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� A high rate of surgical site infections was identified at our institution.
� A quality improvement intervention successfully increased the use of antibiotic prophylaxis.
� A multidisciplinary team was a key enabling factor.
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a b s t r a c t

Background: A surgical site infection (SSI) is a frequent complication following gastrointestinal surgery,
but the careful selection and administration of prophylactic antibiotics can reduce the risk. The aim of
this study was to develop a package of interventions that could be used to improve surgical antibiotic
prophylaxis (SAP) at our institution.
Methods: A pre-post quality improvement project at a private hospital in Saudi Arabia was conducted
between January 2014 until July 2016. A multidisciplinary team was assembled to identify and overcome
barriers that were responsible for patients receiving suboptimal antibiotic prophylaxis. Patients were
included if they had undergone surgery on their appendix, colon, rectum, or small intestine. Compliance
with use of an adapted order form, as well as appropriate antibiotic selection, dosing, timing, and timing
of re-dosing, were measured. Data on the rates of SSI before and after the intervention were also
obtained.
Results: Of the 269 patients included in the study, 161 (61.5%) had appendix surgery, 86 (32.8%) had
colorectal surgery, and 15 (5.7%) had small bowel surgery. The surgery was performed laparoscopically in
218 (83.5%) of patients. Utilization of the adapted order form increased from 1.8% to 92.0% following the
intervention (p < 0.001). Compliance with a bundle of appropriate antibiotic selection, dosing and timing
improved from 47.3% to 82.2% after the intervention (p < 0.001). Additionally, there was a non-
statistically significant reduction in SSI rate (9.1% vs 5.1%; p ¼ 0.27).
Conclusions: Our quality improvement intervention was successful in improving SAP for patients un-
dergoing gastrointestinal surgery at our institution.

© 2017 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

According to the United States Centers for Disease Control and
Prevention (CDC), Surgical Site Infections (SSIs) are infections that
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occur at or near the surgical incision within 30 days of the pro-
cedure [1]. SSIs occur in 2e5% of patients undergoing surgery in the
United States, accounting for approximately 38% of hospital-
acquired infections [1e3]. SSIs are associated with increased
morbidity, mortality, length of stay, and cost [4e6].

The incidence of SSI following colorectal surgery remains much
higher than for other types of surgery, likely due to exposure to gut
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flora. The National Healthcare Safety Network (NHSN), which fa-
cilitates the surveillance of healthcare-associated infections across
a large network of hospitals in the United States, report SSI rates
that are stratified by procedure type and risk index [7,8]. In patients
with the highest risk index score, the mean SSI rate following colon
and rectal surgery was 9.47% and 26.67%, respectively [7]. Infection
rates were not as high in patients requiring appendix surgery, with
only 3.47% of high-risk patients developing an SSI [7]. These rates,
while lower than they used to be in the 1990s [9], are still unac-
ceptably high. The infectious organisms most frequently isolated
from colorectal SSIs include staphylococci, enterococci, bacteroides
thetaiotaomicron, clostridium innocuum, and eubacterium lentum
[10].

Considering this problem, many hospitals have undertaken
initiatives to reduce SSI rates following colorectal and appendix
surgery [11e19]. Specifically, most studies have included surgical
antibiotic prophylaxis (SAP) within a surgical care bundle to
counter colorectal SSIs [20]. Performance measures regarding SAP
have focused on appropriate antibiotic selection, dose, timing of
administration, timing of re-dosing, and discontinuation [20]. In
2016, the World Health Organization published evidence-based
recommendations for SSI prevention [21,22].

At our hospital, general surgeons agreed that one of the biggest
areas for improvement in the department was reducing the inci-
dence of SSIs. For example, the incidence of SSI at our institution
following colon surgery was approximately 20%, which was much
higher than many other hospitals [16,17]. Thus, to address this
problem, a quality improvement project was initiated to under-
stand why SSI rates were so high among patients undergoing
gastrointestinal surgery at our institution and to design and
implement interventions that would help address this issue. We
hypothesized that a quality improvement intervention would
decrease the SSI rate at our institution. We also examined factors
that we thought may influence compliance with antibiotic pro-
phylaxis for the purpose of informing future interventions.

2. Methods

2.1. Study information

This study was approved by the Institutional Review Board at
Johns Hopkins Aramco Healthcare. This pre-post interventional
study was conducted in Johns Hopkins Aramco Hospital.

2.2. Participants

Patients that underwent gastrointestinal surgery between
January 2014 and July 2016 were included in the study. However,
data was not collected on all patients meeting the inclusion criteria
due to time and staffing limitations, and the patients that were
included represented a convenience sample.

2.3. Process

An interdisciplinary team was created to address a safety issue
in the department of surgery. Physicians, nurses and quality
improvement specialists (surgeons became involved 3 months
later) came together and decided that SAP would be the target of a
quality improvement intervention, as there was concern that this
was not being done consistently. Thus, initial data was collected to
assess the nature and the magnitude of the problem. An Ishikawa
diagram (Figure A.1) was created by the team to brainstorm the
various issues that might be preventing appropriate SAP and a
process map (Figure A.2) was generated to identify opportunities
for intervention. An action planwas then developed to implement a
package of interventions designed to improve SAP for patients
undergoing gastrointestinal surgery.
2.4. Measures

Eight process measures were tracked over the duration of the
study. One of these measures was whether an adapted order form
was completed on behalf of the patient by the surgeon prior to
surgery. Other process measures that were also recorded included:
whether SAP was given, appropriate type of antibiotic, appropriate
dose, appropriate timing of administration, appropriate re-dosing
and appropriate discontinuation. An additional process measure,
named bundle, was created to capture whether compliance was
achieved with three of the existing process measures: antibiotic
type, dose, and timing. The criteria that determined whether the
antibiotic type, dose, timing of administration, timing of re-dosing,
and timing of discontinuation was appropriate are described in the
adapted order form (Fig. 1).

Other patient-related data were also collected, including patient
demographics, type of procedure, and whether that procedure was
laparoscopic or open. The type of procedure was coded using 4
categories: appendix surgery, colon surgery, rectal surgery, and
small bowel surgery.

Baseline data was initially collected on patients undergoing the
specified surgeries from January 1st, 2014 to September 30th, 2014.
Following the implementation of the intervention, data collection
resumed on July 1st, 2015 and continued until July 31st, 2016.

Furthermore, the rate of surgical site infection that occurred was
recorded by the division for infection control throughout the
duration of the study. A surgical site infection was reported if the
CDC criteria for a surgical site infection was met [23]. Active sur-
veillance was performed to follow up with patients up to 30 days
following the surgery.
2.5. Interventions

Five interventions were implemented to help improve compli-
ance with the correct administration of SAP. These were imple-
mented during the period from April, 2015 to July, 2015. First, the
adapted order form was modified and included in the hospital
policy. Second, nursing staff were instructed to give SAP re-dosing
reminders during operation. Third, interdisciplinary education and
discussion sessions were held to draw awareness to the project.
Fourth, providers that were not compliant with giving SAP per
protocol were identified and given personal reminders. Fifth,
monthly reports were given that highlighted the compliance with
SAP for that month.
2.6. Analysis

Statistical analysis was performed using STATA 12 (StataCorp,
College Station, Texas, USA). A p-value of <0.05 was considered
statistically significant. The Student's t-test was used to compare
age before and after the intervention while the chi square test was
used to compare sex, procedure, and procedure type before and
after the intervention. The chi square test was used to compare the
compliance with the various process measures before and after the
intervention. Univariate and multivariate logistic regression was
used to model factors that predicted both compliance with a SAP
bundle and SSI incidence, including age, sex, procedure type,
whether the procedure was done laparoscopically or not, and
intervention. All predictor variables were included in the multi-
variate analysis as they were all considered relevant.



Fig. 1. Newly designed adapted order form for colorectal surgery (including appendectomy) peri-operative antibiotic prophylaxis for patients 14 years or older.
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3. Results

During the study period, data was collected on 269 patients that
underwent gastrointestinal surgery. The breakdown by type of
surgery is as follows: 161 (59.9%) had appendix surgery, 80 (29.7%)
had colon surgery, 6 (2.2%) had rectal surgery, and 15 (5.6%) had
small bowel surgery. The surgery was performed laparoscopically
in 218 (83.5%) of patients. Baseline data stratified by intervention
are presented in Table 1.

Table 2 illustrates how the proportion of patients that received
appropriate SAP differed before and after the intervention.
Appropriate dosing, timing of dosing, and timing of re-dosing all
significantly improved following the intervention, but appropriate
antibiotic selection did not. Fig. 2 demonstrates how compliance
changed over time for the SAP bundle of antibiotic selection, dose,
and timing per protocol. Bundle compliance improved significantly
following the intervention (47.3% vs 82.2%; p < 0.001).

The results of the univariate and multivariate analysis exam-
ining factors that predicted bundle compliance are presented in
Table 3. On multivariate analysis, the odds of bundle compliance
were found to be 6.09 times higher following the intervention
(p < 0.001) and 2.7 times higher in patients that had surgery on
their colon as opposed to having surgery on their appendix
(p ¼ 0.05).



Table 1
Baseline characteristics.

Characteristic Pre-Intervention (N ¼ 55) Post-Intervention (N ¼ 214) P-value

Age Mean, SD 46.4 (19.6) 40.5 (19.8) 0.05
Male N (%) 29 (52.7) 130 (61.9) 0.22
Procedure N (%) e e 0.02
Appendix surgery 25 (47.2) 136 (65.1) e

Colon surgery 19 (35.9) 61 (29.2) e

Rectal surgery 3 (5.7) 3 (1.4) e

Small bowel surgery 6 (11.3) 9 (4.3) e

Laparoscopic N (%) 36 (67.9) 182 (87.5) 0.001

Table 2
Compliance before and after the intervention on several different metrics.

Compliance with antimicrobial prophylaxis Pre-Intervention N (%) Post-Intervention N (%) P-value

Adapted order set used 1 (1.8) 196 (92.0) <0.001
Selection 44 (80.0) 185 (86.9) 0.20
Dose 36 (65.5) 188 (88.7) <0.001
Timing 41 (74.6) 200 (93.9) <0.001
Re-dosing (if indicated) 0 (0.0) 28 (90.3) <0.001
Bundle (SAP selection, dose, and timing per protocol) 26 (47.3) 176 (82.2) <0.001

Fig. 2. Change in compliance over time of the SAP bundle (antibiotic selection, dose,
and timing all performed correctly per our protocol).

Table 3
Univariate and multivariate analysis of compliance with a SAP bundle (antibiotic
selection, dose, and timing given per protocol).

Characteristic Univariate Analysis
(N ¼ 269)

Multivariate Analysis
(N ¼ 261)

OR (95% CI) P-value OR (95% CI) P-value

Intervention 5.1 (2.7e9.4) 0.00 6.1 (3.0e12.3) 0.00
Age 1.0 (0.99e1.0) 0.94 0.99 (0.97e1.0) 0.36
Sexa 1.2 (0.67e2.0) 0.59 0.97 (0.52e1.8) 0.92
Procedureb e e e e

Colon surgery 1.4 (0.76e2.7) 0.26 2.7 (0.99e7.2) 0.05
Rectal surgery 1.9 (0.22e17.1) 0.55 6.6 (0.55e79.2) 0.14
Small bowel surgery 1.6 (0.42e5.8) 0.51 5.1 (0.86e30.0) 0.07

Laparoscopic 1.2 (0.61e2.5) 0.55 1.5 (0.51e4.4) 0.46

a Reference group ¼ Male.
b Reference group ¼ Appendix surgery.
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Prior to the intervention, 5 (9.1%) patients suffered a SSI,
compared to 11 (5.1%) following the intervention (p ¼ 0.27). On
multivariate analysis, older age (p ¼ 0.03) was a risk factor for SSI
and patients that had an appendectomy had a significantly lower
chance of developing an SSI compared to patients who had colon
(p ¼ 0.00), rectal (p ¼ 0.00), or small bowel (p ¼ 0.00) surgery
(Table 4).

4. Discussion

The findings from this study demonstrate that we substantially
improved compliance to a bundle of interventions designed to
reduce the incidence of an SSI following gastrointestinal surgery.
Following the intervention, the adapted order formwas used more
frequently and there were clear improvements in the proportion of
patients that received SAP that complied with the protocol that was
developed in terms of antibiotic dose, timing, and timing of re-
dosing. The rate of SSIs was also observed to have decreased after
the intervention, although this was not statistically significant.

Interestingly, compliance with the bundle of appropriate anti-
biotic selection, dosing, and timing was lower for appendix surgery
compared to the other types of surgeries. Perhaps this reflects that
staff are less mindful of ensuring comprehensive SAP in patients
undergoing appendectomies due to the lower risk of infection [7].
Patient age, sex, and whether the surgery was performed lapa-
roscopically did not significantly influence compliance to the
bundle.

Several barriers were encountered that threatened to prevent us
from successfully implementing the intervention. Originally, when
the SAP protocol was first developed, the surgeons were not
involved in the process of deciding upon the specifics of the pro-
tocol and in designing the adapted order form. However, once they
were involved in designing the adapted order form, they felt much
more invested and subsequently were much more likely to com-
plete the form. Furthermore, the surgeons did not actually realize
that there was a high infection rate at our hospital, but once they
were made aware of this data, they became more inclined to alter
their practice. Additionally, given that surgeons at our hospital
were trained at different centers across the world, they had their



Table 4
Univariate and multivariate analysis of the factors that predicted development of a surgical site infection.

Characteristic Univariate Analysis (N ¼ 269) Multivariate Analysis (N ¼ 261)

OR (95% CI) P-value OR (95% CI) P-value

Intervention 0.54 (0.18e1.6) 0.28 0.87 (0.25e3.1) 0.84
Age 1.0 (1.0e1.1) 0.08 0.95 (0.91e0.99) 0.03
Sexa 3.1 (0.85e11.0) 0.09 3.6 (0.89e14.6) 0.07
Procedureb e e e e

Colon surgery 25.5 (3.2e201.4) 0.00 123.7 (9.8e1566.1) 0.00
Rectal surgery 32.0 (1.7e588.1) 0.02 204.7 (6.4e6527.6) 0.00
Small bowel surgery 40.0 (3.9e414.4) 0.00 68.2 (4.7e984.6) 0.00

Laparoscopic 0.22 (0.08e0.63) 0.01 0.60 (0.16e2.3) 0.45

a Reference group ¼ Male.
b Reference group ¼ Appendix surgery.
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own, distinctive practice regarding SAP, and so it took time for the
surgeons to embrace the institutional policy for SAP.

One of the strengths of this project was that it was multidisci-
plinary in nature, involving surgeons, anaesthesiologists, nurses,
pharmacists, and staff from quality improvement/infection control.
Other studies have commented on the importance of having
multidisciplinary involvement in improving SAP compliance
[13e15,17,18,24e26]. Due to having a multidisciplinary team, a
wide range of perspectives were available when deciding upon the
hospital's SAP policy. Additionally, each member of the team had a
role to play in ensuring compliance with the policy: a few surgeons
and anaesthesiologists functioned effectively as change agents by
convincing their colleagues to follow the protocol; pharmacists
decided that only antibiotics listed in SAP adapted order form
would be stocked in the electronic medication dispensing cabinets;
nurses were responsible for giving reminders regarding time of re-
dosing in the operating room; and quality improvement staff were
responsible for providing monthly feedback to the team regarding
compliance with SAP. Regular feedback has also been identified as
an important aspect for improving SAP compliance [14,25e27].

Our study had several limitations. First, because each of the
interventions was implemented around the same time, it is not
possible to determine which interventions had the biggest impact
on improving compliance. Second, we did not collect data on all
patients that met the inclusion criteria during the study period due
to time and staffing constraints, thereby creating the possibility for
sampling bias. Third, our studywas insufficiently powered to detect
small changes in SSI rates because of the intervention. This pro-
hibited us from determining whether compliance with any of the
process measures included in our study was predictive of the
eventual development of a SSI.

In the future, we are planning to employ a more comprehensive
approach to SSI prevention beyond ensuring compliance with SAP.
The recent guidelines offered by the WHO for pre-operative, peri-
operative, and post-operative strategies to reduce SSI's provide a
framework to achieve this [21,22]. In addition, we plan to expand
our SSI prevention quality improvement initiative to other types of
surgeries and other departments.
5. Conclusions

Our multidisciplinary quality improvement initiative success-
fully improved SAP compliance for patients undergoing gastroin-
testinal surgery. Keys to the success of the project included
systematically identifying and addressing barriers that were
impeding compliance, empowering all members of the
multidisciplinary team, and ensuring that regular feedback was
given regarding compliance.
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Fig. A.2. Process map detailing the steps involved with providing SAP.

Fig. A.1. Ishikawa diagram for categorising the barriers preventing adequate antibiotic prophylaxis.
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