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Background: Intravenous antibiotic infusion has been the standard prophylaxis for total joint arthro-
plasty surgery. However, infection rates still occur at 1%-2% in many series. Single-dose intra-articular
antibiotics (IAAs) present a safe and potentially more effective prophylactic regime in total joint
arthroplasty. This study aimed to assess the outcomes of a single-dose IAA injection on PJI rates in a
single surgeon series of hip and knee arthroplasty.
Methods: We reviewed the data of all patients operated on for a primary hip or knee replacement from
2010 to 2021. From January 2018, 1 gm of vancomycin in 10 ml of saline was injected into every total joint
replacement after fascial closure. A comparison was made with PJI referencing the Australian National
Joint Replacement Registry data on revision for the 2 periods: 2010-2017 and 2018-2021.
Results: During the period without IAA (2010-2017) for TKR, 6 of 489 (1.2%), and for THR, 5 of 694 (0.7%)
had PJI requiring revision surgery. In the period with IAA (2018-2021) for TKR, 0 of 214 (0%, P ¼ .11), and
for THR, 1 of 517 (0.2%, P ¼ .19) PJI required revision surgery, but the overall incidence of PJI for TKR and
THR was significantly reduced (P ¼ .03).
Conclusions: A single dose of intra-articular vancomycin 1 gm injected into the total joint replacement
following fascial closure reduced the incidence of deep PJI requiring a revision surgery in a single-
surgeon series. These results demonstrate significant benefits to this technique which merit further
larger trials.
© 2024 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Total joint replacement (TJR; hip and knee replacement) sur-
geries have contributed to reduced pain and improved quality of
life for millions of people worldwide. Improvements in bearing
materials and advances in instrumentation have led to excellent
prosthetic survivorships. However, prosthetic joint injection (PJI)
continues to be a significant cause of morbidity, mortality, and
economic cost in this patient group with mortality of up to 21% at 5
years [1]. Many strategies are being developed to reduce infection
risk, including preoperative patient optimization, intraoperative
washes, prosthetic surface coating, and different antibiotic regimes
[2e4].
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Intra-articular antibiotic (IAA) use has potential benefit of very
high doses around the prosthesis when compared with intravenous
(IV) administration. There is also the added benefit of reduced
systemic effects and initial less renal excretion, ease of adminis-
tration, and possible cost-effectiveness in prevention of PJI [5].
Direct application of antibiotic has been effectively used to reduce
infections in spinal [6], anterior cruciate [7], trauma surgery [8], and
in rat models [9]. Furthermore, there is a growing body of evidence
for its use in TJR, with a number of reviews suggesting IAA
importance [10e12]. A recent report by Lawrie et al. [13] examined
a series of total knee replacements that had IA and found it reached
therapeutic levels while not reaching sustained toxic level up to 24
hours after surgery. However, these studies were small and do not
provide information on longer-term infection risk.

The aim of this study was to investigate the effect of adding IAA
in reducing infection on a single-surgeon series of total hip and
knee arthroplasty cases in Australia.
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Material and methods

A retrospective analysis of data from the Australian Orthopaedic
Association National Joint Replacement Registry (AOANJRR) was
undertakenwith all TJR performed since the surgeon (A.W.R.B.) had
been enrolled, comprising all TJRs at 4 hospitals in both public and
private systems. The AOANJRR collects data with respect to pros-
thetic information, approach, diagnosis, and other patient de-
mographics and has a capture rate of almost 100% of arthroplasty
operations performed in Australia [14]. Individual surgeons have
access to their data at any time, and it is accurate to within a month
of recent cases. Revision for any reason is registered on dedicated
forms that are sent to the NJRR weekly and continuously collated. If
a patient is treated by another surgeon with exchange of any
component in Australia, the AOANJRR receives notification of that
case.

From 2010, every total hip replacement and total knee
replacement patient had an IV infusion of 2 gm of cefazolin and 1
gm of vancomycin 30 minutes prior to surgery. All TJRs were per-
formedwith alcoholic chlorhexidine skin preparation and occlusive
Ioban (3M, St. Paul, MN) draping, using a pneumatic tourniquet for
total knee replacement, inflated immediately before skin incision
and released once the final compressive dressings were applied.
From January 2018 onward, IA injection of 1 gm of vancomycin in 10
ml of normal salinewas performed at the end of the procedure after
closure of the fascia with an 18-gauge spinal needle. Two grams of
tranexamic acid was also injected into the joint using the same
needle. Betadine wash was not used in this period although it is
now our preference to do so, rather saline with pulsatile lavage was
used. The delivery of vancomycin mixed in saline rather than as
powder, which is the more common technique referred to in the
literature, is simpler and allows injection immediately after
capsular closure at the same time as the tranexamic acid. Fat and
skin layer closure was completed as routine. While implant make
and design was not uniform, all hip and knee components were
cemented using antibiotic-enriched Simplex bone cement (tobra-
mycin) (Stryker, Kalamazoo, MI). Our wound dressings have
remained the same Post-op Opsite (Smith & Nephew, Memphis,
TN) for this study period. The approach for both procedures was
standardized with a medial parapatellar approach and posterior
approach for TKR and THR, respectively. Where reported by the
AOANJRR, datawere collected for revision, BMI, American Society of
Anaesthesiologists score, sex, and age. Continuous data were
summarized using means and standard deviation or confidence
intervals while categorical data were summarized with percent-
ages. Statistics were performed using SPSS (Version 26, IBM,
Armonk, NY). Independent samples t-tests were used to compare
continuous variables, and chi-squared exact tests were used to
compare categorical variables. Ethical approval was gained from
our institutional ethics and research committee.

Results

NJRR data from January 2010 to December 2021 were accessed
via the AOANJRR Surgeon Portal. A total of 1211 primary total hips
and 703 primary total knees were performed during the time
period. The addition of IA vancomycin began from January 2018.
There were no differences between either of the pre-intraarticular
antibiotic (pre-IAA) and intraarticular (IAA) groups in terms of age,
BMI, or ASA grade for both hip and knee replacements (Table 1).

There was a greater proportion of females in the IA group.
AOANJRR data showed that for the pre-IAA period of January 2010
and December 2017, 489 TKRs were performed with 6 revisions for
infection (1.2%), and 694 THRs were performed with 5 revisions for
infection (0.7%). In the period from January 2018 to December 2021,
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the post-IAA period, there were no infections in 214 TKRs and 1
infection in 517 THRs (0.2%). While the incidence of PJI was
significantly reduced for all joints that underwent a procedure in
the IA group (P ¼ .03), separate analyses for TKR (P ¼ .11) and THR
(0.19) approached but did not reach significance (Table 2). Based on
our data, the number needed to treat (NNT) in order to prevent 1 PJI
was 111.1.

In addition, the single infected joint in the IAA group was
infected following surgery for removal of wires from the greater
trochanter 13 months after the primary surgery and grew Staphy-
lococcus aureus sensitive to penicillin and cephalosporin (not
resistant to vancomycin).
Discussion

Hip and knee arthroplasty continue to improve pain and quality
of life for patients with degenerative joint disease. Improvements in
bearing materials and advances in instrumentation have led to
improved survivorships, with the percentage of revision hip pro-
cedures declining from a peak of 12.9% in 2003 to 8.4% in 2019,
equating to 2283 fewer hip revisions and similar declines in revi-
sion knee surgeries equating to 515 fewer knee revisions for
Australia in 2019 [14]. Despite this improvement, infection of TJR
continues to be a major cause of failure, with significant morbidity,
mortality, and economic cost [1,15]. Clearly any reduction in the
incidence of PJI will have substantial benefits for the individual and
the health system alike.

IAA use originated in veterinary medicine but has initially been
used successfully in spinal surgery [16]. In TJR, IAAs have been used
as both prophylaxis in primary surgery [5,17] and also in the more
complex scenario of infected total joints with success by several
authors [18e21] The rationale for use of IAA is that IV antibiotics,
even at maximal tolerable doses, may be subtherapeutic in synovial
fluid for part of the day, whereas IAA have peak synovial levels
orders of magnitude greater than those achievable with IV
administration, at safe systemic levels which are above minimum
inhibitory concentration for the entire day [22].

More recently, Wang et al. [23], in a meta-analysis of intra-
wound vancomycin powder (VP) in orthopedic surgery, showed a
significant reduction in overall surgical site wound infections
(SSWIs) (P < .001), deep SSWIs (P ¼ .02), and superficial SSWIs (P ¼
.04). Another meta-analysis of intra-articular VP and povidone
iodine lavage again showed a significant reduction of periprosthetic
joint infection in primary and revision total joint arthroplasty [24].

Further meta-analyses by Heckmann et al. [25] and Xu et al. [12]
on the use of VP showed very significant PJI reduction in primary
TKA and THR, although the latter authors reported an increase in
aseptic wound complications. There is a growing volume of liter-
ature supporting the safety and efficacy of this technique.

In a similar study to our own, Tahmasebi et al. used IAVP in 1710
TKR patients and reported reduced PJI rates against historical
controls from 1.91% to 0.41% [26]. Patel et al. demonstrate a similar
reduction in PJI rate (2.7% vs 0.29%) vs historical controls [5]. Those
authors calculated that the NNT to prevent 1 infection was 47.5 [5].
Table 2
Incidence of prosthetic joint infection in hip and knee arthroplasty.

Joint Pre-
intraarticular
vancomycin

Intraarticular
vancomycin

P value

Total knee replacement 6/489 (1.2%) 0/214 (0%) .11
Total hip replacement 5/694 (0.7%) 1/517 (0.2%) .19
Total 11/1183 (0.9%) 1/731 (0.1%) .03a

a Denotes statistical significance (P < .05).
Their cost to prevent 1 infection with the addition of intrawound
vancomycin was US$816, in a system where the cost of a revision
TJR can reach US$100K [10]. In our series, the NNT was 111.1, and in
our institution, a vial of 1 g of vancomycin costs $6.60, meaning
such prevention would cost $732, clearly cost-effective.

Our study illustrates that for a single surgeon, an injection of 1 g
of vancomycin at the end of fascial closure is a simple, low-risk, and
efficacious intervention. There was a slightly greater portion of
females in the IA group, which may have influenced infection rates.
Our study has limitations as it is retrospective and as such could be
biased by incremental changes in perioperative risk management.
We have however used preoperative methicillin resistant Staphy-
lococcus aureus screening and treatment, antibacterial body wash,
and IV cefazolin and IV vancomycin for the whole period of the
study; used the same skin preparation and iodine-impregnated
drapes; have not used drains but have used the same dressings;
and have used topical tranexamic acid from 2012 onwards. We no
longer use IV vancomycin after publication of the results of the
Australian Surgical Antibiotic Prophylaxis trial [27]. In addition,
while our surgical numbers are not very high, they represent the
practice of a generalist arthroplasty surgeon in Australia. It is also
possible that an infected TJR could not be recorded if it were treated
with debridement by another surgeon without component ex-
change, as this procedure without revision of any component
would not be notified to the AOANJRR. While possible, such a
standard of care would be very uncommon in our country now.

IAA represent a low-cost, effective, and safe intervention for the
prevention of PJI in primary hip and knee arthroplasty. Larger
prospective randomized studies are needed to confirm the overall
effectiveness and generalizability prior to widespread adoption of
this technique, but there are now multiple studies that are sup-
portive of such trials being performed.

Conclusions

A single dose of intra-articular vancomycin, injected into the
joint of a total joint arthroplasty, provides a significant reduction in
prosthetic joint infection rates in our single surgeon series. It is
simple, safe, efficacious, and highly cost-effective and warrants
further study in future prospective trials.
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