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LSS Lean Six Sigma
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OBJECTIVES After completing this article, readers should be able to:

1. Describe a brief history of quality improvement in health care.

2. Explain how quality improvement has been used in the neonatal inten-
sive care unit.

3. Describe key quality improvement models in health care, including
Model for Improvement, Lean, Six Sigma, and Lean Six Sigma.

ABSTRACT

In this review, we provide a comprehensive overview of quality improve-
ment (Ql) methodologies within the neonatal intensive care unit (NICU),
underlining their significance in enhancing health care quality and out-
comes. We begin with an exploration into the history and application of
Ql in health care, with a particular focus on the NICU. We then delve into
Ql methodologies: the Model for Improvement, Lean, Six Sigma, and
Lean Six Sigma. Through examining these models, we underscore the
importance of integrating QI practices to strengthen patient safety and clini-

cal outcomes in NICUs and broader health care settings.

INTRODUCTION

The National Academy of Medicine, formerly the Institute of Medicine, defines
quality health care as “the degree to which health services for individuals and pop-
ulations increase the likelihood of desired health outcomes and are consistent with
current professional knowledge.”” It further expands this definition by listing 6 key
domains of focus for quality health care: safety, patient experience, effectiveness,
efficiency, equity, and timeliness." To achieve high quality in health care, there
needs to be continuous evaluation and measurable improvements. This is where
quality improvement (QI) methodology is pivotal; it provides a structured and data-
driven approach to identify and fix inefficiencies, errors, and deficiencies, leading to
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improved quality of care and progress. As best defined by
Paul B. Batalden and Frand Davidoff, QI is “the combined
and unceasing efforts of everyone—health care profession-
als, patients and their families, researchers, payors, planners
and educators—to make the changes that will lead to better
patient outcomes (health), better system performance (care)
and better professional development.”* Simply stated, it is
the responsibility of every health care provider and system
to continuously improve to ensure the highest quality of care
possible. In this review, we provide a comprehensive over-
view of QI methodologies within the neonatal intensive care
unit (NICU), underlining their significance in enhancing
health care quality and outcomes.

BACKGROUND OF Ql

QI and research are both important methodologies in the
advancement and application of health care. Whereas the
goals of research are to generate new and generalizable
knowledge, QI methodology uses this knowledge to improve
outcomes in the local context.> Undoubtedly, clinical and/or
basic science research has deep roots in medicine.
Contrastingly, QI in health care came to the forefront in
the 1990s and early 2000s with the establishment of non-
profit groups, task forces, and publications focused on reduc-
ing the burden of error in medicine.# Perhaps the 2 most
notable publications were To Err is Human: Building a
Safer Health System and Crossing the Quality Chasm by the
National Academy of Medicine."® To Erris Human examined
medical errors, acknowledging that errors need to be
addressed with a system-wide approach rather than placing
blame on individuals. It established an objective to reduce
medical errors and improve patient safety through the
redesign of safer health systems. Crossing the Quality
Chasm delved further into what is needed to achieve quality
health care in these systems.

With the burden of medical errors and inadequate care
exposed, there has been a sustained and evolving focus on
reducing harm. This attention comes from various entities,
including government agencies, hospital systems, external
groups, and hospital accreditation organizations, all inves-
ting in ways to continually improve health care quality, a
commitment that persists to this day. Adapting from indus-
try, various QI approaches including the Model for
Improvement, Lean, and Six Sigma have emerged as meth-
ods to improve the quality of health care.

IMPACT OF QI IN NEONATAL CARE

Innovation and advancement in prenatal and neonatal care
alongside QI have led to improved neonatal outcomes in

the NICU over the last 2 decades. This has been demon-
strated by a decrease in mortality and morbidity rates, espe-
cially for infants born between 25 and 28 weeks’ gestation,
along with an overall increase in survival of younger gesta-
tional age infants.®™ Notably, there has been a significant
decrease in variation of outcomes of major morbidities
between hospitals, with more than 75% of NICUs in the
United States in 2014 performing as well or better than
the top 25% of NICUs™ in comparison with 2005. Table 1
provides notable QI publications that have cited improved
neonatal outcomes in key clinical areas such as line infec-
tions, delayed cord clamping, necrotizing enterocolitis,
retinopathy of prematurity, infant growth, severe intraven-
tricular hemorrhage, and late-onset sepsis.?”® These high-
lighted QI efforts are a mix of unit-based projects and
multisite collaborations through organizations such as the
Vermont Oxford Network or Children’s Hospitals Neonatal
Consortium and state-based collaborations. Unfortunately,
despite these commendable improvements, there continues
to be considerable intercenter variation, continued medical
errors resulting in harm, and measurable room for improve-

ment in neonatal care.>®29

QI METHODOLOGIES

Established QI methodologies provide essential theory, a for-
mal structure for improvement, and an abundance of tools to
aid NICUs to analyze performance and conduct and sustain
QI to reduce variation and optimize outcomes. Amid a vari-
ety of methodologies, the 3 more commonly used in health
care are the Model for Improvement, Lean, and Six Sigma.
The Model for Improvement is a QI methodology used com-
monly in the NICU.3' Created by the Associates in Process
Improvement, its architecture is built on the foundation of
Edward Deming’s work, a pioneer in QI in the manufactur-
ing industry. Using 3 fundamental questions accompanied
by plan, do, study, act (PDSA) cycles, the Model for
Improvement provides a structure for developing, testing,
and implementing change (Figure 1).>*3* The user applies
the model by answering 3 fundamental questions. The initial
question, “what are we trying to accomplish?,” challenges the
user to establish goals and develop an aim statement.>* The
second question, “how will we know that a change is an
improvement?,” establishes outcome and process measures
for the project, challenging the users to identify how they will
know if their project is accomplishing its desired goals and
provide feedback.3® The third question, “what change can
we make that will result in improvement?,” asks the user
to identify what change(s) is/are needed to accomplish the
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TABLE 1. NICU QI Projects

Publication

Group

Outcome and Year of the Project

California statewide quality improvement QI CPQCC
collaborative to reduce neonatal central line—

associated blood stream infections'?

Ohio statewide QI collaborative to reduce late-onset
sepsis in preterm infants'

Implementation of evidence-based potentially better VON
practices to decrease nosocomial infections'”

Comprehensive oxygen management for the Pediatrix
prevention of VON'®

Collaborative QI to promote evidence-based VON
surfactant for preterm infants: a cluster-randomized

trial'’

Promoting antenatal steroid use for fetal CPQCC
maturation'®

Reduction of BPD after participation in the VON
Breathsavers Group'”

Collaborative QI for neonatal intensive care, NIC/Q VON

Project Investigators*

Improving admission temperature in ELBW infants:
a hospital-based multi-intervention QI project?'

A QI project to increase breast milk use in VLBW CPQCC
infants??
Nosocomial infection reduction in VLBW infants CPQCC

with a statewide QI model®®

A cluster-randomized trial of benchmarking and
multimodal QI to improve rates of survival free
of BPD for infants with birth weights <1250 g**

How Intermountain trimmed health care costs Multicenter
through robust QI efforts*
Evaluation, development, and implementation of VON

potentially better practices in NICU nutrition®®

Ohio Perinatal Quality
Collaborative

Single center

National Institute of Child Health
and Human Development
Neonatal Research Network

Decrease in central line infections in the NICU
(2006-2007)

Reduction in late-onset sepsis (2008-2009)

Decrease in nosocomial infections (1997-
2000)

Reduction in ROP (2003-2008)

Increased evidence-based surfactant use
(1999-2001)

Improved antenatal steroid administration in
neonates (2001)

Reduction of BPD (2001-2003)

Reduction in late-onset sepsis and rate of
oxygen supplementation at 36 weeks’ PMA
(1994-1997)

Improvement in admission temperature in
ELBW infants (2007-2008)

Increase in breast milk feeding and decrease
in NEC (2008-2010)

Reduction in nosocomial infections in VLBW
infants (2002-2006)

Improvement in care practice but no
reduction in rate of BPD (1998-2000)

Reduced NICU admissions and reduction in
cost (2011)

Improved growth, reduced length of stay and
cost (2003)

Abbreviations: BPD, bronchopulmonary dysplasia; CPQCC, California Perinatal Quality Care Collaborative; ELBW, extremely low birthweight; NEC,
necrotizing enterocolitis; NIC/Q, Newborn Improvement Collaborative for Quality; NICU, neonatal intensive care unit; PMA, postmenstrual age;
Ql, quality improvement; ROP, retinopathy of prematurity; VLBW, very low birthweight; VON, Vermont Oxford Network.

3 Fundamental Questions
What are we trying to accomplish?
How will we know that a change is an improvement?
What change can we make that will result in

: improvement?

Plan Do

Act || Study

FIGURE 1. Model for Improvement.

goal.?* In clinical practice, many clinicians will identify a
change idea based on their experience or exposure.

The Model for Improvement ensures that the QI team is
evaluating the larger context and ensuring QI efforts are
aligned with a common goal and measurable outcome.
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Once these foundational questions are answered and change
ideas selected, the ideas are tested in small tests of change
(the PDSA cycle). This cycle allows teams to test, learn, adapt,
abandon, and/or implement change in a cyclical manner
(Figure 2) and then is scaled to address the larger context.3*33
As users familiarize themselves with the Model for
Improvement, additional universal QI tools can assist them
in answering the Model for Improvement questions and
have success in their PDSA cycles. Examples of these include
key driver diagrams, Pareto charts, and run charts and stat-
istical process control charts to evaluate data. Explanation of
these tools are beyond the scope of this article but will be
available in subsequent NeoQuality articles in NeoReviews.
The Model for Improvement is the most cited QI methodol-
ogy in the NICU with significant success. Many of the listed
QI initiatives in Table 1 were based on the Model for
Improvement. In addition, large quality collaboratives such
as the Vermont Oxford Network and the Children’s



Plan Do

Action plan of how
the change idea will
be tested. Including:

Carry out the actual
test

Who, when, where,

specific questions to
be answered along
with a prediction

FIGURE 2. Plan, do, study, act cycle.

Hospitals Neonatal Consortium use the Model for
Improvement as their core methodology.

Lean, another continuous improvement methodology,
originated from the Toyota production company and was
adopted into health care systems in the 2000s.34 In manufac-
turing, its primary goal is eliminating waste that does not
benefit the customer.?> In health care, Lean applies this
concept of elimination of waste through the reduction
of medical errors and through improvement in efficiency,
clinical outcomes, and satisfaction and safety of patients
and health care workers.3® Lean defines 8 typical categories
of waste (Figure 3) for teams to identify and improve 343> The
main construct behind the Lean method for each project are

as follows3”:

1. What is the value to the customer (ie, what is the problem
that needs to be solved)?

2. Identify the value-added activities for each product and
identify all the wasted steps (value stream mapping).

3. Create flow by removing waste from your value stream
map.

4. Establish pull in every step of your map (ie, respond when
there is demand).

5. Pursue perfection by making an organizational culture
goal to continuously find ways to get better from frontline
up to the top.

8 CATEGORIES OF WASTES
OVERPRODUCTION
WAITING
TRANSPORTATION
OVER PROCESSING
EXCESS INVENTORY
MOVEMENT
DEFECTIVE PRODUCT
NON-UTILIZED SKILLS

=N

FIGURE 3. Fight categories of Waste Lean methodology.

Study Act
Build knowledge Decide if going to
Evaluate outcome: Adopt,
Did the test follow Adapt or

the prediction and
answer questions
from your plan?

Get feedback

Abandon the change
based on the results
of the test

Next steps

Similar to the Model for Improvement, Lean provides
tools that aid the user to achieve success along each step,
including the A3 template, root cause analysis diagram, fish-
bone diagram, 5 whys, and Gemba walk. Table 2 was created
by the Institute for Healthcare Improvement, and it summa-
rizes differences between Lean Methodology and the Model
for Improvement.3® Although Lean has been adapted by vari-
ous health care organizations at a system level, neonatal-spe-
cific publications describing the use of Lean methodology are
limited. Many QI improvements use Lean tools combined
with other methodologies, such as the example of a single-
center QI initiative using Lean with Model for Improvement
to reduce unplanned extubations in the NICU.3® A helpful
commentary on how Lean and Model for Improvement
can complement each other is available to assist teams
in selecting the QI methodology to best address their
concern.*®

A third QI methodology used in health care is Six Sigma.
Six Sigma was developed by another manufacturing corpora-
tion, Motorola, in the 1980s. The goal of Six Sigma is to
reduce errors and decrease variability using a 5 phase process
known as DMAIC: define, measure, analyze, improve, and
control.*' The name Six Sigma is derived from Motorola’s
goal of reducing production defects by 3.4 defects per million
opportunities, which is Six Sigma levels of performance (ie,
99.99966% of the process or product is defect-free). 3444
As with Lean, Six Sigma began in the manufacturing indus-
try, but the approach has been readily adjusted to meet the
needs of the health care industry. Like Lean, publications
solely using Six Sigma methodology are limited in neonatol-
ogy as compared with departments such as radiology and
surgery.®

Lean Six Sigma (LSS), as the name suggests, combines the
principles and tools of Lean and Six Sigma methodologies
with the goal to reduce waste, variation, and defects to help

create a quality product.#' The methods complement each
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TABLE 2. Differences Between Lean Methodology and the Institute for Healthcare Improvement’s Approach to
Quality Improvement

Aspect Lean IHI-QI
Purpose - Maximize customer-specified value of products or - Formulate and codify generalizable knowledge that
services. yields predictable improvement in outcomes when
- Value includes cost, timeliness, absence of defects, and applied in diverse systems.
product or service features. - When applied in health care, aims ideally balance patient
experience, cost, and population health.
Origins - Originated by engineers and managers working Developed primarily by consultants working first in

Focus and scope

Key principles
guiding
improvement

within an automotive manufacturing system.

« Lean has since been extended with methods and
principles for application in other contexts, including
more recently in health care.

Methods are specialized for repetitive product production
within a single enterprise (including suppliers and
customers); generalized to services and clinical care (with
adaptations).

- "Value” definition provides criteria; value stream
describes process.

- Ideals and change concepts inherent in TPS form an
integrated “template” that prompts ideas for problem

automotive and electronics manufacturing and elaborated
in health care systems by the IHI community.

- Approach is abstract, includes methods for problem

and aim definition applicable to any system.

- Many initiatives are concerned with spread of evidence-

based practices across health care systems and
coalitions of enterprises.

- Profound Knowledge and the Model for Improvement

apply to any system.

- Program theory provides the aim and change concepts

to guide testing.

mitigation and guides kaizen (continuous
improvement).

Measurement and - Data relevant to the process operations are

data embedded in the value stream as visual controls and

charts showing performance over time.

- Qualitative data, rooted in direct observations, is the

basis for problem mitigation.

- Metrics provide criteria.

- Iterative PDSA cycles are used in diverse conditions to
develop, test, implement, and spread robust changes.

- Measures are defined as a component of content
theory.

- Organizational dashboards monitor performance at all
levels.

- PDSA-level measures evaluate changes.

- Common vs special cause variation distinctions help
guide management decisions.

- Run and control charts with decision rules are used to
evaluate the significance of changes.

Abbreviations: IHI, Institute for Healthcare Improvement; IHI-QI, Institute for Healthcare Improvement's Approach to Quality Improvement;

PDSA, plan, do, study, act; TPS, Toyota Production System.

Reprinted with permission from Institute for Healthcare Improvement®®

other as Lean focuses on strategy and culture, whereas Six
Sigma provides the complementary tools and techniques
in greater detail #"4+45 After successful implementation in
non-health care industries such as Xerox, it was brought into
the health care industry.#* Similar to Six Sigma, LSS use is
described within the adult inpatient and outpatient settings
in both private and academic settings.*® LSS has limited pub-
lications in the NICU environment.

CONCLUSION

Each of the QI methodologies above provide a systematic and
measurable way to improve the quality of care provided in the
NICU. Amid published neonatology literature, the Model for
Improvement approach is most prevalent, but other QI
methodologies provide important tools that can be used as
either a primary approach or an important adjunct. The
future of QI will need to focus on collaboration of health care
systems and merging of QI and research. In summary, it is
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imperative for everyone involved in the health care system,
especially complex systems like neonatal care, to understand
and use solid QI tools so we can improve patient safety and
clinical outcomes. As Edward Deming said, “Quality is every-
one’s responsibility.”4”

American Board of Pediatrics
Neonatal-Perinatal Content
Specification

« Know principles of epidemiology and research design.
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