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Bringing a Systems Approach to Health

Gary Kaplan, Virginia Mason; George Bo-Linn, Gordon and Betty Moore Foundation;
Pascale Carayon, University of Wisconsin-Madison; Peter Pronovost, Johns Hopkins University;
William Rouse, Stevens Institute of Technology; Proctor Reid, National Academy of
Engineering; and Robert Saunders, Institute of Medicine®

Although the U.S. health system excels in several areas, its overall performance remains
uneven in terms of safety, quality, value, and the health outcomes achieved. One important lever
to address these performance gaps is the use of structured, evidence-based systems-engineering
approaches, which have been used successfully by many other industries. When these
approaches have been applied to health and health care, they have often brought about significant
improvements in care quality, value, patient safety, patient experience, and overall health
outcomes. Yet, such approaches remain generally underutilized in the health system, and their
potential for improvement remains largely untapped.

A systems approach improves health by considering the multiple elements involved in
caring for patients and the multiple factors influencing health. By understanding how these
elements operate independently, as well as how they depend on one another, a systems approach
can help with the design and integration of people, processes, policies, and organizations to
promote better health at lower cost. These approaches can be useful for all levels of the health
system—patient-clinician interaction, health care unit, organization, community, and nation—
with different tools available for the needs at different levels and across levels. These tools
include production system methods and other management systems to help organizations
continuously improve their operations and identify problems; queuing theory and operations
management to ensure that resources are available when patients need them; and human-factors
engineering to spot safety, quality, and reliability challenges by understanding how humans
interact with technologies and processes. Spreading these systems principles more broadly will
require specific technological supports, such as more advanced data systems and interoperable
devices; supportive culture and leadership; engagement of patients, families, clinicians, and the
broader public in these methods; and new incentive structures.

URGENT CHANGE IS NEEDED TO IMPROVE
HEALTH OUTCOMES AT LOWER COST

Although the American health system has islands of excellence, it currently performs
below its potential in several dimensions, with uneven patient safety, escalating costs and
stagnant productivity, and inconsistent use of scientific evidence (I0M, 2001, 2012; Kocher and
Sahni, 2011a). Even though overall health care expenditures have continued to grow, several
studies suggest that up to 30 percent of health care expenditures is unnecessary or wasted (Farrell
et al., 2008; IOM, 2010, 2012; Martin et al., 2012; Wennberg et al., 2002). Furthermore,
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evidence is inconsistently applied to clinical care, with patients receiving evidence-based care
recommended by guidelines only half of the time (McGlynn et al., 2003).

One particular concern is the incidence of patient harm, which remains far too common.
Research in the past decade estimates that up to 20-30 percent of hospitalized patients
experience harm during their stay (Classen et al., 2011; Landrigan et al., 2010; Levinson, 2010,
2012). Patients can experience multiple harms in each health care interaction, especially in
critical or complex environments and across care settings. Beyond traditional measures of harm,
patients are often at risk for another type of harm: the loss of dignity and respect. In one survey,
almost half of all patients report concerns about the patient-centeredness of their health care
encounters, such as being listened to, having information explained clearly, being shown respect,
and receiving sufficient time for their health concerns (Schoen et al., 2006).

These quality and safety shortfalls occur even as clinicians expend considerable time and
effort caring for their patients. The problem is not with the individuals working in the health care
enterprise, but with the design and operation of the multiple systems in health care. As currently
designed, these systems depend on the heroism of clinicians to ensure patient safety and promote
care quality. At the same time, they add unnecessary burdens to clinical workflows, silo care
activities, and divert focus from patient needs and goals.

Efforts to address these concerns are hampered by several implementation challenges,
including a limited capacity for measurement. For example, improving safety has been impeded
by the lack of agreement on a definition of patient harm. Multiple definitions are currently in use,
which has led to divergent estimates on the proportion of care delivered safely (Classen et al.,
2011; Pham et al., 2013). The lack of standardized definitions and standard metrics has also
challenged institutions seeking to improve their care processes and compare their performance to
others.

Implementation efforts are further challenged by the complexity of modern clinical care,
which strains individual human capacity (IOM, 2012). To exemplify the extent of complexity, an
average intensive care unit (ICU) patient requires 200 clinical interventions every day, which is
beyond the capabilities of any individual care provider to manage (Donchin et al., 1995).
Furthermore, this same provider may have to monitor and react to up to 240 vital sign inputs for
these critical care patients (Donchin and Seagull, 2002). Complexity is not limited to hospital
environments. A 2008 study of a large multispecialty practice in Massachusetts found that the
average primary care physician managed 370 unique primary diagnoses, each associated with a
set of evidence-based practices; 600 unique medications; and approximately 150 unique
laboratory tests (Semel et al., 2010). The complexity of health care extends beyond these specific
examples to permeate all aspects of clinical care, and highlights the need for systems approaches
to delivering care.

New technologies, such as electronic health records, introduce great potential for better
managing complexity. But in order to make gains in quality, safety, or cost, technological
interventions require thoughtful execution, implementation, and coordination. Applied without
forethought, new technologies may even exacerbate existing inefficient care processes or create
new problems. A new technology could add unnecessary steps to clinical workflows, thereby
lowering efficiency, or be poorly designed, thus becoming a source of errors and potential safety
challenges. For example, even though health care has increased its investment in health
information technology (IT) in recent years, the expected gains in productivity and patient
outcomes have not been seen (Kellermann and Jones, 2013; Kocher and Sahni, 2011b). The
potential gains are great—health care’s cost challenge could be substantially reduced if health



care achieved just half the productivity gains from IT as the telecommunications industry
(Hillestad et al., 2005; Kellermann and Jones, 2013). There are multiple reasons that these gains
have not occurred, such as the lack of interoperability, yet a major reason is that care processes
have not been redesigned to take advantage of the efficiencies offered by health IT.

As illustrated above, the solution to the quality, safety, and value challenges in the health
care system is to understand and address the underlying broken processes, and to take a systems
approach in doing so (Hoffman and Emanuel, 2013). Moreover, given the complexity of modern
clinical care, initiatives that simply add to a clinician’s current workload are unlikely to succeed.
Rather, significant and sustainable improvement requires reconfiguring the environment,
systems, and processes in which health care professionals practice (Carayon et al., 2006; IOM,
2012). As a result of doing so, a systems approach can reduce the burden of work that clinicians
face while providing improved safety, quality, and value.

This paper examines systems solutions to health care delivery with case studies of
successful systems-based interventions in health care and other sectors of the economy. The
paper limits itself to care delivery because of the multiple opportunities to improve care, the
greater traction for solutions from a limited scope, and the availability of results demonstrating
the impact of systems approaches. Although this paper specifically examines health care,
systems approaches are equally applicable throughout the broader health system to produce
better health at lower cost.

A SYSTEMS APPROACH HAS IMPROVED QUALITY
AND VALUE IN OTHER INDUSTRIES

Many other sectors of the economy have utilized systematic, evidence-based engineering
approaches to achieve striking results in quality, efficiency, safety, and other aspects of
operations. These methods are diverse, including strategies drawn from systems engineering,
industrial engineering, human factors engineering, and operations research. They leverage
multiple types of tools, including statistical process controls, supply chain management, usability
evaluation, and modeling and simulation. By using systems approaches, industries have been
able to coordinate operations across multiple sites, coordinate the delivery and management of
supplies, design usable and useful technologies, and provide consistent and reliable processes
(Agwunobi and London, 2009; IOM and NAE, 2011; IOM and NAE, 2005).

Perhaps the most visible and transformative application of systems engineering for
improved performance is found in aviation. Aviation has made substantial strides in improving
safety with a systems approach. Its first strides in safety resulted from improving the mechanical
components of the planes and ensuring that all technologies were supported by redundancies.
However, even with these mechanical improvements, aviation accidents still occurred. To
eliminate these residual safety problems, the industry had to address human factors. This meant
building systems that corrected or mitigated the inevitable human error. The tools for
accomplishing this included checklists to promote reliability and provide shared mental models,
crew resource management to encourage communications and support a team approach, and
general human factors engineering tools to improve the ease of use for cockpit controls and
information displays (Nance, 2011; Wiegmann and Shappell, 2001). Under this approach, airline
safety statistics have improved dramatically. The number of fatalities that have occurred for
domestic commercial airlines has fallen from 2.1 per 100,000 aircraft departures in 1980 to none
in the period from 2007 to 2010 (Bureau of Transportation Statistics, 2011).
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Aviation is of course not alone in applying systems methods. Another notable example,
taken by multiple industries, is to apply management systems to their operations. These
management methods, such as Six Sigma, lean, production system methods, Total Quality
Management, and others, provide a systematic approach to addressing problems and
continuously improving operations. By using such methods, industries have been able to improve
both the quality and value of their operations (Chassin and Loeb, 2011; Hammer, 2004; Kaplan
and Patterson, 2008; Kenney, 2008).

Another example can be found in automobile manufacturing, such as with the Toyota
production system. The Toyota production system breaks complex processes down into discrete
steps with clearly defined order and responsibilities (Bohmer, 2010; Kenney, 2011). Routine
communication is also standardized, such that expectations and timelines are consistent and
unambiguous. Moreover, the system defines processes that link all the tasks and communications
together for a given product or service to further reduce ambiguities. When conflicts or
ambiguities do arise, designated teachers assist workers in learning to identify and correct
inefficiencies, encouraging a culture of continuous learning within a highly structured and
transparent process (IOM, 2012; Spear and Bowen, 1999).

Naval nuclear aircraft carriers provide another example of system approaches to produce
high reliability, as safety on the carrier flight deck is challenged by a hazardous, fast-paced, and
extremely complex environment (Rochlin et al., 1987). In order to produce safe operations,
multiple types of workers—air traffic controllers, dispatchers, ground crews, and others—must
seamlessly work together, make decisions in real time based on information provided by other
teams, and continually monitor each other’s work for potential safety problems (Baker et al.,
2006; Roberts and Rousseau, 1989). This must all be accomplished in short time frames, with
planes launching or landing every 30-60 seconds (Roberts and Rousseau, 1989; U.S. Navy,
2013), and any failure having catastrophic consequences. In order to manage under such
conditions and achieve low rates of failure, aircraft carriers and other high-reliability industries
have had to adopt certain practices. Their operations exhibit collective mindfulness, in which
everyone understands the importance of safety and continually searches for any changes that
could challenge safety; they use robust process improvement tools to eliminate any potential
deficiencies; and their leadership and culture encourages trust, communication, and the need for
continuous improvement (Chassin and Loeb, 2011).

A SYSTEMS APPROACH COULD BE SIMILARLY
TRANSFORMATIVE FOR HEALTH CARE

Although other industries often have achieved striking successes from systems
approaches, health care overall has been slow to adopt such approaches and techniques. System
approaches have applicability for a variety of issues facing the health and health care system,
including improving patient safety; preventing disease with a community-based approach;
enhancing coordination and communication between care team members; managing the growing
complexity of biomedical evidence and diagnostic and treatment options; and continually
improving the quality, value, and outcomes of care.

Drawing from experiences with systems approaches in other industries, a systems
approach to health is one that applies scientific insights to understand the elements that influence
health outcomes; models the relationships between those elements; and alters design, processes,
or policies based on the resultant knowledge in order to produce better health at lower cost.
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In effect, four general stages are represented in the approach:

1. Ildentification: ldentify the multiple elements involved in caring for patients and

promoting the health of individuals and populations.

Description: Describe how those elements operate independently and interdependently.

3. Alteration: Change the design of organizations, processes, or policies to enhance the
results of the interplay and engage in a continuous improvement process that promotes
learning at all levels.

4. Implementation: Operationalize the integration of the new dynamics to facilitate the
ways people, processes, facilities, equipment, and organizations all work together to
achieve better care at lower cost.

N

Systems Approach to Health: A Working Definition

A systems approach to health is one that applies scientific insights to understand the elements that
influence health outcomes; models the relationships between those elements; and alters design,
processes, or policies based on the resultant knowledge in order to produce better health at lower cost.

Two issues are particularly salient in this respect: 1) because health care alone does not
necessarily translate to improvement in health, there is a need to integrate all the systems and
subsystems that influence health; and 2) separately optimizing each component does not
optimize the overall system results. For example, optimizing health IT systems for one group of
tasks is not as effective as optimizing the technology to support high-quality, high-value care
processes across the board (Walker and Carayon, 2009).

Another important consideration is the decentralized nature of American health care with
many independent, yet interconnected, stakeholders. This means that the overall system cannot
be understood by only examining individual stakeholders, as new properties emerge from the
stakeholders adapting and interacting with each other. There are various conceptual frameworks
that describe this unique behavior, including complex adaptive systems, systems of systems, and
ultra-large-scale systems, that can help describe how the system behaves (I0OM, 2001, 2011;
Sage and Cuppan, 2001). These theoretical frameworks are useful in highlighting potential
unintended consequences to new policies or describing the resilience or capabilities of the entire
system.

During the past several years, the Institute of Medicine (IOM) and the National Academy
of Engineering (NAE) have sponsored a number of activities aimed at better understanding and
mapping the ways systems engineering principles might accelerate progress toward a more
efficient and effective health system. Three prominent examples include

e Building a Better Delivery System: A New Engineering/Health Care Partnership. This
study focused on engineering tools and technologies that could help the health system

improve along the six domains of quality outlined by Crossing the Quality Chasm: A

New Health System for the 21°' Century. It found that the health system had not taken

advantage of potentially transformative engineering strategies and technologies, even

though those tools had revolutionized quality, productivity, and overall performance in

other sectors (IOM and NAE, 2005)

e Systems Engineering to Improve Traumatic Brain Injury Care in the Military Health

System. This workshop identified opportunities to apply engineering tools for improving
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care for patients with traumatic brain injury. These engineering tools can be applied to
model, analyze, design, and structure care in all settings, including the battlefield,
military health facilities, Veterans Health Administration facilities, and private providers
(IOM and NAE, 2009).

Engineering a Learning Healthcare System: A Look at the Future. This workshop
explored engineering principles that are foundational to building a learning health system
that continuously learns and improves in terms of its effectiveness, efficiency, safety, and
value. It considered how lessons from engineering could help to redesign all aspects of
the system, from generating new knowledge to continuously reducing waste to providing
safeguards that ensure consistently safe care (IOM and NAE, 2011).

SOURCE: IOM and NAE, 2011.

Engineering a Learning Healthcare System
Common Understandings

The system’s processes must be centered on the right target—the patient.

System excellence is created by the reliable delivery of established best practices.
Complexity compels reasoned allowance for tailored adjustments.

Learning is a nonlinear process.

Emphasize interdependence and tend to the process interfaces.

Teamwork and cross-checks trump command and control.

Performance, transparency, and feedback serve as the engine for improvement.

Expect errors in the performance of individuals but perfection in the performance of systems.
Align rewards on key elements of continuous improvement.

Education and research can facilitate understanding and partnerships between engineering and
the health professions.

Foster a leadership culture, language, and style that reinforce teamwork and results.

In the latter publication, from a co-sponsored IOM/NAE workshop, a number of common

understandings emerged from the assessment by participants of various examples available at the
time to illustrate variations on the approach to application of systems principles to health. An
abbreviated synopsis follows (IOM and NAE, 2011).

The system’s processes must be centered on the right target—the patient. Health care is
by nature highly complex, involving multiple participants and parallel activities that
sometimes take on a character of their own, independent of patient needs or desires. Here,
patient needs and perspectives must be at the center of all process design, technology
application, and clinician engagement.

System excellence is created by the reliable delivery of established best practices.
Identifying and embedding practices that work best, and developing the system processes
to ensure their delivery every time, help to define excellence in system performance and
to focus the system on delivering the best possible care for patients.

Complexity compels reasoned allowance for tailored adjustments. Established routines
may need circumstance-specific adjustments for differences in the appropriateness for
various individuals, variations in caregiver skill, and the evolving nature of the science



base—or all three. Mass customization and other engineering practices can help ensure a
consistency that can in fact accelerate the recognition of the need for tailoring.

Learning is a nonlinear process. The focus on an established hierarchy of scientific
evidence as a basis for decision making cannot fully accommodate the fact that much of
the sound learning in complex systems occurs in local and individual settings. There is a
need to bridge the gap between dependence on formal trials, such as randomized clinical
trials, and the experience of local improvement in order to speed learning and avoid
impractical costs.

Emphasize interdependence and tend to the process interfaces. A system is most
vulnerable at the interfaces between and among critical processes. In health care,
attention to the nature of relationships and handoffs between elements of the patient care
and connected processes, such as administrative processes, are vital.

Teamwork and cross-checks trump command and control. In systems designed to
guarantee safety, system performance that is effective and efficient requires careful
coordination and teamwork as well as a culture that encourages parity among all those
with established responsibilities.

Performance, transparency, and feedback serve as the engine for improvement.
Continuous learning and improvement in patient care requires transparency in processes
and outcomes as well as the ability to capture feedback and make adjustments.

Expect errors in the performance of individuals, but perfection in the performance of
systems. Human error is inevitable in any system and should be expected. On the other
hand, resilient work systems, safeguards, and designed redundancies can deliver
perfection in system performance, by mapping processes and embedding prompts, cross-
checks, and information loops.

Align rewards on the key elements of continuous improvement. Incentives, standards, and
measurement requirements serve as powerful change agents, and it is vital that incentives
be carefully considered and directed to the targets most important to improving the
efficiency, effectiveness, systemic shortfalls, and challenges in health care today,
reflecting changes needed and how systems engineering may help foster the health and
safety of the system—and ultimately improve patient outcomes.

Education and research can facilitate understanding and partnerships between
engineering and the health professions. Common vocabularies, concepts, and ongoing
joint education and research activities that help generate stronger questions and solutions
will encourage greater collaborative work between them.

Foster a leadership culture, language, and style that reinforce teamwork and results. A
positive leadership culture fosters and celebrates consensus goals, teamwork,
multidisciplinary efforts, transparency, and continuous monitoring and improvement—all
of which require supportive and integrated leadership.



SYSTEMS APPROACHES TO HEALTH: EXAMPLES

The experiences of several organizations with impressive outcomes from application of
systems approaches can be illustrative on the potential applications of systems tools to

e design health care operations to assure consistently high performance, such as using
safeguards and redundancies, standard and resilient work processes, and elements that
account for human factors;

e develop frameworks for understanding health care structures, processes, and outcomes,
along with their relationships (Carayon et al., 2006);

e adopt measurement, feedback, and control tools for continuous improvement, adaptation
and tailoring, and managing complex processes;

e apply modeling and simulation tools that highlight interconnections, potential failure
points, and possible implications from different policy options; and

e discover new knowledge using data mining, predictive modeling, and other methods.

This section highlights six examples in which systems principles have been applied to
significantly advance performance, including safety, quality, and value.

Examples of Systems Approaches to Health
Multiple systems approaches have the potential to improve health and health care, including:

Human factors engineering

Industrial and systems engineering
Production system methods

Modeling and simulation

Predictive analytics

Supply chain management

Operations management and queuing theory

Case Study: Johns Hopkins University

The Armstrong Institute of Johns Hopkins University, in conjunction with the Gordon
and Betty Moore Foundation, has launched a 2-year initiative seeking to improve care in the
ICU. This initiative builds on prior work from this team, which has found that systems
approaches can improve safety and patient outcomes in critical care environments. For example,
one initiative spearheaded by the group found that checklists could reduce the incidence of
catheter-related bloodstream infections, a potentially harmful complication occurring in many
hospitals. These studies found that the checklist, when implemented across ICUs throughout an
entire state, eliminated catheter-related bloodstream infections in the ICUs of most hospitals and
resulted in an 80 percent decrease in infections per catheter-day (Pronovost et al., 2006a;
Pronovost et al., 2009). If routinely used nationally, this type of tool could help to eliminate these
infections, which claim almost 30,000 lives per year and cause approximately $2 billion in health
care costs (Pronovost et al., 2006a).



The current initiative, called the Patient Care Program Acute Care Initiative, aims to
enhance care quality and reduce patient harms in the intensive care unit. In critical care
environments, multiple problems are common, such as deep venous thrombosis, ventilator-
associated injuries, and central line—associated bloodstream infections. To prevent these common
harms one at a time, a clinician would have to perform multiple preventive interventions for each
potential harm, most of which need to be performed several times a day. Adding the number of
preventive interventions together, it is estimated that a clinician would need to provide nearly
200 interventions every day under this type of ad hoc approach.

In contrast to the typical approach of tackling each harm one at time, the project seeks to
take a systems perspective to eliminate all types of patient harm, including the harm of a loss of
dignity and respect, and integrate preventive interventions directly into the clinical work flow. It
intends to do so by reengineering the ICU using an interdisciplinary, patient-centered approach
that integrates clinical information systems and clinical equipment, reengineers the care team
workflows, and incorporates patient and family goals into routine care. A schematic of the
systems engineering approach being used to design and continuously improve the clinical
environment is illustrated in Figure 1.

Concept of
Operations

Operations &
Maintenan,

Requirements Validation

Specifications Verification

Implementation

FIGURE 1 The development approach to designing and continuously improving care processes
in the Patient Care Program Acute Care Initiative.

One critical part of the project is developing technology platforms that coordinate and
integrate various technologies and clinical processes. To improve reliability and consistency, one
platform will include a dashboard that displays the status of necessary interventions to prevent
harms—interventions that are due and intervention that have already been accomplished—and
make that status visible to clinicians, patients, and families. To improve safety and productivity,
another platform will integrate various medical technologies and electronic health data. The first
phase of this platform will convey the orders in an electronic health record to the dose in an
infusion pump for patients in critical care units. The initial platform will save considerable
nursing time and effort, as the current process for adjusting an infusion dose requires a nurse to
manually enter in the new dose level into the infusion pump based on the order in the electronic
health record, and a second nurse to manually verify the accuracy of the order. Moreover, the
platform will provide greater reliability and accuracy by eliminating the potential for human
error. This application will be implemented in the surgical ICU at Johns Hopkins in the summer
of 2013 and at the University of California, San Francisco, in the summer of 2014.

As technology by itself does not lead to sustainable change, this effort is coupled with
culture change and teamwork interventions (Pronovost et al., 2005; Timmel et al., 2010).
Therefore, the project will combine interventions to culture, technology, and workflow in order
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for new capabilities to emerge. The importance of combing these elements is represented in the
conceptual framework for the project, as illustrated in Figure 2.

Technology

Systems Approach

FIGURE 2 Conceptual view of the critical components of the Patient Care Program Acute Care
Initiative.

Case Study: Virginia Mason Health System

Research has found that management practices adopted from manufacturing sectors can
improve the operations of health care organizations, resulting in better patient health outcomes.
One recent study found that management practices were associated with improved care process
measures and lower mortality for heart attack patients (McConnell et al., 2013). However, this
same study pointed out that there was substantial diversity in the types of management practices
used, and only one-fifth of institutions were fully implementing them according to best practices.
This underscores both the potential for management practices and the challenges preventing
these techniques from being consistently used in routine practice.

One institution that has implemented a management system across its entire operations is
the Virginia Mason Health System. Virginia Mason uses the Virginia Mason Production System,
which is inspired by the Toyota Production System. Although Virginia Mason has used
production system methods in all departments, the case of its spine center is instructive for its
results and for the challenges it faced. The spine center was encouraged to restructure its
processes due to concerns about long wait times and high costs. The center began by mapping
out the clinical pathways for its patients and discovered that care was inconsistent—some
patients received advanced imaging, like magnetic resonance imaging (MRI) tests, and specialist
care, while other similar patients directly received physical therapy. To improve, the clinic
reviewed the literature on back pain treatments and developed a standard evidence-based
process. Under this new process, patients with non-complicated back pain were directed
immediately to physical therapy, and MRI scans and intensive evaluation were reserved for more
complex cases. This new process aligns with clinical evidence showing that imaging for lower
back pain is often overused, especially in clinical situations where it is unlikely to improve
outcomes (Good Stewardship Working Group, 2011). Moreover, Virginia Mason found that this
new way of delivering care reduced wait times, improved outcomes, and reduced costs
(Blackmore et al., 2011; Fuhrmans, 2007).

Virginia Mason’s experience also reveals the challenges in adopting systems approaches.
Implementing the evidence-based system across the organization has required substantial

10



leadership support, backing from the governing board, and transforming the organization’s
culture to sustain this work. Furthermore, the current payment system for health care can be an
impediment. In the spine center example, the institution began to lose money after adopting the
new clinical approach. This was because the institution was paid for high-cost imaging studies,
which it was conducting less frequently, but was not paid for inexpensive follow-up care such as
telephone consultations, which it was conducting more often. To sustain the improvement
initiative, it had to negotiate with local insurers and employers to establish a new payment
system for back pain (Blackmore et al., 2011; Fuhrmans, 2007). This experience highlights the
multiple factors that can limit spreading systems approaches broadly.

Case Study: Vanderbilt University

Ventilator-associated pneumonia is a serious complication for patients in critical care
environments, leading to death in 20 to 50 percent of patients affected (Pham et al., 2013).
Preventing ventilator-associated pneumonia requires not just implementing specific preventive
measures, but also consistently performing an entire bundle of interventions. When Vanderbilt
University Medical Center examined how often it performed each of these preventive measures
in its critical care units, it discovered that each individual intervention was conducted frequently,
but performance was poor when implementing the entire bundle for every patient.

To improve the consistent delivery of the prevention bundle and reduce the rates of
ventilator-associated pneumonia, Vanderbilt adopted systems engineering tools and implemented
a feedback and control system. Specifically, the organization developed visual dashboards that
showed every care team member the status of ventilator preventive measures for each patient—
which measures had been done, which needed to be done, and which were overdue. The display
was coupled with management reports, provided online and in real-time, that identified
improvement opportunities across all patients by time and location (McConnell et al., 2013). As
a result of these initiatives, average compliance with the ventilator bundle increased from 40 to
90 percent in 1 year, and rates of ventilator-acquired pneumonia dropped by over one-third
during the same time period (IOM, 2012). The example highlights the potential of systems
approaches to increase reliability and consistency in care, thereby improving safety and reducing
errors.

Case Study: Veterans Health Administration (VHA)

In the early 1990s, health care provided by the Veterans Administration (VA) was widely
criticized for uneven quality, fragmentation and limited access, poor customer service, and high
cost. Based on these concerns, the VA implemented a system-wide reengineering effort to
transform the way it delivered care. The reengineering occurred across multiple dimensions,
including the system’s leadership, management processes, care coordination, quality
improvement, incentives, resource allocation, and information technology and electronic health
record capacity. The guiding principle throughout all of these improvement initiatives was to
reliably provide high-quality, high-value, patient-centered care to all veterans served by the
system (Kizer, 2011; Kizer and Dudley, 2009).

One of the key tools for the improvement efforts was the implementation of a system-
wide electronic health record system called VistA (Veterans Health Information Systems and
Technology Architecture). The transition built on prior IT infrastructure investments in order to

11



provide digital patient records for all patients, with information flowing among all providers and
facilities. The expanded digital infrastructure provided new clinical capabilities to ensure
reliability, such as clinical alerts; new methods for sharing best practices and implementing new
knowledge, such as clinical decision support; and new data sources for generating knowledge,
such as clinical and administrative data repositories (Brown et al., 2003).

As a result of these efforts, the VHA improved its performance on multiple care quality
measures, increased the use of evidence-recommended care, and increased the efficiency of its
operations. Studies have found that the VA performs as well as, and often exceeds, the
performance of other systems on measures ranging from prevention to management of chronic
diseases to treating acute conditions (Asch et al., 2004; Jha et al., 2003; Perlin et al., 2004; Singh
etal., 2010; Trivedi etal., 2011).

Case Study: Managing Patient Flow

Another set of initiatives used a technique from the operations research field to ensure
that resources are available when patients need them in a hospital setting. It accomplishes this by
examining how patients enter and move throughout the hospital, from their initial admission,
through the different units of the hospital, until their discharge. Importantly, this must include
scheduled cases (such as elective surgeries) and unscheduled cases (such as emergency
admissions), as both contribute to variability in the hospital census. The patient data are analyzed
using mathematical models, and the results of that analysis are used to adjust hospital processes,
such as the daily operating room schedule, to lower variability in the flow of patients to different
hospital units (Litvak and Bisognano, 2011).

By adopting these techniques, one hospital, Cincinnati Children’s Hospital, was able to
improve care quality while simultaneously increasing surgical volume by 7 percent annually for
2 years, all without adding staff or increasing the number of hospital beds (Litvak and
Bisognano, 2011). Similar results have been seen at another institution, Mayo Clinic in Florida,
which implemented this methodology and was able to increase surgical volumes by 4 percent
while decreasing variability by 20 percent, reducing staff turnover by 40 percent, and reducing
overtime staffing by 30 percent (Smith et al., 2013).

Case Study: Human Factors Engineering with Electronic Health Records

Human factors engineering can help to identify potential safety, quality, and reliability
challenges for technologies or processes by focusing on how humans will interact with them. In
one example of this approach, a human factors analysis was performed on the medication
ordering, dispensing, and administration processes, including a computer physician order entry
(CPOE) system. The researchers for the study, at Centre Hospitalier Universitaire in Lille,
France, analyzed the user interface to the CPOE system and identified multiple issues that
limited the usability of the software. This was followed by a simulation of the typical nursing
work environment, in which the participating nurses identified 28 usability issues during that test
(Beuscart-Zephir et al., 2010; Carayon et al., 2013; Pelayo et al.). By identifying and correcting
potential usability issues, the user interface can better support care processes and promote the
efficiency and reliability of care.

As a second example, current medical devices produce a significant quantity of
information for clinicians to review, and produce false alarms at a high frequency. These two
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factors have created a complex work environment in which clinicians have too much information
to review and are unable to judge which alarms are truly critical. The situation has led the Joint
Commission and professional societies to encourage health care leaders to examine alarm fatigue
and to reconfigure device design, where appropriate, to limit alarms to situations in which they
are clinically necessary.

Despite Examples of Success, Systems Approaches Remain Limited

Although current initiatives have had real effects on patient’s lives, most of these are
point-based or disease-focused, and, on the grand scale of the health system, they are isolated
micro-victories. These examples of success have also depended on an extraordinary combination
of circumstances, leadership, culture, and resources. Multiple opportunities are now available for
a systems approach, ranging from accountable care organizations to the new information
ecosystem. An outstanding question is how these systems approaches can be spread more
broadly, involving multiple health care organizations and integrating the health and health care
systems.

TECHNOLOGICAL, CULTURAL, AND STRUCTURAL BARRIERS PREVENT
WIDESPREAD USE OF SYSTEMS APPROACHES

Although cases of successful systems approaches to health and health care exist, little
progress has been made in spreading systems approaches, with multiple barriers preventing
widespread implementation of successful tools. One major challenge is the current incentive
structure for health care, the fee-for-service payment model. This payment model pays for each
specific health care service but does not pay for simple tasks like communicating with patients or
coordinating care. As such, it discourages any improvement initiative that reduces the number of
health care services performed, because it would also reduce revenue for the organization. Even
more perversely, a hospital may see its margins decrease as a result of initiatives that reduce
preventable harms (Hsu et al., 2013). This means that initiatives that improve patient outcomes at
a lower cost can be unsustainable, and eventually threaten an organization’s long-term survival.
Yet, changing the reimbursement system is only a first step, as sustainable improvement will
require coupling reimbursement changes with a systems approach to redesigning care processes.

Another major challenge is the current culture of health care, which focuses on individual
clinicians rather than systems and in which blame is the standard reaction to any error. As a
result, this culture relies on the heroism of clinicians to prevent harm. The difficulty with this
type of culture is that humans, no matter how experienced, skilled, or vigilant, will always make
mistakes. This is magnified in chaotic health care environments that place substantial physical
and mental stresses on clinicians, who are attempting to simultaneously manage the care needs of
multiple patients. Moving away from blame allows an organization to learn from mistakes and
conduct systematic improvement efforts based on that knowledge. Moreover, this cultural shift
will allow systems to be built that recognize and account for inevitable human error, and provide
redundancies and cross-checks that maintain safety regardless.

Furthermore, organizational culture is a necessary prerequisite for the successful
implementation and sustainability of improvement initiatives (Garvin et al., 2008; Klein and
Sorra, 1996). Some organizational cultures, particularly those that are overly hierarchical or have
punitive responses toward any failure, may not support transparency, standardization, or other
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factors that a systems approach demands. As with any change to the provision of care, a strong
culture of collaboration and communication in which teamwork, creativity, and innovation are
valued is foundational to success. For example, one study found that a culture in which staff felt
empowered to report safety concerns was critical to reducing catheter-related bloodstream
infections in critical care environments (Pronovost et al.,, 2006a; Pronovost et al., 2006b;
Vigorito et al., 2011). In a similar vein, one study found that organizations that promoted staff
buy-in to systems tools by training their clinical and nonclinical staff in process improvement
had the strongest improvements, as this technique gave everyone in the organization the ability
to apply systems-based problem solving and promoted more extensive use of these tools
(Edwards et al., 2011; Lukas et al., 2007).

Several studies have demonstrated the significant impact that an organization’s culture
can have on its performance. For example, after implementing an initiative focused on
teamwork, coaching, and communication skills in selected facilities, a large, multi-facility health
system found that its mortality rates decreased by 18 percent and its adverse events continued to
decrease, while non-participating facilities only saw a 7 percent mortality reduction (IOM, 2012;
Neily et al., 2011; Neily et al., 2010). Another study found that the top hospitals for heart attack
outcomes were characterized by a commitment to learning and improvement, had senior
management involvement in its initiatives, and had non-punitive approaches to problem solving
(Curry et al., 2011).

In a complementary fashion, supportive leadership is required for successful
implementation and sustainable solutions. By defining and emphasizing that a systems approach
is an organizational goal, leadership at all levels can encourage all parts of the organization to
implement this approach as a routine part of care. Leaders have multiple tools at their disposal to
promote systems concepts, including the ability to raise their visibility, prioritize their use, align
expectations and provide a shared vision, and ensure that the necessary resources—in terms of
time, staff, and finances—are provided. Studies have demonstrated the impact that executive
leadership can have—one study found that hospitals whose leader was strongly involved in
improvement initiatives often provided higher-quality care (Vaughn et al., 2006).

An additional challenge to the routine use of systems approaches is the cultural difference
between the engineering and health disciplines. Many clinicians and public health officials may
not be aware of the potential benefits of system-based improvements, especially in clinical areas,
and the cultural divide between the disciplines may not be one that clinicians consciously
recognize. Furthermore, the two fields use different terminologies and view problems with
different conceptual frameworks, making communications between the fields difficult. Finally,
the incentive structures for the fields differ. Engineering faculty do not have academic incentives
to pursue health care challenges, as their academic incentives are focused on solving new, thorny
problems—as opposed to applying existing solutions to health care problems.

Further collaborations among clinicians, industry, and engineers are important to ensure
that engineering lessons are applied to medical technologies, including human factors
engineering principles that can improve the usability of a device. One example initiative that
advances this goal was announced earlier this year by nine different device makers, who pledged
to develop devices that were interoperable and able to share patient health information to reduce
harm (Patient Safety, 2013).

Greater expertise in systems methods also influences its technical success. System tools
can rarely be applied in a cookbook fashion, but generally need to be understood in order to be
customized to local conditions and needs. Ensuring that the necessary expertise is available for
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such customization can be done in several ways, from increasing the number of engineers
involved in routine care redesign to embedding systems techniques in health professional
education. Further improvements to clinical education and continuing education can improve the
application of systems tools, such as teaching methods for applying evidence to clinical decision
making, how to deliver care in an interdisciplinary team environment, and how to continue
learning new methods for providing care (AAMC, 2011; Lucian Leape Institute Roundtable On
Reforming Medical Education, 2010).

One additional foundational element is an expanded digital infrastructure that can
routinely capture health and health care data, share such data with those who need it, and provide
feedback based on current research. By leveraging the capabilities of a digital infrastructure,
systems of care can be redesigned to improve their operational processes and patient health
needs; initiatives can be evaluated for their effectiveness and efficiency at improving health; and
new research and evidence can be quickly communicated to clinicians and public health officials.
Furthermore, the new digital infrastructure provides new sources of information about the
effectiveness of new clinical treatments, interventions, and process improvements, and can
supplement the knowledge gained from the existing clinical research enterprise.

What Are the Critical Factors for Successfully Applying a Systems Perspective to Health?
There are multiple prerequisites for implementing a systems approach, including

Reimbursement systems that reward value and outcomes

Supportive culture and organizational leadership

Expanded digital infrastructure that captures essential data elements
Collaborations among clinicians, public health officials, engineers, and industry
Embedding engineering expertise in care delivery and clinical education

SUCCESS DEPENDS ON CENTERING INITIATIVES
ON PATIENTS AND THE PUBLIC

For the success of systems-based initiatives, the importance of one factor deserves special
emphasis: centering the initiatives around patients and the public. This is important as the goal of
any improvement initiatives should be centered on the individual served—whether it is a person
in the community, a patient, or a consumer—and improving his or her health and care
experience. Moreover, individuals play critical roles in managing their health outside of clinical
encounters, from managing complex treatment regimens to everyday decisions on nutrition and
exercise. Finally, individual patients and the public can be vital partners in implementing
systems tools and techniques by highlighting how these tools work on the ground and providing
feedback on whether these tools improve their care experience or aid their health maintenance.

The imperative for systems approaches to center their efforts on patients follows a similar
obligation for the broader health system. This obligation has been known for many years; the
criticality of patient-centered care was highlighted more than a decade ago in the IOM report
Crossing the Quality Chasm (I0M, 2001). Yet, this type of care is still not routinely delivered,
and the typical culture of care does not support or encourage patients to engage in their health
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and health care (Berwick, 2009). Patients find that clear communication is often lacking, with
less than half of patients receiving understandable information on the benefits and tradeoffs of
their treatment options (Fagerlin et al., 2010; Sepucha et al., 2010). Furthermore, patients are
often not engaged in their medical care to the extent they prefer, with almost half of patients
reporting that they are not satisfied with their current level of participation in medical decisions
(Blue Shield of California Foundation, 2012; Degner et al., 1997; Singh et al., 2010). Improving
patient engagement depends on addressing the multiple system factors that move the focus of
care away from patients, such as the current incentive structure, health care culture, and clinical
environment.

The recent IOM report Best Care at Lower Cost noted that a “learning health care system
is anchored on patient needs and perspectives and promotes the inclusion of patients, families,
and other caregivers as vital members of the continuously learning care team” (IOM, 2012). It
further found that improved patient engagement was linked to better patient experiences, health
outcomes, quality of life, and reduced costs, yet patient and family involvement in care was
limited. Patient engagement is a relatively broad concept, and presents a significant challenge for
the culture of care. As articulated in Best Care at Lower Cost, patient engagement requires a true
partnership between clinicians and patients, with clinicians providing scientific expertise on
treatment options while patients provide their knowledge on the suitability of care options based
on their needs, goals, and circumstances (IOM, 2012).

Beyond the obligation to focus initiatives on patients, patients and the public are
important actors in any improvement process. Several institutions have successfully included
patients in safety initiatives, and these cases have reported reduced medical errors or increased
hand hygiene with patient involvement (Davis et al., 2007; Longtin et al., 2010; Weingart et al.,
2005; Weingart et al., 2011). Another institution reported positive results from including patients
in systematic improvement activities, such as value-stream mapping and production-system
methods, in order to ensure that value was measured from the patient perspective (Toussaint,
2009). Yet another institution involved families in the analysis and redesign of family-centered
rounds in a pediatric hospital (Carayon et al., 2011; Kelly et al., 2013; Xie et al., 2012). The
Dana-Farber Cancer Institute has seen positive results from involving patients and families
throughout its organizational governance structures, from involving patients in continuous
improvement teams to asking for input into institutional policies through patient and family
advisory councils (Ponte et al., 2003). These cases highlight the potential for greater partnering
with patients and the broader public in implementing systems approaches across the health
system.

SPREADING SYSTEMS APPROACHES DEPENDS ON TECHNOLOGY,
LEADERSHIP, CULTURE, AND GREATER LEARNING

The various examples in which systems tools have been applied successfully to health
and health care underscores the potential of this approach. Yet, multiple barriers now prevent
their routine use. To address the barriers, multiple strategies are needed, and we include several
strategies below to spark discussion among policymakers in health and health care arenas.

e Increase the generation and dissemination of systems knowledge. Sharing best practices
across organizations and learning from successful cases can increase the potential success
of systems approaches.
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0 Develop materials that summarize how other fields have successfully applied
systems concepts and what they have learned.

o0 Establish multidisciplinary learning labs with close collaboration between health
care and engineering to promote communication between the disciplines.

0 Develop a research agenda to stimulate innovation in systems approaches and
understand the factors limiting the use of these approaches.

Provide the necessary technological supports for systems approaches. Although
technologies alone cannot reform broken processes, systems tools cannot work without
an interoperable, integrated technological infrastructure.
o Promote the growth of digital records that capture the necessary data for process
redesign, routine care and health maintenance, and evaluating success.
o Improve the interoperability, usability, usefulness, and integration of different
technologies by adopting standards for interoperability of medical devices and
human factors methods.

Support system-based initiatives with appropriately structured financial incentives.
Financial incentives currently discourage improvement efforts and can make those
initiatives unsustainable.

0 Promote payment methods that reward improvement and better health outcomes.

Expand expertise in systems methods throughout the health system. Increasing technical
knowledge about systems approaches can allow for greater application of these methods,
improve communications between health and engineering professionals, and promote
greater customization of these tools to local conditions.

0 Integrate systems concepts into the education of health professionals, including
the standard curriculum for medicine, nursing, and other clinical providers, with a
focus on how they may be applied to improve care (IOM and NAE, 2005; Spear,
2006).

0 Expand educational opportunities for engineering professionals to apply their
field to health and health care delivery in order to enhance their ability to integrate
into health care organizations (Carayon, 2010; Xiao and Fairbanks, 2011)

Prioritize the key opportunities for progress. Although there are numerous areas where
systems methods could be used to improve health and health care, progress will be
accelerated by developing priorities for greater attention.

o Identify the health conditions and health care processes that would be most
amenable to prevention and management using a systems approach. Given the
potential for systems approaches across the health care landscape, the areas for its
application are wide-ranging, including primary care; chronic care management,
such as type 2 diabetes care; emergency medicine; obstetrics; and mental health.

o0 Outline how a systems approach could address problems in the patient and family
care experience, such as the loss of dignity and respect.
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Each of these strategies can individually increase the use of systems tools, but greater progress
will depend on a comprehensive approach that addresses the many underlying challenges
preventing their use.

CONCLUSION

It is clear that urgent change is needed to improve the health system, given its safety,
quality, cost, and complexity challenges. One method for addressing these challenges is through
a systems approach to improvement. A systems approach has improved quality and value in
other industries, and it could be similarly transformative for health and health care. Indeed, a
limited number of health care organizations have seen substantial improvements from their
application. In order to be applied to health, a systems approach would need to incorporate all of
the elements influencing health, including the interfaces among these different elements.
Because of its comprehensive nature, there are multiple challenges preventing the widespread
use of systems approaches, such as technological, cultural, and structural barriers. Furthermore,
progress in spreading systems tools depends on centering these initiatives on patients and the
public, as well as engaging patients as vital partners in their use. Addressing the barriers
preventing the routine use of systems approaches will require a comprehensive set of strategies,
including the interoperability of technologies, expanding expertise, and greater dissemination of
best practices. By addressing these barriers, systems approaches can become routine for
improving the health of all Americans and promoting better health at lower cost.
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