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Abstract. Antibiotic therapy holds an integral role in the prevention and treatment of fracture-related infection
(FRI). Because local concentrations after systemic administration are limited by the potential for side effects,
the local application of antibiotics serves as a valuable adjunct. One concern with the local administration of
high amounts of aminoglycosides and vancomycin is the absorption into the systemic circulation, leading to
detrimental effects on renal function. In this study, serum antibiotic concentration and renal function were mea-
sured in patients treated for open fractures or FRI using local antibiotics at 6, 24 and 48 h postoperatively.
Afterwards, laboratory analyses were continued daily until the concentration dropped beneath the lower limit of
quantification (LLOQ) (0.22 mg L−1 for gentamicin, 0.70 mg L−1 for vancomycin). Gentamicin concentration,
vancomycin concentration and glomerular filtration rate were measured 272, 60 and 277 times in 52 patients
after 82 surgeries, respectively. The LLOQ for gentamicin was exceeded in 14 surgeries (17 %, median concen-
tration 0.3 mg L−1). The highest measured antibiotic level was 1.0 mg L−1, well below the generally accepted
toxic trough level of 2.0 mg L−1. Although the total quantity of antibiotics delivered via beads was less than that
provided by an antibiotic spacer, the use of beads more frequently yielded measurements exceeding the estab-
lished threshold. None of the vancomycin measurements surpassed the LLOQ. The results of this study suggest
that the current clinical use of locally applied antibiotics in orthopaedic trauma surgery is safe in the context
of nephrotoxicity. The type of antibiotic carrier might affect local release and subsequent systemic absorption,
which must be considered.
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1 Introduction

Infection following orthopaedic trauma surgery remains a
major problem. It leads to impaired wound and bone heal-
ing, often requiring prolonged hospital stays and multiple
revision surgeries. This increases healthcare costs to up to
eight times that of non-infected cases (Iliaens et al., 2021;
Metsemakers et al., 2017; Haidari et al., 2024). Moreover,
despite successful treatment of the condition, final functional
and patient reported outcome remains impaired (Walter et al.,
2021). As a result, the development of prevention and treat-
ment protocols for fracture-related infection (FRI) has be-
come a critical focus of research in orthopaedic trauma.

The systemic administration of antibiotics holds an inte-
gral role in current practice recommendations in both the pre-
vention and the treatment of FRI (Obremskey et al., 2020;
Buckman et al., 2022; Depypere et al., 2020). However, de-
spite their widespread use, systemic antibiotics have some
important limitations. One major drawback is that the max-
imal safe concentration, which is determined by toxic side
effects, might not be sufficiently high to effectively combat
local pathogens at the fracture site. This is particularly rel-
evant in cases where impaired local vascularization further
impedes the delivery of systemically administered antibiotics
(Metsemakers et al., 2020; Morgenstern et al., 2018).

Local administration serves as a valuable adjunct and
achieves high tissue concentrations (Wahlig et al., 1978;
Johnson et al., 2017; Janssen et al., 2023). In vitro and in vivo
experiments have demonstrated an improved susceptibility
to local antibiotics of bacteria that are considered resistant
when the antibiotic is administered systemically (Bezstarosti
et al., 2024; Metsemakers et al., 2015). Therefore, local an-
tibiotic application of antibiotics has recently gained popu-
larity in the treatment of open fractures and FRI, with multi-
ple studies demonstrating a positive effect of local antibiotic
administration in both the prevention and the treatment of
FRI (Morgenstern et al., 2018; Flores et al., 2022; Sliepen
et al., 2022). Antibiotics can be applied to the fracture site
without a carrier (i.e. as a powder), incorporated into a car-
rier or even adhered to intramedullary nails (Metsemakers et
al., 2020; Flores et al., 2022).

Although local antibiotic application offers the advan-
tage of achieving high tissue concentrations while minimiz-
ing systemic exposure, systemic absorption cannot be en-
tirely excluded. As aminoglycosides are the most frequently
used antibiotic type for local administration, this raises con-
cern for remote organ toxicity (e.g. nephrotoxicity, ototox-
icity) (Metsemakers et al., 2020). Aminoglycoside-induced
nephrotoxicity is caused by renal tubular toxicity, a reduced
glomerular filtration and a reduction in renal blood flow
(Wargo and Edwards, 2014). Traditionally, systemic treat-
ment with gentamicin consisted of multiple doses a day,
which resulted in nephrotoxicity in up to 25 % of all treat-
ments (Lopez-Novoa et al., 2011; Leehey et al., 1993). Cur-
rently, the administration of 5 to 7 mg kg−1 body weight once

daily is considered equally effective and less nephrotoxic
(Wargo and Edwards, 2014). A systematic review and meta-
analysis confirmed that trough levels below 2 mg L−1 sig-
nificantly reduce the risk for nephrotoxicity (Yamada et al.,
2021). In one additional study, trough levels below 1 mg L−1

resulted in a significantly lower incidence of nephrotoxicity
compared to through levels above 1.1 mg L−1 (Raveh et al.,
2002). Future studies are required to assess whether the risk
is further reduced at these lower levels (Wargo and Edwards,
2014).

Again, evidence on the safety of local antibiotics mostly
stems from PJI-related research. Although most of these
studies have shown the local administration of antibiotics
to be safe, the occurrence of nephrotoxicity has been de-
scribed in multiple instances (Luu et al., 2013; Chaudhry et
al., 2023; Thomas et al., 2024). In orthopaedic trauma, most
studies focus on local antibiotic administration without a car-
rier (O’Toole et al., 2021; O’Hara et al., 2022). This results in
a brief period of high local antibiotic concentrations. The ap-
plication of an antibiotic carrier is supposed to release the
antibiotic over a longer period (Anagnostakos and Meyer,
2017). Data on the safety of this prolonged period of high
local antibiotic concentrations are currently lacking.

The aim of this study was to describe the systemic ab-
sorption of locally applied antibiotics and the occurrence
of nephrotoxicity with current clinical use in orthopaedic
trauma surgery.

2 Methods

The study was approved by the Medical Research Ethics
Committee of the Erasmus MC (MEC-2021-0446) and con-
ducted following good clinical practice guidelines. Patients
treated for an open fracture or FRI, diagnosed by the consen-
sus definition (Metsemakers et al., 2018) between 24 Novem-
ber 2021 and 24 June 2024 at Erasmus MC and to whom
antibiotics were administered at the fracture site, were eli-
gible for inclusion. Excluded from the study were patients
to whom the same antibiotic was administered systemically,
adequate follow-up was deemed improbable or no postoper-
ative laboratory values were determined. When eligible for
inclusion, patients were approached shortly postoperatively
to obtain informed consent.

According to the protocol, postoperative laboratory anal-
yses were routinely performed at 6, 24 and 48 h post-
operatively, and subsequently daily until discharge. The
plasma gentamicin and vancomycin concentration were anal-
ysed with an immuno-assay on an Architect C4000 sys-
tem (Abbott, Illinois, USA). For gentamicin, the bias and
precision of this method were 1.4 % and 4.0 %, respec-
tively. The validated concentration ranged between 0.22 and
10 mg L−1. For vancomycin, the bias and precision of this
method were −5.1 % and 14.4 %, respectively. The vali-
dated concentration ranged between 0.7 and 100 mg L−1.
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During data analysis, measurements were categorized into
nine groups: 6 (± 6) h, 24 (± 6) h, 48 (± 6) h, 3 d (72± 12 h),
4 d (96± 12 h), 5 d (120± 12 h), 6 d (144± 12 h), 7 d
(168± 12 h) and later than 1 week (> 180 h). Laboratory
analyses included the systemic antibiotic concentration of
the locally administered antibiotic, serum creatinine and
glomerular filtration rate (GFR). In accordance with the prac-
tice guidelines of the Kidney Disease Improving Global Out-
comes (KDIGO), a GFR above 90 mL min−1 was considered
to be normal renal function.

Additional data on patient demographics, the initial
trauma, previous treatment, index surgery and periopera-
tive systemic antibiotic administration were collected from
electronic patient records. Details on the locally admin-
istered antibiotic (type, dose and carrier) were collected
from the surgery report or, if not available, from the im-
plant registry. In our hospital, systemic antibiotic prophy-
laxis in patients with open fractures generally consists of
either a cephalosporin or amoxicillin-clavulanic acid for 1
to 3 d, depending on the injury severity. In FRI patients,
broad-spectrum antibiotics are started empirically until cul-
ture results are determined. If possible, targeted oral antibi-
otics are started hereafter. Five different types of local an-
tibiotic carriers were used. Palacos R+G® (Heraeus Med-
ical, Wehrheim, Germany) is a poly(methyl methacrylate)
(PMMA)-based bone cement containing 500 mg of gentam-
icin sulfate per 40 mg pack. Copal G+V® (Heraeus Medical,
Wehrheim, Germany) is a PMMA-based bone cement con-
taining 500 mg of gentamicin sulfate and 2000 mg of van-
comycin hydrochloride per 40 mg pack. Septopal® (Biomet,
Warsaw, Indiana, USA) chains consist of PMMA beads con-
taining 7.5 mg (regular) or 2.8 mg (mini) of gentamicin sul-
fate per bead. Cerament G® (Bonesupport, Lund, Sweden) is
an injectable bone graft substitute (BGS), consisting of cal-
cium sulfate, hydroxyapatite and sodium chloride. Every mL
of Cerament G delivers 17.5 mg gentamicin sulfate. The Ex-
pert Tibial Nail (ETN) PROtect® (DePuy Synthes, Warsaw,
Indiana, USA) is coated with a thin layer of poly(D,L-lactic
acid) (PDLLA) containing 20–52 mg of gentamicin sulfate
depending on the implant size.

Data were collected in Castor Electronic Data Collection
and analysed using SPSS for Windows (IBM Corp., Armonk,
NY, USA). The normality of continuous data was assessed
using the Shapiro–Wilk test. Continuous data are presented
as median (P25–P75).

3 Results

3.1 Patient demographics

During the study period, 52 patients underwent a total of 82
surgeries (range of one to five surgeries per patient). The ma-
jority of these patients were male (n= 37; 71 %). The me-
dian age at inclusion was 47 years (31–59 years). Median
BMI was 27 kg m−2 (P25–P75: 23–31 kg m−2). A minority

of the patients received treatment for diabetes (n= 3; 6 %) or
hypertension (n= 13; 25 %) at inclusion. Only seven (9 %)
of the surgeries were performed to treat an open fracture.
Two of these were performed in polytraumatized patients
(ISS > 16). All open fractures involved the lower leg. Two
patients had an additional fracture of the ipsilateral femur.
Stability was achieved using an intramedullary nail (n= 5)
or a plate and screw osteosynthesis (n= 2). Primary closure
was achieved in most cases (n= 5). Four patients treated for
an open fracture developed an FRI postoperatively and were
later included again when treating the infection. In most of
the 49 FRI patients, the lower limb was affected (n= 44;
90 %). In a third of the FRI surgeries, stability was achieved
by plate and screw osteosynthesis (n= 25; 33 %). Flap cov-
erage was performed in nine (12 %) of the FRI surgeries.

3.2 General laboratory analyses

Gentamicin concentration was measured 272 times after 81
surgeries in 51 patients. Vancomycin concentration was mea-
sured 60 times after 21 surgeries in 16 patients. In only
one of these, vancomycin measurements were performed
without concomitant gentamicin measurements. Four mea-
surements (three for gentamicin and one for vancomycin)
were performed outside of the predetermined time windows
and excluded. None of the excluded antibiotic concentration
measurements was above the lower limit of quantification
(LLOQ). Renal function was measured 277 times after 81
surgeries in 51 patients. Of these, seven measurements were
excluded because they were performed outside of the prede-
termined time windows. An overview of the number of in-
cluded measurements per time point and antibiotic carrier is
provided in Table 1.

3.3 PMMA spacer

A PMMA spacer containing gentamicin or a combination of
gentamicin and vancomycin was placed at the fracture site in
19 and 22 surgeries, respectively. The gentamicin dose was
unknown in one patient. The median amount of locally ap-
plied gentamicin in the other 40 patients was 1000 mg (P25–
P75: 500–1000 mg). The maximum dose was 3000 mg. The
vancomycin dose was unknown in two patients. The me-
dian amount of vancomycin used in the other 20 surgeries
was 2000 mg (P25–P75: 2000–2000 mg). The maximum dose
was 4000 mg. The concentration of gentamicin was above
the LLOQ after four (10 %) surgeries (Fig. 1). In three pa-
tients, a concentration of 0.3 mg L−1 (n= 2) or 0.4 mg L−1

(n= 1) was reached 6 h postoperatively. Only one of these
patients (concentration of 0.3 mg L−1) showed a brief reduc-
tion in renal function (GFR 75 mL min−1 at 6 h postopera-
tively) before a complete recovery at 24 h postoperatively. In
the fourth patient, the LLOQ was exceeded once 72 h postop-
eratively (concentration of 0.3 mg L−1) and immediately re-
turned to normal hereafter. The GFR was initially reduced to
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Table 1. Overview of the included number of measurements per time point presented by carrier.

Time point Spacer Beads c-IMN BGS Spacer+ beads

G V GFR G GFR G GFR G GFR G V GFR

6 h 32 15 32 20 20 9 9 1 1 4 2 4
24 h 31 14 31 16 17 11 11 1 1 4 3 4
48 h 19 7 18 14 14 8 7 1 1 3 2 4
3 d 15 5 14 10 11 5 5 0 0 3 2 4
4 d 11 3 11 6 6 2 2 0 0 3 1 3
5 d 10 3 10 5 5 2 2 0 0 2 0 2
6 d 6 1 6 3 3 2 2 0 0 2 0 2
7 d 3 1 3 2 2 1 1 0 0 0 0 0
> 1 week 0 0 0 0 0 1 1 0 0 1 0 1

Total 127 49 125 76 78 41 40 3 3 22 10 24

BGS: bone graft substitute; c-IMN: coated intramedullary nail; G: gentamicin measurements; GFR: glomerular filtration rate
measurements; V: vancomycin measurements.

86 mL min−1 but returned to normal by 24 h postoperatively.
None of the patients had a concentration that measured above
the LLOQ for vancomycin.

3.4 PMMA beads

As a single carrier of gentamicin, PMMA beads were used
during 22 surgeries, performed in 20 patients. The median
amount of locally administered antibiotic during these surg-
eries was 131 mg (P25–P75: 56–401 mg). The maximum
dose was 675 mg. The LLOQ was exceeded after seven
(32 %) surgeries (Fig. 2). The highest serum concentra-
tions were measured 6 h postoperatively: 0.3 mg L−1 (n=
4), 0.4 mg L−1 (n= 1), 0.6 mg L−1 (n= 1) and 0.7 mg L−1

(n= 1). All serum gentamicin levels decreased below the
LLOQ by 72 h postoperatively. In one patient (concentra-
tion of 0.3 mg L−1), the GFR was 89 mL min−1 after 24 h
but returned to normal after. In another patient (concentra-
tion of 0.4 mg L−1), the GFR decreased to 50 mL L−1 after
48 h without consequential follow-up. In all other patients,
renal function remained normal.

3.5 Gentamicin coated intramedullary nail

Coated intramedullary nails were implanted during 12
surgeries. The median gentamicin dose in these patients
was 36 mg (P25–P75: 31–36 mg). The maximum dose was
37.4 mg. The LLOQ was exceeded in only one of these (Fig.
3). In this patient, a serum concentration of 0.3 mg L−1 was
reached at 6 h postoperatively, which decreased below the
LLOQ by 24 h postoperatively. In this patient, the preop-
erative GFR was 78 mL min−1 and fluctuated between 58
and 87 mL min−1 before reaching the final measurement of
87 mL min−1 at 72 h after surgery.

3.6 Combination of antibiotic carriers

During six surgeries, gentamicin PMMA beads were com-
bined with a PMMA spacer containing gentamicin with (n=
5) or without (n= 1) vancomycin. The median amount of
implanted gentamicin and vancomycin was 1002 mg (P25–
P75: 738–1356 mg) and 3000 mg (P25–P75: 2000–4000 mg),
respectively. The LLOQ was exceeded once for gentamicin.
In this patient, a gentamicin concentration of 1 mg L−1 and
a GFR of 82 mL min−1 were measured 6 h postoperatively.
Preoperative renal function was normal. The patient left the
hospital immediately after and no further short-term follow-
up was performed. However, the patient was later included
again because of another surgery, and their renal function had
returned to normal. The LLOQ for vancomycin was never
exceeded.

3.7 Bone graft substitute

In one FRI patient, a BGS was used to administer 350 mg
of gentamicin at the fracture site. A maximum concentra-
tion of 0.6 mg L−1 was measured after 6 h and returned to
below the LLOQ by 48 h postoperatively (Fig. 4). GFR was
not measured preoperatively. The GFR was 75 mL min−1 at
6 h postoperatively and increased to the final measured value
of 83 mL min−1 at 48 h postoperatively.

4 Discussion

The local antibiotic administration offers a valuable addi-
tion in the prevention and treatment of bone infection. As
aminoglycosides and vancomycin are the most commonly
used antibiotics for local administration, one concern is the
potential for absorption into the systemic circulation, which
could result in remote organ toxicity (e.g. nephrotoxicity).
In this study, data were collected on the systemic antibi-
otic concentration and occurrence of nephrotoxicity after 82
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Figure 1. Postoperative serum gentamicin concentration for patients treated with a local PMMA spacer (A) and the glomerular filtration
rate for the subgroup of patients with gentamicin concentrations above the lower limit of quantification (B). The size of the dots reflects the
frequency of occurrence of each concentration, with larger dots indicating more frequent measurements.

Figure 2. Postoperative serum gentamicin concentration for patients treated with local beads (A) and the glomerular filtration rate for the
subgroup of patients with gentamicin concentrations above the lower limit of quantification (B). The size of the dots reflects the frequency
of occurrence of each concentration, with larger dots indicating more frequent measurements.

surgeries performed in 52 patients, during which gentamicin,
vancomycin or a combination of gentamicin and vancomycin
were administered at the fracture site using multiple carriers
to treat an open fracture or FRI.

The vancomycin concentration was determined in 60 sam-
ples after 21 surgeries in 16 patients. None of these were
above the LLOQ of 0.70 mg L−1. These results are in line
with recent studies demonstrating the safety of locally ad-
ministered vancomycin in trauma patients. In a substudy of
the VANCO trial, O’Toole et al. (2021) did not find any de-
tectable serum vancomycin levels at 1 h and 6 to 8 h post-
operatively in patients treated with 1000 mg of topical van-
comycin only. An increase in serum creatinine was found in
only one patient with undetectable vancomycin levels. In a
follow-up study – a secondary analysis of PREP-IT trial data
– O’Hara et al. (2022) found no association between cumu-
lative doses of vancomycin and drug-induced acute kidney
injury (AKI).

The gentamicin concentration was determined in 272
samples after 81 surgeries in 51 patients. The LLOQ of

0.22 mg L−1 was exceeded only after 14 surgeries in 12 pa-
tients (Table 2). All these patients were treated for FRI us-
ing different types of antibiotic carriers, with a median gen-
tamicin dose of 302 mg (P25–P75: 103–1000 mg) per patient.
This resulted in a median peak concentration of 0.3 mg L−1

(P25–P75: 0.3–0.6 mg L−1). There appeared to be no consis-
tent pattern between the reduction of renal function and ei-
ther the gentamicin dose or the measured serum concentra-
tion. These results are in line with other studies demonstrat-
ing that the local application of gentamicin mostly results in
serum levels below the toxic threshold of 2.0 mg L−1. Maruo
et al. (2022) treated 40 patients with FRI by the continuous
infusion of gentamicin at a standard dose of 2.4 mg h−1 into
the medullary cavity or soft tissues, resulting in a constant
flow of antibiotics. In all but four patients, the serum concen-
trations remained beneath the toxic threshold.

Detectable serum levels were found after seven (32 %)
of 22 surgeries, in which gentamicin beads were implanted.
The concentration range was 0.3–0.7 mg L−1. In a previous
study, de Klaver et al. (2012) measured serum concentrations
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Figure 3. Postoperative serum gentamicin concentration for patients treated with a coated intramedullary nail (A) and the glomerular filtra-
tion rate for the patient with gentamicin concentrations above the lower limit of quantification (B). The size of the dots reflects the frequency
of occurrence of each concentration, with larger dots indicating more frequent measurements.

Figure 4. Postoperative serum gentamicin concentration (A) and the glomerular filtration rate (B) for a patient treated with a synthetic bone
graft substitute.

after implantation of gentamicin beads during 34 surgeries
for infected hip joints and found levels above their LLOQ
of 0.40 mg L−1 in nine (26 %) of them. The concentrations
ranged from 0.40 to 0.97 mg L−1. Although all but one pa-
tient treated with gentamicin beads resulting in concentra-
tions above the LLOQ received an antibiotic dose below the
median, the measured concentrations were above the median
concentration more often. With the ratio of total surface area
to antibiotic dose in beads being higher than in a single an-
tibiotic spacer, this could indicate a possible effect of this
factor on antibiotic release and subsequent absorption in the
systemic circulation.

In our study, only one patient was treated with Cera-
ment G® (dose 350 mg). This resulted in a serum concentra-
tion of 0.6 mg L−1 6 hours postoperatively, which decreased
to below the LLOQ by 48 h postoperatively. In a previous
study, Stravinskas et al. (2016) used Cerament G® during
the treatment of 19 patients for trochanteric hip fractures, un-
cemented hip revisions and bone tumour resections, deliver-
ing gentamicin doses of up to 350 mg. Similar to our patient,

serum concentrations of gentamicin peaked in the first hours
postoperatively. However, the levels were frequently higher,
occasionally crossing the threshold of 2 mg L−1.

Multiple systematic reviews have investigated the associ-
ation between the implantation of antibiotic-loaded bone ce-
ment for the treatment of PJI and the development of AKI
(Luu et al., 2013; Chaudhry et al., 2023; Thomas et al., 2024).
Although Thomas et al. (2024) describe an incidence of AKI
ranging up to 35 %, there is consensus that patient-related
factors play a significant contributing role. In our study, pre-
operative renal function was only assessed when deemed
clinically necessary. All but one of these patients had a nor-
mal GFR. After half of the surgeries resulting in postopera-
tive measurable gentamicin levels, the GFR was initially re-
duced (range of 58 to 89 mL min−1). The criteria for AKI
were met in only one patient. There was no clear correla-
tion between the reduction in renal function and the abso-
lute amount of gentamicin administered or serum concen-
tration measured. The highest measured antibiotic level was
1.0 mg L−1, well below the generally accepted toxic trough
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Table 2. Summary of information on locally applied antibiotics and renal function for patients with serum gentamicin levels above the lower
limit of quantification.

Surgery Indication Antibiotic Gentamicin Gentamicin Preoperative Lowest Last AKI
carrier dose (mg) concentration GFR postoperative measured

(mg L−1) (mL min−1) GFR GFR
(mL min−1) (mL min−1)

1 FRI Spacer 1000 0.3 90 75 90 No
2∗ FRI Spacer 1000 0.3 Unknown 86 90 No
3 FRI Spacer 500 0.3 Unknown 90 90 No
4 FRI Spacer 3000 0.4 90 90 90 No
5∗ FRI Beads 253 0.3 90 90 90 No
6 FRI Beads 225 0.3 90 90 90 No
7 FRI Beads 112.5 0.3 Unknown 89 90 No
8 FRI Beads 56 0.3 Unknown 90 90 No
9 FRI Beads 112.5 0.4 90 50 50 Yes
10 FRI Beads 75 0.6 Unknown 90 90 No
11∗ FRI Beads 675 0.7 90 90 90 No
12 FRI c-IMN 31.2 0.3 78 58 87 No
13∗ FRI Spacer + beads 1400 1.0 90 82 82 No
14 FRI BGS 350 0.6 Unknown 75 83 No

AKI: acute kidney injury; BGS: bone graft substitute; c-IMN: coated intramedullary nail; FRI: fracture-related infection; GFR: glomerular filtration rate measurements.
∗ Two surgeries performed on the same patient.

level of 2.0 mg L−1. Like in previous studies, the initial re-
duction in renal function is therefore more likely attributable
to other factors such as the duration and blood loss associated
with revision/reconstruction surgery.

This study has several limitations. First of all, measure-
ments of antibiotic concentration are occasionally missed.
Based on the available data, concentrations above the LLOQ
are mostly expected 6 h postoperatively. With missing mea-
surements at this time point, there is a risk for underestimat-
ing the occurrence of antibiotic levels above the LLOQ. Sec-
ond, the detection limit of our laboratory equipment mea-
suring the antibiotic concentrations prevented measurements
of concentrations below 0.22 mg L−1 for gentamicin and
0.70 mg L−1 for vancomycin. However, this is in line with
previous research mentioning detection limits between 0.2
and 0.4 mg L−1 (de Klaver et al., 2012; Stravinskas et al.,
2016). As our detection limit is still only a 10th of the toxic
threshold, the clinical relevance is probably negligible. Third,
although no exclusion was performed based on a preoper-
atively reduced renal function, patients in this study gener-
ally had a good preoperative renal function. Therefore, no
conclusions can be drawn on the systemic absorption of lo-
cally administered antibiotics in patients with a severely re-
duced renal function. Fourth, when the antibiotic dose was
not mentioned in the surgery report, it was collected from
the implant registry. Especially with the implantation of an
antibiotic spacer, there is a risk of overestimating the antibi-
otic dose if only part of the cement package was used. Fifth,
due to the small number of patients with gentamicin levels
above the LLOQ, a detailed assessment of the association be-
tween antibiotic dose and serum concentration, or a statistical

comparison between the occurrence of AKI in patients with
and without gentamicin levels above the LLOQ, were not
possible. Lastly, a variety of carriers were used, which has
an impact on the local release of the antibiotic. Powders are
released much faster, whereas PDLLA elution is longer but
slower compared to PMMA. Antibiotic release from PMMA
varies not only based on the antibiotic dose but also the type
of PMMA, geometry of spacers/beads and mixing method
(Nelson et al., 1992; Meyer et al., 2011; Duey et al., 2012;
Meeker et al., 2019; von Hertzberg-Boelch et al., 2022).

5 Conclusion

This study describes the systemic absorption of locally ap-
plied antibiotics and the occurrence of nephrotoxicity with
current clinical use in orthopaedic trauma surgery. The re-
sults suggest that the current clinical utilization of local an-
tibiotics is safe in the context of nephrotoxicity. However,
the type of antibiotic carrier might have an impact on local
release and subsequent systemic absorption, which must be
taken into account. For spacers and beads, gentamicin doses
up to 3000 and 675 mg, respectively, resulted in a serum con-
centration that was well below the toxic threshold.
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