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Abstract

BACKGROUND

Prophylactic antibiotics have significantly led to a reduction in the risk of post-operative
surgical Ee infections (SSI) in orthopaedic surgery. The aim of using antibiotics for this
purpose is to achieve serum and tissue drug levels that exceed, for the duration of the
operation, the minimum inhibitory concentration of the likely organisms that are
encountered. Prophylactic antibiotics reduce the rate of SSIs in lower limb arthroplasty
from between 4% and 8% to between 1% and 3%. Controversy, however, still surrounds

the optimal frequency and dosing of antibiotic administration.

The aim of this study was to evaluate the impact of introduction of a weight-adjusted
antibiotic prophylaxis regime, combined with a reduction in the duration of
administration of post-operative antibiotics on SSI incidence during the 2 years

following primary elective total hip and knee arthroplasty

METHODS




Following ethical approval, patients undergoing primary THA/TKA with the old
regime (OR) of a preoperative dose (cefazolin 2g intravenously (IV)), and two
subsequent doses (2 h and 8 h), were compared to those after a change to a New Regime
(NR)) of a weight-adjusted preoperative dose (cefazolin 2g IV for patients <120kg;
cefazolin 3g IV for patients >120kg) and a post-operative dose at 2 h. The primary

outcome in both groups was SSI rates during the 2 years post-operatively.

RESULTS

A total of n = 1273 operations (THA n = 534, TKA n = 739) were performed in n = 1264

patients. There was no statistically significant difference in the rate of deep (OR 0.74%

(5/675) vs. NR 0.50% (3/598); fishers exact test P = 0.72), nor superficial SSIs (OR 2.07%

(14/675) vs. NR 1.50% (9/598); chi-squared test P = 0.44) at 2 years post-operatively.
ith propensity score weighting and an interrupted time series analysis, there was also

no difference in SSI rates between both groups (RR 0.88 (95%CI 0.61 to 1.30) P = 0.46).

CONCLUSION D
1
A weight-adjusted regime, with a reduction in number of post-operative doses had no

adverse impact on SSI incidence in this population.

INTRODUCTION

Prophylactic antibiotics have significantly led to a reduction in the risk of post-operative
surgical site i&(ections (SSI) in orthopaedic surgery [12l. The aim of using antibiotics for
this purpose is to achieve serum and tissue drug levels that exceed, for the duration of
the operation, the minimum inhibitory concentration of the likely organisms that are
encountered!3l.Prophylactic antibiotics reduce the rate of SSIs in lower limb arthroplasty
from between 4% and 8% to between 1% and 3% [ .Controversy, however, still

surrounds the optimal frequency and dosing of antibiotic administration [51.




Periprosthetic joint infection (PJI) occurs following 1% to 2% of primary lower limb
arthroplasties [67]. This complication is associated with significant morbidity for patients
and the need for complex multidisciplinary treatment strategies [8l. In Canada, deep
incisional and organ-space PJI rates are 0.96% for primary total hip arthroplasty (THA)
and 0.71% for primary total knee arthroplasty (TKA) [°l. Ninety three percent of THA
PJIs and 92% of TKA P]JIs tend to be identified within 90 days following surgery, with

an average diagnosis time of 21 days [l

Various studies have analyzed the effect of antibiotic duration and infection, however,
no benefit has been demonstrated beyond 24hrs (1011 Prolonged postoperative
prophylactic antibiotic administration should be discouraged due to the risk of
additional toxicity, production of resistant organisms, and unnecessary expense
incurred 2. These findings are supported by guidance from the American Association
(Academy) of Orthopedic Surgeons (AAOS) which recommend that the duration of
prophylactic antibiotic administration should not exceed 24hrs [13. In the United
Kingdom (UK), the National Institute for Health and Care Excellence (NICE)
recommends a single intravenous dose of antibiotic prophylaxis on induction of
anesthesia, with a repeat dose if the surgical duration is longer than the half-life of the

tibiotic, or if blood loss is significant [14. The World Health Organization (WHO) also
recommends against the prolongation of surgical antibiotic prophylaxis administration

after completion of the operation for the purpose of preventing SSIs [15].

Obesity in patients represents a significant risk factor for SSI [1617], In 2016, a report from
the WHO indicated that more than 39% of adults in world were considered overweight
and of this group, around a third would be considered obese [18l. This report also
highlighted that obese and overweight individuals represent a significant proportion of
patients undergoing surgery worldwide ['8l. However, dosing guidelines for antibiotic
prophylaxis_do not recommend adjustments based on weight [13-15, The rationale for

this is that the use of standardized doses is considered safe, effective, and convenient




for the majority of the adult pgpulation %l Studies have suggested that doubling the
dose of antibiotic prophylaxis for morbidly obese patients weighing at least 120 kg, or
with a BMI of 40 kg/m? or higher may reduce the risk of SSI 20211, According to the
Centers for Disease Control and Prevention (CDC) guidelines for SSI prevention, the

issue of weight-adjusted antibiotic prophylaxis dosing is still considered unresolved [22l.

At the time this study was conceived, the antibiotic prophylaxis regime at the study
institution, a tertiary elective arthroplasty unit, comprised a single preoperative dose of
cefazolin 2g (irrespective of patient weight) followed by two postoperative doses within

the first 24 h following surgery.

The aim of this study was to evaluate the impact of introduction of a weight-adjusted
antibiotic prophylaxis regime, combined with a reduction in the duration of
administration of post-operative antibiotics on SSI incidence during the 2 years

following primary elective total hip and knee arthroplasty.

MATERIALS AND METHODS

Following approval of the quality improvement project by the Sunnybrook Health
Sciences Centre, Toronto, Research Ethics Board (September 2018), a prospective cohort
study was performed. This study was granted an exemption from requiring informed

consent by the Sunnybrook Health Sciences Centre Research Ethics Board.

A cohort of arthroplasty patients undergoing primary THA/TKA with a single pre-
operative dose and two post-operative antibiotic doses (old regime, OR; September to
December 2018), was compared to a group of patients undergoing primary THA /TKA
after the regime had been changed to a weight-adjusted pre-operative dose and a single

post-operative dose (new regime, NR; January to April 2019).




In order to implement change to achieve the stated aims above, prescription order sets
were developed with the new regime of antibiotics, and this was performed with
engagement of appropriate stakeholders to ensure buy-in. The involved stakeholders
included Orthopedic Surgery, Pharmacy, Nursing, Anesthesia, Antimicrobial
Stewardship and Infection Prevention and Control (IP&C). The majority of the
discussions occurred via email. The previous antibiotic prophylaxis order-set had been
in use since 2012. The group worked on developing a modified order set; with the main
changes for the purpose of this QI project being the removal of the second post-
operative dose of cefazolin, and the introduction of a weight-adjusted dosage regime for
the pre-operative cefazolin that is administered. The modified order set was submitted
for review and subsequently approved by the Forms Committee in November
2018. There was an active drive to notify all service areas, with communication sent to

staff groups about the proposed change.

The old regime (OR) for antibiotic prophylaxis consisted of a single preoperative dose
(cefazolin 2g intravenously (IV)), and two subsequent antibiotic doses (cefazolin 2g IV
at 2 h and cefazolin 1g IV at 8 h). This was changed to the new regime (NR); which
comprised a weight-adjusted preoperative dose (cefazolin 2g IV for patients <120kg;
cefazolin 3g IV for patients >120kg) and a single subsequent dose (cefazolin 2g IV at 2
h).

Inclusion & Exclusion criteria

We included all adult patients undergoing primary hip or knee arthroplasty (THA/
TKA) at our institution. Patients were also included if undergoing another primary
THA /TKA within the study period.

Patients undergoing revision arthroplasty surgery or return to theatre following

primary procedures were not included in this cohort.

QOutcome measures




The primary outcome assessed in both groups was the incidence of surgical site
infection (SSI) in the 2 years following the index operation. Surgical site infection for the
purposes of this study was diagnosed as being superficial incisional, deep incisional, or

organ-space in origin (Figure 1 [1% 20]),

Demographic information including age, sex, body mass index (BMI), was also collected
for every enrolled patient in each assessed group (OR and NR). Patient records were
also interrogated for information on American Association of Anesthesiologists (ASA)
grade, presence of Diabetes Mellitus and use of oral anticoagulants at the time of

surgery.

Statistical Analysis

SSI rates were compared directly between the two regimes using Fisher’s exact test
(where observed SSI infections <5) or chi-squared tests (observed SSI infections >5). We
also used a covariate-balancing propensity score weighting method to reduce biases
from baseline differences in our comparison between the two regimes 2%l In
determining the propensity score, we used age, sex, joint (knee or hip), ASA grade,
BMI, weight, anticoagulant use (yes or no), diabetes, inflammatory arthritis, previous
surgery and number of comorbidities as covariates. Missing covariate values were
imputed using a single imputation with added prediction error and parameter
uncertainty (SI+PE+PU), a recommended method when comparing two treatments [24.
We used the standardized difference (SMD) to assess covariate balance and assumed
that any imbalance above 10% would indicate a meaningful imbalance [%51. The average
treatment effects (ATE) were then estimated using a log-binomial model with a robust
(sandwich) variance estimator. An inverse probability treatment weighting (IPTW) was
used to implement the propensity weights [2°l. The SSI rates under the old and new
regimes were also analyzed as an interrupted time series, which was implemented as a
segmented log-binomial regression with patient number ordered by operation time as

independent variable [26], Qur hypothesis was that the introduction of a weight-adjusted




regime of shorter duration in the new regime (NR) would not lead to a change in the
incidence of all SSI when compared to the old regime (OR). Statistical analysis was

performed using ‘Jamovi’ (Version 1.6); retrieved from https://www jamovi.org, and

using R vs 4.0.5 (R Foundation for Statistical Computing, Vienna, Austria) for the
propensity score analysis (packages CBPS and mice) and the interrupted time series
analysis. For all analyses, a p-value below 0.05 was assumed to denote statistical

significance.

RESULT

A total of 1273 operations (THA n = 534, TKA n = 739) were performed over the study
period in n = 1264 patients (males n = 493, females n = 771). Six hundred and sixty-nine
(n = 669) patients had surgery under the old antjbjotic prophylaxis regime (OR) whilst n
= 595 had surgery under the new regime (NR). In the OR group the mean age was 69.3
years (standard deviation (SD) + 11.9), whilst for the NR cohort, the mean age was 68.8
years (SD + 10.5). Table 1 illustrates the demographic characteristics of both groups in
further detail. Complete data (demographic ipformation, ASA grading, presence of
diabetes mellitus, use of anticoagulation) was available for n = 310 patients in the OR

group and n = 458 patients in the NR group (Table 2).

At final follow-up, there had been 5 episodes of deep incisional or organ space infection
(5/675; 0.74%) in the OR cohort and 14 episodes of superficial incisional infection
(14/675; 2.07%). For the NR group, at 2 years following surgery, there had been 3
episodes of deep incisional or organ space infection (3/598; 0.50%) and 9 episodes of
superficial incisional infection (9/598; 1.67%). There was no statistically significant
difference in the rate of deep incisional or organ space infection between the OR and
NR groups (0.74% vs. 0.50%; Fisher’s exact test P = 0.73), nor in the superficial incisional
infection rate between the OR and NR groups (2.07% vs. 1.67%; chi-squared test P =
0.44); Table 3. For the subgroup with complete demographic data, there was no
significant difference in the rates of superficial (OR 2.6% vs. NR 1.5%; chi-squared test P




= 0.30) and deep infection (OR 0.3% vs. NR 0.5%; Fisher’s exact test P = 1.0) between the
OR and NR groups; Table 4. Supplemental Tables SI and S2 provide further
information on the patients in the whole cohort diagnosed with SSIs, whilst
Supplemental Tables S3 and S4 provide the same for patients with SSIs from the

subgroup with complete demographic information.

Analysis using propensity score weighting and interrupted time series

Before propensity score weighting, the dataset had meaningful imbalances (over 10%
SMD) in the distribution of sex, BMI, weight, diabetes, previous surgery and the
number of comorbidities (Figure 1). Propensity score weighting achieved a balanced
dataset. The relative risks of overall or deep SSI were however comparable between the
original and weighted dataset, with clearly overlapping 95% confidence intervals

between the two types of analyses (Table 5).

When analyzed as an interrupted time series, the overall infection rate in the original
dataset seems constant under the old regime, whereas under the new regime it seems to
drop with patient number (Figure 2A). In the weighted dataset, the infection rate
already seemed to drop under the old regime and after an initial rise continued to drop
under the new regime (Figure 2B). However, it is important to realize that none of the
rate coefficients differed significantly from zero (Table 6), as can also be judged by the

wide confidence intervals in the graphs.

nDISCUSSION

Weight-adjusted antibiotic prophylaxis dosing has not been evaluated in large patient
cohorts and there is limited evidence for its use in SSI prophylaxis ['*-13, The findings
from this study are in agreement with our null hypothesis that using a weight based
antibiotic prophylaxis regime and shortening the duration of administered antibiotics,
would not lead to a statistically significant increase in deep incisional/organ space SSI

rates between the OR and NR groups. The use of a weight-adjusted regime led to a




reduction in the rates of superficial SSIs (NR (1.67%) vs. OR (2.07%)) but this was not
found to be statistically significant. The incidence of superficial SSIs in TKAs were
found to be greater than in THAs and this is likely to be due to the fact that there is less
soft tissue overlying the operated joint in TKA as opposed to THA. Because of the
oedema in the operated limb following surgery, TKA patients are perhaps more likely
to be diagnosed and treated for a superficial SSI by their family care physician in the

community.

No randomized trials exist in the literature comparing variable duration antibiotih
prophylaxis in patients undergoing lower limb arthroplasty. In one study comparing a
ﬁe-day regime of cefuroxime with a three-day regime in a prospective, double blinded,
there was no significant difference in the prevalence of wound infections between the
two groups (deep infection rate with cefuroxime 0.5% (THA), 0.6% (TKA) vs cefazolin
1.2% (THA), 1.4% (TKA)) 7. Another study that compared a single preoperative dose
of either cefazolin or pafcillin with a 48-hour regimen found no difference in infection
prevalence, although the study lacked power to compare the one dose and the more

than one dose categories, and had a small sample size (1 = 466 over 4 years) [15].

Evaluations of pre-and post-intervention periods have also been used to assess the
impact of antibiotic duration on surgical prophylaxis. One such study showed that a

nge from one preoperative and two post-operative doses of intravenous cefuroxime
every 8 h to a single preoperative dose of intravenous cefazolin for all clean orthopedic
surgeries led to a deep wound infection rate of 1.1% for THA (95%CI 0-3.3%), and 1.6%
for TKA (95%CI 0-3.8%) in the cefuroxime group, vs 1.1% for THA (95%CI 0-2.2%) and
1.0% for TKA (95%CI 0.3 -1.7%) in the cefazolin group, with no statistically significant

difference (271,

Obesity is associated with systemic low-grade inflammation, and this can be

characterized by increased serum levels of pro-inflammatory cytokines, potentially




resulting in an impaired immune response [28l. Conditions such as type 2 diabetes and
dyslipidaemia, which are associated with obesity, may also increase the risk of
postoperative infections ). Technical difficulties associated with surgery in obese
patients may also result in prolonged operations, which are asaciated with higher SSI
rates [*]. Standardized antibiotic prophylaxis doses do tend to provide lower antibiotic
concentrations per kilogram in overweight and obese patients compared with patients
of normal bodyweight. Various studies however, have suggested no difference in
infection rates between standardized and weight-adjusted regimes [*32. We have used
a weight-adjusted regime in this study and there appears to be a trend to reduction in

the number of superficial SSIs, which is more likely to occur in TKA patients.

LIMITATIONS

There were limitations to this study. Firstly, the data was erived from the
observational analysis of a large cohort and, as such, the findings are subject to selection
bias. However, the sample size was sufficient to yield meaningful analysis. Based on
post priori-power calculation; the current power of the study is 11% wvs 80% which
would be the ideal scenario. Based on a difference between OR and NR regimes of
0.94%, for statistical power of 80%, to demonstrate a difference (or reduction in
incidence of SSI) between the groups, n = 8862 patients would be required per group; a
total of n =17,724. Such a number would be impractical to recruit to, and observational
cohorts such as described in this study are the most pragmatic method to study SSI
incidence because of the low rates typically observed. Another limitation is the missing

demographic data (~40%). However, the analysis of the subgroup data in terms of SSI

incidence, yielded similar results in comparison to the whole cohort data.

CONCLUSION




In conclusion, reducing the number of post-operative antibiotic doses had no adverse
impact on SSI incidence, at 2 years following surgery, in this patient population. A
weight-adjusted regime appears to have a benefit (not statistically significant) in

reducing the rate of superficial SSIs.
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