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I ntroduction

Total hip and knee arthroplasties are common puresdin orthopaedic surgery and
both are routine, effective and successful treatmedalities. A current estimate of the rate of
total hip replacement worldwide amounts approxityateme million per year, with over
250,000 knee replacement©ne of the most devastating complications, howeigedeep
periprosthetic infection. Conservative estimatesirdection rates average 1-2% for hip
implants and 2-4% for knee implarftsIn the future, it is expected that the incidené¢he
prosthetic joint infections will further increasaelto (i) better detection methods for prosthetic
joint infections, (ii) the growing number of impl&ad prostheses in an ageing population and
(i) the increasing residence time of prostheselsich are at continuous risk for infection
during their implanted lifetimé&*! In revision surgery, the incidence of periprosthet
infection is 3.2% for hip implants and 5.6% for knenplants, and can be as high as 40% for
failed hip arthroplasties with a positive intra-omtéve culture’*? Infection remains a serious
problem, as it generally requires multiple operaioand not infrequently amputations or

mortality remain unavoidable during the treatmdrthese infections®**

Biofilm formation

Deep periprosthetic infection belongs to the laggeup of infections associated with
indwelling medical devices, for example prosthéigart valves, urinary catheters, intra-ocular
lenses and breast implants. The major disadvardhpgomaterials implants is the increased
risk of attracting infectious micro-organisms whemmpared to naturally occurring materials.
The chance for successful bacterial colonisationnfiienced by the prosthetic surface
characteristics, presence of dead bone fragments,itais also dependent on host factors.
Implants are covered with blood fractions immedjatgter their insertion, referred to as a
conditioning film!® Bacteria are able to adhere by help of a wide eaofyphysical and
chemical interactions. Surface characteristicheftiiomaterial also seem to be of importance,
including hydrophobicity, roughness, and surfacargl’2°

Gristina et al. proposed an elegant pathogenetiapher for the situation occurring
shortly after the insertion of implants: “the rdoe the surface” between the cells of the body

and bacteria which inadvertently are depositedhi@ surgical wound’ The final result
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depends primarily on the velocity and configuratafnthe process of bacterial adhesion and
host coverage of the prosthetic surface. If theneta of this race are bacteria, they can display
their survival strategy. More virulent pathogenspaxd through their elaboration of
extracellular proteins, which is in contrast toslesrulent pathogens producing large amounts
of extracellular slime to embed and protect baatextlls. The biofilm consists of bacterial as
well as host parts that are created by fibrin, pagphonuclear neutrophils, erythrocytes,
histiocytes, fibroblasts and many other constits&ha fibrous capsule on the outer surface of
the biofilm can be considered as the interface éetwhost and bacterial organisms. Under
certain conditions a symbiotic relationship betwaeore than one bacterial species may be
advantageous for the development of biofilm colsniBacteria in a biofilm do not grow
exponentially, but rather exist in a slow-growingstarvation stat&’° The extracellular slime

enables them to evade the host immune system dihibéin treatment’?

Periprosthetic infection

The minimal requirement for the development of pdgeeriprosthetic infection is
successful bacterial colonisation of prosthetic/antione surfaces around the artificial joint
space. Another important aspect is the immune sysfethe host. Impairment of the immune
system (due to prosthesis-related and/or patidateck factors) plays an important role in the
pathogenesis and onset of periprosthetic infectidisce the bacteria have reached the
artificial joint, they are perceived as a foreigganism in the host body, which will trigger an
immune response with inflammation. The charactethed response can be modified by a
chronically immunoincompetent inflammatory zonersunding artificial joints,33 probably
leading to osteolysis.34-36 Regardless of the mmeshma of periprosthetic osteolysis, it is
attractive to believe that the same processes thdtice osteolysis may maintain
immunoincompetency, facilitate expansion of thefilsio community, and may even lead to
the development of haematogenous infection.

Infection following total joint arthroplasty renms a serious complication. Virulent
pathogens cause an acute form of infection wittomsistent clinical picture and laboratory
findings. However, the majority of periprosthetidactions are due to human skin saprophytes
(from both patient and operating room personnel)oof virulence that are able to provoke
only minimal or no symptoms for some time. The auxds obtained from different articular
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sites can be negative in spite of evidently infeetf*"** The subsequent incorrect diagnosis

may lead to inappropriate surgical procedures @ssmtwith a high risk of failurd/?4°

| ntr a-oper ative contamination

It is generally believed that intra-operative comt@ation is common in every operating
room:®>* The main sources for intra-operative contaminatiom the skin of the patient and
airborne particles from room personf#t® In 1982, Whyte et al. already stated that badteria
contamination of the wound in the operating roonmnif% of the cases caused by bacteria
from the patient and in 98% by bacteria in theo&ithe operating room. In the latter case, 30%
reaches the wound directly via the air and 70%hes¢he wound via hands of the surgical
personnel or by the instruments uséd.

Intra-operative contamination is the result of aeseof bacterial transfers from the skin
of the patient or operating room personnel viarumaents and other materials to the wound
area>>*° Davis et al. identified materials that are freglyerontaminated during elective
orthopaedic surgery. In 14.5% of the proceduresitht handles were contaminated, in 17%
the theatre gowns and in 28.7% the gloves of therating teant® The used sets of
instruments were contaminated in 3.2% to 11.4%efsampled cases.

In 1972, Charnley already recognised intra-opegeatimntamination as a major threat in
the success of total joint replacements. Othersedtdhat the role of intra-operative
contamination as a cause of deep infection washhmlrerrated®*®*°Hansis et al. stated that
the operative wound is contaminated to some exteall procedures, but every wound is able
to tolerate some local host damage and some bkacteaculum without manifestation of

infection®’

Pur pose of the study

Within the department of Orthopaedic Surgery a thniversity Medical Centre
Groningen, the control of postoperative wound ititec with and without subsequent
periprosthetic infection was a serious problem. clvoporation with the department of
BioMedical Engineering and the department of Meld\d&robiology, a project was started to
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create a better understanding of this problem,eumhtually its control. The ultimate goal of

the study was to assess the predictive value ofofmiglogical analyses of the used set of
instruments and removed bone chips during primehyr@plasty and of the removed prosthesis
during revision surgery. Eventually, this will letmlthe identification of patients with a higher

risk of deep periprosthetic infection, so theseigpé$s could receive early, appropriate
treatment with antibiotics.

Starting point for this project was the (predicjiwalue of intra-operative culturing.
During every primary placement and every revisioree or hip arthroplasty intra-operative
cultures were taken. Firstly the level and impimas$ of intra-operative culturing had to be
assessed. IlChapter 2 an association was to be found between intra-aperdtacterial
contamination during primary arthroplasty of hipnjs and the occurrence of postoperative
infectious complications related to the prosthesis. As the incidence of deep periprosthetic
infection after primary arthroplasty is relativelgw, it was being investigated whether a
positive intra-operative culture was associatedhwhe occurrence of prolonged wound
discharge in the postoperative period. The maisaeas that the incidence of prolonged
wound discharge, the latter being a proven prediftio postoperative wound infectiornf™>°
and periprosthetic infectihseemed to occur with a much higher frequency. Weroaim of
this study was to identify patient-related risktéas for prolonged wound discharge. If this
could be done, patients with a higher risk coulddamtified in a very early stage and treated
accordingly.

Preliminary results led to new questions and irgetions. InChapter 3 measures were
evaluated that could be taken to reduce intra-dperdacterial contamination in primary
arthroplasty. Both behavioural and systemic measurere evaluated. New rules involving
operating room discipline were introduced and a tewinar airflow system was installed.
Secondly, it was being assessed whether intra-tpereontamination was of any importance
in the development of periprosthetic infection, s@me conflicting conclusions on this
relationship had been reported in literattf&>*

In Chapter 4 the extent and the importance of intra-operativeudag during revision
arthroplasty was under investigation. Besides etalg systemic and behavioural measures, it
was also being investigated whether intra-operdiaveterial contamination plays a role in the
development of infection after revision surgery.

In order to decrease bacterial contamination of dperating wound during surgery
even more, a model was developed to investigateréimsfer of bacteria from one operating
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room material to another. The aim@iapter 5was to quantify this transfer, while accounting
for surface hydrophobicity and roughness, moistaeskapplication of friction during transfer.
This was done for microorganisms known to causep d@eriprosthetic infection:
Staphylococcus aurepStaphylococcus epidermidand Propionibacterium acne®°3°461-62
As a possible clinical intervention method to pravé&ansfer, it was investigated whether
dipping the gloves in a chlorhexidine splash-baafifected the viability of the transferred
bacteria.

Many hospitals dealing with difficulties to contrahfectious complications after
surgery are reluctant to (re)build an operatingnradoecause of the high costs involved. In
Chapter 6 the economic implications of intra-operative baeiecontamination during both
primary and revision arthroplasty are investigaiadyrder to show that it is cost-effective to
take drastic hygienic measures.

Chapter 7 eventually, gives a summery of findings, generalcdssion and closing

remarks.
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I ntroduction

A current estimate of the rate of total hip reptaeat worldwide amounts
approximately one million per year, with over 28m)0Oknee replacementsThis number is
expected to double between 1999 and 2025 as a ofésul ageing society and because hip and
knee arthroplasties are implanted at an increasiegylly age. One of the major complications
in hip and knee arthroplasty is infection. Infentipercentages total to about 1-2% for hip
implants and 2-4% for knee implarit8.Once such a periprosthetic infection exists, it is
associated with a substantial increase in morhiawyich increases hospital admittance time
and hence adds significant costs to the healthsymtem. Treating an infected prosthesis can
cost up to $ 80,000, 4.1 times the costs for a gmynprosthesis, and periprosthetic infections
prolong total hospital stay by more than 6 weehdoreover, patients with postoperative
orthopaedic infections have substantially greakgisical limitations and significant reductions
in their health-related quality of Iif&’

The presence of a superficial wound infection hesnbidentified as a significant risk
factor for development of periprosthetic infectiobyt the exact extent of the risk is
unknown'®*® Postoperative superficial wound infections occar fmore often than
periprosthetic infection and reportedly occur irR%. to 17.3% of all casé&***® The
discrepancy in percentages is in part due to tleeofiglefinitions. There are two commonly
used definitions of superficial wound infection.elSurgical Infection Study Group defines
superficial wound infection solely on the basiglfical observations without microbiological
confirmation!” The Center for Disease Control and Prevention iresumicrobiological
confirmation before the diagnosis “superficial wdinfection” is madé® Both groups further
state that drain sites should be included andtbiese should be purulent discharge or a painful
spreading erythema. Despite these definitions disigg a superficial wound infection, based
on the assessment of the individual surgeon, igesulo serious personal variations and as
such must be considered to be unrelidb@herefore, it has been suggested to monitor the
duration of wound discharge, taking 5 days as affytoint. Patients with wound discharge of
5 days or longer were reported to have 12.7 timbmler risk of getting late periprosthetic
infection compared to patients with a shorter wodist¢harge®

Intra-operative contamination is common in everyeraging roonf-?? The main
sources for intra-operative contamination are &ue sf the patient and airborne particles from
theatre personnéf?*In 1982, Whyte et al. suggested bacterial contatin of the wound in
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the operating room occurs in 2% of the cases calgdzhcteria from the patient and in 98%
by bacteria in the air of the operating room. le iatter case, 30% reaches the wound directly
via the air and 70% reaches the wound via handshefsurgical personnel or by the
instruments uset.

We asked whether bacterial contamination of thérunsents used and of removed
bone during primary insertion of hip prosthesesmaadlict the occurrence of prolonged wound
discharge. First, we developed a logistic regressiodel to investigate the unbiased
association between intra-operative culturing amdiopmged wound discharge. Secondly, it was
investigated what combination of intra-operativétumes were the most predictive. Finally, it
was calculated how often periprosthetic infectiatwred depending on the occurrence of

intra-operative contamination and prolonged wouisdldhrge.

Materials and methods

Patients

We prospectively analyzed primary hip arthroplastie the period from August 2001
to August 2003 in the University of Groningen Medi€enter, Groningen, The Netherlands
with written permission of the hospital Ethical Cmittee. In order to obtain a representative
sample over the predefined inclusion period of ywar (thus minimizing periodic effects), we
used a list of random numbers, generated by compukgch determined whether the protocol
would or would not be used for the particular patié\ restriction to the amount of patients
was applied to minimize the burden for the persbimmlved, since the protocol was not yet
part of standard practice at the time the study we@sducted. We decided to include 100
patients since we observed approximately one-thirdur patients to have prolonged wound
leakage, which would allow us to use 5 covariatesmultivariate modeling (which was
arbitrarily judged to be desirable) without graak rof overfitting.

All 100 patients included received antimicrobiabjpinylaxis (cefazoline, 1000 mg
intravenously) twenty minutes before the operatiand postoperative anticoagulation
(nadroparine, 0.3 mL subcutaneously combined widenacoumarol orally). Surgery took
place in an operating theatre where conventiomafl@v was used, and the operating team
wore disposable impervious drapes. At the end ajesy, drains were placed at the operation
site in all patients. General pre-operative paransetbelieved to influence postoperative
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wound discharge, were collected; these included agg gender, the existence of any
immunocompromising disease (i.e. rheumatoid arshritr diabetes, and body mass index.
Intra-operatively, blood loss more than 400 mL,rapiag time exceeding 100 minutes and the
use of cement (Simplex without antibiotics, Strykathopaedics, Mahwah, New Jersey) were
also recorded. The total group consisted of 33 snafel 67 females, with a mean age of 61.3
years (28-87, standard deviation 12.8). 13/10Ceptdisuffered from rheumatoid arthritis and
4/100 had diabetes. The mean body mass index otiitiee group was 27.0 (18.5-37.2,

standard deviation 3.7). The mean operating time 6 minutes (50-180 minutes, standard
deviation 24.8), and in 48 (48%) the duration wawernthan 100 min. The mean amount of
blood loss was 424 mL (40-2000 mL, standard deMiafi69) and exceeded 400 mL in 56

(56%) of the cases. Cement was used in 54 of tAg34%6) cases.

Culture technique

Intra-operatively, samples were being taken atediffit stages of the procedure, two
from the instruments used, two from the instrumaotsused and two from removed bone. The
first sample (culture 1) represents the swab ofsimallest unused acetabular broach. After
sampling the reaming procedure was started with bhoach. The second sample (culture 2)
represents the swab of the largest unused acetdirolach after the reaming procedure. This
broach was never used at the direct site of thestipesis. The third sample (culture 3)
represents the swab of the smallest unused fenmwoalch. After sampling the reaming
procedure was started with this broach. The fosammple (culture 4) represents the swab of
the largest unused femoral broach after the reamiagedure. This broach was never used at
the direct site of the prosthesis.

Removed bone chips were sampled for contaminasowedl. Culture | represents the
acetabulum, culture Il represents the femur. Duahgrocedures, a clean swab was shortly
taken out of the charcoal medium in the operatmmnr after which it was immediately put
back, in order to make sure no contamination oecuduring transport and culturing of the
samples.

The cotton swabs (cultures 1-4 and the control $wadye transported in a transport
medium called Transwab, Charcoal medium (MedicateW& Equipment Co, Bath, United
Kingdom). Removed bone material (cultures I-1l) vpas into sterile cups filled with Tryptone
Soya Broth (TSB, Oxoid, United Kingdom). Within @ 4 hours after sampling, the cotton
swabs (1-4) were smeared over blood agar and itediptogether with the cups containing
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bone cultures denoted | and Il, for 7 days at 3TEh aerobically and anaerobically. After 7
days the content of the cups was also smearedbised agar and again incubated for 5 days.
Instrumentation or bone material was consideredaroimated, when bacterial growth was
observed, regardless of the amount of groviitie control swab was negative at all times. The
study was performed blind, without informing thehmpaedic surgeon on the test result, in

order to ensure that all patients were treatedrdégss of the evaluation.

Postoperative wound discharge

Wound discharge was recorded postoperatively bgegialized nurse from the local
hospital infection committee, monitoring both thewad and the drain site, while taking the
fifth day after surgery as the cut-off point. Pateewith a leakage time of five days or more
formed the case group. Patients with a wound aabh diite that closed within four days after
surgery served as the control group. Postopetatitree drain was removed after two days in
all patients. The mean duration of wound dischavge 4.2 days (1-28, standard deviation 3.5
days). In 28/100 cases (28%) the wound dischartgnd&d to 5 days or longer, while in all
other cases the wound and drain site had closduiwdtdays.

Periprosthetic infection

To determine whether periprosthetic infection ooedrin patients with and without
intra-operative contamination and prolonged wourstithrge, patients were followed-up at
standard postoperative controls at 6 weeks, 3 rspltimonths, 1 year and 2 years after index
surgery, or if a patient came to the emergency roatnfollow-up patients symptoms along
with C-reactive protein, erythrocyte sedimentatrate and a white blood cell count were
evaluated. A prosthesis was considered infectexhge of an increase of infection parameters
caused by the prosthesis site, as substantiatedulbyring of aspirated joint fluid and/or

culturing during revision of the prosthesis.

Statistical analysis

To assess the associations between the differemables and prolonged wound
discharge, we performed univariate analyses. A étud-test was used for independent
samples for the continuous variable body mass indéie the Pearson Chi square test was
used for all categorical variables when all celighe contingency table contained at least 5
persons. Otherwise the Fisher's exact test was. USethparisons were made between the
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group with and without prolonged wound dischargee nitial model was based on the results
of the univariate analysis and covariates which ewetlinically judged to be possible

confounders. Subsequently, a parsimonious modelcvesged by deletion of the most poorly
associated covariates. The odds ratios (OR) waresfiormed to relative risks (RR) with the

following formula:
RR = OR/((1-Prev)+(Prev x OR))

Prev meaning prevalence of the risk faéfofhe associations between the different types of
cultures and periprosthetic infection were investtgl with the Pearson Chi square or Fisher’s
exact test. Additionally, the positive predictivalwes were calculated. The same was done to
investigate the associations between intra-op&raitntamination, prolonged wound discharge

and periprosthetic infection. All statistical procees were performed with use of the software

package SPSS version 12.0 (SPSS, Chicago, lllinois)

Results

The univariate analysis indicated that age, rheaidatrthritis, use of cement,
increased blood loss and a positive intra-operativikure were associated with (p < 0.05)
prolonged wound discharge (Table I). These parametere entered in the logistic regression
model, showing that only rheumatoid arthritis, eased blood loss and a positive intra-
operative culture remained as significant factetsg 1 in Table ).

Because the p value of the variable “age” was latigen the p value of the variable
“‘cement”, it was decided to delete the variablee®afom the model. This resulted in the
variable “cement” now also being a significant tactThe RR of intra-operative bacterial
contamination was estimated to be 6.4. The RR efimatoid arthritis is 6.4, of the use of

cement 1.6, and of increased blood loss 1.5.
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Table I. Preoperative and intra-operative risk fast for prolonged wound discharge in patients afiemary
total hip arthroplasty. Univariate analysis showendidate variables for prolonged wound discharge<(p.05),
and subsequently the logistic regression model shbe significant variables after deletion of thestnpoorly

associated covariates in two steps. The relatisksr{RR) were obtained from the odds ratios.

PR Wound Discharge Unlvarle}te Logistic Regression
Analysis Model
> 5 days < 5 days Step 1 Step 2
(n=28) (n=72) [PUETE p value p value RR
Preoperative parameters
- Gender (women) 22 (79%) 45 (63%) 0.125
- Age (> 60 years) 22 (79%) 34 (47%) 0.005 0.581
- Rheumatoid arthritis 9 (32%) 4 (6%) 0.001 0.001 0.001 6.4
- Diabetes mellitus 1 (4%) 3 (4%) 1
- Body mass index (mean + SD) 26.6 (= 3.8) 27.9 (£3.6) 0.118"
Intra-operative parameters
- Cement 22 (79%) 32 (44%) 0.002 0.352 0.005 1.6
- Blood loss (> 400 mL) 21 (75%) 35 (49%) 0.017 0.036 0.035 15
- Operating time (> 100 minutes) 16 (57%) 32 (44%) 0.254
- Intraoperative contamination 20 (71%) 16 (22%) 0 0 0 25

SD = standard deviation; RR = relative rigkisher’s exact testStudent’s two tailed t test

The positive predictive values of the instrumemalss for predicting prolonged wound
discharge are fairly low (17-67%), while the paoadtipredictive values for the bone chip
cultures are much higher (81-90%). The associdigtmween positive bone chip cultures and
the occurrence of prolonged wound discharge isifssgnt (Table II). In the group, where
bacterial contamination was demonstrated, changedevelop wound discharge are 56%
(PPV), while in the absence of bacterial contanmmabf instruments and bone, the chances to
not develop prolonged wound discharge are 87%.eBattgrowth was demonstrated in at
least one of the intra-operative cultures in 36/t@8es (36%). In one patient, four cultures

were positive, in 11 cases two were positive arficases one culture was positive.

Table Il. The description of intraoperative swalmsldone chips and their positive predictive valBBY) for the
occurrence of prolonged wound discharge. The Peackbisquare test was used to calculate the signifie of
the association (the Fisher's exact test was usedéf of the cells of the contingency table conthiess than 5
persons).

Sample Description PPV (%) Chi square test
Instrument swab 1 Of smallest acetabulum broach before reaming 30 1.000*
Instrument swab 2 Of unused acetabulum broach after reaming 67 0.189*
Instrument swab 3 Of smallest femur broach before reaming 60 0.132*
Instrument swab 4 Of unused femur broach after reaming 17 1.000*
Bone chips | Removed acetabular bone chips 90 0.000*
Bone chips Il Removed femoral bone chips 81 0.000*
Total One or more of the cultures showed growth 56 0.000

* Fisher’s exact test
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The association between intra-operative contanuna@nd the occurrence of a
periprosthetic infection is highly significant (08), as is the association between prolonged
wound discharge and periprosthetic infection (0)00Phe PPV of both intra-operative
contamination and prolonged wound discharge forottwirrence of periprosthetic infection is
25%, while its NPV is 98% (p = 0.003), as can lenge Table Ill.

Table 1ll. The incidence of periprosthetic infectid intra-operative contamination and/or prolongedund
discharge are present. The positive and negatiediptive value (PPV and NPV, respectively) and the pevaf
the Fisher's exact test are shown.

Variable PPV (%) NPV (%) Fisher's Exact Test
Intra-operative contamination 14 98 0.008
Prolonged wound discharge 21 99 0.002
Both 25 98 0.003

Periprosthetic infection occurred in six of the ®f@ses where intra-operative
contamination was measured. In 20 of the 36 patiewth intra-operative contamination,
prolonged wound discharge was monitored in the gpesative period. Five of these 20

patients subsequently developed periprostheticiiaie (Figure 1).

100
primary hips
I
I |
36 64
intra-operative no intra-operative
contamination contamination
I I
I | I |
20 16 8 56
prolonged no prolonged prolonged no prolonged
wound wound wound wound
5 1 1 0
periprosthetic periprosthetic periprosthetic periprosthetic
infection infection infection infection

Figure 1. A diagram shows the numbers of patientis iwtraoperative contamination,
postoperative prolonged wound discharge, and pesfitetic infection after primary
hip replacement.
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One of them, the patient with four positive culsjredeveloped a periprosthetic
infection within one month after the primary surge©Of the other 16 patients with intra-
operative contamination in the absence of prolongednd discharge, one patient developed
an infection. In the group of 64 hips without intyperative contamination, only one hip
(1.6%) became infected and in this patient proldngeund discharge was monitored in the
postoperative period. In the 56 patients withouthbmtra-operative contamination and
prolonged wound discharge, periprosthetic infecti@s never diagnosed during the first two

years of follow-up.

Discussion

Several studies on intra-operative culturing ofipoent and bacterial analysis of air
samples have been performed, vyielding conflictingnctusions on relationships with
postoperative infectior€®* The relations between prolonged wound discharge an
postoperative wound infection and between posteperavound infection and periprosthetic
infection were already fourd*2**This study describes significant associations betwintra-
operative contamination of the operating site ftggistruments used and bone chips), the
occurrence of prolonged wound discharge and theldpment of periprosthetic infection. To
our knowledge this study is the first to providadewce for the association between intra-
operative contamination and prolonged period oftquerative wound discharge, with a
positive predicting value going up to 80 to 90%.

Although in this study, we associate prolonged vebdischarge with intra-operative
contamination, strictly speaking it remains unaerighether a discharging wound is infected
during surgery or in the post-operative periodjust discharging because of a limited ability
of the local skin tissue to heal, the latter crea risk for cross-infection. As another possible
limitation, out of all possibilities to sample apeavating room,35-38 we choose to take swabs
from the used set of instruments and collected lobimes, as these are most likely to represent
possible contamination of the wound itself as aoméid in our study. Also the selection or
removal of covariates in our model deserves somtbdudebate, as this does not imply that
covariates are (un)important from an etiologicalkcausal point of view. “Age” was deleted,
despite being clinically important, because of sti®ng correlation between “age” and “the
use of cement” in this series of patients and degpe fact that “the use of cement” increases
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the immunocompromising zone surrounding prosthesegurther decreases the immune
system in general.39 Since “age” in itself is netdaectly linked to infection risk as “the use
of cement”, “age” as a covariate was removed frdra model. Covariates which were
confounders of other relations in this dataset wetedeleted from the model.

Binary logistic regression also showed that rheoidaarthritis, the amount of intra-
operative blood loss and the use of cement ardfis@mt predictors for prolonged wound
discharge after hip prosthetic surgery. Rheumatoitiritis and extensive intra-operative
blood los&® have been described before as risk factors faiopesative wound infection and
periprosthetic infection, as found here. In additio age, our model also demonstrates that
body mass index and operating time drop out asfastors for prolonged wound discharge,
when accounting for the multifactorial nature ofumd discharge. Operating time did not
predict prolonged wound discharge, although in fiberature, this parameter often is
considered a risk factor for wound infectitt;**

The identification of cement as a risk factor im study might have excluded operating
time as a risk factor, because these factors seerétated (just like age and cement) and our
study takes into account this multifactorial natunserting an uncemented prosthesis requires
less time than needed for a cemented prosthesigai@ng exposure to airborne bacteria in the
operating room. It could be hypothesized that the af cement alone is a more important risk
factor than the increase in operating time. SiryiJdbecause the patients with a high body
mass index were the ones suffering from rheumasuitiritis and the ones receiving a
cemented prosthesis, body mass index dropped @utisis factor too.

Prolonged wound discharge is important, becausantbe a risk factor on its own, as
well as a potential marker for periprosthetic iti@e. If prolonged wound discharge is
monitored together with intra-operative bacteriahtamination as measured in this study, a
periprosthetic infection is likely to occur (Figur®). Alternatively, if prolonged wound
discharge is monitored in the absence of intra-atper bacterial contamination, it is important
to identify whether one of the other risk factoos prolonged wound discharge exist. In this
group, prolonged wound discharge in patients suiefrom rheumatoid arthritis, with a
cemented prosthesis or with more than normal bltss$, does not require immediate
additional antibiotic therapy. In this study no ipeosthetic infection occurred when both
prolonged wound discharge and intra-operative comtation were absent (N=56).

Since current treatment modalities usually incladiuring of wound discharge on the
fifth day postoperatively, prior to administratiafi antibiotics, the authors recommend that
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intra-operative cultures be routinely conducted yield an indication on whether it is
appropriate to initiate immediate antibiotic treatrhafter prolonged wound discharge, without

waiting for culture results of the wound.
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I ntroduction

Infection is one of the most common complicationssurgery. In particular deep
periprosthetic infections in orthopaedic surgergstiiute a disaster for both patient and doctor.
Conservative estimates of infection rates averag&olfor hip implants and 2-4% for knee
implants®” The number of joint replacements is expected tgbpin the next twenty years
and if the infection rate is not reduced, also itit@dence of infection will double, yielding
increased morbidity, hospital stay and costs ferttealthcare systefn.

Deep prosthetic infections can be subdivided ifijoearly (within three months after
surgery); (i) delayed (within one-and-a-half tootwears after surgery); and (iii) late
infections. Both early and delayed infections canchused during surgery by direct contact
with the wound, airborne colonisation or cross-atifen on the ward. Late infection is mostly
caused by bloodborne contamination; for exampleandumsertion of a urinary catheter,
infection of an intravenous canula, or skin or dérgepsisS. However, haematogenous
infection only plays a minor role in orthopaedicgery, with an incidence of 0.3-74**

This study focused on early and delayed infectimasised by intra-operative
contamination. It has been suggested that the smirces of contamination are the patient’s
skin and airborne particles from theatre persoffi€lWhyte et al found that the source of
contamination was the patient’s skin in 2% of cames theatre personnel in 98% of cases. In
the latter, 30% of contaminants reach the wounectly via the air and 70% reach the wound
via hands of the surgical personnel or the instntsiased?®

In general, the policy to reduce intra-operativatamination is based on a behavioural
and systemic approach. In a behavioural approaelveptive measures focus on reducing the
number of airborne particles in the operating rabnough disciplinary measures. Simple and
cheap measures include limiting the number of persbin the operating room and restricting
the movements of personnel in the operating roomma toinimum, as it has been shown that
increased activity enhances the dispersion of bacte

A systemic approach consists of improving the awflsystem. The introduction of
laminar airflow systems has greatly reduced infgctn orthopaedic implant surgery. Laminar
flow, as opposed to turbulent flow, allows airbonmerticles to pass the operating area and
prevent them from landing in the wound area. Famngple, in a downflow laminar system, the
unidirectional air enters the operating room in teding above the operating area through

filters.
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Adjustments to existing operating rooms is pregyeastimated to cost about € 540,000
for two new airflow systems. This should be comgandéth the costs of treating a septic joint
(estimated to be $50,000 to $62,1685%° It should be emphasized that such a comparison
only includes direct medical costs.

The aim of this study was to evaluate whether bigl@al and systemic measures
decrease intra-operative contamination as monitdueithg 207 total hip or knee replacements.
The influence of these measures on subsequent ngexdo wound discharge, superficial
surgical site infection and deep periprosthetieatibn was also investigated during an 18-
month follow-up of the patients involved.

Materials and methods

Interventions

During the two-and-a-half year evaluation periodeiventions were carried out on two
occasions in order to decrease bacterial contammain the operating room. Both
interventions are described in Table I. The firgervention was implemented in March 2003
and was a behavioural intervention. From that tiome instrumentation and other sterile
equipment were only unpacked and used in the dreaninar flow (the so-called ‘plenum’).

The second intervention was introduced in Augu$t328nd consisted of some major
behavioural changes as well as a systemic chanie. bEhavioural changes were new
guidelines for patient work up, use of body covetamnd restricting activity in the operating
room. In the second intervention, the old convergiairflow system was replaced with a new
laminar system, yielding a major increase in aivfiom 2700 i to 8100 i per hour by the
introduction of large quantities of recirculating €400 n? per hour). The air inflow speed
was increased from 10 to 20 cm per second. Consdguairflow was diluted rather than
mixed, increasing the total number of air changethé entire operating theatre from 22 to 60
per hour. Better laminar flow was achieved duenmuse of new glass panels extending from
the ceiling which, in combination with the increaseairflow, resulted in 240 air changes per
hour at the operating table. Besides this, theustesize was increased from 3 to 10.2 m,

and the filter and bottom ceiling layer were replhc
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Table I. Behavioural interventions undertaken in dperating room.

Intervention 1 (March 2003)

Correct use of plenum
Instrumentation unpacking only in plenum
Instrumentation unpacking just before surgery
Instrumentation never leaves plenum, else considered unsterile
Head of patient always out of plenum

Intervention 2 (August 2003)

Work up in preparation room, not in operating room Limiting needless activity
Anaesthetic work up - Number of people in operating room kept to minimum
Shaving - Opening of doors kept to minimum
Putting on blood bands and blankets - Use only smallest door to washing room
Positioning patient with leg support - Movement of people kept to minimum
- No changing of personnel during an operation
Proper wearing of body coverage - If other equipment necessary, use intercom
- No hair visible - All communication with world outside via intercom
No nose visible - Only conversation if needed for surgery
Beard mask and safety glasses for persons working in
plenum
Renew mouth mask after every operation
Change clothes each time after leaving the operating
complex

Selection of operations

Between July 2001 and January 2004, intra-operdiaveterial cultures were taken
during 207 random operations involving placemenprrinary knee or hip prostheses. Before
the first intervention, from July 2001 to March 30@ultures were taken during 70 operations
that were performed under original, control comatii (control group). Sixty-seven operations
were monitored after the first intervention (graljp The second intervention was initiated in
August 2003 and 70 operations were evaluated fraguat 2003 to January 2004 (group 2).
All operations involved a total hip or knee artHegby in patients with osteoarthritis or
rheumatoid arthritis, and took place in the Uniitgr§edical Centre Groningen, Groningen,
The Netherlands. All patients received antimicrbbpmophylaxis (cefazoline, 1000 mg
intravenously) twenty minutes before the operatiand postoperative anticoagulation
(nadroparine, 0.3 mL subcutaneously combined wittenacoumarol orally). Patient

characteristics were not significantly differentvseen the three groups.

Culture technique

Intra-operatively, samples were taken at diffestages during the operation, two from
the instruments used, two from the instrumentsused and two from removed bone. In the
hip procedure, the first sample (culture 1) repmeséhe swab of the smallest acetabular broach

before it was used for reaming. The second sanspleue 2) represents the swab of an unused
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acetabular broach after the reaming procedure.hén knee procedure, cultures 1 and 2
represent swabs of the adjustable femur sizer béefod after sawing the femur. Furthermore,
in the hip procedure, the third sample (cultureegresents the swab of the smallest femoral
broach before it was used for reaming. The fouathi@e (culture 4) represents the swab of an
unused femoral broach after the reaming procedaréhe knee procedure, cultures 3 and 4
represent swabs of the adjustable tibia saw befiodeafter sawing the tibia.

Removed bone was sampled for contamination as w@llture | represents the
acetabular bone in case of the hip joint and thefal bone in case of the knee joint; culture I
represents the femoral bone in case of the hig pomd tibia bone in case of the knee joint.
Cultures 1, 2 and | were taken during the earlysphaf the operation and cultures 3, 4 and Il
during the late phase.

During all procedures, a clean swab was quickly ¢$)Qaken out of its transport
medium (Transwab Charcoal medium, Medical Wire &uipqment Co, Bath, United
Kingdom) into the operating room after which it wasnediately put back into the medium in
order to make sure no contamination occurred dutiagsport and culturing of the samples
(control swab).

Cotton swabs (cultures 1-4 and the control swabewensported in the Transwab Charcoal
medium. Removed bone material (cultures I-Il) was ipto sterile cups filled with a growth
medium, Tryptone Soya Broth (TSB, Oxoid, United ¢@dom).

Within 2 to 4 h after sampling, the cotton swabgi|were smeared over blood agar
and incubated, together with the cups containinguees | and Il, for 7 days at 37°C, both
aerobically and anaerobically. After 7 days, thateat of the cups was also smeared over
blood agar and again incubated for 5 days. Instniatien or bone material was considered

contaminated, when bacterial growth was obseneghrdless of the amount of growth

Follow up

In order to investigate whether infectious comglmas occurred post-operatively in
relation with the interventions taken, all patiemtsre followed up for 18 months. Previous
studies in our hospital pointed out that nearlypatiprosthetic infections became manifest
within 18 months after surgery. First, patients evenonitored during their stay at the
orthopaedic ward to see whether prolonged woundhdige or superficial surgical site
infection occurred. Wound discharge was recordesdigperatively by a specialized nurse from
the local hospital infection committee, monitoringth the wound and the drain site, taking the
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fifth day after surgery as the cut-off point. Thaghosis of a superficial wound infection was
made by the orthopaedic surgeon based on the ti@findf the Surgical Infection Study
Group. This definition relies solely on clinical sgyvations in the absence of microbiological
confirmation” Deep periprosthetic infection was, eventually,imkd by an increase of

infection parameters caused by the prosthesisasitidged by the orthopaedic surgeon.

Statistical analysis

The Pearson’s Chi-square test for categorical Wwatused to test differences between
the experimental groups and the control group, whkncells of the contingency table
contained at least five people. Otherwise the Fishexact test was used. Statistical

calculations were performed using SPSS softwarsiaerl2.0 (SPSS Inc., Chicago, IL, USA).

Results

Intra-operative bacterial contamination before aaitier the interventions

In the control group, contamination of one or mofgéhe samples was seen in 23/70
(32.9%) cases. Group 1 showed contamination in9848the cases (23 out of 67) and group
2 showed contamination in 6/70 cases, equalling8.6

In order to follow the contamination percentagetime, the total number of 207
patients was divided in 9 groups of about 20 p#tieconsecutively operated upon in time.
Figure 1 shows that the contamination percentadkdrcontrol period and in the period after
the first intervention ranges between 30 and 4@%ak only after the second intervention in
August 2003 that the contamination percentage dserkto 15%. After that it further reduced
to 5% in the end of 2003. In the first few montis2004, the contamination percentage

amounted 7%.
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Figure 1. Intra-operative contamination (as perceygaper group of 20-30 patients during the entiegigd. The
control group of 70 was divided into three group8,(20 and 30 patients), group 1 was divided irmtmugs of 20,
20 and 27 patients, and group 2 was divided intwugs of 20, 20 and 30 patients. The interventioasralicated
with arrows.

Early and late intra-operative bacterial contamirmat during surgery

During all included procedures, four swabs of th&numents used were cultured (1-4),
as well as two portions of bone chips (I-1l). Thentrol swab did not show bacterial growth at
all times. The implantation of a hip or knee presik can be divided in two parts: first, the
preparation of the acetabulum (hip) or femur (kn@ejl secondly the preparation of femur
(hip) or tibia (knee). The samples 1, 2 and | wiakeen during the early phase of the operating
procedure and the samples 3, 4 and Il during tteeghase. In Table Il the early samples are
compared with the late samples. In all three gromase samples taken in the late phase
showed bacterial growth as compared to those tak#re early phase. These differences only
reached statistical significance in group 1 (p=R)02n the total group of 207 procedures,
growth was found in 40/207 samples taken in thé/ gdrase and in 23/207 samples taken in
the late phase (p=0.020).
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Table 1l. Number of intra-operatively acquired swadnd bone chip portions that showed contaminaitiothe
early and late phases of the operating procedurambiers and percentages are given for each groumlies
indicate the significance of the difference betweaity and late samples (* indicates p<0.05).

Control group Group 1 Group 2 Total

Sample (N = 70) (N =67) (N =70) (N = 207)

Instrument swab 1
Early | Instrument swab 2 16/70 22.9% 20/67 29.9% 4/70 5.7% 40/207 19.3%
Bone chips portion |

Instrument swab 3
Late Instrument swab 4 11/70 15.7% 9/67 13.4% 3/70 4.3% 23/207 11.1%
Bone chips portion ||

P value 0.284 0.022 * 1.000 0.020 *

Follow up

During the control period, prolonged wound discleamgas found in 16/70 (22.9%)
cases, of which 8 were diagnosed with a superfig@ind infection (11.4%). After a follow
up of 18 months, deep periprosthetic infection bezananifest in 5 of these cases (7.1%), all
of which needed revision surgery.

After the first intervention, wound discharge wamirid in 21/67 (31.3%) cases, of
which 10 had a significant superficial wound infent(14.9%). In the end, after an 18 month
follow up, three of these patients suffered a desprosthetic infection (4.5%), two of which
underwent revision surgery. The third patient wagperable because of underlying disease
and only received intravenous antibiotic therapy.

After the second intervention, wound discharge feasd in only 7/70 (10%) patients,
of which one suffered a superficial wound infect{@m%). This superficial infection later on
appeared to be a deep periprosthetic infectiorgingeevision surgery.

Figure 2 graphically summarizes the parametersaoonition, prolonged wound
discharge, superficial surgical site infection aeep periprosthetic infection over the different
groups. Surprisingly, contamination, prolonged wbulischarge and superficial surgical site
infection all increased after the first interventidOnly the incidence of deep periprosthetic
infection decreased. These changes, however, waratatistically significant. The second
intervention established significant decreasesointamination (p=0.001), prolonged wound
discharge (p=0.002) and superficial surgical siteedtion (p=0.004). The decrease in deep
periprosthetic infection was not statistically sfgrant (p=0.359).
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M Contamination

O Prolonged wound discharge

Superficial surgical site infection

Deep periprostetic infection

Yl BB

Control group ~ Group 1 Group 2

Figure 2. Bacterial contamination, prolonged wounsictiarge, superficial surgical site infection

and deep periprosthetic infection in each of thrediperiods. Periprosthetic infection was diagnosed
during 18 months of follow-up. All data are preserds percentages with respect to the size of

the control group and groups 1 and 2.

Discussion

This study found that a combination of systemic drehavioural changes in an
operating room significantly decreased the incidenof intra-operative bacterial
contamination, and subsequently decreased theeimogdof prolonged wound discharge and
superficial surgical site infection. After one yedifollow up there was also a decrease in deep
periprosthetic infection; however, this differerdie not reach statistical significance because
of the small numbers of patients involved. Mostha individual parameters combined in the
interventions have been shown to reduce contaroimati the operating roo?>° but their
combined effects have not been determined prewiolsbwever, combination of all these
parameters evidently creates the most effectivepareagainst infection. In 1972, Charnley
recognised that intra-operative contamination wamsagor threat to the success of total joint
replacements, but others stated that its role asawse of deep infection was highly
overemphasisedf:** The major decrease in intra-operative contaminatfter the second
intervention, followed by the decrease in prolongexdind discharge, superficial surgical site
infection and subsequent deep periprosthetic ifiect suggests that intra-operative
contamination does influence postoperative infectio

The first intervention in March 2003, the bettee ud the plenum, did not yield any

significant decrease in the outcome parametersapsrbecause the plenum was too small. In
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orthopaedic implant surgery, many baskets of imsémnits are present in the operating room.
Although the baskets were unpacked within the pignihey were still standing near the edge
of it, and hence close to the turbulent zone. Gleampacking of the baskets just before
surgery caused a considerable amount of bactehietldsng that could not be handled
adequately by the conventional airflow system befbe operation commenced.

The decrease in intra-operative contamination dfiersecond intervention in August
2003 occurred in two steps (Figure 1). The firstrdase was from 33% to 15%, and the
second decrease from 15% to 5%. Air sampling detrattesl that the air flow system, as part
of this intervention, worked properly; subsequeniife infection committee of the authors’ our
hospital enforced the desired behavioural changa® mstrictly in September. This indicates
that the second intervention actually consistetivof parts: a systems part in August 2003 and
a behavioural part in October 2003. This correlatgls the two steps in the decrease of intra-
operative contamination.

One might expect that the longer the duration obparation, the more bacteria are
present in the operating area and thus able toagaiass to the wound. In 2004, Clarke et al.
stated, after investigating 40 total hip procedungth both polymerase chain reaction and
normal culture, that the contamination percentadlkeaend of surgery was significantly higher
than at the start of surgefywith both cultures from early and late stages nafem the
posterior joint capsule. This is in contrast to theesent results, which showed more
contamination during the early phase of a procedna® during the late phase. However,
samples from the present study were taken at #ereint times during surgery and originated
from six different sites. It is hypothesized thaitstj prior to an operating procedure,
considerable movement is taking place in the opeyadrea in terms of final preparations,
covering the patient and entry of the surgeon. rAties high initial movement, movement is
limited as much as possible during the entire oo Consequently, it is not surprising that
the initial samples in this study showed a highemtamination rate than the samples taken
during the late phase.

In summary, radical alterations in behaviour arflaav system in an operating room
can decrease intra-operative contamination. To taaiow bacterial counts, both the airflow
system and behaviour have to be monitored consigt@oth the manufacturer of the airflow
system and the hospital’s infection control offigerg. a consultant microbiologist) should
advice on the microbiological performance of theflav system, and therefore have
responsibility for the monitoring. An infection comttee should monitor the behavioural
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changes and report frequently to the people workinifpe operating room. Both positive and
negative feedback help to maintain the reductiobaaterial dispersal. Finally, it is important
to emphasize that all personnel working in the afyeg room, including surgeons, operating
room assistants, anaesthesiologists and cleanmsgmpeel, must follow hygiene protocols very

strictly.
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I ntroduction

The number of biomaterials implants placed worldwisl huge and will only increase
during the next few decades. Biomaterials implamésforeign bodies on which a biofilm can
grow, provided bacteria are given the opportunityatlhere and multiply. Once a biofilm has
formed, the bacteria within a biofilm are highlsistant to antibiotic treatment. In most cases,
a prosthesis has to be removed temporarily unél ittfection has cleared fully from the
surrounding tissue. This makes infection one ofwlmest complications, as most evident in
orthopaedic implant surgery. Since many dec&laphylococcus aurelms been identified as
a virulent micro-organism causing periprostheticfedtion’> The coagulase-negative
Staphylococcus epidermidigas long considered non- to low-virulent, but@vwconsidered as
the major source of intra-operative contaminatiod a cause of periprosthetic infectith.
The obligate anaerobBropionibacterium acnesvas present in 62% of contaminated hip
prostheses retrieved after removal due to chramicdrade infectiod, i.e. as frequently as
Staphylococcuspp.

The most common cause of orthopaedic implant irdecére bacteria entering the
wound during surger{® Intra-operative contamination is common in evepgrating roonf:>
" However, despite several technological and behaaialevelopments, bacteria can not be
fully eliminated from an operating roothBacterial adhesion to and transfer between swsface
is a complicated process and with regard to theesscof biomaterials implants, studies on
bacterial adhesion and transfer should not be wedfto biomaterials surfaces in the human
body, but also encompass surfaces in the operatiogn, where the origin of many
biomaterials related infections is found.

Hydrophobicity and roughness of the interactingases are generally considered as
important factors in bacterial adhesion, but alsarenmental conditions like moistness of the
surface and the application of friction will affdgacterial transfer between surfaces. In clear
contrast to what is currently being studied moghiliterature (bacterial adhesion to surfaces)
the problem in the clinical situation is much mdoeprevent transfer of bacteria from one
surface to another. Contact lens induced keraditise result of bacterial transfer from the lens
case to the lens and from the lens to the corneala8y, intra-operative contamination is the
result of a series of bacterial transfers from skian of the patient or theatre personnel via
instruments and other materials to the wound H&zDavis et al. identified materials that are

frequently contaminated during elective orthopaexdicgery. In 14.5% of the procedures, the



58

light handles were contaminated, in 17% the thegtnens and in 28.7% the gloves of the
operating tearfi. The used sets of instruments were contaminate®l g to 11.4% of the
sampled cases. As a result, as much as 70% af-albane bacteria reach the wound via hands
of the surgical personnel or by instruments usddlewonly 30% reach the wound directly via
the air®

The purpose of this study is to quantify the transbf bacteria (the aerobés.
epidermidisand S. aureusand the anaerob. acne} from one operating room material to
another, while accounting for surface hydrophopiaind roughness, moistness and application
of friction during transfer. As a possible clinigatervention method to prevent transfer, it was
investigated whether dipping the gloves in a ctdartiine splash-basin affected the viability of

the transferred bacteria.

Materials and methods

Bacterial strains, culture conditions and harvegtin

Three bacterial strain§. epidermidi8162 S. aureu$434andP. acnes5198isolated
from patients with septic prosthetic loosening wersployed. From these strains, a frozen
stock was precultured at 37°C on blood agar plate4 h aerobically $. aureus and S.
epidermidi3 and for 48 h anaerobicallyP( acney For the preparation of experimental
cultures, colonies were inoculated into a 10 mkcbatulture of Tryptone Soya Broth (TSB,
Oxoid, United Kingdom) for 24 h at 37°C under aéraofs. aureusand S. epidermidisand
anaerobicP. acne}¥conditions. This preculture was used to inocudateain culture of 200 ml
TSB, which was allowed to grow for 16 h. Bacteranh this main culture were harvested in
their stationary phase by centrifugation at 50@rgin at 10°C. The strains were washed twice
with ultrapure water and resuspended in 10 ml pilira water. Finally, bacteria were
suspended in 0.9% saline to a concentration oflfPxcells mi*, as determined in a Biirker-

Tark counting chamber. All bacteria were used imiaietly after harvesting.

Operating room materials

Bacterial transfer was studied between frequertitaminated materials, including latex
operating gloves (Gammex, Ansell, Belgium), polgesheatre gowns (Gore-Prooftex, Rentex,
Germany), polyvinylchloride (PVC) light handles asthinless steel broaches. Operating
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gloves and theatre gowns were mounted onto santphs 0 obtain samples suitable for
measurements. PVC light handles could also be reduntallow easy measurements on a flat
instrument piece. Gloves, theatre gowns and lightlles were cleaned with 70% ethanol prior
to measurements. Stainless steel samples were fawhe plate material, commercially
purchased, ground down to grit number 1200, andesyently polished with a diamond
water-based suspension (Metadi 6 anghBdiamond suspension and Trident polishing cloth,
Buehler, Lake Bluff) for 3 and 1.5 min, respectiveBoth procedures were performed on a
polishing machine with a 30 N load and with oppalgitotating axes (Phoenix Beta and vector
grinder/polisher, Buehler, Lake BIluff). After pdiimg, the steel was cleaned by 5 min
sonication in 2% alkaline cleaning agent followed thorough rinsing with tap water,
sonication in ethanol and rinsing in ultrapure wafter cleaning, the steel was passivated
according to ASTM F86-91.

Measurement of surface hydrophobicity and roughness

Hydrophobicity of the materials was assessed throtig measurement of water
contact angles, employing the sessile drop teclensoud a homemade contour monitor. Water
contact angles of gl droplets were determined. For the measuremerttacitrial cell surface
hydrophobicity, bacteria were suspended in 10 nttapure water. A cellulose acetate
membrane filter with a pore diameter of 0.4 was put on a fritted glass support, and a
bacterial deposit was obtained by filtration of teeterial suspension under negative pressure.
The filters, containing fbacteria per square millimetre, were placed oregahsample disc
with double-sided sticky tape and dried for 30-4th nm order to measure plateau water
contact angles. Measurements for both materialdantéria were performed in triplicate.

The roughness of the materials was measured watlaith of a profilometer (Proscan
2000, Scantron Industrial Products Ltd, Tauntorm&aset, UK). The samples were placed in a
holder and mounted on the profilometer with the afsgouble-sided sticky tape. The slide was
put below the laser to obtain height images indhdénensions of an area of one square
centimetre. The height was measured in this areayelOOum. The average roughnesg R
was obtained from these images and indicates tbeag® distance of the roughness profile to

the centre plane of the profile. All measuremergsendone in triplicate.
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Initial adhesion and bacterial transfer

Sterile donor materials (5 glove samples, 3 braarhples, 3 theatre gown samples and
2 light handle samples) with a diameter of 5 cmenexposed to different baths with the same
bacterial suspension of 1 x®6ells mi* for 15 min at room temperature (Figure 1A). After
removal from the bacterial suspension, sterilgdfiibn paper was used to remove excess

suspension and the sample edges were cleanedmétic@hol soaked cotton swab.

A. B
S - [ ’—_‘7\\1 sample | ——— sample holder
‘ ‘ | ‘ | | frame
|j———1 Y
‘ ‘ s sample
= N
‘ ( () ) { () ) ( C) } l sample 0.9% saline
& § bath with
Suspension
= N
OO TONE

o |

Figure 1. Inoculation and method of counting coldogming units (CFUs) on the materials surface. Latemd

superior view of the samples hung in a bath withaeterial suspension (A). The samples are fixedidoent two of
the four layers of the frame. Lateral view of a parin the sample holder (B). The holder is placacadoeaker
with 20 mL of sterile 0.9% saline and then soniddte 30 seconds.

For quantification of initial adhesion, one sampfeeach material was put in 20 ml of
sterile 0.9% saline (Figure 1B) and sonicated fars3after which serial dilutions were made
(1, 10, 50 and 100 times) and plated on TSB adate®were left to incubate at 37°C for 24 h
under aerobic conditions for the staphylococcalistrand for 48 h under anaerobic conditions
for P. acnes Finally, the number of CFUs was determined ineortb yield the number of
CFUs per unit area present on the donor materfatdd¢ransfer. The other samples were used
to do the transfer experiments.

Table | shows the different bacterial transferg tirre tested from one material surface
to another. In all experiments the contact time ®@s and the applied pressure 1.0 ké¢“cm
The experiments were performed both when the inmgulvas still moist and after it was
allowed to dry after inoculation. In case bactetrahsfer from or to gloves was measured,
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experiments were also performed with additionaitiion applied, consisting of 10 half-circle
rotations during contact. Subsequently, the sampke® handled as described above and in

Figure 1.

Table 1. Donor and recipient materials used to gtuke transfer of bacteria. All experiments werefpened
under a pressure of 1.0 kg érand a contact time of 10 s. Experiments with glavere performed both with and
without friction. Friction consisted of 10 half-cies of rotation during the 10 s contact tiffie.

Donor Recipient
Glove
. L . . Broach
Glove moistened with inoculum / allowed to dry after inoculation
Theatre gown
Light handle
. L . . Glove
Broach moistened with inoculum / allowed to dry after inoculation
Theatre gown
Theatre gown moistened with inoculum / allowed to dry after inoculation glg;(e:h
Light handle moistened with inoculum / allowed to dry after inoculation Glove

Intervention methods

In order to determine whether chlorhexidine is di®eotive antimicrobial agent to
prevent transfer 08. aureusS. epidermidisand P. acnes gloves after bacterial inoculation
were dipped in chlorhexidine-digluconate (4%, 0.d86l 0.04% in water) prior to transfer. The
experiments were performed both with the inoculafiedes still moist and after air drying (1
min). After chlorhexidine dipping, gloves were @thimmediately handled or allowed to dry.

Similar procedures were carried out with 0.9% saéis a control.

Statistical analysis
Statistical analyses were performed using SPSSvawdt version 12.0 (SPSS Inc.,

Chicago, IL). Differences between initial adheswsrs. epidermidisS. aureusandP. achedo

the materials were determined with the two-sidedi&nts t-test (accepting p<0.05 as the limit
for statistical significance). Transfer was caltedhas the percentage of CFUs Ton the
donating material that had transferred to the wéogi material and was the mean of three
experiments. Differences in transfer percentageshi® three bacterial strains to and from the
materials were again calculated using the two-skledents t test (p<0.05). The same applies
for the difference in transfer between moist ang tansfer and between transfer with and

without the application of friction.
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Finally, a univariate analysis was performed to test the independent variables
“bacterial strain™, ""moistness”, "friction™, ""donating” and "receiving' material for their
correlation with bacterial transfer. The p values indicate the significance of the effect of an
independent variable on the transfer (p<0.05). The percentage of the total variationin transfer
that can be explained by an independent variable was expressed as the percentage of

variance.

Results

Initial adhesion

Figure 2 compares the initial adhesion of the different bacterial strains to the various
donor materials. Initial adhesion of S. aureus and P. acnesto the different donor materiasis
similar, but adhesion of S epidermidis to gloves, theatre gowns and light handles is
significantly (p<0.05) higher than for the two other strains. However, initid adhesion of S.
epidermidisto the stainless steel broach is significantly (p<0.05) lower than of S. aureusand
P. acnes.

The theatre gown attracts most bacteria, regardiess of the strain involved, with almost
similar numbers of S aureus and P. acnes adhering to the broach. However, the broach
attracted the lowest number of S. epidermidis of al materials involved. Adhesion of the
strainsto light handleswas only slightly lessthan to theatre gowns.
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°°° Figure 2. Initial adhesion of S. epidermidis, S.
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Transfer

Table Il summarizes the bacterial transfer betwdiéfarent surfaces for transfer from a
moist donor in the absence of friction. The meamgfer percentage of the tested transfers
from moistened donors is 38% (SD=20.5) and ranges L7 to 71%. The average transfer is
generally lower from theatre gown and light handlesn from gloves and broaches. Transfer
from the broach was lowest f8: aureuswhich is also the reason why the average trarsfer
S. aureuss lower than for the two other strains.

Transfer percentages f@. epidermidisare highest from glove to broach and from
broach to theatre gown (both 67%) and lowest fragghtlhandle to glove (17%) and from
theatre gown to glove (24%). Transfer percentaga® the glove are significantly (p<0.05)
higher to the broach than to the glove and to itifet handle. In general, transfer percentages
from the broach are significantly (p<0.05) highkarn those from the theatre gown. When
looking at the transfer percentages to the gloveait be seen that these are significantly
(p<0.05) higher from the broach than from the treegbwn and from the light handle.

Table Il. Mean transfer percentages for S. epiddisiS. aureus and P. acnes in case of moist tramsfeout
friction from one operating room material to anathBata are results of triplicate runs with sepagt cultured
bacteria (zindicates standardeviation).

S. epidermidis S. aureus P. acnes Avesr;\’g%gver
Glove Glove 33+8 265 367 32
Broach 67 +16 71+14 33+8 57
Theatre gown 45+6 40+9 39+11 41
Light handle 29+5 28+10 61+3 39
lAverage over materials 44 41 42 42
Broach Glove 47+8 24 +8 56 +9 42
Theatre gown 67 +11 29+8 577 51
IAverage over materials 57 27 57 47
Theatre gown Glove 24+6 28+5 29+10 27
Broach 32+3 23+6 19+6 25
lAverage over materials 28 26 24 26
Light handle Glove 17+7 17+4 48 + 6 27
[Average over all transfer 40 32 42 38

Transfer ofS. aureusis comparable to the transfer 8f epidermidis except for its

transfer from the metallic broach. TransfeiSofaureugrom broach to glove (24%) and theatre
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gown (29%) is significantly (p<0.05) lower than ebged forS. epidermidig47% and 67%,
respectively) ané. acneg56% and 57%, respectively).

The transfer oP. acnegroceeds along different lines than of the stapdgdcal strains.
Transfer ofP. acnedrom glove to light handle (61%) and from lightriolle to glove (48%) are
significantly (p<0.05) higher than that 8f epidermidig29% and 17%, respectively) agd

aureus(28% and 17%, respectively).

Influence of moistness and application of frictmmbacterial transfer

Figure 3 shows that when the donor surface is a&tbw dry prior to transfer, transfer
percentages decrease significantly for all ninadier pathways and all three bacterial strains
when compared to moist surfaces without frictiom &erage over all nine pathways, the
transfer ofS. epidermidiglecreased 2.7-fold, &. aureusdl.5-fold and the transfer &f. acnes
1.7-fold.

The application of friction increases bacteriahsfer from one material to another (see
also Figure 3). The mean transfer percentage. @pidermidisncreased 1.6-fold, db. aureus
1.8-fold and ofP. acnesl.5-fold compared to moist without friction.

Table 11l shows that all studied variables (“baitkstrain”, “moistness”, “application of
friction” and “donating” and “receiving” materiahave a significant influence on bacterial
transfer, with the percentage of variance explaibgdnoistness and application of friction

being largest (41.0% and 36.5%, respectively).

Table Ill. Univariate analysis of variance of thansfer model used in this study. P-values shovsitficance
of each factor. Percentages of variance indicate strength of the influence of each factor on thensfer
percentage.

\Variable Significance Percentage of
(p) variance
Bacterial strain <0.001 2.0
Moistness <0.001 41.0
Friction <0.001 36.5
Donating surface <0.001 3.7
Receiving surface <0.001 2.7




CHAPTER 4 TRANSFER OF BACTERIA INTHE OPERATING ROOM
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Figure3. Trandfer percentagesfor S. epidermidis, S aureus and P. acnes fromone operating mom material to
another. Mean transfer percentagesare shown for moist transfer without friction (Moist), dry transfer without
Sriction (Dry) and moist transfer with application Of friction (Frietion). Transfer from broach to theatre gown
and vice versa were not performed. Error bars indicatestandard deviations over triplicate runswith separately
cultured bacteria. G = Glove; B = Broach; Tg = Theatre gown; Lh = Light handle.

Influenceof hydrophobicityand roughnessof bacterial strains and operating room materials
on bacterial transfer

Table M shows the mean water contact angles and the mean roughnessof the surfaces
of the operating room materials and the mean water contact angles of the bacteria strains.
The stainless steel of the broach constituted the most hydrophilic surface and the polyester
theatre gown was the most hydrophobic, likely also as a side-effect of its roughness. The
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material is the roughest and the broach matermlstnoothest. Th&. aureusandP. acnes
strains employed are relatively hydrophilic, wher& epidermidiss a more hydrophobic

strain.

Table IV. Hydrophobicity (determined by water cohtargle measurements) and surface roughness (diem
by AFM) of the operating room materials (glove, lmoatheatre gown and light handle) and bacteriahists (S.
epidermidis, S. aureus and P. acnes).

) Hydrophobicity Roughness
Material surface (degrees) (um)
Glove 99 25
Broach 62 7.6
Theatre gown 136 35.4
Light handle 107 19.9
S. epidermidis 57
S. aureus 27
P. acnes 25

Figure 4 shows the average moist transfer perceatagm the donating (A) and to the
receiving operating room material surface (B) &snation of the hydrophobicity measured by
water contact angles and roughness SorepidermidisS. aureusand P. acnesin a single
parameter regression model. TransfeEoépidermidi@andP. acneslecreases with increasing
hydrophobicity and roughness of the donating serfé@eéigure 4A-1 and 4A-2): the more
hydrophobic and rough the material surface, théebéhe bacteria stick to it (i.e. the least
transfer to the receiving surface). The only exioepis the transfer 06. epidermidigrom the
light handle, which is surprisingly low (17%. aureusacts somewhat differently, mainly by
sticking to the hydrophilic and smooth metallic &ch surface on transfer.

When considering the hydrophobicity and roughndsth® receiving material surface,
transfer of the two staphylococcal strains is be&toth the smooth and hydrophilic broach and
to the rough and hydrophobic theatre gown, thedaspecially foS. epidermidisTransfer of
P. acnedo a surface is worst when this surface is hydimpand smooth, transfer to the light
handle is highest.
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Figure 4. Average moist transfer percentages frondtiveating (A) and to the receiving operating roormenal

surface (B) as a function of the hydrophobicity (Artl B-1) and roughness (A-2 and B-2) for S. epiigis (m)
S. aureugA) and P. acne).

Intervention

Table V shows that dipping the glove material id% or 0.4% chlorhexidine solution

kills all bacteria present, regardless of whethefages were dried prior to transfer or still

moist. Dipping in 0.04% chlorhexidine was only effee under dried conditions, and under
moist transfer conditions results were similarasaf 0.9% saline control.
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Table V. Number of CFUs ¢hstill present on the sample after dipping in airsal(0.9%) or chlorhexidine
solution (0.04, 0.4 and 4%). Experiments were penét when the inoculum was still moist and when the
inoculum had been allowed to dry before dippinge’Adtipping half of the samples were allowed to biefore
counting CFUs, the others were counted immediately.

Inoculum still moist Inoculum allowed to dry
Dipping fluid Dipping fluid Dipping fluid Dipping fluid
still moist allowed to dry still moist allowed to dry

SE SA PA SE SA PA SE SA PA SE SA PA
0.9% saline 365 285 303 521 331 482 412 357 281 496 417 429
0.04% chlorhexidine 316 213 227 0 0 0 385 294 236 0 0 0
0.4% chlorhexidine 0 0 0 0 0 0 0 0 0 0 0 0
4% chlorhexidine 0 0 0 0 0 0 0 0 0 0 0 0

SE=S. epidermidisSA = S. aureusPA = P. acnes

Discussion

Transfer between glove, broach, theatre gown ayid handle surfaces as well as initial
adhesion onto these material surfaces was evaluatbé study forS. epidermidisS. aureus
and P. acnes This is the first study to quantify this transfefr bacteria between different
material surfaces used in the operating room. Mubker studies focussing on bacterial
adhesion or transfer are performed in the foodosemt are contact lense relatédf* Several
studies have focussed already on the initial adhesif S. epidermidisand S. aureusto
different material surfaces, but initial adhesidériPoacnedo comparable material surfaces was
studied here for the first time.

Regarding initial adhesion, it is generally accdpteat hydrophobic bacteria adhere to
a greater extent than hydrophilic bacteria, esfigdia hydrophobic surface®.In this study,
initial adhesion of the most hydrophobic bactestaain used§. epidermidis is higher on all
materials than the initial adhesion 8f aureusandP. acnesexcept for the more hydrophilic
metallic broach. This is in accordance with theegalty accepted thought that bacteria with
hydrophobic properties prefer to adhere to hydrophonaterial surfaces; the ones with
hydrophilic characteristics prefer hydrophilic sés. ?*%* Ramage et al., studying biofilm
formation ofP. acnesS. epidermidiandS. aureuon PMMA (polymethylmethacrylate) bone
cement and titanium alloys found that initial adbeg(within 30 min) to the titanium alloys
was significantly higher foB. epidermidishan forP. acnesandS. aureu$® Faille et al. found
that the more hydrophobic a material surface, theentikely bacteria will adhere to if.with
the exception of the hydrophili§. aureusand P. acnesadhering best to the hydrophilic

broach, similar conclusions can be drawn from dwa\s
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Transfer was demonstrated to some extent with adtdsial strains and every tested
material. The transfer that attracts the most tittens the transfer of the hydrophil& aureus
from glove to broach and from broach to both glamnd theatre gown. It appears tBataureus
transfers to the hydrophilic and smooth stainldésglsvery easily, and it sticks to it rather
strongly, leading to low transfer percentages teepimaterials. This is again in accordance
with the knowledge that hydrophilic strains adheedl to hydrophilic surface®

All three bacteria adhere best to the theatre gd®vobably this has to do with the
severe roughness of this material. A rough surfaae a greater surface area and the
depressions in the roughened surface provide namifable sites for colonizatiGfi?®

Transfer from the rough and hydrophobic theatre gawas low for all three bacterial
strains. Because of the high roughness, a smaihcbarea exists between the donating theatre
gown surface and the other receiving surface, icigdbw transfer percentages. On the other
hand, transfer to the theatre gown was quite hoglalf tested strains. Perhaps the hydrophobic
nature of this material and some minor friction lggap during the transfer experiments can
account for this. In the discussion of the useaifan or polyester theatre gowns this is quite
interesting. A bacterial transfer study performgdSattar et al. showed that a polyester-cotton
blend releases bacteria much easier than cottare ®ldComparison of fabrics indicate that
disposable, polypropylene, spun bond laminate riadgenffer best protectiotf.In conclusion,
it can be said that cotton gowns are more convémgewear, but too permeable for bacteria
(especially when wet); polyester-cotton drapes loen ather hand are more inconvenient to
wear, less permeable to bacteria, but apparenkiase attached bacteria more easily than
cotton drapes.

P. acnesis increasingly being considered a potential pgdimoto cause periprosthetic
infection. Ramage et al. showed its possibilitygtow a biofilm on orthopaedic implants and
bone cemerft Our study shows tha®. acnestransfers between all tested operating room
material surfaces and that it transfers best aw@y the broach (56-57%) and between glove
and light handle (61 and 48%). Combining these famtings with those of Davis et al.,
describing that 14.5% of the light handles are aombated, it is obvious that the light handle
issue still remains a probletnSeveral studies have pointed out that light handle often
contaminated with bacteria, but few of them hawegisolutions. The proposed ‘compromise’
by Davis et al. is to manipulate the light handi¢hva sterile cloth, which is then discarded.
Our proposed regime of dipping the gloves in a wiggidine splash-basin may further

decrease bacterial adhesion and transfer into dumel
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Bacteria that are living in a biofilm are far maesistant to antibiotic treatment than
planktonic bacteria, which makes the treatment efipposthetic infection very difficult.
During the transfer of bacteria in the operatingmg the sessile bacteria are still in a
monolayer and can easily be treated with chlorhegidChlorhexidine has already been
demonstrated to be effective against bacteria ¢h sustaté™>° Intervention with this agent in
the operating room by dipping the surgical glowvesaichlorhexidine splash-basin every ten
minutes would be an easily applicable method toadese bacterial transfer into the wound and
hence lower the risk of postoperative infection.

This study examines the bacterial transfer betwbarent material surfaces used in
the operating room. Transfer (moist and withouttion) was demonstrated to some extent
with all three bacterial strains and with everyteédsmaterial, ranging from 17 to 71%, and was
influenced by the type of strain, moistness ofitteeulum, the application of friction and the
characteristics of both the donating and the réogisurface. Dipping the glove material in 4%
or 0.4% chlorhexidine solutions killed all bactepi@sent, regardless of whether surfaces were

dried or moist and thus prevented transfer.
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I ntroduction

Prosthetic loosening is a common complication ithapaedic implant surgery.
Loosening is based either on mechanical failuregs loosening) or on an infectious process
surrounding the prosthesis (septic loosening). fidéreentage of septic loosenings in primary
arthroplasty is approximately 1.5% for hip and 2.fs¥knee implants and is much lower than
the percentage of aseptic loosenirihe percentage however, of prosthetic joint infecafter
revision arthroplasty is 3.2% for hips and 5.6%HKoees’ and can be as high as 40% for failed
hip arthroplasties with a positive intra-operatigture?

The exclusion of the diagnosis septic looseninignigerative in order to determine the
proper management of patients in need of revisimgesy, because both surgical management
and outcome may differ depending on whether thhr@ptasty loosening is infectious or
mechanical in origii.> A wrong diagnosis will lead to treatment failunegreased morbidity
and added costs to the healthcare system. The atstimcost of treating an infected
arthroplasty is over $50,000 per episode, whereasngple replacement due to aseptic
loosening costs about $20,000.

The incidence of prosthetic joint infection is gglysunderestimated by current culture
detection method¥’® No single test is able to show the presence aprmsthetic infection in
every casé.Low-grade infections in particular are difficutt distinguish from aseptic failure,
often presenting only early loosening and perggspain, or no clinical signs of infection at
all.'° The detection of bacteria in the tissue or biomtscrapings can be limited due to a low
inoculum, or the formation of small-colony variantd Staphylococcus aureusnd
Staphylococcus epidermidi addition, concurrent treatment with antimidedtagents before
microbiological sampling can prevent bacterial gifow the laboratory and hence also limit
detection'! It is therefore imperative, that current clinigabctice with regard to the detection
and subsequent treatment of prosthetic joint ildadbe reassessed. Moreover, similar as with
intra-operative contamination during primary arfilesties, false-positive (contamination
during sampling or culturing process) or false-tiegatest results may occur with an impact
on the treatment modality chos&:*

A recent study performed in our hospital on irdgperative culturing during revision
surgery, revealed that the new routine hospitaiucnlg method (used at that time) showed
microbial growth in only 41% of the cases diagnossdsuspected septic loosening by the

orthopaedic surgeon. A newly developed method eéarch laboratory culturing in which
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both periprosthetic tissue and scrapings from ttesthesis surface itself are cultured both
aerobically and anaerobically for a prolonged pkobtime, showed microbial growth in 64%
(tissue culturing) to 86% (tissue and removed jesis) of the cultureS. Other studies
showed that the detection of prosthetic joint ititet can be improved by ultrasonication of
the prosthest§ or PCR, detecting bacterial DNA in aseptically deped total hip
arthroplasties’

The aim of this study is to re-evaluate our detectnethod of extensive culturing of
both excised tissue and scrapings from the remgvesthesis during revision surgery of hip
and knee, initially clinically diagnosed eitherseptic or aseptic loosening. Subsequently, it is
investigated what the positive and negative pradicvalues of different intra-operative
culturing types are for developing deep periprasthanfection after the revision of the
prosthesis. In this re-evaluation, we attempt tcoaat for the fact that intra-operative
contamination may occur during revision of a trudgeptically loosened prosthesis by
comparing patients revised in an operating roonh wanventional airflow and with laminar

airflow.

Materials and methods

Patients

In this study patients diagnosed with looseninghipt or knee implants undergoing
revision surgery in our hospital were included e fperiod ranging from January 2003 to
January 2004. All patients underwent standardizedperative hygiene procedures. Routine
antibiotic prophylaxis consisted of cefazoline, @Qdfg intravenously, twenty minutes before
the operation for patients with aseptic looseniPatients with suspected septic loosening often
were already treated with antibiotics. All patienmeceived postoperative anticoagulation
(nadroparine, 0.3 mL subcutaneously combined wi#tnacoumarol orally). In total, 29 men
and 30 women with a mean age of 68 years werededlsee also Table I).

The prosthetic parts being revised were 11 totalpnostheses, 17 cups, 15 stems, 15
total knee prostheses and 1 femoral part of a tatek prosthesis. Before insertion of the
primary prosthesis the original pathology was astdwitis in 44 cases, rheumatoid arthritis in
12 cases and avascular necrosis in 3 cases. Diigigrimary insertion, cement was used in

34 of the 59 cases. The mean time the implant bad bresent in the body was 9.0 years. The
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indication for revision was suspected septic looggnn 14 cases and suspected aseptic

loosening in 45 cases.

Table |. Baseline characteristics of the three grau

Septic loosening Aseptic loosening Total group
(N=14) (N=45) (N=59)
Mean age (+ SD) (in years) 66.7 (52.8-80.6) 67.9 (61.8-74.0) 67.6 (55.3-79.9)
Male/female 8/6 21/24 29/30
Cement/no cement 9/5 25/20 34/25
Time prosthesis in situ (£ SD) (in years) 0.7 (0.2-1.2) 11.4 (5.6-17.2) 9.0 (2.2-15.8)
Prosthetic component
- THA 6 5 11
Cup 17 17
Stem 15 15
TKA 8 7 15
Femoral part TKA 1 1
Osteoarthritis 10 34 44
Rheumatoid arthritis 3 9 12
Avascular necrosis 1 2 3

THA: total hip arthroplasty
TKA: total knee arthroplasty

Intra-operative culturing

New routine hospital culturing

During revision surgery at least three tissue samplere obtained of suspected
infected areas (including capsular tissue and mangbtissue) and an aspirate of joint fluid
was taken upon entering the capsule. Within 2 haitsr sampling, tissue samples and
aspirate were transported to the hospital laboyaaod handled within 1 to 4 hours. Samples
were incubated for three weeks on blood and chtealgar at 35°C under aerobic conditions;
plate inspection occurred during the first four slapd at days 7, 14 and 21. Samples were also
incubated on brucella blood agar for 10 days aC3&ider anaerobic conditions; these plates
were inspected at days 2, 4, 6, 8 and 10. Subst#gu@nam staining was done and strains
were identified by growing on selective agar orffpening specific tests.

Research laboratory tissue culturing

The excised tissue samples and joint fluid aspmagee transported to our biomaterial
research laboratory within 2 to 4 hours to be hashdinmediately. The tissue samples were
streaked on blood agar plates and the joint flgiirate was put on these plates as well. The
agar plates were incubated for 7 days at 37°C hethbically and anaerobically. Plates were

inspected during the first 4 days and at day 7itRessamples were taken for Gram-staining.
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Subsequently, a catalase test and DNase test wei@ped to identify Coagulase negative
staphylococci (CNS) angl. aureus

Research laboratory biomaterial culturing

The explanted prosthetic parts were put in a sterigan bag and transported in cooled
(4°C) reduced transport fluid (NaCl 0.9g/L, (NSO, 0.99/L, KHPO, 0.45g/L, MgSQ 0.19
g/L, K;HPO, 0.45 g/L, ethylenediaminetetraacetic acid 0.37, §4Cysteine HCI 0.2 g/L: pH
6.8) and also transported to our biomaterial resedaboratory within 2 to 4 hours to be
handled immediately. As many parts as possiblevefyeprosthesis were scraped with surgical
knives after which the knife was streaked on blagdr plates. The plates were handled as

described above.

Postoperative infectious complications

In order to investigate whether infectious comglmas occurred related to the revision
surgery, all patients were followed for at leastmi@ths. First, patients were monitored during
their stay at the orthopaedic ward. After theircmrge from the hospital during the
postoperative controls at standard times after esyrgC-reactive protein level (CRP),
erythrocyte sedimentation rate (ESR) and a whitodlcell count were performed. In the
absence of other foci for infection, a prosthes#s wonsidered infected in case of an increase

of infection parameters.

Conventional versus laminar airflow

Patients were included during use of a conventiaaflow system, known to yield
34% intra-operative contamination, and after ihatin of a new, laminar flow system (see
Table 1l for specifications of both air flow systejnreducing the number of intra-operative
contamination to 9% By comparing the occurrence of intra-operativetanrination under
both conditions for aseptic and septic loosening,role during revision surgery and the

development of deep periprosthetic infection wéldssessed.

Statistical analysis

The Pearson’s Chi-square test for categorical wataused to test differences between
the groups, when all cells of the contingency tataetained at least 5 persons. Otherwise the
Fisher's exact test was used. Statistical calanatiwere performed using SPSS software
version 12.0 (SPSS Inc., Chicago, IL). For the ehtgpes of intra-operative culturing
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predicting the occurrence of deep periprosthetieciiion both the positive and the negative

predicative value were calculated.

Table Il. Characteristics of the old conventionabahe new laminar airflow system as used in thidys

Old situation: New situation:

Conventional airflow system Laminar airflow system
Total air 2700 m® /h 8100 m° /h
Fresh air 2700 m* /h 2700 m® /h
Recirculating air None 5400 m® /h
Plenum size 240 x 300 ¢cm (7.2 m?) 320 x 320 cm (10.2 m?)
Type HEPA* filter Cassette filter Plate filter
Bottom layer ceiling Perforated steel Polyester distribution cloth
Air conduction None Glass panels extending from ceiling
Air inflow speed 10 cm/sec 20 cm/sec
Airflow principle Mixing Diluting
Ventilation of fresh air 22/h 22/h
Total Ventilation of air 22/h 60/h
Dilution at operating table 22/h 240/h

* High Efficiency Particulate Air filter

Results

Intra-operative culturing

In the total group of 59 patients, new routine hi@$pculturing showed microbial
growth in 11 of the 59 (18.6%) cases in at leagt ohthe cultures. The research laboratory
tissue culturing performed in our laboratory reeeabacteria in 22/59 (37.3%) cases and the
culturing of the biomaterial showed growth in 30(&®.8%) of the cases. Table Il lists the
type of organism cultured and their frequency, tbwith the three techniques. It can be seen
that CNS was identified with biomaterial culturimg22 of the 38 (57.9%) positive sampl8s,
aureus was seen in 6/38 (15.8%) samples d@&hdacnesin 3/38 (7.9%) samples. From

biomaterial culturing, more than one bacterialistreas discovered in 8 cases.
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Table 1ll. Organisms found with the three culturimgthods.

Organism New routine Research Biomaterial
hospital culture laboratory culture
tissue culture
(Number) (Number) (Number)
Aerobes:
- CNS 15
S. aureus 5
' Gram-positive 7 3 29
cocci 1
" 3 6
Gram-positive 1
1 3
rods 1
Gram-negative 4
1 1
rods 1
Anaerobes: 1 1 3
P. acnes
Gram-positive 1 1
. P 1 1
cocci
Gram-negative
rods
15 31 38

Postoperative infectious complications

In the group of 14 patients undergoing surgery bseaf septic loosening, new routine
hospital culturing showed microbial growth in 8tbe 14 (57.1%) cases, research laboratory
tissue culturing performed in our laboratory reeeabacteria in 9/14 (64.3%) cases and the
biomaterial culturing showed growth in all 14 caskl 14 patients were treated with a two-
stage revision combined with intravenous antibiotierapy, after which 10/14 patients still
showed infectious complications: 2/14 patients eeeddditional antibiotic treatment after
reimplantation, 5/14 patients needed lavage onoomeore occasions before reimplantation of
the prosthesis, and 3/14 patients eventually had grosthesis removed (1 girdlestone and 2
knee-arthrodeses). After 18 months of follow-up4lffatient had died because of sepsis and
3/14 still had elevated CRP and ESR-levels in thieiod.

As demonstrated in table 1V, the group of 45 pasievith suspected aseptic loosening
showed microbial growth in one or more culturesrmynew routine hospital culturing in only
4/45 (8.9%) cases, while the research laborategué culturing performed in our laboratory
showed growth in 13/45 (28.9%) cases, and the bEma&culturing in 16/45 (35.6%) cases.

After a follow-up of at least 18 months 12/45 (26)7patients had developed a deep
periprosthetic infection. It appeared that all 4esawith a positive new routine hospital culture
had developed a deep periprosthetic infection, that also 8/27 cases with negative new
routine hospital cultures had developed one. Of 1Re patients with positive research
laboratory tissue cultures 8 developed an infectmeaning that 4/32 with negative research

laboratory tissue cultures also developed an imectOf the 16 patients with positive
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biomaterial cultures 12 developed a deep peripebisthinfection. The remaining 29 patients
with no growth in biomaterial cultures did not dyea deep periprosthetic infection during
the follow-up of at least 18 months.

Table IV also shows that the negative predictiviee®f biomaterial culturing is 100%,
suggesting that no septic loosening was missed tiith method, whereas the negative
predictive value of new routine hospital culturiwgs only 80%. In this case that means that 8
septic loosenings were wrongfully treated as aseties, resulting in deep periprosthetic

infection.

Table IV. Number of patients with suspected asdptisening developing deep periprosthetic infecbi®l)
within the first 18 months of follow-up for eacHtating type and the combination of research laldorg tissue
culturing and biomaterial culturing. The positiveegictive value and the negative predictive value also
shown.

Bacterial growth No bacterial growth PPV NPV
DPI No DPI DPI No DPI
NRHC 4 0 8 33 100% 80%
RLTC 8 5 4 28 62% 88%
BC 12 4 0 29 75% 100%
RLTC and BC 12 6 0 27 67% 100%

NRHC: new routine hospital culturing; RLTC: resdataboratory tissue culturing; BC: biomaterial cuiihg;
DPI: deep periprosthetic infection; PPV: positivedictive value; NPV: negative predictive value.

Conventional versus laminar airflow

In order to compare the old and new operating redaation, the research laboratory
culture method is used (the combination of resekfsbratory tissue culturing and biomaterial
culturing). As can be seen from Figure 1A, 7 susggkseptic loosenings were operated upon
in the operating theatre with the conventionall@awf system, and also 7 suspected septic
loosenings were treated in the new situation vathihar airflow. It can be seen that both the 7
patients with suspected septic loosening in theopldrating theatre and the 7 patients with
suspected loosening in the new operating theatosvesth microbial growth on research
laboratory culturing.

Figure 1B shows that in the old situation 15/23.286) aseptic loosenings showed
microbial growth in the research laboratory tissunel biomaterial cultures. In the operating
theatre with the new laminar flow system the nundddimes bacterial growth was seen in the
group with aseptic loosening was significantly deva3/22: 13.6%) than in the old operating
theatre (p=0.001). Of the positive cultures in thé operating theatre 9/15 patients (60%)
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developed a deep periprosthetic infection, compdee®/3 patients (100%) with positive

cultures in the new operating theatre.

A. 14

septic loosenings

7 7
conventional laminar
aiflow airflow
I l I I l I
7 0 7 0
research laboratory research laboratory research laboratory research laboratory
culture positive culture negative culture positive culture negative
B. 45
aseptic loosenings
[ |
23 22
conventional laminar
aiflow airflow

15
research laboratory
culture positive

8

research laboratory
culture negative

3

research laboratory
culture positive

19
research laboratory
culture negative

9 0 3 0
periprosthetic periprosthetic periprosthetic periprosthetic
infection infection infection infection

Figure 1. Septic and aseptic loosening in the opegatheatre with conventional and with laminar &xf. The
results of research laboratory tissue and biomaiteculturing for the suspected septic looseninghiswn (A) as
well as the outcome of the research laboratoryutisand biomaterial culturing in terms of periprostic
infection for the suspected aseptic loosenings (B).
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Discussion

This study shows the importance of biomaterial wulg in orthopaedic implant
revision surgery in differentiating between sepint aseptic loosening. To our knowledge this
is the first study to investigate the positive amebative predictive value of different intra-
operative culturing types for developing deep pesfhetic infection after the revision of the
prosthesis. This study also points out that in scases in which the intra-operative culturing
was positive for bacterial growth, this was prolyadhlie to intra-operative contamination and
not due to an aseptic loosening that was wrongfidlysidered septic.

Biomaterial culturing showed microbial growth inrostudy in 100% of suspected
septic loosenings and in 36% of the suspected iasepes, whereas new routine hospital
culturing only showed growth in 57% of the septases and in only 9% of the suspected
aseptic loosenings. These results are in accordaiticghe study by Neut et al. performed in
our hospital> From table 1Il it can be seen that the bacter tere found the most are CNS
(N=20), S. aureug(N=6) and anaerobes (N=6), of which half were eteed asP. acnes
This is in accordance with other studies regarditig) topic®'%¢192°A|| three bacteria have
also been proven to be able to grow biofilms orsiirese$!

In most cases of suspected septic loosening psatigaete operated upon while being
treated already with antibiotics. It is recommendemvever to discontinue antimicrobial
therapy at least two weeks before tissue sampfifipis might explain why in only 57-64% of
the suspected septic loosenings bacterial growth st@wn in the tissue culturing. On the
other hand, it did not seem to affect the sengjtigf culturing biomaterial scrapings (100%),
evidently because micro-organisms growing in ailoioére up to 1,000 times more resistant to
growth-dependent antimicrobial agents than theinktonic (free-living) counterpartd?* A
limitation to this study regarding the follow-up ke fact that patients with positive new
routine hospital cultures received antibiotics aghihe bacteria identified. Nevertheless, all
four cases developed deep periprosthetic infection.

Regarding the discussion whether aseptic loosesngls or if its part of the prosthetic
loosenings is overrated, our results suggest thtat momaterial culturing 36% (16/45 cases)
were in fact septic loosenings. New routine hospitdturing only showed growth in 9%
(4/45) of the cases, meaning that 12 cases (27%€) wengfully treated as aseptic loosenings.

Diagnosing prosthetic loosening is extremely difficMany hospitals use preoperative
aspiration as some kind of golden standard. Itaketeed by some that a combination of
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preoperative and intra-operative tests is neededafo accurate diagnosis of infection of
prosthetic joint infection® Others state that there is no generally estaldistedinition of a
deep infection, most diagnostic tools are hampésedarying accuracy, and the current low
prevalence of deep infection make new diagnostiglsto(such as PCR) difficult to
evaluate "%~

Intra-operative culturing is considered to provith® most accurate specimens for
microbiological cultures and is frequently used the reference standard for diagnosing
orthopaedic implant infectiof'®?° Several investigators have suggested ways to merfo
intra-operative tissue sampling and culturing andgest that at least three intra-operative
tissue specimens should be sampled for cuffifeAtkins et al. recommend that five or six
specimens be sent, and that the cut-off for a defaliagnosis of infection be three or more
operative specimens that yield an indistinguishabimnisn-® Others state that intra-operative
culturing during revision total hip surgery is anreliable predictor of sepsis, but they only
cultured three joint fluid samples, not tissue sksf5 Alternatives are biomaterial culturing
or histology. The latter has been proven to beebétian intra-operative tissue samplfig®

Regarding biomaterial culturing, Spanghel et aunfb that there was no substantial
difference between the results on culture of tissuapared with those on culture of material
obtained by swabbing of the prostheSi€©ur results show otherwise. This is because hacter
on a biomaterial grow in a biofilm mode of growtlkhich firmly anchors and protects the
bacteria from being swabbed off. Alternatives fotapings are multifocal laser scanning of the
biomaterial or ultrasonication of the prosthési¥ A disadvantage of biomaterial culturing is
the risk of contamination during the prosthesidwing process may be high, hence leading to
false-positive result? The somewhat low positive predictive value of bitemial culturing
for developing periprosthetic infection might bepkained by that.

A factor that might be overlooked in most studiegarding septic and/or aseptic
loosenings is the role of intra-operative contarama Therefore we compared the suspected
aseptic loosenings that were operated upon in anatipg theatre with conventional airflow
with the ones that were treated in an operatingttbewith laminar airflow. We found that the
number of times bacterial growth was seen in treraimg theatre with the new laminar flow
system was significantly smaller than in the ol@émping theatre (P=0.001), suggesting that in
many cases intra-operative contamination might halaged a key role and this may have
caused the deep periprosthetic infection in som@® patients. Another study performed in
our hospital confirms this, as with primary arthHegty the intra-operative bacterial
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contamination level dropped from 34% to 9% whendh#iow system was replaced, among
other things?®

In conclusion, culturing of biomaterial scrapings imperative in differentiating
between septic and aseptic prosthetic looseniniy, avpositive predictive value of 75% and a
negative predictive value of 100% for the occureent periprosthetic infection after revision
arthroplasty. The increased incidence of infectafter revision surgery as compared to
primary arthroplasties may to our mind be partlg tluthe fact that the revision took place in a
septic environment that hitherto had not been meizeg as such and had been treated as an
aseptic and biomechanical loosening.
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I ntroduction

Osteoarthritis is a slowly progressive degeneratigease that afflicts more than two-
thirds (68%) of persons older than 55 years of ‘agad becomes more prevalent with
advancing agé® Presently, 43 million individuals have arthritindaby the year 2020, it is
estimated that 59.4 million persons will be affelctey this disease world wideTherewith
arthritis is the most frequently reported chroroadition in the elderly. The Centres of Disease
Control and Prevention in 1994 reported that byyiar 2020, arthritis will have the largest
increase in numbers of new patients of any diseasee United StatesBy the year 2030, it is
estimated that there will be an 85% increase irekieplacements and an 80% increase in hip
replacements.

Osteoarthritis has a significant impact on psych@dand physical function and is the
leading cause of disability in later |ifeDsteoarthritis however, is not only a diseasel@fge.
Age of onset varies depending on the involved fdirind involves more than three out of
every hundred persons below age 45 and more thaut2éf every hundred persons between
the ages of 45 and 64 suffer from this disablirepds€:’ There are significant out-of-pocket
costs and loss of earnings due to changes in otonpand in domestic duti€Charges in
1993 in a managed care organization attributablesteoarthritis per person-year were twice
the rate as in patients without arthrfti§he high prevalence of osteoarthritis in the papah
is reflected in the high costs to treat patienfsesing from this affliction. The cost of arthritis
in the year 2000 was estimated at 95 billion deftar

Like all biomedical devices, total hip replacementsn wear out and have a life
expectancy of 10 to 30 years of senidgpproximately 10% of all hip replacements willlfai
and require revision surgef\Revision surgery is also considered to be costeéffe*** but
is more costly, may require a significantly londerspital stay, incurs higher complication
rates, and has a poorer prognosis than the origiimalreplacement procedut&*’

Refinements in sterilization and improvement in thelity of bearing surfaces are
expected to improve longevity and reduce the needdvision surgery. In the United States
alone, $200-250 million is spent annually on tregiinfected joints® Bacteria are most likely
present in every operating room, and whether atlpesss can actually be implanted without
intra-operative bacterial contamination remain®pen question. Previous studies have shown

that intra-operative bacterial contamination ocedrin 36% of all cases during insertion of a
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primary prosthesis, with significant postoperatbansequences, including deep periprosthetic
infection and prolonged wound discharge.

This study encompasses an economic evaluation o$thgtic joint infections.
Economic evaluations in medicine are aimed at thality-cost-ratio of care. In the study
presented now the economic aspects of illness ibhdgaprostheses properly dealing with
bacterial contamination during prosthetic replacetsién orthopaedic surgery and the ensuing
biomaterials related infection together with thenpdete eradication of the infection leading to
complaint free cure for the patient were determibgdneans of a 'cost-of-illness' approach.
Firstly, the scope of the social costs generategdatients who undergo a primary or revision-
operation for a hip or knee implant are evaluatad, well as the cost increase upon
development of a deep periprosthetic infection.

Furthermore, it was investigated whether theredsfferences in these costs between
patients with positive and negative intra-operatuéiures in order to demonstrate that intra-
operative culturing could reduce societal cost®@aged with periprosthetic infection due to

intra-operative contamination.

Materials and methods

Patients

We prospectively analyzed primary and revision & knee arthroplasties in the
Orthopaedic Department of the University of GromingMedical Centre, Groningen, The
Netherlands. The study and its protocol were ammdwy the hospital Ethical Committee. In
order to obtain a representative sample over thdgfined inclusion period of one year (thus
minimizing periodic effects), we used a list of dam numbers, generated by computer, which
determined whether intra-operative culture methedsild be applied for that patient. All
patients were followed for registration of totalst® and complications, especially deep
periprosthetic infection. We restricted the numbérpatients that were included so as to
minimize the burden for the personnel involvedgsithe protocol was not yet part of standard
practice at the time the study was conducted. WWrided 50 patients undergoing a primary
knee or hip arthroplasty and 40 patients undergaimgvision of their arthroplasty. Patients
with a positive intra-operative culture formed thiidy group, and patients without intra-

operative contamination were the control group.
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Patients in whom a second prosthesis on anotharyas inserted during the eighteen
months of the follow-up were excluded from the gtuBurgery took place in an operating
theatre where conventional air flow was used, dmel operating team wore disposable
impervious drapes. At the end of surgery, drainsewgaced at the operation site in all
patients. All 50 patients in the primary group tieed antimicrobial prophylaxis (cefazoline,
1000 mg intravenously) twenty minutes before therapion. The patients in the revision group
received different kinds of antimicrobial prophyiexdepending on the indication of surgery.
All included patients received postoperative arggdation (nadroparine, 0.3 mL

subcutaneously combined with acenocoumarol orally).

Measurement of intra-operative contamination

During primary arthroplasties, samples were takeraioperatively at different stages
of the procedure, consisting of four instrument lssvand two portions of removed bone, as
described in a previous stutf/During revision surgery, three tissue samples wétained of
suspected infected areas (including capsular tiasgemembrane tissue), an aspirate of joint
fluid was taken upon entering the capsule, andettpganted biomaterial was cultured, using
the method described by Neut eaDuring some procedures, a clean swab was takenfout
the charcoal medium in the operating room anditethe open for a short while after which it
was put back in the medium in order to check whetbatamination occurred during transport
and culturing of the samples. Cultured material w@assidered contaminated, when bacterial
growth was observed, regardless of the amount @ivity The study was performed blind,
without informing the orthopaedic surgeon on thst tesult in order to ensure that all patients

were treated according to protocol regardlesseféisults of the evaluation.

Follow-up

In order to investigate whether infectious complaras occurred post-operatively all
patients were followed up for 18 months. During st@ndard regular checkups after surgery
C-reactive protein assay, erythrocyte sedimentatadea and a white blood cell count were
done. A prosthesis was considered infected in chstevated infection parameters when other

foci of infection were carefully excluded, as judd®y the orthopaedic surgeon.
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Economic evaluation

The economic evaluation was conducted from a sacprsepective; both medical
costs and costs outside the healthcare sectorassessed. The time-horizon of the evaluation
covered a period of twelve months. The robustnéskeoresults of the economic evaluation
was examined by means of various sensitivity aealy€osts were not discounted due to the
relatively short time-horizon of the study. Theagpof costs that were included in the analyses

are noted in Table I.

Table I. Cost categories and types of costs.

Direct medical costs Direct non-medical costs Indirect non-medical costs

Inpatient and semi-inpatient care Informal care Productivity losses (un)paid work

Medical intervention, surgery Travel costs Productivity losses without absence from work
General health care Out-of-pocket costs

Medication

Costs of informal care were registered in detailhi@ present study. Besides informal
care consisting of household work, various othem® of support that family members or
acquaintances can provide were also assessedatikempanying patients to healthcare
professionals. Out-of-pocket costs are varioustemtdil costs directly related to the illness,
like costs of adjustments in the house relatedxjgeeenced physical problems. Costs of
productivity losses due to illness-related absdnma work were estimated by means of the
friction cost method? In addition, costs of decreased productivity withabsence from work
were also assessed. Costs related to the inatailerform voluntary work were estimated by
hourly wages for professional household workers.

Cost data were registered prospectively for aliepd$ included in the study. Most of
the information was collected by means of a dedaijjeestionnaire on costs as incurred by the
patient and his or her family. This questionnai@svsent to the patient three (T1), six (T2),
and 12 months after inclusion (T3). The questiornassessed, among others, admissions to
hospitals, contacts with healthcare professionalsg absence from work. Additional

information was collected from healthcare profesais involved who were interviewed for
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instance on the prescribed medication.

In order to facilitate comparisons with other eamno evaluations, unit prices, i.e. the
price of one unit of each included cost type, wexanly based on Dutch standard priéés.
True costs of used resources were estimated whadast prices were not available. Costs of
surgery were estimated by means of the College wi€ibHealthcare Rates. All unit prices
were based on the price level of the Euro in thar Y@904. Reference prices established for

previous years were adjusted to prices of 2004pipyyang the consumer price index.

Statistical analysis

Total costs per cost category will be describedpiatients in the primary and revision
groups, presented results will differentiate betw@esitive and negative culture outcomes
within these groups. Total costs during the studyreMog transformed, due to the skewly
distributed costs, and subsequently analysed usingd model methodology (SPSS 12).
Mixed models are strongly preferred for longitudinaalyses since all available data can be
used, including data of patients for whom not ak tmeasurements are available. In the

analyses, a level of significance of P<0.05 wasassl.

Results

Patient groups and culturing results

Results of the analyses are based on the data mditihts in the primary and 35 in the
revision group. One patient in the revision groupsvoperated on different joints on several
occasions, and was accidentally included twicdaéndtudy. This patient was excluded from all
analyses, leaving a group of 38 revision patiebtging the one-and-a-half-year year follow-
up three patients in the revision group died, atiduse of reasons not related to the prosthesis.
Therefore, data of these patients were excludea frmst analyses, except from the mixed
model and sensitivity analyses.

The primary group of 50 patients consisted of 34n&0n and 16 men, receiving 36 hip
and 14 knee prostheses. The mean age was 65.8($0a84) and the indication for surgery
was osteoarthritis in 40 patients and rheumatdidritis in 10 patients. The revision group of
35 patients consisted of 24 women and 11 men, gavirevision of 8 total knee prostheses, 14

total hip prostheses, 1 stem prosthesis and 12. dups indication for surgery was aseptic
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loosening in 25 cases and septic loosening in $@scalhe mean age was 65.9 years (37-91)
and 9 patients suffered from rheumatoid arthritis.

In the primary group intra-operative culturing gdateria in 21 of the 50 cases (42%)
and in the revision group in 23 of the 35 cases/@3. Microbial growth was found during 13
of the 25 revisions (52%) because of aseptic ldagesnd in all 10 revisions because of septic
loosening. The control swab was negative, i.eiatdgd no growth at all times. In both the
primary and the revision group base characteristes“rheumatoid arthritis”, “gender”, and
“hip or knee prosthesis” were not significantlyfdient in the groups with and without intra-

operative contamination.

Total costs of primary or revision surgery

Within the follow up of 18 months 2 patients withthgo prosthesis developed a deep
periprosthetic infection, with a cost of €45,0341&59,180. The mean total cost of patients
without a deep periprosthetic infection (N=48) &4%,376, ranging from €5890 to €53,247.

The mean total costs of a primary hip because t#oasthritis without periprosthetic
infection and without rheumatoid arthritis (N=27¢rme €12,982 (€5890 - €53,247), and the
total costs of a primary knee because of osteaastiwithout periprosthetic infection (N=12)
were €12,366 (€6371 - €23,094). The costs for ptiavithout periprosthetic infection
suffering from rheumatoid arthritis (€26,573) wetwice as high as for patients with
osteoarthritis (€12,793).

The mean total costs of a revision of a prosthast®unted €41,356, with a minimum
of €10,360 and a maximum of €123,829. The mearsasste €60,290 for revision of a total
knee prosthesis, €40,387 for revision of a totpl riosthesis, €30,746 for revision of a cup,
and revision of the stem prosthesis was €30,76& mMean total costs of revision of a
prosthesis with indication of aseptic loosening 28yxwere €36,798, and those of a prosthesis
with indication of septic loosening (N=10) were €80. Again the costs for patients with
rheumatoid arthritis were almost twice as high (868) as for patients without osteoarthritis
(€33,547).

Overview cost categories with and without intra+@ti#e contamination
Table 1l shows the direct medical costs generatelddih groups during the 12 months
of the study. The results displayed differentiagdween patients with positive and negative

intra-operative culture outcomes. Costs of hospaad supplemental admissions were
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substantial in all groups; costs of supplementainiasions were higher than those of
admissions related to the initial surgery whenithglant was placed. Considerable costs were
related to contacts with physiotherapists and hamecOverall, costs in the revision group
were much higher than costs in the primary group.

Table Il. Direct medical costs (€) incurred durii@ through T3.

PI group (N=50) RO group (N=35)

Types of costs

Positive culture
Mean costs (SD)

Negative culture
Mean costs (SD)

Positive culture
Mean costs (SD)

Negative culture
Mean costs (SD)

Inpatient and semi-inpatient care
Initial hospital admission
Supplemental admissions
Day care

Medical interventions
Primary surgery
Revision surgery
Implants

General health care
General practitioner
Physiotherapist
Ergotherapist
Alternative health care
Home care
Emergency care
Other general health care

Medication
Antibiotics

6189 (6833)
7639 (9576)

00)

1445 (32)
2449 (755)
2511 (642)

16 (33)
852 (619)
0()

0()

215 (539)
7(31)
00)

39 (95)

2596 (1014)
3617 (5519)
8 (43)

1446 (32)
0()
2582 (633)

7(18)
461 (236)
0()
4(22)
121 (457)
10 (36)
13

1(4)

13738 (10794)
18509 (18619)
19 (64)

2515 (632)
3103 (2160)

21 (17)
1285 (740)
6 (28)
0()

775 (995)
6 (28)

9 (35)

404 (577)

5948 (3113)
6423 (6741)
36 (129)

2084 (205)
2693 (1181)

25 (22)
915 (501)
0()

0()

771 (1132)
0()

2(7)

0()

Table 11l shows the costs generated outside théteare sector. Costs of the various
types of informal care were substantial in all gr@uNone of the patients in the primary group
was working during the study, therefore there wergroductivity losses for paid work in this

group. In the revision group costs of productivdggses of paid work was considerable.
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Table 1ll. Direct and indirect non-medical costg {€curred during TO through T3.

PI group (N=50) RO group (N=35)

Types of costs - _ Positive .
Positive culture Negative culture | ——— Negative culture

Mean costs (SD) | Mean costs (SD) culture Mean costs (SD)
Mean costs (SD)

Direct non-medical costs

Travel costs 28 (53) 11 (29) 119 (445) 22 (32)
Informal care (household work) 1685 (2086) 1205 (1977) 2114 (3470) 1050 (1882)
Other informal care 733 (1340) 828 (2303) 1798 (1628) 971 (878)
Non-prescribed medication 13 (61) 10 (56) 0(1) 1(3)
Out-of-pocket costs 253 (782) 140 (428) 764 (2532) 65 (93)

Indirect non-medical costs

Productivity losses paid work 0() 0() 2634 (5371) 1246 (3091)
Productivity losses voluntary work 151 (400) 60 (254) 210 (875) 176 (372)
Productivity losses paid work without 0() 0() 11 (55) 0()
absence

Total costs during the study with and withoutantiperative contamination

An overview of the total costs during the studprisvided in Figure 1A and B. Most of
the costs were generated during TO-T1. Total colsfmtients with positive culture outcomes
were considerably higher at each measurement tbsis of patients with negative culture
outcomes in both the primary and revision group.

Longitudinal analyses of costs were conducted bgmaef mixed model methodology,
results are presented in Table IV. In the primargug, there was no significant effect of
culture results on total costs. However, the effgfctime was significant, costs during the
initial measurement period (TO-T1) were substalgtiddligher than costs during later
measurements (T1-T2 and T2-T3). In the revisiorugra significant effect of culture results
was found, patients with positive culture outcorgeserated significantly higher costs than
patients with negative culture outcomes. Furtheendine effect of time was significant as
well. The interaction between culture and time apphed statistical significance in the
revision group; there are indications that totadtsmf patients with positive culture outcomes

demonstrate a different pattern over time thanscofpatients with negative culture outcomes.
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Table IV. Cost analysis; ANOVA (ANalysis Of VAriance betwgroups) table for the mixed effect analyses.

Outcome measure with modeleffects Slgln(l:;:;nce
Total costs primary group
Culture 0.45
Time <0.001
Culture * Time 0.77
Total costs revision group
Culture <0.01
Time <0.001
Culture * Time 0.05

Mixed effect analyses included a random effectubifect. Analyses

were conducted after log transformation of the dasa.

A. Primary group

Costs (€)

20,000 +
15,000 +
10,000 +

5,000 +

45,000
40,000 -
35,000 4
30,000 +

25,000 +

0,000

@ Positive culture

0 Negative culture

TO-T1

T1-T2

T2-T3

B. Revision group
45,000 -

40,000 -

Costs (€)

35,000 4
30,000
25,000
20,000
15,000
10,000

5,000

0,000

TO-T1

T1-T2

@ Positive culture

0 Negative culture

T2-T3

Figure 1. Mean total costs during study (differeteébetween positive en negative culture outcomes).
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Sensitivity analyses
The conducted sensitivity analyses consisted ofingrthe most influential types of

costs, i.e. costs that amounted to at least 5%taf tosts. The identified types of costs were
costs related to surgery, implants and hospitalramrding home admissions. For the primary
group, (household) informal care was also includedthe sensitivity analyses, whereas
productivity losses were included for the revisgrmup. The variation consisted of increasing
the identified cost types in one group with 20%jlevilat the same time decreasing costs with
20% in the other group. The consequences for (difiges in) total costs are presented in Table
V. Mean costs of patients with positive culturecauhes were considerably higher for all the

conducted sensitivity analyses, which was mostetitor patients in the revision group.

Table V. Sensitivity analyses: variation of infliahtost types.

Pl group (N=50) RO group (N=35)
Sensitivity analyses Positive Negative , : Positive Negative : :
Difference in Difference in
culture culture e culture culture e
Mean costs Mean costs Mean costs Mean costs
Standard analyses 22009 13107 8902 50578 23681 26897
0 .
+20% positive culture, 25949 10818 15131 59082 19817 39265
-20% negative culture
- 0, iti
20% positive culture, 18068 15396 2673 42073 27545 14528
+20% negative culture

* Difference in mean total costs between patierith positive and negative culture outcomes

Discussion

This study focussed on the total costs of primany @evision arthroplasty in a tertiary
care unit in The Netherlands. As far as we knovs, ithe first study that, besides the direct
medical costs, also included the direct and indirem-medical costs in the first 12 months
after surgery in the calculations. Our results shbat the mean total costs generated by
patients undergoing surgery for primary hip or kragthroplasty are €16,846, and the mean
total costs of patients undergoing revision surgeey€41,356.

The total amount of costs generated during theystuaks largely influenced by costs

related to surgery, implants, hospital admissiamj aubsequent nursing home admission.
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These results are in accordance with other stutii&s)g into account that they only included
the direct medical cost§**° By far the most costs were generated during tre fhree
months of the study (TO-T1). The costs for patientfering from rheumatoid arthritis were
twice as high as for patients without rheumatoitirérs, in both the primary and the revision
group.

Intra-operative bacterial contamination is likedylte present in every operating theatre.
However, scepticism about the importance of infrarative contamination still remains.
Although it is generally believed that every opgrgtroom is contaminated to some extent, it
is not always clear whether this contamination iissla for periprosthetic infection. We believe
that every bacterium colonising a primary prosthebut not identified and eradicated, will
likely infect the new prosthesis and put it at riglfailure. Previous studies of our group have
pointed out that our methods of intra-operativetwilg are significantly associated with
postoperative infectious complications, includinged periprosthetic infection after primary
arthroplasty and re-infection after revision suygér

Besides the devastating effect a deep periprostidction has on the patient, it is
also associated with very high costs to the heaftheystem. Although only two patients from
the primary group developed a deep periprostheafiection, our results show that when a
primary prosthesis gets infected the costs increase than three times. The mean costs for a
septic revision were €52,750 (N=10), which als@nalsles the results of previously performed
studies on this topit’'® Prevention of periprosthetic infection is therefomperative, also
from an economic point of view. In a previous stwdy proved that installing a new laminar
air flow system and taking behavioural measurethénoperating room, drastically decreased
the percentage of intra-operative contaminatiomf88% to 5% In another study we found
that the percentage of periprosthetic infectioreraftevision of an aseptically loosened
prosthesis decreased from 39% in the operatingrtheath conventional airflow to 14% in the
new theatre with laminar airflof. Although installing the new airflow system in otwo
operating rooms involved high costs (€540,000ynftbe results of our studies it seems likely
to be cost-effective as the incidence of postoparainfectious complications (including
periprosthetic infection) are prevented from hajppgn

In this study, differences in costs between patievith positive and negative culture
outcomes were analysed. Total costs of patient pibsitive culture outcomes were
considerably higher at each time of measuremeriiothh the primary and revision group.
Although power analyses were not based on econoutcomes we found that in the revision
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group costs were significantly higher for patiewith positive culture outcomes compared to
those with negative outcomes. Treatment specificallmed at these patients could
subsequently lead to a decrease in periprosthefections and hence considerable cost
savings. As described earlier, intra-operativeuriiyy during primary arthroplasty can lead to
early diagnosis compared with the current clinjmalctice, since current treatment modalities
usually include culturing of wound discharge abdivte days after surgery prior to
administration of antibiotic¥’ Therewith, intra-operative culturing during rewisiarthroplasty
can give early indications of infection, that magrrant antibiotic treatment before bacteria
have settled on the implant surfaces in their neabiofilm state of growth. This will lead to a
decrease in postoperative infectious complicateomd an associated decrease in medical and
non-medical costs. As both culture methods do eagthen operating time and are not
expensive, the authors recommend that intra-operatiltures be routinely conducted during
both primary and revision arthroplasty, both from aconomic as well as a medical

perspective.
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I ntroduction

The prevalence of osteoarthritis in the populatisnhigh and as most adequate
treatment modalities for it are expensive, thel texpenditure of treating this affliction is very
high. The cost of arthritis in the year 2000 in theited States alone was estimated at 95
billion dollars! In 1996 over 607,000 hip and knee replacements werformed in the United
States By the year 2030, it is estimated that there voi# an 85% increase in knee
replacements and an 80% increase in hip replacsth@ntal hip replacements can wear out
and have a life expectancy of 10 to 30 years ofisef Approximately 10% of all hip
replacements will fail and require revision surgéRevision surgery is more costly, requires a
significantly longer hospital stay, incurs highemplication rates, and has a poorer prognosis
than the original joint replacement procedif@®robably the worst complication is
periprosthetic infection. It constitutes a disastar both patient and doctor. Conservative
estimates of infection rates average 1-2% for hiplants and 2-4% for knee implants. The
number of joint replacements is expected to in@ahastically in the next twenty years and if
the infection rate is not reduced, also the incgemf infection will increase, yielding
increased morbidity, hospital stay and costs tddedthcare system.

The ultimate goal of this study was to assess tledigtive value of microbiological
analysis of the used set of instruments and rembweé chips during primary arthroplasty and
of the removed prosthesis during revision surgedtyentually, this will lead to the
identification of patients with a higher risk ofefeperiprosthetic infection, in order to handle

this group of patients accordingly with early apgapriate treatment.

On intra-oper ative culturing during primary arthroplasty

Charnley already recognised in 1972 that intra-@pexr contamination was a major
threat to the success of total joint replacemdnispthers stated that its role as a cause of deep
infection was highly overrate® Several studies on intra-operative culturing afipment and
bacterial analysis of air samples have been peddrmielding conflicting conclusions on
relationships with postoperative infectiohS. Scepticism about the importance of intra-
operative contamination therefore still remainsthAugh it is generally believed that every



112

operating room is contaminated to some extent,sitnot always clear whether this
contamination is a risk for periprosthetic infeati?Ve believe that any bacteria colonising the
primary prosthesis, but not identified and eradidatnay infect the new prosthesis and put it at
risk of (renewed) failure.

During the period of intra-operative culturing imig thesis contamination was
demonstrated during 33-36% of the primary arthrstglaoperations (in the operating room
with conventional airflow). The association betweatra-operative contamination and the
occurrence of a periprosthetic infection appeadéd highly significant. The cultures of
removed bone chips yielded results of which theatieg predictive value, the sensitivity, and
the specificity for the occurrence of periprostbeinfection are excellent (see Table 1).
Subsequently, the mean costs per patient with dgiyEstra-operative culture was drastically
higher than for the patients with a negative irdp&rative culture (see Figure 1). Moreover, it
was shown that the mean costs per patient withep geriprosthetic infection (> €45,000)
were three times higher than those for patients thdn't develop a deep periprosthetic
infection (€15,000). Therefore, we consider outwa method (mainly the culturing of bone

chips) to be an effective instrument in the battiainst periprosthetic infection.

@ 60,000
j2
2 & Positive culture
O 50,000
£ Negative culture
40,000
30,000
20,000
10,000
Primary arthroplasty Revision arthroplasty

Figure 2. Mean total costs per patient, differerghbetween positive en negative
intra-operative culture outcomes.
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On intra-oper ative culturing during revision arthroplasty

The percentage of septic loosenings in primaryrapliasty is approximately 1.5% for
hip and 2.5% for knee implants and is much lowantthe percentage of aseptic loosenrfhg.
The percentage however, of prosthetic joint infactafter revision arthroplasty is 3.2% for
hips and 5.6% for kne€8,and can be as high as 40% for failed hip arthstigla with a
positive intra-operative culturé. It is imperative to exclude septic loosening irder to
determine the proper management of patients in aesglision surgery, because both surgical
management and outcome may differ depending onhshdhe arthroplasty loosening is
infectious or mechanical in origii*® A wrong diagnosis will lead to treatment failure,
increased morbidity and added costs to the hea#tsyastem.

The incidence ofprosthetic joint infection is grossly underestingbby current culture
detection method¥-?° No single test is able to show the presence appmsthetic infection in
every casé' Loosening due to a low-grade infection in partéeuils difficult to distinguish
from aseptic failure, as it often presents as (gtng or recurring) pain sometimes in
combination with discrete signs of radiological deaing with limited or no clinical signs of
infection at al”® A recent study of our group showed that an extensulture technique of
both excised tissue and of scrapings of the rem@vesthesis is more sensitive for detecting
bacteria than routine hospital culturifig. However, similar as with intra-operative
contamination during primary arthroplasties, fagi@sitive (contamination during sampling or
culturing process) or false-negative test resulés mccur with an impact on the treatment

modality choseR*?°

Table I. The positive and negative predictive val(lePV and NPV, respectively), and the sensitivity {Sand

specificity (Spec) of intra-operative culturing fibre occurrence of periprosthetic infection. Cudtsiwere taken
during primary (instrument swabs and bone chipg) daring revision surgery (extensive tissue andnaiterial

culturing), both with conventional and with laminairflow in the operating theatre.

CONVENTIONAL AIRFLOW LAMINAR AIRFLOW
PPV NPV Sens Spec PPV NPV Sens Spec
(%) (%) (%) (%) (%) (%) (%) (%)
PRIMARY Instruments 4.8 92.4 14.2 92.4 0 98.5 0 93
Bone chips 35.3 98.8 85.7 88.2 25 100 100 95.7
REVISION Tissue 54.5 75 66.7 64.3 100 95 333 100
Biomaterial 69.2 100 100 71.4 100 100 100 100
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This thesis shows that the extensive culture teglenis more sensitive than hospital
culturing during both septic and aseptic looseniagd also has high predictive values,
sensitivity and specificity for the occurrence @-finfection after revision of suspected aseptic
loosenings. In particular the culturing of the gangs of the biomaterial is very predictive,
sensitive and specific (see table ). Moreover,ritean costs per patient with a positive intra-
operative culture were more than twice as highhasntean costs per patient with a negative

culture (see Figure 1).

On reducing intra-oper ative contamination

Intra-operative contamination is common in evergraging roont®?® However, there
are ways to decrease this phenomenon to a mininyuimpdementing a policy which is based
on a behavioural and systemic approach. In theJi®inal approach, preventive measures
focus on reducing the number of air-borne partioclethe operating room through disciplinary
measures. Simple and cheap measures include nthe number of personnel in the
operating room, while also movements of personméhé operating room should be restricted
to a minimum, as it has been shown that increastiitg enhances the dispersion of
bacteria®® A systemic approach consists of improving thel@irfsystem. The introduction of
laminar airflow systems has greatly reduced infgctn orthopaedic implant surgery. Laminar
flow, as opposed to turbulent flow, allows air-berparticles to pass the operating area and
prevent them from landing in the wound area. Iroamflow laminar system for example, the
unidirectional air enters the operating room in tedling above the operating area through
filters. This study shows a significant decrease imtfa-operative contamination after
implementing a behavioural and a systemic altematimth during primary arthroplasty and
revision arthroplasty of aseptic loosened prosthesee Figure 2). The majority of the
individual parameters combined in our interventjohave already been proven to reduce
contamination in the operating rodfit’*%% but their combined effects were not yet
determined. However, the combination of all theseameters evidently creates the most
effective weapon against infection. As the totadtsdor treating a septic loosened prosthesis
were estimated to be €52,750, the costs for bglditaminar airflow system (in our hospital
€540,000 for two operating theatres) will be regcedewhen only eleven periprosthetic
infections have been prevented.
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70% -+

60% - B Old situation

50% | O New situation

40% -

30% -

20% -

Intra-operative contamination

10% -+

0% -

Primary arthroplasty Revision arthroplasty

Figure 2. Percentage of primary and revision arthiegiles that were contaminated
intra-operatively, measured before (old situatiang after systemic and behavioural
interventions took place (new situation).

Intra-operative contamination varies during surgang during the day. One can expect
that the longer an operation lasts, implicatingrameased exposure time, the more bacteria are
present in the operating area and thus gain atcdgke wound. Our results furthermore show
significantly more contamination during the earlyape of a procedure than during the late
phase. Just prior to an operating procedure extemabvement is occurring in the operating
area for the final preparation, positioning andpdrg of the patient. After this high peak of
initial movement it is from then on as limited asspible during the rest of the procedure.
Consequently, it is not surprising that the sampdé®n in the initial phase of the operation
showed a higher contamination rate than those takemg the late phase. These results
coincide with the results of measurements we didioparticles about 50 centimeters from the
operating wound. Samples taken just before surgkoyved the highest number of particles,
followed by a decrease at 30 minutes after incisiinthe end of surgery, counts increased
somewhat, but not to the initial values. Noteworithyhat during the fourth and last operation
of the day the counts increased markedly, probehlsed by people who are already cleaning
up things and hence are moving about a lot.

As bacteria can never be fully eliminated from grerating room, we also studied
transfer of bacteria between different operatingntomaterials. Bacterial adhesion to and
transfer between surfaces is a complicated proeess with regard to the success of
biomaterials implants, studies on bacterial admesiod transfer should not be confined to

biomaterials surfaces on the surface of and indidgehuman body, but should also include
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surfaces in the operating room, where the origirmmainy biomaterials related infections is
found. Transfer was demonstrated to some extert allt bacterial strains and with every
tested material, ranging from 17 to 71%, and wélsenced by the bacterial strain, moistness
of the inoculum, the application of friction andethoughness and hydrophobicity of both the
donating and the receiving surface. Reducing ttaissfer, for example by changing surface

properties, can eventually reduce the number debacthat enter the operating wound.

On theclinical significance of thisthesis

Factors leading to periprosthetic infection must demsidered with respect to the
patient, the wound, the operating-room environmant¢, microbiological characteristics of the
infecting organism.

In current clinical practice patients who haveutalergo an arthroplasty are screened
pre-operatively mainly to see whether a patierttaalthy enough to withstand surgery. We
suggest that patients should also be screenealbmiadtors for postoperative infection, not to
exclude patients from surgery, but to know whethey are at higher risk or not. Known risk
factors are rheumatoid arthritis and other immumngmmmising diseases, diabetes, poor
nutrition, obesity, urinary tract infection, orakei of steroids, previous operations on the
affected joint, and a history of joint infecti6hThese risk factors should be eliminated as
much as possible before surgery takes place @a@. putrition, obesity, urinary tract infection,
oral use of steroids).

Intra-operatively, cultures should be taken duribgth primary and revision
arthroplasty. As shown earlier in this thesis, wuittg of removed bone chips during primary
arthroplasty and culturing of (scrapings of) themoged biomaterial during revision surgery is
a very sensitive and specific diagnostic instrummefior predicting periprosthetic infection.
Both procedures are not expensive and do not lengtie operative procedure.

Radical alterations in behaviour and airflow sgsi@ an operating room can decrease
intra-operative contamination. To maintain these bacterial counts, both the airflow system
and behaviour have to be monitored constantly amdistently. Both the manufacturer of the
airflow system and the hospitals infection contmificer (for example a consultant
microbiologist) should advice on the microbiolodip&rformance of the airflow system and
therefore have responsibility for the monitoringeréof. An infection committee should
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monitor the behavioural changes and report fredyéntthe people working in the operating

room. Both positive and negative feedback help taa@inthe reduction in dispersion of

bacteria. Finally, it is important to emphasise #tiapersonnel working in the operating room,
including surgeons, operating room assistants, sdhesologists and cleaning personnel
adhere to the hygiene protocol very strictly.

Bacteria that are living in a biofilm are far mamsistant to antibiotic treatment than
planktonic bacteria, which make the treatment oippesthetic infection very difficult. During
the transfer of bacteria in the operating room,déssile bacteria are still in a monolayer and
can easily be treated with chlorhexidine which Akieady been demonstrated to be effective
against bacteria in such a st¥é! Intervention with this agent in the operating rodm
dipping the surgical gloves in a chlorhexidine shkpasin every ten minutes would be an
easily applicable method to decrease bacteriasteamnto the wound and hence lower the risk
of postoperative infection.

Post-operatively, the wound should be carefully nosed. If there is an obvious
infection of the wound, then intervention shoulketglease immediately. This is also the case
if large haematoma or other sites of infection @mesent in the patiefif. These are the clear
cases. In most cases, however, it is not clearhenghere is an infection or not. This thesis
shows that a wound which is not dry within four sl@pnstitutes a risk factor for periprosthetic
infection. It also shows that intra-operative comtaation is significantly associated with this
prolonged wound discharge and with periprosthetfeation. Therefore, we recommend that

every wound that keeps dischargiags days or more receives extra attention (sgarEi3).

Wound discharge
exceeding 5 days

Ye | No

Check intra- WAIT & SEE

operative culture

Positive | Negative

Figure 3. Flowchart for the treatment of
ANTIBIOTIC WAIT EE ; ;
THERAPY Beware of (pgésibility of postoperative prolonged wound discharge

cross-infection after insertion of a hip or knee prosthesis.
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First of all the results of the intra-operativetatg should be checked. In the case of
contamination the patient should receive antibisgatment aimed at the micro-organism(s)
found. In the case of prolonged wound dischargenbgttive intra-operative cultures the
following should be considered: although the wowad not contaminated intra-operatively,
there is still a risk the wound gets cross-infeadadhe ward. The wound should therefore be
handled and monitored very carefully until it clespreferably with determination of infection
parameters in the blood (i.e. C-reactive protéigre research on this is strongly

recommended.
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As described inChapter 1 infection is one of the most common complications i
surgery. In particular deep periprosthetic infexsion orthopaedic surgery constitute a disaster
for both patient and doctor. Conservative estimatesifection rates average 1-2% for hip
implants and 2-4% for knee implants. The numbgpioft replacements is expected to double
in the next twenty years and if the infection ragt@ot reduced, also the incidence of infection
will double, yielding increased morbidity, hospitstlay and costs to the healthcare system.
Deep prosthetic infections can be subdivided ire&@ly (within three months after surgery),
(ii) delayed (within one-and-a-half to two yearseafsurgery) or (iii) late infections. Both early
and delayed infections can be caused during sulgedjrect contact with the wound, airborne
colonisation or by cross-infection on the ward.de_mifection is considered mostly to be caused
by blood-borne contamination, for example duringeiion of a urinary catheter, infection of
an intravenous canula, skin or dental sepsis. Tiesis focuses on the early and delayed

infections caused by intra-operative contamination.

Intra-operative bacterial contamination may be @mésn every operating room, and
constitutes a possible risk for postoperative wodngling problems and periprosthetic
infection, but to what extent remains unclearClmapter 2 the results of a study is presented
in which we investigated whether bacterial contation of the instruments and bone during
primary prosthesis insertion was associated withomged wound discharge, and subsequent
periprosthetic infection. During 100 total hip adplasties, four intra-operative cultures were
taken from the instruments and two portions of reatbbone. Postoperatively, the duration of
wound discharge was monitored, taking day 5 asti®ff point. All patients were followed
for two years to find out whether periprosthetifeotion occurred. Bacterial contamination
was present during 36 operative procedures (36%kighificant association was found
between intra-operative contamination and prolongeedind discharge, with a relative risk
(RR) of 2.5. The culturing of removed bone had aitpe predictive value of 81-90% for
prolonged wound discharge. Other factors associaitdd prolonged wound discharge were
rheumatoid arthritis (RR 6.4), use of cement (R&® &and increased blood loss (RR 1.5). We
conclude that there is a significant associatiortween intra-operative contamination,

prolonged wound discharge and periprosthetic irdact

In Chapter 3 the aim was to evaluate whether behavioural antesys measures in
the operating theatre will decrease intra-operatiwvatamination during total hip or knee
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replacements. The influence of these measures bsequent prolonged wound discharge,
superficial surgical site infection and deep peargbhetic infection during an 18 month follow-
up is also investigated. During 207 procedures; sovabs were taken from instruments at the
beginning and at the end of the procedure. Remawva@rial from the bone (acetabulum and
femur in case of the hip joint; femur and tibia dase of the knee joint) was tested for
contamination as well. At first, 70 operations mad situation were included (control group),
after which the first behavioural measure was ohiaed: better use of the area directly
beneath the plenum. During 67 operations in thig sikuation cultures were taken (group 1),
followed by the introduction of a strict protocohded on the adherence to operating room-
rules and the installation of a new laminar flowsteyn. 70 operations (group 2) were
monitored after this second intervention. The auntgroup showed intra-operative
contamination in 23/70 (32.9%) of the cases, grbighowed contamination in 34.3% of the
cases (23/67) and group 2 showed contaminatiorl7@ éases, corresponding to 8.6%. The
parameters prolonged wound discharge and supér§iorgical site infection also decreased
drastically in group 2 as did the incidence of deepiprosthetic infection, but this did not
reach statistical significance. This study showat tthe combination of systemic and
behavioural changes in an operating room signifigadecreases the incidence of intra-
operative bacterial contamination, subsequent pg#d wound discharge and superficial
surgical site infection. After 18 months of folloup there was also a decrease in deep

periprosthetic infection.

Bacterial adhesion to and transfer between surfeces complicated process. With
regard to the success of biomaterials implantslissuon bacterial adhesion and transfer should
not be confined to biomaterials surfaces in the drbody, but should also encompass
surfaces in the operating room, where the origirmainy biomaterials related infections is
found. The purpose ofhapter 4 was to quantify the transfer &taphylococcus aureus,
Staphylococcus epidermidamdPropionibacterium acnesom one operating room material to
another, while accounting for surface hydrophopiaind roughness, moistness and application
of friction during transfer. The tested operatirggpm materials were glove, broach, theatre
gown and light handle. As a possible clinical im&tion method to prevent transfer, it was
investigated whether dipping the gloves in a ctdartiine splash-basin affected the viability of
the transferred bacteria. Transfer (moist and wittioction) was demonstrated to some extent
with all bacterial strains and with every testedtenal, ranging from 17 to 71%, and was
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influenced by the bacterial strain, moistness efittoculum, the application of friction and the
characteristics of both the donating and the réogisurface. Dipping the glove material in 4%
or 0.4% chlorhexidine solutions killed all bactepieesent, regardless of whether surfaces were
dried or moist and thus prevented transfer.

The aim of the study as describeddhapter 5 was to evaluate our research laboratory
tissue and biomaterial culturing (RLTC and BC, exgjwely) during revision surgery of hip
and knee, initially clinically diagnosed either septic or aseptic loosening. The results are
compared with the new routine hospital culturingR(C) method. In total, intra-operative
culturing was performed in 59 consecutive patievite underwent revision of their prosthesis.
The indication for revision was suspected septiséming in 14 cases (7 with conventional and
7 with laminar airflow) and suspected aseptic loosg in 45 cases (23 with conventional and
22 with laminar airflow). In order to investigatehether infectious complications occurred
related to the revision surgery, all patients wiellewed for at least 18 months. In the group of
14 patients with septic loosening, NRHC showed aofi@ growth in 8 of the 14 (57.1%)
cases, RLTC revealed bacteria in 9/14 (64.3%) casdsBC showed growth in all 14 cases.
Alternatively, the group of 45 patients with sugpecaseptic loosening showed microbial
growth during NRHC in only 4/45 (8.9%) cases, wiRleTC showed growth in 13/45 (28.9%)
cases, and BC in 16/45 (35.6%) caskfer follow-up it seemed that BC had a positive
predictive value of 75% and a negative predictieéug of 100% for the (re-)occurrence of
periprosthetic infection after revision arthroplagor suspected aseptic loosening. In the
operating theatre with conventional airflow RLTCdaBC showed microbial growth in 15/23
cases (65%), compared to 3/22 (14%) with laminditoal, suggesting that in many cases

intra-operative contamination might have playecy tole.

Chapter 6 encompasses an economic evaluation of prosthetitijgections. Firstly,
the scope of the social costs generated by patidmsundergo a primary or revision-operation
for a hip or knee implant was evaluated, as wellhascost increase upon development of a
deep peri-prosthetic infection. Subsequently, it wavestigated whether there are differences
in these costs between patients with positive aghtive intra-operative cultures in order to
demonstrate that intra-operative culturing is at-effective means in clinical practice to
prevent a possible peri-prosthetic infection dudntoa-operative contamination. The mean
total costs of placing a primary prosthesis was.&® (€5890 - €59.180). Within the follow
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up of 18 months 2 patients with a hip prosthesietigped a deep periprosthetic infection, with
a cost of €45.034 and €59.180. The mean total afopatients without a deep periprosthetic
infection (N=48) was €15.376 (€5890 - €53.247). iRiewn of an aseptic loosened prosthesis
(N=25) had a mean total costs of €36.798, and ievisf a septic loosened prosthesis €52.750
(N=10). Total costs of patients with positive cuittoutcomes were considerably higher than
costs of patients with negative culture outcomesaih the primary and revision group. These
patients could be identified early using the cdttechniques applied in the current study. As
used culture methods do not lengthen operating tmeé are not expensive the authors
recommend that intra-operative cultures be routir@nducted during both primary and

revision arthroplasty, both from an economic ad a®la medical perspective.

As indicated in th&eneral Discussion (Chapter 7), this thesis shows that to prevent
and treat periprosthetic infection appropriatdlys inecessary to take measures pre-, intra-, and
post-operatively. Pre-operatively by screeningghtents, intra-operatively by taking cultures
and altering operating room discipline and airfleystem, and potentially by decreasing
bacterial transfer, and post-operatively by momigpmound discharge and measuring also
other infection parameters. As treating an infegiexthesis is proven to be very expensive, it

seems cost-effective to take all these measures.
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Infectie is een van de meest voorkomende chirungisomplicatiegHoofdstuk 1). In

het bijzonder de diepe periprothetische infectiderorthopedische chirurgie is rampzalig voor
zowel patiént als arts. Het infectiepercentage wgeschat op 1-2% na heuparthroplastiek en
2-4% na kniearthroplastiek. Het aantal gewrichtgaegende operaties zal naar verwachting in
de komende twintig jaar verdubbelen. Indien heg¢dtiEpercentage niet afneemt zal ook het
aantal periprothetische infecties verdubbelen, mist gevolg toename van morbiditeit,
langdurige ziekenhuisopnames en toename van derkestor de gezondheidszorg. Diepe
periprothetische infecties kunnen worden ondenaddm (i) vroeg (binnen drie maanden na
plaatsing), (ii) vertraagd (binnen anderhalf toeéyaar na plaatsing) en (iii) laat. Zowel de
vroege als de vertraagde vorm kunnen worden veaaktzioor bacteriéle contaminatie van de
wond door direct contact, door contaminatie dierdde lucht wordt aangevoerd of door
contaminatie van de wond na de operatie op deeggpfdeling. De late infecties worden over
het algemeen veroorzaakt door hematogene contaejibgvoorbeeld na het plaatsen van een
urinewegcatheter, een infectie van een intravendijzeof een huid- of tandinfectie. Dit
proefschrift is gericht op de vroege en vertraagéicties, die veroorzaakt worden door intra-

operatieve bacteriéle contaminatie.

Intra-operatieve bacteriéle contaminatie is mgigelanwezig in elke operatiekamer en
vormt een mogelijk risico voor postoperatieve wosnggingsproblemen en periprothetische
infectie, maar in welke omvang blijft vooralsnogdardelijk. In Hoofdstuk 2 worden de
resultaten gepresenteerd van een studie waarin avelerzocht of bacteriéle contaminatie van
het instrumentarium en van verwijderde botsnippgdens het inbrengen van een primaire
prothese geassocieerd was met verlengde wondleldrageriprothetische infectie. Tijdens het
plaatsen van 100 primaire heupprothesen werden k&eken genomen van het
instrumentarium en twee porties met botsnippersiareiop kweek gezet. Postoperatief werd
gekeken hoelang het duurde voordat de wond droodian was, waarbij de®sdag na de
operatie als afkappunt werd gebruikt. Alle patiéanteerden gedurende twee jaar vervolgd om
te kijken of er zich een periprothetische infectieordeed. Bacteriéle contaminatie werd
gemeten tijdens 36 van de 100 operaties (36%).dtd wen significante associatie gevonden
tussen intra-operatieve bacteriéle contaminati@mreden van verlengde wondlekkage, met
een relatieve risicofactor (RR) van 2,5. Het kwekem de botsnippers had een positief
voorspellende waarde van 81-90% voor het optreden werlengde wondlekkage. Andere
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factoren die geassocieerd waren met verlengde wkkae waren rheumatoide artritis (RR
6,4), het gebruik van cement (RR 1,6) en verhodugdyerlies tijdens de operatie (RR 1,5).
Concluderend werd er een significante associati&orgen tussen intra-operatieve
contaminatie, verlengde wondlekkage en peripratbké infectie.

In Hoofdstuk 3 was het doel om te evalueren of gedrags- en systbmimaatregelen
in de operatiekamer een afname van intra-operatteméaminatie tot gevolg zouden hebben
tijdens primaire knie- en heuparthroplastieken.iioed van deze maatregelen op verlengde
wondlekkage, postoperatieve wondinfectie en petiygtische infectie werd ook onderzocht.
Tijdens 207 operaties werden vier instrumentariuekem genomen, twee tijdens de vroege
fase van de operatie en twee tijdens de late Yammvijderde botsnippers (van acetabulum en
femur bij heuparthroplastieken en van femur erathij kniearthroplastieken) werden ook op
kweek gezet. Allereerst werden 70 operaties in déeooperatiekamer met conventionele
airflow geincludeerd (controlegroep), waarna de steergedragsmaatregelen werden
doorgevoerd: beter gebruik van het gebied preameeiohet plenum. Tijdens 67 operaties in
deze nieuwe situatie werden weer kweken genomee|fgt), waarna een strikt protocol met
vele gedragsmaatregelen werd ingevoerd en een damairflow systeem in gebruik werd
genomen. In deze nieuwe situatie werden weer sjd&noperaties kweken afgenomen (groep
2). In de controlegroep waren 23 van de 70 opergigeontamineerd (32,9%), in groep 1 bleek
23 van de 67 ingrepen gecontamineerd (34,4%) egraoep 2 werd tijdens 6 van de 70
ingrepen contaminatie gevonden (8,6%). Het optredan verlengde wondlekkage en
postoperatieve wondinfectie bleek ook drastisch embgnen in groep 2, evenals
periprothetische infectie, zij het dat dit laatstiet statistisch significant was. Deze studie
toonde aan dat de combinatie van gedrags- en Sgstegnmaatregelen in een operatiekamer
het optreden van intra-operatieve contaminatie topesatieve verlengde wondlekkage en
wondinfectie significant doet afnemen. Na anderjzalf follow-up bleek ook de incidentie van

periprothetische infectie afgenomen te zijn.

De adhesie van bacterién aan en de overdracleintwssschillende oppervlakken is een
gecompliceerd proces. Ten aanzien van het slagenbi@medische implantaten, zou niet
alleen onderzoek moeten worden gedaan naar dewgigdesn van de implantaten zelf, maar
ook naar verschillende opperviakken in de operatiel, alwaar de meeste biomateriaal
gerelateerde infecties hun oorzaak vinden. Het darlHoofdstuk 4 was het kwantificeren
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van de overdracht vaBtafylococcus aureustafylococcus epidermiden Propionibacterium
acnesvan het ene operatiekameroppervlak naar het anadwening houdend met factoren als
hydrofobiciteit en ruwheid van deze oppervlakkeachtigheid en het toepassen van frictie
tijdens de overdracht. De onderzochte materialerenvaen operatiehandschoen, een botfrees,
operatiekleding en een handvat van de operatiel@ispmogelijke klinische interventie om
overdracht tegen te gaan, werd getest of het dipgen operatiehandschoenen in een
chloorhexidine-badje de levensvatbaarheid van @dragen bacterién zou beinvioeden.
Overdracht (vochtig en met frictie) werd aangetoonelt alle drie de bacteriestammen en
tussen alle vier de materialen, variérend van 17186. De overdracht werd beinvioed door de
soort bacteriestam, vochtigheid van het overdragpsrviak, het toepassen van frictie en de
eigenschappen van zowel het “schenkende” als hdvdagende oppervlak”. Het dippen van
de operatiechandschoen in 4% of 0,4% chloorhexidplessingen doodde alle aanwezige
bacterién, ongeacht of het inoculum nog nat was wias opgedroogd.

Het doel van de studie iHoofdstuk 5 was het evalueren van de door ons gebruikte
weefsel- en prothesekweektechnieken tijdens hesemn van heup- en knieprothesen, zowel
als het om septische als om aseptische loslatiigis¢ghe diagnose) ging. De resultaten
werden vergeleken met de normale weefselkweek wogyd door de afdeling medische
microbiologie van het ziekenhuis. Intra-operatidgeken werden afgenomen tijdens 59
revisie-ingrepen. In 14 gevallen was de indicagiptische loslating (7 met conventionele en 7
met laminaire airflow) en in 45 gevallen aseptistd®ating (23 met conventionele en 22 met
laminaire airflow). Alle patiénten werden gedurenti® maanden vervolgd om te zien of
infectieuze complicaties optraden, gerelateerd @arrevisie-ingreep. In de groep van 14
patiénten met verdenking van een septische loglatverd met de ziekenhuisweefselkweek in
8 gevallen (57,1%) een bacterie aangetoond, met wreefselkweektechniek in 9 gevallen
(64,3%) en met onze prothesekweek in 100% van dallga. In de groep van 45 patiénten
met verdenking van een aseptische loslating wertl aeeziekenhuisweefselkweek bij 4
patiénten een bacterie gevonden (8,9%), met onzafseleweektechniek bij 13 patiénten
(28,9%) en met onze prothesekweek bij 16 patiéiB&n6%). Na follow-up bleek dat de
prothesekweek een positief voorspellende waarde A& en een negatief voorspellende
waarde van 100% had voor het ontstaan van eemf@edie na de revisie-ingreep bij
verdenking van een aseptische loslating. In deatigdlamer met conventionele airflow waren
onze weefsel- en/of prothesekweken positief in &5 de 23 gevallen (65,2%) met verdenking
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aseptische loslating en in de operatiekamer meameaire airflow in 3 van de 22 gevallen
(13,6%). Dit kan mogelijk worden verklaard door rinbperatieve contaminatie, die is

opgetreden in de operatiekamer met laminaire anflo

Hoofdstuk 6 beschrijft een economische evaluatie van periptsitiee infecties.
Allereerst werd bekeken welke totale kosten werdegenereerd door patiénten die een
primaire of revisie-ingreep van hun heup of knigl@ngingen, evenals de toename van kosten
als zich een periprothetische infectie voordoetvdlgens werd onderzocht of er verschillen in
kosten waren tussen patiénten met positieve emeggttieve intra-operatieve kweken, om aan
te tonen dat het afnemen van intra-operatieve kveles kostenbesparend middel kan zijn dat
intra-operatieve contaminatie aantoont, waardoar geriprothetische infectie wellicht kan
worden voorkomen. De gemiddelde totale kosten @rémt met een primaire prothese
bedroegen €16.846 (€5.890 - €59.180). Binnen dewelip van twee jaar ontwikkelden 2 van
de 50 primaire patiénten een periprothetische fifeDeze twee patiénten kostten €45.034 en
€59.180. De gemiddelde totale kosten per patiéntieoeen periprothetische infectie (N=48)
waren €15.376 (€5.890 - €53.247). Patiénten die regisie vanwege aseptische loslating
hadden ondergaan (N=25), kostten gemiddeld €36en9gatiénten met een revisie vanwege
septische loslating €52.750 (N=10). De totale kostan patiénten met een positieve intra-
operatieve kweek waren aanzienlijk hoger dan ddekosan pati€nten met een negatieve
kweek, zowel in de primaire als in de revisiegro@eze patiénten kunnen met onze
kweekmethode vroeg geidentificeerd worden. Daakwieekmethoden niet duur zijn en de
operatie niet wezenlijk verlengen, wordt het indggeratief kweken tijdens primaire en revisie-

ingrepen zeer aanbevolen, zowel vanuit medischaalait economisch perspectief.

Zoals besproken in deéenerale Discussie (Hoofdstuk 7) toont dit proefschrift aan dat
het nodig is om zowel pre-operatieve, intra-opexetials postoperatieve maatregelen te
nemen, om in de toekomst de periprothetische ilgféetkunnen voorkomen, dan wel adequaat
te kunnen behandelen. Pre-operatief dienen denpati€oed te worden gescreend, intra-
operatief dienen kweken genomen te worden en,nnmubelig, gedrags- en systemische
veranderingen worden doorgevoerd en postoperaéat de wondheling goed te worden
gecontroleerd. Aangezien het behandelen van edhgische infectie bewezen erg duur is,

lijkt het nemen van al deze maatregelen kostentgdfete zijn.
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