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The Impact of Antibiotic-Loaded Bone Cement
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Infections
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Background: Antibiotic-loaded bone cement (ALBC) is commonly used in total knee arthroplasty (TKA), especially among high-risk
patients. While previous studies have reported on the efficacy of ALBC in reducing the rate of periprosthetic joint infection (PJI), its
impact on antibiotic resistance has not been determined. The purpose of this study was to investigate antibiotic resistance among
organisms causing PJls after TKA in which ALBC was utilized.

Methods: A retrospective review from December 1998 through December 2017 identified 36 PJIs that met inclusion criteria. Pa-
tients with culture-negative infection and unknown cement type were excluded. Patient characteristics, infecting organism, and
antibiotic susceptibilities were recorded. ABLC included an aminoglycoside in all cases.

Results: There was no difference in the type of PJI between the 2 groups. Staphylococcus species was the most commonly iso-
lated, with 9 of 16 cases (56.3%) using non-ALBC and 14 of 20 (65.0%) cases using ALBC. Of those infected with Staphylococcus,
there was no significant difference in antibiotic susceptibilities between groups. Overall, there were only 3 cases where the infect-
ing organism was aminoglycoside resistant (standard cement, 1; ALBC, 2).

Conclusions: These results suggest that the use of ALBC does not increase the risk of antibiotic resistance or affect the pattern
of infection, even as the use of ALBC continues to increase, particularly among high-risk patients.

Keywords: Infection, Total knee arthroplasty, Periprosthetic knee infections, Antibiotic resistance, Antibiotic laden bone ce-
ment

The rate of deep infection in primary total knee arthro-
plasty (TKA) has remained relatively steady at around
1%-2% in most published series.” It remains one of the
most devastating and costly complications following joint
replacement. Antibiotic-loaded bone cement (ALBC)
has been used as a measure to prevent prosthesis-related
infections since the 1970s.” Gentamicin or a similar ami-
noglycoside has been used frequently because of its water
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solubility, chemical stability, low allergenicity, and thermal
stability, in addition to its ability to theoretically confer
long-term protection to the local tissues.” Currently, the
use of antibiotics in bone cement has become common-
place in both single-stage and 2-stage revision TKA to
reduce the rate of reinfection, particularly in higher risk
populations.”

The use of ALBC in the setting of primary total
joint arthroplasties has also become increasingly com-
mon as literature examining European registry data has
shown a potential benefit of ALBC, particularly in total
hip arthroplasty (THA).”” While the evidence for the use
of ALBC in primary TKA is both limited and conflicting,
the use of ALBC among patients undergoing TKA has in-
creased in the United States, particularly among high-risk
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patients. However, given the conflicting literature available
on the efficacy of ALBC in TKA,*" with the increasing
focus on preventing superinfections and spawning new
resistant organisms, there is a need to better determine
whether routine use of ALBC in primary TKA is effective
in decreasing deep infections without leading to antibiotic
resistance.

A small number of prior studies have demonstrated
data concerning the development of antibiotic resistance
with the use of ALBC in hip and knee arthroplasties.
Thomes el al.'"” demonstrated a higher rate of gentami-
cin-resistant infections among arthroplasties utilizing
gentamicin-loaded bone cement compared with plain
bone cement in a rat model. Additionally, Sanzen and
Walder'” and Hope et al."” have reported increased rates
of gentamicin-resistent coagulase-negative Staphylococcus
(CNS) associated with the use of gentamicin-loaded bone
cement.

The purpose of this study was to investigate antibi-
otic resistance among organisms causing periprosthetic
knee infections after TKA in which ALBC was utilized.
The hypothesis was that there would be a higher incidence
of aminoglycoside-resistant organisms in periprosthetic
joint infections (PJIs) in patients whose primary TKA was
performed with ALBC as compared to standard cement.
The second hypothesis was that there would be a differ-
ence in the pattern of infecting organism between these
groups.

METHODS

This study was a retrospective chart review. After obtain-
ing the Institutional Review Board approval (IRB No. LU
210848), our institutional surgical procedure database was
queried from January 1998 through December 2017 for all
cases of periprosthetic knee infection.

Patients were excluded from the study if the cement
type (standard cement versus ALBC) used in the initial
primary TKA was unknown, if the infection was culture
negative, or if the antibiotic susceptibilities were not avail-
able for the organism isolated during the infectious work-
up. Inclusion criteria were satisfied for 36 PJIs occurring in
32 unique patients. Of the 65 patients excluded, 7 were ex-
cluded due to culture-negative results or lack of antibiotic
susceptibilities. The remaining 58 patients were excluded
because either the index TKA was performed at an outside
institution or the operative report either was not available
or did not include the type of cement used in the index
procedure. After excluding 65 patients based on these
criteria, 36 periprosthetic knee infections in 32 unique pa-

tients were included in the final cohort. There were 5 acute
postoperative PJIs (within 4 weeks of index procedure),
21 acute hematogenous infections, and 10 chronic infec-
tions. Of these, 20 had ALBC and 16 had cement without
antibiotics. Appropriate antibiotic prophylaxis based on
the American Academy of Orthopaedic Surgeons (AAOS)
guidelines was given in all cases. In patients who received
antibiotic bone cement, pre-mixed cement from the
manufacturer was utilized with 1g of either gentamycin or
tobramycin per 40 g bag of cement.

The procedures were performed by 5 surgeons over
a 20-year period with no institutional protocol on when to
use antibiotic cement. Some surgeons never used it, others
had subjective personal criteria, and others used it in every
case. Also, practice patterns changed over the study period.
Therefore, this provided a unique opportunity to study the
effect of antibiotic cement on organism resistance as the
utilization of antibiotic cement was relatively unbiased and
effectively randomized. To control for the potential differ-
ence in patient characteristics between the ALBC versus
normal cement cohorts, Charlson Comorbidity Index and
diabetes incidences were analyzed in the infected patients.

The chart review was performed using Loyola Uni-
versity Medical Center's electronic medical record (EPIC
Hyperspace; EPIC Systems Inc., Verona, WI, USA) to
identify patient demographics, which included body mass
index, history of diabetes mellitus, tobacco, and other co-
morbid risk factors included in the Charlson Comorbidity
Index. Operative reports were reviewed for cement type
used. If cement type was not found within the operative
report, the surgical encounter was reviewed for billing
information as it pertained to the cement type used. In-
fecting organism and minimum inhibitory concentrations
(MIC) of all antibiotics tested by the Loyola University
Medical Center microbiology laboratory were also record-
ed.

The major outcomes were (1) the effect of ALBC on
antibiotic resistance among infecting organisms based on
MIC and (2) species of infecting organism in patients with
PJI. Data were analyzed using Fisher exact and chi-square
tests with significance for p-values < 0.05. A power analy-
sis was performed, which demonstrated that a minimum
of 17 patients in each group would be needed to detect a
difference in aminoglycoside resistance of 15% versus 60%
with an alpha value of 0.05 and power of 0.80.

RESULTS

Overall, 20 of the infections occurred in cases using ALBC
while 16 infections occurred in cases using non-ALBC.
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Two of 20 patients (10%) in the ALBC group versus 1 of
16 of patients (6.3%) in the non-ALBC group showed
aminoglycoside resistance (p > 0.99). Staphylococcus spe-
cies was isolated in 9 of 16 cases using non-ALBC (56.3%)
and 14 of 20 cases using ALBC (70%), making it the most
commonly isolated organism (p = 0.49) (Figs. 1 and 2). Of
the 9 Staphylococcus infections in cases using non-ALBC,
6 were Staphylococcus aureus while the remaining 3 were
CNS. Of the 14 Staphylococcus infections in cases using
non-ALBC, 9 were S. aureus while the remaining 5 were
CNS. Only 1 of 14 (7.1%) of the Staphylococcus infections
was aminoglycoside-resistant organisms in the ALBC
group versus 1 of 8 (12.5%) in the non-ALBC group (p >
0.99). Additionally, there were no differences noted in sus-
ceptibilities (as determined by MIC) among the remaining
8 antibiotics tested for all infections per our institution’s
microbiology lab protocol for Staphylococcus infections
(Table 1).

Streptococcus species was the second most common-
ly isolated organism in both the ALBC and standard bone
cement groups, being isolated in 5 of 16 (31%) and 4 of 20
(20%), respectively (p = 0.47). Pseudomonas was isolated
in 2 of 15 cases using standard bone cement (13%), which
was the only gram-negative organism isolated in either
group. Enterococcus species was isolated in the remaining
infections in the ALBC group (2/20, 10%).

There was no statistical difference in Charlson Co-
morbidity Index between the 2 groups (mean, 3.44 vs. 2.80
for ALBC and non-ALBC, respectively; p = 0.457). The
ALBC group had 6 of 20 patients as diabetic, while the
non-ALBC group had 3 of 16 patients as diabetic, which
was not statistically significantly different (p = 0.445).

DISCUSSION

The purpose of this study was to investigate the develop-

Pseudomonas
2 (13%)

Y

Fig. 1. Infecting organism in total knee arthroplasty utilizing standard bone
cement.
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ment of antibiotic resistance among organisms causing
periprosthetic knee infections in cases where ALBC was
utilized during the index arthroplasty procedure. While
there are numerous studies that investigate the efficacy
of ALBC in reducing the infection rate in primary TKA,
there is a paucity of data concerning the possible develop-
ment of antibiotic resistance resulting from its use. The
most important finding of the present study is that there is
no difference in the type of periprosthetic knee infection
or antibiotic susceptibilities between the ALBC and non-
ALBC groups, suggesting that the use of ALBC does not
increase the risk of antibiotic resistance or affect the pat-
tern of infection.

Prior European hip registry data suggest that the use
of ALBC reduces the infection rate among THA. As a re-
sult, it has been postulated that this benefit would translate
to TKA."*? In contrast to these large retrospective studies
in the THA population, more recent studies looking at the
effect of ALBC on injection rate among TKA do not sug-
gest a benefit to the use of ALBC. In 2009, Namba et al.”?
looked at 22,889 patients who underwent TKA with plain
bone cement and 2,030 who underwent TKA with ALBC.
The infection rate in the ALBC group was 1.4%, compared
to 0.7% in the plain bone cement group, which was statis-
tically significant (p = 0.002). However, it should be noted
that the ALBC group had a significantly higher number of
comorbidities including diabetes.

Only 2 prospective randomized studies exist in the
current literature, which evaluate the efficacy of ALBC in
primary TKA. Similar to the literature on ALBC in THA,
the results of the prospective randomized studies do not
clearly support the findings of the large retrospective
studies examining the efficacy of ALBC in reducing infec-
tion in TKA. Chiu et al.”” performed a randomized study
evaluating the efficacy of cefuroxime-impregnated cement
in the prevention of deep infection after primary TKAs. Of
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Fig. 2. Infecting organism in total knee arthroplasty utilizing antibiotic-
laden bone cement.
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340 TKAs, 178 TKAs were performed with ALBC and 162
with plain bone cement. They reported no infections in
the ALBC group and 5 infections in the plain bone cement
group, which was statistically significant. Additionally,
they concluded that cefuroxime-impregnated cement was
effective in the prevention of deep infection in primary
TKA in patients with diabetes mellitus based on analysis
of a subset of their study population.'¥ However, this study
was performed without clean-air measures such as lami-
nar flow and body-exhaust suits. Subsequently, in 2013,
Hinarejos et al."” reported that the use of erythromycin
and colistin-loaded bone cement in TKA did not lead to a
decrease in the rate of superficial infection (1.2% and 1.8%,
respectively; p = 0.53) or deep infection (1.4% and 1.35%;
p = 0.96) when systemic prophylactic antibiotics were
used.

While there have been only a small number of
conflicting studies performed looking at the efficacy of
ALBC in reducing infection rates among hip and TKA,
even fewer studies have examined the impact of ALBC on
antibiotic resistance among patients with hip and knee ar-
throplasties. Thomes et al.'” used a rat model to compare
the rate of infection and profiles of antibiotic resistance
in gentamicin-loaded bone cement and those in cement
without antibiotic. They found a lower overall infection
rate in the gentamicin-loaded cement group, but a signifi-
cantly higher rate of gentamicin-resistant infection in this
group (p < 0.01), causing them to conclude gentamicin-
loaded cement may not be appropriate for revision surgery
if it has been used already in previous surgery. Addition-
ally, Sanzen and Walder'” looked at the resistance pattern
of CNS from anterior nares swabs of patients, surgeons,
operating room staff, and hospital floor staff before and
after THA. They reported gentamicin-resistant CNS was
only cultured postoperatively in 13 of 79 patients (20%).
Gentamicin-loaded bone cement was used in 10 of 13 of
these patients. The only study to look directly at the de-
velopment of antibiotic resistance among periprosthetic
hip infections was by Hope et al.'"¥ in 1989 who found at
least 1 strain of gentamicin-resistant CNS in 30 of 34 cases
(88%) of deep infection in which cement containing gen-
tamicin had been used. In contrast, only 9 of 57 (16%) in
whom antibiotic-free cement was used exhibited gentami-
cin-resistant CNS. There are no studies, to our knowledge,
that examined the impact of ALBC on antibiotic resistance
in TKA. Additionally, there are no clinical studies to our
knowledge that examined ALBC on antibiotic resistance
in bacteria other than CNS.

The current AAOS evidence-based clinical prac-
tice guideline for surgical management of osteoarthritis

of the knee states that the limited available evidence does
not support the routine use of antibiotics in the cement
for primary TKA.? However, its use in the United States
continues to increase, particularly in the setting of TKA
in high-risk patients, such as those with diabetes or other
immunocompromised conditions.** Our study adds fur-
ther information to the ongoing debate in the arthroplasty
literature regarding the use of ALBC in primary TKA. It is
the first study to examine the impact of ALBC on antibi-
otic resistance and infecting organism among TKA, sug-
gesting that the use of ALBC does not confer additional
risk in terms of increasing antibiotic resistance or altering
the pattern of infecting organism in periprosthetic knee
infections.

The limitations of our study include its retrospec-
tive nature with the relatively small sample size. Given the
low rate of infection among TKA, a larger database study
would be needed to support our findings because a pro-
spective randomized study would likely not be feasible.
Another potential limitation of this study is that the crite-
ria used by individual surgeons in selecting to use ALBC
cannot be accurately determined through review of billing
itemization of the surgical admission. Additionally, our
single-center study allowed for standardized protocols in
terms of infection prevention such as laminar flow, space
suits, and preoperative systemic antibiotic prophylaxis,
which cannot be controlled for in a larger database study.
Further, the efficacy of antibiotic cement was not evalu-
ated, but this was not the aim of this study and this ques-
tion has been evaluated in multiple prior studies. Finally,
while this study examined the impact of antibiotic cement
use on antibiotic resistance and infecting organism in peri-
prosthetic knee infections within the same patient, given
the focus on antibiotic stewardship to prevent the misuse
and overuse of antimicrobials, we were unable to deter-
mine the impact of antibiotic cement use on the effects of
population-based antibiotic resistance and the spread of
multidrug-resistant organisms.

In conclusion, our findings demonstrate that irre-
spective of the efficacy of ALBC in reducing periprosthetic
knee infections, the routine use of ALBC in primary TKA
does not increase the risk of antibiotic resistance or pattern
of infection. Further research is warranted on this topic as
the use of ALBC continues to increase, particularly among
high-risk patients.
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