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Abstract

Background: Quality improvement (QI) methods have the potential to improve outcomes and care processes for
hospitalized patients. In the neonatal ICU (NICU), unit-based QI projects have resulted in lower rates of
bronchopulmonary dysplasia, hospital-acquired infection, hypothermia on admission, delivery room intubations,
and increased the use of mother’s own milk at discharge.

Methods: This rapid improvement in the outcomes brought care quality in neonatal intensive care unit (NICU) to
the surface. Quality improvement (QI) involves safe, timely, effective, efficient, equitable, and patient centered
care. In this review, we discuss the neonatal mortality worldwide, described the methods of QI with examples of
NICU QI topics. Each NICU can voluntarily develop a QI project, but systematic support is essential.

Conclusion: the future direction of Quality Improvement (QI) in Neonatal Intensive Care Units (NICUs) is
evolving rapidly, driven by technological advancements, data analytics, patient-centered care models, and a
growing focus on health equity and safety. Here are the key emerging trends and future directions.
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1.Neonatal mortality worldwide

Neonatal mortality is a worldwide problem and is identified as a priority
focus of the World Health Organization (WHO). The Millennium
Development Goals 4 (MDG4) set by the WHO aim at reducing the under
five years’ old child mortality rate by two-thirds between 1990 and 2015, of
which the neonatal mortality (number of deaths within 28 days per 1000 live
births) forms a crucial part. (1,2) The neonatal mortality rate (NMR) forms
an important part of the under-five mortality rates. Neonatal deaths refer to
the number of infants who died during the first month of life; this period is
considered the time of highest risk for child death. (1) Neonatal deaths can
be subdivided into early and late neonatal deaths with early neonatal deaths
occurring from birth to seven days and late neonatal deaths being from seven
to 28 days. (3)

Worldwide, a decrease in neonatal mortality lagged when compared to the
under five years’ old mortality rates in 2012, indicating the global newborn
mortality rate decreased only by 37% from 33/1000 live births to 21/1000
live births, representing 44% of the total under-five mortality rate. (4) The
current reality is that 2.9 million neonatal deaths still occur worldwide. (5)
The percentage of deaths occurring in the neonatal period increased to 44%
as reflected in the latest statistics available. However, this percentage does
not include the 2.6 million stillbirths, of which 1.2 million (45%) occur

during labour. Furthermore, of these deaths 99% occur in low- and middle-
income countries. (5, 6)

2. Quality improvement in the NICU

Quality improvement (QI) methods have the potential to improve outcomes
and care processes for hospitalized patients. In the neonatal ICU (NICU),
unit-based QI projects have resulted in lower rates of bronchopulmonary
dysplasia, hospital-acquired infection, hypothermia on admission, delivery
room intubations, and an increased use of mother’s own milk at discharge.
(7, 8) Previous research has elucidated the characteristics of highly
functioning QI teams and defined the specific contextual variables associated
with successful QI work. Successful QI teams routinely contain subject
matter expertise, include experts in QI methodology, focus on continuously
measuring improvement, and have strong team and organizational
leadership. (9) Similarly, hospitals that successfully support improvement
projects have been found to have supportive leadership, rigorous
performance and data monitoring, and effective teamwork. (10) Successful
QI work requires both capability (QI knowledge and expertise) and capacity
(the pragmatic ability to produce results). Parental involvement is also a
critical component of neonatal QI as families are one of the most important
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stakeholders in improving clinical outcomes. (11) The challenge for many
units, including NICUs, in advancing QI work is developing an infrastructure
that supports the development of successful QI teams within the individual
units. Despite growing literature describing the characteristics and
contextual facilitators of successful QI teams, little exists in the medical
literature describing pragmatic steps to build QI infrastructure at the unit
level.

3. What is quality improvement in the NICU?

In the early 2000s, a survey conducted in 12 major cities in the United States
to determine whether adults without major medical conditions and children
receiving outpatient care were receiving appropriate and timely treatment
revealed the shocking result that only 54.9% of adults and 46.5% of children
were receiving appropriate care. (12,13, 14). Since the early 2000s, the
Institute of Medicine (IOM) has been at the forefront of the U.S. shared the
need for policies for quality management in the complex healthcare system,
and both the public and private sectors have invested in and systematically
implemented quality management. (15) According to IOM, quality of care is
"the degree to which individual health care services are provided in a manner
that maximizes the likelihood of achieving a desirable outcome and is
consistent with current medical knowledge. (16,17)

To provide appropriate healthcare, there are six quality dimensions that must
be achieved. Healthcare must be safe for patients, timely, effectively
delivered to ensure proper use and avoid overuse, efficient to prevent waste
of medical equipment and tools, equitable, and patient centered. (12,17)
Sometimes referred to simply as STEEEP, the acronym for these three
dimensions, if healthcare is provided in accordance with STEEEP, patients
will receive safer, more reliable, intensive, and more useful healthcare
benefits. Donabedian9) proposed three indicators for assessing healthcare
quality: structure, process, and outcomes. The structure includes facilities,
equipment, services, and treatment personne. (7)

In the NICU, this includes nursing staff per patient, patient volume per area,
number of isolation rooms, number of ventilators, immediate availability of
imaging equipment, and the number of personnel capable of resuscitation.
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Process encompasses the entire range of activities from clinical to patient
delivery. For example, in the NICU, this includes the extent of handwashing
before patient contact, the time from birth to administering artificial
surfactant for respiratory distress syndrome, the rate of timely screening for
retinopathy of prematurity, the rate of maternal steroid administration before
delivery of premature infants, and the rate of breastfeeding. Outcome
indicators within the NICU include neonatal mortality, sepsis frequency,
bronchopulmonary dysplasia frequency, retinopathy of prematurity
frequency, cerebral hemorrhage frequency, and CLABSI frequency. (7, 18)

4. Quality Improvement Methods

Before undertaking quality improvement activities, a multidisciplinary team
comprised of leaders from various fields is necessary. Most quality
improvement activities are comprised of a representative group of
individuals working on the project. The team leader is selected as the most
knowledgeable individual within the project, and the team facilitator is
comprised of individuals with extensive experience in quality improvement
activities and familiarity with improvement methods. Other team members
include critical care physicians as technical experts, administrative nurses as
leaders of routine patient care, hospital administrators as administrative
leaders, and clinical pharmacists and clinical nurse managers. (7)

Quality improvement activities can be implemented using various methods,
including the Care model, the Lean model, Six Sigma, focus analyze-
develop-execute (FADE), total quality management (TQM), and the plan,
do, study, act (PDSA) cycle. However, the PDSA cycle, commonly used in
the healthcare industry, consists of the following five steps (Figure 1). Know
why improvement is needed (goal), Have a feedback mechanism to
determine whether improvement is occurring (measurement), Create an
effective change method to achieve improvement (change), Test the change
before implementing it, Know and establish when and how to implement the
change. (16,19)
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Figure 1: Methods of quality improvement. Abbreviation: PDSA, plan, do, study, act.

4.1. Goal Setting

Quality improvement goals include how well they will be achieved and by
when. Goals should be specific, measurable, attainable, relevant, and timely
(SMART). (16,19) For example, consider a NICU goal: "Reduce the NICU
discharge readmission rate from 10% to 5% within the next six months," or
"Increase the exclusive breastfeeding rate of newborns discharged from 50%
to 80% by March 2019." To set such specific goals, it is necessary to collect
current data in the target area, which serves as a baseline for assessing future
improvements. (19)

4.2. Establishing Measurement Methods

Because improvement is not always achieved after attempting change,
criteria are needed to determine whether to implement, implement, or discard
the attempted change. To achieve this, a method for measuring data must be
established. Determine measurement methods related to the objectives, but
simple and practical methods are effective. Graphing the measured data is
useful for visualizing the results. Depending on the content of the
measurement, these can be categorized into outcome measures, process
measures, and balance measures. (16,19) Outcome measures measure the
desired final indicators, while process measures measure the steps or parts of
the process for changing the outcome.

Balance measures determine whether changes intended to produce positive
outcomes have had adverse effects in other areas. For example, with the goal
of "Increasing the exclusive breastfeeding rate of newborns discharged from
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the neonatal unit from 50% to 80% by March 2019," if the following
measurement methods were established as the exclusive breastfeeding rate
at discharge (%), the time to first breastfeeding after delivery, the frequency
of breastfeeding education provided by nurses to mothers, and the rate of
readmission due to feeding problems, would be an outcome measure, and
would be process measures, and would be a balance measure. Graphing the
measurement data to view trends over time is very useful. (20, 21)

4.3. Change Planning

Because every problem has potential causes, exacerbating factors, and
obstacles, before establishing changes for improvement, it is necessary to
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first analyze the underlying causes hindering change. While QI initiatives
may bring about change, long-term changes that remain at the current level
are merely reactive. Therefore, fundamental change may require a complete
or partial overhaul of the system. This requires brainstorming within the QI
team. Researching relevant literature on the QI topic or benchmarking
successful practices can be helpful. Other changes in planning approaches
include Fishbone diagrams (cause-and-effect diagrams), Driver diagrams,
Force Field Analysis, and Process Mapping. Among these, the Fishbone
diagram is a good example of a root cause analysis method (Figure 2).
(16,19)
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Figure 2: An example of fishbone diagram.

4.4. Testing Change

Because change attempts do not always lead to improvement, change must
be put to the test. The PDSA cycle (Plan-Do-Study-Act) is a method for
testing change (Figure 1). In the planning phase, we determine who will do
what, when, and how to achieve our goals, and plan data collection. In the
execution phase, we record any problems or unexpected events that arise
while executing the plan and begin analyzing the data. In the analysis phase,

we complete the data analysis, compare the data, and summarize any lessons
learned.

In the action phase, we decide what changes to make and how to proceed
with the next cycle. Even if we experience failure in the PDSA cycle, failure
itself accelerates learning for change, so it is important to continue the PDSA
cycle. Furthermore, if a single goal has multiple sub-goals, PDSA cycles for
multiple Qls can be conducted simultaneously (Figure 3). (16,19)

Hand
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Figure 3: An example of multiple plans, do, study, act (PDSA) cycles. Abbreviations: NICU, neonatal intensive care unit; Ql, quality
improvement.

4.5. Establishing Changes

Additional efforts are needed to establish the changes created through the
PDSA cycle in the system. Standardization and documentation of the
changes are necessary. Training is necessary to familiarize daily staff with
the changes, and support is needed to measure, manage, and maintain the
level of training. (16, 19-26)

5.Quality Improvement Interventions and strategies for neonatal
resuscitation

Structured improvement efforts have impacted numerous aspects of neonatal
resuscitation and delivery room care. Most of the published QI reports
related to NRP can be grouped into three general topic areas: prevention of
hypothermia, delayed cord clamping, and optimizing respiratory care.
Numerous interventions have been shown to reduce heat loss and improve
temperature regulation, including use of radiant warmers, early removal of
wet blankets, pre-warming surfaces, use of exothermic warming mattresses,
use of plastic wraps or polyethylene bags, and control of ambient
environment temperature. (27-30)

Intervention Neonatal 30%
and package resuscitation (16%-41%)

Moderate Strong

Table 1: Evidence of effect of neonatal resuscitation on intrapartum and neonatal outcomes.
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Figure 6: Intervention-Helping Babies Breathe Quality Improvement Cycle (HBB QIC).
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Figure 8: Quality improvement intervention.

6.Future Directions for NICU QI

While QI is a voluntary activity, systematic implementation by forming a
multidisciplinary QI team is necessary to provide high-quality care to current
NICU patients. When implementing QI for the first time, support from the
hospital may be necessary for methodological aspects. An example of a large
US hospital implementing NICU QI is the NICU CLABSI rate, central
venous catheter bundle performance rate, hand hygiene rate, unplanned
extubation rate, peripheral intravascular catheter infiltration/extravasation
rate, hospital-acquired pressure injury rate, ventilator-associated event rate,
breast milk mix-up rate, safety issues, mortality rate, and readmission rate
within 7 days of discharge. The QI meeting is held periodically to discuss
performance improvements. For each topic, the working group conducts a
PDSA cycle and analyzes the data to determine the direction of change.

Currently, many NICU systems in Korea are inadequate, including the
number of medical personnel, equipment, and the environment. Therefore,
cooperation from the hospital may be necessary for QI initiatives.
Furthermore, support from the hospital may be necessary for system
improvements discovered during QI. Beyond individual QI initiatives within
each NICU, collaborative QI management through a network is also
necessary. International neonatal collaborative networks, such as the
Vermont Oxford Network (VON), the Canadian Neonatal Network (CNN),
and the California Perinatal Quality Care Collaborative (CPQCC), conduct
Ql-related research and provide baseline data on morbidity rates. (17, 18)
Furthermore, the American Academy of Pediatrics (AAP) also has a Steering
Committee.
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Figure 9: Future Directions for NICU QI.
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The future direction of Quality Improvement (QI) in Neonatal Intensive Care
Units (NICUs) is evolving rapidly, driven by technological advancements,
data analytics, patient-centered care models, and a growing focus on health
equity and safety. Here are the key emerging trends and future directions:

1. Data-Driven and Predictive Quality Improvement

- Real-time data integration: Use of electronic health records (EHRS),
clinical dashboards, and real-time analytics to monitor key quality metrics.

- Predictive analytics & Al: Machine learning models to predict adverse
events such as sepsis, necrotizing enterocolitis (NEC), or retinopathy of
prematurity, enabling early intervention.

- Benchmarking: Participation in national databases (e.g., Vermont Oxford
Network) to compare performance with peers and guide improvement.

2. Family-Centered and Developmental Care

- Emphasis on Family Integrated Care (FICare) and involving parents as
partners in QI initiatives.

- Support for skin-to-skin contact (kangaroo care), breastfeeding support,
and NICU parental education as QI metrics.

- Measuring parent satisfaction and outcomes as part of quality frameworks.
3. Standardization and Evidence-Based Protocols

- Development of standardized care bundles for common conditions (e.g.,
central line-associated bloodstream infections, ventilator-associated
pneumonia).

- Use of clinical pathways and order sets to reduce variation in care.
4. Human Factors and Safety Culture

- Implementation of Just Culture principles to encourage error reporting and
learning.

- Use of simulation-based training to improve team communication and
response to critical events.

- Focus on team-based care, interprofessional collaboration, and safety
checklists.

5. Health Equity and Disparity Reduction

- Stratifying NICU outcomes by race, ethnicity, and socioeconomic status to
uncover disparities.

- Developing equity-focused QI initiatives, such as culturally sensitive care,
language access services, and implicit bias training.

6. Neonatal Follow-Up and Long-Term Outcomes

- Expanding QI to include neurodevelopmental outcomes and follow-up
care beyond NICU discharge.

- Integration with early intervention services and pediatric primary care for
continuity of care.

7. Telemedicine and Remote Monitoring
- Using telehealth for family support, consultations, and education.

- Remote video monitoring for off-site quality assessments and family
engagement in care rounds.

8. Sustainability and Cost-Effectiveness
- Emphasis on high-value care: balancing outcomes with costs.

- Evaluating the cost-benefit of QI initiatives to promote sustainable
improvements.
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9. QI Capacity Building and Leadership Development

- Training neonatal clinicians in QI methodology (e.g., PDSA cycles, Lean
Six Sigma).

- Creating QI champions and embedding QI into residency and fellowship
curricula.

10. Precision Medicine and Genomics

- Incorporating genetic screening and precision diagnostics into quality
frameworks.

- Personalizing care plans based on genetic and metabolic profiles.

With the increase in high-risk newborns, NICUs have experienced
significant growth both quantitatively and qualitatively. However, now is the
time for qualitative growth to follow suit. QI activities within NICUs can be
implemented through multidisciplinary teams, setting goals related to current
priorities, and implementing a PDSA cycle. Leaders should understand that
problems should not be blamed on individuals but rather should be addressed
through systemic change. They should strive to establish systems through
cooperation with hospitals when necessary. Maintaining QI through
individual NICU and institutional efforts may be limited, and external
support is essential. Where differences in quality persist across institutions,
root cause analysis is necessary. Support for QI implementation training for
healthcare professionals is also needed.
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