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46.1 Introduction

Total knee arthroplasty (TKA) is one of the most suc-
cessful orthopedic procedures to date (Price et al. 2018).
The number of TKAs performed worldwide continues
to exponentially increase and has been estimated to be
more than two million procedures per annum (Kurtz
et al. 2011). When done for appropriate patients and
conditions, TKA predictably reduces pain, improves
function, and increases patient quality of life (Rocha de
Silva et al. 2014).

Fixation of the TKA prosthesis to bone remains an
area of active investigation and improvement. Cementing
using polymethylmethacrylate (PMMA) bone cement
still is the most common method by which TKA pros-
thetic components are affixed to the bone (Abdel and
Berry 2019; National Joint Registry 2019; Australian
Orthopaedic Association Joint Replacement Registry
2019a). When used for TKA, PMMA has demonstrated
exemplary results. Currently, cemented TKA is the
“gold standard” and accounts for greater than 95% of
TKAs performed worldwide (National Joint Registry
2019; Australian Orthopaedic Association Joint
Replacement Registry 2019b; Nugent et al. 2019).

Unfortunately, a small percentage of TKAs will suf-
fer from early failure due to infectious and non-infectious
causes and require revision surgery. Due to the large
number of TKAs performed annually, the small per-
centage of TKAs requiring revision results in a substan-
tial absolute number of revision surgeries. TK A revision
surgery is costly, causes significant patient morbidity,
and is not uniformly successful (Bozic et al. 2010; Salah
et al. 2003). Consequently, surgical techniques and
materials able to reduce the incidence of revision sur-
gery are of paramount importance. Antibiotic-loaded
bone cement (ALBC) is a material that has the potential
to significantly reduce the burden of TKA revision and
is, therefore, the focus of current research and debate.

46.2 Historical Context

Early arthroplasty surgeons noted prosthetic joint infec-
tion (PJI) was a relatively common and disastrous cause
of THA and TKA failure. In the 1970s, it was noted
ALBC use during THA could reduce the incidence of
PJI (Buchholz et al. 1984). ALBC was also being used to
treat THA PJI with great success (Buchholz et al. 1981).
Therefore, it is not surprising that ALBC was later
embraced during the development of modern cemented
TKA techniques to both prevent and treat PJI (Best
et al. 1998).

In the late 1970s and early 1980s, the incidence of
early THA and TKA failures steadily decreased due to

improvements in prosthetic design, biomaterials, and
surgical techniques (Moran and Horton 2000).
Additionally, adoption and standardization of prophy-
lactic parenteral antibiotic administration prior to THA
and TKA markedly decreased the incidence of PJI
(Lidgren 2001). During this time, significantly different
ALBC usage patterns emerged.

From the 1980s onward, many surgeons strongly
advocated for routine ALBC use during all THA and
TKA due to the excellent past performance of ALBC
with respect to preventing THA PJI and revision. In
contrast, other surgeons believed the impressive PJI and
revision reductions that occurred were mainly attribut-
able to improved surgical techniques and prophylactic
antibiotic administration. Many of the same surgeons
argued for the use of plain bone cement (PBC) without
added antibiotics during cemented THA and TKA. This
difference in opinion regarding appropriateness of
ALBC utilization has persisted and continues to be
debated (Parvizi et al. 2013).

It should be noted that these ALBC and PBC utiliza-
tion and opinion differences evolved in an easily recog-
nized geographic distribution. In general, most surgeons
in Europe adopted routine use of ALBC for all THA
and TKA surgeries while most US surgeons opted to
perform THA and TKA using PBC. It is unlikely coin-
cidental that the major PMMA producers in Europe
were manufacturing predominantly ALBC while those
in the United States were manufacturing predominantly
PBC. It is highly probable that these commercial forces
helped contribute to the current bone cement “transat-
lantic paradox” where ALBC is routinely used in Europe
and much less commonly used in the United States
(Sanz-Ruiz et al. 2017, 2020).

© Such variations in ALBC opinion and utilization have
set the stage for one of the premier questions and
debates in THA and TKA: Should antibiotic-loaded
bone cement be used routinely for all cemented THA
and TKA?

The remainder of this chapter highlights evidence-based
medicine (EBM) in favor of routine ALBC use for
cemented TKA and briefly addresses the efficacy of
other contemporary TKA local antimicrobial delivery
strategies.

46.3 Current Consensus

There is wide divergence in opinion regarding the rou-
tine use of ALBC for THA and TKA PJI prophylaxis.
This was documented at the 2nd International Consensus
Meeting (ICM) on Periprosthetic Joint Infection where
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protracted debate concerning ALBC occurred amongst
more than 500 PJI treatment experts. As with all topics
addressed by the meeting, a team of expert topic authors
(Fillingham et al. 2019) performed a systematic litera-
ture review of ALBC and formulated a response to a
question posed by the Delphi Process. The evidence-
based response was then presented to the attendees for a
live consensus vote. The full 2018 ICM process and
meeting document can be accessed at » www.ICMPhilly.
com.

2018 ICM ALBC question, response, and live
attendee vote are detailed below:
= Question: Is there sufficient evidence to support the
use of antibiotic-loaded cement in primary total
knee arthroplasty (TKA) or total hip arthroplasty
(THA) to reduce the risk of surgical site infections/
periprosthetic joint infections (SSIs/PJIs)?
Response: There is no conclusive evidence to demon-
strate that routine use of antibiotic-loaded cement in
primary TKA or THA reduces the risk of subse-
quent SSIs/PJIs. Recent high-level evidence and reg-
istry data have not demonstrated a reduction in SSI/
PJIs. Furthermore, the added cost, the potential for
the emergence of resistant organisms, and the poten-
tial adverse effect of antibiotics on the host provide
adequate reasons to refrain from routine use of
antibiotic-loaded cement during primary total joint
arthroplasty.
Attendee vote: 38% Agree, 58% Disagree, and 4%
Abstain.

The initial live vote demonstrated most PJI treatment
experts in attendance believed antibiotic-bone cement
could reduce the incidence of PJI. It also indicated the
majority of attendees believed routine use of ALBC
during THA and TKA was either acceptable or pre-
ferred. Because of the failure to reach a consensus state-
ment with the first question, the MSIS ICM organizing
committee elected to modify the question in hopes of
clarifying the attendee’s views on ALBC use for primary
THA and TKA. The modified question and response
with attendee vote are detailed below:

= Question: Is there a role for the use of antibiotic-
impregnated cement in primary total joint arthro-
plasty (TJA)?

Response: Antibiotic-impregnated cement may be
used during primary TJA to reduce the risk of surgi-
cal site infections/periprosthetic joint infections
(SSIs/PJIs). The benefits of antibiotic-impregnated
cement versus its cost and other potential adverse
effects may be most justified in patients at high risk
of infection.

= Attendee vote: 93% Agree, 7% Disagree.

531

o The supermajority and strong consensus of this vote
undoubtedly shows that the 2018 ICM attendees
agree that ALBC has a role in primary THA and
TKA.

Furthermore, it suggests THA and TKA PJI experts
agree ALBC utilization can decrease PJI incidence.
Lastly, it demonstrates the potential costs and other
theoretical negative aspects of ALBC usage are out-
weighed by ALBC benefits.

46.4 Products and Regulations

Many different commercially pre-mixed ALBC prod-
ucts are distributed and available for purchase in the
world. The type of antibiotic contained and concentra-
tion of antibiotic vary significantly among the different
products. Therefore, it is not surprising that the antibi-
otic elution characteristics of these pre-mixed commer-
cially available bone cements are unique to each specific
product and the intraoperative methods by which they
are mixed (Kuehn 2014).

Prior investigations comparing elution of commer-
cially pre-mixed ALBC have been performed. Squire
et al. demonstrated that the in vitro antibiotic elution
properties of 5 different commercially available ALBC
products rapidly changed over time with high-viscosity
brands producing significantly greater duration of anti-
microbial activity as compared to lower-viscosity ALBC
brands (B Fig. 46.1) (Squire et al. 2008).

Additionally, the investigation of Meyer et al. study-
ing the antibiotic elution properties of 6 commercially
available ALBC products showed that both ALBC
brand and mixing regimen (vacuum vs. atmospheric)
significantly influenced antibiotic elution intensity and
duration (Meyer et al. 2011). This investigation indicates
antibiotic elution of many ALBC products after 24 h is
below the minimal inhibitory concentration (MIC) nec-
essary to produce antibacterial efficacy whereas other
products elute antibiotic concentrations above MIC for
3 or more days (B Fig. 46.2).

o Assuming the in vitro studies above are translatable
to the in vivo environment, differences in ALBC
product antibiotic elution intensity and duration
could have a significant impact on their ability to pre-
vent SST and/or PJI.

Regulatory approval for commercially pre-mixed ALBC
products varies by country. While use of pre-mixed
ALBC is the standard of care for primary THA and
TKA in Europe and many other regions, in the United
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States, usage of pre-mixed ALBC is Food and Drug
Administration approved only for use in the second
stage of a two-stage revision for known septic THA and
TKA. Therefore, in the United States, routine usage for
primary THA and TKA is “off-label”.

ALBC can be constructed by “hand blending” of
powdered antibiotics into PMMA not containing anti-
biotics.

o Hand-blended ALBC suffers from inconsistencies
introduced by human error and results in PMMA
that has variable elution and mechanical characteris-
tics (Ferraris et al. 2010; Dunne et al. 2007; Neut et al.
2003).

Importantly, a review of physician modification of
FDA-approved devices concluded that “since the device
had been modified after the manufacturing process and
used outside the instructions for use, the manufacturer
essentially became exempt from any product liability
claim” (Starnes 2013), potentially enhancing the liability
of the physician in cases where patient harm is realized.
Because of the excellent pre-mixed commercial products

Day 4 Day 5

Antimicrobial efficacy. (Squire et al. 2008, with permission from Elsevier)

currently available, the utility of hand blending ALBC
for routine primary THA and TKA PJI prophylaxis is
questionable.

© Itis the author’s opinion that hand blending of ALBC
should be reserved for infrequent clinical situations
requiring local delivery of more or different antibiot-
ics than commercially pre-mixed ALBC products can
provide.

46.5 Evidence

46.5.1 Retrospective

In 2003, investigators at a French hospital compared
their experience with ALBC to PBC when used during
primary TKA (Eveillard et al. 2003). In this review of
TKAs, ALBC containing unknown concentration of
gentamicin was utilized. Clean-air rooms, pre-incision
parenteral antibiotics, and iodized alcohol skin prepara-
tion were also utilized for all patients. Incidence of
comorbid conditions increasing PJI incidence was not
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detailed for the different groups. Minimum follow-up
was 12 months and the outcome of interest was
PJI. ALBC was utilized in 83 patients and PBC was uti-
lized in 84 patients per the discretion of the faculty sur-
geon. PJT incidence in the ALBC group was 1.21% while
the PJI incidence in the PBC group was 9.52%.

o In this investigation, ALBC demonstrated protective
efficacy against PJI (p = 0.03); however, it should be
noted the incidence of PJI for the PBC cohort was
much higher than expected for primary TKA.

In a 2009 non-randomized investigation, ALBC ability
to reduce PJI in 1625 consecutive TKAs performed in a
Canadian institution was assessed (Gandhi et al. 2009).
Analysis of the ALBC and PBC groups showed them to
be demographically and clinically similar. ALBC group
(814 TKA) PJI incidence was 2.2% and PBC group (811
TKA) PJI incidence was 3.1%. There were 7 fewer PJIs
at 1 year in the ALBC group which is a 30% reduction in
PJI. Despite this, PJI difference between ALBC and
PBC groups was deemed to not be statistically signifi-
cant. Examination of the statistical methodology used
demonstrates the investigation was constructed to detect
a 50% PJI incidence change.

Day 3

Day 4 Day 5

sents the 32 mg/L susceptibility threshold. (From Meyer et al. 2011,
by courtesy of Wolters Kluwer Health, Inc.)

o Therefore, failure to ascribe statistical significance to
the observed 30% PJI reduction could very well repre-
sent a type II error and failure to recognize the effi-
cacy of ALBC in preventing PJI.

The Kaiser Permanente Registry reported on the effi-
cacy of ALBC from 2003 to 2007 using their large US
community database of 22,889 TKAs (Namba et al.
2009). In this investigation, ALBC was used per the sur-
geon’s discretion in 8.9% of all TKAs (2030). In this
investigation, TKA PJI incidence was noted to be 1.4%
in the ALBC group vs. 0.7% in the PBC cohort, and use
of ALBC was found to be an independent risk factor for
development of TKA PJI.

Careful examination of the study reveals significant
differences in the ALBC and PBC cohorts. The ALBC
cohort had statistically greater percentages of diabetics
(14.5% vs. 10.3%), individuals <55 years of age (10.3%
vs 7.0%), diagnoses other than osteoarthritis (10.8% vs.
7.3%), and ASA TII classification patients (41.9% vs.
35.3%). Multivariate analyses performed in this investi-
gation demonstrated all of these patient characteristics
were independent risk factors for development of TKA
PJI. Increased selective ALBC utilization in patients
demonstrated to be at high risk for PJI is a substantial
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methodological and statistical bias which most likely
increased the PJI incidence among the ALBC cohort.

0 Despite being a large registry-driven investigation,
the statistical consequences of not controlling for the
above cohort disparities seriously call into question
the conclusions drawn from comparing the ALBC
and PBC groups.

A recent investigation published in the Journal of Arthro-
plasty details a European hospital’s PJI experience when
changing from PBC to commercially pre-mixed ALBC
(Sanz-Ruiz et al. 2017). As reported, PMMA type was
the only surgical or infection control variable changed
within the institution over the study period with PBC
uniformly used from 2009 to 2010 and uniform ALBC
utilization from 2011 to 2012. All patients receiving
either a primary TKA, THA, or hemiarthroplasty, were
enrolled consecutively, and assessed for PJI at 2-year
minimum follow-up. Despite the retrospective design,
this study included the institutional PJI incidence for
cementless hemiarthroplasty and THA during the same
time period which effectively serve as control groups.
ALBC utilization significantly decreased PJI incidence
for all cemented groups (TKA, THA, and hemiarthro-

plasty).

0 TKA PJI risk dropped from 3.3% to 1.3% which was
a statistically significant overall risk reduction of
60%.

Similar statistically significant decreases in cemented
THA and hemiarthroplasty PJI incidence were also
noted. PJI incidence of the control groups (cementless
THA and cementless hemiarthroplasty) demonstrated
no statistical change throughout the study duration.
This contemporary investigation indicates ALBC use
can significantly decrease PJI incidence.

Risk stratified usage of ALBC was examined in the
similarly named article published in the Journal of
Orthopedics 2020 (Qadir et al. 2014). In this retrospec-
tive review of TKAs performed in a single center, the
authors divided patients into 3 groups: PBC TKAs,
ALBC TKAs, and selective ALBC TKAs (used per sur-
geon discretion in patient when deemed high risk). The
3 groups had statistically similar numbers of diabetics
and patients with inflammatory arthritis; however, there
was a trend for the selective ALBC group to have more
patients with significant obesity within it.

0 There were no details given regarding group-to-group
distribution of other patient characteristics (e.g., mal-
nutrition) thought to increase PJI incidence.

This investigation noted the 30-day, 6 month, and 1 year
incidence of PJI among the different groups was identi-
cal. Obese patients in group 3 demonstrated a trend for
increased PJI although this was not statistically signifi-
cant. The conclusion of this investigation was that
ALBC did not decrease PJI incidence and even selective
use may not be justified. Another interpretation of this
data could be that the selective ALBC group which was
at the highest theoretical risk for PJI did not demon-
strate an increased risk of PJI; therefore, the selective
ALBC use mitigated excess PJI risk and its use was
indeed justified.

A very recent analysis of 1,180,270 US patients
undergoing TKA strongly supports the selective use of
antibiotic-loaded bone cement (Chan et al. 2019). This
study leveraged the Premier Healthcare Database, which
contains administrative claims data for 20-25% of all
US hospitalizations. ALBC was used in 27% of patients
and was associated with both PJI prevention and lower
odds of early postoperative infection (OR = 0.89; 95%
CI 0.83-0.96). The investigation is unique for its
extremely large patient cohort and robust multi-variate
analysis including a significant number of variables
known to increase PJI risks such as age, anesthesia
modality, concomitant medications, smoking, obesity,
and the Quan adaptation of the Charlson-Deyo index.
Raw data analysis in this investigation indicated ALBC
use might be correlated with acute renal failure not
requiring dialysis (OR = 1.06; 95% CI: 1.02-1.11).

o However, after controlling for other variables known
to cause renal failure, ALBC association with renal
failure was no longer statistically significant. Likewise,
ALBC use did not lead to statistically greater allergic
complications or microbiome disruptions.

46.5.2 Randomized Controlled

Limited prospective randomized studies exist detailing
ALBC efficacy for primary TKA PIJI prevention.
Existing studies have shown mixed results and are prone
to type II statistical error as PJI occurs infrequently and
extremely large patient cohorts are required to demon-
strate a positive effect on PJI prevention.

o Unfortunately, different ALBC products were used in
different studies which could be the reason different
results and conclusions were reached by the authors.

One of the first randomized prospective studies demon-
strating efficacy of ALBC was performed by Chiu et al.
in a patient cohort of diabetic patients undergoing
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TKA. He demonstrated that ALBC decreased PJI risk
in this cohort by 13% (Chiu et al. 2001). Using another
randomized prospective study, the same authors demon-
strated that ALBC significantly decreased the incidence
of PJIin a non-diabetic patient cohort (Chiu et al. 2002).
Both studies indicated ALBC use decreased PJI inci-
dence but critiques of both studies noted a relatively
high baseline risk of infection.

In contrast, a Spanish group of investigators failed
to find efficacy of hand-blended ALBC containing colis-
tin and erythromycin for reducing TKA PJI in a
randomized-controlled study design (Hinarejos et al.
2013). In this reasonably powered and well-designed
study, PJI incidence for the ALBC and PBC groups were
very similar (1.37% and 1.35%, respectively). However,
the authors noted several times that even though this
was a level I investigation, the results of the study are
only specific to ALBC containing colistin and erythro-
mycin and repeating the study with a different ALBC
formulation might demonstrate ALBC ability to reduce
the incidence of PJI.

Currently, a large prospective study entitled
“Antibiotic Loaded Bone Cement in Prevention of
Periprosthetic Joint Infections in Primary Total Knee
Arthroplasty” is enrolling patients. In this randomized
study where patients will either receive ALBC or PBC
for primary TKA, the primary aim is to determine the
rate of revision due to PJI for the two groups and the
cost-effectiveness of ALBC. The study seeks to enroll
over 11,000 patients based on power analyses demon-
strating registry PJI incidence of 1.0% (ALBC) and
1.5% (PBC), respectively.

0 The results of this study will be invaluable to improv-
ing our understanding the role of ALBC in primary
TKA.

46.5.3 Systematic Reviews
and Meta-analyses

Use of ALBC has been examined in systematic reviews
and meta-analyses and has yielded conflicting results
(Wang et al. 2013; Zhou et al. 2015; Schiavone Panni
et al. 2016; King et al. 2018; Zhang et al. 2019). Due to
lack of control groups and other deficiencies in scientific
rigor, there are very few investigations examining the
effect of ALBC on PJI incidence that qualify for inclu-
sion in systematic reviews or meta-analyses. Careful
examination of this literature shows it spans a broad
time range (1987-2015) over which surgical environ-
mental conditions and techniques have remarkably
changed potentially skewing results. Furthermore, the
types of ALBC used in the studies are quite heteroge-
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neous (different products, antibiotics, antibiotic concen-
trations, as well as ALBC preparation methods)
potentially introducing a confounding influence on
results. Lastly, because of the low number of quality
studies available, subtle differences in investigation
exclusion and inclusion criteria can produce profound
differences in results and conclusions.

An Ttalian group of authors performed a systemic
review of ALBC efficacy for reducing TKA PJI inci-
dence in 2016 (Schiavone Panni et al. 2016). Literature
search returned 260 articles which were then narrowed
to 6 publications. The pooled patient number included
in the review was 6300. Significant methodological defi-
ciencies in the included studies were identified which
included but were not limited to heterogeneity in ALBC
product type, differences in patient comorbidities, as
well as poor patient randomization and blinding prac-
tices. This systematic review concluded ALBC was not
protective for preventing TKA PJI. Two included inves-
tigations demonstrated ALBC to be protective against
TKA PJI (Chiu, Eveillard) while four studies did not
(Gandhi, Namba, Hinarejos, Wang). Only two ran-
domized controlled studies could be identified and were
included in this systematic review, one of which demon-
strated efficacy of ALBC for the prevention of TKA
PJI (Chiu) and the other one did not (Hinarejos). It
should be noted that more than two-thirds of the
pooled patients included in this review were derived
from two retrospective studies with the lowest method-
ological quality scores both of which did not demon-
strate efficacy of ALBC for preventing TKA PJI
(Namba, Wang).

The most recent meta-analysis on ALBC efficacy in
PJI prevention was published in 2019 (Zhang et al.
2019). This investigation narrowed initial search from
1049 potential studies to 10 randomized controlled tri-
als (RCT) or cohort studies providing 13,909 THA and
TKA patients for analysis. The date range for the
included studies was 1981-2017. Within this meta-
analysis, there were 3 randomized controlled trials
(RCT) with 2287 patients which compared SSI/PJI inci-
dence between patient groups receiving prophylactic
antibiotics at the time of surgery to those receiving
ALBC but no systemic antibiotics at the time of surgery.
While the PJI incidence was lower within this ALBC
subgroup (OR 0.34, CI: 0.14-0.89) the SSI incidence
was higher within the ALBC group (OR 1.53, CI: 1.11-
2.11) as compared to the prophylactic antibiotic group.
== When the studies not providing systemic prophylac-

tic antibiotics were removed and compared
ALBC+prophylactic antibiotics to prophylactic
antibiotics alone, SSI odds ratio for the

ALBC+prophylactic antibiotic group was 0.68 (CI:
0.52-0.88).
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== When all 10 studies were included comparing THA
and TKA PJI incidence in patients receiving ALBC
with those that did not receive ALBC the OR mark-
edly favored the ALBC group (OR 0.52, CI: 0.39-
0.71).

== When only TKA PJI was considered, again the odds
ratio favored ALBC (OR 0.62, CI: 0.45-0.87).

46.5.4 Registry

= Registry Data

In 2017, the Australian Orthopaedic Association pub-
lished a supplementary report on bone cement in hip &
knee arthroplasty wusing their national registry
(Australian Orthopaedic Association 2017). This report
covered 293,025 primary TKA procedures and 9753
revisions between 1999 and 2015.

0 In this analysis of total knee replacements, use of
plain cement was associated with a statistically higher
rate of revision (HR = 1.06; p = 0.038) as compared
to ALBC.

Recently, a review of the National Joint Registry of
England and Wales including over 700,000 TKAs dem-
onstrated use of ALBC was associated with a decreased
risk of revision as compared to TKAs implanted with
PBC (Jameson et al. 2019). In this study many variables
thought to be potential biases were controlled and sepa-
rately examined.

© The conclusion of the article was that ALBC was
associated with a 19% lower rate of septic and aseptic
revisions as compared to PBC.

Importantly, this analysis allowed determination of the
number of patients who would have to receive ALBC
before one PJI was prevented. The so-called number-
needed-to-treat (NNT) was 115, i.e., one PJI would be
prevented for every 115 patients receiving ALBC. From
this NNT, cost-effectiveness can be estimated for a large
population.

0 Assuming the additional cost of ALBC per TKA case
is $300-500 USD as compared to PBC, the additional
cost of ALBC in 115 patients would be $34,000—
57,000 USD. Because the average cost of treating one
PJI is approx. $100,000 USD, use of ALBC in this
study would result in significant cost savings.

A report on 43,149 knee replacement cases from the
Finnish Registry examined the impact of antibiotic

delivery on re-operations for infections in primary and
revision knees (Jamsen et al. 2009). The investigators
looked at the impact of different antibiotic delivery
strategies. In this analysis, systemic administration with
ALBC demonstrated the lowest risk of revision for PJI
in both primary and revision TKA. When compared to
the systemic antibiotic with ALBC group, primary
TKAs performed with systemic antibiotics only demon-
strated a hazard ratio of 1.42 (95% CI: 1.08-1.88) for
re-operation due to PJI. For revision TKA, only using
systemic antibiotics increased the odds of re-operation
for PJI by 2.12 (95% CI: 1.14-3.92).

For completeness, it is important to acknowledge
both the Canadian and New Zealand Registry data with
respect to ALBC and primary TKA. Data from these
registries have been cited as evidence that ALBC usage
does not prevent PJI or improve TKA outcomes.
Understanding ALBC utilization, statistical nuances,
and idiosyncratic findings of these registries are impor-
tant to better understand the role of ALBC for primary
TKA.

The Canadian Registry examined 36,681 primary
TKA cases from 2003 to 2008 of which 45% were
implanted with ALBC (Bohm et al. 2013). The multi-
variate analysis of this registry, which controlled for age,
sex, diabetes, and Charlson Comorbidity Index score
indicated ALBC did not statistically alter the odds of
needing TKA revision at 2 years (HR = 1.066; 95% CI:
0.90-1.27). However, and importantly, this registry anal-
ysis noted the hazard ratio for primary TKA revision
was lower for surgeons who uniformly utilized ALBC
(HR 1.04, 95% CI: 0.86-1.44) as compared to surgeons
selectively utilizing ALBC (HR 1.19, CI: 0.75-1.90).

o This curious paradox indicates all confounding vari-
ables may not have been adequately identified or con-
trolled during registry data analysis and could be used
to promote increased ALBC usage in the Canadian
TKA population.

The New Zealand registry examined 64,566 primary
TKAs performed between 1999 and 2012. Approxi-
mately, two-thirds of the patients in the New Zealand
registry received a low-viscosity ALBC product with less
than optimal antibiotic elution characteristics. Multi-
variate analysis of this registry data indicated ALBC
was a significant predictor of PJI at 6 months (OR =1.93;
p = 0.008) but not at 12 months. Unfortunately, this
investigation included few patient risk factors correlated
with PJI (BMI and prior surgery) and the authors
acknowledge the increased PJI hazard rate with ALBC
use is likely a direct result of selective ALBC use in
patients at increased risk for PJI.
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0 Because of the ALBC product utilized and suboptimal
statistical control of confounding variables known to
be correlated with PJI, caution should be exercised
when drawing ALBC efficacy conclusions from this
investigation.

46.6 Cost-Effectiveness

The economic ramifications for ALBC utilization differ
among geographic markets. The main variables required
to compute ALBC cost-effectiveness are:

== PJI incidence (hospital and/or health system),

== PJI treatment cost ($100,000 USD),

== ALBC product cost in comparison to PBC product.

In general, as the absolute price difference between
ALBC and PBC decreases so does the institutional
PJI incidence required to make the use of ALBC cost
neutral or cost beneficial. Geographically, the cost
of ALBC is the greatest in the US healthcare market-
place, which more likely than not accounts for US vs.
non-US reported differences in ALBC cost-effective-
ness.

ALBC pricing within the US healthcare marketplace
has consistently trended downward so that the average
cost difference of two ALBC packs compared to two
PBC packs is now less than $300 (Mendenhall &
Associates). Theoretically, at this cost, ALBC would
have to decrease PJI incidence by one TKA per 333
TKAs (0.3%) to make its use cost neutral or to demon-
strate cost savings.

46.7 Safety

The main safety concerns with use of antibiotic-loaded
bone cement pertains to kidney damage and antibiotic
resistance. As previously discussed, a study of 1,184,270
US TKA insurance claims found that ALBC use was
associated with a slight increase in acute renal failure in
one analysis (OR = 1.06; 95% CI: 1.02-1.11) but this
finding could not be replicated in subsequent sensitivity
analyses and ALBC was not associated with a signifi-
cant increase in the need for acute dialysis (Chan et al.
2019).

In a separate study of 2775 arthroplasty procedures
performed in Belfast, Northern Ireland, from 2015 to
2016, patients undergoing cementless arthroplasty
received intravenous cefuroxime and gentamicin while
patients with cemented arthroplasty received intrave-
nous cefuroxime and localized administration of genta-
micin via ALBC (Tucker et al. 2018).
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o Patients receiving systemic gentamicin were observed
to have twice the rate of acute kidney injury as com-
pared to patients receiving gentamicin-impregnated
ALBC (OR = 2.118; p = 0.004).

In 2014, the Rothman Institute reported on how ALBC
impacted antimicrobial resistance patterns among
patients who developed PJI (Hansen et al. 2014). The
Rothman Institute switched from PBC to ALBC in 2003
allowing comparison of a cementless THA cohort over
the entire study duration, PBC cohort prior to 2003, and
ALBC cohort after 2003. With the switch to ALBC,
they observed a 65% institutional reduction in the inci-
dence of PJI for cemented arthroplasties (2.0% to 0.7%).
Over the same time period, the PJI incidence in cement-
less hips only decreased by 33% (0.6% to 0.4%).

Investigators also examined the change in infective
organism and antimicrobial resistance profiles for
patients who developed culture-positive PJI (n, , = 120;
n,, = 54). After the initiation of routine ALBC use, the
causative organism did not change significantly (p > 0.1).
Additionally, while methicillin-resistance increased in
cementless hips after 2003, the incidence of methicillin-
resistant Staphylococcus aureus significantly decreased
in patients receiving ALBC (40% vs. 18%, p = 0.048).
The incidence of methicillin-resistant S. epidermidis was
unchanged over this time period (p = 0.6). Non-
significant decreases in tetracycline and erythromycin
resistance rates were also observed.

A presentation at the 2019 AAOS Annual Meeting
supports the findings of the Rothman Institute (Schmitt
et al. 2019). This study from Loyola University also
investigated causative organisms and antimicrobial
resistance patterns amongst patients treated at their aca-
demic medical center over 20 years who developed PJI.

© In 32 patients with 36 cases of PJI, ALBC was not
observed to significantly alter the organism causative
of PJI, increase the risk of antibiotic resistance, or
alter the pattern of antimicrobial resistance.

46.8 Alternative Local Therapy

Wound cavity administration of antimicrobial and anti-
biotic compounds following TKA implantation but
before arthrotomy closure is an area of active research.
In essence, the goal of these treatments is similar to that
of ALBC which is to sterilize the wound cavity and
eradicate any bacteria introduced into the wound at the
time of surgery. To date, limited evidence is available
regarding the efficacy of such treatments (Edmiston
et al. 2018; Heckmann et al. 2019).
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0 Most investigations promoting such treatments suffer
from very small patient numbers, inadequate follow-
up intervals, retrospective study design, etc., which
has significantly limited the ability to draw solid sta-
tistical conclusions from these studies.

The most popular topics discussed are the use of
povidone-iodine soaks,

intra-articular application of vancomycin powder,
dilute chlorhexidine irrigation.

All treatments have surgical literature that both sup-
ports and refutes their ability to modify SSI incidence
and there is some literature to assess their effectiveness
in altering the incidence of PJI (Brown et al. 2012;
Cichos et al. 2019; Hart et al. 2019; Heckmann et al.
2019; Iorio et al. 2020). All treatments have advocates
and opponents whose views are largely based upon
expert opinion and anecdotal experience.

Intra-articular vancomycin application following
TKA was recently noted to increase the wound com-
plication rate with no ability to decrease PJI inci-
dence, which is contrary to literature supporting its
use in hip arthroplasty and spine surgery (Dial et al.
2018; Ghobrial et al. 2015). Povidone-lodine irriga-
tion for THA and TKA has been widely embraced
but concerns regarding its preparation and efficacy
remain (Hart et al. 2019). The combination of intra-
articular povidone-iodine washes followed by vanco-
mycin powder application prior to arthrotomy closure
in high-risk THA patients has recently been investi-
gated and the authors conclude this approach has the
ability to decrease PJI incidence (Iorio et al. 2020).
Dilute chlorhexidine irrigation has the potential to
decrease bacterial contamination of the wound but
its ability to decrease PJI incidence is to date unproven
(Smith et al. 2015; Frisch et al. 2017; Driesman et al.
2020).

Because the soft tissue envelope around the knee is
much more tenuous than the hip, adverse tissue responses
to intra-articular treatments as described above can be
disastrous (Osei et al. 2016). Allergies, sensitivities, and
soft tissue compromise as a result of local administra-
tion of powdered vancomycin, povidone-iodine, and
chlorhexidine have all been noted albeit rare (Krautheim
et al. 2004; Ghobrial et al. 2015; Su et al. 2016).

o Adoption of these strategies for PJI reduction should
balance their potential ability to reduce PJI against
potential for sterile field compromise during prepara-
tion and complications that can be precipitated by the
treatment.

— Take-Home Messages

== Hand-blended ALBC suffers from incon-
sistencies introduced by human error and
results in PMMA that has variable elution
and mechanical characteristics.

== Commercially premixed ALBCs have a
predictable, uniform release.

== According to registry data of Australian
Orthopaedic Association (2017), the use
of plain cement was associated with a sta-
tistically  higher rate of  revision
(HR = 1.06; 0 = 0.038) as compared to
ALBC.

== Because the average cost of treating one
PJI is approximately $100,000 USD, the
use of ALBC in this study would result in
significant cost savings.

= The frequently discussed acute renal insuf-
ficiency finding could not be replicated in
subsequent sensitivity analyses and ALBC
was not associated with a significant
increase in the need for acute dialysis.

== ALBC was not observed to significantly
alter the organism causative of PJI,
increase the risk of antibiotic resistance,
or alter the pattern of antimicrobial resis-
tance.
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