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Objectives
The aim of this study was to analyze drain fluid, blood, and urine simultaneously to follow
the long-term release of vancomycin from a biphasic ceramic carrier in major hip surgery.
Our hypothesis was that there would be high local vancomycin concentrations during the
first week with safe low systemic trough levels and a complete antibiotic release during the
first month.

Methods

Nine patients (six female, three male; mean age 75.3 years (sb 12.3; 44 to 84)) with tro-
chanteric hip fractures had internal fixations. An injectable ceramic bone substitute, with
hydroxyapatite in a calcium sulphate matrix, containing 66 mg of vancomycin per millilitre,
was inserted to augment the fixation. The vancomycin elution was followed by simultane-
ously collecting drain fluid, blood, and urine.

Results

The antibiotic concentration in the drain reached a peak during the first six hours post-
surgery (mean 966.1 mg/l), which decreased linearly to a mean value of 88.3 mg/I at 2.5
days. In the urine, the vancomycin concentration reached 99.8 mg/I during the first two
days, followed by a logarithmic decrease over the next two weeks to reach 0 mg/I at 20 days.
The systemic concentration of vancomycin measured in blood serum was low and decreased
linearly from 2.17 mg/l at one hour post-surgery to 0 mg/| at four days postoperatively.

Conclusion

This is the first long-term pharmacokinetic study that reports vancomycin release from a
biphasic injectable ceramic bone substitute. The study shows initial high targeted local van-
comycin levels, sustained and complete release at three weeks, and systemic concentrations
well below toxic levels. The plain ceramic bone substitute has been proven to regenerate
bone but should also be useful in preventing bone infection.
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The aim of this study was to investigate a
new commercially available bone substi-
tute that elutes antibiotics, combining an
initial high local release with a sustaina-
ble antibiotic level for a sufficiently long
time to eradicate or prevent infection
effectively.

Key messages

This study simultaneously analyzes drain
fluid, blood, and urine to follow the
long-term release of vancomycin from a
biphasic ceramic carrier in major hip
surgery.

during the first weeks at the target area
(in drain fluid), with safe and low sys-
temic levels (in blood serum) and com-
plete release from the ceramic bone
substitute at one month.

Strengths and limitations

Long-term antibiotic release has been fol-
lowed in a major hip surgical procedure
in sedentary patients with a high risk for
prosthetic joint infection.

The antibiotic carrier was inserted in non-
infected, well-vascularized bone in patients
who had sustained a fragility fracture.
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Introduction

Local antibiotic use in the treatment of bone infection is
an interesting approach due to the advantage of high
local concentrations and low systemic concentrations.' It
has led to a good outcome not only in active infections,?#
but also when used prophylactically.>

Bone and joint infections constitute a significant and
costly societal burden. Whether caused by trauma,
tumour surgery, or joint arthroplasty, they may require
repeated invasive revision surgery and extensive systemic
antimicrobial treatment that can last for years. The meas-
urement of antibiotic distribution at infected and non-
infected sites is recommended by the United States Food
and Drug Administration (FDA).® The serious conse-
quences of inadequate drug concentration in target tis-
sues include treatment failure and selection pressure for
antibiotic-resistant organisms.

There have been major advances in aseptic and anti-
septic routines over the years, but approximately a quar-
ter of high-energy open fractures treated with fixation
devices may still become infected.7/8

Vancomycin is an effective second-choice systemic
antibiotic against Gram-positive pathogens involved in
bone infections, and is used as an additive in polymeric
bone cements for prosthetic joint infection (P)I) revisions.?
Treatments combining systemic antibiotics with local elu-
tion from antibiotic-containing bone cement have been
shown to decrease the number of revisions.’0 In the last
few decades, bone cements containing vancomycin have
been recommended, especially in the United States, for PJ|
prevention in preoperatively screened patients carrying
methicillin-resistant Staphylococcus aureus (MRSA)."

More efficient antibiotic carriers, in the form of mate-
rial that is replaced by normal bone, are desired. This
could provide complete antibiotic delivery and bone
healing without the need for further surgery to remove
the polymeric antibiotic carriers.

In vivo studies have shown a preventive and curative
effect of using an injectable vancomycin-containing
biphasic ceramic in an osteomyelitis model in rabbits,2
but no clinical long-term pharmacokinetic release study
has been reported.

The aim of this study was to investigate the antibiotic
elution from a new commercially available bone substi-
tute containing vancomycin (CERAMENT V; BoneSupport
AB, Lund, Sweden). The product was developed by add-
ing antibiotics to a clinically well-documented bone-
regenerating biphasic ceramic bone graft substitute.!3-16
It was predicted that the vancomycin concentration
would be elevated locally during the first week after
implantation, while the systemic concentration of vanco-
mycin would be maintained at a low level.

Materials and Methods
Nine patients (six female, three male) with trochanteric
hip fractures, classified as A1 (n = 1) and A2 (n = 8)

according to the AO classification, were included in a
single-centre, prospective, observational study. Patients
with systemic vancomycin usage before surgery, infec-
tion in the hip joint, psychiatric or neurological disorders,
renal failure, and/or impaired hearing were excluded.

All nine patients were treated with internal fixation
using a dynamic hip screw (DHS). The mean age was
75.3 years (sD 12.3; 44 to 84). An injectable ceramic with
40 wt% hydroxyapatite (HA) embedded in a calcium sul-
phate matrix, containing 66 mg vancomycin per millilitre
(CERAMENT V), was used to augment the bone defects at
implantation of the DHS. It was injected into the bone
defect in the trochanteric region after placing the DHS
but before plate implantation.

A drain was placed under fascia on the posterior side
along the DHS plate and inserted by a separate incision
three centimetres inferior and in line with the surgical
incision. It was a closed suction system that was routinely
removed on the second day.

None of the patients had systemic vancomycin during
the study period. No patient had any kidney disease or
renal insufficiency evaluated by creatinine levels and glo-
merular filtration rate.

All patients had an extended stay for seven days at the
hospital after surgery. Drain fluid, urine, and blood
serum samples were collected during this time to ana-
lyze the vancomycin release from the ceramic bone graft
substitute.

The drain fluid was assessed every six hours for 60
hours (2.5 days) postoperatively. The total volume of the
drain fluid was measured for each timepoint. A maximum
of 10 ml drain fluid was collected for each sample and
centrifuged for ten minutes at 2200 x g or 4000 rpm at
room temperature. The supernatant was then separated
from the rest and deep frozen at -80°C prior to analysis.

Urine was collected daily during the hospital stay
(seven days), and thereafter approximately every three
days for a month. During the first four days, it was col-
lected from a urinary catheter, following which morning
urine was collected. The samples were homogenized,
transferred into two 50 ml tubes, and kept cool in a
refrigerator.

Blood serum was assessed every hour for the first six
hours post-surgery and every six hours (+ one hour)
thereafter up to 96 hours post-surgery (total of 21 sam-
ples per patient). A minimum of 4 ml of blood was drawn
at each timepoint and placed in a 5 ml heparin tube. It
was centrifuged for ten minutes at 2200 x g, and the
supernatant was transferred to two 5 ml polypropylene
tubes and deep frozen at -80°C until analysis.

The vancomycin concentrations in all samples (drain
fluid, urine, and blood serum) were analyzed using VANC
(vancomycin) reagent in conjunction with UniCel DxC
600/800 Systems and SYNCHRON Systems Vancomycin
Calibrator set (both Beckman Coulter, Inc., Brea, California).
The detection limit without dilution was 0.1 mg/I.
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Fig. 1a

Fig. 1b

Fig. 1c

a) Radiograph showing an 85-year-old female patient with a trochanteric fracture (Evan class 4) in her left hip. b) Perioperative fluoroscopy of the same patient
taken during injection of the vancomycin containing bone substitute. c) Radiograph of the same patient five weeks postoperatively. There was no change in

fracture fixation.

The study was approved by the local independent eth-
ics committee, and informed consent was obtained from
all patients.

Results

A mean of 9.7 ml (sb 0.7; 8 to 10) of the vancomycin-
containing bone substitute was injected into each patient
(Figs 1a and 1b).

Radiographs were taken immediately postoperatively
and at five weeks (Fig. 1). No screw penetration or migra-
tion was noted. We did not encounter any wound heal-
ing problems. Stitches were removed after two weeks.
Eight patients were fully weight-bearing at the last
follow-up (between 11 and 13 weeks), and four patients
used one crutch.

The elution of vancomycin was followed for up to 60
hours in the drain fluid, for four days in blood, and for 30
days in urine.

The concentration of vancomycin in the drain fluid
reached a peak during the first six hours after surgery,
with a mean value of 966.1 mg/l (sp 546.3), which
decreased linearly to a mean value of 88.3 mg/| at 2.5
days (Fig. 2). Drain fluid was collected up to 60 hours
postoperatively from one patient, up to 42 hours from
three patients, up to 36 hours from seven patients, and
up to 30 hours from all nine patients.

One patient had a myocardial infarction after full
weight-bearing on postoperative day 6, and was treated
at the intensive care unit and the cardiology unit until she
died one month post-surgery. The myocardial infarction
was evaluated by the principal investigator (ST) and
found to be unrelated to the insertion of the bone graft
substitute. This patient was included in the analysis;

blood was collected for four days, drain fluid for 1.5 days,
and urine for six days.

In the urine, the vancomycin concentration reached a
mean of 99.8 mg/l (sD 49.8) during the first day, which
was maintained during day two (mean 113.2 mg/I (sD
74.8)), followed by a logarithmic decrease over the fol-
lowing two weeks to reach levels below the detection
limit (< 0.1 mg/I) at 20 days (Fig. 3). Urine was collected
up until day 30 from one patient, day 27 from three
patients, and day 24 from eight patients.

The systemic concentration of vancomycin measured
in blood serum was low and decreased linearly from a
mean of 2.17 mg/I (sD 0.29) at one hour post-surgery to
levels below the detection limit (< 0.1 mg/l) at day 4
post-surgery (Fig. 4). Blood samples were collected until
day 4 from all patients.

Discussion
The vancomycin levels eluted from the ceramic bone
substitute were different in the drain fluid, serum, and
urine. The highest concentrations were reached in the
subcutaneous drain fluid, which was placed close to the
implant and therefore regarded as the surrogate local
concentration. The local levels measured in the drain
fluid were more than 1000 times higher than those in
blood during the first week. There was a very high con-
centration of vancomycin locally, while the systemic con-
centration of vancomycin was maintained at a safe and
low level. The serum levels remained low during the
entire study (at least 6.9 times lower than trough levels),
indicating that systemic toxicity is unlikely to occur.
Similar observations were made by Wahl et al,’” who
concluded that the local application of vancomycin with
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Fig. 2

Chart showing the vancomycin concentration measured in the drain fluid after surgery. There was an initial peak followed by a linear decrease. The levels
measured in the drain were more than 1000 times higher than those measured in the blood serum and ten times higher than those measured in the urine.
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Fig. 3

Chart showing the vancomycin concentration measured in the urine after surgery. There was an initial peak followed by a logarithmic decrease. At approxi-
mately 20 days, the vancomycin concentration was below the detection level of 0.1 mg/I.

calcium sulphate as a carrier showed slow release, sys- The vancomycin concentration in urine was also ini-
temic safety, and a release profile far more interesting tially approximately 100 times higher than in serum,
than that from poly(methyl methacrylate) (PMMA). reflecting the fact that levels measured at the implant site
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Fig. 4

Chart showing the vancomycin concentration measured in the blood serum after surgery. The concentrations remained at a low level and decreased linearly to

reach below the detectable concentration (0.1 mg/l) at four days.

were much higher and more sustained than the systemic
levels. A detectable vancomycin concentration in urine
observed for up to 20 days also indicates prolonged elu-
tion of the antibiotic well above minimum inhibitory con-
centration (MIC) levels. As vancomycin is eliminated in
the kidney, the level in urine is a surrogate measure of the
local release from the carrier. Vancomycin is approxi-
mately 50% protein-bound, with a volume of distribution
of 0.4 |/kg to 1.01/kg and a B-elimination half-life of three
to six hours with normal kidney function. Clearance is lin-
early related to the glomerular filtration rate.8

Itis important that the initial release is high and signifi-
cantly above the MIC level locally to prevent bacterial
adherence leading to an established deep infection.’ The
MIC level for most vancomycin-sensitive microorganisms
is 2 mg/1.2° In this study, local concentration levels were
measured as high as 500 times MIC at six hours, and they
were maintained above 200 times MIC for at least 60
hours. This should have allowed for the eradication of
any planktonic bacteria that were causing infection and
given good preventive support for the bone healing.

Such high local vancomycin concentrations have an
effect on biofilms, and it has been shown that even lower
local vancomycin concentrations, in which case the van-
comycin would be combined with rifampicin, may also
have an effect on established Staphylococcus aureus bio-
film infection. Zimmerli and Sendi?' reported that the
combination of systemic rifampicin (1 mg/l to peak
8 mg/l) and vancomycin (3 mg/l to peak 9 mg/l) was

much more effective than monotherapy against biofilm
infection in clinical practice.

Recent in vitro studies have not been able to verify the
synergistic effect on established biofilm, but the discrep-
ancy may be explained by the systemic peak levels
achieved clinically with vancomycin.??23

Previous studies carried out with the same ceramic
bone substitute containing gentamicin showed similar
release results.?4#2> A high concentration of antibiotics
was observed in the drain fluid (i.e. locally), and the con-
centration observed in the serum never exceeded the cor-
responding MIC level of 4 mg/l.?* There was also a
prolonged antibiotic elution detected in the urine.?*
When compared with antibiotic elution from PMMA, the
ceramic bone substitute was more efficient, with a higher
peak observed during the first couple of days.?> The
ceramic bone substitute also presented a higher main-
tained antibiotic concentration during the first ten days,
demonstrating effective prevention of bacterial attach-
ment to the bone bed. The elution from the ceramic bone
substitute has been shown not to be dependent only on
the surface area, as the elution occurs from the bulk of
the entire material as well.2* This is in contrast to PMMA,
which is a compact material without minimal microporo-
sity and therefore elutes the antibiotics mainly from the
surface.?® Antibiotic particles are embedded in the bulk of
PMMA and may give rise to the long-term elution of sub-
inhibitory antibiotic concentrations with the risk of induc-
ing antibiotic resistance.?’
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The ceramic bone substitute consists of HA and cal-
cium sulphate, where the vancomycin does not bind
chemically, or electrostatically, to the HA. The elution of
vancomycin will therefore be controlled by the micro-
porosity of the material (approximately 30%) and ulti-
mately by the resorption rate of the calcium sulphate
phase. In this study, it was not possible to detect vanco-
mycin in the urine more than 20 days post-surgery.
However, it is probable that the antibiotic accumulates
in the surrounding tissue of the defect and that concen-
trations above MIC will be locally present for the ensuing
weeks, depending on the degree of vascularization of
the area.?®

In conclusion, this is the first long-term pharmacoki-
netic report on vancomycin release from a biphasic inject-
able ceramic bone substitute. The study shows initial
high targeted local vancomycin levels (wound drain
fluid), sustained and complete release during the first
month (verified by the urine concentrations), and sys-
temic concentrations that are well below toxic levels. This
material should be useful in preventing bone infection
and regenerating new bone tissue.

Supplementary Material
Tables showing the long-term release of vancomy-
cin from a biphasic ceramic carrier in blood serum,
drain fluid, and urine in major hip surgery.
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