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Abstract: There is growing body of evidence that important patient-, procedure- and
pathogen-related factors are linked to higher risks for prosthetic joint infections (PJI)
following arthroplasty surgeries. The prior identification and optimization of such risk factors
is considered paramount to minimize the incidence of these infections. Without any doubt,
antibiotic prophylaxis remains one of the cornerstones among all preventive measures.
However, the ideal antibiotic prophylaxis is still in debate and discussions have emerged,
whether certain situations deserve adjustments or variations of the standard protocol taking
into account antibiotic resistance surveillance data and patient risk factors for infections. This
review aims to provide the reader with an overview of possible antibiotic prophylaxis
strategies in response to these risks and discusses the clinical experiences so far obtained.
We further present preliminary evidence that the use of a reinforced local antibiotic prophy-
laxis regimen with high-dose dual antibiotic-loaded bone cement may be an effective and
easy-to-apply option in patients at high infection risks.

Keywords: arthroplasty, prosthetic joint infection, antibiotic prophylaxis, risk for infection,
risk-adjustment, extension of prophylaxis, dual prophylaxis, antibiotic-loaded bone cement

Introduction

Periprosthetic joint infection (PJI) is a rare, but devastating complication following
joint replacement. The implantation of extensive foreign material in arthroplasty
and trauma surgeries increases the operational risk of infections due to the easy
bacterial colonization and biofilm formation at the implant surfaces. The overall PJI
incidence is in the range of 1-2% in primary arthroplasty, but 5% and higher in
revision procedures.' PJI treatment is complex and often requires multiple surgeries
related with a high burden for the patient and high costs for the health-care
system.” The number of PJI cases is expected to further increase as a consequence
of the worldwide growing numbers of primary and revision arthroplasty procedures.
Despite higher awareness for this complication, infection rates have not changed
much over the last two decades or tend to be even higher.* This observation may
be explained by the trend to operate more on older patients with higher ASA scores
together with the spread of more resistant pathogens.®® In fact, there is increasing

evidence that several patient-, pathogen- and procedure-related factors predispose
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patients to higher PJI risks than on average. Identifying
these risk factors together with patients’ preoperative
health optimization strategies, proper wound care and
improvements in hygiene issues remain some of the core
fundamental steps that can help minimizing the incidence
of PJI. A more risk-adjusted antibiotic prophylaxis strat-
egy has also been suggested as an additional easy-to-apply
option within the framework of a more effective infection
prevention. The current evidence of this rationale and our
own experiences with a reinforced local antibiotic prophy-
laxis protocol for PJI risk patients in a large tertiary centre
in Madrid, Spain, will be discussed in the following.

Risk Factors for PJI

From a practical point of view, different factors that
increase the operational risk of infections in arthroplasty
procedures may be grouped in the three categories of
patient-, pathogen- and procedures-related risk factors
(see Figure 1). Because of mutual influence, the effects
on one another are in clinical practice often combined.

Patient-Specific Risk Factors

Arthroplasty patients are not equally at risk for intra- or
postoperative infections following joint replacement pro-
cedures. Numerous clinical reports, arthroplasty registry-
based observations and our own experiences come to the
same conclusion that 70-80% of all patients have at least
one modifiable or unmodifiable infection risk factor.” '
Among these are important comorbidities such as severe

Categories of PJI risk factors

Surgical

Previous surgery
procedure

Revision surgery
Need of blood
transfusion

obesity (BMI >35), uncontrolled diabetes mellitus, severe
cardiovascular disease, severe kidney dysfunction, chronic
immunosuppression, malnutrition, anemia or antecedent
bacteremia, all of them repeatedly described to be asso-
ciated with higher PJI rates.'>!” Therefore, optimization
of these comorbidities stays in the focus of the preopera-
tive consultation, whenever this is possible, to make sure
the patient is operated under the best possible conditions.

However, even though predictive patient risk judge-
ment is somehow clinical practice, a validated and widely
applicable risk classification tool is missing leaving the
decision of who is a risk patient often to the surgeon
intuition.

To overcome the variable and surgeon-specific inter-
pretation of patient risk factors for infection in our institu-
tion, we have recently started to define our own risk
classification algorithm based on our clinical experiences
and taking into account the practicability and clinical
relevance of some literature-proposed factors. Its calcula-
tion is based on the following general health- as well as
orthopedics/trauma-specific risk factors (see Table 1).

In case of total knee arthroplasty (TKA), a patient at
high risk for PJI was defined who presents at least 2 or
more of these comorbidities or risk factors, in case of total
hip arthroplasty (THA) one who presents at least 3 or more
(see Figure 2).

In addition, isolated risk factors were identified which
justify in our experience a direct classification as high-risk
patient for infection. These were
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Figure | Categories of Pl risk factors (patient-, pathogen- and surgical procedure-related).
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Table | Differentiation of General and Specific Risk Factors
Which in Combination Justify in Our Experience the
Classification of a Patient as High-Risk Patient for Infection

General Risk Factors Specific Risk Factors

Age >80 years Previous infection/steroid injection <6
months

Nutritional status and Pernicious anemia
weight (BMI>30>19 kg/m?)
Diabetes mellitus Inflammatory disease
Tobacco consumption Organic disease: kidney, cardiac
Rectal or urinary tract Revision surgery
bacterial colonization
Immunodeficiency Hip fracture surgery

Previous hospital stay or Previous orthopedic or trauma

institutionalized patient surgery with implantation of hardware

- severe renal or cardiac insufficiency

- severe immunodeficiency (congenital, acquired or
iatrogenic because of immunosuppressive medication)

- previous musculoskeletal infection

- urinary tract or rectal colonization (for hip
arthroplasty)

- previous implant surgery in the same joint

- any previous revision arthroplasty

Pathogen-Specific Risk Factors

The majority of PJIs occurring within 1 year of surgery are
initiated through the introduction of bacteria at the time of
surgery, either via contamination of the prosthesis or the
surrounding periprosthetic tissue. Once in contact with the
surface of the implant, microorganisms colonize the sur-
face of the implant and start to produce a biofilm. A

PJI rate

4.00%
3.50%
3.00%
2.50%
2.00%
1.50%
1.00%
0.50%
0.00%

PALACOS R+G group COPAL G+C group

Figure 3 PJI rate within | year in period from 2015 to 2018 in group “PALACOS R
+G” with mixed PJ| risk profiles (92,8%) and in group “COPAL G+C (7,2%) with
exclusive high-risk profile according to our recent risk stratification algorithm.

significant factor in this process is the low inoculum of
microorganisms needed to establish infection in the pre-
sence of the prosthetic material. Contiguous spread of
infection from an adjacent site is the second mechanism
by which infection can be initiated in the early postopera-
tive time period, due to wound healing problems or per-
sistent wound leakage.

Numerous studies have shown that gram-positive staphy-
lococci are the most frequent bacteria causing PIL'®'
Enterococci, Streptococci and gram-negative organisms are
less common, but are also clinically relevant.
Epidemiological studies from various hospitals have provided
evidence that methicillin-resistant Staphylococcus aureus
(MRSA) is still a major problem pathogen in PJI'® and that
the prevalence of multi-drug resistant gram-negative bacteria
is growing in some institutions.”

To which extent Staphylococcus aureus screening com-
bined with preoperative decolonization adds to effective and
cost-efficient PJI prophylaxis measures is still controver-
sially discussed. The American Association of Orthopedic
Surgeons (AAOS) concluded in their ortho guidelines 2015%°
that only limited strength evidence supports the use of uni-
versal preoperative chlorhexidine decolonization to reduce
PJI after total hip arthroplasty (THA) and total knee arthro-
plasty (TKA). However, 85% of the participants of the PJI
consensus meeting in Philadelphia agreed with the following
statement in response to the question “What should be the
process for MSSA and MRSA screening?”’

Consensus statement: While this workgroup does NOT
recommend universal screening and decolonisation of all
patients undergoing joint arthroplasty, it accepts that pre-
operative screening for Staphylococcus aureus (MSSA and
MRSA) and decolonisation decreases the rate of SSI and
the incidence of staphylococcal and non-staphylococcal

infections.?'

Procedure-Specific Risk Factors

Several studies are suggesting that increased surgical dura-
tion is associated with an increased risk for post-operative
infections.”*2* The most likely explanation is the increased
probability of contamination of the surgical site, either
directly or from secondarily contaminated instruments.
Based on the retrospective analysis of more than 92.000
patients undergoing TKA in the Ontario region of Canada
between 2009 and 2016 Ravi et al recently found a statisti-
cally significant relation between procedure lengths and the
number of deep infections.”> They observed that patients
with a “long” surgical duration (=100 min) suffered from a
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higher rate of PJI within a year of their surgery than patients
with a “short” duration (1.1% versus 0.6%). Similar results
were also obtained by Garbarino et al** who observed higher
PJI rates in cases >121 minutes duration of surgery (1.4%)
compared to those <85 minutes (0.3%). The longer operation
times, higher invasiveness of the procedure and the often
more fragile health status of patients may also explain why
infections after revision arthroplasty, even if performed for
strictly aseptic reasons, are higher than in primary surgeries.

One of the most predisposing risk factors for infections
following TKA or THA appears to be a previous septic
etiology of an implant. For example prior PJI, although
apparently cured, has been found to be related to a several-
fold increased risk of deep infections following primary
knee arthroplasty in the other joint. A PJI incidence of
6.1% in such a patient cohort was observed by Chalmers
et al*® confirming previous results of a study in which the
number of PJI cases after primary TKA or THA was 10
among 90 patients vs 0 in the matched control group
without prior PJI treatment.”’

Perioperative Antibiotic Prophylaxis
(PAP)
Standard PAP

Perioperative antibiotic prophylaxis (PAP) is expected to
prevent that contaminations turn into infections. It is clear
that the probability of developing an infection is drasti-
cally increased if the initial contaminating flora in open
wounds is not targeted by the prophylactic antibiotic drug.
Effective PAP requires a correct timing, dosage and choice
of the antibiotic. Because of their broad antimicrobial
spectrum, good safety profile, low costs and ease of
administration, cephalosporins of the first and second gen-
erations are recommended in many orthopedic guidelines
for PAP.?®* After analyzing a big patient pool (29.695
patients) in their institution, Wyles et al have recently
reported that PJI rates were significantly higher when
non-cefazolin antibiotics were used for perioperative
TKA and THA prophylaxis.*® In particular, vancomycin,
which is often used as an alternative option in cases of
suspected patient allergy to penicillins and cephalosporins,
does not appear to be as effective as cefazolin in prevent-
ing deep infections in arthroplasty.®'

Most PAP guidelines encourage a “single-shot policy”,
although a PAP prolongation up to 24 hours and beyond is
still clinical practice in some countries. Both, registry data as
well as clinical observational studies do not argue for a

superiority of multiple doses in routine procedures except for

long procedures and those requiring major blood
transfusions.*?

While a standard dose of 2 g intravenous cefazolin is
usually applied for most arthroplasty patients, pharmaco-
kinetic studies argue for an increase to a 3 g dose in obese
patients weighing >120 kg, because of the poorer penetra-
tion and distribution of the drug in fat tissue.*” Possible
PAP underdosing may also partially explain the recently
observed higher rates of polymicrobial and gram-negative
early PJI cases in THA procedures in an obese patient
cohort compared to the non-obese group (rate of polymi-
crobial infections: 60.3% vs 33.3%, rate of infections with
gram-negative: 12.9% vs 2.3%).>* These findings suggest
that a “one size fits all” PAP strategy might not be always
ideal and that possible adjustment of the standard antibio-

tic prophylaxis should be considered for specific patients.

Alternative and Combined Antibiotic

Prophylaxis Strategies
Dual PAP
While many studies have been reinforcing the recommen-
dation that a single shot of cephalosporins should be the
choice and mode of application of PAP in arthroplasty,
concerns regarding their limited coverage of resistant coa-
gulase-negative Staphylococci and MRSA strains are
emerging.>® Given the fact, that resistant bacteria in a
region or hospital may vary with time and region, the
European Center for Disease Control therefore advised in
its technical report on PAP 2015 that a multi-disciplinary
team in the hospital should regularly update the existing
protocol and make periodic adjustments, if necessary, tak-
ing into consideration the local antibiotic susceptibility
pattern and needs of patients at higher infection risks.*®
A strategy to overcome the limitations of cephalosporins
against multi-resistant Staphylococci could be the addition of a
glycopeptide to the standard PAP in hospitals suffering from a
high incidence of such multi-drug resistant bacteria. However,
conflicting results have been reported after comparing the
effectiveness of single versus dual antibiotics. While some
studies reported no substantial decrease in overall postopera-
tive infection rates with the use of a combination of vancomy-
cin and cefazolin vs cefazolin alone, the incidence of MRSA
infections appeared significantly reduced with this dual PAP
regimen.®’” Another study evaluated revision TKA patients
who had combined cefazolin and vancomycin prophylaxis
and showed a significant decline in their infection rates
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(3.13% vs 7.89%).*® Similarly, Tornero et al demonstrated that
the addition of a high dose of teicoplanin to the standard
prophylactic agent cefuroxime in response to the high MRSA
burden in the hospital in Barcelona, Spain, led to a significant
drop in the PII rate from 3.51% to 1.26%.%° It was further
shown that the lower number of overall infections after switch-
ing to this dual regimen was mostly due to noticeable reduction
of MRSA cases. However, it should be noted the use of
cefazolin and vancomycin is not without risks and may be
associated with a significant increase in the cases of acute
kidney failure as demonstrated by the study of Courtney et al.*’

Prolongation of PAP

The theoretical benefit of a PAP extension beyond 24
hours to prevent the retrograde spread of skin flora bac-
teria due to slow wound healing must be balanced against
the risk of more side effects which also includes the
development of Clostridium difficile infections. There is
little doubt that prolonged PAP should be prevented in
routine arthroplasty procedures. However, in multi-morbid
patients or revision arthroplasty procedures, a few studies
are suggesting a substantial and clinically meaningful
reduction of the PJI rate, if the duration of PAP had been
extended to several days post-op. Claret et al described in
a series of 341 aseptic revision TKA patients that the PJI
rate was with 2.2% significantly lower in the long-prophy-
laxis group (prophylaxis until fifth day post-op) compared
to the short-prophylaxis group in which a PJI rate of 6.9%
was observed.*' Prolonged postoperative antibiotic appli-
cation was the only variable associated independently with
a lower rate of PJI. Likewise, Inabathula et al compared
the impact of an extended antibiotic prophylaxis protocol
on the number of PJI cases in two groups of high-risk
patients. Those multi-morbid patients without extended
antibiotic prophylaxis were 4.9 and 4.0 times more likely
to develop PJI after TKA and THA, respectively, than
high-risk patients with extended antibiotic prophylaxis
until 7 days post-op.** Although these results suggest
possible benefits of extended antibiotic prophylaxis in
high-risk patients undergoing arthroplasty, methodologic
study limitations and potential drawbacks of a widespread
adoption of such extended PAP protocols have soon
started to be discussed after its publication.*’

Combination of Systemic and Local
Antibiotic Prophylaxis

Many surgeons in Europe use local antibiotics in cemented
arthroplasty procedures in the form of antibiotic-loaded bone

cement (ALBC) as a complementary strategy to PAP. The
rationale behind this strategy is the formation of an additional
antimicrobial “frontline” in the joint cavity itself. One of the
major advantages of this approach is that high peak concen-
trations of bactericidal and concentration-dependant antibio-
tics, such as gentamicin, are achieved where contaminations
may have occurred without exposing the patient to a major
risk of systemic side effects. In fact, several clinical studies
and arthroplasty registry results have provided evidence for
lower revision rates if systemic and local antibiotic prophy-
laxis are combined.'****> However, opponents of routine
ALBC use in arthroplasty often point to the low strength of
evidence and cite studies which did not find significant
differences in the PJI rate between ALBC and plain cement.-
4% Interestingly, most of these negative studies have been
performed in the US where ALBC use is officially only
registered for the second stage of a septic revision protocol.
These restrictions may have led to a clinical practice in which
ALBC are more often used in PJI risk patients than in the
“normal” patient. A final interpretation of these controversial
results between many European countries and the US
remains difficult and may also reflect the use of different
bone cements per region loaded with different antibiotics and
with varying antibiotic elution properties.

Our Own Experiences with a Low-Dose
Gentamicin-Loaded Bone Cement

We have recently demonstrated that the implementation of
routine use of the low-dose ALBC PALACOS R+G
(Heraeus Medical GmbH, Wehrheim, Germany) for all
cemented primary hip and knee procedures in our institu-
tion led to a reduction of PJI cases by 60-70% compared
to non-ALBC.*’ It is important to note that the infection
rate of uncemented prostheses in the same observation
periods remained unchanged, thus suggesting that the
drop in infection cases might be in fact related to the
switch in bone cement.

Prophylaxis with a High-Dose Dual ALBC
in Risk Patients

Several in-vitro studies have demonstrated that antibiotic
combinations in bone cements, such as the combination of
gentamicin and clindamycin, lead to a more potent and
more sustained antimicrobial growth inhibition.*® As
proof of concept, this hypothesis has been recently tested
in the clinical setting of a quasi-randomized controlled
clinical study in 848 neck of femur fracture patients in the
UK.* It was shown that the initially high deep and
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superficial infection rates in this frail patient cohort were
significantly lower, if hemiprostheses were cemented with
the high-dose dual antibiotic-loaded cement COPAL G+C
(loaded with 1 g gentamicin and 1 g clindamycin, Heraeus
Medical GmbH, Germany) in the intervention group instead
with the low-dose cement PALACOS R+G (loaded with 0.5
g gentamicin, Heraeus Medical GmbH, Germany) in the
control group. A deep and total SSI rate of 3.5% and 5.3%,
respectively, was observed in the low-dose single ALBC
group compared to 1.1% and 1.7%, respectively, in the
high-dose dual ALBC group. The rate of other complica-
tions in both groups was comparable. Three years later, a
similar outcome in the neck of femur fracture patients was
independently reproduced by the group of Savage et al,>
thus confirming that prophylaxis with high-dose dual
ALBC in cemented hemiprostheses instead with conven-
tional low-dose single ALBC might indeed lead to less
surgical infections in this vulnerable patient cohort.

Our Own Experiences with the Dual High-Dose
Cement COPAL G+C

With the promising results from the trauma trials in mind, we
wanted to test the hypothesis, whether the use of high-dose
dual ALBC would also reduce the infection rate in patients at
high-infection risks in elective surgeries. To our knowledge,
this is the first report in which the effect of adjusting the local
antibiotic prophylaxis to the infection risk has been studied in
elective procedures and compared to the conventional stan-
dard of care. We analyzed the PJI rate in all cemented primary
arthroplasty operations performed in the time period from
2015 to 2018 on a total of 2551 patients (primary arthroplasties
included TKA, THA & hemiarthroplasty procedures) as a
matter of the ALBC used. A total of 2368 patients (=92.8%)
showing a mixed low- and high-risk profile received the low-
dose single ALBC PALACOS R+G. A total of 183 patients
(=7.2%) with an exclusive high-risk profile according to our
above described recent risk stratification algorithm received
the high-dose dual ALBC COPAL G+C Figure 3. With a
minimum follow-up period of 1 year, a PJI rate of 3.7% was

|20rmore-TKA‘

% ‘3ormore-THA‘

Figure 2 Classification of risk patients on basis of risk factors described in Table I.

High risk patient |

found in the PALACOS and a PJI rate of 2.45% in the COPAL
cohort. These differences, although not statistically significant
because of the mixed patient profile in the PALACOS group,
would correspond to a reduction of the number of PJI cases of
34% in the COPAL group against the expectation of a higher
infection rate in this throughout high-risk patient cohort.
However, we cannot entirely exclude that individual surgeon
technique-related factors have led to a minor bias in these
results although only experienced consultants were operating
randomly on patients within both groups.

Similar to this trend we also observed a statistically
significant reduction of PJI cases in aseptic knee revision
arthroplasty (risk reduction of 57%), if the high-dose dual
cement COPAL G+C was used for the cementation of the
revision prosthesis
PALACOS R+G.”!

instead of the low-dose cement

Conclusions

Prior infection risk stratification of patients followed by
adjustments of the antibiotic prophylaxis regimen in spe-
cial risk situations may be one interesting option among
other preoperative optimization protocols to decrease the
burden of PJI. Such adjustments may relate to the systemic
and/or to the local antibiotic prophylaxis option. The latter
has proven effective and safe in the neck of femur fracture
patients and in our elective arthroplasty procedures in
patients at higher risks. Further studies are needed to test
this strategy in a wider context and to weigh possible
benefits against potential adverse effects and costs.
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