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Abstract

Objective: The purpose of this study was to determine usefulness of antibiotic bone
cement and UV light in primary Total Knee Arthroplasty (TKA). Patients and Me-
thods: Between 1986 and 2008, 3105 TKAs were performed using 750 mg of cefu-
roxime per bag of cement (Group 1), 7537 using cefuroxime and UV light (Group 2),
and 4573 using UV light and gentamicin premixed (Group 3). Results: The primary
infection rate was 0.57% (87 acute postoperative infections). Of these, 27 (0.9%) were
in Group 1, 44 (0.6%) were in Group 2, and 16 (0.35%) were in Group 3 (p = 0.0013).
Kaplan-Meier survival in Groups 1 - 3 for reoperation for aseptic loosening of any
component at 5 years was 0.9908, 0.9927, and 0.9959, respectively (p = 0.1315). Con-
clusion: Despite potential concerns mentioned in the literature, these results con-
tinue to support the use of antibiotic bone cement and UV lights during TKA.

Keywords
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1. Introduction

The deep infection rate in the current era of total knee arthroplasty (TKA) may range
from 0.5% to 1.6% [1]-[8]. Efforts to minimize the risk of infection after TKA include
optimizing the patient’s health status, using prophylactic antibiotics, aseptic skin prep-
arations and drapes, laminar air flow, body exhaust systems, antibiotic irrigation, mi-
nimizing operating time and blood loss, and avoiding allogeneic blood transfusions [2]
[9]. Although evidence suggests that using ultraviolet light (UVL) [10]-[19] and antibi-
otic-loaded bone cement (ALBC) [9] [20]-[32] may lead to lower infection rates after
TKA, the routine use of these modalities in TKA remains controversial [2] [10] [11]
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[13] [18] [32]-[40]. Some authors have expressed concern about over-exposure to UVL
during surgery [11] [13] [18] [36] [40]. Furthermore, the routine use of using ALBC
has also been questioned because of the potential of antibiotic allergies [2] [37], the de-
velopment of organism resistance [2] [35], compromising the mechanical strength of
the bone cement [34] [39], and increased costs [37] [38].

The purpose of this study was to determine usefulness of UVL and ALBC during
TKA in relationship to infection rates and the potential complications involved with the

routine use of these two modalities.

2. Method

Between 1986 and 2008, 21,285 primary TKAs were performed at this institution. From
this study base, 15,251 primary cemented TKAs were performed in 10,067 patients us-
ing antibiotic in the bone cement and had greater than 2 year follow up. Failing or in-
fected knees at any follow up time were not excluded from the analysis. Table 1 lists the
prostheses used in the study. From this group, 3105 TKAs were performed using 750
mg of cefuroxime (Lilly, Indianapolis, Indiana) per bag of cement (Group 1, 1986 to
1991) and no UVL in the operating room, 7537 TKAs were performed using 750 mg of
cefuroxime per bag of cement and UVL (Group 2, 1991 to 2003), and 4573 TKAs were
performed using UVL and gentamicin premixed in the cement with either Palacose R
(Zimmer, Warsaw, Indiana) or Cobalt HV (Biomet, Warsaw, Indiana) (Group 3, 2004-
2008). The remaining 6034 TKAs were performed over the twenty-two year span of this
study with or without UVL and were either uncemented or hybrid TKAs or TKAs per-
formed in patients with a cephalosporin and/or penicillin allergy. Thus, this heteroge-
neous group of patients was not included per exclusion criteria. Table 2 lists the de-
mographic data for the three groups. All patients received either cefazolin, cefuroxime,
or vancomycin (Lilly, Indianapolis, Indiana) pre-operatively and for twenty-four to
forty-eight hours post-operatively. Cefazolin and cefuroxime was infused with sixty
minutes of the start of the operation. Because vancomycin is given over one hour at our

institution, as per protocol, it was started ninety minutes to two hours before the surgery

Table 1. Prosthesis data.

Prosthesis % (number TKAs)
IB-II* 0.9% (123)
IB-CCK* 0.1% (15)
Legacy CR* 2% (305)
Legacy PS* 4.8% (731)
AGC CR** 69.5% (10,605)
AGC PS** 0.3% (51)
Vanguard CR** 10% (1528)
Vanguard PS** 12.4% (1893)

*Zimmer, Warsaw, Indiana; **Biomet, Warsaw, Indiana.
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Table 2. Demographic data.

Group 1 Group 2 Group 3 p-value
# TKAs 3105 7537 4573 -
Diagnosis (%) <0.0001
Osteoarthritis 86.1% 97.8% 99.6%
Osteonecrosis 10.4% 1.6% 0.3%
Rheumatoid arthritis 3.5% 0.5% 0.1%
Other - 0.1% -
Gender (%) 0.7139
Male 39% 40% 37%
Female 61% 60% 63%
Age (years) 0.0006
Average 67.9 69.0 66.2
Range 19-91 19-93 30-91
sd. 9.4 9.3 9.5
BMI (kg/m?) <0.0001
Average 27.8 31.0 33.7
Range 15 - 64 15 - 64 13-61
sd. 5.9 2.9 6.7
Follow-up (years) _
Average 12.8 7.6 3.6
Range 0-28 0-19 0-7
sd. 5.9 3.7 1.0

start time. In all cases the skin preparation included an alcohol prep and adhesive drape.
Jet lavage with gentamycin irrigation and suction drying prior to cementation was used
in all cases.

Acute post-op infection was defined as any deep (periprosthetic) infection identified
within the first six months after TKA having a positive intra-articular culture obtained
from aspiration or at the time of irrigation and debridement. These included acute (<
four weeks after TKA) and late chronic (>four weeks after TKA) [41] [42].

Statistical power analysis allowed for the ability to detect a 0.2% difference in the in-
fection rate between the three groups (beta 0.195, alpha 0.05). Continuous variables
were evaluated with analysis of variance (ANOVA) one-way across three groups, and
categorical variables using the chi-square statistic. Cox regression was used to de-
termine the hazard ratio/risk of infection between the three groups. We reported the
p-value of the Jonckheere-Terpstra test [43] for the decrease in infection rate between
groups since study groups correspond to specific operation date ranges and we achieved

greater statistical power by testing for a monotonically decreasing trend for a relatively
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infrequent event (infection). Survivorship was determined by the Kaplan-Meier method
[44] with failure defined as aseptic loosening of any component for any reason. All
data was collected prospectively and then retrospectively queried in the computer
database.

3. Results

The primary infection rate for the entire study group (15,251 TKAs) was 0.57% (87
acute postoperative infections). There were twenty-seven deep infections (0.9%) in
Group 1, forty-four deep infections (0.6%) in Group 2, and sixteen deep infections
(0.35%) in Group 3 (p = 0.0013). Within group 3, there was no statistical difference
between the numbers of deep infections using Palacos R with gentamyicn (9 cases,
0.38%) or Cobalt HV with gentamycin (7 cases, 0.32%) (p = 0.4633). Table 3 lists the
offending organisms according to each group including antibiotic resistance.

With the lowest infection rate (0.35%) found in Group 3 patients (hazard ratio (HR)
= 1.0), Cox regression analysis demonstrated that Group 1 patients had a 2.3 times the
risk of deep infection when compared to Group 3. Whereas, Group 2 patients had a 1.3
times the risk of infection when compared to Group 3. The full Cox model included age
over 70 (HR = 0.46, p = 0.0434) and BMI over 40 (HR = 2.8, p = 0.0127).

Kaplan-Meier survivorship in Groups 1 - 3 for reoperation for aseptic loosening of
any component at five years (95% CI) was 0.9908 (0.9854, 0.9942), 0.9927 (0.9891,
0.9952), and 0.9959 (0.9934, 0.9975), respectively (Wilcoxon, p = 0.1315) (Figure 1).

Table 3. Organisms according to group percentage infected in group, infection count of group
count organism, count, organism percentage of those infected in group.

Group 1 (0.9% infected)
(n =27 0f3105)

Group 2 (0.6% infected)
(n = 44 of 7537)

Group 3 (0.3% infected)
(n =16 0f 4573)

8. aureus [9] (33%)
S. epiermidis (6] (22%)

*S. epidermidis (1] (4%)
**P. aeroginous [4] (15%)
Group D Entercoccus 3] (11%)
Strep. pyogenes [2] (7%)
Klebsiella oxytoca [1] (4%)

Enterbacter cloacae [1] (4%)

S. aureus [20] (45%)
1S, aureus [1] (2%)
S. epidermidis [5] (11%)
*S. epidermidis [1] (2%)
**P. aeroginous [3] (7%)
Group B Streptococcus [4] (9%)
Strep. pyogenes [2] (5%)
Corynebacteria [1] (2%)
Strep. viridans [2] (5%)
Group D Entercoccus [1] (2%)
Klebsiella oxytoca [1] (2%)
Enterbacter cloacae [1] (2%)
tSerratia marcescens [1] (2%)
Pasturella multocida [1] (2%)
E. coli[1] (2%)
Staph. lugdunensis [1] (2%)

8. aureus [8] (50%)
*S. aureus (2] (13%)

S. epidermidis [2] (13%)
Corynebacteria [1] (6%)
Peptostreptococcus [1] (6%)
Enetrococcus faecalis [1] (6%)

Sterp. viridans [1] (6%)

*Methicillin/cefazolin resistant (sensitive to cefuroxime); **Cefazolin resistant (sensitive to cefuroxime); tResistant

to cefuroxime.
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5-Year Aseptic Loosening between Infection Groups Kaplan-Meier
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Figure 1. 5-year Kaplan Meier survivorship with failure defined as aseptic loosening
for any reason.

4. Discussion

Joint arthroplasty surgeons understand the need to constantly evaluate ways of pre-
venting deep infection before, during, and after TKA. Preventative methods that were
consistent and used in all patients throughout the years of this study included the use of
prophylactic antibiotics, skin preparation and adhesive drapes, laminar air-flow, and
the use of antibiotic irrigation. Obviously, the variables that were less consistent in-
cluded operating room time, intra-operative blood loss, operating room traffic, and the
use of allogeneic blood. The two methods under consideration in this study were the
use of UVL and ALBC.

Numerous studies have reported on the efficacy of UVL in reducing the number of
colony forming units of bacteria in the operating room [10]-[19]. UVL are extremely
cost-effective when compared to creating an ultra clean air enclosure [11] [18]. In a
previous report from our institution, Ritter et al reported on over 6000 TKAs and total
hip replacements (THAs) and noted an over threefold risk of deep infection when UVL
were not used [18]. In the present study of TKAs, the risk of infection was almost
doubled (1.3 to 2.3 times the risk) when UVL were not used. Both Groups 1 and 2 used
cefuroxime in the bone cement. The safety of the operating room personnel has been
called into question, however, with the use of UVL [11] [13] [18] [36] [40]. In fact,
Evans [13] reported that, in spite of using protective garments and eye shields, operat-
ing room personnel were exposed to between six and twenty-eight times the maximal
limit as established by the National Institute of Occupational and Safety Health. Clearly,
skin and eye protection and employee education diminish the danger of overexposure
[16] [18].
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Similarly, ALBC has been found in a multitude of studies to be at least as good as
systemic antibiotics in preventing deep infection after total joint arthroplasty [9] [22]-
[31], the use of ALBC is most impressive when reviewing registry data as well. In a re-
view of 10,905 cemented THAs from the Norwegian registry, the lowest infection rates
were noted with the use of systemic antibiotics and ALBC. [26] Malchau et al [30] re-
ported on 92,675 THAs and noted a lower risk of infection with the use of operating
room ventilation and ALBC. Furthermore, the lowest revision rates were seen in hips
when gentamycin ALBC was used [30]. While we did not specifically compare TKAs
with and without ALBC, we did find a 30% increase in the infection rate when cefu-
roxime was used instead of gentamycin (1.3 times the risk in Group 2 compared to
Group 3). It should be noted, however, that in the United States, ALBC is only FDA
approved for the second stage of a re-implanted joint arthroplasty when the infection
has been cured.

Although Hannsen et al [2] and Jiranek et al [37] raised concern over the develop-
ment of allergies with using ALBC it should be noted that we identified no cases of an
allergic response in our database. Clearly, not all patents were specifically allergy tested
however. We believe this specific concern is unfounded. This study did not include pa-
tients who did not receive ALBC because of pre-existing allergy concerns. Further, we
did not specifically evaluate ALBC toxicity [37] or cost [37] [38]. Heck et al [34] and
Postack et al [39] raised concern over the mechanical consequences of using ALBC
with respect to loosening. We did not specifically, compare survivorship with and
without ALBC as nearly every case at our institution, except those patients with a
document antibiotic allergy prior to TKA, receives ALBC. However, we noted no dif-
ference in survivorship between any of the three groups studied, including a 99% TKA
survivorship at five years in all three groups with respect to aseptic loosening of any
component.

Authors have also expressed concern over the development of drug resistance using
ALBC [2] [35]. In the present study, six different drug resistant organisms were identi-
fied. One case of methicillin-resistant S. epidermidis (each) was found in Group 1 and
2. In both cases the organism was sensitive to cefuroxime. One case of a methicil-
lin-resistant S. aureus was found in Group 3. Similarly, this organism was sensitive to
cefuroxime. One case (each) of cefazolin-resistant P. aeroginous was identified in
Groups 1 and Groups 2. In both cases the organism was sensitive to cefuroxime. There
was one S. aureus and one Serratia marcescens infection (both in Group 2) that were
resistant to cefuroxime. Finally there was one Peptostreptococcus infection (Group 3)
that could be considered resistant to gentamycin. However, one would not use an
amino glycoside to treat this organism in the first place. Thus, only two possible cases
of an organism resistant infection due to the use of ALBC could be considered to have
occurred in this study.

Patients in Group 2 were statistically older that those in Group 1 and Group 3. This
difference was less than three years, however. Also, the average BMI was lower in

Group 1 compared to Groups 2 and Groups 3. We believe this difference is a reflection
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of the expanding indications for TKA in the later years of this study. Nevertheless, the
infection rate was actually higher in Group 1.

There are potential weaknesses found in this study. The surgical technique was not
entirely uniform during the years of this study including the use of body exhaust sys-
tems and prosthesis selection. These concerns may be offset, in part, due to the rela-
tively large patient sample in this study. Second, patient’s co-morbid medical condi-
tions (including diabetes, vascular disease, and smoking history) were not specifically
evaluated. The increase risk of periprosthetic infection in patients with these co morbid
conditions (including rheumatoid arthritis) is well-established [2]-[4] [6] [7] [45]. We
recognize that the groups in this report are heterogeneous in this regard and that the
statistical differences observed in this study may be accounted for by factors other than
ABLC and UVL. For example, Group 1 had a greater percentage of rheumatoid arthritis
patients that the other two groups. Yet, it is our impression that during the later years
of this study our indications for TKA broadened to include patients with more severe
medical conditions. Third, we did not consider culture-negative deep infections in this
study. However, the deep infection rate in this study (0.57%) was similar to a previous
report from our institution that included THA and TKA with a deep infection rate of
0.53% [45].

Fourth, a single surgeon, well versed, improved his or her surgical skills over time,
including the handling of soft tissues and the improvement of his/her peri-operative
routine. These factors need to be considered over the twenty-two year span of this
study. However, between 1986 and 1991, three surgeons all with at least ten years of
joint arthroplasty experience were involved. Three fellowship-trained arthroplasty
surgeons were added, one each, in 1992, 1998, and 2003. Thus, if surgeon experience
and efficiency were factors in this study, one would expect the infection rate to increase.
Over the three time intervals in the present investigation, the infection rate actually de-
creased with time. Fifth, the operating room team, ventilation system, staff, and traffic
are other important variables than may influence infection rates after TKA. Other fac-
tors not included in this study include operative time, transfusion rate, and tourniquet
time. It is unclear as to what effect, if any, these factors had on infection rates based on
the present review. Finally, we did not feel any exclusion criteria detracted from out-
come of the study as those surgeries (uncemented prosthesis, etc.) were somewhat
beyond the scope of this study.

Cefuroxime is prepared as a fine white powder and mixes well with bone cement. It
was chosen at our institution because of availability and satisfactory thermal stability to
allow adequate elution of antibiotic into the joint fluid [4] [22] [32] [38] [46]. Antibiot-
ic in liquid form may dilute the catalyst that is needed for curing of the cement and,
therefore, adversely affects its mechanical properties [22]. With regards to cefuroxime,
concentrations up to two grams of antibiotic powder per forty-gram package of cement
does not substantially change the static tensile or compressive strength of the cement
[4] [22]. In addition, cefuroxime has a broad spectrum of coverage, although some

coagulase negative Staphylococcus are resistant to cefuroxime. Gentamycin premix, on
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the other hand, has been used at our institution since 2004 because of this concern in-

cluding enterococcus resistance.

5. Conclusion

Based on the results of this study, we routinely use ALBC and UV lights during TKA.
We found little evidence to support the adverse effects of using either of these modali-
ties during TKA.
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