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Abstract

Background: Healthcare-associated infections are a major focus for quality improvement in hospitals today. Surgical site infections
(SSls), a postoperative complication in cardiac surgery, are associated with increased morbidity, mortality, hospital length of stay, and
financial burden. Methods: A recent increase in cardiothoracic surgery SSls (CT-SSls) at our institution instigated a multidisciplinary
team to explore infection prevention, bundle element compliance, and to identify interventions to reduce the CT-SSI rate. Key inter-
ventions included preoperative screening and decolonization of methicillin-sensitive Staphylococcus aureus and methicillin-resistant
S. aureus with repeated intranasal applications of mupirocin, universal skin prep with chlorhexidine for all patients, and additional an-
tibiotic dosing upon initiating cardiopulmonary bypass. Results: In 2014, the CT-SSI rate at our institution was 1.9/100 cases, which
increased during the “intervention period” to 3.6 infections/100 cases in 2015 (16 total infections). Postinterventions, the CT-SSI
rate decreased to 0.3 infections/100 cases (2 total infections), which was significantly lower than our baseline before the spike in
infection rate. Conclusions: A comprehensive interdisciplinary approach with multiple interventions was successful in significantly
reducing the CT-SSI rate in cardiothoracic surgery at a tertiary care pediatric hospital. (Pediatr Qual Saf 2019;4:e188; doi: 10.1097/

£g9.0000000000000188; Published online July 22, 2019.)

INTRODUCTION

Surgical site infections (SSIs) are common, ,©

<,
with approximately 157,500 incident cases & PEDIATRIC %

@
reported nationally in 2011." As a surgical

£
subset, SSIs among cardiothoracic (CT) 7

patients occur in 0.25%—6.0% of patients _w:'—i

and have associated mortality of 7%- &
20%.2* These infections are associated
with a significant increase in morbidity, 3,
mortality, time in the intensive care unit, and by
total hospital length of stay.’ Furthermore, a
significant infection may almost double the cost
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of the hospital admission.’” Despite the impact
/7’@4 of SSIs in the pediatric population, literature
related to prevention strategies is limited."’
p In 2011, The Heart Center (THC) began

work with the Ohio Children’s Hospitals
Solutions for Patient Safety (SPS) to pre-
vent cardiothoracic surgery SSIs (CT-SSIs).
This collaboration initiated a set of ele-
ments that should ensure decreased rates of
4" CT-SSIs if staff complied with all “bundle”
elements; these bundle elements, implemented
in 2011, are described elsewhere.!''* THC fol-
lowed all components of the SPS bundle elements with
high reported reliability (>90% for preoperative wiping,
100% for operating room [OR] skin prep, and antimicro-
bial prophylaxis) (Fig. 1).

Following the Centers for Disease Control and
Prevention and the Society for Thoracic Surgeons defini-
tions, the baseline CT-SSI rates at our institution for 2013
and 2014 were 2.2 and 1.9 per 100 cases, respectively.'
In the first 5 months of 2015 (January—May), the observed
rate increased almost 2-fold to 3.5/100 cases. Additionally,
of the 8 infections reported in that period, 7 were deep or
organ space, which represented a more aggressive infec-
tion profile when compared with prior years (for 2013
and 2014 combined, the number of deep and organ-space
infections were only 3 and 0, respectively).

This project aimed to reduce CT-SSI rates to histor-
ical rates (<2 infections per 100 cases) and then further
reduce infections to zero in future years to eliminate pre-
ventable harm.
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Fig. 1. Run chart of compliance with the 3 interventions to reduce cardiothoracic surgery surgical site infection rate.

METHODS

Setting

THC within Nationwide Children’s Hospital (NCH)
includes CT surgery services and 2 inpatient units (a
20-bed cardiothoracic intensive care unit [CTICU] and
a 24-bed cardiac step-down unit). THC has multiple ser-
vice line programs including adult congenital, ambula-
tory clinics, interventional cardiology (catheterization
and electrophysiology), heart and lung transplantation,
and support services (including perfusion and mechan-
ical support and a dedicated cardiac anesthesia team).
Annually, THC performs around 500 surgical cases, of

those approximately 300 are cardiopulmonary bypass
(CPB) cases.

Workgroup

A CT-SSI workgroup responded to the unacceptable in-
fection rates reported for 2015, an increase from those
reported in 2013-2014. The multidisciplinary work-
group involved staff from the CTICU, the CT surgery
OR, epidemiology, sterile processing, engineering, and
perioperative services. Staff members included physicians,
nurses, advanced practice nurses, perfusionists, anesthe-
siologists, quality improvement experts, and nonclinical
experts from the hospital-based facilities and operations
unit. CT Surgery Quality and Safety Officer, supported
by the hospital administration’s Quality Improvement
Services department, led the team. The workgroup
used the Associates in Process Improvement Model for
Improvement to identify key drivers and associated inter-
ventions (Table 1).'¢

Table 1. Key Drivers and Associated Interventions in
Cardiothoracic Surgical Site Infection Prevention

Driver Interventions
Skin asepsis e Reeducate staff on technique and timing for
preoperative bathing/wiping
e Standardize preincision skin asepsis with
chlorhexidine containing solution
Intranasal e Administer intranasal mupirocin twice daily for
decolonization 5 consecutive days

Antibiotic prophylaxis e Administer Ancef (25 mg/kg) into cardiopul-

monary bypass prime

Interventions
The workgroup developed a causal tree to explore all po-
tential causes for infection. We identified multiple potential
failure modes, which were used to identify key drivers for
the project: awareness and surveillance, infection preven-
tion/control, environment, processes, materials, and people.
The workgroup’s first charge was to assure high relia-
bility to all existing bundle elements. Although we imple-
mented multiple interventions, including OR traffic flow
pattern changes and conversion to stainless steel sterile
instrument trays, we report more thoroughly on our key
interventions of standardized skin asepsis, preoperative
nasal decolonization, and enhanced antibiotic prophylaxis.

Skin Asepsis

Our standard of care is to bathe children the night be-
fore surgery with soap, water, and hair shampoo. An hour
after bathing, the skin should be cleaned with an appro-
priate wipe (2% chlorhexidine gluconate [CHG] wipe for
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patients older than 2 months or a non-CHG-containing
bath wipe for infants younger than 2 months or those
with a CHG allergy). On the morning of surgery, as close
to the OR time as possible, the skin is wiped again with
the appropriate wipe. During the investigative period, we
discovered practice variation among staff when complet-
ing preoperative bathing/wiping. Although asepsis was
occurring, the timing and technique of application were
not standardized, and staff had significant confusion re-
garding which type of wipe should be used based on pa-
tient age. We clarified the protocol and provided staff
reeducation.

Before the project start, we used a wipe moistened with
2% CHG skin preparation solution for patients older
than 2 months (based on manufacturer’s instructions
for use). For all infants under 2 months, we used wipes
containing a povidone-iodine solution. Because surgical
skin preparation using 2% CHG in 70% alcohol signif-
icantly reduces SSIs, the workgroup recommended uni-
versal use of CHG-containing skin preparation solution
for all patients (except in the case of documented CHG
allergy).”* We also standardized the technique for applica-
tion and dry time for the skin preparation solution.

Nasal Decolonization

Studies have shown improvement in the rates of methi-
cillin-sensitive Staphylococcus aureus (MSSA) and methi-
cillin-resistance S. aureus (MRSA) SSIs with the preoper-
ative intranasal application of mupirocin.'”'® During our
peak CT-SSI rate period (January—August 2015), 92%
of our CT-SSI cases were culture positive for S. aureus.
Therefore, to decolonize our patients, we implemented
a protocol to administer 10 doses of intranasal mupiro-
cin (2 doses daily for 5§ days) for all CT surgery patients.
Inpatients begin their course as soon as the surgical need
is identified; prescribing was facilitated by adding mupi-
rocin to the CTICU admitting and preoperative order sets.
Outpatients receive their first dose of mupirocin, applica-
tion instructions, and the medication for home use during
their preadmission testing visit with the CT surgery nurse
practitioners. Although we consider the application of all
10 doses in the perioperative period compliant, optimal
is for all 10 doses to be administered before surgery, if
possible. We also added nasal swabs to the preoperative
order set for all patients, before administering the first
dose of mupirocin; this allowed our team to create anti-
biotic prophylaxis plans based on patient results positive
for MSSA or MRSA detected by polymerase chain reac-
tion technique. Results were available to the team within
24 hours.

Antibiotic Prophylaxis

Cefazolin is the standard antibiotic used during pediatric
cardiac surgery. Our compliance with preincision dosing
(50 mg/kg up to 2,000 mg) and dosing every 3 hours intra-
operatively (25 mg/kg) was high at baseline. However,
based on literature supporting a subtherapeutic decrease
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in the subcutaneous concentration of cefazolin after initi-
ation of CPB, the workgroup elected to add 25 mg/kg to
the CPB prime." If a patient tested positive for MRSA, we
used vancomycin intraoperatively without the additional
pump prime dose.

Measures

The main outcome measure for this project was the CT-SSI
rate (infections per 100 cases) where the numerator rep-
resents incident infections, and the denominator is the
total number of CT surgical procedures. Outcome and
process measures were all collected by the perfusionist
and quality improvement specialist. Compliance with
the 3 key interventions was a process measure, where the
numerator was the number of cases compliant with an
intervention, and the denominator was all CT surgeries
eligible for that intervention.

Analysis

Infections were counted in the month of the associated
CT procedure. Process and outcome measures were plot-
ted on control and run charts, and special versus common
cause variations were differentiated using established
rules.?’ Statistical significance was determined using the
test for 2 proportions with statistical software (Minitab
17.1.0; Minitab LLC, State College, PA). A P value of <
0.05 was considered significant.

Ethical Considerations

As a quality improvement project and not human sub-
ject’s research, the project did not require review and ap-
proval by the Institutional Review Board.

RESULTS

Intervention Compliance

Monitored compliance rates are shown for the 3 major inter-
ventions (Fig. 1). Immediately after implementation of the
updated OR skin preparation practice and use of cefazolin
in the CPB prime, we were able to achieve and sustain high
reliability (>90% compliance) throughout the project. Initial
compliance with the full course of intranasal mupirocin was
low, but compliance improved to highly reliable levels after
the implementation of multiple Plan-Do-Study-Act (PDSA)
cycles between October 2015 and February 2016.

CT-SSI Rate

During the baseline period (January 2013 to November
2014), we had a stabilized infection rate of 1.9 infections
per 100 cases. Between January 2015 and August 20135,
the “trigger period” we experienced an upward shift in the
infection rate to 3.5 infections per 100 cases, which trig-
gered the interventions reported herein. After we imple-
mented all interventions, the infection rate declined to a
new baseline of 0.3 infections per 100 cases (Fig. 2). This
final rate was significantly lower (P < 0.01) than both the
peak rate in 2015 and the preproject baseline.
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Fig. 2. Control chart of reportable and nonreportable cardiothoracic surgery surgical site infections over time.

DISCUSSION implementation of the described measures can signifi-

Beginning in 2011, THC at NCH collaborated with the cantly impact not only preventable harm rates and patient
Ohio Children’s Hospitals SPS to reduce SSI rates. The ~outcomes but also the financial burden that hospital-ac-

CT-SSI rates after implementation for 2013 and 2014 quired infections ac.id to aggregate healthcare costs.”!
were steady at 2.2 and 1.9 per 100 cases, respectively. Using the Associates in Process Improvement Model

o for Healthcare Improvement,'® multiple PDSA interven-
Although our pediatric rates were below the rates for all tions were tested and implemented concurrently. which
CT patients, which range from 2.3% to 5.0%,>* a sud- P ¥

den increase in the annual CT-SSI rate in 2015 to 3.5/100 allowed for rapid IMPrOVEMENL OVEr a concise perllod.
. . T However, due to the swift implementation of multiple
cases (Fig. 2) triggered concerns. The motivating factor

interventions over a short timeframe, pinpointing the spe-
for THC staff to embrace the PDSA cycles and eventual a1 ervention that most dramatically influenced the
large-scale deployment of system changes was the unac-

) k B X CT-SSI rate is difficult. However, we hypothesize that the
ceptaEle Increase in the CT-SSI rate—a burning plat-  equction in infections was mainly coupled with the in-
form.” Additional process optimization measures and  jgation of preoperative repeated intranasal applications

interventions using S PDSA cycles reported here reduced  of mupirocin, which is consistent with other published
the preproject and peak CT-SSI rates by 84% and 92%,  §ST reduction reports.'!” During our peak CT-SSI rate
respectively, by the end of 2016. period (January—August 2015), most CT-SSI cases (12

Based on the calculated reduction in affected patients  of 13; 92%) were culture positive for S. aureus, which is
(3.5-0.3/100 cases), we estimated that 16 potential carried in the nostrils of 20%-30% of healthy humans
patients per year did not experience the risk, complica-  and has been associated with MSSA and MRSA SSIs.2?
tions, inconvenience, and expense of a CT-SSI. Also, at  Although during the first month of protocol implemen-
a median cost of $136,950 per SSI ($2.19 million total), tation, compliance with mupirocin administration was
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Table 2. PDSA Cycles During the Implementation of a Protocol for Repeated Intranasal Applications of Mupirocin for

Prevention of Cardiothoracic Surgical Site Infections

PDSA Cycle Interventions

e Determined that mupirocin would be ordered by CT surgery APN, filled by OR pharmacy, and then dispensed

to the family

Cycle 1: October 2015
Cycle 2: October 2015

Cycle 3: December 2015
prescribe for patients before PAT

Cycle 4: January 2016

First dose mupirocin is given in PAT using the teach back method

Charge for the medication was rolled into cost of procedure

Patient instruction sheet was developed

PAT staff and CT surgery APNs were educated on teaching/administration and ordering, respectively

CTICU APNs were educated on ordering mupirocin for inpatients

preoperative and postoperative order sets were updated to include mupirocin as a default

Attempt to administer all 10 doses before surgery by changing PAT timing or by asking referring cardiologists to

Clarify protocol to establish that patients who are likely to go to surgery or who are awaiting surgery (ie, listed

for transplant) should be started on prophylactic mupirocin even if a procedure is not yet scheduled

Patients should repeat a mupirocin every 2 months if awaiting transplant - educate transplant staff

Cycle 5: February 2016 e Even patients undergoing emergent/urgent procedures should have 10 doses in the perioperative period

If patients have not received a full 10 doses before hospital discharge, discharge instructions should include

orders to continue mupirocin to complete 10-dose course

APN, advanced practice nurse; CT, cardiothoracic; PAT, preadmission testing.

almost 90%, compliance began dropping over the next 5
months to about 70% (Fig. 1). Therefore, during PDSA
cycles 3 and beyond (Table 2), we focused interventions
on noncompliant patient groups, which included those
receiving a transplanted organ, those with preadmission
testing the day before or the same day of surgery, and
those from out-of-state. To further illustrate the impact
of mupirocin, both infections in 2017 thus far were su-
perficial MSSA infections in patients who did not com-
plete their mupirocin courses preoperatively (Fig. 2). To
facilitate administration of all 10 doses before surgery,
we altered the timing of preadmission testing to at least
5 days before surgery (from 3 days previously). When 5
days were not feasible for some patients, we contacted
the patient’s primary with a request to order the mupi-
rocin. Patients in need of a transplant were started on
mupirocin as soon as they were listed for transplant.
Also, the transplant team administered a repeat course
of mupirocin every 2 months the patient remained on
the waitlist.

To improve adherence to documentation, we have
worked to standardize the location for documentation of
CT-SSI prevention measures. Although inadequate docu-
mentation in the medical record may lead us to errone-
ously believe that a bundle element was not completed,
for nurses who are not part of THC, this documentation
is often not a part of the workflow. Also, some noncom-
pliance is related to the patient or parent noncompliance
with preoperative instructions for night-before-surgery
bathing, wiping, and application of mupirocin. Patients
and/or parents may forget to complete the prevention
measures or may not understand the importance of the
instructions. Although adherence to enhanced and novel
prevention protocols was high during the data collec-
tion period, compliance was not 100%. Multiple fac-
tors likely contribute to these discrepancies between
work-as-imagined (protocols) and work-as-done (actual
practice).

Limitations

This project was conducted within a single pediatric
CTICU. Other patient care procedures may have been
variable and were not controlled during the intervention
phase. The quality of perioperative bathing and skin an-
tisepsis was not measured. This could have affected the
effectiveness of these interventions. Additionally, NCH’s
well-developed and well-staffed quality improvement de-
partment can support multisystem projects. Other institu-
tions without this resource may find supporting the inves-
tigation and data needs, necessary to complete a project
of this size, challenging.

Compliance with many of the basic infection preven-
tion techniques and bundle elements was reported as high
before and during the spike (Fig. 1). Only after further
investigation did we conclude compliance was not as
high as reported after auditing a few cases. This gap high-
lighted an intervention target. One possible explanation
was that the float pool nurse, whose primary assignment
was not in the CTICU, had less education and awareness
surrounding bundle elements, which may have resulted
in a less reliable completion. When we brought attention
to the situation, and the inherent risk to our patients ex-
plicitly clarified, compliance improved. Also, due to our
institutional focus on preventable harm, most staff were
concerned about the rising CT-SSI rate and may have con-
sciously or subconsciously altered their work habits to be
more attentive to the prescribed interventional infection
control measures. Additionally, the change in OR traffic
and conversion to stainless steel instrument trays were
not measured; therefore, the impact of these interventions
is unknown.

CONCLUSIONS

Through multiple, concurrent, quality-improvement
interventions using plan-do-study-act (PDSA) cycles, we
were able to achieve a significant reduction in our CT-SSIs
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rate. Our goal was to reach our previous baseline after
an unexpected and disturbing rise in the annual SSI rate.
However, by a thorough review of all processes and tight-
ening compliance on targeted process improvements, we
achieved an even greater reduction in the CT-SSI rate at a
sustainable 0.3 infections per 100 cases. We implemented
key interventions of standardized skin asepsis, preoper-
ative nasal decolonization, enhanced antibiotic prophy-
laxis, and attribute the greatest improvement to moni-
tored compliance of preoperative nasal decolonization,
especially among patient groups not normally inhouse 5
days before surgery.
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