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ABSTRACT
Background  Surgical site infections (SSIs) are morbid 
and costly complications after elective colorectal surgery. 
SSI prevention bundles have been shown to reduce SSI 
in colorectal surgery, but their impact on organ space 
infections (OSI) is variable. Adoption of an evidence-based 
practice without an implementation strategy is often 
unsuccessful. Our aim was to successfully implement 
an OSI prevention bundle and to achieve a cost-effective 
reduction in OSI following elective left-sided colorectal 
operations.
Methods  The Translating Research into Practice model 
was used to implement an OSI prevention bundle in 
all patients undergoing elective left-sided colorectal 
resections by a single unit from November 2018 to 
September 2019. The new components included oral 
antibiotics with mechanical bowel preparation, when 
required, and use of impermeable surgical gowns. Other 
standardised components included alcoholic chlorhexidine 
skin preparation, glove change after bowel handling 
prior to wound closure with clean instruments. The 
primary outcome was OSI. Secondary outcomes included 
bundle compliance, unintended consequences and total 
patient costs. Outcomes were compared with all patients 
undergoing elective left-sided colorectal resections at the 
same institution in 2017.
Results  Elective colorectal resections were performed 
in 173 patients across two cohorts. The compliance rate 
with bundle items was 63% for all items and 93% for one 
omitted item. There was a reduction in OSI from 12.9% 
(11 of 85) to 3.4% (3 of 88, p<0.05) after implementation 
of the OSI prevention bundle. The average cost of an OSI 
was $A36 900. The estimated savings for preventing eight 
OSIs by using the OSI bundle in the second cohort was 
$A295 198.
Conclusion  Successful implementation of an OSI 
prevention bundle was associated with a reduced rate 
of OSI after elective colorectal surgery. The OSI bundle 
and its implementation were cost-effective. Further study 
is required to investigate the sustainability of the OSI 
prevention bundle.

BACKGROUND
The prevention of surgical site infection (SSI) 
is an ongoing healthcare priority. SSIs are a 
costly burden to healthcare providers and 
patients, associated with increased morbidity, 

length of hospital admission and use of 
additional healthcare resources. Colorectal 
surgery has one of the highest rates of post-
operative SSI, with published rates ranging 
from 15% to 30%.1 2 Left-sided colonic 
resections and rectal resections in particular 
have a higher incidence of postoperative SSI 
compared with right-sided colonic resections, 
potentially due to longer operating times, 
higher rates of exposure to preoperative radi-
otherapy and increased likelihood of ostomy 
creation.3 4 It is imperative to investigate if 
any intervention can decrease the rate of SSI 
in this group of patients.

SSI may be reported as an overall rate or 
stratified into superficial, deep and organ 
space infection (OSI) rates. SSI prevention 
bundles have been shown to reduce super-
ficial SSIs in colorectal surgery, but their 
impact on deep and OSI is variable.5–8 Signif-
icant heterogeneity exists between studies 
investigating the utility of SSI prevention 
bundles. Study design, patient population, 
bundle components and compliance rates 
vary widely. A meta-analysis and systematic 
review showed that bundles with sterile 
closure trays, oral antibiotics with mechan-
ical bowel preparation and preclosure glove 
changes had significantly greater overall SSI 
risk reduction; however, it did not further 
stratify SSI risk into superficial, deep or 
OSI.1

Care bundles to reduce the rate of SSIs 
have been implemented on a national level in 
the USA through the Surgical Care Improve-
ment Program and in England as part of the 
Department of Health High Impact Interven-
tion programme.9 10 To our knowledge, there 
has only been a single study on the use of an 
SSI prevention bundle in colorectal surgery 
in the Australian setting. Although they 
observed a decrease in SSI rate, the focus was 
on feasibility of implementation rather that 
outcomes of SSI.11
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We identified a high rate of OSI following colorectal 
surgery in our colorectal unit as well as a gap between our 
practice and an evidence-based approach to reducing SSI 
after colorectal surgery. The aim of this study was to deter-
mine if successful implementation of an OSI prevention 
bundle, introduced in an Australian institution, reduced 
the rate of OSI following elective left-sided colorectal 
operations and to evaluate the cost-effectiveness of the 
bundle.

METHODS
We formulated an implementation strategy to develop 
and adopt an evidence-based sepsis bundle to reduce OSI 
after colorectal surgery in our institution. The Standards 
for Quality Improvement Reporting Excellence 2.0 guide-
lines were used in study development and reporting.12

Context
The colorectal unit has seven surgeons, all members 
of the Colorectal Surgical Society of Australia and New 
Zealand, providing tertiary public hospital services for a 
culturally and linguistically diverse population.

Reporting of SSI is based on coding data and is volun-
tarily reported by public hospital infection control 
committees. Infections presenting after discharge are not 
captured. The data are not reported to the colorectal unit. 
Unlike in the USA, the rate of any healthcare-associated 
infections is not part of the hospital funding formula. In 
Australia, the state governments provide capped funding 
to public hospitals based on discharge coding.

Bowel preparation before colorectal surgery is selec-
tive and antibiotic use with bowel preparation is rare. 
Although neomycin is manufactured in Australia for 
export, it isnot readily available. A standardised bowel 
preparation and an enhanced recovery programme 
within the unit had been discussed but not audited—at 
baseline, surgeons acted autonomously.

Study development
Our Translating Research into Practice (TRIP) imple-
mentation model comprised a stakeholder analysis and 
was followed by the four E’s strategy (educate, engage, 
execute and evaluate) to develop and use a colorectal 
sepsis bundle.13 This process involved a multidiscipli-
nary, interprofessional group including surgeons, oper-
ating room nurses, managers, anaesthetists, infection 
control nurses and physicians, preadmission clinic staff, 
ward nurse unit managers and nurses, pharmacists and 
hospital medical officers.

The baseline data and evidence from the literature were 
presented in meetings for the surgical unit, morbidity 
and mortality meetings, infection control committee, 
safe care committee as well as individual meetings with 
key stakeholders. An iterative process between staff was 
used to reach an agreement on the components of the 
colorectal sepsis bundle and the evaluation process. This 
process took 12 months but facilitated education, engage-
ment and agreement of key stakeholders.

Neomycin was approved on an individual patient basis 
via the Special Access Scheme of the Pharmaceutical 
Benefits Scheme administered by the Therapeutic Goods 
Authority (TGA). No additional resources were provided 
to the surgical unit. An education package, checklist for 
the operating room and a dedicated data collector (NT) 
were developed prior to commencement.

Data were monitored monthly and feedback to the 
unit was given for opportunity to adapt the protocol. 
Adaptions included regular education sessions for each 
new rotation of hospital medical officers, a template for 
neomycin approvals and further education to nursing 
staff regarding the different grades of surgical gowns.

Study design
This was a single institution cohort study undertaken by 
the colorectal unit. The high rate of OSI in our unit had 
been identified in consecutive patients by using Inter-
national Classification of Diseases coding, audit data 
and chart review from March 2017 to October 2017; 
this group formed the baseline (prebundle) cohort. 
The OSI prevention bundle was implemented and used 
from November 2018 to September 2019. These patients 
formed the (post) bundle cohort. Data were prospectively 
collected for retrospective analysis.

Factors that could influence the rate of SSI were 
collected. These included patient demographic data 
such as age, gender, body mass index, American Society 
of Anesthesiologists physical status grade, diabetes 
status, smoking status and preoperative radiotherapy. 
Indication for procedure, type of resection and opera-
tive method (laparoscopic vs open) was also collected. 
Patient outcomes of OSI rate and anastomotic leak were 
collected based on CT scan with rectal contrast. CT scans 
were performed only for clinical suspicion of compli-
cations based on routine assessment and blood tests. 
Follow-up was complete on all patients at 90 days. To 
measure the effectiveness of the implementation of the 
intervention, process measures were reported as compli-
ance with bundle elements on an individual and aggre-
gated basis.

The primary outcome of the intervention was OSI as 
defined by the Centers for Disease Control and Preven-
tion criteria.14 Secondary outcomes were anastomotic 
leaks, length of stay (LOS) and other complications 
(Clavien-Dindo grade 3 and above), as well as total cost 
per patient. Unintended consequences were recorded, 
including reactions to oral antibiotics and Clostridium 
difficile infections.

Inclusion and exclusion criteria
All patients who underwent an elective left-sided 
colorectal operation under the colorectal unit during 
the study periods were included. Operations included 
laparoscopic and open approaches for left-sided colec-
tomy and/or proctectomy with or without anastomosis. 
Patients who had pre-existing OSI were excluded.
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SSI prevention bundle
The bundle was implemented in November 2018 and 
comprised 12 elements (box  1). These elements were 
based on a combination of strong evidence-based inter-
ventions and common-sense interventions with the aim of 
reducing postoperative OSI. Interventions such as the use 
of prophylactic intravenous antibiotics, use of skin clip-
pers for hair removal and use of alcoholic chlorhexidine 
for skin preparation have strong evidence for reduction 
of SSI.1 8

Bundle elements without strong evidence but based 
on principles that would decrease contamination of the 
abdominal cavity and wound were also included, such 
as the use of wound edge protectors and glove change 
after bowel handling. Our staff preferred quarantining 
contaminated instruments and use of separate clean 
closing instruments to a separate closing tray. The use 
of higher grade surgical gowns was implemented after 
surgeons at our institution noticed strikethrough of 
patient blood and bodily fluid through the gown sleeves 
during longer and more technically difficult rectal dissec-
tions. Upgrading the surgical gowns from level II to level 
III gowns was consistent with the Food and Drug Adminis-
tration standard15 and eliminated strikethrough.

Bundle data were collected using a checklist and entered 
into a spreadsheet. Compliance rates were continuously 
measured and reviewed monthly, enabling ongoing feed-
back to medical and nursing staff about bundle imple-
mentation. Costing data were retrieved from institutional 
clinical costing service for each patient episode, after 
finalisation of data for each financial year. Costing data 
were only obtained for the prebundle cohort to avoid 
the need for adjustment for inflation when comparing 

between years. Readmissions specifically related to OSI 
were included. Readmissions to restore intestinal conti-
nuity were excluded.

Analysis
OSI rates in the prebundle and postbundle groups were 
compared using the χ2 test for categorical variables. 
Demographic characteristics between the two groups 
were compared using the χ2 test for categorical variables 
and the Student’s t-test for continuous variables. Contin-
uous variables were described using the mean and SD. 
Costing data were compared using the Mann-Whitney U 
test. A p value <0.05 was considered significant.

RESULTS
Patient characteristics
A total of 173 patients were included in the study, with 
85 in the prebundle group and 88 in the bundle group 
(table 1). Patient groups before and after implementation 
of the bundle were similar, including rates of diabetes, 
smoking status, use of radiotherapy and minimally inva-
sive surgery. The majority of patients underwent mini-
mally invasive restorative surgery for colorectal cancer.

Compliance
The overall compliance rate with the bundle was 62.5%, 
while the compliance rate with at least 11 out of 12 
elements was 93.2% (table 2). The compliance rate with 
the use of oral antibiotics and mechanical bowel prepa-
ration where applicable was 84.9%. Compliance rates of 
100% were achieved for hair removal with clippers, use of 
alcoholic chlorhexidine for skin preparation, administra-
tion of preoperative prophylactic intravenous antibiotics, 
redosing of prophylactic intravenous antibiotics if the 

Box 1  Surgical site infection (SSI) prevention bundle 
components

►► Administration of oral antibiotics (3000 mg neomycin and 1200 mg 
metronidazole) with mechanical bowel preparation, if mechanical 
bowel preparation deemed to be required by the treating surgeon.*

►► Discussion of bundle during surgical team time out.*
►► Hair removal with clippers.
►► Skin preparation using 2% chlorhexidine in 70% alcohol.
►► Preoperative dosing of intravenous prophylactic antibiotics 2 g ce-
fazolin and 500 mg metronidazole.

►► Repeat dosing of intravenous antibiotics if the operation was over 
4 hours.

►► Use of Association for the Advancement of Medical Instrumentation 
(AAMI) level III surgical gowns by surgical team.*

►► Use of wound protector.
►► If a stapled side-to-side anastomosis was performed, two separate 
linear staplers were used to prevent contamination from luminal 
content.*

►► Quarantine of contaminated instruments on a separate trolley.*
►► Change of gloves by surgical team after bowel handling, prior to 
fascial closure.

►► Clean closing instruments used for fascial and skin closure.*

*Bundle elements that were new to our institution.

Table 1  Patient characteristics

Prebundle 
group
(n=85)

Bundle 
group
(n=88) P value

Mean age (±SD) 65±13 63±12 0.40

Male 49 (58%) 55 (63%) 0.42

Median ASA 
grade

2 2 0.46

Mean BMI (±SD) 29.4±6.6 28.7±6.7 0.49

Diabetes 25 (29%) 18 (21%) 0.17

Smoker 17 (20%) 11 (13%) 0.18

Preoperative 
radiotherapy

28 (33%) 18 (21%) 0.06

Colorectal cancer 65 (76%) 74 (84%) 0.21

Restorative 
procedures

60 (71%) 70 (80%) 0.17

Laparoscopic 
procedures

53 (63%) 56 (64%) 0.86

ASA, American Society of Anesthesiologists physical status 
classification system; BMI, body mass index.
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procedure lasted over 4 hours, use of two linear staplers 
in a side-to-side anastomosis and quarantine of closing 
instruments.

Patient outcomes
Implementation of the OSI prevention bundle was asso-
ciated with a significant decrease in OSI (12.9% vs 3.4%, 
p<0.05) (table  3). There was no significant difference 
found in the number of anastomotic leaks, which is a 
subgroup of OSI. There were also no statistically signif-
icant differences observed in the LOS, complications 

graded Clavien-Dindo grade 3 and above and rate of 
return to operating theatre. No unintended consequences 
of bundle implementation were observed, including any 
clinically detected C. difficile infections or allergic reac-
tions attributable to the addition of oral antibiotics to 
mechanical bowel preparation.

Costing
Prior to implementation of the bundle, the median esti-
mated costs for admissions and related readmissions were 
significantly higher in the patients who suffered OSI 
(figure 1). One readmission for OSI occurred at another 
hospital from which costs were unattainable. The median 
cost for the 11 patients with OSI was $A58 739 compared 
with $A21 834 for each of the 74 patients without OSI 
(p<0.01). Therefore, the average additional cost for a 
patient with OSI was $A36 905. The cost of adding new 
items in the bundle (grade 3 gown ×2 and oral antibiotics) 
was $5.29 per patient. Using costing data from 2017, eight 
instances of OSI would have been avoided through use of 
the OSI prevention bundle, saving an estimated $A36 899 
in each instance, or $A295 198 total. Considering the 
entire cohort of patients, the median LOS for the 159 
patients without OSI was 6 days (IQR 4–9), compared 
with 16 days (IQR 11–23) for the 14 patients with OSI 
(p<0.01).

DISCUSSION
Healthcare interventions often fail due to a lack of engage-
ment and feedback from front-line providers.16 17 We used 
the TRIP model to engage a multidisciplinary team in 
collaborative design and use of the sepsis bundle.13 One 
of the strengths of this study was the successful implemen-
tation of the OSI bundle.

Our study shows that a bottom-up initiative with a 
multidisciplinary team approach to bundle design and 

Table 2  Compliance with SSI prevention bundle

Compliance by individual bundle 
components

Compliance rate 
(%)

Oral antibiotics with mechanical bowel 
preparation

62/73 (84.9)

Discussion of bundle during team time 
out

77/88 (87.5)

Hair removal with skin clippers 74/74 (100)

Skin preparation with alcoholic 
chlorhexidine

88/88 (100)

Preoperative prophylactic intravenous 
antibiotics

88/88 (100)

Redosing intravenous antibiotics at 4 
hours

26/26 (100)

AAMI level III surgical gowns 87/88 (98.9)

Wound protector 80/88 (90.9)

Separate linear staplers 7/7 (100)

Quarantine of contaminated instruments 88/88 (100)

Glove change before fascial closure 81/88 (92)

Clean closing instruments 85/88 (96.6)

Compliance by number of bundle 
components

Patients, n (%)

12/12 55 (62.5)

11/12 27 (30.7)

10/12 3 (3.4)

9/12 3 (3.4)

AAMI, Association for the Advancement of Medical 
Instrumentation; SSI, surgical site infection.

Table 3  Patient outcomes

Prebundle 
group
(n=85)

Bundle 
group
(n=88)

P 
value

Organ space infection 11 (12.9%) 3 (3.4%) 0.022

Anastomotic leak 3 (5%) 1 (1.4%) 0.24

Median LOS (IQR) 6 (5–13) 6 (4–9) 0.077

Complications (CD3 or 
above)

8 (9.1%) 11 (13%) 0.52

Return to theatre 7 (8.2%) 9 (10.2%) 0.65

CD3, Clavien-Dindo grade 3; LOS, length of stay.

Figure 1  Total costs for patient admissions in 2017 prior to 
implementation of the bundle. OSI, organ space infection.
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implementation can institute a positive cultural change 
towards OSI prevention. With regard to bundle imple-
mentation, an inverse relationship between compliance 
rates and SSI rates has been previously demonstrated.18 
Our overall compliance rate with the OSI prevention 
bundle was 62.5%. Compliance rates with individual 
elements of the bundle ranged from 84.9% to 100%. The 
TGA restriction on the prescription of oral neomycin 
remains a challenge. We found with staff turnover that it 
was essential to have an appointed surgical team leader 
overseeing the use of the bundle and providing education 
and feedback to all staff involved in its use. The Institute 
for Healthcare Improvement describes executive spon-
sorship as a contextual element associated with successful 
teams; our study did not have an executive sponsor.19 
Ongoing surveillance is required to measure the sustain-
ability of results with the OSI prevention bundle.

Postoperative OSI is a morbid and costly complication 
after colorectal surgery, with higher rates experienced in 
left-sided colonic resection and rectal resections.3 4 One 
study at the Cleveland Clinic demonstrated a significant 
reduction in OSI rate with the use of an SSI prevention 
bundle; however, their patient population had a high 
proportion of inflammatory bowel disease with associated 
steroid use, undergoing complex pouch surgery.5 This 
differs greatly from the patient population treated by the 
colorectal surgical unit at our institution. Most studies 
investigating the use of a care bundle for the prevention 
of SSIs in colorectal surgery fail to conclusively demon-
strate an effect on OSI.6 8 18 20 21 In this study, we have 
demonstrated that the implementation of an OSI preven-
tion bundle can significantly reduce the rate of OSI in 
elective left-sided colorectal operations.

The new items for our unit in the bundle group were 
the introduction of oral antibiotics with use of mechan-
ical bowel preparation (only if mechanical bowel prepa-
ration was indicated), the use of AAMI grade 3 surgical 
gowns and putting aside dedicated clean instruments for 
use at the end of the case to close the wound.

The addition of oral antibiotics to mechanical bowel 
preparation has been associated with reduced anastomotic 
leaks, SSI rates and ileus in elective colorectal surgery.22 23 
Access to oral neomycin for use as bowel preparation prior 
to colorectal surgery is limited in Australia, requiring 
individual application for TGA approval for use in each 
patient. This study supports the use of oral antibiotics in 
addition to mechanical bowel preparation as part of a 
bundle to reduce OSI in elective colorectal surgery, and 
makes an argument for easier access to and prescribing 
of neomycin in Australia.5 Limited evidence is available 
about the efficacy of oral antibiotics in the absence of 
mechanical bowel preparation, and further investigation 
is required to measure an effect on SSI outcomes.

Longer operation times are an independent risk factor 
for SSI in rectal surgery; however, it would be difficult 
to determine if the grade of surgical gowns used was a 
contributing factor leading to higher rates of OSI.3 4 24 
Nonetheless, this finding is a pertinent reminder that 

surgeons have to be at the front line of quality improve-
ment measures to better patient care and outcomes.

While reducing complications has intrinsic merit 
for patients and practitioners, most hospitals require a 
business case for new initiatives. Most OSI bundle items 
required consistency of behaviour rather than new 
consumables. The cost of the new items in the OSI was 
small: $A5.29 per patient. The projected savings was based 
on the cost estimate of $A36 905 per OSI. This is a slight 
underestimate as one readmission at another hospital was 
not included as the cost was not available. For our second 
cohort, the OSI bundle reduced the expected number of 
OSI by 8, saving $295 198. Bed-days saved have also been 
a proposed method of costing hospital-acquired infec-
tions.25 In our study, the median LOS for patients without 
an OSI was 6 days compared with 15.5 days for patients 
with an OSI (p<0.01). Both outcomes support the use of 
the OSI bundle as a cost-effective strategy.

Several limitations exist with this study. First, being a 
single-centre cohort study, we are unable to correct for 
all confounders contributing to OSI rates. Second, due 
to the nature of a bundled set of interventions, we are 
unable to determine which elements of the bundle have 
more of an effect on OSI than others. Third, the rate of 
superficial SSI was not collected in this study, as these data 
were not able to be accurately captured. This would have 
required follow-up over 30 days postoperatively, mostly in 
the community. The impact of SSI prevention bundles 
on superficial SSI has also been extensively studied previ-
ously. Lastly, the diagnosis of OSI was based on CT scans 
with rectal contrast. CT scans were requested based on 
clinical concerns and were not routinely performed on 
every patient. However, all patients were followed at 90 
days to minimise the chance of a missed OSI, which we 
believe was a pragmatic approach.

This study may assist other institutions to reduce OSI 
by using an implementation framework to introduce 
evidence-based practice.17 We have established the cost 
of an OSI to assist units that develop a business case 
for change. Limited access to oral neomycin remains a 
barrier to implementation of this bundle. More studies 
are needed to demonstrate sustained improvement in 
OSI rates.

CONCLUSION
We successfully implemented an OSI prevention bundle, 
which was associated with a significant reduction in 
OSI rate in elective left-sided colorectal surgery in an 
Australian institution. This process was cost-effective. 
Further investigation is required to demonstrate if this is 
transferable across multiple centres.
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