102

VK 616.728.2+616.728.3]-089.843:[615.463:615.33](045)

ISSN 0030-5987. Opromnenus, TpaBMaTosnorus u nporesuponanue. 2015. Ne |

OBb30PbI U PEIIEH3UU

Antibiotic-loaded bone cement and its widespread use: is it justified?
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Along with a steady rise in the volume of joint prostheses implanted
every year worldwide, there has been a rise in revision after total
hip arthroplasty (THA) and total knee arthroplasty. Among the
main reason for THA revision, infection accounts for 12.0-25.2 %.
Nowadays the use of antibiotic-loaded bone cement (ALC) with
the aim to reduce periprosthetic joint infection (PJI) has greatly
increased. The use of ALC in primary prosthesis fixation is still
debated. So in order to be able to provide a reasonable and scientific
answer to this question one should first analyze data from scientific
literature. In terms of prophylaxis, it was demonstrated in many
investigations that the combined use of systemic antibiotic and ALC
in THA was producing the lowest risk of revision due to infection.
The release of antibiotic from ALC has a well known kinetics, with
a peak release during the first days followed by a long tail of lower
release. The choice of adding an Aminoglycoside (Gentamicin) was
based on release studies which demonstrated that among antibiot-
ics Gentamicin was showing the best elution performances from
the bone cement, the most extended spectrum of activity and no
negative effects on mechanical performances. As regards possible
problems associated with the presence of antibiotic in bone cement
the following should be considered.: systemic toxicity, hypersensitiv-
ity reaction, mechanical hazards, bacterial resistance hazards and
cost rising. In conclusion, the use of ALC must be considered as a
support strategy in prevention and not the solution of infections;
in primary implants, ALC is justified only in high risk patients, it
is recommended for revisions; the perfect antibiotic in ALC does
not exist; avoid using Vancomycin as first step; ALC is successful
only if associated with systemic antibiotics. Key words: total hip
arthroplasty, total knee arthroplasty, antibiotic-loaded bone cement,
periprosthetic joint infection.

Hapsaody ¢ pocmom xonuuecmea s310onpome3so08, UMNAAHMUPY EMbIX
8 Mupe Kaxicowill 200, HAOIOAemcs yeenuyeHue pesusuOHHbIX
eMeuamenscms nocie momaibHo20 IHOONPOMe3UPosaHus ma-
300edpernozo (TOTHC) u konennozo cycmasos. Cpedu 0CHOBHBIX
NPUYUH MAKUx onepayuli Ha 000 UHPEKYUOHHBIX OCTOHCHEHULL
npuxooumcs 12,0-25,2 %. Ce200us 3HauumenvHo y8eauyuiach
4aACMoma npumMeHeHUsl HACbIUEeHHO20 AHMUOUOMUKAMU KOCHIHO20
yemenma (HAKL]) ons npochunaxmurxu u 60puowvl ¢ nepunpomesnot
unghexyueil. Llenecoobpasnocmo e20 ucnonb3068anus npu nepeutHom
9HOONPOME3UPOBAHUL OUCKYmMUpyemcs. Ymobvt nonyuums 060cHo-
6aHHbIIL OMBEM HA DMOM BONPOC, NPOAHATUZUPOBAHLL OAHHbLE HAYY-
nou numepamypul. [lokazano, umo KoMOUHUPOBANHOE NPUMEHeHUe
anmubuomuxa cucmemnoeo oeticmeus u HAKL npu TOTFC obec-
neuusaenm camulili HUSKUL PUCK PEBU3UOHHBIX onepayull 6credcmaue
ungexyuu. Kunemuxa eviceododcoenusn anmubuomuxa uz HAKIL
XOPOWLO U38eCHA: MUK NPUXOOUMCS HA Nepeble OHU NOCTIe Onepayuil
€ NOCIEOVIOWUM OTUMETLHBIM MEHee AKMUBHBLM 8b10pocom. Bulbop
071 HACHILeHUsL AHMUOUOMUKA U3 2DYNNbL AMUHOTIUKOZUOOE (2€H-
mamuyuna) OCHOBAH HA PE3YILMAMAX UCCIE008AHULL, GbIAGUSUIUX
Y He20 HAUIYHULylo CnocobHOCMb 6bIC80DOINCOCHUSI U3 KOCHIHO20
yemMenma, WUpoKuil CneKmp Oelcmeis u Omcymcmeue HecamusHo20
enuAHUA Ha Mexanuyeckue ceoticmsa. Cpedu 803MOICHbIX npodiem,
ceazannvix ¢ npumenenuem HAKL], cneoyem ommemums cucmem-
HYI0 MOKCUYHOCHb, PeaKyull 2UNepyyeCmeUumelbHOCHU, ONACHOCHb
MEXAHUYECKO20 NOBPedICOeHUs. U OAKMEPUANLHOU Pe3UCHIEHIMHOCTU,
nosvlwenue cmoumocmu. Bvigod. ucnonvsosanue HAKL] cneoyem
paccmampugams Kak cmpamezuio npo@OUIAKMUKU paseumusl
U pacnpocmpaneus uH@exyul npu pesusuontbix onepayusax. Ipu
nepeuyHom 3noonpomesuposanuu npumenerue HAKIL] onpasoaro
mMonvKo y bonbHbIx epynnel pucka. Hem udeanvnozo anmubuomuxa
ona HAKL], a e2o ucnonv3oeanue ycneuwHo moisko ¢ KOMOUHayuu
¢ anmubuomuxamu cucmemnoeo oeticmeus. Heobxooumo uckiro-
yums Banxomuyun 6 xauecmee nepgoco nasnauenus. Kuouesvie
€106 MOMAbHOE DHOONPOMESUPOBAHUE, MA300EOPEHHbILL CYCMas,
KOJLEHHBIll CYCMAs, HACHIUEeHHbI AHMUOUOMUKAMU KOCMHbIL Ye-
MeH, NepuUnpoOmesHas UHQpexyus.
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Introduction

Total hip and total knee arthroplasty (THA, TKA)
are clinically efficacious and cost-effective interven-
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tions with numerous investigators reporting excellent
long-term results in terms of reducing pain and im-
proving function and quality of life in patients with
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debilitating hip and knee disease [20, 21]. Along with
a steady rise in the volume of joint prostheses implanted
every year worldwide, there has been a rise in revi-
sion THA and TKA [10]. Among the main reason for
THA revision, infection accounts for 12—14.8 % [20],
while for the TKA the percentage is much higher,
22-25.2 % [21]. Periprosthetic joint infection (PJI) is
therefore among the main reason for revision.

Improved surgical techniques, the adoption of
stringent and efficient antiseptic pre-operative and
intra-operative procedures and the optimization of
peri-operative systemic antibiotic prophylaxis has led
to a significant reduction of deep infection and subse-
quent revision from 5-10 % to 1-2 % during the last
20 years [1]. ALC was introduced in the early 70s by
Buchholz [15] with the aim to reduce PJI.

Nowadays the use of antibiotic-loaded bone cement
has greatly increased: it has become standard prac-
tice in northern European countries, while in several
other European countries its use is still a matter of
debate [19]. In US, ALC has only been approved in
2003 and, despite the approved intended use would
only cover the second stage following a septic revision,
ALC use has currently exceeded 25 % of the total bone
cement market.

Antibiotic in bone cement prevents bacterial ad-
hesion: bacterial adhesion is the first step towards
bacterial colonization, multiplication and formation
of a biofilm. Bacterial growth on implants depends
on biofilm production: the higher the roughness of the
material, the higher the bacterial adhesion. PMMA is
characterized by a rough surface. Bacteria resistance
to antibiotic effect and immune host system is 1000
times higher in biofilm [11]. The aim is therefore to
avoid to get to this point when biofilm forms, leading
to a chronic infection where the implant will have to
be removed.

As previously said, the use of ALC in primary
prosthesis fixation is still debated, so in order to be
able to provide a reasonable and scientific answer to
the question «is the widespread use of ALC justified?»
we should first answer to a number of other questions:
1) what’s the aim about using ALC; 2) what about ALC
success rate on infection eradication; 3) what about the
best and safest ALC to use; 4), when should ALC be
used; 5) is there any potential detrimental effect?

Aim of use of ALC

The release of antibiotic is the main aim of ALC: in
literature high dose (>2 g AB per 40 g PMMA) and low
dose (<2 g per 40 g PMMA) ALC is described [12], it
is known that vacuum mixing is better than hand mix-
ing in improving the mechanical performances of the
bone cement, however antibiotic release may be greatly
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Table
Antibiotics for mixture to bone cement
Storpicenicin slpkale Colistin suiplate
Timplarin ] Ay *
Viaxarwycin bydovhlewics Tipronine

Note. * — bone cement does not polymerize.

influenced: if we refer to commercially available ALC
different cement will be differently affected by vacuum
mixing [22]. In principle the reduction of cement po-
rosity will reduce also the antibiotic release potential.

ALC use and infection rate

In terms of prophylaxis, it was demonstrated that
the combined use of systemic antibiotic and ALC in
THA was producing the lowest risk of revision due
to infection [3]. This information was confirmed in
areview paper where it was shown that the use of ALC
is associated with a significant reduction (50 % less) in
the risk of deep infection following THA [8]. However
in TKA some recent paper was not able to confirm the
same positive results [2, 16].

The release of antibiotic from ALC has a well
known kinetics, with a peak release during the first days
followed by a long tail of lower release. Therefore it is
likely that optimal antibiotic accumulation in the wound
hematoma would occur if wound drains were avoided
or their duration of use minimized. With the presence
of drains significant amount of antibiotic are lost [ 18].

Which ALC to use

A number of antibiotics (7able) may be admixed
to bone cement [6], however commercially available
single antibiotic ALC are loaded with an Aminogly-
coside (Gentamicn or Tobramycin). Different cements
shows different release, even though the same antibiotic
is used: results depends on the properties of each ce-
ment [18]. The choice of adding an Aminoglycoside
(Gentamicin) was based on release studies which dem-
onstrated that among antibiotics Gentamicin was show-
ing the best elution performances [23] from PMMA,
the most extended spectrum of activity and no negative
effect on mechanical performances.

When to use ALC

Nowadays some concern have arisen for the in-
crease in gentamicin resistance, however the use of
gentamicin bone cement for prophylaxis appears
justified. Most published papers have shown a posi-
tive effect in the use of ALC in terms of infection rate
reduction, even though some authors do not agree with
the use in primary arthroplasty, unless we are speaking
of high risk patients or joint arthroplasty revision [4].
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Any potential detrimental effect

As regards possible problems associated with the
presence of antibiotic in bone cement the following
should be considered: systemic toxicity, hypersensitiv-
ity reaction, mechanical hazards, bacterial resistance
hazards and cost rising. The discussion will be limited
to commercially available ALC. The risk of systemic
toxicity is not likely. Toxicity can be dosage or antibiotic
dependent. If we refer to gentamicin, diffusion in the
bloodstream is minimal (although high concentration
may be achieved locally), the risk of hearing loss and
renal failure, which is cumulative, cannot be associated
to the low serum concentration determined by ALC,
while it can be associated to previous doses received
within the last few months or years. Eventually acute
or chronic kidney injury (AKI, CKI) occur in patients
with previous kidney or liver disfunction. The evidence
for hapten mediated hypersensitivity to the interaction
of antibiotics and bone cement is very limited [17];
gentamicin sensitization may result from occupational
exposure to gentamicin containing bone cements or
from systemic medication with aminoglycosides [14].

All ALC on the market fulfill the basic mechanical
requirements (ISO Standard 5833), although there are
significant difference in mechanical performance [13]
among cements. It shall be underlined that no clinical
study has proved that a mechanically stronger cement
will produce better clinical outcomes.

As concerns bacterial resistance, apparently there is
no direct relationship between the use of gentamicin-
loaded cement and bacterial resistance increase. In
Northern Europe the use of gentamicin-loaded cement
in primary prostheses has reached 100 %, however
according to the European Antimicrobial Surveillance
Network [7] the rate of resistance in these countries is
the lowest in Europe.

In any case the use of Vancomycin cement as a pri-
mary agent in prophylaxis should be avoided because
of the emergence of resistant bacteria and the need to
reserve this antibiotic for those patients which require
vancomycin for treatment purposes [9].

Eventually, the increasing use of ALC has lead to the
increase of costs. This is more relevant in US, where
ALC is 3 times more expensive compared to plain bone
cement. It was shown that while in primary arthroplasty
it increases the overall costs, in revision due to infec-
tion the use of ALC was found to have an incremental
cost-effectiveness ratio of $37,355 per QALY, with
a cost decreasing of $650 per patient [5].

Conclusion

In conclusion, the use of ALC must be considered
as a support strategy in prevention and not the solution

of infections; in primary implants, ALC is justified only
in high risk patients; it is recommended for revisions;
the perfect antibiotic in ALC does not exist; avoid us-
ing Vancomycin as first step; ALC is successful only
if associated with systemic antibiotics; use of ALC
significantly rises cost-effectivness in implant revision.
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HACBIIIEHHBIN AHTUBMOTUKAMM KOCTHBIN ITEMEHT U ET'O IIMPOKOE
[TPUMEHEHHE: OITPABJIAHO JIN 3TO?

xoBannu Kamonero

Texpec CnA — Commaxammanbs (Bepona), Mramms

BHUMAHWIO ABTOPOB

B cBaA3u c Tem, uto XYypHaJs BHECEH B I'Iepel-leHb Hay4HbIX Crieunalrim3ampoBaHHbIX

N30aHUN, B KOTOPbIX MOTYT Ny6nNnkoBaTbCa pe3ysbTaTbl ANCCEPTALMOHHBIX paborT,
obpallaem Balle BHUMaHMe Ha HeOOBXOAMMOCTb yKa3biBaTb Ha TUTYNIbHOM NINCTE
cTaTbW Ha Tpex fa3blkax (pyc., YKp., aHrn.)cnegyowme ceegeHvs: 1) dpamunuio,
MMS, OTYECTBO; 2) Ha3BaHWe ctaTby; 3) oduunanbHOe Ha3BaHWE yypeXaeHus
n otaena (kadpeapbl, nabopatopun), B KOTOPOM BbINoONHEHa paboTa. Pamunus
aBTOpa M yypexaeHue, B KOTOpoM OH(OHa) paboTaeT, AOSNXHbl CONPOBOXAATLCS
OLHUM LM POBLIM NHOEKCOM.

Kpome Toro, Ha OTAenbHOM NMCTe NPOCUM NPeaoCTaBUTb CBEAEHUS O KaXaoM
n3 aBTopoB: 1) dhamunuio, UMA N OTYECTBO; 2) AOMKHOCTL; 3) NOSIHbIA NOYTOBbIN
cnyxe0bHbIn agpec 1 e-mail; 4) Homep cnyxebHoro TenedoHa u dakca. Heobxoaumo
yKa3aTb KOHTaKTHOE NnLIO.

Mpy noaroToBKe CcTaTbu crieayeT cobnoaate Nyb6nnkyemble B XypHane npasuna
419 aBTOpPOB.



