in
diagnosis, since some patients would not have been diag-
nosed as infected if swabs had not been performed [3,
18]. Accordingly, one of our patients (case eight) would
have been misdiagnosed if swab samples had not been
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cultured. Anyway, as current guidelines dictate [10, 11],
swabs should not be considered for the diagnosis of pros-
thetic infection anymore and, therefore, they should be
avoided.

According to the literature, the samples with the highest
sensitivity seem to be synovial or periprosthetic fluid inoc-
ulated into blood culture flasks, when compared with the
cultures of solid periprosthetic material or swabs. Levine
and Evans [1], in a study involving 24 patients, described
a 92 % sensitivity for fluids inoculated into blood culture
flasks, 46 % for solid periprosthetic material and 64 % for
swabs. Recently, our research group corroborated these
results and found an 86 % sensitivity for fluids inoculated
into blood culture flasks, 69 % for solid periprosthetic
material and 61 % for swabs [3]. However, in the current
study the aim was to determine if the periprosthetic mem-
brane as a solid sample for conventional cultures increases
the results in conventional cultures in comparison with the
solid samples obtained from the synovial or pseudocapsule
when diagnosing infection during revision.

In prosthetic joint infections, microorganisms may
be present in one of two forms: either suspended floating
(planktonic bacteria) or attached to the biomaterial surface
(sessile bacteria). Both forms exist simultaneously being
not mutually exclusive. Most of microorganisms are found
attached rather than suspended and often reside in biofilms
[4]. This phenomenon raises a first clinical problem, con-
cerning pathogen identification. Routine culture methods
were in fact developed for identifying planktonic bacte-
ria in acute infections. However, in prosthetic joint infec-
tions, a majority of bacteria are viable yet not culturable
since they are in their sessile state. These microorganisms
can be clearly identified only using advanced techniques,
whereas traditional sampling and cultural examination do
often fail [1-7]. For this reason, one would assume that the
membrane sample (the closest tissue to the implant) should
be superior to the synovial or pseudocapsule sample, since
in a chronic joint prosthesis infection the majority of the
microorganisms are found on the surface of the implant
forming biofilms.

Moreover, in pathological terms, it has been described
that there is more acute inflammatory reaction with
presence of neutrophils in the membrane than in the
synovial/pseudocapsule [2, 4-9, 12]. Therefore, the pos-
sibility of finding more microorganisms in the membrane
should also be greater. Despite these facts, our results show
that the solid membrane samples did not increase the num-
ber of patients diagnosed as infected. Actually, when exclu-
sively considering the solid membrane sample (ignoring the
synovial/pseudocapsule samples), there were two patients
(cases three and eight) that were not diagnosed as infected.

A possible explanation for the obtained results might be
that the quantity of solid synovial/pseudocapsule sample
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that was sent to the microbiology laboratory was greater
than the solid membrane sample since it is more easily
accessible to the surgeon during the intervention. Moreo-
ver, as the fluid sample is considered to be the most sen-
sitive [1, 3, 10, 11], it should be kept in mind that the
sample that is in contact and immersed in this fluid is the
synovial/pseudocapsule, sample and not the membrane
sample. At the moment in which we started the study,
we were concerned about the fact that when the solid
synovial/pseudocapsule samples were being taken the
patient had not yet received antibiotic prophylaxis but when
the periprosthetic membrane sample was taken the patient
had already received antibiotic prophylaxis. Preoperative
antibiotics are known to be critical for decreasing the risk
of periprosthetic joint infection (PJI) in primary THA and
TKA. However, antibiotics often are withheld before revi-
sion surgery, as there is concern that even a single dose of
prophylactic antibiotics may affect intraoperative cultures.
Despite lacking clear evidence regarding the best moment
to infuse an antibiotic during arthroplasty surgery yet [24,
25], recent randomized trials suggested that prophylactic
antibiotics do not affect cultures [19, 20], and, therefore,
the administration of the antibiotics should not pose any
bias for the results of the cultures. Thus, it can be con-
cluded that the solid sample taken from the periprosthetic
membrane is not superior to the solid sample taken from
the synovial/pseudocapsule, when diagnosing a peripros-
thetic infection.

Last, it is worth mentioning that even with improved
sampling procedures the detection of infection by culture
may still underestimate the real incidence of infection. As
a matter of fact, there are currently multiple approaches to
solve this problem including direct diagnostics of the bio-
film and biomarkers. The detection of bacteria in sonicates
from patients with culture-negative implants indicates that
these implants were colonized by bacteria which were not
isolated by the microbiological techniques used. This may
be because the implants were infected with viable but non-
culturable bacteria. The process of 16S ribosomal deoxy-
ribonucleic acid (rDNA) polymerase chain reaction (PCR)
and sequencing of biofilm removed from the explanted
prosthesis is an important addition to conventional culture
methods in prosthetic joint infection, detecting additional
pathogens and improving diagnostic sensitivity [26]. It has
been described that molecular detection can increase (by
one-tenth) the number of patients diagnosed as having an
infection [27]. So as to improve both the sensitivity and the
specificity of the PCR, innovations such as the PCR-Elec-
trospray ionization mass spectrometry have been described
[28]. The detection of bacterial rRNA genes as an indicator
of the presence of bacteria is an established technique that
has been used for the detection of both environmental and
medically important bacteria. In fact, PCR amplification

of bacterial 16S rRNA genes has been used successfully
to detect bacteria that cause a variety of acute or suba-
cute medical infections [29]. In infections such as those of
prosthetic joints, however, in which the infectious agents
are opportunistic, the potential contamination of samples
must be addressed. The direct immunological detection
of bacteria in clinical samples can be achieved by the use
of monoclonal antibodies (MAbs) and polyclonal antise-
rum prepared against the bacteria implicated in the clinical
infection [29]. This technique allows the direct visualiza-
tion of the bacterial morphology and visual comparison
with potential contamination. The role of molecular tech-
niques in the diagnosis of prosthetic joint infection remains
unclear and still reveals several limitations, such as poorly
formulated gold standard criteria or the difficult interpreta-
tion of false-positive results when post-PCR sequencing is
not used [30].

Nevertheless, both tissue culture and PCR can identify
bacteria but are susceptible to contamination in the sur-
gical field, during sample handling, and in the laboratory
setting. Therefore, confidence in treating a patient based
solely on these tests is mitigated by the concern for a
false-positive result. For this reason, protein profiling as
biomarkers for the purpose of prosthetic joint infection
seems to hold great promise. Several proteins that have
been previously associated with inflammatory condi-
tions and that appear to be useful as clinical indicators for
the presence of infection have been identified [31]. If a
reliable, effective marker or set of markers for diagnos-
ing prosthetic joint infection can be identified, a quick
test for its diagnosis may be on the horizon. It has been
demonstrated that inflammatory proteins can be detected
in synovial fluid and its concentrations ascertained and
these varying concentrations align well with the presence
or absence of prosthetic joint infection [31]. Leukocyte
esterase reagent strips have been proposed as a useful
point-of-care screening test with a 100 % negative predic-
tive value in the setting of revision surgery. It has been
reported that even with its subjectivity, these rapid, inex-
pensive and sensitive strips can quickly rule out infection
in cases that show a negative result [32]. Because the syn-
ovial fluid white blood cells express specific genes when
the etiology for inflammation is bacterial, a more specific
measure of the host response to infection could potentially
be developed. In fact, proteins such as IL-1B, IL1-a, IL-6,
IL-17, G-CSF, IL-8, VEGF or a2 M have shown excellent
diagnostic performance [31, 33]. Other new biomarkers
such as a-defensin have shown encouraging results which
provide an additional valuable resource in the diagnsosis
of periprosthetic infection [34].
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When facing a Vancouver B2 periprosthetic fracture, the most recommended treatment is the prosthesis
replacement. Current tests do not provide enough reliability to identify whether the fracture has been
produced on a septic or an aseptic loosened prosthesis. Our aim was to evaluate the usefulness of the histology
for the diagnosis of infection in these cases. A total of 11 hip revision procedures were performed (mean age:
78.1 years, 8 women and 3 men). Sensitivity, specificity, positive predictive value and negative predictive
value of the histology were 100%, 55.5%, 33.3% and 100% respectively. Of the six patients presenting with a
positive histology, four of them had negative cultures (66.6% of false positives). Our results suggest that
periprosthetic fractures are a cause of false-positive histology results for the diagnosis of infection during
revision of a hip prosthesis for the treatment of Vancouver B2 periprosthetic fractures.

© 2013 Elsevier Inc. All rights reserved.

To establish the correct diagnosis of prosthetic joint infection
(PJI) is challenging, especially when a periprosthetic fracture is
associated [1]. A periprosthetic fracture can result as a consequence
of a high-energy traumatism on a non-loosened prosthesis or either
a low-energy traumatism on a prosthesis that is already loosened.
When the patient presents with a Vancouver B2 periprosthetic
fracture, the most recommended treatment is the prosthesis
replacement [2]. If the replacement is performed on a prosthesis
septically loosened, the risk of prosthetic infection is high. When
facing a loosened prosthesis, the most used tests in order to
differentiate between aseptic and septic etiology are the clinical
data [3], laboratory tests [C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), interleukin-6] [4,5], bone scintigraphy in
combination with labeled leukocyte scintigraphy [6] and preopera-
tive cultures from samples obtained by computerized tomography or
ultrasonography guided aspiration of the joint [7,8]. However, these
tests do not provide enough sensibility and specificity to identify
whether the fracture has been produced on a septic or an aseptic
loosened prosthesis. This means that the final diagnosis is provided
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by the cultures and/or the neutrophil count of the periprosthetic
tissues obtained during the revision surgery. Despite having been
suggested that periprosthetic fractures might be a cause of false
positive of the histology for the diagnosis of PJI [9-14], no series
have been reported this fact in the literature. The aim of our study
was to evaluate the usefulness of the histology for the diagnosis of
infection during a hip prosthesis replacement for the treatment of a
Vancouver B2 periprosthetic fracture.

Material and Methods

From January 2007 to July 2011, all patients admitted at our
hospital presenting with a Vancouver B2 periprosthetic hip fracture
treated with hip prosthesis replacement were prospectively regis-
tered in a database and retrospectively reviewed. Vancouver B1 and
C periprosthetic hip fractures were not included since the most
recommended treatment is the synthesis of the fracture without
revision of the prosthesis [2]. Vancouver B3 periprosthetic fractures
require removal of the prosthesis [2], however no such fracture was
admitted in our hospital during the study period. All patients were
operated on in the same hospital. In all patients the prosthesis was
replaced and the fracture was treated using a plate and a deep-
frozen cortical strut allograft. Samples for microbiology were always
taken before the administration of antibiotics and samples for
histology were taken after the implant removal from the femoral
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stem. The standard antibiotic prophylaxis regimen consisted of
ceftazidime and vancomycin. The patients made the follow-up in the
same hospital.

Protocol of Histology

The samples for the histological study were obtained from the
periprosthetic membrane from the femoral stem. The samples were
formalin fixed and paraffin embedded; 4-um sections were cut and
stained with hematoxylin-eosin.

The Department of Pathology of our hospital uses the Mirra's
criteria (adapted by Feldman) [3,15], which means that the histology is
considered positive for infection when > 5 neutrophils per high-power
field (400 x) were found in at least five separate microscopic fields.

Microbiology

The samples for the microbiological study were always taken
before the administration of antibiotic prophylaxis. At the time of
prosthesis removal, at least six periprosthetic samples from different
sites were submitted to the laboratory for culture. Liquid samples that
were aspirated from the operative site with use of sterile syringe were
immediately inoculated into Batec 9000 Blood Culture Systems
(Becton Dickinson Diagnostic Instruments, Sparks, Maryland) and
were incubated for 5 days. Positive flasks were subcultured in aerobic
and anaerobic agar media. Swab samples were obtained by passing a
sterile swab (Delta-lab invasive sterile eurotube collection swab with
Stuart transport medium; Rubi, Catalonia, Spain) over the area of
tissue, bone, or fluid that was suspected of being infected. Solid
periprosthetic tissue samples were immediately placed into a
separate sterile universal bottle. Solid tissue samples and swab
samples were cultured in both aerobic and anaerobic agar media
and in thioglycolate broth enriched with vitamin K and hemin and
were incubated for 10 days. Positive cultures were sent for organism
identification and sensitivity testing. Patients with positive culture
received a minimum of 6 weeks of antibiotics based on known
sensitivities of the infecting organism.

Statistical Analysis

The specificity (true negatives/[false positives+ true negatives]),
sensitivity (true positives/[false negatives + true positives]), positive
predictive value (true positives/[true positives + false positives]), and
negative predictive value (true negatives/true negatives+ false
negatives|) regarding the Mirra's criteria (adapted by Feldman)
were evaluated, with growth of the same microorganism on at least
two cultures of deep samples of periprosthetic tissue being used and/
or presence of pus surrounding the prosthesis as gold standard for
defining infection [16].
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Results

A total of 11 hip revision procedures for the treatment of a
Vancouver B2 periprosthetic fracture were performed during the
study period. The mean age was 78.1 years (range: 45-90), including
eight women and three men. The results of both the cultures and the
histology of the samples are shown in Table 1.

Table 1
Results of the Cultures and the Histological Analysis of the Samples Obtained from the
11 Cases.

n Age  Gender Histology  Cultures Microorganism Follow-Up
1 80 F + + CNS Good

2 79 F + - Negative Good

3 89 F — — Negative Good

4 86 F — - Negative SI

5 78 M + — Negative Good

6 45 M + + CNS+S. viridans ~ Good

7 88 F — - Negative Exitus

8 80 F + — Negative Dislocation
9 63 M — - Negative Good

10 81 F + - Negative Good

11 90 F — - Negative Good

F: female, M: male, CNS: coagulase-negative staphilococci, SI: superficial infection.

Sensitivity, specificity, positive predictive value and negative
predictive value of the histology were 100%, 55.5%, 33.3% and 100%
respectively (Table 2). Of the six patients presenting with a positive
histology, four of them had negative cultures (66.6% of false positives).

Patients with positive histology and negative cultures received
antibiotic prophylaxis with vancomycin and ceftazidime until culture
results were obtained. Those patients with both histology and cultures
positive received either antibiotic prophylaxis with vancomycin and
ceftazidime and then antibiotic treatment according to the antibiogram
results for at least 6 weeks. Of the 11 patients, 8 had no complication
and 3 had different complications. Patient 4 presented a superficial
infection of the surgical wound, which was treated with oral antibiotics,
with a good evolution. Patient 7 died 20 days after surgery due to
respiratory problems not related to the surgery. Patient 8 presented a
hip prosthesis dislocation 1 week after the surgery and a cup revision
was performed. Cultures obtained during revision were negative again.

Discussion

The usefulness of the histology for the diagnosis of periprosthetic
infection has been previously described by some authors [3,17-20].
However, low sensitivity has been reported as well [14,21-26]. This
discrepancy might be due to the different criteria used to diagnose the
infection (microbiological [17,27,28] and histological criteria
[3,9,13,17,19,29]) or the type of patients included in the study
(patients who are revised due to an aseptic loosening [25], to a septic
loosening [30] or during the second stage of a two-stage revision for a
septic loosening [23,24]).

A revision of the literature shows that several authors [9-14]
consider periprosthetic fractures as a potential cause of false-positive
histological results for the diagnosis of infection, however, no series
supporting this theory have been published yet. To the best of our
knowledge, this is the first study that specifically addressed the
usefulness of histology of the periprosthetic membrane for the
diagnosis of infection in patients presenting with a Vancouver B2
periprosthetic fracture. In 6 of 11 cases with positive histology, only 2
had positive cultures and 4 had negative cultures (66.6%). Four

Table 2
Histological results of the periprosthetic tissue and culture analysis of the 11 patients.

Definitive diagnosis (culture)®

Histology® Positive Negative Total
Positive 2 4 6
Negative 0 5 5
Total 2 9 11

@ The histology is considered positive for infection when >5 neutrophils per high-
power field (400x) were found in at least five separate microscopic fields [3,15].

P Diagnosis of infection was determined by the growth of the same microorganism
on at least two cultures of deep samples of periprosthetic tissue being used and/or
presence of pus surrounding the prosthesis as gold standard for defining infection [16].
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patients with positive histology and negative cultures did not received
additional treatment and the outcome was good, suggesting that they
were true false-positive results.

Neutrophils are intravascular cells, which can be found in the soft
tissues either when are attracted by quimiotaxis during the
inflammation or when the blood vessels are injured and then the
neutrophils extravasate [31]. Thus, a possible explanation for the
results obtained from our series might be the infiltration of
neutrophils into the periprosthetic membrane, proceeding from the
inflammation secondary to the fracture and from the blood vessels
that result injured during the fracture.

Currently, there are no preoperative or perioperative tests
providing a 100% reliability in order to elucidate if a periprosthetic
fracture that needs to be operated is infected or not. The symptoms and
physical exploration prior to the fracture are too subjective [3], CRP
and scintigraphy are altered by the fracture and cultures obtained
through aspiration guided by ultrasound or computerized tomography
cause a delay for surgery and their specificity and sensitivity are not
high enough [32]. There are authors [33-35] that describe a series of
periprosthetic fractures Vancouver B2 and B3 treated with replace-
ment of the prosthesis with a rate of infection up to 33%. For instance,
Holley et al. [36] described an infection rate of 10% (2/20) in Vancouver
B2 periprosthetic fractures and an infection rate of 33% (3/9) in
Vancouver B3 periprosthetic fractures. Mukundan et al. [33] described
an infection rate of 17% (3/17) in periprosthetic fractures Vancouver
B3 or Ko et al. [21] described a rate of infection of 14% (2/14) in
Vancouver B2 periprosthetic fractures. These infection rates are higher
than the ones described after an aseptic replacement. These findings
might be explained due to infection already present at the moment of
the fracture. Therefore the identification and treatment of the infection
at the moment of the periprosthetic fracture is of paramount
importance for the outcome and prognosis of the replacement. It has
been reported that those periprosthetic fracture classified as Vancou-
ver B1 and that are treated by open reduction and osteosynthesis
present a worse survival than those classified as Vancouver B2 and
treated by revision of the prosthesis, with the infection being as one of
the main reasons for this different survival rates [2]. Thus, when facing
a Vancouver B2 periprosthetic fracture, we advise to perform a
revision of the prosthesis and to take at least six samples for culture,
then starting a broad-spectrum intravenous antimicrobial regimen
and to maintain the coverage until obtaining definitive microbiological
results. The definitive oral antibiotic treatment then should be selected
according to the antibiogram, but if the cultures are negative then the
antimicrobial regimen can be stopped.

This study has several inherent limitations. The most important
drawback of this study is the low number of cases included, which is
justified by the fact that we present a unicentric study addressing a
low prevalent pathology. In fact, previous data regarding this issue is
lacking, which poses a drawback that may affect the extent to which
the findings can be generalized beyond the specific cases studied.
However, because of its prospective nature, biases have been reduced
to the maximum, not only from the microbiological point of view by
obtaining at least six samples for cultures but also from the
histopathological one by the use of the paraffin technique for the
analysis of membrane samples. Frozen sections provide valuable
information for the diagnosis of the infection during the surgical
procedure, but we decided to use the paraffin technique since it has
been reported to have a higher reliability in comparison [27,28,37].
For instance, Tohtz et al. [27] described a 19% discrepancy (14 of 64
cases) comparing the frozen sections and the paraffin. Lastly, we
decided to analyze periprosthetic membrane samples instead of the
pseudocapsule, as the membrane has been described to be the best
sample for the histopathological study [38].

Another drawback of this study might be related to the fact that in
our hospital we do not routinely use the synovial fluid analysis for
diagnosing periprosthetic joint infection. The use of the synovial fluid

white blood cell count with the analysis of neutrophil percentage has
recently demonstrated to be a rapid test for differentiating peripros-
thetic joint infection from aseptic total knee arthroplasty and total hip
arthroplasty failure [28,39-44]. Therefore, this new test could be
useful to differentiate septic from aseptic Vancouver B2 periprosthetic
hip fractures. Notwithstanding, there are some considerations that
need to be highlighted. Firstly, preoperative aspiration of the hip needs
fluoroscopic, tomographic or ultrasonographic guidance because of its
deepness from the skin and its proximity to neurovascular structures,
and because of the low probability of blindly access to the joint space
[39]. In addition, the possibility of “dry tap” aspiration in hip
arthroplasties can be around 23% according to the reported series
[45]. If a dry joint is washed with saline to perform cultures, then the
white blood cell count and neutrophil percentage cannot be used.
Lastly, it should be taken into account that the number of peripros-
thetic hip fractures included in the previously studies was low [28]. In
fact, Schinsky et al. [44] included only 14 periprosthetic fractures out of
204 revisions, Della Valle et al. [43] included only 2 periprosthetic
fractures out of 94 revisions and Cipriano et al. [42] included 32
periprosthetic fractures out of 448 revisions. Therefore, specific studies
are needed to demonstrate that the cutoff of white blood cell and
neutrophil percentage in the synovial fluid of periprosthetic hip
fractures is the same as the one described for general hip revisions.

In conclusion, our results suggest that periprosthetic fractures are
a cause of false-positive histology results for the diagnosis of infection
during revision of a hip prosthesis for the treatment of B2 Vancouver
periprosthetic fracture when conventional cultures are used for
diagnosis of infection.
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