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Intra-articular injection of vancomycin after
arthrotomy closure following gentamicin-
impregnated bone cementation in primary
total knee arthroplasty provides a high
intra-articular concentration while avoiding
systemic toxicity: a prospective study

Xuwen Li', Junhao Lai?, Xue Yang?, Hao Xu® and Shuai Xiang?'

Abstract

Background This study aimed to elucidate the safety and intra-articular elution profiles of vancomycin and
gentamicin bone cement in patients undergoing primary total knee arthroplasty (TKA), with a focus on serum safety
thresholds and therapeutic efficacy.

Methods Consecutive patients who underwent unilateral primary TKA were prospectively enrolled. The implants
were fixed using gentamicin-impregnated bone cement, and after arthrotomy closure, 1000 mg of vancomycin
suspended in 25 mL of normal saline was directly injected into the joint. Peripheral venous blood and drain fluid
samples were collected 2, 8, and 24 h postoperatively. The serum and intra-articular concentrations of vancomycin
and gentamicin were analyzed using liquid chromatography-tandem mass spectrometry within 24 h.

Results Clinical data reflecting renal and liver function were recorded preoperatively, and at 24 and 72 h
postoperatively. A total of 100 patients were included. At 2, 8, and 24 h postoperatively, the serum vancomycin
concentration was 7.0£2.0,5.7+1.8,and 3.6 £ 1.4 ug/mL, respectively, while the intra-articular concentration

was 468.5 (interquartile range [IQR] 286.0 to 774.8), 139.5 (IQR 52.0 to 295.3), and 34.4 (IQR 22.2 to 56.8) ug/mL,
respectively; 33.2 (IQR 19.5 to 80.5) mg vancomycin was lost in drainage fluid at 24 h postoperatively. For gentamicin,
the overall intra-articular concentration was 70.4 (IOR 35.4 to 109.2), 33.8 (IQR 17.8 to 73.9),and 21.1 (IOR 12.2 to 36.0)
ug/mL at 2, 8, and 24 h postoperatively, respectively, with an undetectable serum concentration. No cases of acute
renal injury, liver injury, ototoxicity, or anaphylaxis were observed.

Conclusions Intra-articular injection of 1000 mg vancomycin after arthrotomy closure combined with gentamicin-
impregnated bone cement provided a therapeutic intra-articular concentration while avoiding systemic toxicity over
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the initial 24 h after primary TKA. Therefore, intra-articular vancomycin administration may offer a safer alternative to
intravenous antibiotics, reducing systemic toxicity; however, further large-scale studies are necessary.

Trial registration ClinicalTrials. Gov (registration number: NCT05338021).

Keywords Vancomycin, Gentamicin, Total knee arthroplasty

Background

Total knee arthroplasty (TKA) is the ultimate treatment
for patients with end-stage knee osteoarthritis (OA)
[1, 2]. Periprosthetic joint infection (PJI) is a complica-
tion that affects 1-2% of patients undergoing TKA and
has catastrophic consequences. PJI significantly affects
patient satisfaction and can even become limb-threaten-
ing, increasing the medical and health care burden [3-5].
Although multiple strategies, including patient screen-
ing, perioperative prophylactic antibiotics, and an ultra-
clean air ventilation system, have been introduced in
primary TKA to prevent PJI [6], the number of PJI cases
is expected to increase in the future with the increasing
number of TKA procedures performed [7]. Among these
strategies, perioperative antibiotic prophylaxis plays a
particularly important role [8].

To achieve a high intra-articular concentration of anti-
biotics and decrease the occurrence of systemic compli-
cations, topical administration of antibiotics has drawn
increasing interest. One of the most common methods
to achieve intra-articular delivery of antibiotics is the use
of antibiotic-loaded bone cement (ALBC). Commercial
ALBC usually impregnates aminoglycosides into bone
cement; however, 41% and 66% of the isolated staphy-
lococci are resistant to gentamicin and tobramycin,
respectively [9]. The increasing occurrence of methicil-
lin-resistant Staphylococcus aureus (MRSA) in PJI also
narrows the spectrum of available, effective antibiotics.
Consequently, adding vancomycin is regarded as a prom-
ising complement [10]. Hand-mixing vancomycin pow-
der with commercial ALBC compromises the flexural
strength of bone cement and therefore, is not suitable
for primary TKA [11]. Although dual ALBC loaded with
vancomycin and gentamicin is now commercially avail-
able in certain region, it is not available worldwide for
primary TKA [12]. Based on findings by Lawrie et al. and
Johnson et al., who reported that direct intra-articular
injections may achieve superior localized antibiotic con-
centrations, direct intra-articular injection of vancomy-
cin appears to be a clinically feasible approach [13, 14].

The major concerns of using vancomycin and ami-
noglycosides are systemic adverse reactions, including
nephrotoxicity, ototoxicity, and anaphylaxis [15, 16].
Although Lawrie et al. confirmed the safety of intra-
articular vancomycin, given no adverse events occurred
during their study [13], data on changes in renal func-
tion were not provided. Moreover, previous studies

predominantly involved individuals of white and black
race; therefore, the results on the antibiotic pharmacoki-
netic profiles were limited in their extrapolation to Asian
population. In this study, we aimed to determine the
intra-articular and serum levels of intra-articular vanco-
mycin administered over the first 24 h postoperatively in
primary cemented TKA in a large Asian population. We
also aimed to evaluate the intra-articular and serum con-
centrations of gentamicin pre-mixed in bone cement, and
the clinical parameters over 72 h postoperatively.

Methods

Ethics statement

This prospective study was approved by the institutional
review board prior to patient recruitment (approval
number: QDFYKYLL920011921) and registered at Clini-
calTrials. Gov (registration number: NCT05338021).

Study population

Consecutive patients, aged between 55 years old and 75
years old, with end-stage OA undergoing primary, uni-
lateral cemented TKA using Refobacin® bone cement
(ZIMMER BIOMET, USA) containing pre-mixed 0.5 g
active gentamicin by two surgeons (YZW and HX) at
our institution between May 2022 and August 2022
were screened for eligibility, and 100 patients were sub-
sequently enrolled. Patients with potential risk factors
that could influence the elution and toxicity of antibiotics
were excluded. The exclusion criteria were: (1) Patients
with documented renal disease or a preoperative glomer-
ular filtration rate (GFR) of <60 mL/min/1.73m?, indi-
cating moderate to severe renal impairment; (2) Patients
with known allergy to vancomycin; and (3) Patients who
received perioperative intravenous (IV) vancomycin as
prophylaxis.

All patients received standard prophylactic infection
measures, including one dose of IV cefazolin preopera-
tively that was continued for the first 24 h postoperatively,
iodine-impregnated drape, and intraoperative lavage
using 3000 mL of normal saline. An intra-articular drain
was then placed and clamped. After arthrotomy closure,
1000 mg of vancomycin powder suspended in 25 mL of
normal saline was injected directly into the joint, and the
drain was clamped for 2 h.
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Sample collection

Serum and drainage samples were collected at 2, 8, and
24 h postoperatively. Drainage samples were collected
from the drainage tube; the first 5 mL of fluid was wasted,
and the second 5 mL of fluid was collected. The drain was
kept open after clamping for 2 h postoperatively. After
the final fluid collection, the drain was removed at 24 h
postoperatively, and the total volume of the drain was
recorded. All samples were stored at 4 °C after collection
and analyzed using liquid chromatography-tandem mass
spectrometry (LC-MS) within 24 h. The three active con-
geners of gentamicin—C1, C2, and Cla— were analyzed
independently, and the overall gentamicin concentration
was calculated. Clinical data reflecting liver and renal
function were also recorded preoperatively, and at 24 h
and 72 h postoperatively.

LC-MS equipment and conditions

Vancomycin and gentamicin quantification was per-
formed using a high-performance LC-MS method
described previously, which could accurately measure
the concentration with good reproducibility [17, 18]. The
apparatus was composed of a surveyor autosampler, sur-
veyor pump, and triple quadrupole TSQ Quantum Dis-
covery max (AB Sciex, Foster City, CA, USA). A Chrome
Core C18 column (50%2.1 mm, 3 um, NanoChrom Tech-
nologies, Suzhou, China) was used and maintained at a
constant temperature of 40 °C, with a flow rate of 0.4 mL/
min. D4-voriconazole was used as the internal reference
for vancomycin and etimicin for gentamicin.

Minimum inhibitory concentration (MIC), minimum biofilm
eradication concentration (MBEC), and toxic concentration
The MBEC,, and MBEC,; were defined as the concen-
trations at 60% and 100% eradication of the biofilm. Each
antibiotic concentration measurement was compared
with the MIC, MBEC, and MBEC,,, of methicillin-
susceptible Staphylococcus aureus (MSSA, UMAS-1) and
MRSA (USA300LAC) reported by Okae et al. [19], the
commonly accepted susceptible breakpoint, and the toxic
concentrations of gentamicin and vancomycin [20, 21].

For UMAS-1, the MIC, MBEC,, and MBEC,,, of gen-
tamicin were 0.5, 64, and 64 pg/mL, while those of van-
comycin were 0.5, 32, and 128 pg/mL, respectively. For
USA300LAC, the MIC, MBEC,, and MBEC,,, of genta-
micin were 0.5, 32, and 128 pg/mL, while those of vanco-
mycin were 0.5, 64, and 128 pg/mL, respectively [19].

The susceptible breakpoint of vancomycin and genta-
micin was 2 pg/mL and 4 pug/mL, respectively. The toxic
concentration of vancomycin was defined as a serum
concentration>15 ug/mL, according to previous litera-
tures [20, 21].
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Statistical analysis

All statistical analyses were performed using SPSS
version 23.0 (IBM Inc., Armonk, NY, USA). The Kol-
mogorov-Smirnov test was used to determine the nor-
mality of the distribution of continuous variables.
Quantitative variables with normal distribution are pre-
sented as meanz*standard deviation (SD), and the one-
way analysis of variance (ANOVA) analysis was used to
compare data among three or more groups. Variables
with an abnormal distribution are presented as median
(interquartile range, IQR), and Friedman test was used
to compare data among three groups. The level of signifi-
cance was set at P<0.05. All concentrations are reported
in ug/mL.

Results

A total of 100 patients (30 male and 70 female) were
enrolled (Fig. 1), and their clinical data were collected.
The mean age and body mass index (BMI) of the patients
was 69.67+6.51 years and 27.92+2.83 kg/m? respec-
tively. Detailed information on the included patients and
their baseline data are listed in Table 1.

The serum concentration of vancomycin continuously
declined at 2, 8, and 24 h postoperatively to 7.0£2.0,
5.7%£1.8, and 3.6+1.4 pg/mL, respectively (Table 2;
Fig. 2A). Our results demonstrated that the serum van-
comycin concentration was below the toxic level in all
patients (Table 3). The intra-articular vancomycin con-
centration also continuously decreased at 2, 8, and 24 h
postoperatively to 468.5 (IQR 286.0 to 774.8), 139.5 (IQR
52.0 to 295.3), and 34.4 (IQR 22.2 to 56.8) ug/mL, respec-
tively (Table 2; Fig. 2B). Although the intra-articular
concentration of vancomycin successfully reached MIC
of MSSA and MRSA and susceptible breakpoint in all
patients at 24 h postoperatively, the MBEC,, of MSSA
and MRSA was surpassed in only three patients (Table 3).
A total of 33.2 (IQR 19.5 to 80.5) mg of vancomycin was
lost in the drainage fluid (Table 2). Patients with different
BMI did not show significantly different serum or intra-
articular distribution of vancomycin (Table S1).

The serum concentration of gentamicin was undetect-
able at each postoperative time point (Table 4). The intra-
articular concentrations of each congener at 2, 8, and 24 h
postoperatively are listed in Table 4. The overall intra-
articular gentamycin concentration at 2, 8, and 24 h post-
operatively was 70.4 (IQR 35.4 to 109.2), 33.8 (IQR 17.8
to 73.9), and 21.1 (IQR 12.2 to 36.0) pg/mL, respectively
(Table 3). At 24 h postoperatively, MBEC,,, of MSSA was
reached in eleven patients and MBEC,,, of MRSA was
reached in one patient, although the intra-articular con-
centration of gentamicin in 99 patients remained above
the susceptible breakpoint (Table 5).

The preoperative and postoperative levels of blood urea
nitrogen (BUN), creatinine (Cr), GFR, albumin (ALB),
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Assessed for eligibility (n=215)

Total recruited (n=111)

Analysed (n=100)

Fig. 1 Subject disposition

Table 1 Baseline data of the included patients (n=100)
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Excluded (n=102)
1. Ineligible.
* Older than 75 years old (n=39)
* Younger than 55 years old (n=26)
* Inflammatory arthritis (n=12)
* The preoperative GFR <60
mL/min/1.73m?2 (n=13)
* Documented renal diseases (n=2)
» Perioperative intravenous
vancomycin usage (n=2)

2. Eligible but not recruited.
Refused to participate (n=8)

Data lost
. Drainage samples
» Clogged drain (n=4)
» Insufficient drainage output (n=3)
» Accidental early drain removal or
loss (n=4)

-

2. Blood samples
Voluntarily withdrew during the data
collection period (n=2)

Table 2 Serum and intra-articular concentration of vancomycin

Characteristic Mean+SD" Range (min - max) (n=100)"
Age (years) 69.7+6.5 55.0-75.0 2h 8h 24 h
BMI (kg/m?) 279+28 20.2-39.4 Serum concentration (ug/ml) 70£20 57£18 36+14
Gender (M: F) 30:70 - Intra-articular concentration 468.5 1395 344
Albumin (g/L) 411436 282-50.8 (ug/ml) (2860to (520t0  (22.2t056.8)
ALT (U/L) 150 (11010 19.0) 7.0-64.0 _ _ _7ag 2953
AST (U/L) 190 (16,0 to 22.0) 70-520 Concentration of drainage fluid - - 127.0
(g/ml) (77.1 t0 238.0)

AKP (U/L) 76.0 (65.0 t0 97.0) 47.0-145.0 .
GGT (UL 170 (13010 210 8.0-72.0 Drainage volume(mi) ) ) 3200

GT LA 0(130t0 210 e (2100 to 420.0)
Bilirubin (umol/L) 16.5(13.7t0 20.2) 73-414 Vancomyein loss (mg) ) ) 332
BUN (mmol/L) 64+14 40-11.0 (195 t0 80.5)
Cr(umol/L) 790 (73010 89.0) 60.0-103.0 " Data with normal distribution is listed as Mean + Standard deviation, and data
GFR (ml/min) 73.2 (68.9to 78.9) 60.1 — 1446 with abnormal distribution is listed as Median (Interquartile range)

*Data with abnormal distribution is listed as median (interquartile range)

ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; AKP, Alkaline
phosphatase; GGT, Glutamyl transpeptidase; BUN, Blood urea nitrogen; Cr,
Creatinine; GFR, Glomerular filtration rate
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Fig.2 Concentration of vancomycin and gentamicin. (A) Postoperative serum concentration of vancomycin, presented as mean + standard deviation; (B)
Postoperative intra-articular concentration of vancomycin, presented as median (Range); (C) Postoperative intra-articular concentration of vancomycin,
presented as median (Range)

Table 3 The percentage of patients at each time point who met the target concentration of vancomycin

MSSA (UMAS-1) MRSA (USA300LAC) Vancomycin
MIC (0.5 ng/ MBEC, MBEC, MIC (0.5 ug/ MBEC, MBEC, Susceptible Toxic con-
ml) (32 pg/ml) (128 pg/ml)  ml) (64 pg/ml) (128 pug/ml)  breakpoint centration
2ug/ml)  (15pg/
ml)
Serum concentration
2h 100 0 0 100 0 0 100 0
8h 100 0 0 100 0 0 98 0
24h 100 0 0 100 0 0 89 0
Intraarticular
concentration
2h 100 100 99 100 100 99 100 -
8h 100 92 69 100 82 69 100 -
24 h 100 68 3 100 25 3 100 -

MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; MIC, minimum inhibitory concentration; MBEC, minimum
biofilm eradication concentration

Table 4 Serum and intra-articular concentration of gentamycin

alanine aminotransferase (ALT), aspartate aminotrans-

Serum concen- f]:detectable f}:detectable fltl:e- ferase (AST)' alkaline phos‘phatése (AKP), and glutamyl
tration (ug/ml) tect- transpeptidase (GGT) are listed in Table 6. At 24 h post-
able operatively, the level of ALB significantly decreased to

Intra-articular 349121 g/L (p<0.000), and the levels of AKP, GGT,
concentration bilirubin also significantly decreased to 65.0 (IQR 56.0
(ug/mi) to 79.0, p<0.000) U/L, 14.0 (IQR 11.0 to 17.0, p<0.000)
al 204(10.2t0304) 115 (7.0t0 226) 84(22 U/L, and 13.8 (IQR 11.1 to 17.4, p<0.000) umol/L,
i 1324310205 8105116 2091(?‘77) respectively. Although the BUN level significantly ele-
o ’ T ' o 92') vated to 7.4+1.7 mmol/L (p<0.000) at 72 h postopera-

o 327(9110507) 156 (5.3 0 43.0) 11235 tively, the Cr level was significantly decreased (77.0 [IQR
t0 17.5) 71.0 to 85.5], p=0.004). However, the GFR were not sig-

Overall concen- 704 (354 to 338(178t0739) 211 nificantly changed postoperatively (p=0.143). No patient
tration (ug/ml)  109.2) (122to0 developed postoperative acute renal injury, defined as a
36.0) postoperative Cr level increase of 26.4 umol/L or a 50%

increase from the baseline level. Ototoxicity and anaphy-
laxis were not observed.
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Table 5 The percentage of patients at each time point who met the intraarticular target concentration of gentamicin

MSSA (UMAS-1) MRSA (USA300LAC)

Gentamicin

MIC (0.5 ug/ml) MBEC'(64 pug/ml) MIC (0.5 pg/ml) MBEC,, (32 pg/ml) MBEC,, (128 ug/ml) Susceptible breakpoint (4 pg/ml)

2h 100 53 100 79
8h 100 30 100 51
24h 100 11 100 36

17 100
11 100
1 99

* MBEC,, equals to MBEC,,, for UMAS-1

MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; MIC, minimum inhibitory concentration; MBEC, minimum

biofilm eradication concentration

Table 6 Renal and liver function at 24 h and 72 h postoperatively®

Baseline 24 h postoperatively 72 h postoperatively Pvalue”
Albumin (g/L) 41.1+£36 349+2.1 343+26 0.000
ALT (U/L) 15.0(11.0t0 19.0) 15.0(11.0t0 19.0) 14.0 (12.0to 18.0) 0.000
AST (U/L) 19.0 (16.0 t0 22.0) 19.0 (16.0 t0 22.0) 20.0 (16.0 to 24.0) 0.133
AKP (U/L) 76.0 (65.0 to 97.0) 65.0 (56.0 to 79.0) 65.0 (56.0 to 74.0) 0.000
GGT (U/L) 17.0(13.0t0 21.0) 14.0(11.0to0 17.0) 15.0(12.0to 18.0) 0.000
Bilirubin (umol/L) 16.5(13.7t020.2) 13.8(11.1t0 17.4) 99(79t011.9) 0.000
BUN (mmol/L) 64+14 64+14 7417 0.000
Cr (umol/L) 79.0 (73.0t0 89.0) 79.0 (73.0t0 88.0) 77.0(71.0t0 85.5) 0.004
GFR (ml/min) 73.2 (68910 78.9) 73.9 (68.1 t0 78.9) 73.5(66.8t0 79.3) 0.143

ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; AKP, Alkaline phosphatase; GGT, Glutamyl transpeptidase; BUN, Blood urea nitrogen; Cr, Creatinine;

GFR, Glomerular filtration rate

$ Data with normal distribution is listed as Mean+Standard deviation, and data with abnormal distribution is listed as Median (Interquartile range)

" One-way ANOVA analysis or Friedman test

Discussion

In this study, we measured the intra-articular and serum
levels of vancomycin injected into the articular capsule
during primary TKA as well as the local and systemic
concentrations of gentamicin preblended in commer-
cial ALBC. Our results demonstrated that a 1000 mg
dose of vancomycin suspension provided a bactericidal
intra-articular concentration for at least 24 h postopera-
tively, while the serum concentration remained sub-toxic.
Gentamicin pre-mixed with ALBC also provided intra-
articular therapeutic concentrations and sub-toxic serum
concentrations within the first 24 h. Further, our results
demonstrated the safety of the combination of gentami-
cin-impregnated bone cement and intra-articular vanco-
mycin during primary TKA.

ALBC is the most common strategy for deliver-
ing intra-articular antibiotics in primary TKA, and the
use of ALBC is associated with a lower risk of revision
[22]. Gentamicin and tobramycin are the most common
antibiotics impregnated in bone cement. Studies have
demonstrated long-term elution and high local concen-
trations of gentamicin and tobramycin in ALBC-made
spacers in two-stage revision TKA [23, 24]. An earlier
study also found that the intra-articular concentration
of tobramycin can be maintained for at least 48 h after
primary TKA wusing tobramycin-impregnated bone
cement [25]. However, the elution profile of gentamicin-
impregnated bone cement has never been reported in
primary TKA in a large Chinese population. Our results

demonstrated that preblended gentamicin in commer-
cial ALBC could provide an intra-articular concentration
higher than the MIC of common MSSA and MRSA for at
least 24 h postoperatively. Moreover, the intra-articular
concentration of gentamicin exceeded 4 pg/mL, which is
defined as the susceptible breakpoint of gentamicin in 99
patients at 24 h postoperatively, indicating that the genta-
micin-impregnated bone cement provided effective local
prevention for gentamicin-susceptible bacteria. However,
the intra-articular gentamicin concentration at 24 h post-
operatively was lower than the MBEC,, and MBEC,, in
most patients, indicating the incapacity of ALBC in erad-
icating the biofilm formed by the bacteria. Similar results
were acquired in another newly published literature
[26]. Although Lizcano et al. found that the intra-artic-
ular concentration of tobramycin or gentamicin failed to
exceed the MIC for most of the pathogens at 24 h post-
operatively, the intra-articular concentration in 95% of
the included patients exceeded the MIC of UMAS-1 and
USA300LAC.

Although gentamicin-impregnated bone cement dis-
played promising results in the prevention of PJI, up to
40% of the isolated staphylococci are resistant to genta-
micin, and vancomycin became a reasonable comple-
ment [9, 10]. However, IV prophylactic vancomycin
administration in arthroplasty failed to show superiority
in PJI prevention, with a mean intra-articular concentra-
tion of 6.3 pg/mL [27, 28]. Another concern of IV van-
comycin is drug toxicity when the serum concentration
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exceeds the toxic level. Consequently, the topical admin-
istration of vancomycin has attracted increasing atten-
tion. A meta-analysis demonstrated that intra-wound
vancomycin usage significantly lowered the PJI rate in
primary and revision TKA [29]. The results of this study
elucidated the reason why combining intra-articular van-
comycin with routine IV antibiotic prophylaxis lowered
the PJI rate in primary TKA, which was reported in our
previous study [30]. Although the MBEC,,, of MRSA and
MSSA was reached in only three patients at 24 h post-
operatively, the intra-articular concentrations within
the first 24 h postoperatively surpassed the susceptible
breakpoint of vancomycin, indicating its effectiveness
in preventing MRSA infection given its time-dependent
bactericidal pattern. Two studies also reported the elu-
tion profile of intra-articular vancomycin in primary
TKA at different postoperative time points, which could
be a good complement for our study [13, 14]. Nota-
bly, the mean concentration in the previous studies was
higher than MBEC,, at 24 h postoperatively, which was
162.2 pg/mL in and 163 pg/mL, respectively. The differ-
ence in local concentration between the current study
and these previous studies might be attributed to differ-
ences in race, age, renal function, and BMI of the study
population, which are common confounders that influ-
ence drug distribution and clearance rates. However, in
this study, after stratifying the patients according to BMI,
our results failed to demonstrate a significant differ-
ent drug distribution pattern in serum or in joint cavity.
The renal function also influences the drug distribution.
However, the GFR of 90 patients included was between
60 and 89 mL/min/1.73 m? indicating a G2 chronic kid-
ney disease. Therefore, the vancomycin distribution is
not likely to be significantly influenced by renal func-
tion in this study. Another factor that can influence the
vancomycin distribution is the amount of drug lost in in
the drainage fluid, which has never been reported before.
Our results demonstrated that approximately 30 mg of
vancomycin (3%) was lost in the drainage fluid before
drain removal. Given the current request for enhanced
recovery after TKA, routine use of drains is not recom-
mended [31]. Therefore, our results indicate that if drains
were not used, the intra-articular and serum vancomy-
cin concentrations might be slightly different. In recent
years, studies have recommended a single preoperative
dose of IV cephalosporin prophylaxis [32]; however,
high quality evidence of its safety and effectiveness from
randomized controlled trials is still lacking. Therefore,
we followed the routine 24-hour-usage of cephalospo-
rin for antibiotic prophylaxis for TKA. Nonetheless, our
data suggests that 1000 mg of intra-articular vancomy-
cin could be a reasonable complement to traditional IV
antibiotic prophylaxis. Literatures regarding the elution
profiles of intra-articular vancomycin injection and the
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usage of ALBC in primary total joint arthroplasty are
summarized in Table S2.

The incidence of nephrotoxicity was reported to
increase when combining vancomycin with aminoglyco-
sides; therefore, the safety of combining intra-articular
vancomycin and gentamicin-impregnated bone cement
must be addressed [16]. In the present study, the serum
concentration of vancomycin remained below the toxic
concentration, defined as 15 pg/mL, and the serum con-
centration of gentamicin was undetectable. Our results
are in accordance with previous literatures, showing sub-
toxic serum concentration of intra-articular vancomycin
within the first 24 h postoperatively [13, 14]. The insig-
nificant change of GFR at 24 and 72 h postoperatively
further substantiated the safety of the combination of
intra-articular vancomycin and gentamicin-impregnated
bone cement. The significantly elevated BUN level at
72 h postoperatively indicated a negative nitrogen bal-
ance caused by surgical trauma, rather than renal toxic-
ity caused by antibiotics. Elevated levels of liver enzymes
are markers for liver injury. However, in this study, the
levels of liver enzymes were significantly decreased, also
suggesting a negative nitrogen balance status. Ototoxicity
was also not observed. Our results provide evidence of
the safety of combining 1000 mg of intra-articular vanco-
mycin with gentamicin-impregnated bone cement during
primary TKA. Although the serum vancomycin concen-
tration exceeded the toxic concentration in two patients,
Lawrie et al. also validated the renal safety of 1000 mg
of intra-articular vancomycin, considering none of their
patients experienced acute renal injury.

This study has several limitations. First, the antibiotic
concentration was measured at only three postopera-
tive time points. Although the serum concentration of
vancomycin continuously declined, we could not iden-
tify whether the serum concentration between 2 and
8 h postoperatively peaked above the toxic thresholds.
Second, excluding patients with renal disease may limit
the generalizability of the findings, as these patients rep-
resent a significant proportion of those undergoing TKA
who may have altered antibiotic pharmacokinetics. Fur-
ther investigations are needed to evaluate the safety in
patients with renal diseases. Third, we measured only
three active components of gentamicin; two other active
components, C2a and C2b, were not analyzed. There-
fore, the concentration of gentamicin reported in our
study might be lower. Finally, we administered the dose
of intra-articular vancomycin recommended by Lawrie
et al. to all patients. However, whether the dose should
be adjusted in patients with different BMI or comorbidi-
ties was not addressed in this study. Therefore, further
research is needed to investigate the value of a person-
alized strategy and the minimum effective dose of intra-
articular delivery of vancomycin.
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Conclusions

Our results demonstrated that intra-articular injection of
1000 mg vancomycin during primary TKA using genta-
micin-impregnated bone cement provided intra-articular
concentrations beyond the susceptible breakpoints of
both vancomycin and gentamicin for at least 24 h, with-
out resulting in toxic serum levels. These findings sug-
gest that intra-articular vancomycin administration may
offer a safer alternative to IV antibiotics, reducing sys-
temic toxicity; nonetheless, further large-scale studies are
necessary.
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