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ABSTRACT

Background. Following concerns regarding the emergence of Clostridium difficile infection in 2010, we changed antibiotic
prophylaxis in patients undergoing primary hip and knee arthroplasty from cefuroxime to flucloxacillin and single-dose
(SD) gentamicin. A subsequent perceived increase in the incidence of post-operative acute kidney injury (AKI) led us to
evaluate the AKI incidence between different prophylactic antibiotic regimes used at our centre.

Methods. We examined the incidence of AKI as defined by Kidney Disease: Improving Global Outcomes criteria in 1588
patients undergoing primary hip or knee arthroplasty from January 2010 to January 2015. Patients received the following
prophylactic antibiotic regimes: 8 g flucloxacillin in four divided doses and SD gentamicin 1.5 mg/kg ideal body weight (IBW;
maximum dose 120 mg; n¼400), 8 g flucloxacillin alone in four divided doses (n¼400), SD cefuroxime (n¼400), triple-dose
(TD) cefuroxime (n¼188) and teicoplanin with SD gentamicin 1.5 mg/kg IBW (n¼200).

Results. The incidence of AKI was as follows: flucloxacillin and gentamicin (13%); flucloxacillin alone (8.5%); SD cefuroxime
(2%); TD cefuroxime (0.5%); and teicoplanin and gentamicin (3%). Of the six patients who developed Stage 3 AKI, all were in
the flucloxacillin and gentamicin group. The odds ratio for the development of AKI derived from a binary logistic regression
model was highest in the flucloxacillin and gentamicin group [7.79 (95% confidence interval 3.54–17.14), P<0.0001].

Conclusions. Our findings suggest that the use of prophylactic high-dose flucloxacillin and gentamicin should be used with
caution in patients undergoing primary hip or knee arthroplasty without a clear advantage in reducing surgical site
infections given the association with increased rates of AKI.
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INTRODUCTION

Within an ageing population and rising obesity rates, require-
ments for primary hip and knee arthroplasty are increasing.
Periprosthetic joint infection (PJI), aseptic loosening and insta-
bility are now the most common reasons for revision following
primary hip and knee arthroplasty [1], with considerable associ-
ated morbidity and cost [2]. Perioperative antibiotic prophylaxis
has long been recognized as an unchallenged standard of care
that is known to decrease the incidence of this potentially dev-
astating complication [3].

The most common organisms associated with PJIs are staph-
ylococci, with Staphylococcus aureus and Staphylococcus epidermis
being the most frequently isolated pathogens [4]. Currently,
there is no UK consensus on the timing, dose, duration or choice
of antibiotic prophylaxis, with regional variation influenced by
guidance from local policymakers. Cephalosporins have been
widely used worldwide because of their broad-spectrum cover
[5]; however, concerns regarding the emergence of Clostridium
difficile (CD) infection in the UK in 2010 led to a change in prac-
tice in many centres to alternative antibiotic regimes.

In August 2010, we changed our antibiotic prophylaxis from
cefuroxime to flucloxacillin in combination with gentamicin.
Unexpectedly, we observed a rise in the incidence of post-
operative acute kidney injury (AKI) at our centre, which we
initially attributed to the use of gentamicin. Following consulta-
tion with our local nephrology and microbiology colleagues, the
hospital protocol was changed from gentamicin 3 mg to 1.5 mg/
kg ideal body weight (IBW) in September 2013. However, in ret-
rospect even prior to September 2013, the maximum dose had
never been >1.5 mg/kg IBW. Therefore, this led us to question
whether it was actually flucloxacillin or both these antibiotics
in combination that was responsible for the high incidence of
AKI.

Several studies have reported an association between the
use of prophylactic flucloxacillin and gentamicin and subse-
quent kidney impairment. Challagunda et al. evaluated the inci-
dence of AKI in 198 patients undergoing primary hip and knee
arthroplasty. Patients were divided into four groups according
to what antibiotic prophylaxis they received, with two groups
receiving cefuroxime monotherapy and the remaining two
groups receiving gentamicin (160 mg for patients weighing
>60 kg and 120 mg if weight was <60 kg) in combination with ei-
ther low-dose flucloxacillin (4 g/day) or high-dose flucloxacillin
(8 g/day). They found that the highest rates of AKI occurred in
patients treated with high-dose flucloxacillin in combination
with gentamicin [6]. In this group, 27 of 52 (52%) patients devel-
oped AKI, with 3 patients requiring temporary dialysis com-
pared with 10 of 46 (22%) in the low-dose flucloxacillin and
gentamicin group and 4 of 48 (8%) and 7 of 52 (14%) in the two
groups who were administered prophylactic cefuroxime. The
lower rate of AKI incidence in the low-dose flucloxacillin group
compared with the high-dose group suggested that the higher
dose flucloxacillin rather than gentamicin may be responsible
for the rise in AKI incidence. Similar cases of AKI secondary to
dicloxacillin and gentamicin in 163 patients with hip fractures
have also been reported in the literature [7]. Bailey et al. also
reported significantly increased rates of AKI following a change
from cefuroxime antibiotic prophylaxis to single-dose (SD; 2 g)
flucloxacillin in combination with gentamicin in patients un-
dergoing elective hip and knee replacements. In their study, 24
of 254 (9.45%) patients developed AKI in the flucloxacillin and
gentamicin group compared with 4 of 238 (1.69%) in the cefurox-
ime group [8]. While these studies supported our observations

that flucloxacillin and gentamicin prophylaxis may lead to in-
creased rates of AKI, patient numbers were relatively small and
it remained unclear if one or both of these antibiotics were
responsible.

There have been two larger observational studies examining
AKI in joint replacement that led directly to a national change
in the prophylactic antibiotic policy for orthopaedic surgery in
Scotland. Bell et al. investigated AKI rates following a policy
change from cefuroxime to gentamicin (4 mg/kg) and flucloxa-
cillin (two doses of 1 g) in 2009. Interrupted time series (ITS)
analyses showed a significant increase in AKI following this
change in prophylactic regimen in orthopaedic patients. After
adjustment for age, sex and use of other nephrotoxic drugs,
change in policy was the only factor that remained significantly
associated with an increase in AKI. The antibiotic policy change
was not significantly associated with a change in AKI in the
other surgical groups including urology, vascular, gastrointesti-
nal and gynaecology [9]. Due to the increased AKI rate following
this policy change, in 2012, policy was changed again from flu-
cloxacillin and gentamicin to amoxicillin–clavulanic acid.
Walker et al. [10] investigated this policy change in relation to
the AKI rate in patients who underwent orthopaedic surgery.
They found that this change in antibiotic prophylaxis was asso-
ciated with decreased rates of post-operative AKI using ITS
analysis [10].

AKI, formerly known as acute kidney failure, is a both com-
mon and serious problem among hospitalized patients. It is as-
sociated with increased morbidity and mortality, length of
hospital stay and subsequently, cost [11]. The aim of this article
was to investigate the association between prophylactic antibi-
otic regime and subsequent development of post-operative AKI
in a relatively large group of patients undergoing primary hip
and knee arthroplasty. In addition, we evaluated the severity of
the AKI, impact on length of hospital stay and factors influenc-
ing the development of AKI within our unit.

MATERIALS AND METHODS

We conducted an observational service evaluation using a pro-
spectively maintained database of all patients undergoing pri-
mary hip or knee arthroplasty in a large elective orthopaedic
unit from January 2010 to January 2015. Patients undergoing re-
vision surgery or trauma-related surgery were excluded.
Patients were categorized into five different groups according to
which antibiotic prophylaxis they received: flucloxacillin and
gentamicin for patients receiving cementless implants; fluclox-
acillin alone in patients receiving a cemented implant; SD cefur-
oxime; triple-dose (TD) cefuroxime; or teicoplanin and
gentamicin. During the period that flucloxacillin-based regimes
were in use, patients with a documented penicillin allergy or
known colonization with methicillin-resistant S. aureus were al-
ternatively administered teicoplanin and gentamicin if they
had a cementless implant. In cemented procedures, PalacosVR

cement containing gentamicin was routinely used. Patients
within each of the groupings were a consecutive sample.

Antibiotics were administered as follows (Table 1): 2 g flu-
cloxacillin prior to skin incision followed by 2 g at 6 h, 12 h and
18 h with or without 1.5 mg/kg IBW gentamicin (maximum dose
120 mg) at induction; 1.5 g cefuroxime at induction with or with-
out further 750 mg doses at 8 h and 18 h in both cementless and
cemented procedures and 10 mg/kg teicoplanin and 1.5 mg/kg
IBW gentamicin at induction in cementless procedures.

All patients had their kidney function checked at baseline
pre-operatively and at least once in the first 48 h post-operative
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period. AKI was defined and staged as per the Kidney Disease:
Improving Global Outcomes criteria [12]. Stage 1 was defined as
an increase in serum creatinine by 26.5 mmol/L within 48 h or an
increase to 1.5 times baseline creatinine presumed to have oc-
curred within the previous 7 days. Stage 2 was defined as a se-
rum creatinine rise by 2–2.9 times from the baseline value and
Stage 3 was a rise three times the baseline serum creatinine or
if dialysis was required.

Data were collected on the following variables: gender, age,
American Society of Anaesthesiologists (ASA) grade, nature of
operation (primary hip or knee), mode of anaesthesia (spinal or
non-spinal), use of cement, pre-operative creatinine and esti-
mated glomerular filtration rate (eGFR), maximum post-
operative creatinine and length of hospital stay.

Statistical analysis

Statistical analysis was carried out using IBM SPSS for
Windows, Version 22 (IBM Corp., Armonk, NY, USA) All relevant
data were assessed for normal distribution (Shapiro–Wilk) and
are presented and analysed accordingly. Categorical data be-
tween antibiotic groups were analysed using Chi-squared tests.
Kruskal–Wallis test was used to explore creatinine levels by
antibiotics grouping at the pre-operative stage, post-operative
stage and the difference between the two (pre- and post-
operative). Binary logistic regression analysis was performed to
determine the factors that influence the development of post-
operative AKI. Statistical significance was set at the P� 0.05
level.

Ethical approval

This work was performed as an audit project which was regis-
tered with the Trust Standards, Quality and Audit Department.

RESULTS

The study cohort consisted of a total of 1588 patients. The over-
all median [interquartile range (IQR)] age of patients was 69 (61–
76) years and 56.9% were female. More patients (54.8%) had pri-
mary hip arthroplasty and 60.5% of the joint replacements were
cementless. Baseline differences existed between the groups in
relation to gender, ASA grade and surgery type, and whether ce-
ment was used. There were no significant differences in length
of stay, pre-operative eGFR or creatinine between antibiotic
regimes. Baseline characteristics of the groups are presented in
Table 2.

Post-operatively, patients in the flucloxacillin and gentami-
cin group had a significantly greater increase in creatinine

compared with any of the other groups (P � 0.0001) with a me-
dian (IQR) increase of 4.0 (�4 to 15)mmol/L (Supplementary data,
Table S1). In the flucloxacillin and gentamicin group, signifi-
cantly more patients went on to develop post-operative AKI
(13%) compared with the other regimes, with patients in the TD
cefuroxime regime having the lowest (2%) incidence (Table 3).
Of the 52 (13.0%) patients in the flucloxacillin and gentamicin
group who did develop AKI, 41 patients (78.9%) had Stage 1,
with 5 patients (9.6%) having Stage 2 and 6 patients (11.5%) de-
veloping Stage 3. This was the only group to have an incidence
of Stage 3 AKI. None of the patients required dialysis. As
expected, patients who developed AKI had a significantly longer
length of hospital stay (n¼ 6 days, IQR 4–9) than those who did
not (n¼ 4 days, IQR 3–5; P � 0.0001; Supplementary data, Table
S2).

Binary logistic regression analysis was carried out to deter-
mine the factors that influence AKI post total hip and knee
arthroplasty (Table 4) while controlling for existing baseline
group differences in gender, ASA grade, surgery type and
cemented/cementless implants. The overall model was highly
significant (P � 0.0001) and was able to predict 93.7% of the
cases of AKI. Variables that were not significant included ASA
grade, cemented/cementless joint, baseline eGFR and baseline
creatinine values. The most significant influencing predictor of
AKI was prophylactic antibiotic regime. Using SD cefuroxime as
the reference category, patients that received flucloxacillin and
gentamicin were 7.8 times more likely to develop AKI [odds ratio
(OR) ¼ 7.79, 95% confidence interval (CI) 3.54–17.14], while
patients that received flucloxacillin alone were 4.4 times more
likely to develop AKI (OR ¼ 4.44, 95% CI 1.88–10.47). Females
were 1.78 times (95% CI 1.02–2.94) more likely to develop AKI
than males, as were patients undergoing knee arthroplasty (OR
¼ 1.96, 95% CI 1.19–3.22). Each increase in 1 year of age was asso-
ciated with a statistically significant increase in odds of devel-
opment of AKI (OR ¼ 1.07, 95% CI 1.04–1.09). Baseline eGFR and
creatinine levels had no significant influence within this model.

DISCUSSION

This work demonstrates that in our unit, the choice of 8 g of flu-
cloxacillin in four divided doses in combination with a single
1.5 mg/kg IBW of gentamicin for antibiotic prophylaxis is associ-
ated with a significantly increased likelihood of post-operative
AKI. In addition, patients who develop AKI are more likely to
have a prolonged hospital stay by an estimated 2 days. This has
significant implications for cost and morbidity.

The majority of patients (78.8%) in the flucloxacillin and gen-
tamicin group who developed AKI had small creatinine rises
and were classified as Stage 1. Despite this rarely causing

Table 1. Dosing regimes according to antibiotic group

Antibiotic prophylaxis Dose Timing of doses Time period

FlucloxacillinGentamicin 2 g
1.5 mg/kg IDW (max dose 120 mg)

0, 6, 12, 18 h 1 March 2014–17 June 2014

Flucloxacillin 2 g 0, 6, 12, 18 h 3 January 2014–20 August 2014
SD cefuroxime 1.5 g 0 h 1 October 2014–27 November 2014
TD cefuroxime 1.5 g

750 mg
0 h
8, 18 h

4 January 2010–1 February 2010

TeicoplaninGentamicin 10 mg/kg
1.5 mg/kg IBW (max dose 120 mg)

0 h
0 h

2 February 2011–30 January 2015

0 h¼ induction immediately prior to skin incision; h¼ time in hours post-induction.
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concern among clinicians, epidemiological evidence supports
that even mild reversible AKI has important clinical consequen-
ces including an increased risk of death [11, 13]. For instance,
patients with Stage 1 AKI with a rise in creatinine of 26.5 mmol/L
have been shown to have a 2-fold increase in terms of in-
hospital mortality [14]. In addition, it is now recognized that an
episode of AKI has important implications for the long-term de-
velopment of cardiovascular disease, chronic kidney disease
and mortality even if there has been resolution [15, 16]. As the
severity of AKI increases, the risk of requiring dialysis and death

rises, particularly with Stage 3 AKI [14]; however, it is worth not-
ing that we observed relatively low numbers of patients in this
category, with 11.5% of AKI cases being classified as Stage 3 and
no patients requiring dialysis.

It is well recognized that gentamicin can induce tubular tox-
icity, particularly with cumulative doses [17]. Flucloxacillin-
associated kidney impairment is less frequently described but
associations with interstitial nephritis have been reported [18,
19]. Our results suggest the combination of flucloxacillin and
gentamicin appears to act synergistically in precipitating AKI in

Table 2. Comparison of baseline characteristics and length of hospital stay across prophylactic antibiotic group

Characteristics

Flucloxacillin/
gentamicin

(n¼ 400)
Flucloxacillin

(n¼400)

SD
cefuroxime

(n¼400)

TD
cefuroxime

(n¼ 188)

Teicoplanin/
gentamicin

(n¼ 200)
Total

(n¼ 1588) P-value

Gender, n (%) <0.0001
Male 160 (40.0) 195 (48.8) 175 (43.8) 91 (48.4) 63 (31.5) 684 (43.1)
Female 240 (60.0) 205 (51.2) 225 (56.2) 97 (51.6) 137 (68.5) 904 (56.9)

Age, median (IQR), years 69 (62–76) 68 (59–76) 69 (60–75) 68 (60–75) 71 (62–79) 69 (61–76) 0.13
ASA grade, n (%)

1 32 (8.0) 51 (12.8) 25 (6.3) 15 (8.0) 11 (5.5) 134 (8.4) �0.0001
2 326 (81.5) 297 (74.3) 298 (74.5) 146 (77.7) 150 (75.0) 1217 (76.6)
3 39 (16.7) 52 (13.0) 77 (19.3) 27 (14.4) 39 (19.5) 234 (14.75)
4 3 (0.8) 0 0 0 0 3 (0.2)

Surgery type, n (%)
Primary knee 248 (62.0) 67 (16.7) 206 (51.5) 79 (42.0) 118 (59.0) 718 (45.2) �0.0001
Primary hip 152 (38.0) 333 (83.3) 194 (48.5) 109 (58.0) 82 (41.0) 870 (54.8)

Spinal anaesthesia, n (%)
Yes 386 (96.5) 389 (97.3) 385 (96.3) 183 (97.3) 191 (95.5) 1534 (96.6) 0.79
No 14 (3.5) 11 (2.8) 15 (3.8) 5 (2.7) 9 (4.5) 54 (3.4)

Cemented joint, n (%)
Yes 40 (10.0) 355 (88.8) 141 (35.3) 70 (37.2) 22 (11.0) 628 (39.5) �0.0001
No 360 (90.0) 45 (11.2) 259 (64.8) 118 (62.8) 178 (89.0) 960 (60.5)

Pre-operative eGFR, n (%)
�60 mL/min/1.75 m2 330 (82.5) 333 (83.3) 336 (84.0) 162 (86.2) 158 (79.0) 1319 (83.1) 0.41
<60 mL/min/1.75 m2 70 (17.5) 67 (16.8) 64 (16.0) 26 (13.8) 42 (21.0) 269 (16.9)
Pre-operative creatinine, median (IQR), lmol/L 79 (65–92) 80.5 (69–94) 80 (67–92) 79.5 (67–91) 77.5 (66–94) 80 (67–92) 0.46
Length of stay, median (IQR), days 4.00 (3–6) 4.00 (3–5) 4.00 (3–6) 4.00 (3–5) 4.00 (3–6) 4.00 (3–6) 0.56

Table 3. Incidence of AKI by prophylactic antibiotic regime

AKI and
AKI stage

Prophylactic antibiotic regime

Sex

Flucloxacillin/
gentamicin

(n¼ 400),
n (%)

Flucloxacillin
alone (n¼ 400),

n (%)

SD cefuroxime
(n¼400),

n (%)

TD cefuroxime
(n¼ 188),

n (%)

Teicoplanin/
gentamicin (n¼ 200),

n (%) P-value*

AKI (all stages) ALL 52 (13.0) 34 (8.5) 8 (2.0) 1 (0.5) 6 (3.0) �0.0001
F 28 (53.8) 11 (32.4) 3 (37.5) 1 (100) 3 (50)
M 24 (46.2) 23 (67.6) 5 (62.5) 0 3 (50)

Stage 1 ALL 41 (78.9) 30 (88.2) 8 (100) 1 (100) 5 (83.3)
F 24 (58.5) 11 (36.7) 3 (37.5) 1 (100) 2 (40)
M 17 (41.5) 19 (63.3) 5 (62.5) 0 3 (60)

Stage 2 ALL 5 (9.6) 4 (11.8) 0 0 1 (6.7)
F 3 (60) 0 1 (100)
M 2 (40) 4 (100) 0

Stage 3 ALL 6 (11.5) 0 0 0 0
F 1 (16.7)
M 5 (83.3)

*Chi-squared analysis. F¼ female, M¼male.
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this group of patients given that the rate of AKI was 7.8-fold
higher when compared with another group using a similar dose
of gentamicin (teicoplanin and gentamicin group) and 4.4-fold
higher when compared with the flucloxacillin alone group. The
exact mechanism of kidney impairment remains unclear but
given that both drugs are primarily renally excreted, reduced
clearances when given concomitantly may lead to increased tu-
bular toxicity and subsequent acute tubulointerstitial nephritis
[20].

As previously discussed, Challagunda et al. reported similar
findings of increased rates of AKI following flucloxacillin and
gentamicin prophylaxis in patients undergoing primary hip or
knee arthroplasty. They also found the incidence of AKI fell sig-
nificantly when the dose of flucloxacillin was reduced from 8 to
4 g daily [6]. Despite this study having relatively small sample
numbers and length of follow-up, the OR (14.5, 95% CI 4.2–49.7)
linking high-dose flucloxacillin with SD gentamicin to AKI was
considerable and supports our own findings. Currently, there is
wide variation across UK centres with regards to the dose of flu-
cloxacillin used as antibiotic prophylaxis for primary hip or
knee arthroplasty with some UK centres using much lower
doses of 2 g/day [8]. Further studies are required to determine
what dose of flucloxacillin is optimal in terms of efficacy in re-
ducing PJI rates along with incidence of AKI.

There is currently no consensus on the use of antibiotic
laden bone cements (ALBCs) for preventing PJIs. A meta-
analysis of seven randomized controlled trials involving 6381
cases of hip or knee arthroplasties found the use of ALBC had
no difference on the rates of superficial infection but did have
a lower incidence of deep infection when compared with plain
cement or systemic antibiotic administration alone [21].
Within our regression analysis model, taking all other

variables into account, we found that cemented or cementless
joints did not significantly contribute to the development of
AKI.

The estimated cost of treating PJIs in total hip and knee
replacements is currently around £100 000 per patient [2].
Patients are often required to return to hospital for more chal-
lenging operations, incurring longer hospital stays, requirement
for antibiotics and costly revision implants [22]. Patients may be
left with devastating outcomes including death and amputa-
tion, and incur more pain and disability compared with their
pre-operative state [23]. One study by Zmistowski et al. [24]
showed a significant increase in 1 year mortality in patients
who developed PJIs. In our local experience, while flucloxacillin
and gentamicin were associated with an increased incidence of
AKI, our rates of PJIs appeared to be lower.

In the UK in the last 6 years, antibiotic choice in many units
has been driven more by concern about CD and AKI than PJI.
Luo et al. performed a meta-analysis to compare the efficacy of
cefuroxime prophylaxis and flucloxacillin/gentamicin prophy-
laxis in preventing post-operative wound infections and their
associations with post-operative CD infection and kidney im-
pairment. They found that while flucloxacillin/gentamicin was
associated with a significantly lower risk of CD when compared
with cefuroxime, it was associated with a significantly higher
risk of post-operative AKI, particularly in orthopaedic surgery
[25]. Furthermore, efficacy rates in terms of preventing post-
operative wound infections were similar, although this did not
specifically apply to PJIs. Clearly, preventing these infections is
of fundamental importance while also avoiding undue harm to
patients from AKI. Further large multicentre trials are required
to determine efficacy of regime, dose and timing of antibiotic
prophylaxis.

We acknowledge that our findings must be interpreted
with caution given that this was not a randomized controlled
trial. We did not have data on comorbidities, but instead, used
ASA grade as a surrogate, which is based on severity of dis-
ease and may result in inconsistent application across
patients. Furthermore, considerable variation in the ASA clas-
sification allocation has been reported given that it does not
consider age, sex, weight, nature of the operation, anaesthetic
or surgical skill, degree of pre-surgical preparation or the facil-
ities for post-operative care [26]. While the study period was
5 years, the majority of data were collected in 2014, with some
of the data being collected 4 years previously. While there
were no other major services or quality improvements during
the 5-year period, the older data may be less contemporary
and subject to other confounders. There were also some po-
tential unmeasured confounders associated with the develop-
ment of post-operative AKI that we were unable to account
for such as intraoperative hypotension. These aside, we had a
reasonable sample size and the abrupt decline in AKI follow-
ing a change in antibiotic prophylaxis from flucloxacillin and
gentamicin to cefuroxime suggests that other confounders for
AKI were less likely.

With the demand in orthopaedic services increasing, patient
safety must be upheld in addition to trying to reduce greater
overall costs to the National Health Service. While seemingly
mild cases of AKI are less apparent to clinicians compared with
severe AKI requiring dialysis, the impact of non-dialysis-
requiring AKI is still significant in terms of post-operative mor-
bidity, length of stay and increased mortality risk after what is,
in essence, an elective procedure. Prevention and effective
treatment of post-operative AKI should be a priority in addition
to preventing PJIs. Our findings suggest that the use of

Table 4. Binary logistic regression analysis of factors influencing AKI

Covariates OR (95% CI) P-value

ASA grade
1 (Ref) 1.0 (Ref) –
2 1.5 (0.58–4.00) 0.87
3 1.5 (0.50–4.38) 0.40
4 0 0.99

Gender
Male (Ref) 1 (Ref)
Female 1.78 (1.02–2.94) 0.0300

Age 1.07 (1.04–1.09) �0.0001
Primary surgery

THR (Ref) –
TKR 1.96 (1.19–3.22) 0.008

Antibiotic regime
SD cefuroxime (Ref) 1 (Ref) –
TD cefuroxime 4.17 (0.52–33.33) 0.1800
Flucloxacillin and gentamicin 7.79 (3.54–17.14) �0.0001
Flucloxacillin alone 4.44 (1.88–10.47) 0.001
Teicoplanin and gentamicin 1.28 (0.43–3.86) 0.66

Joint cement
Cementless (Ref) 1 (Ref) –
Cemented 2.94 (1.49–4.17) 0.24

Baseline eGFR
�60 mL/min/1.73 m2 1 (Ref) –
<60 mL/min/1.73 m2 1.45 (0.71–2.96) 0.30

Baseline creatinine 1.01 (0.99–1.02) 0.38

THR ¼ total hip replacement; TKR ¼ total knee replacement.
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prophylactic high-dose flucloxacillin and gentamicin should be
used with caution in patients undergoing primary hip or knee
arthroplasty given the association with increased likelihood of
AKI. Further randomized trials should investigate the risk of
AKI versus risk of surgical site infection with different antibiotic
combinations.
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