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Abstract

Prosthetic joint infection is a serious complication of total hip replacement. Cement removal during two stage revisions can be as-

sociated with significant morbidity. Exposing new surface area of cement may achieve therapeutic antibiotic elution.

Five blocks containing polymethylmethacrylate (PMMA) and vancomycin were stored in normal saline at 37°C and allowed to reach

steady state. Different interventions to expose new surface area were performed at six weeks.

Post intervention, blocks with the greatest increase in surface area showed the greatest increase in vancomycin levels, the highest

increase being 641.77% compared with the control (5.88%).

This study confirms antibiotics remain trapped within PMMA after elution ceases. Further release of vancomycin from cement oc-

curs after exposing new surface area. This seems proportional to the exposed surface area size.
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Introduction

The rate of deep infection of primary total hip or knee replace-
ment (THR or TKR) has been reported to be 1-2% [1-3]. Several
authors have shown a decrease in infection rate when using an-
tibiotic impregnated cement when compared to plain cement in
the primary THR or TKR [4-7]. The surgical management for deep
infection often involves removal of the infected prosthesis and im-
plantation of a new prosthesis, either as a one or two stage proce-
dure. In a two stage procedure, all the infected components and all
of the cement are removed, and after a minimum of six weeks with
tailored antibiotic administration, implantation of a new prosthe-
sis is performed if there is evidence that the infection has resolved.
Two stage revisions have reported success rates of 90-97% [8-10].
During the interval, a cement spacer (often impregnated with an-
tibiotics) is sometimes used. Removal of cement has associated
morbidity including prolonged surgical time, increased blood loss
and fracture [11,12].

In 1960, Charnley [13] first reported the use of polymethyl-
methacrylate (PMMA) cement for fixation of prosthetic joint im-

plants, such as total hip or knee replacement. Buchholz., et al. [14]

later added antibiotics to bone cement with a potential role in the
prevention and treatment of infection. Antibiotic-loaded cements
are now widely used as prophylaxis or as a therapeutic modality for
prosthetic joint infection in THR or TKR [15-17]. Using antibiotic
impregnated cement has now become a recommended practice
[18,19].

Antibiotic impregnated cement elutes antibiotic over time in
vitro, peaking at day 1 [20] and then has a slow sustained release
over time [21]. Powles., et al. [22] showed that gentamicin could be
released from cement by fracturing the cement mantle years after
the original procedure. It has been estimated that only 5-18% of

antibiotic is released from the cement [23].

The exact elution mechanics of antibiotics is complex and is not
fully understood. Itis dependent on the type and concentration of
antibiotic, the type of cement and the conditions under which the
cement is mixed [24]. It was initially thought that antibiotics dif-
fused through the solid PMMA matrix [25-27].

Other authors have subsequently shown that elution of cement

occurs through the surface of cement and through an intercon-
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nected series of cracks and voids in the polymer matrix [24,28-31].
Van de Belt, et al. [32] showed that the kinetics of antibiotic re-
lease was to some extent through the surface initially, but sustained
release depended on the penetration depth as determined by the

bulk porosity of the cement.

The aim of this study was to investigate whether further antibi-
otic is eluted from antibiotic impregnated cement in vitro after in-
creasing the surface area of the cement at 6 weeks. This may have
clinical relevance in deep infection after primary joint replacement.
It may be more therapeutic to expose a new surface area of antibi-
otic impregnated than removing it all during a two-stage revision.
Our theory is that this will increase the local concentration of anti-
biotic in the infected joint and prevent the morbidity of removing

all the cement during the first stage of the revision.

Materials and Methods

2g of powdered vancomycin was mixed with 80g of PMMA ce-
ment (Stryker SimplexP). The liquid monomer was then added and
this was hand mixed with a plastic spatula until a consistent liquid
was achieved. Five 15mL cement blocks were created with stain-
less steel screws inserted into two of these blocks. The cement was
allowed to set before each block was placed into individual 1L plas-
tic bottles of sterile 0.9% normal saline solution. The bottles were

then stored in an incubator at 37°C.

At each time point the bottles were removed from the incuba-
tor. Samples of 2mL from each bottle were taken. The bottles were
then returned to the incubator until the next time point. A total of
ten sets of samples were tested prior to intervention with another

ten sets taken post intervention (Table 1).

Pre intervention Post intervention
1Hr 1Hr

2 Hrs 2 Hrs
4 Hrs 4 Hrs
8 Hrs 16 Hrs
1 Day 1 Day
2 Days 2 Days
5 Days 5 Days

2 Weeks 2 Weeks

3 Weeks 3 Weeks

6 Weeks 6 Weeks

Table 1: Time points for sampling.
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After the final set of pre intervention samples were taken at
6 weeks, the cement blocks were removed from their bottles and
the following interventions were performed on separate blocks:
removal of screw (bottle 2), removal of screw and shattering of
block (bottle 3), single burr hole (bottle 4) and multiple burr holes
(bottle 5). The remaining block was kept as the control (bottle 1)
(Table 2).

Additional component Intervention

Bottle 1 Nil Nil

Bottle 2 Stainless steel screw Screw to be removed at
6 weeks

Bottle 3 Stainless steel screw Screw to be removed,

and block shattered at

6 weeks

Bottle 4 Nil Single burr hole

Bottle 5 Nil Multiple burr holes

Table 2: Interventions.

When all the interventions had been completed, the cement
blocks were returned to their original bottles of normal saline.
While handling the blocks, care was taken to prevent cross con-

tamination.

Post intervention samples were taken for vancomycin levels

over a further six weeks.

The samples were all analyzed using a homogeneous enzyme
immunoassay technique which was calibrated prior to analysis.
Any samples, which were not immediately analyzed, were stored at

4°C for a maximum of 36 hours until analysis took place.

Results

Over the initial six weeks prior to intervention, all of the cement
blocks demonstrated similar vancomycin elution profiles (Figure
1). An initial high rate of antibiotic release was observed in all
blocks over the first 24hours. Following this there was a decline
in elution rates (Figure 2), and the vancomycin concentrations
peaked between 5 days to 3 weeks. A degree of variability in peak
concentrations was noted between cement blocks (peak concen-
tration: mean 11.78mcg/mL, min 9.2, max 17.9, SD 3.65). All bot-
tles subsequently demonstrated a slow regression in levels. The

raw data is summarized in table 3.

After the interventions were performed, the greatest rise in

vancomycin levels was observed in the shattered cement block
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Figure 1: Vancomycin levels pre intervention.
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Figure 2: Vancomycin elution rates.
Time Vancomycin Levels (mcg/mL)
Bottle 1| Bottle 2 | Bottle 3 | Bottle 4 | Bottle 5
1 Hr 2.60 3.00 1.30 2.50 3.00
2 Hrs 3.70 4.20 2.00 2.60 3.50
4 Hrs 4.70 5.30 2.40 3.30 4.50
8 Hrs 5.80 6.20 3.40 4.90 5.60
1 Day 8.30 8.80 5.00 6.50 6.80
2 Days 12.00 10.90 6.20 7.80 8.70
5 Days 17.90 12.20 8.00 9.30 9.70
2 Weeks | 16.20 12.40 9.20 9.40 9.90
3 Weeks | 16.80 11.50 9.20 9.50 9.40
6 Weeks | 13.60 9.50 7.90 7.50 7.80

Table 3: Pre intervention vancomycin levels.
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(bottle 3), which reached a peak concentration of 58.6 mcg/mL at
5 days. Bottle 5 contained the block with multiple burr holes and
demonstrated a moderate increase in vancomycin levels, reaching
a peak concentration of 11.10mcg/mL also at 5 days. Post inter-

vention data is shown in table 4 and figure 3.

Time Vancomycin levels (mcg/mL)
Bottle 1| Bottle 2 | Bottle 3 | Bottle 4 | Bottle 5

0 Hrs 13.60 9.50 7.90 7.50 7.80
1Hr 13.90 9.20 35.20 7.50 9.10
2 Hrs 14.30 9.10 38.30 7.80 9.10
4 Hrs 14.00 9.40 44.60 7.70 9.80
16 Hrs 13.60 9.30 50.50 7.50 10.10
1 Day 14.00 9.40 53.40 7.70 10.40
2 Days 14.40 9.20 55.00 7.40 11.00
5 Days 13.60 9.20 58.60 6.80 11.10
2 Weeks | 12.40 8.30 57.20 6.90 10.30
3 Weeks | 10.80 7.40 49.80 6.40 9.50
6 Weeks 9.20 6.70 43.20 5.90 8.50

Table 4: Post intervention vancomycin levels.

70.00
60.00
=)
E 5000
oo
=3
E ‘ \
E
3 4000 £ ——Bottle 1
>
ﬁ A4 Bottle 2
% 30.00 —a—Bottle 3
5 =¥=Bottle 4
S 2000
; —o—Bottle 5
10.00 ?%—
; ) 1
! T TN
0.00 + T T T T T
0 200 400 600 800 1000

Time (Hours)

Figure 3: Vancomycin levels post intervention.

These results correspond to a 641.77% rise in vancomycin level
in bottle 3 and a 42.31% increase in bottle 5. The cement blocks
in bottles 1 (control) and 4 (single burr hole) failed to show a rise
in elution greater than 6% (bottle 1 increased 5.9% and bottle 4
increased 3.8%). No increase was observed in bottle 2 which had
the block with the screw removed. Table 5 contains a summary
of these findings. A graphical representation of combined pre and

post intervention levels is displayed in figure 4.
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6 weeks vancomycin level Peak vancomycin level . DA TE . q
(Pre intervention) * (Post intervention) Time of peaklevel | % Rise post intervention
Bottle 1 13.6 14.4 2 Days 5.88
Bottle 2 9.5 Decline only N/A N/A
Bottle 3 7.9 58.6 5 Days 641.77
Bottle 4 7.5 7.8 2 Hours 3.84
Bottle 5 7.8 111 5 Days 42.31
Table 5: Summary of findings post intervention.
*In mcg/mL.
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Figure 4: Combined pre and post intervention vancomycin levels.
Discussion gentamicin impregnated cement underwent revision 6.8 years

Our results demonstrate that increasing the surface area of anti-
biotic impregnated cement after reaching a steady state lead to an
increased elution of antibiotics in vitro. The increase in antibiotic
elution seems proportional to the amount of surface area exposed.
The clinical correlation may be that exposing a new surface area
of cement in a two-stage revision for an infected cemented hip
prosthesis would lead to elution of further antibiotics. This may be
therapeutic and would also decrease the need for removing all the

cement at the time of revision.

Removal of cement from a femur for an infected THR can in-
volve a prolonged operative time, increased blood loss and lead to
femoral fracture or perforation [11,12]. Thorough debridement
and exposure of a new surface by taking away a portion of the ce-
ment could avoid these complications. The second stage of the re-
vision could then involve a cement-in-cement revision of the femo-
ral stem in THR, which has been shown to be effective 12 years post

operatively [33].

Powles., et al. [22] looked at a similar phenomenon in vitro and

found comparable results. Five patients with primary THR with

post operatively.

Gentamicin concentration in joint capsule, fluid and membrane
were measured before and after disruption of the cement mantle,
and considerably higher concentrations of gentamicin were mea-
sured after disruption of the cement. They concluded that samples
taken from tissue for microbiology should be performed before the
cement mantle is disrupted, as they may be contaminated by gen-

tamicin.

Our results support other research, which has established that
the elution of antibiotic from cement is biphasic, with an initial
peak and then a decline [20,21,34-36]. There was an inhomoge-
neity of antibiotic elution, which is similar to other in vitro [37]
and in vivo [20] studies. Anagnostakos., et al. [20] attributed this
variability to the manual incorporation of the vancomycin into the
cement powder. This inhomogeneity did not affect our results, as

each cement block acted as its own control.

Before intervention, the concentrations in the samples started

declining at two to three weeks. This may be due to the instabil-
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ity of vancomycin in saline at body temperature. Vancomycin is
known to undergo conversion to an inactive crystalline degra-
dation product over time [38], and this process is accelerated at
higher temperatures [39]. Kowk, et al. [40] demonstrated a 5.4%
decrease in vancomycin concentration after 7 days in normal sa-
line at 37C. However, Wood., et al. [39] found that vancomycin was
stable in normal saline with less than 10% degradation for up to
62 days at 25C.

The different interventions were performed at six weeks as

acute deep infections can present at this time.

Different levels of surface area exposure were chosen to simu-
late clinical practice. Removal of the screw only (bottle 2) simulat-
ed removing the prosthesis only. Bottles 3-5 were increasing levels
of surface exposure. Bottle 3 especially showed a dramatic rise in
vancomycin elution post intervention (shattering), in keeping with
its much higher increase in surface area. This, as well as the mod-
est increase in the elution of bottle 5 (multiple holes) compared
with bottle 4 (single hole) suggests that the increase in elution of

antibiotic is proportional to the increase of surface area.

Investigators have demonstrated that a larger initial surface
area can increase the amount of antibiotic eluted. Holtom.,, et al
[41] compared the elution of vancomycin from solid spacers and
fenestrated spacers in vitro, and found that the fenestrated spacers,
which had 40% greater surface area than solid spacers, had an av-
erage of 20% more antibiotic eluted on any given day. Anagnosta-
kos., et al. [20] compared the elution of antibiotics from spacers
with beads in vivo and found that although the dose of antibiotic
was lower in the spacers, the beads had greater elution due to their

larger surface area.

Vancomycin was chosen as it is a popular antibiotic for use in
bone cement [34-36,41-43]. Studies have demonstrated that low
concentration vancomycin impregnated bone cement maintains
sustained release and has minimal impact on the mechanical
properties of the cement [34,36,44,45]. It also possesses stable
bactericidal activity throughout cement polymerisation and has
synergistic effects with other antibiotics [37,42]. As the incidence
of methicillin resistant staphylococcus aureus (MRSA) increases in
the community [10,43], more vancomycin impregnated cement in

primary joint replacements may be used in the future.

The rate of antibiotic elution may have been affected by the con-

centration of vancomycin in the solution.

We were unable to confirm if the plateau represents complete

elution of antibiotics or simply an equilibrium state between con-
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centration in solution and surface concentration. For this reason,
we chose to maintain the same bottle of saline throughout the en-
tire experiment. Ideally, a model that simulates constant flow of
saline past the blocks would more closely simulate the body me-
tabolizing antibiotic. We recognize one of limitations of this study
was its in vitro nature. Further research is needed to investigate
whether the rate of antibiotic elution will exceed the MIC required

to kill common pathogens.

Conclusion

In summary, our results indicate that increasing the surface area
of antibiotic impregnated cement after elution reaches a steady
state lead to further elution of antibiotic. This is proportional to
the amount of new surface area exposed. This may have clinical
implication for patients who have deep infections of prosthetic
joint replacements, with antibiotic impregnated cement in their
primary procedure. Further in vivo studies need to be performed

prior to use in clinical practice.
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