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Antibiotic Impregnated Bone Cement
in Total Hip Arthroplasty

An In Vivo Comparison of the Elution Propertics
of Tobramycin and Vancomycin

WILLIAM W. BRIEN, M.D., EDUARDO A. SALVATI, M.D., RENATA KLEIN, PH.D.,
BARRY BRAUSE, M.D., AND STEVEN STERN, M.D.

A prospective in vivo quantification was performed
to measure the elution of tobramycin and vanco-
mycin antibiotics from two commonly used bone
cements. Forty patients were divided into four
groups: Group 1, tobramycin-Simplex; Group 11,
tobramycin-Palacos-R; Group 111, vancomycin-
Simplex; and Group 1V, vancomycin-Palacos-R.
Antibiotic levels were measured from hemovac
wound drainage, urine, and serum and compared
with control groups who received either intrave-
nous tobramycin or vancomycin. There were no sig-
nificant differences in daily mean tobramycin lev-
¢ls in hemovace samples between Groups 1 and {1,
Tobramycin hemovac levels from Groups I and 11
were significaatly higher than the tobramycin con-
trol group. Similarly, no differences were seen in
daily mean vancomycin levels of the hemovace sam-
ples between Group HI and IV: however, the intra-
venous vancomycin control group had significantly
higher levels in the hemovac fluid than Groups HI
or 1V. Tobramycin in the hemovac fluid from
Groups I and 11 was highly bioactive against the
control organism. Vancomycin in the hemovac
fluid from Groups Il and 1V had variable bioac-
tivity against the control organism. In 30% of the
cases, no vancomycin was detected in the hemovac
fluid, and in these cases, the hemovac fluid had no
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effect on the control organism. Tobramycin elutes
to give adequate local tissue levels and releases
antibiotic effects when used in an antibiotic bone
cement combination. Vancomycin has varable
elution propertics and is not a predictable additive
for the bone cements tested.

Infection after total joint arthroplasty re-
mains onc of the most significant and diffi-
cult complications to trcat with variable
functional results 71313162339 Althouch
new antibiotics have improved the treatment
of infectious discases in general, the emer-
genee of resistant strains of gram-positive or-
ganisms. such as methicillin-resistant stap/in-
lococceus aurens, and gram-negative organ-
isms continues to provide a challenge in
management.

The cthicacy and safety of gentamicin-in-
pregnated cement has been reported in the
Europcan'>#!1:243233 and the American liter-
ature > !12:18:21.26.29.34 The Faod and Drug Ad-
ministrauon’s nonapproval of manufactured
antibiotic-cement mixtures leaves the sur-
geon to decide which antibiotic to mix with
cement. Furthermore, the surgcon must de-
cide on one of several tyvpes of cement. cach:
with its own physical and mechanical proper-
ties. Therefore. 1t i1s important that the ortho-
pacdic surgeon and infectious discase col-
leagues know which individual antibiotic will
have adequate clution from a specific coment
with retention of its bioactivity.
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The purpose of this prospective in vivo
study was to quantitatively measure the elu-
tion of tobramycin and vancomycin antibi-
otics from two commonty used bone cements
after cemented total hip arthroplasty (THA).

MATERIALS AND METHODS

Forty patents treated by cemented THA were
divided 1nto tour groups. Two commercially avail-
able bone cements were used. Simplex with bar-
ium (Howmedica. Rutherford, New Jersey) and
radiopaque Palacos-R (Richards, Memphis. Ten-
nessee). The two anubiotic preparations were to-
bramycin powder and vancomycin powder.

Ten consecutive patients were in each group,
and the groups were as follows: Group 1, tobramy-
cin-Simplex cement: Group 1. tobramycin-Pala-
cos-R cement: Group I vancomycin-Simplex
cement: and Group 1V, vancomycin-Palacos-R
cement. No patients in these groups received intra-
venous tobramyein or vancomyein.

Two control groups consisting of five patients
per group received intravenous tobramyecin (Con-
trol A) and intravenous vancomycin (Control B)
alone. No patientsin the control groups had antibi-
otics added to the bone cement.

The antibiotic-cement preparation was  pre-
pared by mixing the antibiotic powder (tobramy-
cin or vancomyciny with the powdered methyl-
methacrylate. They were mixed in a bowl with a
spatula. After thorough mixing of the powders for
a minimum of two minutes. the liquid monomer
was added and mixed 1n a standard fashion. The
tobramycin and vancomycin dosage used was 1.2
2 and 500 mg per 40-g package of cement. respec-
tvely.

A protocol was established to measure the fol-
lowing laboratory toxicity monitoring parameters
preoperatively and on postoperative Day 7 in all
patients: hematocerit, hemoglobin, white blood cell
count. and differential ¢l count: prothrombin
time: scrum  clectrolytes. liver function  tests
(secrum glutamic oxaloacetic transaminase, and
serum glutamic pyruvic transaminase, atkaline
phosphatase and lactic dehydrogenase); and renal
function tests {serum creatinine and blood urea
nitrogen), and urinalysis.

Samples were obtained from hemovac drainage.
serum. and urine, six. 24, and 48 hours after sur-
gery. Additionally, serum and urine samples were
obtained on postoperative Dayv 7. These speci-
mens were analvzed using tluorescense polariza-
tion immunoassay and were measured  against
control sampies to assure accuracy. The results
were recorded for the quantity of antibiotic pres-

ent in micrograms per milhliter. The low-end sen-
sitivity of this technique was 0.18 ug/ml.

Control Group A received intravenous tobra-
mycin with a loading dose of 1.5 mg per kilogram
body weight followed by | mg per kilogram body
weight cvery cight hours for 48 hours as prophy-
laxis. Control Group B received intravenous van-
comycin in a dosc of 500 mg every six hours for 48
hours as prophviaxis. Antibiotic levels (one hour
after the intravenous antibiotic was infused) from
the hemovace drainage, urine, and peak serum lev-
cls were obtained 24 hours postoperatively,

To determine the bioactivity of tobramycin and
vancomycin, five samples at each period of collec-
tion from cach of the four groups were analyzed
simultancously by a standardized bioassay and ra-
dioimmunoassay. The tube dilution bioassay was
employed with twofold fluid dilutions using a se-
lected S. epidermidis as a test organism (minimum
inhibitory concentration. 0.2 ug/ml).

Antibiotic clution levels were measured 1 mi-
crograms per milliliter (ug/mb). The mean + the
standard crror of the mean (SEM) is calculated.
Statistical analysis was performed using the un-
paired Student’s r-test. Statistical significance was
considered p < 0.05.

RESULTS

ANTIBIOTIC ELUTION TOBRAMYCIN

The mean (+SEM) tobramycin hemovac
drainage levels in Group I (Simplex cement)
versus Group Il (Palacos-R cement) at six
hours were 34.27 pg/ml + 5.09 versus 22.16
wug/ml = 4.75: at 24 hours, 14.27 ug/ml +
4.03 versus 10.80 ug/m! = 1.60; and at 48
hours. 3.84 pg/ml + 1.66 versus 8.12 yg/ml +
1.85 (Fig. 1). The hemovac drainage levels
were approximately six and four times
greater in Groups [ and I, respectively. than
the level of tobramycin in Control Group A
(intravenous tobramycin) at 24 hours (aver-
age. 2.61 ug/ml + 0.71).

The mean tobramycin urine levels in
Group 1 versus Group I at six hours were
17A59//,ug/ml + 6.56 versus 14.76 up/ml +
3.35: at 24 hours, 2.83 ug/ml + 0.95 versus
6.52 ug/ml £ 1.88;at 48 hours, 2.58 ug/ml +
0.54 versus 1.55 pg/ml + 0.36; and at seven
davs. 1.24 ug/m! + 0.46 versus 0.70 yg/m! +
0.24 (Fig. 2). The mean urine tobramycin
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level in Control Group A at 24 hours was
44.1 pg/ml + 10.2.

The mean tobramycin secrum levels n
Group | versus Group I at six hours werc
0.60 pg/m! + 0.09 versus 0.32 pg/ml + 0.07;
at 24 hours. 0.43 ug/ml = 0.04 versus 0.21
pg/ml x 0.03; at 48 hours, 0.40 pg/ml + 0.04
versus <0.18 ug/ml: and at seven days, 0.39
ug/ml + 0.04 versus <0.18 pg/ml (Fig. 3).
The mean serum level was 4.30 ug/ml + 0.54
in Control Group A at 24 hours.

No significant differences were noted
within each group for the serum or urine labo-
ralory toxicity monitoring paramecters mea-
sured preoperatively and at onc week postop-
cratively.

ANTIBIOTIC ELUTION VANCOMYCIN

The mean vancomycin hemovac drainage
levels in Group I (Simplex cement) versus
Group 1V (Palacos-R cement) at six hours

F1G. |. Tobramycin levels in the
hemovac drainage at specified postop-
erative intervals. Each value repre-
sents the mean + SD of the antibiotic
level.

were 5.71 ug/ml + 2.07 versus 5.48 ug/ml +
1.07; at 24 hours, 2.46 pug/ml + 1.22 versus
2.29 ug/mi + 0.64; and at 48 hours. 2.31 ug/
ml = .53 versus 1.02 pg/ml + 0.59 (g 4).
Vancomycin was below the detectable himits
in 30% of the samples at 24 and 48 hours.
The hemovac drainage levels in Groups 111
and IV were approximately onc third the
level of vancomycin in Control Group B (in-
travenous vancomycin) at 24 hours. which
averaged 6.20 ug/mi + 1.31.

The mean vancomycin urine levels
Group I versus Group [V at six hours were
2.43 ug/ml + 1.06 versus 2.36 pg/ml + 0.87;
at 24 hours. 1.89 ug/ml + (.76 versus 1.49
pg/ml + 0.63: at 48 hours, 1.33 gg/ml + 0.61
versus 107 gg/ml + 0.44: and at seven days.
<0.18 pg/ml versus <018 ug/ml (Fig. 5). The
mean urine vancomvein level in Control
Group B at 24 hours was greater than 30 g2/
mi.

60
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= Fi1G. 2. Tobramycin levels (mean &
§1 30+ SD)in the urine at specified postoper-
204 ative levels.
104
0 ¥ g
48 hr 1 wk
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The mean vancomycin serum levels in
Group 111 versus Group 1V at six hours were
0.74 pg/ml + 0.31 versus <0.18 yg/ml; at 24
hours, 0.79 pg/ml + 0.31 versus <0.18; at 48
hours, 0.84 ug/ml + (.36 versus <0.18 ug/ml:
and at seven davs, <0.18 ug/ml versus <(.18
ug/ml (Fig. 6). The mean serum level was
19.3 pg/ml + 1.61 in Control Group B at 24
hours.

No signmificant  differences were  noted
within cach group tor the serum or urine labo-
ratory toxicity monioring parameters mea-
sured preoperatively and at one week postop-
cratively.

ANTIBIOTIC BIOACTIVITY

Tobramycin collected from the hemovac
fluid retained 1ts bioactivity against the S.
epidermidis test organism in cach sample
tested. Vancomycin collected from the he-

movac fluid had variable bioactivity. Vanco-
mycin was bioactive against the test organism
from the six-hour samples: however, samples
at 24 and 48 hours had vancomvcin concen-
trations that were less than 4 pg/ml and were
not bioactive.

DISCUSSION

FFor an antibiotic to be acceptable for mix-
ing with bone cement in the operating room.,
it must be safc, thermostable, water-soluble,
hvpoallergentce, bactericidal with a broad
spectrum of activity, and in powder form.>
The potential effects on the physical and me-
chanical properties of established antibiotic-
cement  mixtures have been  well stud-
jed ! IITIS028IL30 T Gperative team must
be cognizant of the need to thoroughly mix
the powders to obtain as homogenous a mix-
turc as possible to prevent alterations of the
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mechanical and elution properties. Tobra-
mycin and vancomycin meet these criteria.

Some microorganisms are sensitive to to-
bramycin at minimum serum levels of 4 ug/
ml and to vancomycin at minimum serum
levels of 4 ug/ml. In comparing the achieved
mean hemovac drainage levels of tobramycein
with those of vancomycin, effective tobramy-
cin levels were achieved throughout the pe-
riod of study and were achieved with vanco-
mycin clution only at six hours.

The results of this study demonstrate that
tobramycin is an excellent drug for addition
to bone cement. High local levels of tobramy-
cin with low systemic levels were achieved;
therefore, this method of tobramycin deliv-
ery minimizes the risk of systemic eflects
from the antibiotic. Tobramyein levels were
at least as high as other studies looking at the
clution of gentamicin from bone cement and
bcads.lq‘26‘27

Organism sensitivity 1o an antimicrobial
agent can vary widely even within the same
antibiotic class. Tobramycin, for example, is
more active in vifro against pscudomonas
than gentamicin. Some gram-negative organ-
isms may be resistant 1o tobramycin levels
achiecved in tissues and joint spaces when
given intravenously. These same organisms
may be sensitive to tobramycin at high local
tissue concentrations. Therefore, the high lo-
cal tobramycin levels delivered by using to-
bramycin impregnated cement result in a fur-
ther need to reclassify organisms that were
previously considered resistant and may fur-
ther expand the indications for implantation
after infected THA. 1t has previously been re-
ported that recurrence of infection is higher
with gram-negative bacteria than with gram-
positive bacteria. >**!102735 The development
of new antibiotics has cxtended the indica-
tions for reimplantation. The success or fail-
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ure after reimplantation appears dependent
to some degree on the organism’s susceptibil-
ity to the antibiotic or antibiotic combina-
tions. Sensitivity of bacteria is currently de-
termined on the basis of effective serum lev-
els. Most bacteria defined as resistant by this
criteria might be sensitive when exposed to
significantly high local tissuc levels.2® It
might be more prudent not to base the prog-
nosis for successful therapy on the gram-stain
characteristics of the etiologic microorgan-
ism but rather to classify pathogens as sensi-
tive or resistant based on the effectiveness of
achicvable local antibiotic tissue concentra-
tions, %2

[n contrast to other studies, which suggest
that gentamicin clutes in greater concentra-
ons from  Palacos-R than Simplex ce-
ments, 213 there is no statistical difference
in the clution of tobramycin into the hip joint
fluid from these two cements.!”” Tobramycin
is an excellent choice if the surgeon desires to
use cither cement. The critical factors in the
treatment of any bone or joint infection arc
adequate surgical debridement, integrity of
-he host immune system, and adequate anti-
piotic levels. The use of antibiotic-impreg-
nated cement doces not replace the need for
adequate surgical debridement in active in-
fections.

Staphyvlococcus aureus and S, epiderimidiy
remain the most frequent organisms infect-
ing joint implants.?” The development of re-
sistant strains of 8. anreus (including heterog-
cnous methicillin-resistant strains), S. epi-
dermidis, and  Streptococcal  organisms
(espectally Enterococents) is of concern and
will continue to represent a significant prob-
lem in the future. Currently the drug of
choice for many of these infections is intrave-
nous vancomycin. Vancomycin alone is very
wtive against  these classes of  bacteria,
whercas aminoglycosides alone are not pre-
dictably effective.

Elution of vancomycein from Simplex and
Palacos-R was suboptimal. The bioactivity of
vancomycin was variable. In 30% of the
cases, vancomycin levels were below the de-

tectable limits in each of the hemovac fluid
samples. In these cases, the bioactivity was
suboptimal. In a recent study by Lawson ¢r
al.,'* tobramycin and vancomycin showed
similar elution properties /n vitro. The dis-
parity between the present in vivo study and
their in virro study is unclear; however, the
laboratory is different from the in vivo setting
where tissues, body fluids, bone, cement, and
antibiotic must interact. Marks ¢t ¢/.?' em-
ploying in vitro methods demonstrated that
oxacillin, gentamicin, and cefazolin diffused
from Palacos in larger amounts and for a
greater duration than from Simplex. How-
ever, intheir /n vivo study, there was no signif-
icant difference in the magnitude or duration
of the concentrations of oxacillin in bone
produced by a Palacos or Simplex composite.
In the present study, vancomycin does not
elute well i1 vivo.
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