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APOPOIINAZTIKH: AvrikaTaoTOON HMEPOUG I OAOKANPNG
apOpwong Ao TEXVNTA.

ApOpwoEIG TTOU avTIKaBioTavVTal

KOTO CEIPA OCUXVOTNTOG: YOVOTOG
IoXIioU
WHou
OYKWVOG



Knee

“\ Arthroplasty

©CMMG 2002

X-Ray of Shoulder After
Shoulder Replacement




H pEYOAN €GEAIGH OTIG XEIPOUPYIKEG TEXVIKEG KOI TO
MPOCOETIKA UAIKO E€KOVOV TIG EMEMPBACEIS OUTEG
KOONUEPIV] TTPOKTIKN, OTTOTEAOUV MOVOOPOHO VYid
TNV ATTOKOTOOTOON PBOPIWY EKQUAICTIKWY TTAONOCEWV
(ooTEOOPOPITIGC — PEUNATOEIONG OPBPITIG) | COoRapwWV
TPOUHOTICHWY KOI XPOVO HE TO XPOVO QUSAvOVTal

poyoaia.

Berbari, EF. et al. Clin Infect Dis, 1998;27:1247
Poss, R. et al. Clin Orthop, 1984;182:117



Shoulder
arthroplasty
implantation
in the U.S.
population.

Number of procedures
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Number of procedures




Evodoeilcsic

L BoplEG EKPUAICTIKEG TTOONOEIG.
(OoTe00pOpITIGC — PEUHOTOEIONG OPOPITIGC)

#L Yof3apoi TPAUMNATIOHOI.



H avamrTucn TEPITTPOOCOETIKNG AOINWENG
OTTOTEAEI oo3apn EMITTAOKN — OUOKOAX
EAEYXOMEVH ME COPBOPEG OUVETTEIES VIO THV
TTOIOTNTA KOI OPICUEVEG POPEG KOl YIO TRV IOI
TN (WN ToU 0c0EVOUG KOl CNUOVTIKO KOOTOG
via Tn Anuooia Yyeia

(MapaTeTapEVn VOO NAgia — AVOTTNPIEG).



Total Cost in Billions

Total Hospitalization Costs for Knee Replacements
(in Billions)

$12
$11.38
$10
$9.82
$8
$8.06
$6
' o $6.22
$5.67
$4
$2 $1.47
o o $0.85 $1.01
$0
1999 2000 2001 2002 2003

=== Total Knee Replacement (ICD-9-CM Procedure 81.54)
Revision of Knee Replacement (ICD-9-CM Procedure 81.55; Excludes Arthrodesis of Knee 81.22)
Source: HCUP Databases (Nationwide Inpatient Sample). Healthcare Cost and Utilization Project (HCUP). Agency for Healthcare Research and Qualtity, 1999-2003.

Notes: Numbers have been rounded 10 the nearest thousand. A patient record was included in this analysis if any of the possible listed procedures included the target
procedure code. "Cost” refers to hespitalization charges and typically do not include professional (i.e,, Dr's) fees and non-covered charges.




Average Days in Hospital

12

10

Average Length of Stay for Knee Replacements

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

==4==Total Knee Replacement (ICD-9-CM Procedure B1.54)
Revision of Knee Replacement (ICD-9-CM Procedure 81.55; Excludes Arthrodesis of Knee 81.22)

Source: National Hospital Discharge Survey, 1991 - 2004, available from the U.S. Department of Health and Human Services; Centers for Disease
Control and Prevention; National Center for Heaith Statistics.

Notes: Numbers have been rounded to the nearest thousand. Prior to 1998, a patient record was only included if the target procedure code was the first
listed; for 1998 to 2004 data, a patient record was included in this analysis if any of the possible listed procedure included the target code.




Total Cost in Billions

§7

$5

$3

§2

$1

Total Hospitalization Costs for Hip Replacements
(in Billions)

$6.77
$5.91
$5.07
—— $4.00 -
$3.64 . $3.58
— $3.35
S $2.98
& $2.63
$2.39
—
— D 31.47 $1.66
& — o $1.32 ‘
$0.99 $1.04
1999 2000 2001 2002 2003

===Total Hip Replacement (Includes Replacement of Both Femoral Head and Acetabulum by Prosthesis; ICD-3-CM Procedure 81.51)
== Partial Hip Replacement (Bipolar Endoprosthesis; ICD-9-CM Procedure 81.52)
=@ Revision of Hip Replacement (ICD-9-CM Procedure 81.53)

Source: HCUP Databases (Nationwide Inpatient Sample). Healthcare Cost and Utilization Project (HCUP). Agency for Healthcare Research and Qualtity, 1999-2003.

Notes: Numbers have been rounded to the nearest thousand. A patient record was inciuded In this analysis if any of the possible listed procedures included the target
procedure code. "Cost” refers to hospitalization charges and typically do not Include professional (l.e., Dr's) fees and non-covered charges,




Average Days in Hospital

16

14

12

10

Average Length of Stay for Hip Replacements

——————

1890 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

=#==Total Hip Replacement (Includes Replacement of Both Femoral Head and Acetabulum by Prosthesis; ICD-9-CM Procedure 81.51)
== Partial Hip Replacement (Bipolar Endoprosthesis; ICD-9-CM Procedure 81.52)
=& Revision of Hip Replacement (ICD-9-CM Procedure 81.53)

Source: National Hospital Discharge Survey, 1991 - 2004; available from the U.S. Department of Health and Human Services; Centers for Disease
Control and Prevention; National Center for Health Statistics.

Notes: Numbers have been rounded to the nearest thousand. Prior to 1998, a patient record was only inciuded if the target procedure code was the first
listed; for 1968 to 2004 data, a patient record was included in this analysis if any of the possible listed procedure included the target code.




ENIAHMIOANOIIA

AekoeTio 1960:  Evapén epappoyng

oPOPOTTAACTIKWYV

EMEMPACEWYV

2uyvornta Aoipwensg 5 — 10%



2NMEPO, NETA OTTO:

BEATIWOEIG GTN XEIPOUPYIKN TEXVIKN
E@appoyn Kavovwy EAEyxou Aoipwéewy lMpo-Al-MeTeyxeipnTika
BEATIOGH XEIPOUPYEIWY, (UG TTPOG THV KOBAPOTNTA TOU AEPO
[epIeEyXEIPNTIKN XNMEIOTTPOPUAOSH
2WOTH EMIAOYN 0COEVWV

I
/

H cuyxvornTa £x&l NEIWOEI ONUOVTIKA

Zimmerli, Wi et:al. N/Engl' J'Med 2004;351:1645



ApBpormrAaoTiki yovatos 0,5—2 %

IoXiou 0,5 — 1%

- (WHOU > 1%

Mopd TNV ¥ TNG GUXVOTNTAG TWV ACIHGDEEWV
0 ammoAuToG apIBu6G avd £€1oc T Adyw T Twv

EKTEAOUHEVWYV ETTEURACEWV.

Widmer; AE Clin Inf;Dis 2001;33Supl2:594
Sperling, JW. et.al. Clin Grthop



ANAGEQOPH2H APOPOIINAZTIKH2

‘EAEyX0G THG TEXVNTNG ApPOpwWONG HE VEA EmMEHBOOCN OTOV
UTTOPYXOUV. TrpOoLANRMaTa (TTOVOG, TTUPETOG, OIONMO, EKPON
TPOUMOTOG K.ATT.).
Yiroyia Aoipwsgng N HNXovikng XoaAapwong.
2UXVOTHTO ACINWENG O€ avaBewpnon > TNG TTPWTNG ENPUTEUCNG.
AiTio: °AvamTuén TTEPIAPOPIKWY CUNPUOEWV = PTWYXNA AIHATWON
* MeyaAUTEPOG XPOVOG ETTEPPAOCNG

* [ipoutrapyouca Aoiawsn

HITA 2004: 720.000 aoB. (THR + TKR)
86.000 aoB. (RTHR + RTKR)



YmeuOBuvor Mikpoopyaviouoi

OAIKNn OAIKR
Mikpoopyoviooi ApBpoTTAaOTIKNA ApBpoTTAaOTIKNA

loyiou [fovaTog
Staphylococcus aureus 22 - 23.6 % 31,2 — 39 %
gt‘;%%‘;'gi%'ggga“ve 19 - 37,5 % 15 - 29,3 %
Streptococcus spp. 9-11,2 % 6 - 10,9 %
Gram-negative bacilli 8 - 28,2 % 4-12,7 %
Anaerobic 6-6,5% 0-2%
Enterococcus spp. 0-9,2% 0-1,4%
[NMoAupikpoiakn Aoipwgn 10,5—-19 % 9-12,3%
ApvnTiKN K/ 1-12 % 0,5-—19 %
AANAa €i06n 2—5% 2,8—11 %

Lentino, JR. Clin Infect Dis 2003, 36:157




S. aureus, small'collony variants

* 2TEAEYN OUOKOAO OTH OlOyVWON KAl TN
BepaTreia

* "Exouv I1010ITEPEG OIOTPOPIKEG OVAYKEG

(capivn, Bupidivn, HEVadIovn)

* Ep@aviouv OI0@QOPETIKA (PAIVOTUTTIKA
XOPOKTNPIOTIKA.

Sendi et al: Clin Infect Dis, 2006 43:961.
Vaudaux et al. Clin Infect Dis, 2006 43:968.
Proctor RA et al. Nature Rev Microbiol;, 2006:'4:295



Nature Reviews | Microbiology

Copyright & 2006 Nature Publishing Group




ITAGOIENEIA

H Aoipwgn oTIG TTPOCOETIKEG
oPOPWOEIG TTPOKAAEITAI OTTO
TNV TTPOCKOAARGH TWYV.
MIKPOOPYOVICHWY OTIG
ETTIPAVEIEG TWV TTPOCOETIKWV
UAIKWYV Kal TH OSnMioupyia
BIOMEMBPANHZX.

2TH AoipweEn €mIdpOoUV
TTOPAYOVTEG OTTO TOV
MikpoopyaviGHO, TOV CEVIOTN
KOI TO TTPOOBETIKO UAIKO.

Pathogenesis of Long Term
Prosthetic Device Related Infection

L) Boofilm

"QJN

’Jrﬂmw ne:
-RVHCLW




MIKpOOPYAVIONOG

2TO0Ia O ATIGLOU BIOUE av.

r@ Planktonic cell
Sessile cell
> ¢ Extracellular matrix




[IpookOAAnon Twy e£AcUBepwy (planktonic) PBakTnpiwy
OTIG ETTIPAVEIEG TWYV TTPOOETEWY.

AnUioupyia MHIKPOBIOKWY OCUCOWMHOTWY KOI €KKPION
TTOAUpEPOUG ouoiag: Glycocalyx — Exopolisaccharide.
[IOAAQTTAGCIOCHOG KOI OnMIoupyid HIKPOOTTOIKIWY ME
Hop®n HaVITOPIOU 1| TTUPOHIOOG.

2XNHATIGHOG BIopENpavng.

ATTOKOAAR OGN Kol 010G TTOPd MIKPORBIOKWY KUTTAPWY.

Sampedro M.E., Patel R. Infect Dis Clin N Am 21(2007):789-792.
E. KaAoyepormmouAou, E@. KAlv. MikpofioA. Epy. Aiayv. 2008, 2:79-85.



Biofilm streamers

» 1 ' :
Seeding

dispersal
Heterogeneity

Mature
biofilm

Early
structure

s

ering at MSU-Bozeman




XOpaKTnpIGTIKa SakTnpiwy. BIOUENBpaVNG

¥ KUTTOPIKN EVOOETTIKOIVWVIA (QUOrUM SENSING): weeruseeersseesy

1 Avioxn O0TOUG HNXOVIOHOUG OUUVOG TOU SEVIOTI.

¢L Augnon TnG ACINOYOVOU IKOVOTNTAG TOUG.

#* AUgnon avroxng oTa avTiBIoTIKA.

ME EKKPION AQUTOETTAYyWYEWYV (HEcOAaBnTIKA popia xaunAou

M.B.) avaAoyn ue tn pikpoBiakn ocuykévrpwon. Orav
@Oaoouv og OpICUEVN KPIiOIUN TTUKVOTNTA TTUPOOOTOUV TNV

EKPPAon yovidiwVv TTPOOTATEUTIKWY YIA TA BAKTAPIA.




XOpaKTnpIGTIKa SakTnpiwy. BIOUENBpaVNG

KUTTOpIKN EVOOETTIKOIVWVIA (Quorum Sensing).

AvVioxn O0TOUG HNXOVICHOUG OMUVOG TOU CEVIOTN. .......... .

Augnon TnG ACINOYOVOU IKOVOTNTAG TOUG.

AUgnon aVTOXNG OTA AVTIBIOTIKA.

avriowuard, @ayoKurTapwon.



XOpaKTnpIGTIKa SakTnpiwy. BIOUENBpaVNG

L KUTTapIkn EVOOETTIKOIVWYIO (Quorum Sensing).

1 Avioxn O0TOUG HNXOVIOHOUG OUUVOG TOU SEVIOTI.

#* AUgnon TNG ACINOYOVOU IKOVOTNTOG TOUG. .......ccooeeeernceraceraenns :

#* AUgnon avroxng oTa avTiBIoTIKA.

100cfu S. aureus apkouyv yia mpokAnon Aoiuwénc
(evoOdaAuioua < 100.000 @opéc

a1TO TO ATTAITOUNEVO YIA TA EAgUOspa Bakrnpia).

Zimmerli, W. et al. J. Infect. Dis., 1982:146-187
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XOpaKTnpIGTIKa SakTnpiwy. BIOUENBpaVNG

KUTTOpIKN EVOOETTIKOIVWVIA (Quorum Sensing).

i AVTOXHN OTOUG MNXOVIGHOUG OMUVOG TOU CEVIOTN.

Augnon TnG ACINOYOVOU IKOVOTNTAG TOUG.

AUgNoN OVTOXNG OTO AVTIBIOTIKA AOYW: ..o, :

EYKAwBIouoUu Twv avriBIOTIKWV OTa KavaiAia Ttwv
MIKPOATTOIKIWV & oOpaon¢ adpavorroinTikwv &v{UNwWV
g BlouguBpavng,

EXOpikoUu  uiIkpoTrTEpIBaAAovro¢ 1tnG  Biousuppavng
(7 umikpoBIGKAC OUYKEVIPWONGS = OUCCWPEUOT)

mpoidviwv peraBoAiouou umoéia, oééwan, ¥ 5100sviv

KATIOVTWV, XaunAn evudarwon).




XOpaKTnpIGTIKa SakTnpiwy. BIOUENBpaVNG

KUTTOpIKN EVOOETTIKOIVWVIA (Quorum Sensing).

Avioxn O0TOUG HNXOVIOHOUG OUUVOG TOU GEVIOTI.

Augnon TnG ACINOYOVOU IKOVOTNTAG TOUG.

AUgNoN OVTOXNG OTA AVTIBIWTIKA AOYWI: ..ot :

Bpadeiagc avamruéng n/kar avaocTtoAng TToA/CuoU Twv

Bakrnpiwv kai umrapéng KUrrtapwyv oe diagopa oradia
avamruéng,

onuioupyiag €I0IKWV  TTPOOTATEUMEVWY  KUTTAPWYV.
persisters < 1% rou apyikou mAnBuouou (emifouv kai NG
mo  €mOETIKNG  avriyikpofiaknG  Bepameiac  Kai

Savaoxnuariouv Biousuppavn).




H avioxn Twyv TTPOOCKOAANUEVWY BOKTNPIWV Eivai
(PUOIKI, OQEIAETOI OE OINPOPETIKOUG MNXOVIOMOUG
OITO OUTOUG TWV EAEUBEPWYV KOl €IVOl AVOOTPEWIHN,

£’ OO0V EYKOATAAEIYOUV TN BIopEUBpAVD.



MIKPOOPYAaVIGUOI TTOU. ONIOUPYOUV. BIoUsufpavn

Gram (+)

Gram ()

Staphylococcus spp.
Streptococcus spp.
Enterococcus spp.
Propionibacterium acnes

Corynebacterium spp.

MuknTeg

Candida spp.
Aspergillus spp.

P. Aeruginosa
Haemophilus influenzae
Moraxella catarrhalis
Escherichia coli
Klebsiellapneumoniae
Proteus mirabilis
Morganella spp.
Serratia spp.
Campylobacter spp.
Veiflonella
Bacteroides spp.
Gardnerellaspp.




[IpocBETIKO YAIKO

Ol @QUOIKO — YNMIKEG IOIOTNTEG TWV Ola@POPWYV
TMPOCOETIKWY UAIKWY (METOAAIKWY 1N TTAGCGTIKWYV),
ETTNPEACOUV AUECO TH OUVATOTNTA THG MIKPORIOKNG
TMTPOOKOAANGNG, TN Onuioupyio BIOHEuBPAVNG KOl
apa THV AvATTTUEn ACINWENG.

““Race fOI‘ the Surface

Gristina et al: Infect Dis Clin NJAm 1990, 4:136.



[TAROWpa TTPOCGOETIKWY UAIKWYV ATTO :
#* METOAAO N KPAMOTO METAOAAWYV
! [IANaoTIKO (O10¢pOpwWY TUTTWYV)

#* AKPUAIKO TOIMEVTO

. . . lpoo6ceTika uAika yovaro
lpooOsTika uAika aykwva P 4 S



l1pooOcsTIiKa UAIKA 10)iOU



l1pooOcsTIKA UAIKA 10)iOU



—EVIOTNG

Xeipoupylkn emepfaocn=IloTikn BAaBNn=ToTriKN PAEypOVWONG AVTIOpACH.

J

2UCOWPEUCH QINOTTETOAIWY, IVWOOYOVOU, KOAAOYOVOU TOTTIKO KOl
OTIG ETTIPAVEIEG TWV TTPOCOETIKWY UAIKWV.

J

[IpooKOAANGN MIKPORBIWYV

J

Anpioupyia BIOMEMBPANHZ



TASINOVIHZH_AOCIVIQ=EQN

2TAAIO | NMpwiun (Early) 0-3M. METEYXEIPNTIKA
2TAAIO I Bpadeia (Delayed) 4-24p.
2TAAIO Il Owiun (Late) > 2 €Tn

Coventry, M.B. Orthop Clin N'/Am 1975; 6:991.
Zimmerli; Wi etial: N Engl'd Med 2004, 351:1645.



