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Executive Summary

Over the past 20 years, through efforts of single and multi-center neonatal intensive care unit (NICU) quality improvement
(Ql) projects and collectively through state collaboratives, the rates of central line associated blood stream infections
(CLABSIs) and subsequently, hospital acquired infections (HAI), in the NICU have been reduced."? Despite these
improvements, HAl remains a persistent challenge in the NICU resulting in increased length of stay, morbidity and mortality,
and increased hospital costs.®® Very low birthweight (VLBW) infants hospitalized in the NICU are at an increased risk for
HAI. It is imperative that healthcare providers not only implement published evidence-based national and international
guidelines, but consider additional safeguards, practices, and approaches to protect this high-risk population.

This toolkit was revised in 2022 to assist NICUs to not only evaluate and implement additional CLABSI prevention efforts,
but to also consider evolving NICU care practices and approaches that may further reduce hospital acquired bacteremia.
NICUs not performing at desired levels of HAI prevention, or which have set goals for “zero” HAI will find useful interventions
and tools within this toolkit.

At its core, this toolkit supports NICU healthcare providers and leaders to evaluate current HAI prevention performance

and practices, outlines potentially better practices, and provides examples of tools and checklists to assist HAI prevention
efforts, including identifying focused opportunities for improvement. Several potentially better practices are explored within
this toolkit under five categories, including:

1. Hand Hygiene: Hand hygiene is the foundation of HAI prevention and the first step in reducing HAI

2. NICU Quality Improvement and Culture: NICU work environment and the context in which care is provided is an
important emerging aspect of HAI prevention

3. General Principles of HAI Prevention: Recent comprehensive and NICU-specific guidelines have been published
guiding the insertion, care, and maintenance of central lines in the NICU. This toolkit does not duplicate these
recommendations; instead, additional interventions are recommended to reduce the overall burden of HAI in the NICU.

4. Skin Considerations and HAI Prevention: The skin is an important barrier to infection and methods to reduce skin injury
have become a central focus in HAI prevention

5. Antibiotic Stewardship/Multi-Drug Resistant Organisms (MDRO): Antibiotic stewardship activities are integral in HAI
prevention; MDROs are an emerging issue in the NICU and affect HAI prevention efforts

A central focus for the authors was to include tools, checklists, visual displays, and other resources that may enhance HAI
prevention Ql efforts. We are hopeful that readers will find this toolkit a valuable resource in preventing HAI in the NICU.
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Introduction

NICU clinical care practices continue to evolve, and NICU care is improving, with increasing survival rates of the youngest and
smallest newborns.?2 Recent trends demonstrate a rapid increase in efforts to actively treat newborns 22-25 weeks of gestation,
with the highest increase in active treatment of those infants at 22 weeks of gestation.® However, the burden of HAI in preterm
infants remains high, with those with the lowest birthweight and gestational ages having the highest incidence.” Extremely preterm
infants at the edge of viability have the highest risk of HAI and current care practices may not be sufficient to protect these infants
from the burden of hospital acquired bacteremia. Risk factors for HAl include premature biologic systems (e.g., immature immune
system, immature skin), prolonged lengths of stay, need for invasive tubes and lines, delayed enteral nutrition, and exposure to
antibiotics.

Both the California Perinatal Quality Care Collaborative (CPQCC) and Vermont Oxford Network (VON) provide HAI data for
participating NICUs. There is significant variation in infection rates across NICUs in California despite the availability of published
evidence-based protocols and state-sponsored collaboratives. Importantly, Hispanic infants in California NICUs reporting infection
rates to CPQCC have a significantly higher rates of HAl when compared to white infants.”

Hospital-Onset Bacteremia (HOB) or non-CLABSI blood stream infection may be a more clinically relevant and global marker of
quality in intensive care units and NICUs may consider moving to this metric as a global method of quality measurement.? To
provide comprehensive prevention efforts, NICU leaders’ focus should include all potential sources of blood stream infections,
such as the gut or skin.

The aim of this toolkit is to serve as a resource and road map for NICUs seeking additional HAI prevention strategies that may
enhance existing practices or for those NICUs seeking to reduce their overall HAl rate. The authors avoided duplicating HAI
prevention recommendations that are available via published national guidelines.®"

The following schematic displays the interplay of the different toolkit sections, with hand hygiene practices and compliance as the
foundation from which to build a robust and comprehensive HAI prevention program in the NICU.

HAI PREVENTION

HAND HYGIENE PRACTICES & COMPLIANCE

Preventing Hospital-Aquired Infection in the NICU
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Family-Centered Care Considerations

Involving the family in NICU HAI prevention efforts has not been widely reported in the literature but may be an important lever in
HAI mitigation. Family members may be helpful in providing hand hygiene reminders to all health care providers, assisting with
“counting” the seconds of scrub-the-hub techniques used by NICU staff, or other procedures. Family advisory committees, if
present in the NICU structure, can be used to develop and review parent centered HAI education programs and flyers.

Health Equity Considerations

CPQCC is committed to improving both the quality and the equity of care for vulnerable infants and their families. As such, it is
vital to understand and address how disparities in clinical outcomes present in different NICU settings. As discussed above, the
incidence of HAl is higher among Hispanic infants as compared to White infants across California NICUs. This can be seen in
data collected by CPQCC and displayed on its Health Equity Dashboard, which is made available to all member NICUs (see image
below). NICUs are encouraged to explore health equity data from their own unit — either by viewing the CPQCC Health Equity
Dashboard or through other means — to better understand how to target HAI prevention efforts to improve outcomes for all
patients.

Preventing Hospital-Acquired Infection in the NICU
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Understanding the basic principles of Ql is integral to improving
HAI prevention efforts in the NICU. CPQCC has developed

a self-paced, online quality improvement education course

("Ql Fundamentals”) designed to walk learners through the
foundation of healthcare improvement in the NICU. The
course is comprised of several modules of short video-based
lessons, including instructional content and “deep dive” videos
featuring CPQCC member NICUs explaining how they have
used the concepts presented in the lesson as part of their
unit's quality improvement journey. Lessons are accompanied
by practical tools for learners to use to put the concepts into
practice. Topics covered include: Understanding the Model

for Improvement, Creating a Culture of Improvement, How to
Form and Manage a QI Team, Planning for Sustainability, An
Introduction to QI Tools, Learning from Run Charts and Control
Charts and supplementary content on Building an Anti-Racist
NICU and Using CPQCC Data and Reports for Ql.

All California NICUs with membership in CPQCC are
encouraged to complete the QI Fundamentals course as a
foundation for their HAI prevention efforts. Readers of this
toolkit who are not CPQCC members should seek out basic
Ql education through other sources, such as the Institute for
Healthcare Improvement.

This toolkit is designed to assist NICUs interested in reducing
the incidence of HAI. Consider the following steps to get
started:

1. Gather a multidisciplinary team (include a parent
team member) to review unit-specific HAI rates and
health-equity data (as available from CPQCC or other
sources), current unit HAI prevention practices, and this
toolkit's Potentially Better Practices

2. Develop team goals for HAI prevention, using QI tools and
techniques from CPQCC's “Ql Fundamentals” online course
(or other QI educational resource) as well as section two of
this toolkit. Develop, enhance, and sustain a unit culture in
which HAI prevention is a priority and widely embraced by
NICU staff.

3. Provide staff education centered on “the why” of HAI
prevention such as reduced morbidity and mortality with

Preventing Hospital-Acquired Infection in the NICU
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reduced incidence of HAI and the need to provide further
HAI protection for the extremely low birthweight infant at
the edge of viability

Hand Hygiene (HH) is foundational to HAl and is a good
starting point even if unit based HH compliance is high.
Detailing in-room and while-giving-care HH requirements
may reveal important opportunities

Review additional HAI prevention efforts included in
sections 3, 4 and 5 and the included tools and example
checklists

Throughout the team'’s work, consider methods that
ensure sustainment of results, such as integrating audits
and checklists into the electronic record as part of
everyday charting, embedding all HAI practices as part of
the onboarding of new staff, and sharing HAI data widely
with NICU healthcare providers, such as during staff
meetings, family advisory meetings, and hospital-wide
committee meetings
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Hand Hygiene (HH) is the single most effective strategy to reduce HAI

and serves as the foundation of this toolkit. HAI prevention efforts should
begin with a detailed review of all NICU HH practices, protocols, and staff
education efforts. HH is complex in the NICU and application of the WHO's
“five moments for hand hygiene” may not be detailed enough for healthcare
providers caring for NICU patients. Variations in NICU layout and the fragility
of the infant during handling require detailed modifications to standard

HH protocols and/or additional processes to assure HH is both robust and
practical.

NICU design varies from open-bay concepts to single, individual rooms and
hybrid layouts, all of which impacts hand hygiene practices and protocols.
For example, in open-bay designs, the beginning of one bed space and

the start of another may be unclear, making the requirement to ensure HH
before/after room entry difficult to follow. NICUs are encouraged to adopt
specific HH protocols that reflect their current physical layout and clearly
communicate HH requirements to all healthcare providers.



Providing care to the infant in an isolette/bassinette, along
with the fragility of the infant during handling, impacts HH
protocols. HH during in-room care is complex as health
care providers may touch multiple pieces of equipment
while directly caring for and supporting the infant (e.g.,
oxygen blender, cardiorespiratory monitor, radiant warmer
controls) and be physically unable to perform hand hygiene
before and after contact with each piece of equipment.
HH requirements while providing care should be detailed
and standardized within each NICU, tailored to the unique
in-room set up of equipment and supplies. The HH tools
and protocols provided in this toolkit serve as examples of
how other NICUs address these challenges.

POTENTIALLY BETTER PRACTICE

Background, Rationale, and Goals

Hand hygiene (HH) is the single most important factor in
preventing the spread of pathogens and antibiotic resistance
within healthcare settings.' Therefore, HH must be made a
priority to reduce infections in the NICU.

Studies have demonstrated a significant reduction in HAI
rates when antiseptic hand washing was performed by
personnel. However, HH compliance rates among healthcare
workers (HCWSs) remains problematic with some centers
reporting compliance below 50%."”

Many factors contribute to HH compliance among HCWs
including provider role, hospital setting, shifts worked, use of
gown and gloves, automated sinks, type of activities being
performed, and number of patient care interactions®

HCW self-report lack of adherence with HH recommenda-
tions related to skin irritation, inaccessible supplies, interfer-
ence with worker-patient relation, patient needs perceived
as priority, wearing gloves, forgetfulness, ignorance of
guidelines, insufficient time, high workload, under staffing,
and lack of scientific information demonstrating impact of
improved hand hygiene on hospital infection rates?

A multi-modal approach to HH improvement includes edu-
cation, monitoring, and compliance. The use of formal and
informal approaches to HH education with initial orienta-

tion as well as continuous intervals is effective. Formal HH

education includes educating all levels of HCWs on both the
importance of HH and the correct procedures.’523

The use of HH monitors can improve compliance through
observing adherence to HH protocols, providing just in time
peer to peer feedback, and promoting HH practices'

Recommended Guidelines and Algorithms

Select hand hygiene agents based on™:

Efficacy of antiseptic agent
Accessibility of the product
Dispenser systems

Acceptance of product by HCWs including factors such
as:

Characteristic of product and ease of use

Skin irritation and dryness

Evidence-based hand hygiene guidelines in the NICU:

All HCWs and families should perform an initial wash
upon entry into the NICU as well as before and after
patient contact
Eliminate hand/wrist jewelry, artificial nails, and nail
polish
+ Removal of jewelry has been shown to reduce HAI"
Natural nail tips should be kept to % inch in length.
Artificial nails should not be worn when having direct
contact with high-risk patients including in the NICU
environment'®
HH with non-antimicrobial or antimicrobial soap and
water should be performed when hands are visibly dirty,
contaminated, or soiled
If hands are not visibly soiled, use of a 60-95%
alcohol-based hand gel is recommended for routinely
decontaminating hands'®*
Healthcare personnel should use an alcohol-based hand
rub or wash with soap and water:” 2
+ Immediately before touching a patient
Before performing an aseptic task (e.g., placing
an indwelling device) or handling invasive medical
devices
Before moving from work on a soiled body site to a
clean body site on the same patient
After touching a patient or the patient’s immediate
environment
After contact with blood, body fluids, or contaminated
surfaces
Immediately after glove removal

Preventing Hospital-Acquired Infection in the NICU
A CPQCC Quality Improvement Toolkit 15



Universal gloving in the NICU:

The use of non-sterile gloves after hand hygiene, but
before all patient contact, compared to hand hygiene
alone to reduce HAI in the NICU is not recommended.’
+ Asingle randomized, non-blinded control study
demonstrated a reduction in gram positive blood
stream infections with the implementation of
universal gloving in a subset of patients'
However, universal gloving has also been shown
to increase infections among patients, particularly
device related infections*
Universal gloving interferes with positive patient touch
and interaction with patients. Positive patient touch
may outweigh the perceived benefits of universal
gloving.'®

Family Integrated Care & HH:

Parents in the NICU are an integral part of the team.
Active patient and family empowerment may increase
HH compliance among HCWs * '3

Provide education to families on the importance and
proper technigue of HH

Encourage families to be active participants in cross-
monitoring HH in the NICU

Guidance on Quality and Process
Improvement

Review organizational and department HH policies and
guidelines
Implement a multidisciplinary program to improve
adherence to recommended practices
Standardize approach to hand hygiene (e.g., Targeted
Solutions Tool, 5 Moments of Hand Hygiene)?' %
Provide staff education at all levels related to the
importance of hand hygiene in reducing HAI in the NICU,
appropriate HH technique, and isolation precaution
standards. Use a variety of media and approaches to
educate staff: rounding, return demonstration, signage/
infographics, staff newsletters, and posters. In addition,
education may include use of products that demonstrate
thoroughness of HH techniques. Refer to examples
under
Identify specific elements related to hand hygiene
compliance to monitor and establish organizational
goals
Monitor HCW adherence with recommended hand
hygiene practices through:
Direct observation with use of HH monitors/
champions. Refer to sample observation worksheet
under

Preventing Hospital-Aquired Infection in the NICU
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Provider surveys
Standardized compliance programs (e.g.,
the from the Joint

Commission®*)
Select innovative strategies for providing feedback
regarding hand hygiene:
«  Develop interdepartmental competitions and post
results
Use electronic message boards to post compliance
rates
Include HH in leadership and routine patient rounding
Report HH compliance feedback in staff meetings,
unit huddles, and unit dashboards
Provide just in time peer to peer feedback/coaching
Implement signage as reminders of hand hygiene
techniques (Refer to sample signage under )
Use of immediate feedback systems ™16
To promote accountability, consider incentives and
rewards for achieving HH compliance targets

Outcome, Balancing and Process
Measures

Monitor and record adherence to overall hand hygiene
Monitor and record adherence to hand hygiene by
discipline

Monitor the volume of alcohol-based sanitizers used
per 1,000 patient days

Monitor adherence to department policies related to
nails, jewelry, bare below the elbows

Track method of hand hygiene

Monitor adherence to posted isolation precautions
Provide feedback to healthcare workers on individual
performance

Refer to the Joint Commission’s “

" monograph for more information about these

Outcome, Balancing and Process Measures.


https://www.jcrinc.com/products-and-services/high-reliability/targeted-solutions-tool/hand-hygiene-tst/
https://www.jointcommission.org/-/media/tjc/documents/resources/hai/hh_monograph.pdf
https://www.jointcommission.org/-/media/tjc/documents/resources/hai/hh_monograph.pdf

Resources and Tools
Resources

CDC Resources
https://www.cdc.gov/infectioncontrol/pdf/QUOTS/Neonatal-Intensive-Care-Unit-Suite-P.pdf

Joint Commission Resources
https://www jointcommission.org/-/media/tjc/documents/resources/hai/hh_monograph.pdf
https://www.jointcommission.org/-/media/tjc/documents/resources/hai/jqps_1_15.pdf

World Health Organization Resources:

«  https://www.who.int/teams/integrated-health-services/infection-prevention-control/hand-hygiene/tools-and-resources
https://cdn.who.int/media/docs/default-source/integrated-health-services-(ihs)/hand-hygiene/monitoring/hhsa-
framework-october-2010.pdf?sfvrsn=41ba0450_6
https://cdn.who.int/media/docs/default-source/documents/health-topics/hand-hygiene-why-how-and-when-brochure.
pdf?sfvrsn=9b52e145_2&download=true
https://cdn.who.int/media/docs/default-source/integrated-health-services-(ihs)/infection-prevention-and-control/your-5-
moments-for-hand-hygiene-poster.pdf?sfvrsn=83e2fb0e_16

Tools
The following tools are included in this section:

Your 5 Moments for Hand Hygiene in the NICU - Example 1

Your 5 Moments for Hand Hygiene — Example 2

Hand Hygiene Audit

Standard Precautions: Observation of Hand Hygiene Provision of Supplies
Neonatal Environment: Observation of Nutritional Preparation Area

Hand Hygiene NICU Observation Tool

Hand Hygiene Sink Signage Example

Hand Hygiene Moments While Giving Care Tool

© Nk W=
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https://cdn.who.int/media/docs/default-source/integrated-health-services-(ihs)/hand-hygiene/monitoring/hhsa-framework-october-2010.pdf?sfvrsn=41ba0450_6 
https://cdn.who.int/media/docs/default-source/integrated-health-services-(ihs)/hand-hygiene/monitoring/hhsa-framework-october-2010.pdf?sfvrsn=41ba0450_6 
https://cdn.who.int/media/docs/default-source/documents/health-topics/hand-hygiene-why-how-and-when-brochure.pdf?sfvrsn=9b52e145_2&download=true
https://cdn.who.int/media/docs/default-source/documents/health-topics/hand-hygiene-why-how-and-when-brochure.pdf?sfvrsn=9b52e145_2&download=true
https://cdn.who.int/media/docs/default-source/integrated-health-services-(ihs)/infection-prevention-and-control/your-5-moments-for-hand-hygiene-poster.pdf?sfvrsn=83e2fb0e_16
https://cdn.who.int/media/docs/default-source/integrated-health-services-(ihs)/infection-prevention-and-control/your-5-moments-for-hand-hygiene-poster.pdf?sfvrsn=83e2fb0e_16

YOUR 5 MOMENTS FOR HAND HYGIENE IN THE NICU - EXAMPLE 1
SOURCE: Santa Clara Valley Medical Center
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YOUR 5 MOMENTS FOR HAND HYGIENE IN THE NICU - EXAMPLE 2
SOURCE: World Health Organization (WHO)

ACCESSED FROM: https:/www.who.int/campaiagns/world-hand-hvaiene-da
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HAND HYGIENE AUDIT TOOL

SOURCE: Sharp Mary Birch Hospital for Women & Newborns
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STANDARD PRECAUTIONS: OBSERVATIONS OF HAND HYGIENE PROVISION OF
SUPPLIES

SOURCE: Center for Disease Control (CDC)

ACCESSED FROM: https://www.cdc.gov/infectioncontrol/pdf/QUOTS/Standard-Precautions-Hand-Hygiene-Supplies-P.pdf
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NEONATAL ENVIRONMENT: OBSERVATION OF NUTRITIONAL PREPARATION AREA
SOURCE: Center for Disease Control (CDC)

ACCESSED FROM: https://www.cdc.gov/infectioncontrol/pdf/QUOTS/Neonatal-Nutritional-Prep-Area-P.pdf
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HAND HYGIENE NICU OBSERVATION TOOL

SOURCE: Doctors Medical Center Modesto
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HAND HYGIENE SINK SIGNAGE EXAMPLE
SOURCE: University of California, Irvine (UCI) Health
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HAND HYGIENE MOMENTS WHILE GIVING CARE TOOL
SOURCE: University of California, Irvine (UCI) Health
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Introduction

Reduction and elimination of hospital acquired infections
and specifically, central line associated blood stream
infections (CLABSI), is possible; however, the task is
more complex than the quest for the perfect bundle and
NICU leaders need to widen their lens to build a quality
improvement framework through which to ground the
important work of preventing harm." As neonatal care
becomes increasingly complex and NICU patients more
vulnerable, achieving zero harm requires teams to think
about the work differently and to build interdependent teams
and safer systems.

There are several alternative approaches which have yielded
significant improvement, all of which are rooted in the
understanding of team dynamics and error reduction. These
include:

Comprehensive Unit-based Safety Program (CUSP) -
Agency for Healthcare Research and Quality (AHRQ)

Team Strategies and Tools to Enhance Performance and
Patient Safety (TeamSTEPPS) - Agency for Healthcare
Research and Quality (AHRQ)

High Reliability Methodologies - Institute for Healthcare
Improvement (IHI)

High Reliability Organizations (HRO) are widely described

as organizations that in performing complex tasks observe
fewer than their expected share of unexpected outcomes.
Although caring for neonates is not necessarily comparable
to the work within the nuclear power or airline industries,
humans functioning in complex systems tend to behave and
succeed or fail in these systems in a similar manner. NICU
leaders and work groups should standardize work whenever
possible and create a team understanding of how human
factors engineering impacts daily tasks. In doing so, teams
should guide task-development by making it easy to do

the right thing and hard to do the wrong thing. Examples

of using human factors engineering in improving the daily
work of NICU staff include avoiding the reliance on memory
and developing and instituting visual aids, well designed
checklists, and insertion and maintenance kits (which
standardize supply utilization).

POTENTIALLY BETTER PRACTICE

Target Zero Hospital Acquired
Infections

Background, Rationale, and Goals

Although not all units have achieved zero hospital acquired
infections, many units have demonstrated that zero is
achievable

Many adult and pediatric critical care units have achieved
zero CLABSI, some for many years 2°

An expectation of ‘zero harm” leads to a change in mental
model and a different level of accountability for each
nosocomial event #

Avoid common “group think” that HAls are “unpreventable”
as this perpetuates that given outcome

Team'’s focus and goals should be zero HAI

Recommended Guidelines and Algorithms

Post not only infection rates but “days since last
infection.”

Share stories of units and institutions that have achieved
zero with senior leaders and Board of Directors or other
high-level leadership

Ensure consistent Board/leadership messaging of zero
as an achievable goal with sustained effort

Guidance on Quality and Process
Improvement

Monitor run charts with notation of significant
interventions; examples of run chart measurements
include hand hygiene compliance percentages and
CLABSI rates over time. Consider a unit dashboard
including all major HAl measures such as hand hygiene
compliance, days between infection, and antibiotic
utilization rate.

Publish “days since last infection” in the unit
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POTENTIALLY BETTER PRACTICE

Foster a Culture of Safety and
|Learning

Background, Rationale, and Goals

The care provided in NICUs has become increasingly
complex with significant potential for slips or lapses
Teams increasingly are dependent on the expertise and
awareness of other teammates

Performance improvement efforts to reduce adverse
outcomes necessitate an environment of trust and learning
Creating a “just culture” is critical to drive safety reporting
and crucial conversations; adopting a just culture approach
to safety events may be foundational to reducing adverse
events, improving communication of safety risks, and
reducing patient harm. See the Just Culture Resources.
Efforts to establish a culture of safety should form the
foundation for all safety interventions ¢

There is a strong correlation between a strong safety culture
and reduced adverse events,'? including CLABSI

Units that execute plans to address Safety Attitude
Questionnaire (SAQ) opportunities are more likely to
decrease CLABSI ¢

Staff working in an environment that does not feel safe

are less likely to speak up, check one another or provide
feedback, crippling efforts at standardization and
compliance

CLABSI reduction is highly correlated with improvements

in “teamwork climate”. A positive teamwork climate refers
to the presence of open communication and cooperation
between and among employees and is one piece of the
context in which care is provided ®

Standardize expectations of team members to team check
and to be checked; using staff as auditors of critical steps
(such as central line tubing change) can offer both important
compliance data along with promoting a team safety culture
Foster a climate in which it is expected that assistance will
be actively sought and offered

Recommended Guidelines and Algorithms

Assess the status of safety culture in your unit with any
of the available tools, paying particular attention to the
elements of a teamwork climate

If opportunities are identified, develop unit specific
action plans to address concerns

Ensure institutional commitment aligns to a culture of
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safety
Consider using one of the following methodologies to
teach team behaviors which have the potential to impact
culture. Although there are differences with each, there
are also great similarities, and it is important to consider
which is most suitable to your unit and institution:

Team STEPPS

Healthcare Performance Improvement/High

Reliability

Comprehensive Unit-based Safety Program

Guidance on Quality and Process
Improvement

Consider periodic assessment of unit specific questions
to assess progress with addressing safety opportunities
such as:
“In our unit we use error reporting as an opportunity
for improvement”
“In the past week | have team checked/been team
checked”

Outcome, Balancing and Process
Measures

At a minimum, conduct an annual survey of all staff
about the safety culture, such as the SAQ or a similar
tool, or ask questions on a standard survey specifically
addressing safety culture

Monitor error reporting as a proxy measure for staff
“speaking up”

POTENTIALLY BETTER PRACTICE
Become a Highly Reliable Organization

Background, Rationale, and Goals

High reliability organizations (HRO) are those organizations
that operate in hazardous conditions and yet observe
fewer than expected adverse outcomes, and in studies
have been shown to share similarities in how they achieve
reduced adverse events

Application of high-reliability principles and practices can
drive culture change °

Integration of high-reliability principles strengthens
evidence-based practice and reduces clinical variation °10
Institutional efforts toward high reliability integrates Ql
work into healthcare providers’ everyday activities which



promotes standardized expectations and a singular focus
on error prevention, resulting in sustainable improvement
1112

A comprehensive approach to achieving high reliability
(such as The Joint Commission’s High Reliability Health
Care Maturity Model and the Institute for Healthcare
Improvement’s Framework for Safe, Reliable, and Effective
Care) has the potential to significantly reduce preventable
harm

Recommended Guidelines and Algorithms

Share transformational testimonials of healthcare
organizations that have undergone high-reliability
transformation with unit and institutional leadership
Review high reliability resources provided by the Institute
for Healthcare Improvement (IHI), the Joint Commission,
and AHRQ

Review and share information from safety surveys with
staff

Evaluate unit preparation and readiness for cultural shift
and transformation by conducting small focus groups
consisting of all healthcare providers (e.g., RNs, MDs,
Respiratory Therapists)

Guidance on Quality and Process
Improvement

Measure compliance with particularly relevant care bundle
elements to assess reliability

Monitor days since last preventable adverse event (i.e.,
serious safety event)

Implement leadership rounding to assess reliability
behaviors/challenges

Develop and use tools to assess degree to which behaviors
are hardwired which assists to build sustainability of the

Ql outcomes. Examples include sharing QI outcome data
(such as CLABSI rates) openly with staff and creating a
sense of awareness.

Outcome, Balancing and Process
Measures

Monitor serious safety event rate (per patient day) and
days between events

POTENTIALLY BETTER PRACTICE

Understand the Impact of Human
Factors Engineering and Make it
Easier for Healthcare Providers to Do
the Right Thing

Background, Rationale, and Goals

Simplifying workflow can lead to a better understanding
of potential failures and may improve efficiency
Embedding human factors principles in work has the
potential to increase compliance and decrease CLABSI
16,17,18

Establishment and reinforcement of standard work
including formal line rounding has been shown to
significantly reduce CLABSI ™

Human factors engineering can be utilized to
significantly increase hand hygiene rates

Intervention strategies such as simulation and
standardized kits have also been shown to significantly
increase compliance and reduce CLABSI

Recommended Guidelines and Algorithms

Standardize processes (as well as when to deviate from
standard processes) whenever possible

Align policies to actual practice, which improves training
and hard-wires rule-based behavior

Prepare procedure/maintenance packs, kits, and carts,
or locate supplies for line management in proximity
Provide visual aids illustrative of expected workflow,
supplies, and steps

Design and implement electronic workflows that
encourage the right decisions

Consider adoption of peer audits performed in real time
Survey front line staff as to barriers that reduce
compliance

Guidance on Quality and Process
Improvement

Involve frontline staff in workflow development as well
as in structure of audits

Conduct “random audits” of care process bundle
elements (central line care bundle, environmental
cleaning) and provide feedback in real time

Monitor compliance with measures such as hand
hygiene, central line dressing change, and central line
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entry
Monitor if staff are using tools to reduce missing important elements of care processes

Consider use of simulation to evaluate effectiveness of interventions

Resources and Tools
Resources

IHI Resources
Just Culture Resources

Tools
The following tools are included in this section:

1. “Days Between Infections" Signage Example
2. Leadership Walkrounds Tool
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https://www.ihi.org/resources/Pages/Tools/PrinciplesofaFairandJustCulture.aspx

DAYS BETWEEN INFECTIONS SIGNAGE EXAMPLE

SOURCE: University of California, Irvine (UCI) Health
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LEADERSHIP WALKROUNDS TOOL

SOURCE: Adapted Baker, S. (2010). Rounding for outcomes: An evidence-based tool to improve nurse retention, patient
safety, and quality of care. Journal of Emergency Nursing, 36(2), 162-164.

PURPOSE: To gather information directly from staff about actionable information. Topics are focused on patient safety issues,
what is working well and what is not, building relationships to enhance communication

HOW TO USE: Choose a few of the following questions to focus the rounds; be consistent in both time of rounding and how
questions are asked.

QUESTION EXAMPLES AREA OF FOCUS

What is your biggest safety concern on your unit? Safety

What is one thing that could happen today to improve safety on your unit? Safety

What are the barriers to reporting a safety concern? Safety

What is going well in this unit? Staff Retention/Satisfaction

Who should | recognize for doing great work? Staff Retention/Satisfaction

Do you have what you need to provide safe care? Safety

What can | do to help? Safety/Staff Retention/Satisfaction

ROUNDING LOG:

DATE/TIME STAFF MEMBER FEEDBACK ON ACTIONS

AREA OF FOCUS AREA OF FOCUS
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Additional Interventions line insertion and maintenance practices. NICUs should use both published
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Central Line Care
Practice Audit Tool
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Each NICU should evaluate their current CLABSI and HAI rate over time, to
determine if performance is improving, declining, or stagnant and compare
to other like-NICUs as a method of benchmarking. Current unit-specific care

Securement/Dressing practices and protocols should be evaluated against published guidelines to
Visual Aid determine what next steps are needed to further reduce hospital-acquired
Catheter Entry bacteremia.
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encouraged as these efforts may further enhance the unit's
current HAI prevention efforts. With HAI reduction work in
the NICU, details matter.

POTENTIALLY BETTER PRACTICE

Review and Utilize Published National
Guidelines for Central Line Insertion,
Care, and Maintenance Practices

Background, Rationale, and Goals

Hospital acquired bacteremia leads to prolonged
hospitalization and worse neurodevelopmental
outcomes'

CLABSIs remain the most frequent hospital acquired
infection in the NICU, leading to substantial morbidity
and mortality

CLABSI prevention efforts over the past decade have
shown significant reduction of CLABSI events, however
these improvements have plateaued despite published
care bundles

Published national guidelines delineate recommended
bundle elements for insertion and maintenance of
central lines for all patients?, however NICU patients
have specific and unique challenges that may not be
addressed completely in published bundles. Additional
safeguards and practices may need to be implemented
to achieve zero HAI in the vulnerable NICU patient

A bundled approach to central line care practices in the
NICU is associated with reduced CLABSI rates; however,
there are a variety of practices included within each of
these published NICU bundles, making comparisons of
each intervention and its effect on CLABSI prevention
difficult34

Although published studies do not identify one central
line care bundled element as more effective than
another, methods to reduce central line entry along
with “closed” methods of line entry (via needleless
connectors) have been a central component of the
majority of published NICU quality improvement CLABSI
prevention projects® and are a recommended practice
in published national guidelines for CLABSI prevention
(refer to CDC guidelines below)

Recommended Guidelines and Algorithms

CDC Recommendations for the Prevention and Control
of Infections in Neonatal Intensive Care Unit Patients:
Central Line-associated Blood Stream Infections

(February 2022)
SHEA neonatal intensive care unit (NICU) white paper

series: Practical approaches for the prevention of central

line-associated blood stream infections (March 2022)

Infusion Nurses Society

Solutions for Patient Safety (SPS) Prevention Bundles
2022 NANN Guidelines on Peripherally Inserted Central
Catheters (4th edition)

Guidance on Quality and Process
Improvement

Review unit performance using national measurement
standards including standard infection ratio (SIR) which
is a risk-adjusted metric generated by the CDC using
NICU-specific surveillance data reported to the National
Healthcare Safety Network (NHSN)

Utilizing a multidisciplinary group of healthcare providers
involved with insertion, maintenance, and care of central
lines, review published national guidelines and perform a
gap analysis to identify areas of central line practice that
can be changed, streamlined, or improved

Review and analyze available compliance audit

data related to all facets of central line care such as
insertion steps, accessing a central line for medication
administration, dressing changes,and IV tubing changes.
If not currently auditing, consider adding audits to
identify lapses in practice. Audits of care practices

also assist with the sustainability of CLABSI prevention
efforts

Standardize approach to care practices of all types of
central lines in the NICU (umbilical, peripherally inserted,
surgically placed) including securement, IV tubing
configuration, medication administration, and blood
sampling, to reduce variation

CLABSI prevention is a continuous goal with care
practices integrated and hardwired into all healthcare
providers daily work, included in the onboarding of all
new healthcare providers, and as part of yearly education
efforts

Although routine chlorhexidine (CHG) bathing is currently
not recommended for all NICU patients with a central
line, as safety concerns for systemic absorption have not
been carefully evaluated, for select NICUs with CLABSI
rates persistently above national thresholds, selected
CHG bathing may be considered.®? Detailed protocols
should be developed, including a monitoring plan to track
any local dermatitis or intolerance to CHG
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Outcome, Balancing and Process
Measures

CLABSI rates

Audit results

Incidence of skin reactions to CHG, tracked by
gestational age

POTENTIALLY BETTER PRACTICE

Background, Rationale, and Goals

Promote the health of the gastrointestinal tract (Gl)
to reduce bacteremia acquired through bacterial
translocation.® This includes:

Adopting an exclusive human milk diet for all newborns
in the NICU to reduce HAI® Feeding preparation
methods should follow established published national
guidelines to reduce bacterial contamination during
collection, storage and preparation.®?

The routine use of probiotics as a method to reduce late
onset sepsis is currently not recommended 3*

Although limited, published research identifies indwelling
feeding tubes as a potential source of HAI through the
development of a microbial biofilm along the feeding
tube walls and end hole, creating potential gut microbiota
disruption and colonization with drug resistant
organisms.'%"® Currently, there is a paucity of data in
which to guide care of indwelling feeding tubes, including
length of time in place and or flushing protocols that may
reduce risk of HAI

Avoid use of an H2 blocker as they increase pH in the Gl
tract and may increase risk of bacterial translocation,
late onset sepsis, and necrotizing enterocolitis (NEC)."4"7

Implement families as partners for HAI prevention:

Utilize families as active participants in HAI prevention
practices, such as assisting with reminders for hand
hygiene and counting the seconds of “scrub-the-hub”
prior to line entry. Family participation has been included
in CLABSI reduction bundles.3181°

Partnering with families requires a culture shift within
the NICU and must be carefully navigated to avoid undue
stress for both families and healthcare providers %°

More research is needed on the impact of family
empowerment and CLABSI reduction, especially as it
relates to families with a preferred language other than
English
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Focus on reducing the bioburden in the NICU environment
to reduce HAI:

Consider implementation of robust environmental
cleaning protocols to reduce bioburden; common
NICU high-touch surfaces may serve as reservoirs for
pathogenic bacteria and cleaning significantly reduces
the total microbial load.?"?? Computer keyboards

and common surfaces (e.g. work stations, carts) are
examples of high-touch areas.

Identify NICU “orphan” equipment (equipment that is
used in the NICU but not sent to a centralized area

for cleaning, such as opthalmascopes, point-of-care
ultrasound, additional light sources, transilluminators)
and implement standardized cleaning processes.
Collaborate with all departments that may be involved
with using and cleaning NICU-dedicated equipment to
clearly delineate roles (i.e. who cleans which equipment).
Consider use of fluorescent gel markers (markers are
only visible with ultraviolet light) as a tool to assess
efficacy of cleaning protocols, such as discharge room
cleaning and initial on-shift high-touch wipe down.?324
Provide immediate feedback to staff and share cleaning
audit results regularly.

NICU culture and processes:

Identify infants at highest risk for HAl including infants
exposed to broad-spectrum antibiotics, Total Parenteral
Nutrition (TPN), those with a prolonged need for central
line and invasive ventilator support, and prolonged NPO.
Consider performing daily audits (e.g. central line care
audits and environmental cleaning) on this select group
of infants to prospectively identify practice breaks.
Perform a root cause analysis for any positive blood
culture, regardless of source (e.g. CLABSI, gut bacterial
translocation, urinary tract infection) to identify potential
lapses in practice and presence of modifiable and
unmodifiable risk factors. Track the data for trends

and patterns to inform future clinical practice changes,
identify barriers to meeting expected clinical standards,
and needed staff education.

The quality of the NICU work environment (such as
adequacy of nurse staffing, presence of support
personnel, unit organization) has been linked to multiple
improvements in NICU outcomes including reduced
HAI, improved breastfeeding rates, and reduced
intraventricular hemorrhage (IVH).252° Missed nursing
care (care that is omitted or significantly delayed due

to high nurse workload) is associated with high nursing
workload.3%3" Evidenced-based standards for NICU
staffing are lacking and more research is needed in this
area. Although published studies vary in methodologies



used, outcomes measured, and study sites (international vs. USA), common themes are emerging that may guide NICU
leadership on methods to improve the NICU work environment. These include conducting an assessment of quality of the
NICU work environment (contextual factors), benchmarking with peer institutions using national measures (such as the
SCORE Survey and the Magnet Recognition Program), and using data to advocate for needed resources.

Recommended Guidelines and Algorithms

High-touch cleaning protocol (see Tools section)
Family “script” for active participation in HAI prevention

Outcome, Balancing and Process Measures

Hospital acquired bacteremia, CLABSI incidence
Rates of human milk at discharge from the NICU
Results of all clinical practice audits (such as central line tubing change, equipment cleaning)

Resources and Tools
Tools

The following tools are included in this section:

Central Line Care Practice Audit Tool
Standardized Central Line Tubing Visual Aid
Securement/Dressing Visual Aid

Catheter Entry Observations Tool

Blood Culture Review Form

CLABSI Notification and Huddle Tool

Family CLABSI Education Tool
Environmental Cleanliness Flyer for Families

Environmental Cleanliness Flyer for Staff

= O ©© N O g K~ 0 DD =

0. Bedside Cleaning Routine Tool
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CENTRAL LINE CARE PRACTICE AUDIT AND MONITORING TOOL

SOURCE: University of California, Irvine (UCI) Health
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STANDARDIZED CENTRAL LINE TUBING VISUAL AID - PAGE 1
SOURCE: University of California, Irvine (UCI) Health
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STANDARDIZED CENTRAL LINE TUBING VISUAL AID - PAGE 2
SOURCE: University of California, Irvine (UCI) Health
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STANDARDIZED CENTRAL LINE TUBING VISUAL AID - PAGE 3
SOURCE: University of California, Irvine (UCI) Health
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STANDARDIZED CENTRAL LINE TUBING VISUAL AID - PAGE 4
SOURCE: University of California, Irvine (UCI) Health
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SECUREMENT/DRESSING VISUAL AID
SOURCE: UCSF Benioff Children's Hospital San Francisco
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CATHETER ENTRY OBSERVATION TOOL

SOURCE: Doctor's Medical Center Modesto
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BLOOD CULTURE REVIEW FORM
SOURCE: University of California, Irvine (UCI) Health
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CLABSI NOTIFICATION AND HUDDLE TOOL - PAGE 1
SOURCE: UCSF Benioff Children's Hospital San Francisco
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CLABSI NOTIFICATION AND HUDDLE TOOL - PAGE 2
SOURCE: UCSF Benioff Children's Hospital San Francisco
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CLABSI NOTIFICATION AND HUDDLE TOOL - PAGE 3
SOURCE: UCSF Benioff Children's Hospital San Francisco
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FAMILY CLABSI EDUCATION TOOL
SOURCE: UCSF Benioff Children's Hospital San Francisco
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ENVIRONMENTAL CLEANLINESS FLYER FOR FAMILIES
SOURCE: UCSF Benioff Children's Hospital San Francisco
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ENVIRONMENTAL CLEANLINESS FLYER FOR STAFF
SOURCE: UCSF Benioff Children's Hospital San Francisco
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BEDSIDE CLEANING ROUTINE TOOL
SOURCE: Doctor's Medical Center Modesto
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The condition of the skin is an important consideration in the prevention
of hospital acquired infection; especially for the extremely low birthweight
infant as their skin is significantly underdeveloped and provides little
protection from the surrounding environment. The burden of infection is

g{gﬁggpdize Dressings inversely related to gestational age with the youngest and most immature
and Securement infants experiencing a higher incidence of late onset infection.®2 %3
Technigues that

Minimize Catheter The skin of premature and full-term neonates has several unique anatomic
Migration and and functional differences that puts them at risk for injury from the skin
Extraluminal disinfectants and medical adhesives used for insertion and securement of
Introduction of central venous catheters in the neonatal population. Although the full-term
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infant has sufficient barrier function provided by the stratum corneum and
basal layer of the epidermis, this layer is not a fully formed compared to
older children and adult skin. The dermis is also not fully formed.

The premature infant has fewer layers of the uppermost layer of the
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epidermis, the stratum corneum, resulting in increased
evaporative heat and water loss. In addition, the entire
epidermis is attached to the dermis with proteinaceous
fibrils which are fewer in number and more widely spaced

in the premature infant, placing them at risk for stripping of
the epidermis from adhesive removal and potential chemical
burns from skin disinfectants.?

Active treatment of infants born at 22-23 weeks increases
the need for specific, evidence-based care protocols that
reduce skin injury, improve skin barrier function, and reduce
hospital acquired infection. 3437

POTENTIALLY BETTER PRACTICE

Disinfect skin surfaces before
insertion of central venous and
arterial catheters including umbilical
catheters and percutaneously
inserted central catheters (PICCs)

Background, Rationale, and Goals

Central catheters risk development of hospital acquired
bloodstream infections

Infections arising from insertion and dressing changes
are considered an extraluminal source of infection

and can be prevented by careful skin preparation with
disinfectants

Infections from an intraluminal source can be prevented
by strict adherence to aseptic technique for catheter
hubs, caps, connectors, and IV tubing*

Outcome, Balancing and Process
Measures

Number of CLABSIs occurring within the first week from
insertion (extraluminal course)

POTENTIALLY BETTER PRACTICE

Select a Disinfectant by Evaluating
Risks and Benefits of Each Product
Relative to Efficacy, Potential for
Toxicity, and Skin Irritation

Background, Rationale, and Goals

Available products include:

Chlorhexidine gluconate (CHG), usually mixed
with 70% isopropyl alcohol (although an aqueous
formulation is also available but not in single use
packaging)
10% povidone iodine
« 70% isopropyl alcohol
There is insufficient evidence to recommend a single
product for all neonates®’
Isopropyl alcohol is the least effective disinfection
compared to CHG or povidone iodine®
CHG containing disinfectants have been shown to
reduce contaminated blood cultures in pediatric
patients®
Systemic toxicity can occur if skin disinfectants are
absorbed through the skin
Povidone iodine has been shown to alter thyroid function
in some premature infants, although this effect appears
to be transient’®
CHG can also be absorbed, with some studies showing
measurable levels of CHG in serum, although no toxicity
has been reported at this time®™°
Use of daily CHG wiping or bathing as a method to
reduce HAI carries a risk of significant absorption and
until it is known whether CHG crosses the blood/brain
barrier, this practice has not been determined to be safe
in neonates"
Skin irritation, chemical burns or erosive contact
dermatitis have been reported from skin disinfectants
Reports are seen primarily with CHG preparations,
generally with those that contain 70% isopropy! alcohol,
but some injuries have also been reported with aqueous
preparations'?1
Infants born earlier than 32 weeks' gestation who require
skin disinfectants in the first two weeks of life are at
greatest risk for these skin injuries

Outcome, Balancing and Process
Measures

Report and track any skin injuries from skin disinfectants
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POTENTIALLY BETTER PRACTICE

Standardize Dressings and
Securement Techniques that
Minimize Catheter Migration

and Extraluminal Introduction of
Microorganisms Along the Tract of
the Catheter

Background, Rationale, and Goals

Transparent adhesive dressings (TADs) allow for direct
visualization of the insertion site, are semi-occlusive,
and prevent catheter migration, especially when used to
secure PICCs

TADs should be changed when the dressing has lifted/
detached on any border edge or within the transparent
portion of the dressing 313839

For NICU patients, PICC dressings should be changed
when dressing integrity is compromised, since dressing
changes can result in catheter migration and cause skin
disruption from adhesive removal 4°

Dressing changes are best done by two people using
standardized sterile technique; using a dressing change
kit will facilitate the process and save time

External catheter length measurements are advised to
determine if catheter migration has occurred

If there is bleeding at the insertion site, use a sterile
hemostatic agent to promote adherence and prevent
catheter migration. If the agent or blood obscures the
insertion site, the dressing should be changed after 24
hours

Clear tissue adhesives formulated with cyanoacrylates
can be applied to the insertion site prior to placement of
the TAD. There is a paucity of published research on the
use of tissue adhesives in the NICU population. Potential
benefits of these products used in adult and pediatric
patients include prevention of catheter migration, barrier
to microorganisms at the insertion site, and hemostasis.
These should be applied with initial dressing application
and with dressing changes #

Recommended Guidelines and Algorithms

Standardize techniques for dressing changes to
reduce variability. An example of a PICC dressing
standardization visual aid is included under Tools.
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Guidance on Quality and Process
Improvement

Audit central venous catheter (CVC) dressings regularly
to improve adherence to standardized techniques.

POTENTIALLY BETTER PRACTICE

Use Products and Techniques to
Minimize Risk for Medical Adhesive-

Related Skin Injury (MARSI)

Background, Rationale, and Goals

Injuries from medical adhesives include epidermal
stripping, skin tears, blistering and contact dermatitis 72’
To prevent skin stripping and skin tears use a silicone,
non-alcohol skin protectant under TADs used as
dressing for CVCs 2

Use a silicone based adhesive remover to facilitate
removal of TADs and other medical adhesives 2

Avoid the use of adhesive enhancing “tackifiers” as
these make the bond between epidermis and adhesive
stronger than the bond between epidermis and dermis,
increasing the likelihood of epidermal stripping ®
Remove TADs and other medical adhesives by pulling
the adhesive parallel to the skin surface and gently
holding the skin down during removal ®

Contact dermatitis can occur with some TAD products.
Switching to a different product can resolve contact
dermatitis in most cases'®?'

Reduce the number of breaks in the skin from peripheral
IV attempts as this may reduce the risk of HAI, especially
in preterm infants for which the skin is a clear portal

of entry for bacteria. Consider adopting a Difficult
Intravenous Access (DIVA) tool or another algorithm to
guide practice #24°

Guidance on Quality and Process
Improvement

Report all MARSI as unusual occurrences
Report any MARSI related to CVC securement



POTENTIALLY BETTER PRACTICE

If Skin Injury is Evident and Physical Findings of Skin Infection are Present
(Drainage, Redness) in Extremely Low Birthweight (ELBW) Patients

with CVCs in the First Weeks of Life, Obtain Skin Culture to Identify
Microorganisms that are Colonizing the Skin

Background, Rationale, and Goals

If pathogens are present, consider sending a blood culture for bacteremia

Topical antimicrobial and anti-fungal ointments or creams can be used on areas of skin breakdown, along with silicone
dressings®

Medical grade honey has anti-infective effects and can facilitate healing of skin breakdown?+-26

Dressings containing silver have been used for skin breakdown in premature neonates?’

If skin breakdown is excessive and colonized with candida albicans, consider systemic treatment with antifungal agent to
prevent bacteremia?2°

Guidance on Quality and Process Improvement

Early identification of microorganisms colonizing the skin may prevent systemic infection or guide antimicrobial selection
when suspecting sepsis

Resources and Tools
Tools

The following tools are included in this section:

1. PICC Dressing Change Steps
2. Audit Tool for Dressing Integrity/Changing
3. Difficult Intravenous Access (DIVA) Policy and Pathway Tool
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PICC DRESSING CHANGE STEPS
SOURCE: UCSF Benioff Children's Hospital San Francisco
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AUDIT TOOL FOR DRESSING INTEGRITY/CHANGING
SOURCE: University of California, Irvine (UCI) Health
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DIFFICULT INTRAVENOUS ACCESS (DIVA) POLICY AND PATHWAY TOOL -

PAGE 1
SOURCE: UCSF Benioff Children's Hospital Oakland
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DIFFICULT INTRAVENOUS ACCESS (DIVA) POLICY AND PATHWAY TOOL -

PAGE 2
SOURCE: UCSF Benioff Children's Hospital Oakland

Preventing Hospital-Acquired Infection in the NICU
A CPQCC Quality Improvement Toolkit 67



DIFFICULT INTRAVENOUS ACCESS (DIVA) POLICY AND PATHWAY TOOL -

PAGE 3
SOURCE: UCSF Benioff Children's Hospital Oakland
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DIFFICULT INTRAVENOUS ACCESS (DIVA) POLICY AND PATHWAY TOOL -

PAGE 4
SOURCE: UCSF Benioff Children's Hospital Oakland
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DIFFICULT INTRAVENOUS ACCESS (DIVA) POLICY AND PATHWAY TOOL -

PAGE 5
SOURCE: UCSF Benioff Children's Hospital Oakland
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Introduction to Antibiotic Stewardship

Antimicrobial stewardship efforts aim at optimizing use of antimicrobials

by improving selection, dose, duration, and route of administration of
antimicrobials.' It is important to recognize that the role of antimicrobial
stewardship efforts is not always to discontinue antimicrobials, but to
optimize their use weighing risks and benefits. Diagnostic stewardship
means optimizing selection of the appropriate test for the appropriate
patient that would improve management, including antimicrobial selection.?®
Antimicrobial and diagnostic stewardship and infection prevention
complement each other. Prolonged and broad-spectrum antibiotic exposure
is associated with increased risk of invasive candidiasis and infection

with multidrug resistant bacteria in neonates.*> Newborns, especially
preterm newborns, are at high risk for infection, and antibiotics are the
most commonly prescribed medications in the NICU.® Applying diagnostic
stewardship to diagnose and treat hospital acquired infections improves
accuracy of surveillance of these infections and use of appropriate therapy



when indicated. Lastly, antibiotic use has been found,
in observational studies, to be associated with worse
outcomes in extremely low birth weight infants including

increased incidence of necrotizing enterocolitis and death.”
31,32

POTENTIALLY BETTER PRACTICE

Establish a Multidisciplinary
Collaborative Approach to
Diagnostic and Antimicrobial
Stewardship

Background, Rationale, and Goals

Creating a culture change in antimicrobial and diagnostic
stewardship is important 8

Empowering stewardship leadership style which is
inclusive and enabling of frontline clinicians, compared
to a controlling and supervision-driven style, results

in decreased broad-spectrum antimicrobial use and
decreased hospital acquired infections in the NICU and
pediatric ICU (PICU) ®

Nursing involvement in stewardship efforts in critical
care settings is essential and underutilized.10 The role
of nurses in stewardship is likely more critical in NICU
settings given nurses’ distinct involvement in the direct
care of neonates %

Recommended Guidelines and Algorithms

A multidisciplinary stewardship team involves
representation from advanced practice providers,
nurses, pharmacists and physicians"

Multidisciplinary team members update colleagues on

new policies and guidance and encourage adoption of

stewardship practices and interventions

Identify a team leader who is accountable for NICU

outcome measures relating to stewardship efforts

Multidisciplinary interventions may include the

following:™

«  Antimicrobial time-out: Facilitate an antibiotic
time-out during rounds. This includes revisiting the
indication, choice, and duration of antimicrobials at a
specific interval after initiating therapy.

+  Assuring appropriate diagnostics: Examples include
obtaining blood cultures before empiric antibiotic
therapy is started, and obtaining sterile urine samples
for cultures

Guidance on Quality and Process
Improvement

Identify “stewardship champions” from each of the
following disciplines: nursing, pharmacy, advanced
practice providers and physicians

Conduct meetings involving the multidisciplinary
stewardship team at regular intervals to discuss
stewardship outcome measures, opportunities for
improvement, and future directions

Create an Antibiotic Utilization Review Committee
to review selected cases (criteria may be prolonged
antibiotics or broad-spectrum antibiotics, as examples)
as a methodology to learn from patient cases

Outcome, Balancing and Process
Measures

Administration of antibiotics within one hour after the
order is placed

POTENTIALLY BETTER PRACTICE

Measure the Effectivness of
Diagnostic and Antimicrobial Efforts
in the NICU

Background, Rationale, and Goals

Antimicrobial use is variable among California NICUs
independent of proven infection'

Measuring the success of diagnostic and antimicrobial
stewardship could be achieved by tracking antimicrobial
use as well as safety and quality metrics

Measuring antimicrobial use is important not only

to evaluate the present state of antimicrobial use in
comparison to peers and the success of diagnostic and
stewardship efforts, but also to discover potential areas
of improvement

All California Children’s Services approved NICUs

are required to report antimicrobial use rate (AUR) to
CcPQcCC™

All participating CPQCC NICUs are required to report
newborn antibiotic exposure (NAE), NEC, and late-onset-
sepsis'®

Days of therapy (DOT) per 1000 patient days is another
measure of antimicrobial use that is widely utilized in
pediatrics™
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Recommended Guidelines and Algorithms

Measure at least one metric of antimicrobial use, such
as AUR, NAE and/or DOT and post data for all healthcare
providers to view

Compare antimicrobial use metric to other NICUs of
similar size and level of care

Measure and follow the specific antimicrobial use of
high-impact antimicrobials. This could include broad-
spectrum, nephrotoxic, or high-cost antimicrobials.
Compare antimicrobial use metric over time to
determine the effectiveness of a targeted diagnostic or
antimicrobial stewardship effort

Consider measuring quality metrics that could potentially
be affected by stewardship efforts such as nosocomial
infections with multidrug resistant organisms,'® acute
kidney injury,'® or NEC""”

Evaluate safety outcomes and balancing measures
related to diagnostic or antimicrobial stewardship

efforts such as mortality from newborn sepsis, hospital
readmission and rate of restarting antimicrobials'

Outcome, Balancing and Process
Measures

AUR is the total number of patient-days that infants

were exposed to one or more antibacterial or antifungal
agents (antivirals are not included) administered
intravenously or intramuscularly per 100 patient-days in
the reporting NICU, expressed as a percentage'>™

NAE is the number of newborns who received at least
one dose of intravenous or intramuscular antibacterial or
antifungal agents per 100 newborns. Both the numerator
and denominator include all admitted newborns after
maternal delivery, including those born outside the
hospital but who received their initial medical evaluation
at the hospital in question and newborns taken care of in
mother/baby units'™

DOT per 1000 patient days is the number of days a
patient receives a certain antimicrobial, or a group

of antimicrobials divided by the number of hospital

days. The numerator usually captures each antibiotic
separately; for example, if a patient receives ampicillin
and gentamicin for 7 days, she will have 14 DOTs. The
denominator usually captures the census of a given
population (for example: neonates) at 23:59.

Other safety and quality metrics may be related to
diagnostic and antimicrobial stewardship efforts include:
multidrug resistant nosocomial infections,'® NEC rates,’
hospital readmissions, rate of fungal late-onset sepsis,
rate of restarting antimicrobials, mortality from newborn
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sepsis and episodes of acute kidney injury associated
with nephrotoxic antimicrobials'®e

POTENTIALLY BETTER PRACTICE

Develop Antimicrobial and
Diagnostic Stewardship
Interventions

Background, Rationale, and Goals

Consider multiple interventions to improve appropriate
use of diagnostics and antimicrobials.'*?° These
interventions may include antimicrobial restriction,
audits and feedback, provider education, optimizing
diagnostics, development of clinical pathways, infection
prevention efforts and antibiotic time-outs and
automatic stop orderg®1420.21

Recommended Guidelines and Algorithms

Define goals and opportunities for improvement by
reviewing NICU-specific antimicrobials as compared to
NICUs of similar size, at least annually

Goals include optimizing antimicrobial use of a specific
broad-spectrum or toxic antimicrobial, optimizing
antimicrobial use for a specific indication, gestational
age groups (example: >35 weeks) or timing of neonatal
sepsis (early-onset or late-onset), or general reduction in
antimicrobial use

Consider prospective audits and feedback whenever
resources are available'#2228

Consider preauthorization for targeting specific
broad-spectrum, highly toxic and/or excessively used
antimicrobials™

Establish diagnostic criteria or guidelines when there
are concerns for over diagnosis of a specific infection
based on the rate of this infection in comparison to other
NICUs3!

Establish treatment guidelines if there are concerns for
prolonged treatment of specific diagnoses"

Implement provider education as an adjunctive measure
to other interventions'22.24



Outcome, Balancing and Process
Measures

AUR and NAE in comparison to other NICUs within
CPQCC

DOT per 1000 patient days for specific antimicrobials or
diagnoses

NEC, ventilator associated pneumonia, CLABSI, urinary
tract infection and coagulase negative Staphylococcus
infection rates

POTENTIALLY BETTER PRACTICE

Develop Clinical Pathways and
Guidelines for Common Neonatal
Infections

Background, Rationale, and Goals

Developing clinical pathways and guidelines is an
effective strategy for improving diagnostic and
antimicrobial stewardship?-26

Clinical guidelines provide consistency in clinical
practice, which might improve communication among
medical providers and between medical providers and
families. Consistency in clinical practice could also help
detect adverse outcomes when care deviates from
specific guidelines or practices.

Higher blood volumes obtained for blood culture
correlate with higher sensitivity and lower contamination
rates?”

Recommended Guidelines and Algorithms

Develop unit-specific diagnosis and treatment guidelines
to help standardize the approach to:
+  Early onset infection in the term and preterm infant

Late onset infection

Necrotizing enterocolitis

Culture negative sepsis and pneumonia'’

Ventilator associated pneumonia?'

Urinary tract infection
Develop perioperative prophylaxis antibiotic guidelines
specific to the NICU to reduce variability in prophylactic
antibiotic choice and duration?®
Adopt a standardized blood culture process, including
minimum blood volume for blood culture of at least 1
m|3,27

Avoid routine endotracheal aspirate cultures to rule out
sepsis when ventilator associated lower respiratory
infection is not suspected based on other clinical
considerationg?'2930

Avoid a diagnosis of ventilator associated pneumonia
(VAP) based on endotracheal aspirate cultures. Rather,
use endotracheal aspirate culture results to support
the diagnosis of VAP in inconclusive cases or to guide
antimicrobial therapy for diagnosed VAP based on
clinical and imaging criteria?'29-30

Use vancomycin for empiric antibiotic coverage for late
onset sepsis only if methicillin resistant Staphylococcus
aureus (MRSA) infection rates are high3*

Monitor blood culture contamination data and develop
standardized approach to blood culture collection
techniquesd42¢

Outcome, Balancing and Process
Measures

Compliance with unit-specific diagnosis and treatment
guidelines

Possible balancing measures could include mortality,
surgical site infection, recurrent infection, or restarting
antimicrobials
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Introduction to Multidrug Resistant Organisms

Multidrug resistant organisms (MDROs) are microorganisms that are resistant to one or more antimicrobials.! Although most of
these organisms are bacteria, including MRSA, vancomycin resistant Enterococcus (VRE), and multi-drug resistant gram-negative
rods (MDR-GNR), they also include fungi such as Candida auris.? The causes of antimicrobial resistance, and the resultant spread
of MDROs, are complex, but include increased antimicrobial use in the care of people, animals and crops.®* MDROs cause more
than 2.8 million infections and more than 35,000 deaths in the United States each year.® Further, MDROs can cause outbreaks in
the NICU, resulting in significantly increased length of stay and cost of care.® Staphylococcus aureus outbreaks in the NICU are
common and it is imperative that NICUs take precautions and develop policies to prevent spread.?

POTENTIALLY BETTER PRACTICE

Implement Measures to Recognize and Prevent Staphylococcus Aureus
Infection in the NICU, Including Methicillin Resistant Staphylococcus

Aureus (MRSA)

Background, Rationale, and Goals

MRSA is Staphylococcus aureus with resistance to methicillin and other anti-staphylococcal penicillins due to a change in
the structure of the penicillin binding receptor

There are controversies and variations in practice regarding the requirement for MRSA screening upon admission for inborn
NICU patients®

Studies evaluating decolonization protocols for Staphylococcus aureus have mixed results for decreasing infection and
colonization with Staphylococcus aureus’®

It is likely that no one standalone intervention will decrease infection and colonization with Staphylococcus aureus; rather,

a multi-intervention bundle, including ensuring compliance with basic and standard infection prevention practices, is
required®™®

Preventing Hospital-Aquired Infection in the NICU
78 A CPQCC Quality Improvement Toolkit



Recommended Guidelines and Algorithms

There is no specific standard or guideline for frequency
of active or periodic surveillance for Staphylococcus
aureus if the rate of Staphylococcus aureus infection is
low?!
NICU patients colonized with MRSA have an increased
risk of developing MRSA infection and decolonization
may reduce this risk. However, an optimal decolonization
protocol for NICU patients has not been identified.® ??
Routine decolonization or active periodic surveillance for
Staphylococcus aureus in non-outbreak settings is not
recommended®
Recommendations for contact precautions on all
neonates who are colonized with MRSA without
evidence of infection are mixed."" However, these
measures are commonly used as a part of a multi-
intervention strategy to control healthcare associated
MRSA transmission, during MRSA outbreaks, and
especially in high-risk settings such as the NICU'919.22.23
High levels of hand hygiene compliance may not
be enough to stop the spread of MRSA; additional
complimentary precautions such as cohorting, contact
isolation, and decolonization are needed?3 24
Implement contact precautions for neonates with MRSA
infection
Other interventions recommended in cases of
Staphylococcus aureus outbreaks or high infection
rate:’91°
Focused hand hygiene interventions to assure and
improve compliance
Cleaning and disinfection of NICU common areas and
development of an ongoing cleaning protocol of high
touch/common areas and equipment performed by
NICU staff and/or combination of technicians and
staff
Dedicated single-patient equipment (e.g.,
thermometer, blood pressure machine, mobile
computer, diaper scale, etc.)
Contact precautions for neonates colonized with
MRSA
Active surveillance of all NICU patients, consider
weekly throughout hospitalization™
Decolonization of Staphylococcus aureus or, more
specifically, MRSA
Staff cohorting and changing staffing ratios
Staff screening and decolonization may be
considered; staff with chronic skin conditions may
need special attention as they may continue to harbor
S. aureus®
If decolonization is used, mupirocin ointment, two nasal

applications daily for five days, and selected patient
bathing with chlorhexidine may be cautiously considered,
based upon patient’s risk of MRSA invasive disease.”8 %1
Inform local public health partners of MRSA outbreaks
and use their expertise for case identification and
infection control

Outcome, Balancing and Process
Measures

Rate of MRSA colonization per admission or, if periodic
screening is performed for outbreaks, over time per 1000
patient days

Rate of Staphylococcus aureus and, more specifically,
MRSA infections. This could be categorized by infection
site such as bloodstream and skin and soft tissue
infections’

POTENTIALLY BETTER PRACTICE

Take Measures to Identify and
Control Multidrug Resistant
Gram-Negative Rods

Background, Rationale, and Goals

Multidrug resistant Gram-negative rods (MDR-GNR)

are a broad group of bacteria that includes, extended
spectrum beta-lactamase producing Enterobacterales
(ESBL-E), carbapenem resistant Enterobacterales (CRE),
and other Gram negative bacteria that have inherent or
acquired resistance to multiple classes of antibiotics'
MDR-GNR infections are difficult to treat and associated
with high morbidity and mortality®

ESBL-E are ubiquitous and increasing in prevalence in the
community and healthcare settings.’>'® They are known
to cause outbreaks in the NICU™

The role of surveillance and contact precautions for
ESBL-E is controversial'®'>"

Recommended Guidelines and Algorithms

For identification, define the different groups of

MDR-GNR as follows:

+  ESBL-E: Enterobacterales resistant to at least one
third generation cephalosporin'™

+  CRE: Enterobacterales that are resistant to at least
one carbapenem or producing a carbapenemase
enzyme'®

*  Burkholderia cepacia, Stenotrophomonas
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maltophilia, and Ralstonia pickettii are inherently resistant to broad antibiotics and are thus all considered MDROS'
+  Other MDR-GNR such as Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacterales that do not meet
the above criteria: definition is variable between institutions depending on infection prevention and control policies
Follow hospital policy regarding screening and contact precautions for ESBL-E. Controversies exist regarding optimal
interventions to prevent the spread of ESBL-E.'*'>""7 These interventions should be reserved to outbreak settings given
the high prevalence of ESBL-E as commensals,’? and that evidence for surveillance and isolation comes from quasi-
experimental studies which are inherently biased.”™
Contact precautions are recommended for all other MDR-GNRs as well as relying on the local infection prevention and
control team for duration of isolation
Inform the local public health partners of MDR-GNRs outbreaks and use their expertise for case identification and infection
control

Guidance on Quality and Process Improvement

Develop and implement a NICU-specific MDRO policy that outlines care practices including isolation requirements,
treatment guidelines, and family activities

Assure hospital systems are in place to identify and flag cultures that are positive for MDR-GNRs

Review all infections due to MDR-GNRs to identify potential trends and commonalities

In outbreak settings, review compliance with surveillance and control measures

Resources and Tools

Tools

The following tools are included in this section:

1.
2.
3.

80

Obtaining a Blood Culture Checklist
Early-Onset Sepsis (EOS) and Late-Onset Sepsis (LOS) Algorithms
Antibiotic Time Out Sheet
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OBTAINING A BLOOD CULTURE CHECKLIST - PAGE 1
SOURCE: University of California, Irvine (UCI) Health
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OBTAINING A BLOOD CULTURE CHECKLIST - PAGE 2
SOURCE: University of California, Irvine (UCI) Health
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EARLY ONSET SEPSIS (EOS) ALGORITHM - PAGE 1
SOURCE: University of California, Irvine (UCI) Health
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EARLY ONSET SEPSIS (EOS) ALGORITHM - PAGE 2
SOURCE: University of California, Irvine (UCI) Health
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EARLY ONSET SEPSIS (EOS) ALGORITHM - PAGE 3
SOURCE: University of California, Irvine (UCI) Health
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LATE ONSET SEPSIS (LOS) ALGORITHM
SOURCE: University of California, Irvine (UCI) Health
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DAILY ANTIBIOTIC TIME OUT SHEET

University of California, Irvine (UCI) Health

Daily Antibiotic Time Out

Patient Name Antibiotics Medical Plan for Antibiotics Interventions
Receiving/Dose/Frequency | Guidelines Used 1= clarifying indication for treatment
2=determining duration of treatment
3=Enter future stop dates

4= de-escalate

5=dosage adjustment/drug levels
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Concluding Remarks

Since the publication of CPQCC's first Preventing HAI in the NICU toolkit, CLABSI prevention has been a central focus of NICU
HAI prevention efforts, resulting in an overall reduction of the incidence of CLABSI and HAI. Published QI reports and statewide
collaborative efforts have produced a variety of NICU-focused central line care bundles with varying interventions. NICUs can
now turn to national guidelines containing NICU-specific CLABSI prevention interventions. Unanswered questions remain,
however, and more research is needed on NICU-specific central line care and maintenance technigues to more clearly delineate
the specific interventions that are most effective at reducing CLABSI.

Despite these successful CLABSI prevention efforts, HAI persists and remains a significant burden for the youngest and
smallest NICU patients. This toolkit builds upon CLABSI prevention efforts and shifts the focus toward a broader approach to
HAI prevention by encouraging use of “hospital-acquired bacteremia” or “non-CLABSI bloodstream infection” incidence as an
important and more global measurement of NICU quality. To that end, this toolkit addresses other potential sources of hospital
acquired bacteremia, such as the skin and gut, and delineates potentially better practices to address these areas. Along with
CLABSI prevention efforts, this wider approach to HAI prevention is needed to protect the youngest and smallest NICU patients.
More research is needed to understand the mechanisms of hospital-acquired blood stream infections in the NICU patient along
with effective prevention efforts.

Preventing Hospital-Acquired Infection in the NICU
92 A CPQCC Quality Improvement Toolkit



Preventing Hospital-Acquired Infection in the NICU
A CPQCC Quality Improvement Toolkit 93



CPQCC.ORG

a@cpgcce (@cpgcc @ info@cpqgcc.org



	Acronyms

