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Institute of Medicine
Roundtable on Evidence-Based Medicine
Charter and Vision Statement

The Institute of Medicine’s Roundtable on Evidence-Based Medicine has been
convened to help transform the way evidence on clinical effectiveness is gener-
ated and used to improve health and health care. Participants have set a goal
that, by the year 2020, ninety percent of clinical decisions will be supported
by accurate, timely, and up-to-date clinical information, and will reflect the
best available evidence. Roundtable members will work with their colleagues
to identify the issues not being adequately addressed, the nature of the barri-
ers and possible solutions, and the priorities for action, and will marshal the
resources of the sectors represented on the Roundtable to work for sustained
public-private cooperation for change.

33k 3 3 3k 3 3 3k S 3 3k 3 3 3k 3 3 3k 3 3 b 3 38 b 3 3k b 3 3 b 3 3k b 3 3k 3k 3 3 b 3 3k ok 3%

The Institute of Medicine’s Roundtable on Evidence-Based Medicine has
been convened to help transform the way evidence on clinical effectiveness is
generated and used to improve health and health care. We seek the develop-
ment of a learning healthcare system that is designed to generate and apply
the best evidence for the collaborative healthcare choices of each patient and
provider; to drive the process of discovery as a natural outgrowth of patient
care; and to ensure innovation, quality, safety, and value in health care.

Vision: Our vision is for a healthcare system that draws on the best
evidence to provide the care most appropriate to each patient, emphasizes
prevention and health promotion, delivers the most value, adds to learning
throughout the delivery of care, and leads to improvements in the nation’s
health.

Goal: By the year 2020, 90 percent of clinical decisions will be supported
by accurate, timely, and up-to-date clinical information, and will reflect the
best available evidence. We feel that this presents a tangible focus for progress
toward our vision, that Americans ought to expect at least this level of perfor-
mance, that it should be feasible with existing resources and emerging tools,
and that measures can be developed to track and stimulate progress.

Context: As unprecedented developments in the diagnosis, treatment,
and long-term management of disease bring Americans closer than ever to the
promise of personalized health care, we are faced with similarly unprecedented
challenges to identify and deliver the care most appropriate for individual
needs and conditions. Care that is important is often not delivered. Care that
is delivered is often not important. In part, this is due to our failure to apply
the evidence we have about the medical care that is most effective—a failure
related to shortfalls in provider knowledge and accountability, inadequate care
coordination and support, lack of insurance, poorly aligned payment incen-

x
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tives, and misplaced patient expectations. Increasingly, it is also a result of our
limited capacity for timely generation of evidence on the relative effectiveness,
efficiency, and safety of available and emerging interventions. Improving the
value of the return on our healthcare investment is a vital imperative that will
require much greater capacity to evaluate high priority clinical interventions,
stronger links between clinical research and practice, and reorientation of the
incentives to apply new insights. We must quicken our efforts to position evi-
dence development and application as natural outgrowths of clinical care—to
foster health care that learns.

Approach: The IOM Roundtable on Evidence-Based Medicine serves as
a forum to facilitate the collaborative assessment and action around issues
central to achieving the vision and goal stated. The challenges are myriad and
include issues that must be addressed to improve evidence development, evi-
dence application, and the capacity to advance progress on both dimensions.
To address these challenges, as leaders in their fields, Roundtable members
will work with their colleagues to identify the issues not being adequately
addressed, the nature of the barriers and possible solutions, and the priorities
for action, and will marshal the resources of the sectors represented on the
Roundtable to work for sustained public—private cooperation for change.

Activities include collaborative exploration of new and expedited
approaches to assessing the effectiveness of diagnostic and treatment interven-
tions, better use of the patient care experience to generate evidence on effec-
tiveness, identification of assessment priorities, and communication strategies
to enhance provider and patient understanding and support for interventions
proven to work best and deliver value in health care.

Core concepts and principles: For the purpose of the Roundtable activi-
ties, we define evidence-based medicine broadly to mean that, to the great-
est extent possible, the decisions that shape the health and health care of
Americans—by patients, providers, payers, and policy makers alike—uwill be
grounded on a reliable evidence base, will account appropriately for individual
variation in patient needs, and will support the generation of new insights on
clinical effectiveness. Evidence is generally considered to be information from
clinical experience that has met some established test of validity, and the appro-
priate standard is determined according to the requirements of the intervention
and clinical circumstance. Processes that involve the development and use of
evidence should be accessible and transparent to all stakeholders.

A common commitment to certain principles and priorities guides the
activities of the Roundtable and its members, including the commitment to
the right health care for each person; putting the best evidence into practice;
establishing the effectiveness, efficiency, and safety of medical care delivered;
building constant measurement into our healthcare investments; the estab-
lishment of healthcare data as a public good; shared responsibility distrib-
uted equitably across stakeholders, both public and private; collaborative
stakeholder involvement in priority setting; transparency in the execution of
activities and reporting of results; and subjugation of individual political or
stakeholder perspectives in favor of the common good.

Copyright © National Academy of Sciences. All rights reserved.
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Foreword

One of the important functions of the Institute of Medicine is use
of its convening capacity to draw together key stakeholders in a neutral
venue, one that allows them to discuss issues and foster collaborative
activities around issues in which they have a strong common interest. No
issue better demonstrates the importance of such convening than that of
evidence-based medicine. We all want to ensure that, as a society, we are
doing everything we can to marshal the best evidence in support of the best
care for Americans. Yet, we too often fall far short of that ideal. As the
Roundtable members have noted in their vision statement, too much care
that is important is often not delivered, and too much care that is delivered
is often not important.

Part of the problem is due to our inability to provide the evidence we
have, and part is due to the inadequacy of the evidence base to keep pace
with new tools and approaches for diagnosis and treatment. Both are of
central importance to meeting our potential. The latter challenge, in partic-
ular, is soon to become much more acute, as new pharmaceuticals, medical
devices, biologics, and procedures are introduced into the marketplace—
and as advances in genetics give us a better sense of individual differences in
response to various interventions. We clearly need a very different approach
to the way we develop evidence. Fortunately, the tools are developing to
refashion our approaches. The emerging era of individualized medicine and
widespread utilization of health information technology presents a dramati-
cally different terrain for clinical research, practice, and healthcare delivery.
We can see rich opportunities for improving health through the creation of
new knowledge about what works best for whom under what circumstance,

xi
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xii FOREWORD

and to apply it more expeditiously. Still, ongoing systemic issues pose sig-
nificant barriers to our ability to generate and translate such knowledge
to improved patient care. Improvements in health care are increasingly
to be determined by our capacity to manage information and our ability
to develop accurate, timely, and reliable information and expedite the ap-
plication of evidence in clinical decision making. The IOM Roundtable on
Evidence-Based Medicine was created in 2006 to bring together leaders
from multiple sectors—patients, health providers, payers, employees, health
product manufacturers, information technology companies, policy makers,
and researchers—to identify and discuss the issues and approaches to help
transform how evidence on clinical effectiveness is generated and used to
improve health and health care. As part of the charge, the Roundtable has
developed a vision for a healthcare system that has the capacity to draw on
the best evidence to provide the care most appropriate to each patient as
well as the ability to add to knowledge throughout the delivery of care—a
healthcare system that learns.

This publication, The Learning Healthcare System, presents a summary
of a workshop held in July 2006 to identify and discuss the broad range
of issues that must be engaged if we are to meet the ever-growing demand
for evidence that will help bring better health and economic value for our
sizable investment in health care. In that workshop, experts from a variety
of fields came together to discuss the current approach to evidence devel-
opment, the standards that are used in drawing conclusions, new research
methodologies, some promising initiatives that are under way, and what is
needed to enhance the cooperative roles of patients and providers in this
work. This volume is rich with insights and sets a solid stage for follow-on
activities and discussions on the issues identified.

I would like to offer my personal thanks to the Roundtable members
for the important service they are performing on behalf of better health for
Americans, to the Roundtable staff for their excellent contributions in co-
ordinating the activities, and importantly, to the sponsors who support this
vital activity: the Agency for Healthcare Research and Quality, America’s
Health Insurance Plans, AstraZeneca, Blue Shield of California Foundation,
Burroughs Wellcome Fund, California Health Care Foundation, Centers
for Medicare and Medicaid Services, Department of Veterans Affairs, Food
and Drug Administration, Johnson & Johnson, sanofi-aventis, and Stryker.
It is this sort of commitment and leadership that give us confidence in our
healthcare future.

Harvey V. Fineberg, M.D., Ph.D.
President, Institute of Medicine

Copyright © National Academy of Sciences. All rights reserved.
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Preface

The Learning Healthcare System is the first formal product of the In-
stitute of Medicine (IOM) Roundtable on Evidence-Based Medicine. It is a
summary of a two-day workshop held in July 2006, convened to consider
the broad range of issues important to reengineering clinical research and
healthcare delivery so that evidence is available when it is needed, and
applied in health care that is both more effective and more efficient than
we have today. Embedded in these pages can be found discussions of the
myriad issues that must be engaged if we are to transform the way evidence
is generated and used to improve health and health care—issues such as
the potential for new research methods to enhance the speed and reliability
with which evidence is developed, the standards of evidence to be used in
making clinical recommendations and decisions, overcoming the technical
and regulatory barriers to broader use of clinical data for research insights,
and effective communication to providers and the public about the dynamic
nature of evidence and how it can be used. Ultimately, our hope and expec-
tation are that the process of generating and applying the best evidence will
be natural and seamless components of the process of care itself, as part of
a learning healthcare system.

The aim of the IOM Roundtable on Evidence-Based Medicine is to
help accelerate our progress toward this vision. Formed last year, and
comprised of some of the nation’s most senior leadership from key sec-
tors—consumers and patients, health providers, payers, employees, health
product manufacturers, information technology companies, policy makers,
and researchers—the work of the Roundtable is anchored in a focus on
three dimensions of the challenge:

X111
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1. Fostering progress toward the long-term vision of a learning health-
care system, in which evidence is both applied and developed as a
natural product of the care process.

2. Advancing the discussion and activities necessary to meet the near-
term need for expanded capacity to generate the evidence to sup-
port medical care that is maximally effective and produces the
greatest value.

3. Improving public understanding of the nature of evidence-based
medicine, the dynamic nature of the evidence development process,
and the importance of supporting progress toward medical care
that reflects the best evidence.

The workshop summarized here was intentionally designed to cast the
net broadly across the key topics, to identify issues and commonalties in
the perspectives of the various participants. As indicated in the Summary,
in the course of workshop discussions, a number of fundamental challenges
to effective health care in this country were heard, as were a number of
uncertainties, and a number of compelling needs for change.

Among the many challenges heard from participants were that missed
opportunity, preventable illness, and injury are too often features in health
care, and inefficiency and waste are too familiar characteristics. Insufficient
attention to the evidence—both its application and its development—is at
the core of these problems. Without a stronger focus on getting and using
the right evidence, the pattern is likely to be accentuated as intervention
options become more complex and greater insight is gained into patient
heterogeneity. In the face of this change, the prevailing approach to generat-
ing clinical evidence is impractical today, and may be irrelevant tomorrow.
Current approaches to interpreting the evidence and producing guidelines
and recommendations often yield inconsistencies and confusion. Meeting
these challenges may be facilitated by promising developments in informa-
tion technology, but those developments must be matched by broader com-
mitments to make culture and practice changes that will allow us to move
clinical practice and research into closer alignment.

Among the uncertainties participants underscored were some key ques-
tions: Should we continue to call the randomized controlled clinical trial
(RCT) the “gold standard”? Although clearly useful and necessary in some
circumstances, does this designation over-promise? What do we need to
do to better characterize the range of alternatives to RCTs, and the ap-
plications and implications for each? What constitutes evidence, and how
does it vary by circumstance? How much of evidence development and
evidence application will ultimately fall outside of even a fully interoper-
able and universally adopted electronic health record (EHR)? What are the
boundaries of a technical approach? What is the best strategy to get to the
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right standards and interoperability for a clinical record system that can
be a fully functioning part of evidence development and application? How
much can some of the problems of post-marketing surveillance be obviated
by the emergence of linked clinical information systems that might allow
information about safety and effectiveness to emerge naturally in the course
of care?

Engaging the challenges and uncertainties, participants identified a
number of pressing needs: adapting to the pace of change, through continu-
ous learning and a much more dynamic approach to evidence development
and application; a culture of shared responsibility among patients, provid-
ers, and researchers; a new clinical research paradigm that draws clinical
research more closely to the experience of clinical practice; clinical decision
support systems that accommodate the pace of information growth; full and
effective application of electronic health records as an essential prerequisite
for the evolution of the learning healthcare system; advancing the notion of
clinical data as a public good and a central common resource for advancing
knowledge and evidence for effective care; database linkage, mining, and
use; stronger incentives to draw research and practice closer together, forg-
ing interoperable patient record platforms to foster more rapid learning;
better consistency and coordination in efforts to generate, assess, and advise
on the results of new knowledge; and the importance of strong and trusted
leadership to provide the guidance, shape the priorities, and marshal the
vision and actions necessary to create a learning healthcare system.

The workshop then laid out a number challenges requiring the atten-
tion and action of stakeholders such as those represented on the Round-
table. We will be following up with deeper consideration of many of these
issues through other workshops, commissioned papers, collaborative activi-
ties, and public communication efforts. The challenges are large but the
Roundtable is populated by committed members who will also reach out
to involve their colleagues more widely in the work, assisted by what has
been heard and reported through this initial contribution.

We would like to acknowledge all the individuals and organizations
that donated their valuable time toward the development of this workshop
summary. In particular, we acknowledge the contributors to this volume for
their presence at the workshop as well as their efforts to further develop
their presentations into the manuscripts contained in this summary. In this
respect, we should emphasize that the workshop summary is a collection
of individually authored papers and is intended to convey only the views
and opinions of individuals participating in the workshop—not the delib-
erations of the Roundtable on Evidence-Based Medicine, its sponsors, or
the Institute of Medicine. We would also like to acknowledge those that
provided counsel during the planning stages of this workshop, including
Carol Diamond (Markle Foundation), Steve Downs (Robert Wood Johnson
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Foundation), Lynn Etheredge (George Washington University), Joe Francis
(Department of Veterans Affairs), Brent James (Intermountain Healthcare),
Missy Krasner (Google), Nancy Nielsen (American Medical Association),
Richard Platt (Harvard), Jeff Shuren (Food and Drug Administration),
Susan Shurin (National Institutes of Health), Steven Udverheyli (Indepen-
dence Blue Cross), and Paul Wallace (Kaiser Permanente). A number of
IOM staff were instrumental in the preparation and conduct of the two-day
workshop in July, including Shenan Carroll, Amy Grossman, Leon James,
Paul Lee, and David Tollerud. Roundtable staff, in particular LeighAnne
Olsen along with Dara Aisner and Katharine Bothner helped translate
the workshop proceedings and discussion into this workshop summary.
We would also like to thank Lara Andersen, Michele de la Menardiere,
Bronwyn Schrecker, and Tyjen Tsai for helping to coordinate the various
aspects of review, production, and publication.

Encouraging signs exist in our quest toward a learning healthcare sys-
tem. Progress has been accelerating and we need to sustain this momentum.
We look forward to building on this workshop’s insights, and the vision of
The Learning Healthcare System is a welcome first step along the path.

Denis A. Cortese, M.D.
Chair, Roundtable on Evidence-Based Medicine

J. Michael McGinnis, M.D., M.P.P.
Senior Scholar, Institute of Medicine
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Summary

Seven years ago, the Institute of Medicine (IOM) Committee on the
Quality of Health Care in America released its first report, To Err Is Hu-
man, finding that an estimated 44,000 to 98,000 Americans may die an-
nually due to medical errors. If mortality tables routinely included medical
errors as a formal cause of death, they would rank well within the ten
leading killers (IOM 2000). Two years later, the Committee released its final
report, Crossing the Quality Chasm, underscoring the need for redesigning
health care to address the key dimensions on which improvement was most
needed: safety, effectiveness, patient centeredness, timeliness, efficiency, and
equity (IOM 2001). Although these reports sounded appropriate alerts and
have triggered important discussion, as well as a certain level of action,
the performance of the healthcare system remains far short of where it
should be.

Evidence on what is effective, and under what circumstances, is often
lacking, poorly communicated to decision makers, or inadequately applied,
and despite significant expenditures on health care for Americans, these
investments have not translated to better health. Studies of current practice
patterns have consistently shown failures to deliver reccommended services,
wide geographic variation in the intensity of services without demonstrated
advantage (and some degree of risk at the more intensive levels), and

The planning committee’s role was limited to planning the workshop, and the workshop
summary has been prepared by Roundtable staff as a factual summary of what occured at
the workshop.
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waste levels that may approach a third or more of the nation’s $2 trillion
in healthcare expenditures (Fisher et al. 2003; McGlynn 2003). In perfor-
mance on the key vital statistics, the United States ranks below at least two
dozen other nations, all of which spend far less for health care.

In part, these problems are related to fragmentation of the delivery sys-
tem, misplaced patient demand, and responsiveness to legal and economic
incentives unrelated to health outcomes. However, to a growing extent,
they relate to a structural inability of evidence to keep pace with the need
for better information to guide clinical decision making. Also, if current
approaches are inadequate, future developments are likely to accentuate
the problem. These issues take on added urgency in view of the rapidly
shifting landscape of available interventions and scientific knowledge, in-
cluding the increasing complexity of disease management, the development
of new medical technologies, the promise of regenerative medicine, and the
growing utility of genomics and proteomics in tailoring disease detection
and treatment to each individual. Yet, currently, for example, the share of
health expenses devoted to determining what works best is about one-tenth
of 1 percent (AcademyHealth September 2005; Moses et al. 2005).

In the face of this changing terrain, the IOM Roundtable on Evidence-
Based Medicine (“the Roundtable”) has been convened to marshal senior
national leadership from key sectors to explore a wholly different approach
to the development and application of evidence for health care. Evidence-
based medicine (EBM) emerged in the twentieth century as a methodology
for improving care by emphasizing the integration of individual clinical
expertise with the best available external evidence (Sackett et al. 1996) and
serves as a necessary and valuable foundation for future progress. EBM has
resulted in many advances in health care by highlighting the importance of
a rigorous scientific base for practice and the important role of physician
judgment in delivering individual patient care. However, the increased com-
plexity of health care requires a deepened commitment by all stakeholders
to develop a healthcare system engaged in producing the kinds of evidence
needed at the point of care for the treatment of individual patients.

Many have asserted that beyond determinations of basic efficacy and
safety, the dependence on individually designed, serially constructed, pro-
spective studies to establish relative effectiveness and individual variation
in efficacy and safety is simply impractical for most interventions (Rosser
1999; Wilson et al. 2000; Kupersmith et al. 2005; Devereaux et al. 2005;
Tunis 2005; McCulloch et al. 2002). Information technology will provide
valuable tools to confront these issues by expanding the capability to col-
lect and manage data, but more is needed. A reevaluation of how health
care is structured to develop and apply evidence—from health professions
training, to infrastructure development, patient engagement, payments, and
measurement—will be necessary to orient and direct these tools toward the
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creation of a sustainable system that gets the right care to people when they
need it and then captures the results for improvement. The nation needs a
healthcare system that learns.

About the Workshop

To explore the central issues in bringing about the changes needed,
in July 2006 the IOM Roundtable convened a workshop entitled “The
Learning Healthcare System.” This workshop was the first in a series that
will focus on various issues important for improving the development and
application of evidence in healthcare decision making. During this initial
workshop, a broad range of topics and perspectives was considered. The
aim was to identify and discuss those issues most central to drawing re-
search closer to clinical practice by building knowledge development and
application into each stage of the healthcare delivery process, in a fashion
that will not only improve today’s care but improve the prospects of ad-
dressing the growing demands in the future. Day 1 was devoted to an
overview of the methodologic and institutional issues. Day 2 focused on
examples of some approaches by different organizations to foster a stronger
learning environment. The workshop agenda can be found in Appendix A,
speaker biosketches in Appendix B, and a listing of workshop participants
in Appendix C. Synopses follow of the key points from each of the sessions
in the two-day workshop.

THE LEARNING HEALTHCARE SYSTEM WORKSHOP

Common Themes

In the course of the workshop discussions, several common themes and
issues were identified by participants. A number of current challenges to
improving health care were raised, as were a number of uncertainties, and
a number of compelling needs for change.

Among challenges heard from participants were the following;:

e Missed opportunities, preventable illness, and injury are too often
features in health care.

e Inefficiency and waste are too familiar characteristics in much of
health care.

e Deficiencies in the quantity, quality, and application of evidence
are important contributors to these problems, and improvement
requires a stronger system-wide focus on the evidence.

e These challenges are likely to be accentuated by the increasing com-
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plexity of intervention options and increasing insights into patient
heterogeneity.

e The prevailing approach to generating clinical evidence is inad-
equate today and may be irrelevant tomorrow, given the pace and
complexity of change. The current dependence on the randomized
controlled clinical trial (RCT), as useful as it is under the right cir-
cumstances, takes too much time, is too expensive, and is fraught
with questions of generalizability.

e The current approaches to interpreting the evidence and producing
guidelines and recommendations often yield inconsistencies and
confusion.

¢ Promising developments in information technology offer prospects
for improvement that will be necessary to deploy, but not sufficient
to effect, the broad change needed.

Among the uncertainties participants underscored were some key
questions:

¢ Should we continue to call the RCT the “gold standard”? Although
clearly useful and necessary in some circumstances, does this des-
ignation overpromise?

e What do we need to do to better characterize the range of alterna-
tives to RCTs and the applications and implications for each?

e What constitutes evidence, and how does it vary by
circumstance?

¢ How much of evidence development and evidence application will
ultimately fall outside of even a fully interoperable and universally
adopted electronic health record (EHR)? What are the boundaries
of a technical approach to improving care?

e What is the best strategy to get to the right standards and interop-
erability for a clinical record system that can be a fully functioning
part of evidence development and application?

e How much can some of the problems of post-marketing surveil-
lance be obviated by the emergence of linked clinical information
systems that might allow information about safety and effective-
ness to emerge naturally in the course of care?

Among the most pressing needs for change (Box S-1) identified by par-
ticipants were those related to:

e Adaptation to the pace of change: continuous learning and a much

more dynamic approach to evidence development and application,
taking full advantage of developing information technology to
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BOX S-1
Needs for the Learning Healthcare System

¢ Adaptation to the pace of change

e Stronger synchrony of efforts

e Culture of shared responsibility

* New clinical research paradigm

¢ Clinical decision support systems

e Universal electronic health records

¢ Tools for database linkage, mining, and use
* Notion of clinical data as a public good

¢ Incentives aligned for practice-based evidence
¢ Public engagement

e Trusted scientific broker

e Leadership

match the rate at which new interventions are developed and new
insights emerge about individual variation in response to those
interventions;

o Stronger synchrony of efforts: better consistency and coordina-
tion of efforts to generate, assess, and advise on the results of new
knowledge in a way that does not produce conflict or confusion;

o Culture of shared responsibility: to enable the evolution of the
learning environment as a common cause of patients, providers,
and researchers and better engage all in improved communication
about the importance of the nature of evidence and its evolution;

e New clinical research paradigm: drawing clinical research closer
to the experience of clinical practice, including the development
of new study methodologies adapted to the practice environment
and a better understanding of when RCTs are most practical and
desirable;

o Clinical decision support systems: to accommodate the reality that
although professional judgment will always be vital to shaping
care, the amount of information required for any given decision is
moving beyond unassisted human capacity;

o Universal electronic health records: comprehensive deployment and
effective application of the full capabilities available in EHRs as an
essential prerequisite for the evolution of the learning healthcare
system;

e Tools for database linkage, mining, and use: advancing the po-
tential for structured, large databases as new sources of evidence,
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including issues in fostering interoperable platforms and in de-
veloping new means of ongoing searching of those databases for
patterns and clinical insights;

e Notion of clinical data as a public good: advancement of the notion
of the use of clinical data as a central common resource for advanc-
ing knowledge and evidence for effective care—including directly
addressing current challenges related to the treatment of data as a
proprietary good and interpretations of the Health Insurance Por-
tability and Accountability Act (HIPAA) and other patient privacy
issues that currently present barriers to knowledge development;

o [Incentives aligned for practice-based evidence: encouraging the
development and use of evidence by drawing research and practice
closer together, and developing the patient records and interoper-
able platforms necessary to foster more rapid learning and improve
care;

e Public engagement: improved communication about the nature
of evidence and its development, and the active roles of both pa-
tients and healthcare professionals in evidence development and
dissemination;

o Trusted scientific broker: an agent or entity with the public and sci-
entific confidence to provide guidance, shape priorities, and foster
the shift in the clinical research paradigm; and

e Leadership: to marshal the vision, strategy, and actions necessary
to create a learning healthcare system.

PRESENTATION SUMMARIES

Hints of a Different Way—Case Studies in Practice-Based Evidence

Devising innovative methods to generate and apply evidence for health-
care decision making is central to improving the effectiveness of medical
care. This workshop took the analysis further by asking how we might cre-
ate a healthcare system that “learns”—one in which knowledge generation
is so embedded into the core of the practice of medicine that it is a natural
outgrowth and product of the healthcare delivery process and leads to con-
tinual improvement in care. This has been termed by some “practice-based
evidence” (Green and Geiger 2006). By emphasizing effectiveness research
over efficacy research (see Table S-1) practice-based evidence focuses on
the needs of decision makers and on narrowing the research-practice di-
vide. Research questions identified are relevant to clinical practice, and
effectiveness research is conducted in typical clinical practice environments
with unselected populations to increase generalizability (Clancy 2006 [July
20-21]).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

shop Summary (IOM Roundtable on Evidence-Based Medicine)

SUMMARY 7

TABLE S-1 Characteristics of Efficacy and Effectiveness Research

Efficacy Effectiveness

Clinical trials—idealized setting Clinical practice—everyday setting
Treatment vs. placebo Multiple treatment choices, comparisons
Patients with a single diagnosis Patients with multiple conditions (often

excluded from efficacy trials)

Exclusions of user groups (e.g., elderly) Use is generally unlimited
Short-term effects measured through Longer-term outcomes measured through
surrogate endpoints, biomarkers clinical improvement, quality of life,

disability, death

SOURCE: Clancy 2006 (July 20-21).

The first panel session of the workshop was devoted to several ex-
amples of efforts that illustrate ways to use the healthcare experience as
a practical means of both generating and applying evidence for health
care. Presentations highlighted approaches that take advantage of current
resources through innovative incentives, study methodologies, and study
design and demonstrated their impact on decision making.

Coverage with Evidence Development

Provision of Medicare payments for carefully selected interventions
in specified groups, in return for their participation in data collection, is
beginning to generate information on effectiveness. Peter B. Bach of the
Centers for Medicare and Medicaid Services (CMS) discussed Coverage
with Evidence Development (CED), a form of National Coverage Decision
(NCD) implemented by CMS as an opportunity to develop needed evidence
on effectiveness. By conditioning coverage on additional evidence develop-
ment, CED helps clarify policies and can therefore be seen as a regulatory
approach to building a learning healthcare system. Two case studies, one
on lung volume reduction surgery (LVRS) for emphysema and another on
PET (positron emission tomography) scans for staging cancers, illustrate
this approach. To clarify issues of risk and benefit associated with LVRS
and to define characteristics of patients most likely to benefit, the National
Emphysema Treatment Trial (NETT), was funded by CMS, and imple-
mented as a collaborative effort of CMS, the National Institutes of Health
(NIH), and the Agency for Healthcare Research and Quality (AHRQ). Trial
results enabled CMS to cover the procedure for groups with demonstrated
benefit and clarified risks in a manner helpful to patient decisions, and from
January 2004 to September 2005, only 458 Medicare patients filed a total
of $10.5 million in LVRS claims, far lower than estimated. In the case of
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PET scanning to help diagnose cancer and determine its stage, a registry
has been established for recording experience on certain key dimensions,
ultimately allowing payers, physicians, researchers, and other stakehold-
ers to construct a follow-on system to evaluate long-term safety and other
aspects of real-world effectiveness. This work is in progress.

Use of Large System Databases

With the adoption and use of the full capabilities of EHRs, hypothesis-
driven research utilizing existing clinical and administrative databases in
large healthcare systems can answer a variety of questions not answered
when drugs, devices, and techniques come to market (Trontell 2004). Jed
Weissberg of the Permanente Federation described a nested, case-control
study on the cardiovascular effects of the COX-2 inhibitor rofecoxib (Vioxx)
within Kaiser Permanente’s patient population, identifying increased risk of
acute myocardial infarction and sudden cardiac death (Graham 2005).
Kaiser’s prescription and dispensing data, as well as longitudinal patient
data (demographics, lab, pathology, radiology, diagnosis, and procedures),
were essential to conduct the study and contributed to the manufacturer’s
decision to withdraw the drug from the marketplace. The case illustrates
the potential for well-designed EHRs to generate data as a customary by-
product of documented care and to facilitate the detection of rare events
as well as provide insights into factors that drive variation. Weissberg also
concluded that perhaps the most important requirement for reaping the
benefits is that data collection be embedded within a healthcare system that
can serve as a “prepared mind”—a culture that seeks learning.

Quasi-Experimental Designs

Randomized controlled trials are often referred to as the “gold stan-
dard” in trial design, while other trial designs are noted as “alternatives”
to RCTs. Stephen Soumerai of Harvard Pilgrim Health Care argued that
this bifurcation is counterproductive. All trial designs have widely differing
ranges of applicability and validity, depending on circumstances. Although
RCTs, if carefully developed, may produce the most reliable estimates of
the outcomes of health services and policies, strong quasi-experimental
designs (e.g., interrupted time series) are rigorous and feasible alternative
methods, especially for evaluating the effects of sudden changes in health
policies occurring in large populations. Because these are natural experi-
ments that use existing data and can be conducted in less time and for less
expense than many RCTs, they have great potential for contributing to the
evidence base. For example, using interrupted time series to examine the
impact of a statewide Medicaid cap on nonessential drugs in New Hamp-
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shire revealed that prescriptions filled by Medicaid patients dropped sharply
for both essential and nonessential drugs, while nursing home admissions
among chronically ill elderly increased (Soumerai et al. 1987). Similar
study designs have been used to assess the impact of limitations of drug
coverage on the treatment of schizophrenia and the need for acute mental
health services (Soumerai et al. 1994), as well as the relationship between
cost sharing changes and serious adverse events with associated emergency
visits among the adult welfare population (Tamblyn 2001). He concludes
that time series data allow for strong quasi-experimental designs that can
address many threats to validity, and because such analyses often produce
visible effects, they convey an intuitive understanding of the effects of policy
decisions (Soumerai 2006 [July 20-21]).

Practical Clinical Trials

Developing valid and useful evidence for decision making requires
several steps, including identifying the right questions to ask; selecting the
most important questions for study; choosing study designs that are ad-
equate to answer the questions; creating or partnering with organizations
that are equipped to implement the studies; and finding sufficient resources
to pay for the studies. The successful navigation of these steps is what
Sean Tunis of the Health Technology Center calls “decision-based evidence
making.” Tunis also discussed pragmatic or practical trials as particularly
useful study designs for informing choices between feasible alternatives or
two different treatment options. Key features of a practical trial include
meaningful comparison groups; broad eligibility criteria with maximum
opportunity for generalizability; multiple outcomes including functional
status and utilization; conduct in a real-world setting; and minimal intru-
sion on regular care. A CMS study, PET scan for suspected dementia, was
cited as an example of how an appropriately designed practical clinical trial
(PCT) could help address a difficult clinical question such as the impact of
diagnosis on patient management and outcomes. However the trial remains
unfunded, raising issues about limitations of current organizational capac-
ity and infrastructure to support the needed expansion of such comparative
effectiveness research.

Computerized Protocols to Assist Clinical Research

The development of evidence for clinical decision making can also
be strengthened by increasing the scientific rigor of evidence generation.
Alan Morris noted the lack of tools to drive consistency in clinical trial
methodology and discussed the importance of identifying tools to assist in
the design and implementation of clinical research. “Adequately explicit
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methods,” including computer protocols that elicit the same decision from
different clinicians when they are faced with the same information, can be
used to increase the ability to generate highly reproducible clinical evidence
across a variety of research settings and clinical expertise. Pilot studies of
computerized protocols have led to reproducible results in different hospi-
tals in different countries. As an example, Morris noted that the use of a
computerized protocol (eProtocol-insulin) to direct intravenous (IV) insulin
therapy in nearly 2,000 patients led to improved control of blood glucose
levels. Morris proposed that in addition to increasing the efficiency of large-
scale complex clinical studies, the use of adequately explicit computerized
protocols for the translation of research methods into clinical practice could
introduce a new way of developing and distributing knowledge.

The Evolving Evidence Base—Methodologic and Policy Challenges

An essential component of the learning healthcare system is the capac-
ity for constant improvement: to take advantage of new tools and methods
and to improve approaches to gathering and evaluating evidence. As tech-
nology advances and the ability to accumulate large quantities of clinical
data increases, new opportunities will emerge to develop evidence on the
effectiveness of interventions, including on risks, on the effects of complex
patterns of comorbidities, on the effect of genetic variation, and on the
improved evaluation of rapidly changing interventions such as devices and
procedures. A significant challenge will be piecing together evidence from
the full scope of this information to determine what is best for individual
patients.

Although considered the standard benchmark, RCTs are of limited
use in informing some important aspects of decision making (see papers
by Soumerai, Tunis, and Greenfield in Chapters 1 and 2). In part, this is
because in clinical research, we tend to think of diseases and conditions in
single, linear terms. However, for people with multiple chronic illnesses and
those that fall outside standard RCT selection criteria, the evidence base is
quite weak (Greenfield and Kravitz 2006 [July 20-21]). In addition, the time
and expense of an RCT may be prohibitive for the circumstance. A new
clinical research paradigm that takes better advantage of data generated
in the course of healthcare delivery would speed and improve the develop-
ment of evidence for real-world decision making (Califf 2006 [July 20-21];
Soumerai 2006 [July 20-21]). New methodologies such as mathematical
modeling, Bayesian statistics, and decision modeling will also expand our
capacity to assess interventions.

Finally, engaging the policy issues necessary to expand post-market
surveillance—including the use of registries and mediating an appropriate
balance between patient privacy and access to clinical data—will make
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new streams of critical data available for research. Linking data systems
and utilizing clinical information systems for expanded post-marketing
surveillance have the potential to accelerate the generation of evidence
regarding risk and effectiveness of therapies. Furthermore, this could be a
powerful source of innovation and refinement of drug development, thereby
increasing the value of health care by tailoring therapies and treatments to
individual patients and subgroups of risk and benefit (Weisman 2006 [July
20-21]).

Evolving Methods: Alternatives to Large RCTs

All interventions carry a balance of potential benefit and potential
risk, and many trial methodologies can reveal important information on
these dimensions when the conduct of a large RCT is not feasible. Robert
Califf from the Duke Clinical Research Institute discussed some issues as-
sociated with RCTs and the trial methodologies that will increasingly be
used to supplement the evidence base. Large RCTs are almost impossible
to conduct, and Califf supported use of the term practical clinical trial for
those in which the size must be large enough to answer the question posed
in terms of health outcomes—whether patients live longer or feel better.
A well-designed PCT has many characteristics that are frequently missing
from current RCT design and is the first alternative to a “classical” RCT.
Questions should be framed by those who use the information, and the
methodology of design should include decision makers. PCTs however
are also not feasible for a good portion of the decisions being made every
day by administrators and clinicians. To answer some of these questions,
nonrandomized analyses are needed. Califf reviewed four methodologies:
(1) the cluster randomized trial, which randomizes on a practice level;
(2) observational treatment comparisons, for which confounding from mul-
tiple sources is an important consideration (but should be aided by the devel-
opment of National Electronic Clinical Trials and Research (NECTAR),
the planned NIH network that will connect practices with interoperable
data systems); (3) the interrupted time series, especially for natural experi-
ments such as policy changes; and (4) the use of instrumental variables, or
variables unrelated to biology, to produce a contrast in treatment that can
be characterized. Califf indicated that such alternative methodologies have
a role to play in the development of evidence, but for proper use, we also
need to cultivate the expertise that can guide the use of these methods.

Evolving Methods: Evaluating Interventions in a Rapid State of Flux

As the pace of innovation accelerates, methodologic issues will in-
creasingly hamper the straightforward use of clinical data to assess safety
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and effectiveness. This is particularly relevant to the iterative development
process for new medical device interventions. Evaluation of interventions
in a rapid state of flux requires new methods. Telba Irony of the Center for
Devices and Radiologic Health (CDRH) at the Food and Drug Adminis-
tration (FDA) discussed some new statistical methodologies used at FDA,
including Bayesian analysis, adaptive trial design, and formal decision
analysis to speed approaches. Because the Bayesian approach allows the use
of prior information and the performance of interim analyses, this method
is particularly useful to evaluate devices, with the possibility of smaller
and shorter trials and increased information for decision making. Formal
decision analysis is also a mathematical decision analysis tool that has the
potential to enhance the decision-making process by better accounting for
the magnitude of advantage compared to the risks of an intervention (see
Irony, Chapter 2).

Evolving Methods: Mathematical Models to Help Fill the Gaps in
Evidence

Ideally, every important question could be answered with a clinical trial
or other equally valid source of empirical observations. Because this is not
feasible, an alternative approach is to use mathematical models, which have
proven themselves valuable for assessing, as examples, computed tomogra-
phy (CT) scans and magnetic resonance imaging (MRI), radiation therapy,
and EHRs. Working through Kaiser Permanente, David M. Eddy developed
a modeling system, Archimedes, that has demonstrated the promise of such
systems for developing evidence for clinical decision making. Eddy notes
that models will never be able to completely replace clinical trials, which
as observations of real events are a fundamental anchor to reality. One
step removed, models cannot exist without empirical observations. Thus,
if feasible, the preferred approach is to answer a question with a clinical
trial. However, in initial work on approaches to diabetes management, the
Archimedes model has been validated against trial data with a very close
match to the actual results (Eddy and Schlessinger 2003). Eddy maintains
that in the future, the quality of models will improve, and as they do, with
better data from EHRs, mathematical models can help fill more and more
of the gaps in the evidence base for clinical medicine.

Heterogeneity of Treatment Effects: Subgroup Analysis

Heterogeneity of treatment effects (HTE) describes the variation in
results from the same treatment in different patients. Sheldon Greenfield
notes that HTE, the emerging complexity of the medical system, and the
nature of health problems have contributed to the decreasing utility of

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

shop Summary (IOM Roundtable on Evidence-Based Medicine)

SUMMARY 13

RCTs. Greenfield presented three evolving phenomena that make RCTs
increasingly inadequate for the development of guidelines, for payment,
and for creating quality-of-care measures. First, with an aging population,
patients now eligible for trials have a broader spectrum of illness severity
than previously. Second, due to the changing nature of chronic disease
along with increased patient longevity, more patients now suffer from mul-
tiple comorbidities. These patients are frequently excluded from clinical
trials. Both of these phenomena make the results from RCTs useful to an
increasingly small percentage of patients. Third, powerful new genetic and
phenotypic markers that can predict patients’ responsiveness to therapy
and vulnerability to adverse effects of treatment are now being discovered.
In clinical trials, these markers have the potential for identifying patients’
potential for responsiveness to the treatment to be investigated. The current
research paradigm underlying evidence-based medicine, guideline develop-
ment, and quality assessment is therefore fundamentally limited (Greenfield
and Kravitz 2006 [July 20-21]). Greenfield notes that to account for HTE,
trial designs must include multivariate pretrial risk stratification based on
observational studies, and for patients not eligible for trials (e.g., elderly pa-
tients with multiple comorbidities), observational studies will be needed.

Heterogeneity of Treatment Effects: Prospects for Pharmacogenetics

Recent advances in genomics have focused attention on its application
to understanding common diseases and identifying new directions for drug
or intervention development. David Goldstein of the Duke Institute for
Genome Sciences and Policy discussed the potential role of pharmacoge-
netics in illuminating heterogeneity in responses to treatment and defining
subgroups for appropriate care. While pharmacogenetics has previously
focused on describing variations in a handful of proteins and genes, it is
now possible to assess entire pathways that might be relevant to disease or
to drug responses. The clinical relevance of pharmacogenetics will be in the
identification of genetic predictors of a patient’s response to treatment with
direct diagnostic utility (Need 2005), and the resulting expansion in factors
to consider based on an individual’s response to treatment (see Figure S-1)
could be substantial. The CATIE trial (Clinical Antipsychotic Trials of Inter-
vention Effectiveness), comparing different antipsychotics, is illustrative.

While no drug was superior with respect to discontinuation of treat-
ment, certain drugs were worse for certain patients in causing adverse
reactions, illustrating the clear potential if genetic markers for possible
adverse reactions could be used as a diagnostic tool. In addition to helping
to specify disease subgroups and treatment effects, pharmacogenetics could
benefit drug development. If predictors of adverse events could prevent the
exposure of genetically vulnerable patients and preserve even a single drug,
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FIGURE S-1 Possible implications of pharmacogenetics on clinical decision making.
The appropriate drug for an individual could be determined by microarray-based
(or other) genetic tests that reveal variants in genes that affect how a drug works
(pharmacodynamics) or how the body processes a drug (pharmacokinetics), such as
absorption, distribution, metabolism, and excretion. Note that individual metabolic
response is commonly more complicated than the simplified case presented here for
conceptual clarity.

the costs of any large-scale research effort in pharmacogenetics could be
fully recovered.

Broader Post-Marketing Surveillance

Although often thought of as a mechanism to detect rare adverse
treatment effects, post-marketing surveillance also has enormous potential
for the development of real-world data on the long-term value of new, in-
novative therapies. Harlan Weisman of Johnson & Johnson noted that the
limited generalizability of the RCTs required for product approval means
that post-marketing surveillance is the major opportunity to reveal the true
value of healthcare innovations for the general population. Electronic health
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records, embedded as part of a learning healthcare system, would enable
the development of such evidence on treatment outcomes and the effects of
increasingly complex health states, comorbidities, and multiple indications.
These data could also be used toward the conduct of comparative analysis.
Weisman also discussed how the landscape of information needed changes
rapidly and continuously, and called for the development of transparent
methods and guidelines to gather, analyze, and integrate evidence—as well
as consideration of how this new form of clinical data will be integrated
into policies and treatment paradigms. To ensure that the goals of a learn-
ing healthcare system are achieved without jeopardizing patient benefit
or medical innovation, Weisman suggested the importance of a road map
establishing a common framework for post-marketing surveillance, to in-
clude initial evidence evaluation, appropriate and timely reevaluations, and
application. Where possible, post-marketing data requirements of different
agencies or authorities should be harmonized to reduce costs of collection
and unnecessary duplication. He suggested multiple uses of common data-
sets as a means to accelerate the application of innovation.

Adjusting Evidence Generation to the Scale of the Effects

With new technologies introduced fast on the heels of effective older
technologies, the demand for high-quality, timely comparative effectiveness
studies is exploding (Lubitz 2005; Bodenheirmer 2005). Well-done com-
parative effectiveness studies identify which technology is more effective
or safer, or for which subpopulation and/or clinical situation a therapy is
superior. Steven Teutsch and Marc Berger of Merck & Co. advanced their
perspective on the importance of developing strategies for generating com-
parative effectiveness data that improve the use of healthcare resources by
considering the magnitude of potential benefits and/or risks related to the
clinical intervention. Even when available, most comparative effectiveness
studies do not directly provide estimates of absolute benefit or harms ap-
plicable to all relevant populations. Because of the impracticality and lack
of timeliness of head-to-head trials for more than a few therapeutic alterna-
tives, it is important that other strategies for securing this information be
developed. Observational study designs and models can provide perspec-
tive on these issues, although the value of the information gleaned must
be balanced against potential threats to validity and uncertainty around
estimates of benefit. General consensus on the standards of evidence to
apply to different clinical recommendations will be important to moving
forward. Development of a taxonomy of clinical decision making would
help to ensure transparency in decision making.
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Linking Patient Records: Protecting Privacy, Promoting Care

Critical medical information is often nearly impossible to access both
in emergencies and during routine medical encounters, leading to lost time,
increased expenses, adverse outcomes, and medical errors. Having health
information available electronically is now a reality and offers the potential
for lifesaving measures not only through access to critical information at
the point of care but also by providing a wealth of information on how to
improve care. However, for many, the potential benefits of a linked health
information system are matched in significance by the potential drawbacks
such as threats to the privacy and security of people’s most sensitive infor-
mation. The HIPAA privacy rule challenged decision makers and research-
ers to grapple with the questions of how to foster a national system of
linked health information necessary to provide the highest-quality health
care. Janlori Goldman of the Privacy Project and others presented the pa-
tient perspective on these issues, supporting the concept of data linkage as
a way to improve health care, provided that appropriate precautions are
undertaken to ensure the security and privacy of patient data and options
are offered to patients with respect to data linkage. Such guarantees are
critical to developing the access to clinical information that is important for
systematic generation of new insights, and practical approaches are needed
to both ensure the public’s confidence and address the regulatory require-
ment governing clinical information.

Narrowing the Research-Practice Divide—System Considerations

Capturing and utilizing data generated in the course of care offers the
opportunity to bring research and practice into closer alignment and propa-
gate a cycle of learning that can enhance both the rigor and the relevance
of evidence. Presentations in this session suggest that if healthcare delivery
is to play a more fundamental role in the generation and application of
evidence on clinical effectiveness, process and analytic changes are needed
in the delivery environment. Some considerations included strengthening
feedback loops between research and practice to refine research questions
and improve study timeliness and relevance, improving the structure and
management of clinical data systems both to support better decisions and
to provide quality data at the level of the practitioner, facilitating “built-
in” study design, defining appropriate levels of evidence needed for clinical
decision making and how they might vary by the nature of the intervention
and condition, and changes in clinical research that might help accelerate
innovation.
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Feedback Loops to Expedite Study Timeliness and Relevance

An emerging model of care delivery is one focused around management
of care, instead of expertise. Brent James of Intermountain Healthcare dis-
cussed the three elements of quality enhancement: quality design, quality
improvement, and quality control. Of these, quality control is the key, but
underappreciated, factor in developing stringent care delivery models. In
this respect, process analysis is important to a care delivery model. Use of
process analysis at Intermountain Healthcare revealed that a small percent-
age of clinical issues accounted for most care delivery shortfalls, and these
became the first foci for initiation of a care management system. Although
the original intent of this system was to achieve excellence in caregiving, a
notable side benefit has been its use as a research tool (see James, Chapter
3). It has allowed for feedback systems, in which clinical questions can be
addressed through interdisciplinary evaluation, examination of databases,
prospective pilot projects, and finally, broad implementation when shown
to be beneficial. Because the data management system is designed for a high
degree of flexibility, data content can rapidly be changed around individual
clinical scenarios. When a high-priority care process is identified, a flow
chart is designed for that process, with tracking of a key targeted outcome
for feedback and care management adjustment. The approach actively
involves the patient and successively escalates care as needed, in a sort of
“care cascade.” Each protocol is developed by a team of knowledge experts
that oversee implementation and teaching. Once these systems are estab-
lished for individual parameters of care, they are utilized in several different
ways to generate evidence, such as quasi-experimental designs to evaluate
policy decisions using pilot programs. Because RCTs are not practical, ethi-
cal, feasible, or appropriate to all circumstances, these large data systems
with built-in study design and feedback loops allow for investigations that
have real rigor, utility, and reliability in large populations.

Use of Electronic Health Records to Bridge the Inference Gap

Clinical decisions are made every day in the context of a certain infer-
ence gap—the gap between what is known at the point of care and what
evidence is required to make a clinical decision. Physicians and other health-
care providers implicitly or explicitly are required to fill in where knowl-
edge falls short. Walter Stewart of the Geisinger Health System discussed
how the electronic health record can help to narrow this gap, increasing
real-time access to knowledge in the practice setting and creating evidence
relevant to everyday practice needs (see Stewart, Chapter 3). As such, it will
bring research and practice into much closer alignment. EHRs can change
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both evidence and practice through the development of new methods to
extract valid evidence from analysis of retrospective longitudinal patient
data; the translation of these methods into protocols that can rapidly and
automatically evaluate patient data in real time as a component of decision
support; and the development of protocols designed to conduct clinical
trials as a routine part of care delivery. By linking research seamlessly to
practice, EHRs can help address the expanding universe of practice-based
questions, with a growing need for solutions that are inexpensive and
timely, can meet the daily needs of practice settings, and can help drive
incentives to create value in health care.

Standards of Evidence

The anchor element in evidence-based medicine is the clinical informa-
tion on which determinations are based. However the choice of evidence
standards used for decision making has fundamental implications for deci-
sions about the use of new interventions, the selection of study designs,
safety standards, the treatment of individual patients, and population-level
decisions regarding insurance coverage. Steven Pearson of America’s Health
Insurance Plans discussed the development of standards of evidence, how
they must vary by circumstance, and how they must be adjusted when more
evidence is drawn from the care process. At the most basic level, confidence
in evidence is shaped by both its quality and its strength, and its applica-
tion is shaped by whether it is being used for a decision about an individual
patient or about a population group through policy initiatives and coverage
determinations. In part, the current challenge to evidence-based coverage
decisions is that good evidence is frequently lacking, and traditional evi-
dence hierarchies also fit poorly for diagnostics and for assessing value in
real-world patient populations (see Pearson, Chapter 3). However advances
are also needed in understanding how information is or should be used by
decision-making bodies. Using CED as an example, Pearson discussed how
similar practice-based research opportunities inherent to a learning health-
care system could affect the nature of evidence standards and bring into
focus certain policy questions.

Implications for Innovation Acceleration

Evidence-based medicine has sometimes been characterized as a pos-
sible barrier to innovation, despite its potential as means of accelerating
innovations that add value to health care. Robert Galvin from General
Electric discussed this issue, pointing out that employers seek value—the
best quality at the most controlled cost—and their goal is to spend health-
care dollars most intelligently. This has sometimes led employers to ignore
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innovation in their efforts to control the drivers of cost. There are numerous
examples of beneficial innovations whose coverage was long delayed due
to lack of evidence, as well as of innovations that, although beneficial to a
subset of patients, were overused. A problem in introducing a more rational
approach to these decisions is what Galvin terms the “cycle of unaccount-
ability.” Each group in the chain—manufacturers, clinicians, healthcare de-
livery systems, patients, government regulators, and payers—desires system
change but has not, to date, taken on specific responsibilities or been held
accountable for roles in instituting change. General Electric has initiated a
program Access to Innovation as a way to adopt the principles of coverage
with evidence development in the private sector. Using a specific investiga-
tional intervention, reimbursement for certain procedures is provided in a
limited pilot population to allow for the development of evidence in real
time and inform a definitive policy on coverage of the intervention. Chal-
lenges encountered include content knowledge gaps; the difficulty of engag-
ing purchasers to increase their expenditures, despite discussions of value;
finding willing participants; and the growing culture of distrust between
manufacturers, payers, purchasers, and patients (see Galvin, Chapter 3).
Some commonality is needed on what is meant by evidence and account-
ability for change within each sector.

Learning Systems in Progress

Incorporation of data generation, analysis, and application into health-
care delivery can be a major force in accelerating understanding of what
constitutes “best care.” Many existing efforts to use technology and create
research networks to implement evidence-based medicine have produced
scattered examples of successful learning systems. This session focused on
the experiences of healthcare systems that highlight the opportunities and
challenges of integrating the generation and application of evidence for
improved care. Premier visions of how systems might effectively be used
to realize the benefit of integrated systems of research and practice include
the care philosophy and initiative at the Department of Veterans Affairs
(VA), the front-line experience of the Practice-Based Research Networks in
aligning the resources and organizations to develop learning communities,
and initiatives at the AQA (formerly the Ambulatory Care Quality Alliance)
to develop consensus on strategies and approaches that promote systems
cooperation, data aggregation, accountability, and the use of data to bring
research and practice closer together. These examples suggest a vision for
a learning healthcare system that builds upon current capacity and initia-
tives and identifies important elements and steps that can take progress to
the next level.
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Implementing Evidence-Based Practice at the VA

The Department of Veterans Affairs has made important progress in
implementing evidence-based practice, particularly via use of the electronic
health record. Elements fostering the development of this learning system,
cited by Joel Kupersmith, the chief research and development officer at the
Veterans Health Administration, include an environment that values evi-
dence, quality, and accountability through performance measures, the lead-
ership to create and sustain this environment, and the VA’s research culture
and infrastructure (see Kupersmith, Chapter 4). Without this appropriate
culture and setting, EHRs may simply be a graft onto computerized record
systems and will not help to foster evidence-based practice. Kupersmith pre-
sented the VA’s work with diabetes as an example demonstrating the range
of possibilities in using the EHR for developing and implementing evidence
at the point of care. This includes assistance in education and management
of patients through automated decision support and evidence-based clinical
reminders, as well as advancing research through the Diabetes Epidemiol-
ogy Cohort (DEpiC). The cohort database consists of longitudinal record
data on 600,000 diabetic patients receiving VA care, which is a key resource
for a wide range of research projects. In addition, the recent launch of My
HealtheVet, a web portal through which veterans will be able to view per-
sonal health records and access health information, allows patient-centered
care and self-management and the ability to evaluate the effectiveness of
these approaches. The result to date has been better control and fewer am-
putations. There are plans to link genomic information with this database
to further expand research capabilities and offer increased insights toward
individualized medicine.

Learning Communities and Practice-Based Research Networks

A culture change is necessary in the structure of clinical care, if the
learning healthcare system is to take hold. Robert Phillips of the American
Academy of Family Physicians described the formation of Practice-Based
Research Networks (PBRNs) as a response to the disconnect between
national biomedical research priorities and questions at the front line of
clinical care. Many of the networks formed around collections of clini-
cians who found that studies of efficacy did not necessarily translate into
effectiveness in their practices or that questions arising in their practices
were not addressed in the literature. PBRNs began to appear formally more
than two decades ago to support better science and fill these gaps, offering
many lessons and models to inform the development of learning systems
(see Phillips, Chapter 4). Positioned at the point of care, PBRNs integrate
research and practice to improve the quality of care. By linking practic-
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ing clinicians with investigators experienced in clinical and health services
research, PBRNs move quality improvement out of the single practice and
into networks, pooling intellectual capital, resources, and motivation and
allowing measures to be compared and studied across clinics. The successful
learning communities of PBRNs have definite characteristics, including a
shared mission and values, a commitment to collective inquiry, collabora-
tive teams, an action orientation that includes experimentation, continuous
improvement, and a results orientation.

National Quality Improvement Process and Architecture

While there are many examples of integrated health systems, such as
HealthPartners, the VA, Mayo, Kaiser Permanente, and others, a learning
healthcare system for the nation requires thinking and working beyond
individual organizations toward the larger system of care. George Isham
of HealthPartners outlined the national quality improvement process and
architecture needed for system-wide, coordinated, and continual gains in
healthcare quality. Also discussed was the ongoing work at AQA that has
assembled key stakeholders to agree on a strategy for measuring perfor-
mance at the physician or group level, collecting and aggregating data in the
least burdensome way, and reporting meaningful information to consumers,
physicians, and stakeholders to inform choices and improve outcomes. The
aim is for regional collaboration that can facilitate improved performance
at lower cost; improved transparency for consumers and purchasers, involv-
ing providers in a culture of quality; buy-in for national standards; reliable
and useful information for consumers and providers; quality improvement
skills and expertise for local provider practices; and stronger physician-
patient partnerships. Initial steps include the development of criteria and
performance measures, such as those endorsed by the National Quality
Forum, and the design of an approach to aggregate information across the
nation through a data-sharing mechanism, directed by an entity such as a
national health data stewardship entity that sets standards, rules, and poli-
cies for data sharing and aggregation.

Envisioning a Rapid Learning Healthcare System

The pace of evidence development is simply inadequate to begin to
meet the need. Lynn Etheredge of George Washington University discussed
the need for a national rapid learning system—a new model for develop-
ing evidence on clinical effectiveness. Already the world’s highest health
expenditure, healthcare costs in the United States continue to grow, largely
driven by technology. Short of rationing, any prospect of progress hinges
on the development of an evidence base that will help identify the diagno-
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sis and treatment approaches of greatest value for patients (see Etheredge,
Chapter 4). Building on current infrastructure and resources, it should be
possible to develop a rapid learning health system to close the evidence
gaps. Computerized EHR databases enable real-time learning from tens
of millions of patients that offers a vital opportunity to rapidly generate
and test hypotheses. Currently the greatest capacities lie in the VA and the
Kaiser Permanente integrated delivery systems, with more than 8 million
EHRs apiece, national research databases, and search software under devel-
opment. Research networks such as the Health Maintenance Organization
(HMO) Research Network (HMORN), the Cancer Research Network at
the National Cancer Institute (NCI), and the vaccine safety data link at the
Centers for Disease Control and Prevention (CDC) also add substantially
to the capacity. Medicaid currently represents the biggest gap, with no state
yet using EHRs. An expansion of the infrastructure could be led by the
Department of Health and Human Services and the VA, beginning with the
use of their standards, regulatory responsibilities, and purchasing power to
foster the development of an interconnected national EHR database with
accommodating privacy standards. In this way, all EHR research databases
could become compatible and multiuse and lead to substantial expansion of
the clinical research activities of NIH, AHRQ, CDC, and FDA. In addition,
NIH and FDA clinical studies could be integrated into national computer-
searchable databases, and Medicare’s evidence development requirements
for coverage could be expanded into a national EHR-based model system
for evaluating new technologies. Leadership and stable funding are needed
as well as a new way of thinking about sharing data.

Developing the Test Bed: Linking Integrated Service Delivery Systems

Many extensive research networks have been established to conduct
clinical, basic, and health services research and to facilitate communication
between the different efforts. The scale of these networks ranges from lo-
cal, uptake-driven efforts to wide-ranging efforts to connect vast quantities
of clinical and research information. This section explores how various
integrated service delivery systems might be better linked to expand our
nation’s capacity for structured, real-time learning—in effect, developing a
test bed to improve development and application of evidence in healthcare
decision making. The initiatives of two public and two private organiza-
tions serve as examples of the progress in linking research, translational,
and clinical systems. A new series of grants and initiatives from NIH and
AHRQ (NECTAR and Accelerating Change and Transformation in Orga-
nizations and Networks [ACTION], respectively—see below) highlight the
growing emphasis on the need to integrate and communicate the results
of research endeavors. The ongoing activities of the HMO Research Net-
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work and the Permanente Foundation-Council of Accountable Physician
Practices demonstrate that there is considerable interest at the interface
of public and private organizations to further these goals. For each, there
are organizational, logistical, data system, reimbursement, and regulatory
considerations.

NIH and Reengineering Clinical Research

The NIH (http://nihroadmap.nih.gov/) Roadmap for Medical Research
was developed to identify major opportunities and gaps in biomedical
research, to identify needs and roadblocks to the research enterprise, and
to increase synergy across NIH in utilizing this information to accelerate
the pace of discoveries and their translation. Stephen Katz of the National
Institutes of Health explained that a significant aim of this endeavor is to
address questions that none of the 27 different institutes or centers that
make up the NIH could examine on its own, but that could be addressed
collectively. Within this context, there are several initiatives grouped as the
Reengineering the Clinical Research Enterprise components of the Road-
map Initiative. They are oriented around translational science, clinical
informatics, and clinical research network infrastructure and utilization. A
major activity is the Clinical and Translational Science Awards (CTSAs),
which represent the largest component of NIH Roadmap funding for medi-
cal research. The CTSAs are aimed at creating homes that lower barriers
between disciplines, clinicians, and researchers and encourage creative, in-
novative approaches to solve complex medical problems at the front lines of
patient care. A second component is the development of integrated clinical
research networks through formation of the National Electronic Clinical
Trials and Research (NECTAR) network. This initiative includes an inven-
tory of 250 clinical research networks, as well as pilot projects to bring
the NECTAR framework into action for a wide range of disease entities,
populations, settings, and information systems.

AHRQ and the Use of Integrated Service Delivery Systems

Large integrated delivery systems are important as test beds not only
for generating evidence, but for applying it as well. Cynthia Palmer of
the Agency for Healthcare Quality and Research described its program
ACTION, designed to foster the dissemination and adoption of best prac-
tices through the use of demand-driven, rapid-cycle grants that focus on
practical and applied work across a broad range of topics. ACTION is the
successor to the Integrated Delivery System Research Network (IDSRN), a
five-year implementation initiative that was completed in 2005 and is based
on the finding that the organizations that conduct health services research
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are also the most effective in accelerating its implementation. One report
suggested that it may take as long as 17 years to turn some positive research
results to the benefit of patient care (Balas and Boren 2000), so working to
reduce the lag time between innovation and its implementation is another
primary goal of ACTION (see Palmer, Chapter 5). Features among partici-
pating organizations include size (the volume it takes to initiate change and
assess its implementation), diversity (with regard to payer type, geographic
location, and demographic characteristics), database capacity (large, robust
databases with nationally recognized academic and field-based researchers),
and speed (the ability to go from request for proposal to an award in 9
weeks and average project completion in 15 months).

The Health Maintenance Organization Research Network

Health maintenance organizations represent an important resource
for innovative work in testing the effectiveness of new interventions. Eric
Larson of Group Health Cooperative discussed HMORN, a consortium of
15 integrated delivery systems assembled to bring together their combined
resources for clinical and health services research. Together these systems
contain more than 15 million people, and as contained systems, natural
experiments are going on every day. The formal research programs of
HMORN include research centers at each of the participating sites, with a
total of approximately 200 researchers and more than 1,500 ongoing re-
search projects. All sites have standardized and validated datasets, and some
have become standardized to each other. HMORN’s advantages include the
close ties between care delivery, financing, administration, and patients,
which aligns incentives for ongoing improvement of care as well as shared
administrative claims and clinical data, including some degree of electronic
health record (Larson 2006 [July 20-21]). The ongoing research initiatives
are all public interest, nonproprietary, open-system research projects that
include the ability to structure clinical trials with individual or cluster
randomization around real-world care as opposed to the idealized world
of the RCT. These studies can be formed prospectively, with the potential
for longitudinal evaluation. Examples of HMORN’s work toward real-
time learning include post-marketing surveillance and drug safety studies,
population-based chronic care improvement studies, surveillance of acute
diseases including rapid detection of immediate environmental threats, and
health services research demonstration projects.

Council of Accountable Physician Practices

Physicians remain the central decision makers in the nation’s medical
care enterprise. Michael Mustille of the Permanente Federation described

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

shop Summary (IOM Roundtable on Evidence-Based Medicine)

SUMMARY 25

the work of the Council of Accountable Physician Practices (CAPP), orga-
nized in 2002 to enhance physician leadership in improving the healthcare
delivery system. The organization is made up of 35 multispecialty group
practices from all over the United States that share a common vision
as learning organizations dedicated to the improvement of clinical care.
Their features include physician leadership and governance, dedication
to evidence-based care management processes, well-developed quality im-
provement systems, team-based care, the use of advanced clinical informa-
tion technology, and the collection, analysis, and distribution of clinical
performance information (see Mustille, Chapter 5). The formation of CAPP
was initiated because multispecialty medical groups are well-designed learn-
ing systems at the forefront of using health information technology and
electronic health records to provide advanced systems of care. One of the
central organizing principles of CAPP is that physicians are responsible
not only to the patient they are currently treating, but also to a group of
patients, and to their colleagues, to provide the best care and contribute
to the quality of care overall. Mustille described many of the ongoing ac-
tivities of CAPP, including lending medical group expertise and leadership
in the public policy arena, enabling physicians to lead change, facilitating
research, and translating research and epidemiology into actual practice at
the group setting level.

The Patient as a Catalyst for Change

There is a growing appreciation of the centrality of patient involve-
ment as a contributor to positive healthcare outcomes and as a catalyst for
change in healthcare delivery. This session focused on the changing role
of the patient in the era of the Internet and the personal health record. It
explored the potential for increased patient knowledge and participation
in decision making and for expediting improvements in healthcare quality.
It examined how patient accessibility to information could be engaged to
improve outcomes; the roles and responsibilities that come with increased
patient access and use of information in the electronic health record; pri-
vacy assurance and patient comfort as the EHR is used for evidence genera-
tion; and the accommodation of patient preferences. The types of evidence
and decision aids needed for improved shared decision making, and how
the communication of evidence might be improved, were also discussed.
All of these are key issues in the emergence of a learning healthcare system
focused on patient needs and built around the best care.
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The Internet, eHealth, and Patient Empowerment

Information technology (IT) has the potential to support a safer, higher-
quality, more effective healthcare system. By offering patients and health-
care consumers unprecedented access to information and personal health
records, IT will also impact patient knowledge and decision making. Janet
Marchibroda, from the eHealth Initiative, offered an overview of federal,
state, and business initiatives contributing to the development of a national
health information network that aims to empower the patient to be a
catalyst for change and drive incentives centered around value and per-
formance. For example, the National Coordinator for Health Information
Technology was established to foster development of a nationwide interop-
erable health information technology (HIT) infrastructure, and about half
of the states have either an executive order or a legislative mandate in place
that is designed to stimulate the use of HIT. Employers, health plans, and
patient groups are also engaged in various cooperative initiatives to develop
a standardized minimum data content description for electronic health
records, as well as the processing rules and standards required to ensure
data consistency, data portability, and EHR interoperability. Most consum-
ers—60 percent according to an eHealth Initiative survey (see Marchibroda,
Chapter 6)—are interested in the benefits that personal and electronic
health records have to offer and would utilize tools to mange many aspects
of their health care. While Marchibroda felt that the United States is not yet
at the point of a consumer revolution in shaping health care, it is clear that
the patient is an integral part of expediting healthcare improvements and
that the Internet and EHR-related tools will facilitate this progress.

Joint Patient-Provider Management of the Electronic Health Record

As patients, family members, other caregivers, and clinicians all be-
gin viewing, using, contributing to, and interacting with information in
the personal and electronic health record, new roles and responsibilities
emerge. Andrew Barbash of Apractis Solutions noted that moving toward
true patient-provider collaboration in health care may be less a data and
infrastructure issue than a communication issue. What is needed is not the
organization’s view of how to communicate with patients, but the patients’
view of how to communicate with the organization. Personal health re-
cords are only a small piece of the consumer’s world; and the technologies,
demographics, and knowledge base are constantly changing, creating a
very complex dynamic to navigate when making shared and often complex
decisions about health care. A first obligation is defining what different
users need to know, how best to convey this information to them, and
what information models will be most useful. Existing collaboration tools
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are “web-centric,” but the next step is to leverage the web as a vehicle for
becoming “communication-centric.” There is significant potential for the
Internet and EHRs to bring about changes in patient-provider communica-
tion and collaboration that will require forethought regarding the processes
for governing, shared privacy management, liability, and self-education.

Evidence and Shared Decision Making

When medical evidence is imperfect, and its application must account
for preferences, a collaborative approach by providers and patients is es-
sential. James Weinstein of Dartmouth described what has been learned
about discerning patient preferences as a part of shared decision making.
Variation in care is a common feature of the healthcare system (Figure S-2).
In emergency situations, such as hip fracture, patients both understand and
desire the need for specific, directed intervention, and the choice to have a
specific treatment is all but decided. However for other conditions such as
chronic back pain, early-stage breast or prostate cancer, benign prostatic en-
largement, or abnormal uterine bleeding, the decision to have a medical or
surgical intervention is less clear and the path of watchful waiting is often
an option. When patients delegate their decision making to their physicians,
which is generally the case, the decisions often reflect providers’ options
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FIGURE S-2 Profiles of variation for 10 common (surgical) procedures.
SOURCE: Dartmouth Atlas Healthcare.
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rather than patients’. One result is that the likelihood of having a prosta-
tectomy or hysterectomy varies two- to fivefold from one region to another;
that is, “geography is destiny” (Wennberg and Cooper 1998; Wennberg et
al. 2002). Many of these are “preference-sensitive” decisions, with the best
choice depending on a patient’s values or preferences, given the benefits and
harms and the scientific uncertainty associated with the treatment options.
The Shared Decision Making Center at the Dartmouth-Hitchcock Medical
Center seeks to engage the patient in these decisions by better informing
patient choice through the use of interactive decision aids. One example
given by Weinstein is SPORT (Spine Patient Outcomes Research Trial), a
novel practical clinical trial that utilizes shared decision making as part of
a generalizable, evidence-based enrollment strategy. Patients are offered
interactive information about treatments and then offered enrollment in a
clinical trial; those with strong treatment preferences who do not want to
enter the RCT are asked to enroll in a cohort study. Shared decision making
of this sort can lead to improved patient satisfaction, improved outcomes,
and better evidence.

Training the Learning Health Professional

In a system that learns from data collected at the point of care and ap-
plies the lessons to patient care improvement, healthcare professionals will
continue to be the key components at the front lines, assessing the needs,
directing the approaches, ensuring the integrity of the tracking and quality
of the outcomes, and leading innovation. However, what these practitioners
will need to know and how they learn will change dramatically. Orienting
practice around a continually evolving evidence base requires new ways
of thinking about how to create and sustain a healthcare workforce that
recognizes the role of evidence in decision making and is attuned to life-
long learning. Our current system of health professions education offers
minimal integration of the concepts of evidence-based practice into core
curricula and relegates continuing medical education to locations and top-
ics distant from the issues encountered at the point of care. Advancements
must confront the barriers presented by the current culture of practice and
the potential burden to practitioners presented by the continual acquisition
and transfer of new knowledge. Opportunities identified by presentations in
this session include developing tools and systems that embed evidence into
practice workflow, reshaping formal educational curricula for all healthcare
practitioners, and shifting to continuing educational approaches that are
integrated with care delivery and occur each day as a part of practice.
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The Electronic Health Record and Clinical Informatics as Learning Tools

As approaches shift to individualized care, changes will be needed in
the roles and nature of the learning process of health professionals. William
Stead from Vanderbilt University discussed the use of informatics and the
EHR to bring the processes of learning, evidence development, and applica-
tion into closer alignment by changing the practice ecosystem. Currently,
the physician serves as an integrator, aggregating information, recognizing
patterns, making decisions, and trying to translate those decisions into
action. However, the human mind can handle only about seven facts at
a time, and by the end of this decade, there will be an increase of one or
two orders of magnitude in the number of facts needed to coordinate any
given medical encounter (Stead 2006 [July 20-21]). Future clinical decision
making will need not just a personal health record but a personal health
knowledge base that is an intelligent integration of information about the
individual with evidence related to that individual, presented in a way that
lets the provider and the patient make the right decisions. Also necessary
is a shift from an educational model in which learning is a just-in-case
proposition to one in which it is just-in-time—that is, current, competent,
and appropriate to the circumstance. A model for a learning process, con-
tinuous learning during performance, details how learning can use targeted
curricula to drive competency and outcomes. The potential uses of the EHR
to manage information and support learning strategies include data-driven
practice improvement, alerts and reminders in clinical workflow, identifica-
tion of variability in care, patient-specific alerts to change in practice, links
to evidence within clinical workflow, detection of unexpected events and
identifying safety concerns, and large-scale phenotype-genotype hypothesis
generation. These systems will also provide a way to close the loop by
identifying relevant order sets, tracking order set utilization, and routinely
feeding this performance data back into order set development. Achieving
this potential will require a completely new approach, with changes in how
we define the roles of health professionals and how the system facilitates
their lifelong learning (see Stead, Chapter 7).

Embedding an Evidence Perspective in Health Professions Education

Evidence-based practice allows health professionals to deliver care of
high value even within a landscape of finite resources (Mundinger 2006
[July 20-21]). With rapid advances in medical knowledge, teaching health
professionals to evaluate and use evidence in clinical decision making
becomes one of the most crucial aspects of ensuring efficacy of care and
patient safety. To adequately prepare the healthcare workforce, their train-
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ing must familiarize them with the dynamic nature of evolving evidence
and position them to contribute actively to both the generation and the
application of evidence through healthcare delivery. Mary Mundinger from
the Columbia University School of Nursing presented several examples of
curricula currently used at Columbia University by the medical, nursing,
and dentistry schools to educate their students about evidence. One suc-
cessful approach taken by the Columbia Nursing School was to adopt
translational research as a guiding principle leading to a continuous cycle
in which students and faculty engage in research, implementation, dissemi-
nation, and inquiry. This principle extends beyond the traditional linear
progression of research from the bench to the bedside and also informs
policy and curriculum considerations. Topics emphasized in these curricula
included developing the skills needed to become sophisticated readers of
the literature; understanding the different levels of evidence; understanding
the relationship between design methods and conclusions and recommenda-
tions; understanding the science; knowing how care protocols evolve; and
knowing when to deviate from protocols because of patient responses. To
take advantage of a workforce trained in evidence-based practice, changes
are needed in the culture of health care to emphasize the importance of
evidence management skills (see Mundinger, Chapter 7).

Knowledge Translation: Redefining Continuing Education

Evidence-based practice will require a shift in medical thinking that
deemphasizes personal expertise and intuition in favor of the ability to
draw upon the best available evidence for the situation, in an environ-
ment in which knowledge is very dynamic. Mark Williams from Emory
University described the potential role of continuing education in such a
transformation. Continuing medical education (CME) seeks to promote
lifelong learning in the physician community by providing opportunities
to learn current best evidence. However, technology development and the
creation of new knowledge have increased dramatically in both volume
and pace (Figure S-3), nearly overwhelming practicing clinicians (Williams
2006 [July 20-21]). While CME aims to alleviate this burden, the current
format is based on a static model of evidence development that will become
increasingly inadequate to support the delivery of timely, up-to-date care.
New approaches to CME are being developed to engage these critical di-
mensions of a learning system. One variation is the knowledge translation
approach in which CME is moved to where care is delivered and is targeted
at all participants—patients, nurses, pharmacists, and doctors—and the
content consists of initiatives to improve health care (Davis et al. 2003). By
emphasizing teamwork and pulling physicians out of the autonomous role
and into collaborations that are cross-departmental and cross-institutional,
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new approaches to CME support the necessary culture change and help
shift toward practice-based learning that is integrated with care delivery
and is ongoing.

Structuring the Incentives for Change

A fundamental reality in the prospects for a learning healthcare system
lies in the nature of the incentives for inducing the necessary changes. In-
centives are needed to drive the system and culture changes, as well as to
establish the collaborations and technological developments necessary to
build learning into every healthcare encounter. Public and private insurers,
standards organizations such as the National Committee for Quality As-
surance (NCQA) and the Joint Commission (formerly JCAHO), and manu-
facturers have the opportunity to shape policy and practice incentives to
accelerate needed changes. Incentives that support and encourage evidence
development and application as well as innovation are features of a learn-
ing healthcare system. Change can be encouraged through incentives at all
layers—giving providers incentive to use established guidelines and drive
better outcomes; giving healthcare delivery systems incentives for increased
efficiency; giving manufacturers and developers incentives for bringing the
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safest, most effective and efficient products to market; and giving patients
incentives for increased engagement as decision-making participants.

Opportunities for Private Insurers

Ultimately, the strongest incentives are economic, and a variety of
opportunities exist for insurers to structure payment approaches that en-
courage both the development of evidence and the application of the best
available evidence. Alan Rosenberg of Wellpoint discussed several induce-
ments through the services and methodologies included in physician and
hospital reimbursement: the structure of benefit plans; the encouragement
of technology use, including the EHR; rewarding the capacity to generate
evidence as a by-product of care; and adoption of a consumer-focused
healthcare policy. With respect to physician and hospital reimbursement,
there is an increasing trend for payment for care associated with clinical tri-
als, with participation in national registries, or in conjunction with centers
of excellence, including aligning policies with the investigational processes
(Rosenberg 2006 [July 20-21]). These shifts provide an opportunity for
private insurers to participate in evidence development, both in cover-
age decision making and in willingness to provide data for these efforts.
Rosenberg also supported the use of claims data analysis by private insurers
to support evidence development. For example, the use of pharmacy claims
data allows for one form of post-marketing surveillance that can provide
valuable insights into both the safety and the effectiveness of drugs when
used on a large scale. Claims data analysis can also drive quality improve-
ment initiatives. Hurdles to progress noted include large dollar court settle-
ments that do not align with evidence; desire to avoid these public court
proceedings; and lack of trust between the consumer, medical community,
and insurers.

Opportunities for CMS

As the world’s largest health insurer, the Centers for Medicare and
Medicaid Services has the greatest potential to enhance the role of evi-
dence development and application in medical care. Steve Phurrough from
CMS pointed out that the agency has fundamentally two mechanisms to
influence healthcare behavior: using the system of payment to direct what
people do in practice, and using regulatory responsibilities and authorities
to require system changes. In the latter respect, better use of claims data can
bring about significant changes in how healthcare services are evaluated.
The movement of claims data from ICD-9 (International Classification of
Diseases, Ninth Revision) to ICD-10 will help bring a greater level of detail
to diagnoses and procedures than is currently available and help provide
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greater resolution of the information gleaned from these data. In addition
to pay-for-performance, there is also the concept of pay-for-reporting, cur-
rently under way in several examples under the Coverage with Evidence
Development initiative at CMS. These efforts have allowed the evaluation
of data demonstrating effects and outcomes that would not have been
foreseen by RCTs. There is a leadership role for government as individual
policies are implemented, with the expectation that some key decisions
made in the setting of CMS will be adopted in other settings. To make every
healthcare experience a learning experience, technologies will have to be
adopted, some of which can be encouraged by CMS. There will also have
to be an understanding and acceptance of methodologies for collecting data
in a form that is not the randomized controlled trial.

Opportunities for Pharmaceutical Companies

Healthcare product manufacturers are major sponsors of the collection
of evidence important to better understanding the effectiveness of diagnos-
tic and treatment interventions. The pre-market requirements for testing of
efficacy and safety represent the most obvious contribution, but it is also
possible for manufacturers to structure their studies in a fashion that might
better anticipate some of the issues about effectiveness and efficiency that
are important for coverage decisions and a smooth transition to the post-
market surveillance phase. Wayne A. Rosenkrans of AstraZeneca pointed
out that when assessing the comparative effectiveness of various therapeutic
options, all of the evidence needed to fully assess the options is rarely avail-
able to decision makers. In the face of insufficient information, the decisions
often seem arbitrary and the rules seem unclear from the manufacturers’
perspective. Rosenkrans felt that greater clarity is needed on the standards
of evidence to be met for different purposes, as well as greater transparency
in the process of how evidence is used to make reimbursement and treat-
ment guidelines decisions. With respect to investment in comparative out-
comes research, one of the barriers is the presumption that manufacturers,
to ensure credibility, must employ a traditional clinical trial approach, yet
that approach may be both impractical and prohibitively expensive. There
is a need to develop either a credible third party to help make those deter-
minations or some other creative approach to this problem. One possibility
might be an industry-wide approach to evidence-based drug development,
in which the creation of effectiveness data, in addition to efficacy and safety
data, is a central component of the process of drug development—rather
than an afterthought or part of post-marketing surveillance. Especially
with the pending developments in information technology, electronic health
records, biomarkers, surrogate markers, and simulations, this may be the
time to explore new approaches.
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Opportunities for Standards Organizations

When it comes to improving medical care, the notion that what gets
measured gets done raises the issue of what to measure and how to judge
the result. Margaret O’Kane of the National Committee for Quality As-
surance discussed the relationships between new approaches to evidence
development and accountability for quality. In order to achieve the goal
of improvement through standards and measurement, several parameters
are combined for accreditation, including standards for structural and pro-
cedure activities, means to ensure consumer protection, measures of care
received (the Health Plan Employer Data and Information Set [HEDIS]),
and the evaluation of consumer satisfaction and experience (Consumer As-
sessment of Health Providers and Systems [CAHPS]). New efforts include
metrics for physician practices, to accomplish for physician practice what
has been done for health plans through pilot programs across the coun-
try. Despite this progress, O’Kane noted that there are significant gaps in
measurement initiatives as a result of lack of funding, lack of evidence,
failure to develop consensus, unusable guidelines, and lack of interest on
the part of some payers. Standards organizations then have a strong stake
in efforts to generate better evidence, and they can both provide incentives
for its application and, through the monitoring process, add to the body
of evidence.
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Hints of a Different Way—
Case Studies in Practice-Based Evidence

OVERVIEW

The Institute of Medicine Roundtable on Evidence-Based Medicine
seeks “the development of a learning healthcare system that is designed
to generate and apply the best evidence for the collaborative healthcare
choices of each patient and provider; to drive the process of discovery as a
natural outgrowth of patient care; and to ensure innovation, quality, safety,
and value in health care” (Roundtable on Evidence-Based Medicine 2006).
Generating evidence by driving the process of discovery as a natural out-
growth and product of care is the foundational principle for the learning
healthcare system. This has been termed by some “practice-based evidence”
(Greene and Geiger 2006). Practice-based evidence focuses on the needs of
the decision makers, and narrowing the research-practice divide by identify-
ing questions most relevant to clinical practice and conducting effectiveness
research in typical clinical practice environments and unselected popula-
tions (Clancy 2006 [July 20-21]).

This chapter highlights several examples of the use of healthcare ex-
perience as a practical means of both generating and successfully applying
evidence for health care. In the first paper, Peter B. Bach discusses how
the Coverage with Evidence Development policy at Centers for Medicare
and Medicaid Services (CMS) has aided the development of important evi-
dence on effectiveness for a range of interventions, including lung volume
reduction surgery (LVRS), PET (positron emission tomography) scanning
for oncology, and implantable cardioverter defibrillators. By identifying
information needed for improved understanding of intervention risks and
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benefits and designing appropriate trials or mechanisms to accumulate such
evidence, CMS has accelerated access to health innovations. Moreover, gen-
eration of needed evidence from clinical practice is a means to better inform
some of the many difficult clinical decisions inherent to medical practice.
In the specific case of LVRS, the work of CMS identified an unproven ap-
proach that could have had an adverse impact on many patients before
enough evidence was collected. By taking the lead, CMS helped develop
timely information useful to other payers, clinicians, and patients.

Many risks or benefits of health technologies are not evident when
initially introduced into the marketplace, and Jed Weissberg demonstrates
the value of collecting, linking, and utilizing data for pharmacovigilance
purposes in his paper on Kaiser Permanente’s use of accumulated data for
a post-market evaluation of cyclooxygenase-2 (COX-2) inhibitors. In this
case, analysis was hypothesis driven and Weissberg notes that substantial
work is needed to achieve a system in which such insights are generated
customarily as a by-product of care. For such a transformation, we must
improve our ability to collect and link data but also make the organiza-
tional and priority changes necessary to create an environment that values
“learning”—a system that understands and values data and has the re-
sources to act upon such data for the betterment of care.

Stephen Soumerai discusses the potential for quasi-experimental study
designs to inform the entire process of care. His examples highlight well-
designed studies that have been used to analyze health outcomes and
demonstrate unintended consequences of policy decisions. He notes that
widespread misperception of observational trials belies their strength in
generating important information for decision making. Sean Tunis expands
this argument by illustrating how practical clinical trials (PCTs) could
serve as an effective means to evaluate issues not amenable to analyses by
randomized controlled trials (RCTs), using the example of a PCT designed
to evaluate the use of PET for diagnosing Alzheimer’s disease. Alan H.
Morris’ work with computerized protocols—termed adequately explicit
methods—demonstrates the considerable potential for such protocols to
enhance a learning healthcare system. In his example, protocols for control-
ling blood glucose with IV insulin (eProtocol-insulin) provide a replicable
and exportable experimental method that enables large-scale complex clini-
cal studies at the holistic clinical investigation scale while reducing bias and
contributing to generalizability of trial results. These protocols were also
integrated into clinical care electronic health records (EHRs) demonstrating
their utility to also improve the translation of research methods into clinical
practice. Additionally, they could represent a new way of developing and
distributing knowledge both by formalizing experiential learning and by
enhancing education for clinicians and clinical researchers.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

shop Summary (IOM Roundtable on Evidence-Based Medicine)

HINTS OF A DIFFERENT WAY 39

COVERAGE WITH EVIDENCE DEVELOPMENT

Peter B. Bach, M.D., M.A.P.P.!
Centers for Medicare and Medicaid Services

Coverage with Evidence Development (CED) is a form of National
Coverage Decision (NCD) implemented by CMS that provides an op-
portunity to develop evidence on the effectiveness of items or services that
have great promise but where there are potentially important gaps between
efficacy and effectiveness, the potential for harm without benefit in sub-
populations, or an opportunity to greatly enrich knowledge relevant to
everyday clinical decision making. Most Medicare coverage determinations
are made at a local level through carriers and fiscal intermediaries under
contract with CMS. However, a few times each year, an NCD is made at
the central level that dictates coverage policy for the entire country.

Whether the coverage determination is made locally or through an
NCD, these determinations are based on historical data regarding the risks
and benefits of items or services. Once coverage decisions are made, Medi-
care very rarely evaluates utilization, whether or not beneficiaries receiving
the services are similar to those studied, or assesses whether outcomes of
the covered services match those in the reports used to make the deter-
mination. At the extreme, there are many instances in Medicare coverage
where determinations are made regarding coverage based on a brief trial
of a handful of volunteer research subjects and then the service is provided
to hundreds of thousands of patients for a far greater duration, where the
patients are also more elderly and have a greater degree of comorbid illness
than any of the patients included in the original study. This lack of infor-
mation collection about real-world utilization and outcomes, the potential
for differences between effectiveness and efficacy, and different trade-offs
between benefits and risks is viewed by many as an important “forgone
opportunity” in health care.

CED aims to integrate further evidence development into service deliv-
ery. Technically, CED is one form of “coverage with restrictions,” where the
restrictions include limiting coverage to specific providers or facilities (e.g.,
the limitation on which facilities can perform organ transplants), limiting
coverage to particular patients, or in the case of CED, limiting coverage
to contexts in which additional data are collected. From an implementa-
tion standpoint, CED requires that, when care is delivered, data collection
occurs. Not a requirement of CED per se, but an expectation of it, is that

'Dr. Bach is an attending physician at Memorial Sloan-Kettering Cancer Center in New
York City. He served as senior adviser to the administrator of the Centers for Medicare and
Medicaid Services from February 2005 to November 2006.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

40 THE LEARNING HEALTHCARE SYSTEM

the additional data generated will lead to new knowledge that will be in-
tegrated both into the CMS decision-making process to inform coverage
reconsideration and into the knowledge base available for clinical decision
making. Two case studies illustrate how CED can be used to directly or
indirectly develop evidence that augments healthcare decision-making and
CMS coverage policy.

Specific Examples of CED

The National Emphysema Treatment Trial (NETT), funded by CMS,
was a multicenter clinical trial designed to determine the role, safety, and
effectiveness of bilateral lung volume reduction surgery (LVRS) in the treat-
ment of emphysema. The study had, as a secondary objective, to develop
criteria for identifying patients who are likely to benefit from the procedure.
While conducted prior to the coinage of the term “coverage with evidence
development,” the trial was implemented through a CMS NCD that elimi-
nated coverage of LVRS outside of the trial but supported coverage for the
surgery and routine clinical costs for Medicare beneficiaries enrolled in
the trial. NETT demonstrates how coverage decisions can be leveraged to
directly drive the development of evidence necessary for informed decision
making by payers, physicians, and patients. The trial clarified issues of risk
and benefit associated with the procedure and defined characteristics to help
identify patients who were likely to benefit—information that was incorpo-
rated into the revised CMS NCD on lung volume reduction surgery and had
significant impact on guidance offered for treatment of emphysema.

Emphysema is a major cause of death and disability in the United
States. This chronic lung condition leads to the progressive destruction of
the fine architecture of the lung that reduces its capacity to expand and
collapse normally—leaving patients increasingly unable to breathe. The
presence of poorly functioning portions of the lung is also thought to impair
the capacity of healthy lung tissue to function. For patients with advanced
emphysema, LVRS was hypothesized to confer benefit by removing these
poorly functioning lung portions—up to 25-30 percent of the lung—and re-
ducing lung size, thus pulling airways open and allowing breathing muscles
to return to normal positioning, increasing the room available for healthy
lung function, and improving the ability of patients to breathe. Prior to the
trial, evidence for LVRS consisted of several case series that noted high up-
front mortality and morbidity associated with the surgery and anecdotes
of sizable benefit to some patients. At the time of the NCD, the procedure
was a high-cost item with the operation and months of rehabilitation cost-
ing more than $50,000 on average. Many health economists predicted that
utilization would rise rapidly with tens of thousands of patients eligible for
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the procedure and an estimated cost to Medicare predicted to be as much
as $15 billion per year (Kolata 2006).

Because of the surgery’s risks and the absence of clear evidence on its
efficacy, patient selection criteria, and level of benefit, CMS initiated an
interagency project with the National Heart, Lung, and Blood Institute
(NHLBI) and the Agency for Healthcare Research and Quality (AHRQ).
AHRQ’s Center for Health Care Technology and NHLBI carried out inde-
pendent assessments of LVRS; they concluded that the current data on the
risks and benefits were inconclusive to justify unrestricted Medicare reim-
bursement for the surgery and suggested a trial to assess the effectiveness
of the surgery. NHLBI conducted a scientific study of LVRS to evaluate the
safety and efficacy of the current best available medical treatment alone and
in conjunction with LVRS by excision. CMS funded the routine and inter-
ventional costs. The trial was conducted with the expectation that it would
provide answers to important clinical questions about the benefits and risks
of the surgery compared with good medical therapy, including the duration
of any benefits, and clarification of which subgroups experienced benefit.
Some initial barriers included resistance by the public, which considered it
unethical to pay for some patients but not others to receive treatment.

The trial evaluated four subgroups prespecified by the case series stud-
ies and physiological hypotheses. One group was dropped early (homoge-
neous lung, severe obstruction, very low diffusing capacity) due to severe
adverse outcomes including a high up-front mortality. The other three sub-
groups experienced some level of benefit and patients were followed for two
years. On average, patients with severe emphysema who underwent LVRS
with medical therapy were more likely to function better and did not face
an increased risk of death compared to those who received only medical
therapy. However results for individual patients varied widely. The study
concluded that overall, LVRS increased the chance of improved exercise
capacity but did not confer a survival advantage over medical therapy. The
overall mortality was the same for both groups, but the risk of up-front
mortality within the first three months was significantly increased for those
receiving therapy (Ries et al. 2005). In addition to identifying patients that
were poor candidates for the procedure, the trial identified two character-
istics that could be used to predict whether an individual participant would
benefit from LVRS, allowing clinicians to better evaluate risks and benefits
for individual patients. CMS responded by covering the procedure for all
three subgroups with any demonstrated benefit.

In this case, a well-designed and implemented CED NCD led to the
creation of data that clarified the CMS coverage decision, refined questions
in need of future research, and provided the types of evidence important to
guide treatment evaluation by clinicians (subgroups of patients who might
benefit or be at increased risk from LVRS) and patients (symptoms and
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quality-of-life data not previously available). Such evidence development
led to informal and formative impressions among patients and providers
that caused them to reconsider the intervention’s value. As a result, from
January 2004 to September 2005, only 458 Medicare beneficiaries received
LVRS at a total cost to the government of less than $10.5 million (Kolata
2006).

Alternatively, CED can indirectly provide a basis for evidence develop-
ment. PET is a diagnostic imaging procedure that has the ability to dif-
ferentiate cancer from normal tissue in some patients, and thus can help in
diagnosing and staging cancer and monitoring a patient’s response to treat-
ment. While the available evidence indicated that PET can provide more
reliable guidance than existing imaging methods on whether the patient’s
cancer has spread, more data were required to help physicians and patients
make better-informed decisions about the effective use of PET scanning.

CMS implemented an NCD to cover the costs of PET scanning for
diagnosis, staging, re-staging, and monitoring of cancer patients, with the
requirement that additional clinical data be collected into a registry. This
type of CED allowed CMS to ensure patients would receive treatment ben-
efit and build upon emerging evidence that PET was safe and effective by
creating a platform from which other questions of clinical interest could be
addressed. The NCD articulated questions that could lead to a reevaluation
of the NCD, such as whether and in what specific instances PET scanning
altered treatment decisions or other aspects of management of cancer pa-
tients. CMS required that information about PET scan be submitted to a
registry. The registry then conducted research by following up with physi-
cians to ask why a PET scan was ordered and whether the results of the
PET scan altered disease outcomes. Participating patients and physicians
were given the opportunity to give consent for their data to be used for
research purposes, and other HIPAA (Health Insurance Portability and Ac-
countability Act) issues were avoided by restricting research to the registry.
While such research questions are simple and not likely to be independently
pursued by agencies engaged in broader investigations such as the National
Institutes of Health (NIH), they are typical of the kinds of evidence often
needed to ensure the delivery of appropriate and effective health care.

Overarching Issues Affecting CED

Several overarching issues will affect the long-term viability of CED as
a robust policy that spurs the development of a learning healthcare system.
Of particular interest are the statutory authorities on which CED is based,
the implications for patients who are eligible for services covered under
CED, the role that the private-public interface must play for the learning to
take place, and the issue of capacity in the healthcare system more broadly
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for such data collection, analysis, interpretation, and dissemination. Each
of these issues has been extensively considered in the development of exist-
ing CED determinations, so moving forward the implementation of further
CED determinations should be somewhat more straightforward.

Statutory Authority

In describing CED, CMS released a draft guidance followed by a
final guidance that articulated the principles underpinning CED and the
statutory authorities on which it is based. Both are available on the CMS
coverage web site (www.cms.hhs.gov/coverage). In truth, there are two
separate authorities, depending on the type of CED determination. When
participation in a clinical trial is required as part of coverage, as in the
NETT, the authority being used by CMS is based on section 1862(a)(1)(E)
of the Social Security Act. CMS terms this “Coverage with Clinical Study
Participation (CSP).” This section of the act allows CMS to provide cover-
age for items or services in the setting of a clinical research trial, and the use
of this authority clarifies further that the item or service is not “reasonable
and necessary” under section 1862(a)(1)(A) of the Social Security Act—the
authority under which virtually all routine services are covered. The CED
guidance further articulates that decisions such as NETT, in which cover-
age is provided only within the context of a clinical study, is meant as a
bridge toward a final coverage determination regarding the service being
“reasonable and necessary” under section 1862(a)(1)(A). Coverage, such
as that provided for the PET registry, is based on the 1862(a)(1)(A) section
of the Social Security Act because CMS has made the determination that
the service is reasonable and necessary for the group of patients and indica-
tions that are covered, but that additional data are required to ensure that
the correct service is being provided to the correct patient with the correct
indications. As such, the registry is being used to collect additional data
elements needed to better clarify the details of the service, patient, and
indication. CMS terms this type of CED “Coverage with Appropriateness
Determination” (CAD).

Implications for Patients

Unlike an NCD that provides coverage without restrictions, all NCDs
that include restrictions affect how or where or which beneficiaries can
receive services. As in coverage for organ transplants being provided only
in certain hospitals, CED requires that patients receive services in locales
where evidence can be collected. This limitation may be quite significant in
terms of its effect on access or not significant at all. For instance, the NETT
was conducted at only a handful of centers throughout the United States,
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so Medicare beneficiaries who wanted to receive the service had to travel to
one of these centers and be evaluated. The coverage of fluorodeoxyglucose
(FDG) PET for cancer is also limited to those PET facilities that have put
in place a registry; but in this case, virtually all facilities in the country have
been able to do so relatively easily. Not only can CED in some cases limit
geographic access, but when CED requires clinical research participation,
patients may have to undergo randomization in order to have a chance
to receive the service. In the case of the NETT trial, some patients were
randomized to best medical care instead of the surgery. In general, it is not
unethical to offer services that are unproven only in the context of a clini-
cal trial, when the scientific community is in equipoise regarding the risks
and benefits of the service versus usual care and the data are insufficient
to support a determination that the service is reasonable and necessary.
Sometimes, patients may also be asked to provide “informed consent” to
participate in research as part of CED, as in the NETT. However, patients
have not been required to allow their data to be used for research when
receiving a service such as the FDG-PET scan under CED. Rather, patients
have been able to elect to have their data used for research, or not, but their
consent has not been required for the service to be covered. (Early reports
suggest that about 95 percent of Medicare beneficiaries are consenting to
have their data used for research.) Theoretically, under some scenarios in
which registries are being used to simply gather supplementary medical
information, a requirement for informed consent could be waived due to
the minimal risk posed and the impracticability of obtaining it.

The Private-Public Interaction Necessitated by CED

Because CED leads only to the requirement for data collection, but not
to the requirement for other steps needed for evidence development, such
as data analysis, scientific hypothesis testing, or publication and dissemina-
tion, CED requires a follow-on process to achieve its broader policy goals.
To date, these goals have been achieved through partnerships with other
federal agencies, providers, professional societies, academic researchers,
and manufacturers. For instance, in the NETT, as noted above, the scientific
design of data collection and the analysis and publication of study results
were orchestrated through NHLBI, which engaged and funded investigators
at multiple participating institutions. The involvement of the NHLBI and
investigators from around the country ensured that CED would lead to a
better understanding of the clinical role of LVRS in the Medicare popula-
tion. In the case of the FDG-PET registry, the registry was required by
CED, but was set up through a collaboration involving researchers at sev-
eral academic institutions, and professional societies, to form the National
Oncologic PET Registry (NOPR). These researchers constructed a research
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study design around the CED requirement, such that there is a high prob-
ability that both clinicians and CMS will have a far better understanding
of the role of FDG-PET scans in the management of Medicare patients
with cancer.

Recently, CMS issued another CED decision covering implantable car-
diac defibrillators (ICDs), in which all patients in Medicare receiving ICDs
for primary prevention are required to submit clinical data to an ICD regis-
try. The baseline registry, which captures patient and disease characteristics
for the purpose of gauging appropriateness (i.e., CAD) forms the platform
for a 100 percent sample of patients receiving this device for this indication
in Medicare. The entity running the registry has since engaged other private
payers, cardiologists, researchers, and device manufacturers in order that
a follow-on data collection can be put in place to capture the frequency of
appropriate ICD “firings” (where the device restores the patient’s heart to
an appropriate rhythm). In other words, because CMS requires only the
core data elements to be submitted, evidence development is driven only
indirectly by CED. However, the establishment of the registry mechanism
and baseline data creates the framework for a powerful and important tool
that, if utilized, provides the opportunity to conduct and support the kind
of research necessary for a learning approach to health care.

Capacity

The NETT has been completed, and as previously noted, the results of
the trial substantially altered clinical practice. The FDG-PET registry and the
ICD registry, as well, are still ongoing. These are only two more examples
of how needed clinical evidence could be gathered through the CED to
ensure that the best available information about utilization, effectiveness,
and adverse events is made available to clinicians and policy makers. It is
easy to imagine that for these two decisions, it will not be difficult to find
qualified researchers to analyze the data or journals interested in publishing
the findings. However, these few CED decisions are just a model for what
could theoretically become a far more common process in coverage, not only
at CMS but more broadly. As the healthcare system moves toward increas-
ing standardization of medical information and toward adoption of EHRs
more extensively, better clinical detail should be readily available to satisfy
CAD requirements, and longitudinal data should be readily accessible to
address study questions. At that point, the current scientific infrastructure,
the number of qualified researchers, and the appetite of peer-reviewed jour-
nals for such data analyses may constitute obstacles to a learning healthcare
system. Aware of these potential system-level limitations, were CED to be
implemented more broadly, CMS has cautiously applied the policy in set-
tings where the infrastructure and science were in place or could quickly be
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put into place. Going forward, CMS will likely make relatively few CED
determinations, judiciously choosing those areas of medical care in which
routine data collection could enhance the data on which coverage determina-
tions are made and improve the quality of clinical care.

USE OF LARGE SYSTEM DATABASES

Jed Weissberg, M.D.
Kaiser Permanente Medical Care Program

Integrated delivery systems and health maintenance organizations
(HMOs) have a long history of epidemiologic and health services research
utilizing linked, longitudinal databases (Graham et al. 2005; East et al.
1999; Friedman et al. 1971; Selby 1997; Platt et al. 2001; Vogt et al. 2004).
Research networks currently supported by the government are examining
healthcare interventions in diverse populations, representative of the U.S.
citizenry. Hypothesis-driven research utilizing existing clinical and admin-
istrative databases in large healthcare systems is capable of answering a
variety of questions not answered when drugs, devices, and techniques
come to market. The following case study illustrates the value of collecting,
linking, and utilizing data for pharmacovigilance purposes, outlines key
elements necessary to encourage similar efforts, and hints at changes that
might develop the potential to discover such insights as a natural outcome
of care within a learning healthcare system.

A project using a nested, case-control design to look at the cardiovas-
cular effects of the COX-2 inhibitor, rofecoxib, in a large HMO popula-
tion within Kaiser Permanente (KP) (Graham et al. 2005) demonstrates the
potential value of pharmacoepidemiological research and the opportunities
offered with the advent of much greater penetration of full EHRs to rap-
idly increase knowledge about interventions and delivery system design.
Much can be learned from this case study on what it will take to move
to a learning system capable of utilizing data, so that valid conclusions,
strong enough on which to base action, can be identified routinely. While
the potential for such a system exists, many barriers including technical
data issues, privacy concerns, analytic techniques, cost, and attention of
managers and leaders will need to be overcome.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely used to
treat chronic pain, but this treatment is often accompanied by upper gas-
trointestinal toxicity leading to admission to the hospital for ulcer compli-
cations in around 1 percent of users annually (Graham et al. 2005). This
is due to NSAID inhibition of both isoforms of COX: COX-1, which is
associated with gastro protection as well as the COX-2 isoform, which
is induced at sites of inflammation. The first COX-2 selective inhibitors,
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rofecoxib and celecoxib, were thus developed with the hope of improving
gastric safety. In the five years from the approval and launch of rofecoxib to
its withdrawal from the market, there were signs of possible cardiovascular
risk associated with rofecoxib use.

Using Kaiser Permanente data, Graham et al. examined the potential
adverse cardiovascular effects of “coxibs.” The nested, case-control study
design was enabled by the availability of a broad set of data on Kaiser Per-
manente members, as well as the ability to match data from impacted and
non-impacted members. As a national integrated managed care organiza-
tion providing comprehensive health care to more than 6.4 million residents
in the State of California, Kaiser Permanente maintains computer files of
eligibility for care, outpatient visits, admissions, medical procedures, emer-
gency room visits, laboratory testing, outpatient drug prescriptions, and
mortality status for all its members. While the availability of prescription
and dispensing data as well as longitudinal patient data (demographics, lab,
pathology, radiology, diagnosis, and procedures) was essential to conduct
such a study, several other elements related to organizational culture pre-
cipitated and enabled action.

The organization and culture of KP created an environment that can be
described as the “prepared mind” (Bull et al. 2002). The interest of clini-
cians and pharmacy managers in the efficacy, safety, and affordability of
the entire class of COX-2 drugs had resulted in the relatively low market
share of COX-2 drugs within KP NSAID use (4 percent vs. 35 percent in the
community, Figure 1-1). This 4 percent of patients was selected based on a
risk score developed in collaboration with researchers to identify appropri-
ate patients for COX-2 therapy (Trontell 2004). Of additional importance
to the investigation was the presence of a small, internally funded group
within KP—the Pharmacy Outcomes Research Group (PORG)—with ac-
cess to KP prescription information and training in epidemiology. These
elements were brought together when a clinician expressed concern about
the cardiovascular risk associated with COX-2 drugs and suggested that
KP could learn more based on its own experiences. A small grant from the
Food and Drug Administration (FDA), combined with the operating bud-
get of the PORG, enabled the authors to design and execute a case-control
study. The study concluded that rofecoxib usage at a dose greater than 25
mg per day increased the risk of acute myocardial infarction (AMI) and
sudden cardiac death (SCD). Additional insights of the study pointed to the
differences between other NSAIDs and the inability to assume cardiovas-
cular safety for other COX-2 drugs. The conduct of this study contributed
to the FDA’s scrutiny of rofecoxib, which resulted in the manufacturer’s
decision to withdraw the drug from the marketplace. In addition, the initial
release of the study abstract stimulated similar analyses that clarified the
clinical risks associated with this drug class and illustrated the gap between
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FIGURE 1-1 COX-2 market share within overall NSAID use: Kaiser Permanente
and Community.

marketing promises and real-world outcomes. Similar observational studies
conducted elsewhere, some including propensity scoring, have confirmed
these results. In addition, a meta-analysis of related observational studies
was also conducted and offers a promising method for strengthening the
credibility of observational studies.

As we implement EHRs widely throughout the healthcare system, we
will have unprecedented opportunities for data capture. Well-designed func-
tionalities will allow generation of data, whether coded or though analysis
of free text, as a by-product of the usual documentation of care. The ben-
efits are obvious: detection of rare events or other insights that do not read-
ily emerge from pre-marketing studies with small sample sizes, comparisons
of practice to gain insights into what factors drive variation in outcomes,
the creation of tools to track the dissemination of new technologies and
health impacts, real-time feedback systems to improve healthcare system
design, safety, and management, and the collection of data demonstrating
compliance in process—which will provide the opportunity to demonstrate
proof of the value of adherence to evidence-based guidelines. All these are
critical elements as we move to a system of evidence-based medicine and
management.

The accumulation and availability of data, however, is simply a start,
and much work will need to be done to resolve methodological issues to
ensure that the data are comprehensive and of high quality. For example,
current managed care databases do not include over-the-counter medi-
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cations and have incomplete information on potential confounders. The
experience of Kaiser Permanente in establishing such databases indicates
that the technical challenges are manifold. Within KP, epidemiologists and
clinical researchers have indicated that missing data, particularly in regis-
tries, complicate analysis, and relevant data often are not collected. In KP’s
migration to a common EHR platform (Garrido et al. 2005) we discovered
more than 12 different ways to code for gender, so standards will have to
be set on even the most basic level to encourage the use of consistent data
definitions. Clinicians will need to adhere to certain charting conventions
in order to find relevant data, because many EHRs allow storage of the
same coded or free text data elements in multiple locations. Various studies
have documented that while EHR data can be richer than routine claims
data, even EHR data can misclassify patients based on the gold standard
of combining such data with careful, expert review of free text medical
documentation (Persell et al. 2006).

Other ongoing challenges will be how to define cases and “normal
ranges” for things such as viral load or different laboratory assay systems.
Standardized nomenclature and messaging (e.g. SNOMED, LOINC, HL7)
are vital. Additionally, unlike in clinical trials, the timing of data collection
for registries and in clinical practice varies. Therefore, as we shift to col-
lection of data as part of patient care, nonstandard time points will be a
variation that will increasingly compound the issue of missing data. Qual-
ity-of-life and functional surveys are essential to evaluating outcomes of
care. Routine administration via multiple modalities, storage, and associa-
tion with clinical events will require standardized input from patients that
still poses a challenge for current EHRs.

Finally, it will be necessary to ensure that the data are captured and
routinely available in a timely fashion. In this respect, HIPAA is an issue
as well as proprietary data relating to maintaining business advantage. For
example, at KP, our use of various pharmaceuticals and our ability to move
market share are critical in maintaining affordability for our membership.
These are not data that we share lightly. We also use registry data from our
total joint implant experience to drive purchasing decisions from implant
vendors. Timeliness is another concern. Even something as basic as iden-
tifying when a patient dies is not straightforward. Via Social Security and
Medicare death tapes, with reasonable accuracy we can determine deaths
within four months of occurrence for our Medicare beneficiaries. However,
death of commercial members may not appear in state death files reliably
for several years.

While standardization will make data amenable to comprehensive data
analysis, an even greater challenge will be to create a learning system in
which meaningful insights emerge organically. Currently, data mining is
the source of hundreds of associations, but analysis is most efficiently done
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when a particular hypothesis is pursued. Non-hypothesis-driven analysis
will likely yield far more false positive associations than true positives, and
each association might require further study. While improved methods or
search capacity may partially alleviate this problem, there will need to be
thought regarding how to prioritize which findings merit further study.
Moreover, these analyses will take time, interest, and money; so as we
think about expanding our capacity to conduct such research, we also need
to ensure that we develop the funding resources and expertise necessary
to pursue these associations. While federal, pharmaceutical, and health
provider funding exists for such studies, it is often driven by regulatory
requirements, business needs, or the specific interests of researchers and will
not be adequate for exploratory approaches to data mining.

Reaping the benefits of large, linked systems of EHRs will require more
work on interoperability, data definitions, and statistical techniques. Mak-
ing health information technology (HIT) truly interoperable will require
testing, utilization of standardized nomenclatures, and vendor cooperation.
Users of EHRs will have to learn to document consistently in order to best
aggregate data among sites of care. Also, we probably will have to develop
more robust natural language processing algorithms in order to glean im-
portant medical information from noncoded sections of the EHR. However,
as this case study reveals, data are only the means to an end. Data collection
must be embedded within a healthcare system, like Kaiser’s, that can serve
as a prepared mind—an environment in which managers and clinicians are
trained to discern patterns of interest and work within a system with the
inclination, resources, and capacity to act upon such findings (Garrido et al.
2005). We already have the opportunity to build upon the many analyses
being done for the varied purposes of quality improvement (QI), quality
assurance (QA), utilization studies, patient safety, and formal research;
however, only prepared minds can see patterns and data of interest beyond
their own inquiries, and only a system that understands and values data
will act on it for the betterment of patient care.

QUASI-EXPERIMENTAL DESIGNS FOR POLICY ASSESSMENT

Stephen Soumerai, Sc.D.
Harvard Medical School and Harvard Pilgrim Health Care

Although randomized controlled trials produce the most valid esti-
mates of the outcomes of health services, strong quasi-experimental designs
(e.g., interrupted time series) are rigorous and feasible alternative methods,
especially for evaluating sudden changes in health policies occurring in
large populations (Cook and Campbell 1979). These methods are currently
underutilized but have the potential to inform and impact policy decision
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making (Wagner et al. 2002). These case examples illustrate the applica-
tion of such designs to the quality and outcomes of care and demonstrate
how these studies influence state and national health policies, including the
Medicare drug benefit. These case studies will focus on evaluation of the
unintended impacts of statewide pharmaceutical cost containment policies,
and how quasi-experimental design can contribute to the understanding
and modification of health policy. Since randomization of health policies is
almost never feasible (Newhouse et al. 1981), quasi-experimental designs
represent the strongest methods for evaluating policy effects.

We often speak of randomized controlled trials as the gold standard in
research design to generate evidence and of other trial designs as alternatives
to RCTs. These many alternative designs, however, should not be grouped
together as “observational studies” because they provide vastly different
ranges of validity of study conclusions. For example, we have previously
reported that the weakest nonexperimental designs, such as uncontrolled
pre-post designs or post-only cross-sectional designs frequently produce
biased estimates of policy impacts (Soumerai et al. 1993; Soumerai 2004).
However, there are several strong quasi-experimental designs that have been
effectively used to evaluate health policies and thereby affect policy decision
making. These methods have been used to analyze health services, but here,
we will focus on the evaluation of health policy (Park 2005). Two strong
quasi-experimental designs are the pre-post with non-equivalent control
group design that observes outcomes before and after an intervention in a
study and comparison group and the interrupted time series design with and
without comparison series. Such designs, when carefully implemented, have
the potential to control for many threats to validity, such as secular trends.
Although these designs have been used for many decades, they are not of-
ten applied, in part because they are not emphasized in medical and social
science training. Because these are natural experiments that use existing
data and can be conducted in less time and expense than many RCTs, they
have great potential for contributing to the evidence base. The following
case studies will focus on the use of one of the strongest quasi-experimental
designs, the interrupted time series design.

Health policy interventions can be analyzed using interrupted time
series using segmented, linear regression. The interrupted time series (ITS)
method assumes that the counterfactual experience of patients—or the
trend had the policy not been implemented—is reflected by the extrapola-
tion of the pre-policy trend. Changes in level of slope after the intervention
as well as the immediate magnitude of change following implementation
can give information on the effect of the intervention measured as a discon-
tinuity in the time-series as compared with the counterfactual or extrapo-
lation of the baseline trend (Figure 1-2). Because of the use of a baseline
trend, one can actually control for a number of threats to validity such as
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FIGURE 1-2 Hypothetical changes in level and slope of a time-series. Assumption:
the (counterfactual) experience of patients, had the policy not been implemented, is
correctly reflected by the extrapolation of the pre-policy trend.

history (e.g., ongoing changes in medical knowledge and practice), matura-
tion (e.g., aging of the study population), and changing composition of the
study population.

A good illustration of this, using real-world data, was a study that
looked at the effects of a Medicaid drug coverage limit (cap) in New
Hampshire on use of essential and nonessential drugs (Soumerai et al.
1987) (see Figure 1-3). After implementation of the cap, prescriptions filled
by chronically ill Medicaid patients in New Hampshire dropped sharply
and affected both essential (e.g., cardiac and antidiabetic) and nonessential
drugs. The time series clearly shows a 46 percent sudden reduction in the
level of medication use from the pre-intervention trend, and an immediate
increase in both level and trend when the policy was suspended, adding to
the internal validity of the findings (off-on-off design). A similar approach
was used to look at the effects of this drug cap on nursing home admissions.
Segmented survival analysis shows that this policy increased nursing home
admissions among chronically ill elderly (Soumerai et al. 1991). Taken
together, these data indicate the intended and unintended consequences
of this policy. Similar work has been done on schizophrenia, in which the
limitations on drug coverage affected the use of psychotropic agents and
substantially increased utilization of acute mental health services intended
to treat psychotic episodes among patients with schizophrenia (Soumerai
et al. 1994). The Medicaid costs of such increased treatment exceeded the
drug savings from the cap by a factor of 17 to 1. Similar time series data
again show the remarkable and unintended consequences of this policy.

These types of studies can clearly provide good evidence for the effec-
tiveness of health policies but they also have a significant effect on policy.
While this is somewhat unusual for most academic research, the impact of
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FIGURE 1-3 Time series of constant-size Rxs per continuously eligible patient
per month among multiple drug recipients (N = 860) and other outpatients (N =
8,002).

SOURCE: Soumerai et al. New England Journal of Medicine 1987; 317:550-556.
Copyright 1987 Massachusetts Medical Society.

this study has in part supported the decision of six states and several coun-
tries in changing their health policy, was instrumental in developing reports
from public advocacy groups such as the National Alliance on the Mentally
III (NAMI) and the AARP to make the case for adequate drug benefits, and
contributed to more rational state policy decisions. Recently, these data
were used by CMS as evidence to support subsidies for up to 5 million poor
or near-poor Medicare beneficiaries to achieve greater economic access to
medications in the Medicare drug benefit (Tunis 2005). The policy impact
of these studies was due, in part, to their very visible effects and because
they produced usable and understandable information for policy makers. A
key need however will be a system that values and actively seeks out such
information. These data had significant impact but required the efforts of
individuals who were trained to recognize the value of such data and able
to reach out and find results that were relevant to their decision making
(Soumerai et al. 1997). Based on the data reported in these two natural ex-
periments (Soumerai et al. 1991; Soumerai et al. 1994), if the findings were
applied to all 18 states with drug benefit caps today, it might be possible to
reduce hundreds or thousands of nursing home admissions and psychotic
episodes, while reducing net government health expenditures.
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These types of quasi-experimental studies can answer a range of ques-
tions in the field of health services research and pharmacoepidemiology,
and the use of interrupted time series designs is increasing (Smalley 1995;
Tamblyn et al. 2001; Ray et al. 2003). One example is a study done by
Tamblyn et al., in which interrupted time series analysis looked at the effect
of changes in cost sharing on the elderly and welfare populations in Quebec
in terms of the use of essential and nonessential drugs, rate of emergency
department visits, and serious adverse events associated with reductions
in drug use before and after policy implementation. The study, which has
significant application to the Medicare drug benefit in the United States,
showed that increased cost sharing led to a reduction in use of essential
drugs, particularly among the adult welfare population. This was associated
with higher rates of serious adverse events and emergency department (ED)
visits. The findings of this study, combined with public advocacy pressure,
caused the policy of increased cost sharing to be rescinded, with major
impacts on illness and potential mortality. A similar study (Roblin et al.
2005) was used to determine the effects of increased cost sharing on oral
hypoglycemic use and found that within 5 HMOs, an increase of 2$10 in
cost sharing for the intervention resulted in an immediate and persistent
decline in oral hypoglycemic use, which was not observed with smaller
incremental increases (see Figure 1-4).

As a final example of the potential utility of this approach, an inter-
rupted time series (Ross-Degnan et al. 2004; Pearson 2006) examined the
effect of a triplicate prescription policy on the likelihood of benzodiazepine
use in Medicaid patients. To set the background, there are several clinical
issues regarding the utilization of benzodiazapines, which are commonly
used as hypnotics, anxiolytics, and muscle relaxants, but are also used for
seizure and bipolar disorders (APA 1998; Bazil and Pedley 1998; Henriksen
1998). In elderly populations, they are considered to confer an increased
risk for fall—given the side effects—and are controlled substances under
schedule IV of the Drug Enforcement Administration (DEA) conferring
an additional risk of dependence. Thus policies have been enacted to at-
tempt to reduce inappropriate prescribing of this drug class. The study
demonstrated that, upon initiation of a triplicate prescription policy for
benzodiazapines, there was an abrupt reduction in the prescribing of the
entire class of drug, with equal effects on likely appropriate (e.g., short-
term, low-dose) and inappropriate use. Examination of the effect of this
policy by race showed that despite the observation that black populations
were about half as likely to use benzodiazapines to begin with, the triplicate
prescription policy disproportionately affected blacks, with an approxi-
mately 50 percent greater likelihood of prescription stoppage due to the
policy (Pearson 2006) (see Figure 1-5). Thus, while there may be a high rate
of inappropriate use of this class of medication overall, the policy caused
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FIGURE 1-4 Trends in oral hypoglycemic use stratified by level of increased cost-
sharing ($1-$6, $7-$10, and >$10). SOURCE: Roblin et al. Medical Care 2005; 43:
951-959 (www.lww.com).

an unintended decrease in appropriate use of benzodiazepines in a way
that disproportionally affects black populations. This leads to a different
sort of question: Is it ever appropriate to halt the use of an entire class of
drug? Even if 50 percent of the use of that class is inappropriate, the other
50 percent may be very important for the health and well-being of those
patients. To further confound the issue, our study published in the January
2007 issue of the Annals of Internal Medicine shows that the above reduc-
tion in benzodiazepine use among elderly Medicaid or Medicare patients
did not result in any change in rates of hip fracture, which casts doubt on
the conventional wisdom derived from 20 years of epidemiological research
(Wagner et al. 2007 [in press]).

In summary, quasi-experimental design has many benefits and can
clearly delineate effects of policy on health outcomes and healthcare utili-
zation. Interrupted time series designs address many threats to validity. As
natural experiments, these studies are cheaper and faster than RCTs, can
use existing data, and are useful when RCTs are not feasible (e.g., most
policies cannot be randomized). Because analysis often produces very visible
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FIGURE 1-5 Reductions in benzodiazepine use after triplicate prescription policy
among patients living in neighborhoods with different racial compositions.
SOURCE: Pearson et al. Archives of Internal Medicine 2006; 166:572-579. Copy-
right 2006, American Medical Association. All rights reserved.

effects (especially if interventions are applied suddenly) and these visible
effects are often significant, this type of research conveys an intuitive under-
standing of the effects of policy decisions and has had a significant impact
on changing and influencing health policy decisions. The use of comparison
series increases validity and can be used to look at high-risk subgroups
and unintended outcomes. In addition, these studies can also illuminate
the mechanism of these effects, for example, by observing simultaneous
changes in processes (e.g., adherence) and health outcomes (e.g., hospital
admission). Currently much of this research is conducted at the Centers for
Education and Research in Therapeutics and is funded primarily by AHRQ.
More quasi-experimental studies of natural experiments are needed, espe-
cially on the effects of numerous changes in coverage, cost sharing, and
utilization in the Medicare drug benefit. This will require more extensive
training of clinical and social scientists, journal editors, and federal study
sections to recognize the potential strengths of quasi-experimental design
in health policy evaluation. In light of the substantial impact that health
policies can have on the population’s health, there is a need to redress the
relative scarcity of scientific data on the outcomes of policy interventions.
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PRACTICAL CLINICAL TRIALS

Sean Tunis, M.D., M.Sc.
Health Technology Center

Developing useful and valid evidence for decision making requires sev-
eral steps, all of which must be successfully completed with full engagement
of the key decision makers—patients, clinicians, and payers. These include
(1) identifying the right questions to ask, (2) selecting the most important
questions for study, (3) choosing study designs that are adequate to an-
swer the questions, (4) creating or partnering with organizations that are
equipped to implement the studies, and (5) finding sufficient resources to
pay for the studies. This paper discusses specific case studies that highlight
progress and challenges related to each of these steps from the perspec-
tive of those decision makers who are trying to decide whether particular
healthcare services are worth paying for. The primary focus is on identify-
ing relevant questions, real-world (practical, pragmatic) study designs and
funding, which are listed in their logical order, as well as in the order of
increasing challenge. Considerable work is needed to develop more efficient
and affordable methods for generating reliable data on the comparative ef-
fectiveness of healthcare services. While observational methods may have
value for selected questions, increasing attention is necessary to developing
strategies to design and implement faster, larger, and more efficient pro-
spective intervention studies. Serious attention, along with some creative
thinking, will also be required to ensure that adequate and sustainable real-
time funding is available to support what might be called “decision-based
evidence making.”

Clinical trials can be thought of as falling into two broad categories:
explanatory trials and pragmatic (or practical) trials. Explanatory trials
focus on the mechanism of disease and whether things can work under
optimal circumstances. Pragmatic or practical clinical trials are designed to
inform choices between feasible alternatives or two different treatment op-
tions by estimating real-world outcome probabilities for each (Schwartz and
Lellouch 1967; Tunis et al. 2003). That is, PCTs are purposefully designed
to answer the specific policy or clinical questions of those who make policy
and clinical decisions. Key features of a practical trial include meaningful
comparison groups (i.e., generally not placebo, but rather comparisons to
other reasonable alternatives), broad patient inclusion criteria, such that
the patient population offers the maximum opportunity for generalizability
of study results; multiple outcome measures including functional status, re-
source utilization, etc., conducted in real world setting (where research is not
the primary organizational purpose), and minimal interventions to ensure
patient and clinician compliance with the interventions being studied.
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The underlying notion of PCTs is to design studies in ways that maxi-
mize the chances that the results will be translatable and implementable.
The usual concept of translation is to design studies without careful consid-
eration of the needs of decision makers, and then use various communica-
tion techniques to encourage adoption of the results. However, the major
barrier to translation may be how the research question was framed, which
patients were enrolled, et cetera. PCTs make a serious effort to anticipate
potential translation problems and address those through the design of the
study.

One key consideration in designing a study is to determine at the onset
whether a non-experimental design would be adequate to persuade decision
makers to change their decision. For example, most technology assessment
organizations exclude nonrandomized studies from systematic reviews be-
cause they know that payers will not consider such studies in their coverage
decisions. Given that, one would need to think carefully about the value of
conducting observational studies if those studies are intended to influence
coverage decisions. There are certain questions of real-world significance
that cannot be answered through the collection of data generated in the
routine provision of care, whether administrative data or data extracted
from EHRs. In those circumstances, creative methods will need to be de-
veloped for conducting prospective real-world comparative effectiveness
studies.

Over the past several years, a working group of methodologists—the
Pragmatic Randomized Controlled Trials in Healthcare, or PRaCTIHC,
workgroup—has been working to identify a set of domains upon which tri-
als can be rated according to the degree to which they are pragmatic or ex-
planatory. These domains include study eligibility criteria, flexibility of the
intervention, practitioner expertise, follow-up intensity, follow-up duration,
participant compliance, practitioner adherence to protocol and interven-
tion, and primary analysis scope and specification. For each domain, there
are definitions that indicate whether a study is highly explanatory, highly
pragmatic, or somewhere in between. For example, on the patient eligibility
domain, a maximally pragmatic approach would enroll “all comers” who
might benefit from the intervention regardless of prior information about
their risk, responsiveness to the intervention, or past compliance. The maxi-
mally explanatory trial would enroll only individuals or clusters thought,
on the basis of prior information, to be at high risk, highly responsive to
the intervention, and who have demonstrated high compliance in a pre-trial
test. Similarly, the highly pragmatic and highly explanatory descriptors for
the expertise of practitioners taking care of the patients are as follows:
A maximally pragmatic approach would involve care applied by wusual
practitioners (regardless of expertise), with only their usual monitoring for
dose setting and side effects (and 70 external monitoring). The explanatory
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approach would involve care applied by expert practitioners who monitor
patients more closely than usual for optimal dose setting and the early
detection of side effects. These domains can be represented pictorially on
numbered scales, creating a two-dimensional image that provides informa-
tion about the degree to which the trial is pragmatic or explanatory, and
on what specific domains. These maps then convey the nature of a trial and
give a sense to clinical or health policy makers on how best to consider that
trial in informing their decisions. For example, mapping a highly pragmatic
trial such as the Directly Observed Therapy for TB study, gives a very differ-
ent map than that of the highly explanatory North American Symptomatic
Carotid Endarterectomy Trial. Such a visual representation could be very
useful for decision makers in evaluating evidence by providing a common
framework in which to understand strengths and weaknesses of evidence.
The instrument is currently being piloted and refined by a Cochrane work-
group and various other Evidence-Based Medicine (EBM) experts, with the
goal of developing a valid and reliable instrument for scoring the studies
included in systematic reviews.

The Medicare program has attempted to build interest in pragmatic
clinical trials by highlighting the value of such trials in making national
coverage decisions. Once such example is the pragmatic trial of FDG-PET
for suspected dementia—which Medicare called for in the context of an
NCD in 2004. The original noncoverage decision for use of FDG-PET in
the context of suspected dementia was issued in April 2003. The decision
was based in part on a decision analysis conducted for and reviewed by
the Medicare Coverage Advisory Committee. It was concluded that, even
though FDG-PET had greater sensitivity and specificity than expert evalu-
ation by a neurologist, the scan provided no measurable benefit because
existing treatments are very safe and of limited benefit. The improved ac-
curacy of the diagnosis therefore offered no clinical benefit to the patient
undergoing the study. Because this was a controversial decision, CMS
agreed to continue to review the technology with the assistance of an expert
panel convened by NIH. CMS also committed to conducting some type of
demonstration project of FDG-PET for suspected dementia. The NIH panel
analysis concluded that FDG-PET was a promising diagnostic tool but rec-
ommended that additional evidence be developed before broad adoption
of the technology. In September 2004, a revised NCD was issued providing
limited coverage of FDG-PET for suspected dementia when the differential
diagnosis included frontotemporal dementia (FTD) and Alzheimer’s disease
(AD). The NCD also allowed for broad coverage of FDG-PET in the con-
text of a large community-based practical clinical trial designed to evaluate
the clinical utility of this test.

Since this NCD was issued in September 2004, a group at the Univer-
sity of California-Los Angeles (UCLA) has designed such a PCT. The pro-
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posed study would enroll 710 patients with diminished cognitive function
at nine academic centers that specialize in the evaluation and management
of AD. Every patient enrolled in the study would undergo an FDG-PET
scan, but would be randomized as to whether the results of the scan are
made available at the time of the scan or whether they are sealed and avail-
able only at the end of the two-year trial. The outcomes to be measured
include initial or working diagnosis, initial management plan, measures of
cognitive decline, utilization of other imaging studies, functional status, and
percentage of patients admitted to nursing homes within two years. CMS
has reviewed this study, approved the trial design, and agreed to cover the
costs of PET scans for all patients enrolled in the study. However, as of late
2006, funding had not been approved for the research costs of this study.
Efforts are still under way to secure this funding, but more than two years
have passed since the coverage decision was issued. Some of the questions
that the case study poses are the following:

Is it a good idea or is it necessary to do a pragmatic trial of PET for
AD? Such a trial would require substantial resources to organize and imple-
ment, and it would be necessary to ensure that the value of the information
would be sufficient to justify the effort and expense. Some experts have
proposed an approach called “value of information analysis,” and this type
of careful consideration would be essential to ensuring that the proposed
question was worth answering, that the optimal method would be a PCT,
and that this topic would be a high priority in the context of the range of
questions that might be addressed.

Is it necessary to conduct a study prior to adoption widely into prac-
tice; are there alternative methodologies to the method developed; could
this be better evaluated through a quasi-experimental study design? Would
observational methods possibly provide sufficiently reliable information?
For the most part, such questions have not been addressed prior to the
design and funding of clinical research, probably because decision mak-
ers have not taken a prominent role in the selection and design of clinical
research studies.

Then, for whatever study is proposed and necessary, how is it going to
happen? Who will design, fund, and implement the study? While Medicare
now has coverage in place for the use of FDG-PET in cases of suspected
dementia and at least two reasonable trial protocols have been developed,
funding of the studies has not yet been secured, and there is still currently
no access for Medicare patients to PET scanning for AD. Conversations
are now under way to discuss how best to expand the infrastructure to
support comparative effectiveness research, including PCTs such as the one
envisioned by Medicare.

Where and how would it best be implemented? How could you actually
connect the efforts of the UCLA group with test beds such as AHRQ’s Devel-
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oping Evidence to Inform Decisions about Effectiveness (DEcIDE) network,
the HMO research network, practice-based research networks, the American
College of Radiology Imaging Network, et cetera? With adequate funding,
existing research networks could be engaged to conduct these studies, and
new networks would likely be established as demand increases.

Although there are groups willing to design and implement PCTs, an
important limitation faced by these groups is the lack of current organi-
zational capacity to focus on their design and implementation. One effort
underway to address this need is a project recently initiated at Center for
Medical Technology Policy (CMTP). CMTP is based in San Francisco and
funded by California Health Care Foundation and Blue Shield of California
Foundation. It provides a neutral forum for decision makers—payers, pur-
chasers, patients, and clinicians—to take leadership in creating evidence
about comparative clinical effectiveness, with an emphasis on those ques-
tions for which prospective, experimental studies may be required. The
CMTP will focus on identifying critical knowledge gaps and priority set-
ting of studies from the perspective of decision makers; study design from
a pragmatic perspective (i.e., focused on information important to decision
makers); and implementation that is rapid, affordable, and still provides
reliable evidence for decision making. The work of CMTP is intended to be
complementary to the work of the Institute of Medicine (IOM) Roundtable
on Evidence-Based Medicine, since its focus is to develop pilot projects
around evidence gaps and on promising technologies of high demand
or with a major health impact. Some examples include CT angiography,
molecular diagnostic tests, intensity-modulated radiation therapy (IMRT),
tele-ICU (intensive care unit), and bariatric surgery (minimally invasive).
Each of these examples is a technology that is promising, important, and
unlikely to be evaluated through the current structure and funding mecha-
nism of the current clinical research enterprises.

COMPUTERIZED PROTOCOLS TO ASSIST CLINICAL RESEARCH

Alan H. Morris, M.D.
Latter Day Saints Hospital and University of Utah

Adequately explicit methods and computerized protocols could allow
researchers to efficiently conduct large-scale complex clinical studies and
enable translation of research methods into clinical practice. Additionally,
they could formalize experiential learning and provide an innovative means
of enhancing education for clinicians and clinical researchers. These tools
should be embraced by the nation’s clinical research infrastructure.

Clinicians and clinical investigators do not have tools that enable uni-
form decision making. As a result, currently conducted clinical trials, es-
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pecially non-blinded trials, do not use replicable experimental and clinical
care methods. This may explain why many critical care clinical trials have
failed to produce evidence of clinical benefit, in spite of large investments of
resources (Marshall 2000). The disappointingly low quality of critical care
clinical trials (Cronin et al. 1995; Lefering and Neugebauer 1995; Cook
et al. 1996) could, in part, be due to the widespread use of suboptimal
methods. Meta-analyses cannot overcome this low clinical trial quality since
meta-analyses can generate credible conclusions only if the analyzed clinical
trial data are credible and representative (Morris and Cook 1998; LeLorier
et al. 1997). Meta-analyses focus on methodology at the trial design scale
(e.g., were true randomization and effective blinding employed?) but do not
deal with the methodologic details of the patient-clinician encounter for ei-
ther outpatient (Johnson 2004) or critical care (Cronin et al. 1995; Lefering
and Neugebauer 1995; Cook et al. 1996) clinical trials. The medical com-
munity is thus challenged to develop replicable clinical trial methods and to
use them to produce more rigorous clinical experiments and results.

Similar challenges exist in the translation of findings to practice. Two
major problem areas impede effective healthcare responses and health-
care learning: information overload and absence of effective tools to aid
decision-makers at the point and time of decision. Human decision-makers
are limited by short-term memory constraints, making them able to deal
effectively with only about four individual constructs when making a deci-
sion (Morris 2006). This contrasts, strikingly, with the hundreds of patient
variables, thousands of constructs, and tens to hundreds of thousands of
published documents faced by clinical decision-makers. The recent intro-
duction of genomics and proteomics into medicine has only compounded
the problem and will likely increase the information overload by orders
of magnitude. Nevertheless, we still depend on a four-year medical school
model for learning, influenced by the early twentieth century Flexner Re-
port. Even with current extended postgraduate medical training, we need a
new approach to learning in medicine.

Clinician Performance and Clinical Trial Reproducibility

These issues are highlighted by the unnecessary variation in clinical prac-
tice that was brought to the healthcare community’s attention in the 1970s
(Wennberg and Gittelsohn 1973) and appears to be an unavoidable feature
of modern medicine (Senn 2004; Lake 2004; Wennberg and Gittelsohn
1973; Wennberg 2002; Morris 2004). The argument that variability is de-
sirable because of individual patient needs incorporates two assumptions.
First is the assumption that clinicians can consistently tailor treatment to
a patient’s specific needs, particularly when reliable evidence for preferable
therapies is absent. However, clinicians cannot easily predict who will re-
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spond to a specific intervention (Senn 2004; Lake 2004) and frequently fail
to deal correctly with the individualized needs of patients and thereby cause
harm (Silverman 1993; IOM 2001; Horwitz et al. 1996; Redelmeier et al.
2001; Berwick 2003; Runciman et al. 2003; Barach and Berwick 2003; Sox
2003; Senn 2004; Lake 2004; Corke et al. 2005; Berwick 2005; Redelmeier
2005; Warren and Mosteller 1993; IOM 1999). In general, variability is
fostered by incorrect perceptions (Morris 2006; Arkes and Hammond
1986; Arkes 1986; Morris 1998, 2000a) and is associated with unwanted
and widespread error (IOM 1999; IOM 2001; Runciman et al. 2003;
Leape et al. 2002; Kozer et al. 2004; Schiff et al. 2003; Lamb et al. 2003;
Zhang et al. 2002). For many, if not most medical interventions, the medi-
cal community and the community of patients can only draw conclusions
about the balance between potential good and harm through examination
of the results of systematic investigations. Second is the assumption that
nonuniformity is itself desirable because it fosters insight and innovation.
However, many questions addressed in modern medicine frequently involve
small improvements (odds ratios of 3 or less) that will escape the attention
of most observers if not examined within systematic studies (Hulley and
Cummings 1988). The mismatch between human decision-making ability
(Redelmeier et al. 2001; Redelmeier 2005; Kahneman et al. 1982) and the
excess information clinicians routinely encounter probably contributes to
both the variability of performance and the high error rate of clinical deci-
sions (Tversky and Kahneman 1982; Jennings et al. 1982; McDonald 1976;
Abramson et al. 1980; Morris et al. 1984; Morris 1985; Morris et al. 19835;
Iberti et al. 1990; Iberti et al. 1994; Leape 1994; Gnaegi et al. 1997; Wu
et al. 1991). The clinical process improvement movement has successfully
adopted a standardization approach (Berwick 2003; James and Hammond
2000; Berwick 1994; Horn and Hopkins 1994; James et al. 1994). Without
standardization, our chances of detecting promising elements of clinical
management are reduced and frequently low.

It is not enough that the medical community develops standards—clini-
cians must also follow standards. There is a chasm between perception and
practice as well as between healthcare delivery goals and their achievement
(IOM 2001). These lead to error and reduce the quality of medical care
(IOM 1999). This, in part, has led to the NIH Roadmap call for strate-
gies and tools for translation of research results into clinical practice. This
effort should involve a serious engagement with clinical trials. Even with
compelling clinical trial results, compliance of physicians with evidence-
based treatments or guidelines is low across a broad range of healthcare
topics (Evans et al. 1998; Nelson et al. 1998; Schacker et al. 1996; Kiernan
et al. 1998; Galuska et al. 1999; Dickerson et al. 1999) and persists even
when guidelines based on reputable evidence are available (Akhtar et al.
2003; Rubenfeld et al. 2004; Safran et al. 1996; Redman 1996). Many
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factors, including cultural issues and health beliefs, influence compliance
(Cochrane 1998; Jones 1998). Widespread distribution of evidence-based
guidelines (Schultz 1996; Lomas et al. 1989; Greco and Eisenberg 1993)
and education programs (Singer et al. 1998; Pritchard et al. 1998; Teno et
al. 1997a; Teno et al. 1997b; Lo 1995) have had only limited impact on
this low compliance. However, both paper-based and computerized decision
support tools that provide explicit, point-of-care (point-of-decision making)
instructions to clinicians have overcome many of these problems and have
achieved clinician compliance rates of 90-95 percent (Morris 2000a; East
et al. 1999; Acute Respiratory Distress Syndrome Network 2000a, 2006b).
There is no threshold beyond which protocols are adequately explicit. Our
current operational definition of adequate clinician compliance is: clinicians
adequately comply when they accept and carry out at least 90 percent of
protocol instructions (Morris 2006, 1998, 2003).

Adequately Explicit Methods

Replication of an experimental result requires a detailed experimental
method. This is a challenge for clinical trials for two reasons. First, editorial
policies severely restrict methodologic detail in publications. Second and
more important, most clinical trials are not conducted with adequately ex-
plicit methods. For example, high-frequency ventilation studies in neonates
(Courtney et al. 2002; Johnson et al. 2002) were described (Stark 2002) as
“rigorously controlled conditions with well-defined protocols” (Courtney
et al. 2002) with a method that includes “aggressive weaning if blood gases
...remained . . . in range.” This method statement will not lead different
clinicians to the same interpretations and actions. Thus the method is not
adequately explicit. Adequately explicit methods include detailed and spe-
cific rules such as “if (last PaO, — current PaO,) < 10, and (current PaO,
time — last PaO, time) < 2 hours and > 10 minutes, and FIO, > 0.8, and
PEEP > 15 cm H,0), then decrease PEEP by 1 cm H,0.” A rule such as
this can lead multiple clinicians to the same decision.

Explicitness

The explicitness of protocols varies continuously. An adequately explicit
protocol has detail adequate to generate specific instructions (patient-specific
orders). An adequately explicit protocol can elicit the same decision from dif-
ferent clinicians when faced with the same clinical information. Inadequately
explicit protocols omit important details (Armstrong et al. 1991; Don 1985;
Karlinsky et al. 1991) and elicit different clinical decisions from different
clinicians because clinical decision-makers must fill in gaps in the logic of
inadequately explicit protocols or guidelines. Judgment, background, and
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experience vary among clinicians and so will their choices of the rules and
variables they use to fill in the gaps of inadequately explicit guidelines and
protocols. In addition, because humans are inconsistent, any single clinician
may produce different choices at different times, even though faced with the
same patient data (Morris 2006; Morris 1998; Morris 2003).

Computerized adequately explicit protocols can contain the greatest
detail (East et al. 1992) and may lead to the upper limit of achievable
uniformity of clinician decision making with open-loop control (East et al.
1999; Henderson et al. 1992; Morris et al. 1994; Morris 2000b) (closed-
loop controllers automate processes and automatically implement deci-
sions; (Sheppard et al. 1968; Blesser 1969; Sheppard 1980; Sheppard et al.
1974). Paper-based versions can also contain enough detail to be adequately
explicit (Acute Respiratory Distress Syndrome Network 2000a, 2000b).
Adequately explicit protocols, unlike general guidelines, can serve as phy-
sician orders and can function as dynamic standing orders since they can
respond to changes in patient state. In continuous quality improvement
terms, an adequately explicit method is part of the “stabilization of pro-
cess” necessary to improve quality (Deming 1986; Shewart 1931; Walton
1986; Deming 1982).

Performance

In manuscripts currently being prepared, computerized protocol deci-
sion support provides exportable and replicable adequately explicit methods
for clinical investigation and clinical care. These computerized protocols en-
able replicable clinician decisions in single or multiple clinical sites. They
thus enable a rigorous scientific laboratory at the holistic clinical investiga-
tion scale. We have, during the past two decades (Morris 2006; East et al.
1999; East et al. 1992; Henderson et al. 1992; Morris et al. 1994; Morris
2000b), used computerized protocols for more than 1 million hours in
thousands of patients in multiple hospitals with support from NIH (Extra-
corporeal CO, Removal in ARDS, Acute Respiratory Distress Syndrome
Network, Reengineering Clinical Research in Critical Care) and AHRQ
(Computerized Protocols for Mechanical Ventilation in ARDS).

Our current work with a computerized protocol to control blood
glucose with intravenous (IV) insulin (eProtocol-insulin) provides a case
study. We compared three 80-110 mg/dL blood glucose target decision
support strategies with different detail and process control: (1) a simple
guideline (without a bedside tool), (2) a bedside paper-based protocol, and
(3) a bedside computerized protocol (eProtocol-insulin). The distributions
of blood glucose were significantly different (P < .001) as were the mean
blood glucose values and fractions of measurements within the 80-110
mg/dL target range. Thereafter, eProtocol-insulin was introduced and used
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at these multiple clinical sites, located in different cultures, after which the
blood glucose distributions became almost superimposable. We conclude
that eProtocol-insulin provides a replicable and exportable experimen-
tal method in different cultures (southeastern and western United States,
Asian). eProtocol-insulin has also been used, with similar results, in pediat-
ric ICUs, leading to the conclusion that a common set of rules can operate
successfully in both pediatric and adult medicine.

The rules and knowledge base of eProtocol-insulin were embedded
in a clinical care electronic medical record in Intermountain Health Care,
Inc. Multiple ICUs in different hospitals used eProtocol-insulin for blood
glucose management in the usual clinical care of thousands of patients.
Instructions for patient-tailored treatment with insulin were generated for
more than 100,000 blood glucose measurements with high clinician bedside
acceptance (>90 percent of the instructions) and adequate safety. This is
a direct approach with computerized decision support tools (eProtocol-
insulin) to rapidly translate research results (eProtocol-insulin developed
for clinical investigation) into usual clinical practice.

In addition, in studies of computerized protocols for mechanical ven-
tilation of patients with lung failure, the performance of the computerized
protocols exceeds that of clinicians who adopt the same goals and meta-
rules as those in the computerized protocol. This suggests that computer-
ized adequately explicit protocols can function as enabling tools that lead
clinician decision-makers to more consistently produce the clinical decisions
they desire.

Adequately Explicit Methods and Scientific Experimental Requirements

Guidelines and protocols can reduce variation and increase compliance
with evidence-based interventions, can effectively support clinical decision
making (Grimshaw and Russell 1993), and can influence favorably both
clinician performance and patient outcome (Safran et al. 1996; East et al.
1999; Grimm et al. 1975; Wirtschafter et al. 1981; Johnston et al. 1994;
Mullett et al. 2001). They likely reduce error (Morris 2002), but this has
not been formally studied. Simple protocols, such as physician remind-
ers for a serum potassium measurement when a diuretic is ordered, are
commonly employed (Hoch et al. 2003) and have an intuitive appeal to
clinicians. More complex protocols have the same potential to aid clini-
cians and reduce error, but they are more difficult to comprehend. Deci-
sion support tools such as guidelines and protocols (Miller and Goodman
1998) are intended to standardize some aspect of clinical care and thereby
help lead to uniform implementation of clinical interventions (IOM 1990;
Tierney et al. 1995; Fridsma et al. 1996; Ely et al. 2001; Maclntyre 2001).
However, many guidelines and protocols lack specific instructions and
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are useful only in a conceptual sense (Tierney et al. 1995; Fridsma 1996;
Audet, Greenfield, and Field 1990; Fletcher and Fletcher 1990; Hadorn et
al. 1992; Miller and Frawly 1995; Tierney et al. 1996). They neither stan-
dardize clinical decisions nor lead to uniform implementation of clinical
interventions. Guidelines are general statements with little instruction for
making specific decisions (Guidelines Committee Society of Critical Care
Medicine 1992). In contrast, protocols are more detailed and can provide
specific instructions. Unfortunately, even systematic and scholarly collec-
tions of flow diagrams commonly lack the detail necessary to standardize
clinical decisions (Armstrong et al. 1991; Don 1985; Karlinsky et al. 1991).
The distinction between guidelines and protocols, particularly adequately
explicit protocols, is crucial (Morris 1998, 2000a; Holcomb et al. 2001).
Most clinical investigators do not seem to recognize the difference between
common ordinary protocols and guidelines and the uncommon adequately
explicit methods that satisfy the scientific requirement of replicability (Mor-
ris 1998, 2000a; Hulley and Cummings 1988; Morris 2003; Pocock 1983;
Atkins 1958).

Replicability of experimental results (confirmation of an observation) is a
fundamental requirement for general acceptance of new knowledge in scien-
tific circles (Campbell and Stanley 1966; Guyatt et al. 1993, 1994; Justice et
al. 1999; Emanuel et al. 2000; Babbie 1986; Barrow 2000; Hawe et al. 2004).
Actual or potential replicability of results is a basic requirement of all rigor-
ous scientific investigation, regardless of scale (Campbell and Stanley 1966;
Barrow 2000; Giancoli 1995; Pocock 1983; Bailey 1996; Piantadosi 1997;
Brook et al. 2000; Hulley et al. 2001; Sackett et al. 1991; Babbie 1990). It ap-
plies equally to reductionist research in cell biology and to holisitic research
in the integrated clinical environment. Recognition of the scale of inquiry
(investigation) is important because results at one scale may be inappli-
cable at another (Morris 1998; Mandelbrot 1983). The Cardiac Arrhythmia
Suppression Trial provides one example. While the test drugs effectively sup-
pressed premature ventricular contractions (at the electrophysiologic scale)
they were associated with an excess death rate in the treatment group at the
holistic clinical care scale (Cardiac Arrhythmia Suppression Trial [CAST]
Investigators 1989; Greene et al. 1992). The disparity between the results at
the electrophysiologic scale and those at the holistic clinical care scale is a
sobering example of emergent properties of complex systems (Schultz 1996)
and a striking reminder of the need for replicable holistic clinical outcome
data from rigorously conducted clinical studies.

Evidence-based clinician decision-making information emanates from
the holistic clinical environment and comes from two major sources: clinical
studies and clinical experience. Advances at lower scales of inquiry cannot
replace the study of sick patients in the holistic clinical environment (Morris
1998; Schultz 1996). Clinical studies include observational studies and the
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more scientifically rigorous clinical trials (experiments). Usual experiential
learning by clinicians can lead to important sentinel observations, but it
also contributes to unnecessary variation in practice. Experiential learn-
ing is achieved within local contexts that contribute local bias. Since local
contexts vary, this leads to highly variable, although strongly held, clini-
cal opinions. Adequately explicit methods can also formalize experiential
learning by enabling common methods among multiple users, sites, and
disciplines (e.g., pediatrics, internal medicine). Interactions between differ-
ent users of a common computerized protocol in an extended (distributed)
development laboratory permit greater refinement of protocol rules than is
likely to be realized in a single clinical development site. This reduces local
bias and contributes to generalizability.

Attention to sources of nonuniformity between experimental groups is
an essential part of experimental design (Pocock 1983; Hulley et al. 2001;
Hennekens and Buring 1987; Rothman and Greenland 1998; Friedman et
al. 1998; Chow and Liu 2004; Piantadosi 1997). Confounding variables
(confounders) exist among the multiple variables that may determine sub-
ject outcome and can alter or reverse the results of clinical trials (Pocock
1983; Hulley et al. 2001; Hennekens and Buring 1987; Rothman and
Greenland 1998; Cochrane-Collaboration 2001). Confounders can be pres-
ent both before and after random allocation of subjects to the experimental
groups of a clinical trial (Rothman and Greenland 1998). Those confound-
ers present before allocation, commonly recognized in epidemiology texts
(Hennekens and Buring 1987; Rothman and Greenland 1998), are usually
adequately addressed by randomization and by restriction of randomized
subjects. However, confounders introduced after subject assignment to the
experimental groups include cointerventions (Hulley et al. 2001; Cochrane-
Collaboration 2001; Sackett et al. 1991). Like the experimental interven-
tion, cointerventions result from the interaction of the subject with the
clinical environment (e.g., mechanical ventilation strategy, drug therapy for
hypotension, intravenous fluid therapy, diagnostic strategies for suspected
infection, monitoring intervals, laboratory tests, antibiotic therapy, seda-
tion). They are easily overlooked but can alter or invalidate the results of
clinical trials. Unlike the experimental intervention, cointerventions rarely
receive adequate attention in the protocols of RCTs.

The Potential for Adequately Explicit Methods

Large-Scale Distributed Research Laboratories

Consider the difference in the number (N) of units of analysis for a
chemical experiment involving 10 mL of 1M HCI and that of units of
analysis for a clinical trial. The chemical experiment engages 6.02 x 102!
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interactions (0.01 x Avogadro’s number). A clinical trial usually involves
no more than 1,000 patients. Because of the constraints of small N, clinical
trials require sophisticated, and frequently difficult to understand, statisti-
cal analyses. To overcome this serious clinical experimental limitation,
the medical community should, in my opinion, develop large-scale dis-
tributed human outcomes research laboratories. These laboratories could
be developed within the clinical care environment on multiple continents
if we had easily distributable, replicable clinical experimental and clinical
care methods. Such laboratories could, for example, deliver 200,000 ICU
experimental subjects with a few months. They could enable the experi-
mental definition of dose-response curves, rather than the common current
goal of comparing two experimental groups. They could avoid the onerous
attributes of current clinical trial techniques, including loss of enthusiasm
among investigative teams, and pernicious secular changes.

Adequately explicit computerized protocols have already been imple-
mented for continuous quality improvement, for clinical trials, and for
clinical care. Work for the past two decades has been focused on the ICU,
because of two enabling ICU attributes: a highly quantified environment
and rapid evolution of clinical problems. Many clinical environments do
not posses these attributes. However, certain clinical problems in non-ICU
environments seem good targets for application of computerized protocols
as well. These include the clinical care (e.g., medication titration) of outpa-
tients with congestive heart failure and outpatients with insulin-dependent
diabetes mellitus. Both of these problems could benefit from titration in the
home with capture of only a few clinically important data elements. Other
clinical problems such as psychiatric disorders seem less obvious targets for
application of adequately explicit protocols. However, even early work sug-
gests that this domain of clinical practice is also appropriate for application
of rule-based decision-support systems (Meehl and Rosen 1955).

Emergency situations may preclude clinician keyboard-based interac-
tions, such as those we have been using. However, voice recognition, hand-
held wireless communication devices, and other technologies will likely
be widely available in the future and will enable more efficient and less
distracting interactions with adequately explicit protocols. Future develop-
ments will likely reduce or remove the barrier that keyboard data entry
now represents for emergency and other urgent clinician decisions that
require immediate and repeated interactions. We believe that our work with
adequately explicit computerized protocols has just scratched the surface.
Much more exploration will be necessary before appropriate, and certainly
before comprehensive, answers to these questions can be offered.

At this early stage of application and evaluation, it likely that many, but
not all, clinical problems will be appropriate targets for adequately explicit
protocols (computerized or not). This seems a reasonable conclusion if only
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because of the extensive literature indicating favorable outcome changes
when decision support tools of many kinds are employed to aid clinician
decision makers. It has seemed to my colleagues and to me that applica-
tion of adequately explicit computerized treatment protocols for titration
of clinical problems is more easily achieved than application of protocols
for diagnosis. The diagnostic challenges frequently seem broader and more
encompassing than the treatment challenges once a diagnosis has been
made. Furthermore, many clinical decisions should embrace the wishes of
patients or their surrogates. Capturing patient or surrogate assessments of
outcome utilities and incorporating them in the rules of adequately explicit
protocols seems a daunting but surmountable challenge. More systematic
work is needed to define the roles of adequately explicit computerized pro-
tocols in many diagnostic and therapeutic arenas.

The evaluation of a potential target includes assessment of the reliability
of available measurements and other replicable data. A measurement-rich
and quantified clinical setting increases the likelihood of driving adequately
explicit rules with patient-specific data. However, even difficult-to-define
constructs such as “restlessness” can be made more replicable by listing the
specific observations a clinician might use to identify the construct. We all
have only five senses through which we receive information from the world
about us. The challenge of knowledge engineering is to specify the few ele-
ments received by these senses that drive specific decisions. Our experience
during the past two decades indicates that this is manageable.

Formalizing Experiential Learning as a Means of Enabling a Learning
Healthcare System

Adequately explicit computerized protocols could supplement tra-
ditional peer-reviewed publication with direct electronic communication
between research investigators and thereafter between investigators and
clinical care users. This could introduce a new way of developing and
distributing knowledge. Evidence-based knowledge for clinical decision
making comes from two sources: first, from formal studies that include
observational and experimental work (RCTs provide the most compelling
results); second, from experiential knowledge. Currently, this experiential
knowledge is derived primarily from individual experience and thus is in-
fluenced by local factors and bias. This individual experience contributes
to strongly held but variable opinions that lead to unnecessary variation in
clinical practice (Wennberg 2002). Adequately explicit computerized proto-
cols could formalize this experiential learning in two sequential stages.

In the first stage, knowledge could be captured through multiple inves-
tigator and center participation in development and refinement of protocol
rules. We have used this process successfully in our current NIH Roadmap
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contract work with blood glucose management. Our current computerized
protocol for blood glucose management with IV insulin (eProtocol-insulin)
was developed and refined by collaborators who include multiple pediatric
and adult intensivists in more than 14 U.S. and Canadian clinical sites.
This diminishes local factor and bias concerns; they become smaller as the
number of different participants and institutions increase.

In the second stage, education of practitioners could occur during uti-
lization of a protocol for clinical care. Adequately explicit computerized
protocols could take advantage of an electronic infrastructure and translate
research experience into clinical practice by adopting a direct electronic
education strategy at the point of care or point of decision making. For
example, the adequately explicit instructions of eProtocol-insulin could be
linked to a new on-demand explanatory educational representation of the
protocol logic. A user could question the specific eProtocol-insulin instruc-
tion at whatever level of detail the user wishes. The knowledge captured by
the protocol developers during the first stage could thus be presented at the
time, and within the context, of a specific clinical care question, but only
when demanded and without requiring the user to address the published
literature. This new educational strategy could complement traditional
knowledge transfer through education based on reading and coursework
and through published work. For some activities this new educational
strategy could become the dominant learning strategy for clinicians. For
example, when protocols are modified to incorporate new knowledge, the
updated electronic protocol, once validated appropriately, could become
the expected and most direct route for transferring this new knowledge to
the clinical practitioner.
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The Evolving Evidence Base—
Methodologic and Policy Challenges

OVERVIEW

An essential component of the learning healthcare system is the capac-
ity to continually improve approaches to gathering and evaluating evidence,
taking advantage of new tools and methods. As technology advances and
our ability to accumulate large quantities of clinical data increases, new
challenges and opportunities to develop evidence on the effectiveness of
interventions will emerge. With these expansions comes the possibility of
significant improvements in multiple facets of the information that underlies
healthcare decision making, including the potential to develop additional
insights on risk and effectiveness; an improved understanding of increas-
ingly complex patterns of comorbidity; insights on the effect of genetic
variation and heterogeneity on diagnosis and treatment outcomes; and
evaluation of interventions in a rapid state of flux such as devices and pro-
cedures. A significant challenge will be in piecing together evidence from
the full scope of this information to determine what is best for individual
patients. This chapter offers an overview of some of the key methodologic
and policy challenges that must be addressed as evidence evolves.

In the first paper in this chapter, Robert M. Califf presents an overview
of the alternatives to large randomized controlled trials (RCTs), and Telba
Irony and David Eddy present three methods that have been developed to
augment and improve current approaches to generating evidence. Califf
suggests that, while the RCT is a valuable tool, the sheer volume of clini-
cal decisions requires that we understand the best alternative methods to
use when RCTs are inapplicable, infeasible, or impractical. He outlines
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the potential benefits and pitfalls of practical clinical trials (PCTs), cluster
randomized trials, observational treatment comparisons, interrupted time
series, and instrumental variables analysis, noting that advancements in
methodologies are important; but increasing the evidence base will also
require expanding our capacity to do clinical research—which can be ex-
emplified by the need for increased organization, clinical trials that are
embedded in a nodal network of health systems with electronic health
records, and development of a critical mass of experts to guide us through
study methodologies.

Another issue complicating evaluation of medical devices is their rapid
rate of turnover and improvement, which makes their appraisal especially
complicated. Telba Irony discusses the work of the Food and Drug Admin-
istration (FDA) in this area through the agency’s Critical Path Initiative and
its Medical Device Innovation Initiative. The latter emphasizes the need for
improved statistical approaches and techniques to learn about the safety
and effectiveness of medical device interventions in an efficient way, which
can also adapt to changes in technology during evaluation periods. Several
examples were discussed of the utilization of Bayesian analysis to acceler-
ate the approval process of medical devices. David M. Eddy presented his
work with Archimedes to demonstrate how the use of mathematical models
is a promising approach to help answer clinical questions, particularly to
fill the gaps in empirical evidence. Many current gaps in evidence relate
to unresolved questions posed at the conclusion of clinical trials; however
most of these unanswered questions do not get specifically addressed in
subsequent trials, due to a number of factors including cost, feasibility, and
clinical interest. Eddy suggests that models can be particularly useful in uti-
lizing the existing clinical trial data to address issues such as head-to-head
comparisons, combination therapy or dosing, extension of trial results to
different settings, longer follow-up times, and heterogeneous populations.
Recent work on diabetes prevention in high-risk patients illustrates how
the mathematical modeling approach allowed investigators to extend trials
in directions that were otherwise not feasible and provided much needed
evidence for truly informed decision making. Access to needed data will
increase with the spread of electronic health records (EHRs) as long as
person-specific data from existing trials are widely accessible.

As we accumulate increasing amounts of data and pioneer new ways to
utilize information for patient benefit, we are also developing an improved
understanding of increasingly complex patterns of comorbidity and insights
into the effect of genetic variation and heterogeneity on diagnosis and treat-
ment outcomes. Sheldon Greenfield outlines the many factors that lead to
heterogeneity of treatment effects (HTE)—variations in results produced by
the same treatment in different patients—including genetic, environmental,
adherence, polypharmacy, and competing risk. To improve the specificity of
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treatment recommendations, Greenfield suggests that prevailing approaches
to study design and data analysis in clinical research must change. The au-
thors propose two major strategies to decrease the impact of HTE in clini-
cal research: (1) the use of composite risk scores derived from multivariate
models should be considered in both the design of a priori risk stratification
groups and data analysis of clinical research studies; and (2) the full range
of sources of HTE, many of which arise for members of the general popula-
tion not eligible for trails, should be addressed by integrating the multiple
existing phases of clinical research, both before and after an RCT.

In a related paper, David Goldstein gives several examples that illustrate
the mounting challenges and opportunities posed by genomics in tailoring
treatment appropriately. He highlights recent work on the Clinical Anti-
psychotic Trials of Intervention Effectiveness (CATIE), which compared
the effectiveness of atypical antipsychotics and one typical antipsychotic
in the treatment of schizophrenia and Alzheimer’s disease. While results
indicated that, with respect to discontinuation of treatment, there was no
difference between typical and atypical antipsychotics, in terms of adverse
reactions, such as increased body weight or development of the irreversible
condition known as tardive dyskinesia, these medications were actually
quite distinct. Pharmacogenetics thus offers the potential ability to identify
subpopulations of risk or benefit through the development of clinically
useful diagnostics, but only if we begin to amass the data, methods, and
resources needed to support pharmacogenetics research.

The final cluster of papers in this chapter engage some of the policy
issues in expanding sources of evidence, such as those related to the interop-
erability of electronic health records, expanding post-market surveillance
and the use of registries, and mediating an appropriate balance between
patient privacy and access to clinical data. Weisman et al. comment on the
rich opportunities presented by interoperable EHRs for post-marketing
surveillance data and the development of additional insights on risk and
effectiveness. Again, methodologies outside of the RCT will be increas-
ingly instrumental in filling gaps in evidence that arise from the use of data
related to interventions in clinical practice because the full value of an in-
tervention cannot truly be appreciated without real-world usage. Expanded
systems for post-marketing surveillance offer substantial opportunities to
generate evidence; and in defining the approach, we also have an oppor-
tunity to align the interests of many healthcare stakeholders. Consumers
will have access to technologies as well as information on appropriate use;
manufacturers and regulatory agencies might recognize significant benefit
from streamlined or harmonized data collection requirements; and deci-
sion makers might acquire means to accumulate much-needed data for
comparative effectiveness studies or recognition of safety signals. Steve
Teutsch and Mark Berger comment on the obvious utility of clinical stud-
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ies, particularly comparative effectiveness studies—to demonstrate which
technology is more effective, safer, or beneficial for subpopulations or
clinical situation—for informing the decisions of patients, providers, and
policy makers. However they also note several of the inherent difficulties
of our current approach to generating needed information, including a lack
of consensus on evidence standards and how they might vary depending on
circumstance, and a needed advancement in the utilization, improvement,
and validation of study methodologies.

An underlying theme in many of the workshop papers is the effect of
HIPAA (Health Insurance Portability and Accountability Act) regulation on
current research and the possible implications for utilizing data collected
at the point of care for generation of evidence on effectiveness of interven-
tions. In light of the substantial gains in quality of care and advances in
research possible by linking health information systems and aggregating
and sharing data, consideration must be given to how to provide access
while maintaining appropriate levels of privacy and security for personal
health information. Janlori Goldman and Beth Tossell give an overview of
some of the issues that have emerged in response to privacy concerns about
shared medical information. While linking medical information offers clear
benefits for improving health care, public participation is necessary and
will hinge on privacy and security being built in from the outset. The
authors suggest a set of first principles regarding identifiers, access, data
integrity, and participation that help move the discussion toward a work-
able solution. This issue has been central to many discussions of how to
better streamline the healthcare system and facilitate the process of clinical
research, while maximizing the ability to provide privacy and security for
patients. A recent Institute of Medicine (IOM) workshop, sponsored by the
National Cancer Policy Forum, examined some of the issues surrounding
HIPAA and its effect on research, and a formal IOM study on the topic is
anticipated in the near future.

EVOLVING METHODS: ALTERNATIVES TO LARGE
RANDOMIZED CONTROLLED TRIALS

Robert M. Califf, M.D.
Duke Translational Medicine Institute and the Duke University Medical Center

Researchers and policy makers have used observational analyses to
support medical decision making since the beginning of organized medical
practice. However, recent advances in information technology have allowed
researchers access to huge amounts of tantalizing data in the form of ad-
ministrative and clinical databases, fueling increased interest in the question
of whether alternative analytical methods might offer sufficient validity to
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elevate observational analysis in the hierarchy of medical knowledge. In
fact, 25 years ago, my academic career was initiated with access to one
of the first prospective clinical databases, an experience that led to several
papers on the use of data from practice and the application of clinical ex-
perience to the evaluation and treatment of patients with coronary artery
disease (Califf et al. 1983). However, this experience led me to conclude
that no amount of statistical analysis can substitute for randomization in
ensuring internal validity when comparing alternative approaches to diag-
nosis or treatment.

Nevertheless, the sheer volume of clinical decisions made in the absence
of support from randomized controlled trials requires that we understand
the best alternative methods when classical RCTs are unavailable, impracti-
cal, or inapplicable. This discussion elaborates upon some of the alterna-
tives to large RCTs, including practical clinical trials, cluster randomized
trials, observational treatment comparisons, interrupted time series, and
instrumental variables analysis, and reviews some of the potential benefits
and pitfalls of each approach.

Practical Clinical Trials

The term “large clinical trial” or “megatrial” conjures an image of a
gargantuan undertaking capable of addressing only a few critical questions.
The term “practical clinical trial” is greatly preferred because the size of
a PCT need be no larger than that required to answer the question posed
in terms of health outcomes—whether patients live longer, feel better, or
incur fewer medical costs. Such issues are the relevant outcomes that drive
patients to use a medical intervention.

Unfortunately, not enough RCTs employ the large knowledge base that
was used in developing the principles relevant to conducting a PCT (Tunis
et al. 2003). A PCT must include the comparison or alternative therapy that
is relevant to the choices that patients and providers will make; all too of-
ten, RCTs pick a “weak” comparator or placebo. The populations studied
should be representative; that is, they should include patients who would
be likely to receive the treatment, rather than including low-risk or narrow
populations selected in hopes of optimizing the efficacy or safety profile of
the experimental therapy. The time period of the study should include the
period relevant to the treatment decision, unlike short-term studies that
require hypothetical extrapolation to justify continuous use.

Also, the background therapy should be appropriate for the disease, an
issue increasingly relevant in the setting of international trials that include
populations from developing countries. Such populations may be comprised
of “treatment-naive” patients, who will not offer the kind of therapeutic
challenge presented by patients awaiting the new therapy in countries where
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active treatments are already available. Moreover, patients in developing
countries usually do not have access to the treatment after it is marketed.
Well-designed PCTs offer a solution to the “outsourcing” of clinical trials
to populations of questionable relevance to therapeutic questions better
addressed in settings where the treatments are intended to be used. Of
course, the growth of clinical trials remains important for therapies that
will actually be used in developing countries, and appropriate trials in these
countries should be encouraged (Califf 2006a).

Therefore, the first alternative to a “classical” RCT is a properly de-
signed and executed PCT. Research questions should be framed by the
clinicians who will use the resulting information, rather than by companies
aiming to create an advantage for their products through clever design.
Similarly, a common fundamental mistake occurs when scientific experts
without current knowledge of clinical circumstances are allowed to design
trials. Instead, we need to involve clinical decision makers in the design of
trials to ensure they are feasible and attractive to practice, as well as mak-
ing certain that they include elements critical to providing generalizable
knowledge for decision making.

Another fundamental problem is the clinical research enterprise’s lack
of organization. In many ways, the venue for the conduct of clinical tri-
als is hardly a system at all, but rather a series of singular experiences in
which researchers must deal with hundreds of clinics, health systems, and
companies (and their respective data systems). Infrastructure for perform-
ing trials should be supported by the both the clinical care system and the
National Institutes of Health (NIH), with continuous learning about the
conduct of trials and constant improvements in their efficiency. However,
the way trials are currently conducted is an engineering disaster. We hope
that eventually trials will be embedded in a nodal network of health sys-
tems with electronic health records combined with specialty registries that
cut across health systems (Califf et al. [in press]). Before this can happen,
however, not only must EHRs be in place, but common data standards and
nomenclature must be developed, and there must be coordination among
numerous federal agencies (FDA, NIH, the Centers for Disease Control and
Prevention [CDC], the Centers for Medicare and Medicaid Services [CMS])
and private industry to develop regulations that will not only allow, but
encourage, use of interoperable data.

Alternatives to Randomized Comparisons

The fundamental need for randomization arises from the existence of
treatment biases in practice. Recognizing that random assignment is essen-
tial to ensuring the internal validity of a study when the likely effects of an
intervention are modest (and therefore subject to confounding by indica-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

shop Summary (IOM Roundtable on Evidence-Based Medicine)

THE EVOLVING EVIDENCE BASE 87

tion), we cannot escape the fact that nonrandomized comparisons will have
less internal validity. However, nonrandomized analyses are nonetheless
needed, because not every question can be answered by a classical RCT or
a PCT, and a high-quality observational study is likely to be more informa-
tive than relying solely on clinical experience. For example, interventions
come in many forms—drugs, devices, behavioral interventions, and orga-
nizational changes. All interventions carry a balance of potential benefit
and potential risk; gathering important information on these interventions
through an RCT or PCT might not always be feasible.

As an example of organizational changes requiring evaluation, consider
the question: How many nurses, attendants, and doctors are needed for
an inpatient unit in a hospital? Although standards for staffing have been
developed for some environments relatively recently, in the era of computer-
ized entry, EHRs, double-checking for medical errors, and bar coding, the
proper allocation of personnel remains uncertain. Yet every day, executives
make decisions based on data and trends, usually without a sophisticated
understanding of their multivariable and time-oriented nature.

In other words, there is a disassociation between the experts in analy-
sis of observational clinical data and the decision makers. There are also
an increasing number of sources of data for decision making, with more
and more healthcare systems and multispecialty practices developing data
repositories. Instruments to extract data from such systems are also readily
available. While these data are potentially useful, questionable data analy-
ses and gluts of information (not all of it necessarily valid or useful) may
create problems for decision makers.

Since PCTs are not feasible for answering the questions that underlie a
good portion of the decisions made every day by administrators and clini-
cians, the question is not really whether we should look beyond the PCT.
Instead, we should examine how best to integrate various modes of decision
making, including both PCTs and other approaches to data analysis, in ad-
dition to opinion based on personal experience. We must ask ourselves: Is
it better to combine evidence from PCTs with opinion, or is it better to use
a layered approach using PCTs for critical questions and nonrandomized
analyses to fill in gaps between clear evidence and opinion?

For the latter approach, we must think carefully about the levels of
decision making that we must inform every day, the speed required for
this, how to adapt the methodology to the level of certainty needed, and
ways to organize growing data repositories and the researchers who will
analyze them to better develop evidence to support these decisions. Much
of the work in this arena is being conducted by the Centers for Education
and Research in Therapeutics (CERTs) (Califf 2006b). The Agency for
Healthcare Research and Quality (AHRQ) is a primary source of funding
for these efforts, although significant increases in support will be needed
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to permit adequate progress in overcoming methodological and logistical

hurdles.

Cluster Randomized Trials

If a PCT is not practical, the second alternative to large RCTs is cluster
randomized trials. There is growing interest in this approach among trial-
ists, because health systems increasingly provide venues in which practices
vary and large numbers of patients are seen in environments that have
good data collection capabilities. A cluster randomized trial performs ran-
domization on the level of a practice rather than the individual patient.
For example, certain sites are assigned to intervention A, others use inter-
vention B, and a third group serves as a control. In large regional quality
improvement projects, factorial designs can be used to test more than one
intervention. This type of approach can yield clear and pragmatic answers,
but as with any method, there are limitations that must be considered.
Although methods have been developed to adjust for the nonindependence
of observations within a practice, these methods are poorly understood
and difficult to explain to clinical audiences. Another persistent problem
is contamination that occurs when practices are aware of the experiment
and alter their practices regardless of the randomized assignment. A further
practical issue is obtaining informed consent from patients entering a health
system where the practice has been randomized, recognizing that individual
patient choice for interventions often enters the equation.

There are many examples of well-conducted cluster randomized trials.
The Society of Thoracic Surgeons (STS), one of the premier learning organi-
zations in the United States, has a single database containing data on more
than 80 percent of all operations performed (Welke et al. 2004). Ferguson
and colleagues (Ferguson et al. 2002) performed randomization at the level
of surgical practices to test a behavioral intervention to improve use of
postoperative beta blockers and the use of the internal thoracic artery as the
main conduit for myocardial revascularization. Embedding this study into
the ongoing STS registry proved advantageous, because investigators could
examine what happened before and what happened after the experiment.
They were able to show that both interventions work, that the use of this
practice improved surgical outcomes, and that national practice improved
after the study was completed.

Variations of this methodologic approach have also been quite success-
ful, such as the amalgamation of different methods described in a recent
study by (Schneeweiss et al. 2004). This study used both cluster random-
ization and time sequencing embedded in a single trial to examine nebu-
lized respiratory therapy in adults and the effects of a policy change. Both
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approaches were found to yield similar results with regard to healthcare
utilization, cost, and outcomes.

Observational Treatment Comparisons

A third alternative to RCTs is the observational treatment comparison.
This is a potentially powerful technique requiring extensive experience
with multiple methodological issues. Unfortunately, the somewhat delicate
art of observational treatment comparison is mostly in the hands of naive
practitioners, administrators, and academic investigators who obtain access
to databases without the skills to analyze them properly. The underlying
assumption of the observational treatment comparison is that if the record
includes information on which patients received which treatment, and
outcomes have been measured, a simple analysis can evaluate which treat-
ment is better. However in using observational treatment comparisons, one
must always consider not only the possibility of confounding by indication
and inception time bias, but also the possibility of missing data at baseline
to adjust for differences, missing follow-up data, and poor characteriza-
tion of outcomes due to a lack of prespecification. In order to deal with
confounding, observational treatment comparisons must include adjust-
ment for known prognostic factors, adjustment for propensity (including
consideration of inverse weighted probability estimators for chronic treat-
ments), and employment of time-adjusted covariates when inception time
is variable.

Resolving some of these issues with definitions of outcomes and miss-
ing data will be greatly aided by development of interoperable clinical
research networks that work together over time with support from gov-
ernment agencies. One example is the National Electronic Clinical Trials
and Research (NECTAR) network—a planned NIH network that will link
practices in the United States to academic medical centers by means of
interoperable data systems. Unfortunately, NECTAR remains years away
from actual implementation.

Despite the promise of observational studies, there are limitations that
cannot be overcome even by the most experienced of researchers. For ex-
ample, SUPPORT (Study to Understand Prognoses and Preferences for Out-
comes and Risks of Treatment) (Connors et al. 1996; Cowley and Hager
1996) examined use of a right heart catheter (RHC) using prospectively
collected data, so there were almost no missing data. After adjusting for
all known prognostic factors and using a carefully developed propensity
score, this study found an association between use of RHC in critically ill
patients and an increased risk of death. Thirty other observational studies
came to the same conclusion, even when looking within patient subgroups
to ensure that comparisons were being made between comparable groups.
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None of the credible observational studies showed a benefit associated with
RHC, yet more than a billion dollars’ worth of RHCs were being inserted
in the United States every year.

Eventually, five years after publication of the SUPPORT RHC study, the
NIH funded a pair of RCTs. One focused on heart disease and the other on
medical intensive care. The heart disease study (Binanay et al. 2005; Shah et
al. 2005) was a very simple trial in which patients were selected on the basis
of admission to a hospital with acute decompensated heart failure. These
patients were randomly assigned to receive either an RHC or standard care
without an RHC. This trial found no evidence of harm or of benefit at-
tributable to RHC. Moreover, other trials were being conducted around the
world; when all the randomized data were in, the point estimate comparing
the two treatments was 1.003: as close to “no effect” as we are likely ever
to see. In this instance, even with some of the most skillful and experienced
researchers in the world working to address the question of whether RHC
is a harmful intervention, the observational data clearly pointed to harm,
whereas RCTs indicated no particular harm or benefit.

Another example is drawn from the question of the association between
hemoglobin and renal dysfunction. It is known that as renal function de-
clines, there is a corresponding decrease in hemoglobin levels; therefore,
worse renal function is associated with anemia. Patients with renal dys-
function and anemia have a significantly higher risk of dying, compared
to patients with the same degree of renal dysfunction but without anemia.
Dozens of different databases all showed the same relationship: the greater
the decrease in hemoglobin level, the worse the outcome.

Based on these findings, many clinicians and policy makers assumed
that by giving a drug to manage the anemia and improve hematocrit levels,
outcomes would also be improved. Thus, erythropoietin treatment was
developed and, on the basis of observational studies and very short term
RCTs, has become a national practice standard. There are performance
indicators that identify aggressive hemoglobin correction as a best practice;
CMS pays for it; and nephrologists have responded by giving billions of
dollars worth of erythropoietin to individuals with renal failure, with result-
ing measurable increases in average hemoglobin.

To investigate effects on outcome, the Duke Clinical Research Institute
(DCRI) coordinated a PCT in patients who had renal dysfunction but did
not require dialysis (Singh et al. 2006). Subjects were randomly assigned to
one of two different target levels of hematocrit, normal or below normal.
We could not use placebo, because most nephrologists were absolutely
convinced of the benefit of erythropoietin therapy. However, when an
independent data monitoring committee stopped the study for futility, a
trend toward worse outcomes (death, stroke, heart attack, or heart failure)
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was seen in patients randomized to the more “normal” hematocrit target;
when the final data were tallied, patients randomized to the more aggres-
sive target had a significant increase in the composite of death, beart attack,
stroke and heart failure. Thus the conclusions drawn from observational
comparisons were simply incorrect.

These examples of highly touted observational studies that were ulti-
mately seen to have provided incorrect answers (both positive and negative
for different interventions) highlight the need to improve methods aimed at
mitigating these methodological pitfalls. We must also consider how best to
develop a critical mass of experts to guide us through these study method-
ologies, and what criteria should be applied to different types of decisions
to ensure that the appropriate methods have been used.

Interrupted Time Series and Instrumental Variables

A fourth alternative to large RCTs is the interrupted time series. This
study design requires significant expertise because it includes all the poten-
tial difficulties of observational treatment comparisons, plus uncertainties
about temporal trends. However, one example is drawn from an analysis
of administrative data, in which data were used to assess retrospective drug
utilization review and effects on the rate of prescribing errors and on clini-
cal outcomes (Hennessy et al. 2003). This study concluded that, although
retrospective drug utilization review is required of all state Medicaid pro-
grams, the authors were unable to identify an effect on the rate of excep-
tions or on clinical outcomes.

The final alternative to RCTs is the use of instrumental variables, which
are variables unrelated to biology that produce a contrast in treatment that
can be characterized. A national quality improvement registry of patients
with acute coronary syndromes evaluated the outcomes of use of early
versus delayed cardiac catheterization using instrumental variable analysis
(Ryan et al. 2005). The instrumental variable in this case was whether the
patient was admitted to the hospital on the weekend (when catheteriza-
tion delays were longer) or on a weekday (when time to catheterization is
shorter). Results indicated a trend toward greater benefit of early invasive
intervention in this high-risk condition. One benefit of this approach is that
variables can be embedded in an ongoing registry (e.g., population charac-
teristics in a particular zip code can be used to create an approximation of
the socioeconomic status of a group of patients). However, results often are
not definitive, and it is common for this type of study design to raise many
more questions than it answers.
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Future Directions: Analytical Synthesis

A national network funded by the AHRQ demonstrates a concerted,
systematic approach to addressing all these issues in the context of clinical
questions that require a synthesis of many types of analysis. The Developing
Evidence to Inform Decisions about Effectiveness (DEcIDE) network seeks
to inform the decisions that patients, healthcare providers, and administra-
tors make about therapeutic choices. The DCRD’s first project as part of
the DECIDE Network examines the issue of choice of coronary stents. This
is a particularly interesting study because, while there are dozens of RCTs
addressing this question, new evidence continues to emerge. Briefly, when
drug-eluting stents (DES) first became available to clinicians, there was a
radical shift in practice from bare metal stents (BMS) to DES. Observational
data from our database—now covering about 30 years of practice—are
very similar to those reported in RCTs and indicate reduced need for repeat
procedures with DES, because they prevent restenosis in the stented area.

The problem, however, is that only one trial has examined long-term
outcomes among patients who were systematically instructed to discontinue
dual platelet aggregation inhibitors (i.e., aspirin and clopidogrel). This study
(Pfisterer et al. In press; Harrington and Califf 2006) was funded by the
Swiss government and shows a dramatic increase in abrupt thrombosis in
people with DES compared with BMS when clopidogrel was discontinued
per the package insert instructions, leaving the patients receiving only as-
pirin to prevent platelet aggregation. In the year following discontinuation
of clopidogrel therapy, the primary composite end point of cardiac death
or myocardial infarction occurred significantly more frequently among
patients with DES than in the BMS group. This was a small study, but it
raises an interesting question: If you could prevent restenosis in 10 out of
100 patients but had 1 case of acute heart attack per 100, how would you
make that trade-off? This is precisely the question we are addressing with
the DECIDE project.

Despite all these complex issues, the bottom line is that when evidence
is applied systematically to practice improvement, there is a continuous
improvement in patient outcomes (Mehta et al. 2002; Bhatt et al. 2004).
Thus the application of clinical practice guidelines and performance mea-
sures seems to be working, but all of us continue to dream about improving
the available evidence base and using this evidence on a continuous basis.
However, this can only come to pass when we use informatics to integrate
networks, not just within health systems but across the nation. We will
need continuous national registries (of which we now have examples),
but we also need to link existing networks so that clinical studies can be
conducted more effectively. This will help ensure that patients, physicians,
and scientists form true “communities of research” as we move from typi-
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cal networks of academic health center sites linked only by a single data
coordinating center to networks where interoperable sites can share data.

A promising example of this kind of integration exists in the develop-
ing network for child psychiatry. This is a field that historically has lacked
evidence to guide treatments; however, there are currently 200 psychiatrists
participating in the continuous collection of data that will help answer
important questions, using both randomized and nonrandomized trials
(March et al. 2004).

The classical RCT remains an important component of our evidence-
generating system. However, it needs to be replaced in many situations
by the PCT, which has a distinctly different methodology but includes the
critical element of randomization. Given the enormous number of deci-
sions that could be improved by appropriate decision support however,
alternative methods for assessing the relationships between input variables
and clinical outcomes must be used. We now have the technology in place
in many health systems and government agencies to incorporate decision
support into practice, and methods will evolve with use. An appreciation
of both the pitfalls and the advantages of these methods, together with the
contributions of experienced analysts, will be critical to avoiding errant
conclusions drawn from these complex datasets, in which confounding and
nonintuitive answers are the rule rather than the exception.

EVOLVING METHODS: EVALUATING MEDICAL DEVICE
INTERVENTIONS IN A RAPID STATE OF FLUX

Telba Irony, Ph.D.
Center for Devices and Radiological Health, Food and Drug Administration

Methodological obstacles slow down the straightforward use of clinical
data and experience to assess the safety and effectiveness of new medical
device interventions in a rapid state of flux. This paper discusses current and
future technology trends, the FDA’s Critical Path Initiative, the Center for
Devices and Radiological Health (CDRH), Medical Device Innovation Initia-
tive and, in particular, statistical methodology being currently implemented
by CDRH to take better advantage of data generated by clinical studies
designed to assess safety and effectiveness of medical device interventions.

The Critical Path is the FDA’s premier initiative aiming to identify and
prioritize the most pressing medical product development problems and the
greatest opportunities for rapid improvement in public health benefits. As
a major source of breakthrough technology, medical devices are becoming
more critical to the delivery of health care in the United States. In addition,
they are becoming more and more diverse and complex as improvements
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are seen in devices ranging from surgical sutures and contact lenses to pros-
thetic heart valves and diagnostic imaging systems.

There are exciting emerging technology trends on the horizon and our
objective is to obtain evidence on the safety and effectiveness of new medi-
cal device products as soon as possible to ensure their quick approval and
time to market. New trends comprise computer-related technology and
molecular medicine including genomics, proteomics, gene therapy, bioin-
formatics, and personalized medicine. We will also see new developments
in wireless systems and robotics to be applied in superhigh-spatial-precision
surgery, in vitro sample handling, and prosthetics. We foresee an increase
in the development and use of minimally invasive technologies, nanotech-
nology (extreme miniaturization), new diagnostic procedures (genetic, in
vitro, or superhigh-resolution sensors), artificial organ replacements, de-
centralized health care (home or self-care, closed-loop home systems, and
telemedicine), and products that are a combination of devices and drugs.

CDRH’s mission is to establish a reasonable assurance of the safety and
effectiveness of medical devices and the safety of radiation-emitting elec-
tronic products marketed in the United States. It also includes monitoring
medical devices and radiological products for continued safety after they
are in use, as well as helping the public receive accurate, evidence-based
information needed to improve health. To accomplish its mission, CDRH
must perform a balancing act to get safe and effective devices to the market
as quickly as possible while ensuring that devices currently on the market
remain safe and effective. To better maintain this balance and confront the
challenge of evaluating new medical device interventions in a rapid state
of flux, CDRH is promoting the Medical Device Innovation Initiative.
Through this initiative, CDRH is expanding current efforts to promote
scientific innovation in product development, focusing device research on
cutting-edge science, modernizing the review of innovative devices, and
facilitating a least burdensome approach to clinical trials. Ongoing efforts
include the development of guidance documents to improve clinical trials
and to maximize the information gathered by such trials, the expansion
of laboratory research, a program to improve the quality of the review of
submissions to the CDRH, and expansion of the clinical and scientific ex-
pertise at the FDA. The Medical Device Critical Path Opportunities report
(FDA 2004) identified key opportunities in the development of biomarkers,
improvement in clinical trial design, and advances in bioinformatics, device
manufacturing, public health needs, and pediatrics.

The “virtual family” is an example of a project encompassed by this
initiative. It consists of the development of anatomic and physiologically
accurate adult and pediatric virtual circulatory systems to help assess the
safety and effectiveness of new stent designs prior to fabrication, physi-
cal testing, animal testing, and human trials. This project is based on a
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computer simulation model which is designed to mimic all physical and
physiological responses of a human being to a medical device. It is the first
step toward a virtual clinical trial subject. Another example is the develop-
ment of a new statistical model for predicting the effectiveness of implanted
cardiac stents through surrogate outcomes, to measure and improve the
long-term safety of these products.

To better generate evidence on which to base clinical decisions, the
Medical Device Innovation Initiative emphasizes the need for improved
statistical approaches and techniques to learn about the safety and effective-
ness of medical device interventions in an efficient way. It seeks to conduct
smaller and possibly shorter trials, and to create a better decision-making
process.

Well-designed and conducted clinical trials are at the center of clinical
decision making today and the clinical trial gold standard is the prospec-
tively planned, randomized, controlled clinical trial. However, it is not
always feasible to conduct such a trial, and in many cases, conclusions and
decisions must be based on controlled, but not randomized, clinical trials,
comparisons of an intervention to a historical control or registry, obser-
vational studies, meta-analyses based on publications, and post-market
surveillance. There is a crucial need to improve assessment and inference
methods to extract as much information as possible from such studies and
to deal with different types of evidence.

Statistical methods are evolving as we move to an era of large volumes
of data on platforms conducive to analyses. However, being able to easily
analyze data can also be dangerous because it can lead to false discoveries,
resources wasted chasing false positives, wrong conclusions, and subopti-
mal or even bad decisions. CDRH is therefore investigating new statistical
technology that can help avoid misleading conclusions, provide efficient and
faster ways to learn from evidence, and enable better and faster medical
decision making. Examples include new methods to adjust for multiplicity
to ensure that study findings will be reproduced in practice as well as new
methods to deal with subgroup analysis.

A relatively new statistical method that is being used to reduce bias in
the comparison of an intervention to a nonrandomized control group is
propensity score analysis. It is a method to match patients by finding pa-
tients that are equivalent in the treatment and control groups. This statisti-
cal method may be used in nonrandomized controlled trials and the control
group may be a registry or a historical control. The use of this technique
in observational studies attempts to balance the observed covariates. How-
ever, unlike trials in which there is random assignment of treatments, this
technique cannot balance the unobserved covariates.

One of the new statistical methods being used to design and analyze
clinical trials is the Bayesian approach, which has been implemented and
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used at CDRH for the last seven years, giving excellent results. The Bayes-
ian approach is a statistical theory and approach to data analysis that
provides a coherent method for learning from evidence as it accumulates.
Traditional (also called frequentist) statistical methods formally use prior
information only in the design of a clinical trial. In the data analysis stage,
prior information is not part of the analysis. In contrast, the Bayesian
approach uses a consistent, mathematically formal method called Bayes’
Theorem for combining prior information with current information on a
quantity of interest. When good prior information on a clinical use of a
medical device exists, the Bayesian approach may enable the FDA to reach
the same decision on a device with a smaller-sized or shorter-duration piv-
otal trial. Good prior information is often available for medical devices.
The sources of prior information include the company’s own previous stud-
ies, previous generations of the same device, data registries, data on similar
products that are available to the public, pilot studies, literature controls,
and legally available previous experience using performance characteristics
of similar products. The payoff of this approach is the ability to conduct
smaller and shorter trials, and to use more information for decision making.
Medical device trials are amenable to the use of prior information because
the mechanism of action of medical devices is typically physical, making
the effects local and not systemic. Local effects are often predictable from
prior information when modifications to a device are minor.

Bayesian methods may be controversial when the prior information is
based mainly on personal opinion (often derived by elicitation methods).
They are often not controversial when the prior information is based on
empirical evidence such as prior clinical trials. Since sample sizes are typi-
cally small for device trials, good prior information can have greater impact
on the analysis of the trial and thus on the FDA decision process.

The Bayesian approach may also be useful in the absence of informa-
tive prior information. First, the approach can provide flexible methods for
handling interim analyses and other modifications to trials in midcourse
(e.g., changes to the sample size). Conducting an interim analysis during a
Bayesian clinical trial and being able to predict the outcome at midcourse
enables early stopping either for early success or for futility. Another advan-
tage of the Bayesian approach is that it allows for changing the randomiza-
tion ratio at mid-trial. This can ensure that more patients in the trial receive
the intervention with the highest probability of success, and it is not only
ethically preferable but also encourages clinical trial participation. Finally,
the Bayesian approach can be useful in complex modeling situations where
a frequentist analysis is difficult to implement or does not exist.

Several devices have been approved through the use of the Bayesian ap-
proach. The first example was the INTER FIX™ Threaded Fusion Device
by Medtronic Sofamor Danek, which was approved in 1999. That device
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is indicated for spinal fusion in patients with degenerative disc disease. In
that case, a Bayesian predictive analysis was used in order to stop the trial
early. The statistical plan used data of 12-month visits combined with par-
tial data of 24-month visits to predict the results of patients who had not
reached 24 months in the study (later these results were confirmed). Later
(after approval) the sponsor completed the follow-up requirements for the
patients enrolled in the study. The final results validated the Bayesian pre-
dictive analysis, which significantly reduced the time that was needed for
completion of the trial (FDA 1999).

Another example is the clinical trial designed to assess the safety and
effectiveness of the LT-CAGE™ Tapered Fusion Device, by Medtronic So-
famor Danek, approved in September 2000. This device is also indicated for
spinal fusion in patients with degenerative disc disease. The trial to assess
safety and effectiveness of the device was planned as Bayesian, and Bayes-
ian statistical methods were used to analyze the results. Data from patients
that were evaluated at 12 and 24 months were used combined with data
from patients evaluated only at 12 months in order to make predictions
and comparisons for success rates at 24 months. The Bayesian predictions
performed during the interim analyses significantly reduced the sample size
and the time that was needed for completion of the trial. Again, the results
were later confirmed (Lipscomb et al. 2005; FDA 2002).

A third example, where prior information was used along with interim
analyses is the Bayesian trial for the St. Jude Medical Regent heart valve,
which was a modification of the previously approved St. Jude Standard
heart valve. The objective of this trial was to assess the safety and effective-
ness of the Regent heart valve. The trial used prior information from the
St. Jude Standard heart valve by borrowing the information via Bayesian
hierarchical models. In addition, the Bayesian experimental design provided
a method to determine the stopping time based on the amount of infor-
mation gathered during the trial and the prediction of what future results
would be. The trial stopped early for success (FDA 2006).

In 2006, the FDA issued a draft guidance for industry and FDA staff
that elaborates on the use of Bayesian methods. It covers Bayesian statistics,
planning a Bayesian clinical trial, analyzing a Bayesian clinical trial, and post-
market surveillance. A public meeting for discussion of the guidance took
place in July 2006; this can be found at http://www.fda.gov/cdrh/meetings/
072706-bayesian.html.

In general, adaptive trial designs, either Bayesian or frequentist, consti-
tute an emerging field that seems to hold promise for more ethical and effi-
cient development of medical interventions by allowing fuller integration of
available knowledge as trials proceed. However, all aspects and trade-offs
of such design need to be understood before they are widely used. Clearly
there are major logistic, procedural, and operational challenges in using
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adaptive clinical trial designs, not all of them as yet resolved. However, they
have the potential to play a large role and be beneficial in the future. The
Pharmaceutical Research and Manufacturers of America (PhRMA) and the
FDA organized a workshop that took place on November 13 and 14, 2006,
in Bethesda, Maryland, to discuss challenges, opportunities and scope of
adaptive trial designs in the development of medical interventions. PhRMA
has formed a working group on adaptive designs that aims to facilitate a
constructive dialogue on the topic by engaging statisticians, clinicians, and
other stakeholders in academia, regulatory agencies, and industry to facili-
tate broader consideration and implementation of such designs. PhARMA
produced a series of articles that have been published in the Drug Informa-
tion Journal, Volume 40, 2006.

Finally, formal decision analysis is a mathematical tool that should be
used when making decisions on whether or not to approve a device. This
methodology has the potential to enhance the decision-making process and
make it more transparent by better accounting for the magnitude of the
benefits as compared with the risks of a medical intervention.

CDRH is also committed to achieving a seamless approach to regula-
tion of medical devices in which the pre-market activities are integrated
with continued post-market surveillance and enforcement. In addition,
appropriate and timely information is fed back to the public. This regula-
tory approach encompasses the entire life cycle of a medical device. The
“total product life cycle” enhances CDRH’s ability to fulfill its mission to
protect and promote public health. CDRH’s pre-market review program
cannot guarantee that all legally marketed devices will function perfectly
in the post-market setting. Pre-market data provide a reasonable estimate
of device performance but may not be large enough to detect the occur-
rence of rare adverse events. Moreover, device performance can render
unanticipated outcomes in post-market use, when the environment is not
as controlled as in the pre-market setting. Efforts are made to forecast
post-market performance based on pre-market data, but the dynamics
of the post-market environment create unpredictable conditions that are
impossible to investigate during the pre-market phase. As a consequence,
CDRH is committed to a Post-market Transformation Initiative and re-
cently published two documents on the post-market safety of medical
devices. One describes CDRH’s post-market tools and the approaches used
to monitor and address adverse events and risks associated with the use of
medical devices that are currently on the market (see “Ensuring the Safety
of Marketed Medical Devices: CDRH’s Medical Device Post-market Safety
Framework”). The second document provides a number of recommenda-
tions for improving the post-market program (see “Report of the Post-
market Transformation Leadership Team: Strengthening FDA’s Post-market
Program for Medical Devices”). Both of these documents are available at

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

shop Summary (IOM Roundtable on Evidence-Based Medicine)

THE EVOLVING EVIDENCE BASE 99

http://www.fda.gov/cdrh/postmarket/mdpi.html. It is important to mention
that one of the recommended actions to transform the way CDRH handles
post-market information to assess the performance of marketed medical
device products is to design a pilot study to investigate quantitative deci-
sion-making techniques to evaluate medical devices throughout the “total
product life cycle.”

In conclusion, as the world of medical devices becomes more complex,
the Center for Devices and Radiological Health is developing tools to
collect information, make decisions, and manage risk in the twenty-first
century. Emerging medical device technology will fundamentally transform
the healthcare and delivery system, provide new and cutting-edge solu-
tions, challenge existing paradigms, and revolutionize the way treatments
are administered.

EVOLVING METHODS: MATHEMATICAL MODELS TO
HELP FILL THE GAPS IN EVIDENCE

David M. Eddy, M.D., Ph.D., and David C. Kendrick, M.D., M.P.H.
Archimedes, Inc.

A commitment to evidence-based medicine makes excellent sense. It
helps ensure that decisions are founded on empirical observations. It helps
ensure that recommended treatments are in fact effective and that inef-
fective treatments are not recommended. It also helps reduce the burden,
uncertainty, and variations that plague decisions based on subjective judg-
ments. Ideally, we would answer every important question with a clinical
trial or other equally valid source of empirical observations.

Unfortunately, this is not feasible. Reasons include high costs, long
durations, large sample sizes, difficulty getting physicians and patients to
participate, large number of options to be studied, speed of technological
innovation, and the fact that the questions can change before the trials are
completed. For these reasons we need to find alternative ways to answer
questions—to fill the gaps in the empirical evidence.

One of these is to use mathematical models. The concept is straight-
forward. Mathematical models use observations of real events (data) to
derive equations that represent the relationships between variables. These
equations can then be used to calculate events that have never been directly
observed. For a simple example, data on the distances traveled when mov-
ing at particular speeds for particular lengths of time can be used to derive
the equation “distance = rate x time” (D = RT). Then, that equation can
be used to calculate the distance traveled at any other speeds for any other
times. Mathematical models have proven themselves enormously valuable
in other fields, from calculating mortgage payments, to designing budgets,
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to flying airplanes, to taking photos of Mars, to e-mail. They have also been
successful in medicine, examples being computed tomography (CT) scans
and magnetic resonance imaging (MRI), radiation therapy, and electronic
health records. Surely there must be a way they can help us improve the
evidence base for clinical medicine.

There is very good reason to believe they can, provided some condi-
tions are met. First, we must understand that models will never be able
to completely replace clinical trials. There are several reasons. Most fun-
damentally, trials are our anchor to reality—they are observations of real
events. Models are not directly connected to reality. Indeed, models are
built from trials and other sources of empirical observations. They are sim-
plified representations of reality, filtered by observations and constrained
by equations and will never be as accurate as reality. Not only are they one
step removed from empirical observations, but they cannot exist without
them. Thus, if it is feasible to answer a question with a clinical trial, then
that is the preferred approach. Models should be used to fill the gaps in
evidence only when clinical trials are not feasible.

The second condition is that the model should be validated against the
clinical trials that do exist. More specifically, before we rely on a model to
answer a question we should ensure that it accurately reproduces or pre-
dicts the most important clinical trials that are adjacent to or surround that
question. The terms “adjacent to” and “surround” are intended to identify
the trials that involve similar populations, interventions, and outcomes. For
example, suppose we want to compare the effects of atorvastatin, simvas-
tatin, and pravastatin on the 10-year rate of myocardial infarctions (MIs)
in people with coronary artery disease (previous MI, angina, history of
percutaneous transluminal coronary angioplasty [PTCA], or bypass). These
head-to-head comparisons have never been performed, and it would be ex-
traordinarily difficult to do so, given the long time period (10 years), very
large sample sizes required (tens of thousands), and very high costs (hun-
dreds of millions of dollars). However a mathematical model could help
answer these questions if it had already been shown to reproduce or predict
the existing trials of these drugs versus placebos in similar populations. In
this case the major adjacent trials would include 4S, the Scandinavian Sim-
vastatin Survival Study (Randomised trial of cholesterol lowering in 4,444
patients with coronary heart disease [4S] 1994); WOSCOPS (Shepherd et
al. 1995); CARE (Flaker et al. 1999), LIPID (Prevention of cardiovascular
events and death with pravastatin in patients with coronary heart disease
and a broad range of initial cholesterol levels [LIPID] 1998), PROSPER
(Shepherd et al. 2002), CARDS (Colhoun et al. 2004), TNT (LaRosa et al.
2005), and IDEAL (Pedersen et al. 2005).

The methods for selecting the surrounding trials and performing the
validations are beyond the scope of this paper, but four important ele-
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ments are that (1) the trials should be identified or at least reviewed by a
third party, (2) the validations should be performed at the highest level of
clinical detail of which the model is capable, (3) all the validations should
be performed with the same version of the model, and (4) to the greatest
extent possible, the validations should be independent in the sense that
they were not used to help build the model. On the third point, it would be
meaningless if a model were tweaked or parameters were refitted to match
the results of each trial. On the fourth point, it is almost inevitable that
some trials will have been used to help build a model. In those cases we say
that the validation is “dependent”; these validations ensure that the model
can faithfully reproduce the assumptions used to build it. If no informa-
tion from a trial was used to help build the model, we say that a validation
against that trial is “independent.” These validations provide insights into
the model’s ability to simulate events in new areas, such as new settings,
target populations, interventions, outcomes, and durations.

If these conditions are met for a question, it is not feasible to conduct
a new trial to answer the question, and there is a model that can reproduce
or predict the major trials that are most pertinent to the question, then it
is reasonable to use the model to fill in the gaps between the existing trials.
While that approach will not be as desirable as conducting a new clinical
trial, one can certainly argue that it is better than the alternative, which is
clinical or expert judgment.

If a model is used, then the degree of confidence we can place in its
results will depend on the number of adjacent trials against which it has
been validated, on the “distance” between the questions being asked and
the real trials, and on how well the model’s results matched the real results.
For example, one could have a fairly high degree of confidence in a model’s
results if the question is about a subpopulation of an existing trial whose
overall results the model has already predicted. Other examples of analyses
about which we could be fairly confident are the following:

e Head-to head comparisons of different drugs, all of which have
been studied in their own placebo-controlled trials, such as com-
paring atorvastatin, simvastatin, and pravastatin;

e Extension of a trial’s results to settings with different levels of phy-
sician performance and patient compliance;

e Studies of different doses of drugs, or combinations of drugs, for
which there are good data from phase II trials on biomarkers,
and there are other trials connecting the biomarkers to clinical
outcomes;

Extensions of a trial’s results to longer follow-up times; and
Analyses of different mixtures of patients, such as different propor-
tions of people with CAD, particular race/ethnicities, comorbidities,
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or use of tobacco, provided the model’s accuracy for these groups
has been tested in other trials.

As one moves further from the existing trials and validations, the de-
gree of confidence in the model’s results will decrease. At the extreme, a
model that is well validated for, say Type 2 diabetes, cannot be considered
valid for a different disease, such as coronary artery disease (CAD), con-
gestive heart failure (CHF), cancer, or even Type 1 diabetes. A corollary of
this is that a model is never “validated” in a general sense, as though that
were a property of the model that carries with it to every new question.
Models are validated for specific purposes, and as each new question is
raised, their accuracy in predicting the trials that surround that question
needs to be examined.

Example: Prevention of Diabetes in High-Risk People

We can illustrate these concepts with an example. Several studies have
indicated that individuals at high risk for developing diabetes can be iden-
tified from the general population and that with proper management the
onset of diabetes can be delayed, or perhaps even prevented altogether
(Tuomilehto et al. 2001; Knowler et al. 2002; Snitker et al. 2004; Chiasson
et al. 1998; Gerstein et al. 2006). Although these results indicate the po-
tential value of treating high-risk people, the short durations and limited
number of interventions studied in these trials leave many important ques-
tions unanswered.

Taking the Diabetes Prevention Program (DPP) as an example, it
showed that in people at high risk of developing diabetes, over a follow-up
period of four years about 35 percent developed diabetes (the control arm).
Metformin decreased this to about 29 percent, for a relative reduction of
about 17 percent. Lifestyle modification decreased it to about 18 percent,
for a relative reduction of about 48 percent. Over the mean follow-up
period of 2.8 years the relative reduction was about 58 percent. This is
certainly an encouraging finding and is sufficient to stimulate interest in
diabetes prevention. However 2.8 years or even 4 years is far too short to
determine the effects of these interventions on the long term progression of
diabetes or any of its complications; for example:

e Do the prevention programs just postpone diabetes or do they
prevent it altogether?

e What are the long-term effects of the prevention programs on the
probabilities of micro- and macrovascular complications of diabetes,
such as cardiovascular disease, retinopathy, and nephropathy?
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e  What are the effects on long-term costs, and what are the cost-
effectiveness ratios of the prevention programs?

e Are there any other programs that might be more cost effective?

e  What would a program have to cost in order to break even—no
increase in net cost?

These new questions need to be answered if we are to plan diabetes
prevention programs rationally. Ideally, we would answer them by continu-
ing the DPP for another 20 to 30 years. But that is not possible for obvious
reasons. The only possible method is to use a mathematical model to extend
the trial. Specifically, if a model contains all the important variables and
can demonstrate that it is capable of reproducing the DPP, along with other
trials that document the outcomes of diabetes, then we could use it to run
a simulated version of the DPP for a much longer period of time. This ap-
proach would also enable us to explore other types of prevention activities
and see how they compare with metformin and the lifestyle modification
program used in the DPP.

An example of such a model is the Archimedes model. Descriptions
of the model have been published elsewhere (Schlessinger and Eddy 2002;
Eddy and Schlessinger 2003a, 2003b). Basically, the core of the model is a
set of ordinary and differential equations that represent human physiology
at roughly the level of detail found in general medical textbooks, patient
charts, and clinical trials. It is continuous in time, with clinical events oc-
curring at any time. Biological variables are continuous and relate to one
another in ways that they are understood to interact in vivo. Building out
from this core, the Archimedes model includes the development of signs and
symptoms, patient behaviors in seeking care, clinical events such as visits
and admissions, protocols, provider behaviors and performance, patient
compliance, logistics and utilization, health outcomes, quality of life, and
costs. Thus the model simulates a comprehensive health system in which
virtual people get virtual diseases, seek care at virtual hospitals and clin-
ics, are seen by virtual healthcare providers, who have virtual behaviors,
use virtual equipments and supplies, generate virtual costs, and so forth.
An analogy is Electronic Arts’ SimCity game, but starting at the level of
detail of the underlying physiologies of each of the people in the simula-
tion rather than city streets and utility systems. This relatively high level of
physiological detail enables the model to simulate diseases such as diabetes
and their treatments. For example, in the model people have livers, which
produce glucose, which is affected by insulin resistance and can be affected
by metformin. Similarly, people in the model can change their lifestyles
and lose weight, which affects the progression of many things including
insulin resistance, blood pressure, cholesterol levels, and so forth. Thus
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the Archimedes model is well positioned to study the effects of activities to
prevent diabetes.

The Archimedes model is validated by using the simulated healthcare
system to conduct simulated clinical trials that correspond to real clinical
trials (Eddy et al. 2005). This provides the opportunity to compare the
outcomes calculated in the model with outcomes seen in the real trials.
Thus far the model has been validated against more than 30 trials. The first
18 trials, with seventy-four separate treatment arms and outcomes, were
selected by an independent committee appointed by the American Diabetes
Association (ADA) and have been published (Eddy et al. 2005). The overall
correlation coefficient between the model’s results and those of the actual
trials is 0.98. Ten of the eighteen trials in the ADA-chosen validations pro-
vided independent validations; they were not used to build the model itself.
The correlation coefficient for these independent validations was 0.96. An
example of an independent validation that is particularly important for this
application is a prospective, independent validation of the DPP trial itself;
the published results matched the predicted results quite closely (Figure
2-1). The Archimedes model also accurately simulated several trials that

0.5
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FIGURE 2-1 Model’s predictions of outcomes in Diabetes Prevention Program.
Comparison of proportions of people progressing to diabetes in the control group
observed in the real Diabetes Prevention Program (DPP) (solid lines) and in the
simulation of the DPP by the Archimedes model (dashed lines).

SOURCE: Eddy et al. Annals of Internal Medicine 20055 143:251-264.
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FIGURE 2-2 Comparison of model’s calculations and results of the United King-
dom Prospective Diabetes Study (UKPDS): Rates of myocardial infarctions in con-
trol and treated groups.

SOURCE: Eddy et al. Annals of Internal Medicine 2005; 143:251-264.

observed the progression of diabetes, development of complications, and
effects of treatment.

An important example is the progression of diabetes and development
of coronary artery disease in the United Kingdom Prospective Diabetes
Study (Figure 2-2). The ability of the model to simulate or predict a large
number of trials relating to diabetes and its complications builds confidence
in its results.

Thus the prevention of diabetes in high-risk people meets the criteria
outlined above—it is impractical or impossible to answer the important
questions with real clinical trials, there is a model capable of addressing the
questions at the appropriate level of physiological detail, and the model has
been successfully validated against a wide range of adjacent clinical trials.

Methods

Use of the Archimedes model to analyze the prevention of diabetes in
high risk people has been reported in detail elsewhere (Eddy et al. 2005).
To summarize, the first step was to create a simulated population that cor-
responds to the population used in the DPP trial. This was done by start-
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ing with a representative sample of the U.S. population, from the National
Health and Nutrition Examination Survey (NHANES (National Health and
Nutrition Evaluation Survey 1998-2002), and then applying the inclusion
and exclusion criteria for the DPP to select a sample that matched the DPP
population. Specifically, the DPP defined individuals to be at high risk for
developing diabetes and included them in the trial if they had all of the fol-
lowing: body mass index (BMI) > 24, fasting plasma glucose (FPG) 90-125
mg/dL, and oral glucose tolerance test (OGTT) of 140-199 mg/dL. We then
created copies or clones of the selected people from NHANES, by matching
them on approximately 35 variables. A total of 10,000 people were selected
and copied. This group was then exposed to three different interventions,
corresponding to the arms of the real trial (baseline or control, metformin
begun immediately, and the DPP lifestyle program begun immediately). The
three groups were then followed for 30 years and observed for progression
of diabetes and development of major complications such as myocardial
infarction, stroke, end-stage renal disease, and retinopathy. Cost-generat-
ing events as well as symptoms and outcomes that affect the quality of life
were also measured. The results could then be used to answer the questions
about the long-term effects of diabetes prevention.

Do the Prevention Programs Just Postpone Diabetes or Do They Prevent
It Altogether?

This can be answered by comparing the effects of metformin and life-
style on the proportion of people who developed diabetes over the 30-year
period. The results are shown in Figure 2-3. The natural rate of progression
to diabetes, seen in the control group, was 72 percent over the 30-year fol-
low-up period. Lifestyle modification, as offered in the DPP and continued
until a person develops diabetes, would reduce the incidence of diabetes
to about 61 percent, for a relative reduction of 15 percent. Thus, over
a 30-year horizon the DPP lifestyle modification would actually prevent
diabetes in about 11 percent of cases, while delaying it in the remaining 61
percent. In the metformin arm, about 4 percent of cases of diabetes would
be prevented, for a 5.5 percent relative reduction in the 30-year incidence
of diabetes.

What Are the Long-Term Effects of the Prevention Programs on the
Probabilities of Micro- and Macrovascular Complications of Diabetes,
like Cardiovascular Disease, Retinopathy, and Nephropathy?

This question is also readily answered, in this case by counting the
number of clinical outcomes that occur in the control and lifestyle groups.
The effects of the DPP lifestyle program on long-term complications of dia-
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FIGURE 2-3 Model’s calculation of progression to diabetes in four programs.
SOURCE: Eddy et al. Annals of Internal Medicine 20055 143:251-264.

betes are shown in Table 2-1. The 30-year rate of serious complications (in-
cluding myocardial infarctions, congestive heart failure, retinopathy, stroke,
nephropathy, and neuropathy) was reduced by an absolute 8.4 percent,
from about 38.2 percent to about 29.8 percent, or a relative decrease of
about 22 percent. The effects on other outcomes are shown in Table 2-1.

What Are the Effects on Long-Term Costs, and What Are the Cost-
Effectiveness Ratios of the Prevention Programs?

The effects of the prevention activities on these outcomes can be deter-
mined by tracking all the clinical events and conditions that affect quality of
life or that generate costs. Over 30 years, the aggregate per-person cost of
providing care for diabetes and its complications in the control group was
$37,171. The analogous costs in the metformin and lifestyle groups were
$4,081 and $9,969 higher, respectively. The average cost-effectiveness ratios
for the metformin and lifestyle groups (both compared to no intervention,
or the control group), measured in terms of dollars per quality adjusted life
year (QALY) gained, were $35,523 and $62,602, respectively.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

shop Summary (IOM Roundtable on Evidence-Based Medicine)

108 THE LEARNING HEALTHCARE SYSTEM

TABLE 2-1 Expected Outcomes Over Various Time Horizons for Typical
Person with DPP Characteristics

Without Lifestyle Program Difference made by Lifestyle

(baseline) Program
Years of Follow-Up 10 20 30 10 20 30
Diabetes 56.91% 68.55% 72.18% -14.26% -11.58% -10.84%
CAD/CHF
Have an MI 3.98% 8.53% 12.02%  -0.39% -1.07% -1.65%

Develop CHF (systolic ~ 0.23%  0.67%  1.19% -0.07% -0.07% -0.08%
or diastolic)

Retinopathy
Develop “Blindness” 0.71%  2.16% 3.02%  -0.39% -1.04% -1.44%
(legal)
Develop prolific 1.38% 3.15%  433% -0.68% -1.36% -1.40%

diabetic retinopathy
Develop retinopathy 1.11%  2.57%  3.39% -0.53% -1.15% -1.21%

Total serious eye 320%  7.89% 10.74% -1.60% -3.55% -4.05%
complication
Stroke (ischemic or 2.89%  6.99% 11.61% -0.46% -097% -1.42%
hemorrhagic)
Nephropathy
Develop ESRD 0.00%  0.00%  0.07% 0.00% 0.00%  -0.04%
Need Dialysis 0.00%  0.00% 0.05% 0.00% 0.00% -0.03%
Need a kidney 0.00%  0.00%  0.02% 0.00% 0.00% -0.01%
transplant

Total serious kidney 0.00%  0.00%  0.15% 0.00% 0.00%  -0.08%
complication
Neuropathy
(symptomatic)
Develop foot ulcers 0.68% 1.43% 1.78%  -0.38% -0.65% -0.74%

Are There Any Other Programs That Might Be More Cost-Effective?

The DPP had three arms: control, metformin begun immediately (i.e.,
when the patient is at risk of developing diabetes, but has not yet developed
diabetes), and lifestyle modification begun immediately. Given the high cost
of the lifestyle intervention as it was implemented in the DPP, it is reason-
able to ask what the effect would be of waiting until a person progressed
to diabetes and then beginning the lifestyle intervention. It is clearly not
possible to go back and restart the DPP with this new treatment arm, but
it is fairly easy to add it to a simulated trial. The results are summarized in
Table 2-2. Compared to beginning the lifestyle modification immediately,
waiting until a person develops diabetes gives up about 0.034 QALY, or
about 21 percent of the effectiveness seen with immediate lifestyle modifica-
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TABLE 2-1 Continued
Without Lifestyle Program Difference made by Lifestyle

(baseline) Program
Years of Follow-Up 10 20 30 10 20 30
Need a Partial foot 0.17% 0.58% 0.74%  -0.04% -0.31% -0.37%
amputation
Need an Amputation 0.00% 0.00% 0.03% 0.01% 0.02%  -0.01%
Total serious foot 0.84%  2.01% 2.55% -0.41% -0.94% -1.12%
complication
Total for all 11.15% 26.08% 38.24%  -2.94% -6.60% -8.40%
complications
Deaths
CHD 2.22% 6.65% 11.90% -0.61% -1.07% -2.01%
Stroke 0.37% 0.94% 1.48%  -0.08% -0.25% -0.26%
Renal disease 0.00%  0.02%  0.09% 0.00% -0.01% -0.04%
Death from any 2.59% 7.61% 13.47%  -0.70%  -1.32% -2.31%
complication
Life Years 24.032 0.288
QALYs (undiscounted) 16.125 0.276
QALYs (discounted 3%) 11.319 0.159
ABBREVIATIONS:

DPP - Diabetes Prevention Program; CAD — coronary artery disease; CHF — congestive heart
failure; MI — myocardial infarction; ESRD — end-stage renal disease; CHD — coronary heart
disease; QALY — quality-adjusted life-year

NOTE: For each time horizon, the entries are the chance of having a complication or the
decrease in chance of a complication, up to the end of that time horizon. The columns labeled
“Baseline” give the chances that would apply with the Baseline program; “Difference” gives
the increase or decrease in chance of a complication caused by the DPP lifestyle program. The
chances that would occur with the DPP lifestyle program can be determined from the table by
subtracting the “Difference” from the “Baseline” figures.

SOURCE: Eddy et al. Annals of Internal Medicine 20055 143:251-264.

tion. However, the delayed lifestyle program increases costs about $3,066,
or about one-third as much as the immediate lifestyle program. Thus the
delayed program is more cost-effective in the sense that it delivers a quality-
adjusted life year at a lower cost than beginning the lifestyle modification
immediately—$24,523 versus $62,602. If the immediate lifestyle program
is compared to the delayed lifestyle program, the marginal cost per QALY
of the immediate program is about $201,818.

What Would a Program Have to Cost in Order to Break Even—No
Increase in Net Cost?

This can be addressed by conducting a sensitivity analysis on the cost of
the intervention. Figure 2-4 shows the relationship between the cost of the
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TABLE 2-2 30-Year Costs, QALYs, and Incremental Costs/QALY for
Four Programs from Societal Perspective (Discounted 3%)

Average Incremental Incremental

Cost per QALY per cost/ increase in  increase in  Incremental
person person QALY“  cost QALYs cost/QALY
Baseline $37,171 11.319
Lifestyle when $40,237 11.444 $24,523 $3,066 0.125 $24,523
FPG>125°
DPP Lifestyle® $47,140 11.478 $62,602  $6,903 0.034 $201,818
Metformin $41,189 11.432 $35,523 dominated dominated dominated

9Compared to Baseline.

bIncremental values are compared to Baseline.

‘Incremental values are compared to Lifestyle when >125.
ABBREVIATIONS: QALY - quality-adjusted life-year, FPG - fasting plasma glucose,
DPP - Diabetes Prevention Program.
SOURCE: Eddy et al. Annals of Internal Medicine 20055 143:251-264.

DPP lifestyle program and the net financial costs. In order to break even,
the DPP lifestyle program would have to cost $100 if begun immediately
and about $225 if delayed until after a person develops diabetes. In the DPP
trial itself, the lifestyle modification program cost $1,356 in the first year
and about $672 in subsequent years.

5000

= DPP Lifestyle vs No
4000 | Program /

- - Lifestyle after FPG+125 /
3000 4—

vs. No Program /
2000
1000 /

0 4-"":' .
/—"zoo 400 600

-1000

Net 30-year Cost (Discounted) to Health Plan

-2000

Annual Cost of Lifestyle Program

FIGURE 2-4 Costs of two programs for diabetes prevention.
SOURCE: Eddy et al. Annals of Internal Medicine 20055 143:251-264.
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Discussion and Conclusions

This example illustrates how models can be used to help fill the gaps
in the evidence provided by clinical trials and other well-designed empirical
studies. Each of the questions addressed above is undeniably important,
but each is also impossible to answer empirically. One way or another we
are going to have to develop methods for filling the gaps between trials.
The solution we describe here is to use trials to establish the effectiveness
of interventions, but then use models to extend the trials in directions that
are otherwise not feasible. In this case the DPP established that both met-
formin and intensive lifestyle modification decrease the rate of progression
to diabetes in high-risk people. Its results suggest that either of those inter-
ventions, plus variations on them such as different doses or timing, should
reduce downstream events such as the complications of diabetes and their
costs. However they are incapable of determining the actual magnitudes of
the downstream effects—the actual probabilities of the complications with
and without the interventions, and the actual effects on costs. The DPP
trial itself is reported to have cost on the order of $1735 million. Continuing
it for another 30 years, or even another 10 years, is clearly not possible.
Furthermore, once the beneficial effects of the interventions have been es-
tablished it would be unethical to continue the trial as originally designed.
Thus, if we are limited to the clinical trial by itself, we will never know
the long-term heath and economic outcomes that are crucially needed for
rational planning.

There are three main ways to proceed. One is to ignore the lack of
information about the magnitudes of the effects and promote the preven-
tion activities on the general principle that their benefits have been shown.
Since this option is not deterred by a lack of information about actual
health or economic effects, it might as well promote the most expensive and
effective intervention—in this case intensive lifestyle modification begun
immediately. This type of nonquantitative reasoning has been the mainstay
of medical decision making for decades and might still be considered viable
except for two facts. First, it provides no basis for truly informed decision
making; if a patient or physician wants to know what can be expected to
occur or wants to consider other options, this approach is useless. Second,
this approach almost uniformly drives up costs. While that might have been
acceptable in the past, it is not acceptable or maintainable today.

The second approach is to rely on expert opinion to estimate the long-
term effects. The difficulty here is that the size of the problem far exceeds
the capacity of the human mind. When we can barely multiply 17 x 23 in
our heads, there is no hope that we can mentally process all the variables
that affect the outcomes of preventing diabetes with any degree of accuracy.
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As a result, different experts come up with different estimates, and there is
no way to determine if any of them is even close to being correct.

The third approach is the one taken here—to use mathematical models
to keep all the variables straight and perform all the calculations. In a sense,
this is the logical extension of using expert opinion; use the human mind for
what it is best at—storing and retrieving information, finding patterns, rais-
ing hypotheses, designing trials—and then call on formal analytical meth-
ods and the power of computers (all human-made, by the way) to perform
the quantitative parts of the analysis. This approach can also be viewed as
the logical extension of the clinical trial and other empirical research. Tri-
als produce raw data. We already use quantitative methods to interpret the
data—classical statistics if nothing else. The types of models we are talking
about here are in the same vein, but they extend the methods to encompass
information from a wider range of clinical trials and other types of research
(to build and validate the models) and then extend the analyses in time to
estimate long-term outcomes.

With all this said, however, it is also important to note that in the same
ways that not all experts are equal and not all trial designs are equal, not
all models are equal. Our proposal that models can be used to help fill the
gaps in trials carries a qualification that this should be done only if the abil-
ity of the model to simulate real trials has been demonstrated. One way to
put this is that if a model is to be used to fill a gap in the existing evidence,
it should first be shown to accurately simulate the evidence that exists on
either side of the gap. In this example, the model should be shown to ac-
curately simulate (or as in this case, prospectively predict) the DPP trial of
the prevention of diabetes (Figure 2-4) as well as other trials of outcomes
that have studied the development of complications and their treatments
(e.g., Figure 2-2). The demonstration of a model’s ability to simulate exist-
ing trials, as well as the condition that additional trials are not feasible,
form the conditions we would propose for using models to fill the gaps in
evidence.

This example has demonstrated that there are problems, and models,
that meet these conditions today. In addition there are good reasons to
believe that the power and accuracy of models will improve considerably
in the near future. The main factor that will determine the pace of improve-
ment is the availability of person-specific data. Access to such data should
increase with the spread of EHRs, as more clinical trials are conducted, as
the person-specific data from existing trials are made more widely acces-
sible, as models push deeper into the underlying physiology, and as model-
ers focus more on validating their models against the data that do exist.
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HETEROGENEITY OF TREATMENT EFFECTS:
SUBGROUP ANALYSIS

Sheldon Greenfield, M.D., University of California at Irvine, and
Richard L. Kravitz, M.D., M.S.P.H., University of California at Davis

Three evolving phenomena indicate that results generated by random-
ized controlled trials are increasingly inadequate for the development of
guidelines, for payment, and for creating quality-of-care measures. First,
patients now eligible for trials have a broader spectrum of illness sever-
ity than previously. Patients at the lower end of disease severity, who are
less likely to benefit from a drug or intervention, are now being included
in RCTs. The recent null results from trials of calcium and of clopidogrel
are examples of this phenomenon. Second, due to the changing nature of
chronic disease along with increased patient longevity, more patients now
suffer from multiple comorbidities. These patients are frequently excluded
from clinical trials. Both of these phenomena make the results from RCTs
generalizable to an increasingly small percentage of patients. Third, power-
ful new genetic and phenotypic markers that can predict patients’ respon-
siveness to therapy and vulnerability to adverse effects of treatment are now
being discovered. Within clinical trials, these markers have the potential
for identifying patients’ potential for responsiveness to the treatment to be
investigated.

The current research paradigm underlying evidence-based medicine,
and therefore guideline development and quality assessment, is consequently
flawed in two ways. The “evidence” includes patients who may benefit only
minimally from the treatment being tested, resulting in negative trials and
potential undertreatment. Secondly, attempts to generalize the results from
positive trials to patients who have been excluded from those trials (e.g.,
for presence of multiple comorbidities) have resulted in potential over- or
ineffective treatment.

The major concern for clinical/health services researchers and policy
makers is the identification of appropriate “inference groups.” To whom
are the results of trials being applied and for what purpose? Patients with
multiple comorbidities are commonly excluded from clinical trials. Some of
these conditions can mediate the effects of treatment and increase heteroge-
neity of response through (1) altered metabolism or excretion of treatment;
(2) polypharmacy leading to drug interactions; (3) nonadherence resulting
from polypharmcy; or (4) increasing overall morbidity and reducing life
expectancy. Research in Type 2 diabetes has shown that comorbidities
producing early mortality or poor health status reduce the effectiveness of
long-term reduction of plasma glucose. In the United Kingdom Prospective
Diabetes Study (UKPDS), reducing the level of coexistent hypertension had
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considerably greater impact on subsequent morbidity and mortality than
did reducing hyperglycemia to near-normal levels. Two decision analytic
models have shown that there is very little reduction in microvascular
complications based on reductions in hyperglycemia among older patients
with diabetes. Similarly, the effectiveness of aggressive treatment for early
prostate cancer is much reduced among patients with moderate to major
amounts of coexistent disease. This decreased effectiveness must be bal-
anced against mortality from and complications of aggressive therapy to
inform patient choice, to improve guidelines for treatment, and to develop
measures of quality of care. Several recent national meetings have focused
on how guidelines and quality measures need to be altered in “complex”
patients, those with more than one major medical condition for whom at-
tention to the heterogeneity of treatment effects (HTE) is so important.

Although the problem of HTE is increasingly recognized, solutions
have been slow to appear. Proposed strategies have included exploratory
subgroup analysis followed by trials that stratify on promising subgroups.
Some have argued for expanded use of experimental designs (7 of 1 trials,
multiple time series crossover studies, matched pair analyses) that, un-
like parallel group clinical trials, can examine individual treatment effects
directly. Still others have championed observational studies prior to trials
to form relevant subgroups and after trials, as has been done in prostate
cancer, to assess the prognosis in subgroups of patients excluded from trials.
These strategies could lead to less overtreatment and less undertreatment,
and to the tailoring of treatment for maximum effectiveness and minimum
cost. The following paper, by the Heterogeneity of Treatment Effects Re-
search Agenda Consortium,! reviews these issues in greater detail.

Heterogeneity of Treatment Effects

Heterogeneity of Treatment Effects (HTE) has been defined by Kravitz
et al. (Kravitz 2004) as variation in results produced by the same treatment
in different patients. HTE has always been present; however, two contem-
porary trends have created an urgency to address the implications of HTE.
One is the inclusion of a broader spectrum of illness or risk of outcome
in some clinical trials. The other is mounting pressure from payers and
patients to follow guidelines, pay according to evidence, and identify indi-
cators of quality of care not only for patients in trials, but for the majority
of the population that was not eligible for trials and to which the results

Naihua Duan, Ph.D., Sheldon Greenfield, M.D., Sherrie H. Kaplan, Ph.D., M.P.H., David
Kent, M.D., Richard Kravitz, M.D., M.S.P.H., Sharon-Lise Normand, Ph.D., Jose Selby, M.D.,
M.P.H., Paul Shekelle, M.D., Ph.D., Hal Stern, Ph.D., Thomas R. Tenhave, Ph.D., M.P.H.;
paper developed for a research conference sponsored by Pfizer.
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of trials may not apply. This latter problem has been exacerbated in recent
years by large proportions of the patient population living longer and ac-
quiring other medical conditions that have an impact on the effectiveness
of the treatment under study.

With respect to clinical trials, the literature and clinical experience
suggest that the problem of identifying subgroups that may be differen-
tially affected by the same treatment is critical, both when the trial results
are small or negative and when the trials demonstrate a positive average
treatment effect. It has been assumed in devising guidelines, paying for
treatments, and setting up quality measures that subgroups behave simi-
larly to the population average. After a trial showing a negative average
treatment effect, guideline recommendations may not call for introducing a
treatment to a subgroup that would benefit from it. Similarly, when a trial
demonstrates a positive average treatment effect across the population, this
assumption may encourage the introduction of the added costs, risks, and
burdens of a treatment to individuals who may receive no or only a small
benefit from it.

The causes of HTE, such as genetic disposition, ethnicity, site differ-
ences in care, adherence, polypharmacy, and competing risk (Kravitz 2004),
can be classified according to four distinct categories of risk: (1) baseline
outcome risk, (2) responsiveness to treatment, (3) iatrogenic risk, and (4)
competing risk.

Baseline outcome risk is the rate of occurrence of unfavorable outcomes
in a patient population in the absence of the study treatment. Responsive-
ness to treatment reflects the change in patient outcome risk attributable to
the treatment under study. If a sample’s baseline outcome risk of myocardial
infarction without treatment is 10 percent and the treatment was 20 percent
effective, there would be a 2 percent absolute treatment effect, whereas the
same level of effectiveness (20 percent) in a patient sample with a baseline
outcome risk of 40 percent would yield an 8 percent absolute decrease in
myocardial infarction.

The third type of risk, iatrogenic risk, is the likelihood of experiencing
an adverse event related to the treatment under study. Finally, competing
risk is the likelihood of experiencing unfavorable outcomes unrelated to
the disease and treatment under study, such as death or disability due to
comorbid conditions. The causes and implications of each of these sources
of HTE are summarized below.

Baseline Outcome Risk

Variation in outcome risk is the best understood source of HTE. Figure
2-5, adapted from Kent and Hayward (Kent 2007), demonstrates how,
even if the relative benefit of a treatment (responsiveness) and the risk of
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FIGURE 2-5 Wide variation of patients’ baseline risk (their risk of suffering a bad
outcome in the absence of treatment) is one reason trial results don’t apply equally
to all patients.

SOURCE: Adapted from Kent, D, and R Hayward, When averages hid individual
differences in clinical trials, American Scientist, 2007, vol. 95 (Kent 2007).

adverse events (iatrogenic risk) are constant across a population, patients
with the highest risk for the outcome targeted by a treatment often enjoy
the greatest absolute benefit, while low-outcome risk patients derive little or
no absolute benefit. The lines A, B, and C in this figure depict the expected
outcomes with treatment (Y-axis) for a given baseline risk. Line A shows
the expected result when the treatment has no effect of outcome. Line B
shows the expected result if the treatment reduces the risk of the outcome
by 25 percent. Line C shows the expected outcome if the treatment reduces
the risk of the outcome by 25 percent but also causes a treatment-related
harm independent of baseline risk of 1 percent (i.e., this line is parallel to
B, but 1 percent higher). By comparing lines A and C, it is clear that for
patients with baseline risks of less than 4 percent, the risks of Treatment C
would outweigh its benefits (albeit slightly). The curve shows a hypotheti-
cal, unitless baseline risk distribution. High-outcome-risk patients (right
of the dashed line in Figure 2-5) may derive sufficient treatment benefit to
offset possible harmful side effects, but patients with lower baseline out-
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come risk, who may be the majority of the sample (left of the dashed line),
may fail to derive sufficient benefit from the treatment to justify exposure
to possible treatment-related harm. Therefore with a skewed distribution of
this kind, it is possible to have an average risk that yields overall an over-
all positive trial with Treatment C, even though most patients in the trial
have a risk profile that makes Treatment C unattractive. This phenomenon
occurred in the PROWESS trial examining the use of drotrecogin alfa (ac-
tivated) (Xigris) in sepsis (Vincent et al. 2003) where the overall treatment
effect was positive but driven solely by its effect on the sickest patients
(APACHE? > 25). A second RCT focusing on patients with low baseline
outcome risk (APACHE < 25) showed no net benefit for this subpopulation
(Abraham et al. 2005), demonstrating the wide possible variations due to
HTE. A similar phenomenon may have occurred in a clopidogrel-aspirin
trial (Bhatt 2006) where the sickest patients benefited and the least sick
patients showed a trend toward harm. In this case, there was an overall null
effect. In both sets of studies, the overall effect was misleading.

latrogenic Risk

The causes of side effects include both genetic and environmental
components. An environmental example would be a hospital’s failure to
recognize and promptly treat side effects (Kravitz 2004).

Responsiveness to Treatment

Responsiveness describes the probability of clinical benefit for the in-
dividual from the treatment based on drug absorption, distribution, me-
tabolism or elimination, drug concentration at the target site, or number
and functionality of target receptors. Most of the reasons for variations
in responsiveness are of genetic origin. Other causes of different trial re-
sponses in individual patients include behavioral and environmental vari-
ables (Kravitz 2004).

Competing Risk

The demographics of the majority of the population (or the average
patient) are changing. The aging of the population, along with the advent
of life-prolonging therapies, has caused an increase in the proportion of the
patients within a diagnostic category who have multiple comorbidities, are
treated with multiple medications, and therefore, have multiple competing

2Acute Physiology and Chronic Health Evaluation (APACHE) scores are often utilized to
stratify patients according to risk.
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sources of mortality. Compared with 20 years ago, patients with prostate
cancer are much more likely to have coexisting congestive heart failure,
chronic obstructive pulmonary disease (COPD), and diabetes and are much
more likely to die from these conditions than from prostate cancer over
the next few years. These patients are therefore much less likely to be able
to benefit from arduous, long-term treatment. Two decision analyses have
shown that intensive treatment of blood sugar in patients with diabetes who
are older than 65 years has little impact on the reductions of complications
in such patients (Vijan et al. 1997; CDC Diabetes Cost-Effectiveness Group
2002). Therefore, in these patients the effectiveness of aggressive treatment
is substantially lower than that observed in clinical trials because these
trials were conducted with younger patients without such comorbidities

(Greenfield et al. [unpublished]).

Current Study Design and Analytical Approaches

Hayward and colleagues have noted that attention to HTE and its
impact has been limited and focused almost exclusively on outcome risk
(Hayward et al. 2005). In most trials only one subgroup was investigated
at a time. These subgroups were usually not a priori specified.

A priori risk stratification, especially with multivariate risk groups, is
almost never done. Comparisons of treatment effects across patients with
varying outcome risk or illness severity usually involve post hoc subgroup
analyses, which are not well suited for identifying the often multiple pa-
tient characteristics associated with differential treatment effects (Lagakos
2006).

The usefulness of multiple subgroup analyses is limited by at least
two shortcomings. First, many subgroup analyses with multiple subgroup
comparisons are performed using one variable at a time, increasing the
likelihood of type I error (false positives), and requiring the allowable
error rate (alpha) of each comparison to be set below 0.05 to ensure the
overall alpha does not exceed 0.05. This reduces the likelihood of detecting
significant differences between subgroups. This problem is compounded
when subgroup analyses are conducted post hoc because subgroups are
often underpowered when not prespecified in the study design. Even when
subgroups are prespecified, however, one-variable-at-a-time analyses are
still problematic. Secondly, one-at-a-time subgroup analysis treats risk cat-
egories dichotomously, which constrains the power of the analysis and
increases the likelihood of type II error (false negatives).

To understand the distribution and impact of HTE in a way that im-
proves the specificity of treatment recommendations, prevailing approaches
to study design and data analysis in clinical research must change.
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Recommendations and a New Research Agenda

Two major strategies can decrease the negative impact of HTE in clini-
cal research: (1) The use of composite risk scores derived from multivariate
models should be considered in both the design of a priori risk stratification
groups and data analysis of clinical research studies; and (2) the full range
of sources of HTE, many of which arise for members of the general popu-
lation not eligible for trials, should be addressed by integrating multiple
phases of clinical research, both before and after an RCT.

Addressing Power Limitations in Trials Using Composite Risk Scores

Multivariate risk models address the issues of both multiple compari-
sons and reliance on dichotomous subgroup definitions by combining multi-
ple, hypothesized risk factors into a single continuous independent variable.
A simulation study by Hayward et al. (Hayward et al. 2006) demonstrated
that a composite risk score derived from a multivariate model predicting
outcome risk alone significantly increased statistical power when assessing
HTE compared to doing individual comparisons.

Despite these analytic advantages, using continuous risk scores derived
from multivariate models may have drawbacks. One challenge of using
continuous composite risk scores, for example, is that they do not provide
a definitive cut point to determine when a treatment should or should not
be applied. Because the decision to apply a specific treatment regimen is
dichotomous, a specific cutoff distinguishing good versus bad candidates
for a treatment must be determined. Relative unfamiliarity of the medical
community with these multivariate approaches coupled with potential am-
biguity in treatment recommendations from these methods are barriers to
acceptance of their use.

The confusion introduced by ambiguous cut points for continuous risk
scores is compounded by the methods used to develop risk models. Dif-
ferent risk models may predict different levels of risk for the same patient.
That is, a patient with a given set of risk factors may be placed in differ-
ent risk categories depending on the model used. Even continuous risk
scores that correlate very highly may put the same patient in different risk
groups. For patients at the highest and lowest levels of risk, there should
be little ambiguity in treatment decisions regardless of the risk model used.
Many other patients, however, will fall in a “gray area” where risk models
with small differences in model may generate different categories of risk
assignment.

To help promote understanding and acceptance of these methods by
the medical community, demonstrations comparing the performance of
different types of continuous composite risk scores to the performance of
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traditional one-at-a-time risk factor assessment in informing treatment deci-
sions would be beneficial (Rothwell and Warlow 1999; Zimmerman et al.
1998; Kent et al. 2002; Selker et al. 1997; Fiaccadori et al. 2000; Teno et
al. 2000; Slotman 2000; Stier et al. 1999; Pocock et al. 2001).

A final important point is that current multivariate approaches focus
exclusively on targeted-outcome risk, but other sources of HTE remain un-
addressed. Risk, in the context of a treatment decision, was defined as the
sum of targeted-outcome risk, iatrogenic risk, and competing risk. If iatro-
genic risk and competing risk are distributed heterogeneously in a patient
population, methods to account for them alongside targeted-outcome risk
should also be incorporated in the analysis of trial results. The advantages,
drawbacks, and methodologic complexities of composite measures have
recently been reviewed (Kaplan and Normand 2006).

Integrating Multiple Phases of Research

Clinical researchers can address the various sources of HTE across
at least six phases of research: (1) observational studies performed before
RCT and aimed at the trial outcome, (2) the primary RCT itself, (3) post-
trial analysis, (4) Phase IV clinical studies, (5) observational studies fol-
lowing trials, and (6) focused RCTs. The recommended applications of
these phases for studying each of the four sources of HTE are outlined in
Table 2-3 and described below.

Baseline outcome risk in clinical trials. To address both design-related
and analysis-related issues, outcome risk variation as a source of HTE
should be addressed in two phases: (1) risk stratification of the trial sample
based on data from pre-trial observational studies (cell a) and (2) risk ad-
justment in the analysis of treatment effects based on pre-trial observational
studies when available, or post hoc analysis of the trial control group data
when observational studies are not feasible (cells a and b in Table 2-3).

As noted in the paper by Hayward et al. (Hayward et al. 2006), mod-
eling HTE requires that risk groups, continuous or discrete, must be pre-
specified and powered in the study design. Data from prior observational

TABLE 2-3 Studying Sources of HTE Across Multiple Phases of Research

Pre-trial Phase IV Post-trial
Observational Post Hoc Clinical ~ Observational Focused
Study RCT Trial Analysis Study Study RCT
Baseline risk X(a) X(b)
Responsiveness X(c) X(d) X(e)
Tatrogenic risk X(f) X(g)
Competing risk X(h)
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research such as those collected in the PROWESS trial (Vincent et al. 2003)
can be modeled to identify predictors of baseline outcome risk for pre-trial
subgroup specification at a much lower cost per subject than a second RCT.
To date, however, prespecifying risk groups is not common practice outside
of cardiology and a small number of studies in other fields.

Even in studies where comparisons across risk factors are prespecified,
those risk factors are seldom collapsed into a small number of continuous
composite risk scores to maximize power and minimize the number of
multiple comparisons needed. In the clopidogrel trial (Bhatt et al. 2006),
for example, a possibly meaningful difference in treatment effects between
symptomatic and asymptomatic cardiac patients may have been masked by
looking at these groups (those with and without symptoms) dichotomously
and alongside 11 subgroup comparisons.

A priori risk stratification may not be supported by clinical researchers
because it either delays the primary RCT while pre-trial observational data
are collected or requires that a second, expensive, focused RCT be con-
ducted after a model for baseline outcome risk is developed from the pri-
mary trial and follow-up studies. Because of the additional time and costs
required, a priori risk stratification cannot become a viable component of
clinical research unless the stakeholders that fund, conduct, and use clinical
research sufficiently value its benefits. A comprehensive demonstration of
the costs and benefits of this approach is needed to stimulate discussion of
this possibility.

Post hoc analysis of control group data from the trial itself may also
be used to identify risk factors when observational studies are not feasible.
By identifying characteristics predicting positive and negative outcomes
in the absence of treatment, control group analysis works as a small-scale
observational study to produce a composite risk score to adjust estimates
of treatment effectiveness from primary RCT. Even though the results from
a model of one group’s risk may not necessarily apply to another group
such as the treatment group, these same data provide a reasonable start-
ing point to select and risk-stratify a clinically meaningful subsample for a
future focused RCT.

To maximize the statistical power of treatment effectiveness models for
a given RCT sample size, composite risk scores generated from multivari-
ate analysis of observational or control group data should be introduced
when feasible. Introducing composite risk scores generated from multi-
variate analysis of observational or control group data would maximize
the statistical power of models of treatment effectiveness for a given RCT
sample size. Whether or not a priori risk stratification is feasible, continu-
ous composite risk scores should be generated from observational data or
trial control group analysis to provide a risk-adjusted estimate of treatment
effectiveness.
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In exploratory cases where stratification factors that lead to treatment
heterogeneity are not known, the latent class trajectory models of Muthen
and Shedden (Muthen and Shedden 1999) may be used to identify latent
subgroups or classes of patients by which treatments vary. Predictors of
these classes can then be identified and form the basis of composite risk
scores for future studies of treatment heterogeneity. Leiby et al. (in review)
have applied such an approach to a randomized trial for a medical interven-
tion of interstitial cystitis. Overall, the treatment was not effective. How-
ever, latent class trajectory models did identify a subgroup of responder
patients for whom the treatment was effective in improving the primary end
point, the Global Response Assessment. Additional work is needed on iden-
tifying baseline factors that are associated with this treatment heterogeneity
and can form the basis of a composite score for a future trial.

Responsiveness. Responsiveness to an agent or procedure is studied
in the trial and also needs to be studied in a Phase IV study for those not
included in the trial to see how the agent responds in unselected popula-
tions, where side effects or preference-driven adherence, polypharmacy,
competing risk, or disease modifying effects are in play (cells ¢, d), or in a
focused second trial (cell e).

Iatrogenic risk. Vulnerability to adverse effects needs to be studied in
two phases, in the trials (cell f) and in Phase IV studies (cell g).

Competing risk. The effects of polypharmacy, adherence in the general
population, and utility can be best studied in observational studies among
populations that would not be included in trials, especially those who are
elderly and/or have multiple comorbidities (cell h). The most critical is-
sue for understanding competing risk is deciding when a clinical quality
threshold measure shown to be “effective” in clinical trials (e.g., HbAlc <
7.0 percent for diabetes) is recommended for populations not studied in the
trials. Cholesterol reduction, blood pressure control, and glucose control
in diabetes are examples of measures with quality thresholds that are not
required for all populations. Even when, as in the case of cholesterol, they
have been studied in the elderly, they have not been studied in non-trial
populations where the patients have other medical conditions, economic
problems, polypharmacy, or genetics that may alter the effectiveness of the
treatment. For glucose in patients with diabetes and for treatment of pa-
tients with prostate cancer, there is an additional issue, that of “competing
comorbidities” or competing risk, where the other conditions may shorten
life span such that years of treatment (in the case of diabetes) or aggressive
treatment with serious complications (prostate cancer) may not allow the
level of effectiveness achieved in the trials (Litwin et al. [in press]).

Clinicians intuitively decide how to address competing risk. For ex-
ample, in a 90-year-old patient with diabetes and end-stage cancer, it is ob-
vious to the clinician that blood pressures of 130/80 need not be achieved.
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In most cases, however, the criteria by which clinical decisions are made
should be based explicitly on research data. This evidence base should be-
gin with observational studies to identify key patient subgroups that derive
more or less net benefit from a treatment in the presence of competing risk.
Failing to account for competing risks may overestimate the value of a
treatment in certain subgroups. If 100 patients are treated, for example, and
90 die from causes unrelated to the treated condition, even if the treatment
effect is 50 percent, only 5 people benefit (number needed to treat = 20).
If the original 100 patients are not affected by other diseases, however, 50
will benefit from the treatment (number needed to treat = 2).

When treatment effects are underestimated for a subgroup, treatments
that are arduous, have multiple side effects, or are burdensome over long
periods of time may be rejected by doctors and patients, even if the patient
belongs to a subgroup likely to benefit from treatment. For this reason,
research methodologies supplemental to RCTs should be introduced to pre-
dict likelibood to benefit for key patient subgroups not included in trials.

Observational studies, because of their lower cost and less restrictive
inclusion criteria, can include larger and more diverse samples of patients
to address important research questions the RCTs cannot. Unlike RCTs, ob-
servational studies can include high-risk patients who would not be eligible
for trials, such as elderly patients and individuals with multiple, complex
medical conditions, and would provide insight in predicting likelihood to
benefit for this large and rapidly growing fraction of chronic disease pa-
tients. The generalizability of RCTs can be addressed in observational stud-
ies if designed properly, based on principles for good observational studies
(Mamdani et al. 2005; Normand et al. 2005; Rochon et al. 2005).

There are possible solutions to the problems of HTE, the principal one
being multivariate pre-trial risk stratification based on observational stud-
ies. For patients not eligible for trials, mainly elderly patients with multiple
comorbidities, observational studies are recommended to determine mortal-
ity risk from the competing comorbidities so that positive results could be
applied judiciously to non-trial patients. Government and nongovernmental
funders of research will have to be provided incentives to expand current
research paradigms.

HETEROGENEITY OF TREATMENT EFFECTS:
PHARMACOGENETICS

David Goldstein, Ph.D.
Duke Institute for Genome Sciences and Policy

Many clinical challenges remain in the treatment of most therapeutic
areas. This paper discusses the potential role of pharmacogenetics in help-
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ing to address some of these challenges, focusing particular attention on the
treatment of epilepsy and schizophrenia. Several points are emphasized: (1)
progress in pharmacogenetics will likely require pathway-based approaches
in which many variants can be combined to predict treatment response; (2)
pharmacodynamic determinants of treatment response are likely of greater
significance than pharmacokinetic; and (3) the allele frequency differences
of functional variants among human populations will have to be taken into
account in using sets of gene variants to predict treatment response.

Pharmacogenetics has previously focused on describing variation in a
handful of proteins and genes but it is now possible to assess entire path-
ways that might be relevant to disease or to drug responses. The clinical
relevance will come as we identify genetic predictors of a patient’s response
to treatment. Polymorphisms can have big effects on such responses, and
identification of these effects can offer significant diagnostic value about
how patients respond to medicine, to avoid rare adverse drug reactions
(ADRs), or to select which of several alternative drugs has the highest
efficacy.

The CATIE trial (Clinical Antipsychotic Trials of Intervention Effec-
tiveness) compared the effectiveness of atypical antipsychotics (olanzapine,
quetiapine, risperidone, ziprasidone) with a typical antipsychotic, perphen-
azine. The end point was discontinuation of treatment, and in this respect
there is really no difference between typical and atypical antipsychotics.
Results such as these signal an end to the blockbuster drug era, in that
often no drug, or even drug class, is much better than the others. However
certain drugs were better or worse for certain patients. For example, olan-
zapine increases body weight more than 7 percent in about 30 percent of
patients, and for older medicines, with many of the typical antipsychotics
a similar proportion of patients will develop tardive dyskinesia (TD) as an
adverse reaction. TDs are involuntary movements of the tongue, lips, face,
trunk, and extremities and are precisely the type of adverse reaction (AR)
one would want to avoid, because when the medicine is removed the AR
continues without much amelioration over time. So perhaps as many as 30
percent of patients exposed to a typical antipsychotic will develop this AR,
whereas the majority will not.

This means that in deciding which medications to use at the level of the
individual patient, these medications are quite different from each other. A
significant problem is that there is very little information on which patients
might experience an adverse reaction to a particular type of drug. In this
particular case, there is virtually no information on who will get TD or who
will suffer severe weight gain such that they would not continue medication.
These types of results unambiguously constitute a call to arms to the genet-
ics community because this is an area in which we can truly add value by
helping clinicians to distinguish patients and guide clinical decision making.
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Having a predictor for TD on typicals would be an unambiguous, clinically
useful diagnostic. However currently, within the field of pharmacogenetics,
we have very few examples of such utility. We have examples that may be
of some relevance in some context, but you would have to do an RCT to
determine how to utilize this information. In general, at the germline ver-
sus the somatic level, the current set of genetic differences among patients
is not that clinically important, particularly when you contrast them with
something like a predictor of weight gain or TD in the use of atypicals or
typicals. These are the types of things we are working toward in the phar-
macogenetics community, and it looks as though some of these problems
are quite crackable and there will be genetic diagnostics of significant rel-
evance and impact to clinical decisions.

The idea of moving toward doing more genetic studies in the context of
a trial is quite exciting because the data will be quite rich. However there
are real doubts that the amount of genetic information and the complexity
of clinical data will allow the identification of any kind of association, and
as a result the pharmacogenetics community is going to flood the literature
with claims about a particular polymorphism’s relevance to a specific dis-
ease or drug use within a specific subgroup. Therefore, as we move toward
these types of analyses, it is very important to specify a hypothesis in ad-
vance and one will need to be quite careful about what results one wants
to pay attention to. For CATIE, the project design included hypotheses
that were specified in advance of any genetic analyses to allow appropriate
correction for planned comparisons. This trial is ongoing, and preliminary
results are discussed here to give a flavor of what kinds of information
might be derived from these types of analyses in the future.

We have delineated two broad categories of analyses. One is to look
at determinants of phamacokinetics (PK) to see if functional variation in
dopaminergic genes related to dose and discontinuation has any effect.
These analyses focus on how the drug is moved around the body and fac-
tors that influence how the drug is metabolized. The second category is
on pharmaco-dynamic polymorphisms (PD) or the genetic differences and
determinants among people that might affect how the drug works. Here
we are looking at differences in the target of the drug, the target pathways,
or genetic differences that influence the etiology of the condition as related
to specified measures of responses and to adverse drug reactions. To per-
form a comprehensive pharmacogenetic analysis of drug effectiveness and
adverse drug reactions, we looked at PK though dosing variation and asked
whether genetic differences influence the eventual decision the clinician
makes about what dosage to use. We looked at enzymes that metabolize
the drug and common polymorphisms in these enzymes. Our early results
indicated that in terms of PK variation, there were no impacts on dosing
decisions by clinicians.
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Pharmacodynamic analysis on the other hand looks more promising in
terms of clinical utility. CATIE examined the relatively obvious pathways
that might influence how the drug acts and how patients might respond to
antipsychotics. All antipsychotics have dopinergic activities, so the dopinergic
system is an obvious place to start. This pathway approach included looking
at neurotransmitters—the synthesis, metabolism, transporters, receptors,
et cetera—for dopamine, serotonin, glutamate, gamma-aminobutyric acid
(GABA), acetylcholine, and histamine. In addition, memory and neuro-
cognition related genes, and genes previously implicated in drug response
were examined. We scanned through these pathways for polymorphisms and
tried to relate these to key aspects of how patients respond to treatment. We
also considered other classes of candidate genes, in particular those genes
that might influence the cognitive impairments associated with schizophrenia
that are not currently well treated by antipsychotics. Ultimately we selected
about 118 candidate genes and a total of 3,072 single nucleotide poly-
morphisms (SNPs) and looked at neurocognitive phenotypes, optimized
dose, overall effectiveness, and occurrence of TD, weight gain, and anti-
cholinergic adverse events. This study emphasizes the importance of clearly
specifying the hypothesis in advance. If a study does not clearly articulate
what the opportunity space for associations were prior to undertaking the
study, ignore it, because there likely will have been arbitrary amounts of
data mining and you cannot trust that approach. Both of these studies are
in the process of being completed and submitted for publication along with
collaborators from the CATIE study and others.

By helping to subgroup diseases genetically and providing pointers
toward the genetic and physiological cause of variable and adverse reac-
tions, pharmacogenetics will also have indirect benefits for future drug
development. In addition, some drugs that work well generally are rejected,
withdrawn, or limited in use because of rare but serious ADRs. Examples
include the antiepileptic felbamate, the atypical antipsychotic clozapine,
and most drug withdrawals owing to QT-interval-associate arrhythmias. If
pharmacogenetic predictors of adverse events could prevent the exposure of
genetically vulnerable patients and so preserve even a single drug, the costs
of any large-scale research effort in pharmacogenetics could be fully recov-
ered. An example of this is vigabatrin, which is a good antiepilepsy drug in
terms of efficacy, and for some types of seizures (e.g., infantile spasms) it
is clinically essential. Unfortunately, in some cases it also has a devastating
effect on the visual field and can constrain the visual field to the point of
almost eliminating peripheral vision. This adverse reaction has dramatically
restricted the use of this medicine and, in fact, it was never licensed in the
United States. We’ve done a study to try to identify genetic differences that
might predict this and have potentially identified a polymorphism where
the minor allele is the only place that we see severe reduction in visual
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field, which could be used to predict this reaction to vigabatrin. Again,
this is the kind of pharmacogenetics result that provides an opportunity
for improving clinical treatment of epilepsy in that this medication, which
might not otherwise be used broadly, can be prescribed to the appropriate
population. The wrinkle here is that we are using very large tertiary referral
centers and we have used all of the vigabatrin-exposed patients for whom
we have DNA samples. We think we see an association and would like to
develop results like this but we need data. Our results with vigabatrin need
to be confirmed in larger sample size. Since we do not have most of the
exposure data available to study, it is possible that we will never be able to
conclude either way.

The current work in the field gives grounds for real optimism that
careful pharmacogenetic studies, in virtually all classes of medications,
will identify genetic differences that are relevant to how patients respond
to treatment and therefore impact clinical decision making. These will not
be pharmacokinetic but rather pharmacodynamic. The examples presented
illustrate several of the challenges and opportunities for pharmacogenetics.
These types of information will be increasingly generated, but we need to
think about how such information will be useful and utilized for clinical
decision making. For example, despite the fact that we have no evidence
that variation in the genes being studied actually influence decisions of
clinicians in a useful way, devices such as Amplichip are being pushed as
a useful diagnostic. Because variations will increasingly be investigated for
use in clinical diagnostics, we need to think about how such diagnostics
should be evaluated and what kinds of evidence are needed before they are
widely utilized. The preliminary results of the vigabatrin study makes an
extremely strong argument that what we want to be doing as we go for-
ward is setting up the framework to do these types of studies, because it is
entirely possible that once a medication is introduced and generates huge
numbers of exposures, if it generates a rare adverse event and is withdrawn,
a pharmacogenetics study could resurrect the use of that medication in the
appropriate population.

Two overriding priorities in pharmacogenetics research are the es-
tablishment of appropriate cohorts to study the most important variable
responses to medicines, both in terms of variable efficacy and in terms of
common or more rare but severe adverse reactions. It must be appreciated
that larger randomized trials are not always the most appropriate settings
for specific pharmacogenetic questions and it will often be necessary to
recruit patients specifically for pharmacogenetics projects. For example, in
the case of weight gain and atypical antipsychotics, the ideal dataset would
be to look at weight in patients not previously exposed to an atypical. Sec-
ondarily, it is important that a framework is developed for evaluating the
clinical utility of pharmacogenetic diagnostics.
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BROADER POST-MARKETING SURVEILLANCE FOR
INSIGHTS ON RISK AND EFFECTIVENESS

Harlan Weisman, M.D., Christina Farup, M.D., Adrian Thomas, M.D.,
Peter Jubn, M.D., M.P.H., and Kathy Buto, M.P.A.
Johnson & Jobnson

The establishment of electronic medical records linked to a learning
healthcare system has enormous potential to accelerate the development
of real-world data on the benefits and risks of new innovative therapies.
When integrated appropriately with physician expertise and patient prefer-
ences and variation, data from novel sources of post-marketing surveillance
will further enable various stakeholders to distinguish among clinical ap-
proaches on how much they improve care and their overall value to the
healthcare system. To ensure these goals are achieved without jeopardizing
patient benefit or medical innovation, it is necessary to establish a road
map, charting a course toward a common framework for post-marketing
surveillance, initial evidence evaluation, appropriate and timely reevalua-
tions, and application to real-world use with all key stakeholders involved
in the process. Continuous improvement requires policy makers to address
accountability for decisions they make based on this common framework
that impacts patient health. Where possible, post-marketing data require-
ments of different global agencies or authorities should be harmonized to
enhance the efficiency and quality of safety data from these sources, and to
reduce the burden on governments and industry due to costs of collection
and unnecessary duplication of efforts. In addition, policy development
should strive to find the right alignment of incentives and controls to ac-
celerate adoption of evidence on medicine, technology, and services that
advance the standard of care.

The current landscape of health care in the United States is one of
organized chaos where providers, payers, employers, patients, and manu-
facturers often have different vantage points and objectives that can result
in inadequate patient access, poor care delivery, inconsistent quality, and
increasing costs. A recent study on the quality of health care in the United
States found that adults receive only half of the recommended care for
their conditions (McGlynn et al. 2003). It is important to remember that
although these multiple stakeholders approach health care from differ-
ent angles, they all share the same objective: to improve patient health.
To move to a system that delivers effective and high-quality care, which
optimally balances benefits and risks, health care must be transformed to
a knowledge-based learning network, focused on the patient and aligned
on data systems, evaluation, and treatment guidelines, without sacrificing
the human elements of empathy, caring, and healing. An interoperable
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electronic health record that provides longitudinal, real-time, clinical and
economic outcomes at the patient level will be a critical enabler to allow
for a wealth of new information to drive fact-based treatment decisions
that are transparent and shared between patients and physicians, as well
as with other stakeholders including payers. The resultant improvement
in efficiencies, cost savings, and most important, clinical outcomes should
permit physicians and other healthcare providers to restore not only the
scientific basis of modern medicine, but also the humanity of traditional
medicine through active engagement and dialogue between patients and
healthcare providers.

Post-marketing surveillance of new technologies will be a key compo-
nent of this system because it will provide needed real-world information
on unique populations not evaluated in clinical trials and a better charac-
terization of the full benefit-risk profile over the life cycle of product use.
Because the benefits and risks of a new technology are never fully known
at launch, ongoing evaluation of a product based on real-world use in
broader populations of patients, with comorbidities and concomitantly
prescribed therapies, is important to new insights. In addition, the full value
of innovative new therapies may only be appreciated with real-world usage
and comparative economic evaluation based on observed outcomes; this
information will enable decision makers to continue to assess the overall
value and appropriate use of a product in the healthcare system. However,
the scope of what we need to know to assess value in an era of information
overload and complex healthcare systems changes rapidly and continuously.
To properly evaluate new products we need to acknowledge the advantages
and limitations of the methods we have historically used for regulatory ap-
proval. Randomized clinical trials with blinding are currently used in the
approval of drugs and higher-risk devices to ensure high internal validity
of findings. However, RCTs may have limited validity for broader use in
diverse populations (e.g., old versus young, urban versus rural). Observa-
tional studies conducted within an interoperable electronic medical record
can be utilized to lend additional insights beyond efficacy, including real-
world effectiveness and long-term outcomes.

Methodological challenges for conducting real-world observational
studies can be daunting, but the opportunities for evidence development
are substantial. The study of an intervention within a dynamic healthcare
system adds a level of significant complexity and raises many questions.
How can we deal with confounding by indication and the increasing varia-
tion of health states? How can we apply comparative effectiveness studies
conducted in broad populations and allow for individual variation in treat-
ment outcomes? When an adverse event occurs, is it due to the progression
of underlying patient pathology or therapeutic interventions? How do we
apply comparative effectiveness (average patient) to individual patients,
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each of whom brings his or her own specific variability (whether due to
genetics, nutrition, environment, or risk tolerance)?

Selection of research methods and decisions about the level of evidence
required must also take into consideration the type of technology. For ex-
ample, devices can vary from a simple gauze bandage to a complex implant
with a drug component. For many devices used in surgical procedures,
patient outcomes are highly dependent on operator skill and can also de-
pend on the hospital’s volume of procedures. In a review of the literature
by the Institute of Medicine, more than two-thirds of published studies
reported an association between hospital volume and patient outcomes
for certain diagnoses and surgical procedures (IOM 2000). Randomized
clinical trials with blinding are the gold standard for drug evaluations of
safety and efficacy but may not be possible in device studies. For example,
the comparators and procedures of the new device and control may be so
different (e.g., open vs. minimally invasive) that it may not be possible to
blind the trial. The timing of evidence in a device’s development is also an
important consideration because technical development often occurs in
parallel to efficacy and safety evaluations. Evaluations that are premature
can lead to inaccurate conclusions about the benefit-risk profile, and evalu-
ations that are too late may be irrelevant because iterative improvements
may have been introduced to the market in the interim. Moreover, we face
an expanding universe of treatment opportunities. Regenerative medicine
and stem cell therapies look promising and potentially revolutionary, but
realizing their substantial benefits will depend on our ability to develop the
capacity necessary to answer the kinds of questions that these new therapies
raise at the appropriate level of detail.

Although all stakeholders seem to be aligned on the need to define evi-
dence requirements, there is not alignment on what evidence is needed un-
der specific circumstances. For every drug or device the number of potential
questions to answer about appropriate use is limitless; thus there is a need
to prioritize what new evidence is needed to close the critical gaps of knowl-
edge so that quality decisions can be made. We also need to think carefully
about what evidence we need to make good decisions for healthcare policy.
Additional issues to consider include the level of certainty required for
the evidence gaps and the urgency of the information. Once we determine
that evidence is needed and has been generated, how will the evidence be
reviewed and assessed? As outlined by Teutsch and Berger, the integration
of evidence-based medicine into decision making requires a deliberative
process with two key components: (1) evidence review and synthesis and 2)
evidence-based decision making (Teutsch and Berger 2005). We need to de-
velop transparent methods and guidelines to gather, analyze, and integrate
evidence to get true alignment of the manufacturers, payers, and providers.
One major consideration that needs to be anticipated and managed is how
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this new form of clinical data will be integrated into policies and treatment
paradigms to ensure that sufficient evidence drives these changes and that
inappropriate use of exploratory data does not lead to premature policy
decisions, or to partially informed clinical decisions. Finally, an efficient
process for new evidence to undergo a timely evaluation with peer review
and synthesis into the existing evidence base needs to be further developed
with appropriate perspective and communication for patients.

There are many issues to consider as we build toward this learning
system. We have a unique opportunity to begin to align the many interests
of healthcare stakeholders by not only providing consumers earlier access
to these technologies but also generating the evidence necessary to make
better decisions about the appropriate application of new technologies. It
is critical that a nonproprietary (open source) approach be encouraged to
ensure commonality of data structure and interoperability of EHRs, pro-
viding for the ability to appropriately combine data from different EHR
populations and allow patients to be followed across treatment networks.
Where possible, post-marketing data requirements of different global agen-
cies or authorities should be harmonized to reduce costs of collection and
unnecessary duplication. An example of where this seems particularly fea-
sible is in meeting post-marketing requirements of the Centers for Medicare
and Medicaid Services and the Food and Drug Administration. In some
circumstances, CMS is requiring “real-world” data collection in order to
assess the benefit and risk of technologies in the Medicare population, while
FDA is requiring post-market surveillance studies to further evaluate the
benefit-risk equation in broader populations than required for market entry.
Having a single set of data used for both regulatory approval (i.e., FDA’s
“safe and effective”) and coverage determination (i.e., CMS’s “reasonable
and necessary”) has the potential to bring new innovations to market faster
and may reduce costly data collection efforts. As coverage determinations
become increasingly “dynamic” (i.e., contingent upon further evidence
generation), this may create an opportunity to collect data that can be
used for ongoing coverage determinations as well as for post-market safety
surveillance. Multiple uses of common datasets would require the follow-
ing: (1) agreement among the interested agencies (i.e., FDA and CMS) that
a common dataset would qualify for both safety assessments and coverage
determinations; (2) input from both agencies for specific data collection
requirements to inform the design of the data collection tools and the
management of the data; (3) clear accountabilities for funding the data
collection and explicit rules for accessing the data; and (4) clarification of
how collection of data on off-label use for coverage determinations will be
reconciled with regulatory status. If these steps are taken, manufacturers
may be able to bring innovative products to patients more quickly while
continuing to fund and direct future innovations.
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Establishing incentives for evidence generation by manufacturers within
an integrated EHR will foster even greater acceleration. Examples of incen-
tives for drug and device manufacturers should include those that reward
evidence generation in the marketplace. In general, expansion of a drug’s
use with new indications or claims requires the provision of two RCTs to
the FDA. With the acceleration of data from reliable sources such as EHRs
and the enhancement of methods for retrospective analyses of these data
sources, alternative levels of evidence could be considered for FDA review
for expanded claims or promotional uses. Insurance coverage policies could
support uses for which post-market surveillance studies are being done,
rather than restrict coverage until the post-market data are collected and
analyzed. It is a widely recognized fact that completion of post-approval
commitment studies in the United States is problematic, often for pragmatic
reasons related to willingness to participate by patients and physicians
when products are available clinically. The potential for EHRs to provide
information that could replace certain of these studies would be a major
advance and would provide a framework to continue the collection of rel-
evant real-world and high-quality information on benefits and risks. When
real-world, comparative studies are required, shared funding of data col-
lection should be considered; the CMS program of “coverage with evidence
development” is one prototype of this approach. Alternative incentives
include extension of patent protections for the period of post-marketing
data collection.

Currently for device manufacturers, there are even fewer incentives for
evidence due to their typically narrower patent claim scope and shorter life
cycles. Often innovative devices that are breakthrough treatments generate
substantial evidence on value only to be quickly followed by a cheaper “me-
too” device (a device that creatively worked around intellectual property
issues) with little or no evidence that is accepted in the marketplace. It is less
likely that the manufacturer with the innovative breakthrough device as the
first market entrant will develop all of the needed evidence before the next
competitor enters the market because the competitor will likely capitalize
on the same data with no investment. Providing device manufacturers with
similar extensions of their exclusivity periods (as, for example, via patent
term extensions) as pharmaceuticals during the period of data collection
could help rectify this situation.

Opportunities for collaboration across pharmaceutical and device com-
panies to advance development of electronic medical records and evidence
generation as a whole should be encouraged. For example, the data con-
tained within the placebo arm of randomized controlled trials could provide
a wealth of information when pooled together and would provide a larger
cohort of populations for comparative analyses. Another example of poten-
tial collaboration is in the design of these new EHR systems, especially for
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the identification of safety signals. The industry could play a role in work-
ing with payers, regulators, and healthcare delivery networks to explore
ways to access EHR and claims databases to form a proactive longitudinal
framework of automated surveillance within the context of ensuring patient
and practitioner privacy. In addition, no current scientific standards exist
for signal detection and surveillance of safety; industry could play an im-
portant role to develop these standards through a collaboration in which al-
gorithms, methods, and best scientific practices are shared. Finally, in most
cases, there is no unique identification of medical devices in EHRs. Industry
and other stakeholders will have to collaborate to determine which devices
need unique identification, the appropriate technology, and a reasonable
strategy for investments in the necessary infrastructure.

Many manufacturers place great emphasis on the importance of the
value added by their products. In our case (Johnson & Johnson) the com-
pany is guided by a set of core principles to ensure the safe use of medicines
and devices: (1) patients and doctors need timely and accurate information
about the benefits and risks of a product so they can make well-informed
choices; (2) the FDA and other global authorities are, and should remain,
the principal arbiters of benefits and risks, determining whether to approve
and maintain availability of products through transparent and aligned
regulations; and (3) the best government policies and actions are those that
continue to enhance patient health and safety and to promote innovation.

With these principles in mind, we propose a model for benefit-risk eval-
uation characterized by early and continuous learning enabled by EHRs.
In this model, once an indication is approved and the product moves into
real-world use, high-quality data, infrastructure, and analysis capability
will enable benefit-risk monitoring and lead to refinement of understand-
ing elements underlying risk and expanding upon possible benefits either
through appropriate application of an intervention or through further
innovation based on qualities of benefit or risk. This should be a system
that understands the need for and appropriate methods to generate the
right evidence for the right questions. It addresses decision-maker needs by
looking at safety and efficacy, real-world effectiveness and risk, surrogate
end points, and long-term outcome—for the right patient—accounting for
genetics, comorbidities, and patient preference. The critical success factors
for such a learning system going forward will be (1) establishing appropri-
ate methods for research with the EHR as a data source; (2) prioritizing
the need for evidence on safety and quality and not just intervention cost;
(3) establishing appropriate peer review processes to ensure rigor and
timeliness; (4) requiring intensive education and training of health profes-
sionals on evidence generation in clinical practice; and (5) using this new
information as an adjunct, not a replacement, to RCTs for any purposes,
and to ensure agreed upon standards for when such data are sufficient to
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drive policy and treatment decisions. There are many technical and policy
issues, including privacy, that need to be addressed to create this EHR en-
abled learning framework. We believe a collaborative effort supported by
patients, physicians, payers, industry, and regulators can accomplish the
goal of a learning healthcare system with an open and transparent process
toward developing standards and interoperable capabilities.

ADJUSTING EVIDENCE GENERATION TO THE
SCALE OF EFFECTS

Steven M. Teutsch, M.D., M.P.H., and Marc L. Berger, M.D.
Merck & Co., Inc.

With new technologies rapidly introduced fast on the heels of effective
older technologies, the demand for high-quality and timely comparative ef-
fectiveness studies is exploding. Well-done comparative effectiveness studies
tell us which technology is more effective, safer, or for which subpopulation
and/or clinical situation a therapy is superior. Clinicians need to under-
stand the incremental benefits and harms of newer treatments compared to
standard regimens, particularly with regards to needs of specific patients;
and in addition, payers need to know the incremental cost so value can
be ascertained. Understanding the magnitude of impact should also guide
priorities for quality improvement initiatives.

Systematic evidence reviews of comparative effectiveness are con-
strained by the limited availability of head-to-head randomized controlled
trials of health outcomes for alternative therapies. Such trials are usually
costly because they must be large and, for most chronic conditions, long
in duration. Indeed, the greatest need for such information is near the time
of introduction of a new therapy, before a technology is in widespread use,
precisely the time when such information is least likely to be available.
Moreover, as challenging as it is to show efficacy of treatments compared
to placebos, it is much more difficult and costly to demonstrate differ-
ences compared to active comparators and best-available alternatives. Thus,
well-conducted head-to-head trials will remain uncommon. In the absence
of head-to-head outcomes trials, however, insights may be obtained from
trials using surrogate markers, comparisons of placebo controlled trials,
or observational studies. The validity and generalizability of these studies
for comparative purposes remains a topic of controversy. Observational
studies can provide perspective on these issues, although the value of the
information gleaned must be balanced against potential threats to validity
and uncertainty around estimates of benefit.

While the limitations of different study designs are well known and
ways to minimize bias well established, methods for quality assessments
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and data syntheses need to be refined and standards established to enhance
confidence in the information generated. In addition, well-done models
can synthesize the information, harness uncertainty to identify critical
information gaps, focus attention on core outcomes and surrogates, and
provide insights into the relative and absolute differences of therapeutic
options. Because of their complexity and potential for bias, we need better
processes to reduce the bias and enhance the credibility of models. These
include systematic and transparent processes for identifying the key ques-
tions to be answered, the options to be evaluated, the structure of models,
the parameter estimates, and sensitivity analyses. Mechanisms for valida-
tion and accreditation of models would enhance our confidence in their
results. Investment in transparent development processes would go a long
way to maximizing the value of existing information and identifying criti-
cal information needs. All along the way, important stakeholders, including
payers and patients, need to participate in deliberative processes to ensure
relevance and legitimacy.

For comparative effectiveness studies, there is an additional meth-
odologic issue. Even when available, they typically do not directly provide
estimates of absolute benefit or harms applicable to relevant populations.
Indeed, most RCTs present results primarily in terms of relative risk reduc-
tion. In part this is related to a sense that the relative risk reduction is less
variable across a broad range of patients than is the absolute risk reduction.
Yet from a clinician’s or payer’s perspective, what is most important is the
absolute change in benefit and harms; accurately estimating this change
for specific patient groups is critical to informing bedside choices among
alternative therapies. Moreover, estimation of benefits from RCTs may dif-
fer substantially from what is achieved for typical patients in real-world
practice.

How then should these different sources of information (e.g., random-
ized clinical trials, effectiveness studies, observational studies, models) be
evaluated and what weight should they be given in health policy decisions?
We have previously discussed the need to consider the nature of the clini-
cal question to determine the value to be gained from having additional
certainty (Teutsch et al. 2005). Djulbegovic et al. (Djulbegovic et al. 2005)
have emphasized the “potential for decision regret” to help frame how to
deal with uncertainty in different clinical contexts. Some examples may il-
lustrate potential approaches. For prevention, we generally require a high
level of confidence that benefits, which generally accrue to a modest pro-
portion of the population, exceed harms, which however uncommon can
potentially occur to a large proportion of the population, most of whom
will have little or no health benefit from the treatment. The magnitudes of
benefits are bounded, of course, by the occurrence of the outcome, the suc-
cess of identification and treatment of cases when they become clinically
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apparent, and the effectiveness of treatment. On the other hand, we may
accept only small uncertain benefits and the occurrence of real harms for
treatment of a fatal condition, such as cancer, for which other therapeutic
alternatives have been exhausted.

The magnitude and certainty of net benefit is critical to optimizing the
use of healthcare resources. Even for recommended preventive services,
the estimated net benefit can vary by orders of magnitude (Maciosek et al.
2006). Understanding which services may provide the greatest benefit can
guide providers and health systems to ensure that the greatest attention
is paid to those underutilized services with the potential for the greatest
health improvement. The same principle applies to diagnostic tests and
procedures. Although many technologies may provide some level of benefit,
clinical improvement strategies should focus on those technologies that
provide the greatest net benefit and should be tailored to the extent possible
to the specific subpopulations that have the most to gain.

Currently, there is no general consensus as to what standard—based
upon the absolute benefits and harms and the certainty surrounding these
estimates—should apply to different clinical recommendations. We have
argued that it would be helpful to develop a taxonomy of clinical decision
making ex ante to ensure that recommendations are made in a just and
equitable manner. Such taxonomy alone would not be sufficient, but com-
bined with procedures that ensure “accountability for reasonableness,” it
would enhance public trust in such recommendations.

Coverage decisions are perhaps the most critical arbiters of those
choices. We need guidance for the information that must be available to
warrant positive coverage decisions for the range of medical services. A
rational and acceptable process for developing the “rules of the road for
coverage decisions” needs to engage all important stakeholders, and a
public debate about the trade-offs and consequences is needed to legitimize
decisions. It is absolutely plausible that different payers will establish dif-
ferent rules leading to very different coverage decisions at substantially dif-
ferent costs, which will be attractive to different constituencies. However,
potential elements in a taxonomy of decisions may include the quality of
evidence, the magnitude of effect, the level of uncertainty regarding harms
and benefits, the existence or absence of good treatment alternatives, the
potential for decision regret, precedent, and acceptability.

We need a marketplace of health technology assessments providing
comparative effectiveness information to provide checks and balances of
different methods, assumptions, and perspectives. Regardless, a forum
needs to be created whereby the methods and results of reports on similar
topics are discussed so that methods can be refined and conclusions vetted.
In the United States, the Agency for Healthcare Research and Quality has
been pivotal to moving the field as far as it has and should continue to play
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a leadership role. It has spearheaded methods development, fostered the
research, and established priorities. It can also capitalize on the extensive
experience of groups around the world, such as the Cochrane and Campbell
Collaborations, and the National Institute for Health and Clinical Excel-
lence (NICE), among many others. We can also benefit from participation
by nontraditional professionals, such as actuaries and operations research
scientists, who use different methodologic approaches.

To create a taxonomy of decisions and identify the level of certainty re-
quired for each, it will be necessary to convene payers, health professionals,
and patients along with methodologic experts. The Institute of Medicine is
well-positioned to fulfill this role. More specific guidance can be developed
by professional organizations with recognized expertise, such as Society for
Medical Decision Making (SMDM), International Society for Pharmacoeco-
nomics and Outcomes Research (ISPOR), and Academy Health, as well as
AHRQ-sponsored consortia including the Evidence-based Practice Centers
(EPCs), Centers for Education and Research on Therapeutics (CERTs), and
the Developing Evidence to Inform Decisions about Effectiveness (DEcIDE)
Network. Because of the complexity and need for transparency and legiti-
macy, the standards have to be the product of a public, deliberative process
that includes all important stakeholders including patients, providers, plans,
employers, government, and industry. The taxonomy will need to walk a
fine line between clarity and overspecification. There is a real risk that when
criteria for coverage are too explicit, it may be possible to game the system.
This is very apparent with economic evaluations, where having a fixed cut-
off for coverage, such as $50,000 per quality-adjusted life year, may lead
manufacturers to price products as high as possible while still being below
the threshold. Of course, a strict threshold might also work in the other
direction where prices might be reduced to ensure cost-effectiveness criteria
are met. Whatever the decision criteria, they need to leave room for decision
makers to exercise their judgment based on contextual factors such as bud-
get constraints, preferences, and acceptability. Since there is no completely
free market for health care, it is important to recognize that decision makers
are acting as a proxy for social decision making. Thus, their decisions must
be based on criteria recognized as fair and reasonable.

Criteria should not be varied on a decision-by-decision basis for at least
two reasons. Fairness requires understanding the “rules of the road” by
all stakeholders determined behind a “veil of ignorance” to ensure equity
and justice (Rawls 1971) as well as efficiency; this requires that we spend
time up front agreeing on the methodology and not delay each decision by
revisiting criteria. Thus significant investment in the process must be made
up front. Moreover transparency will force disclosure of considerations that
heretofore have been only implicit (including preferences, acceptability, and
precedent) and not either apparent or explicitly disclosed as critical con-
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siderations to the broad range of stakeholders. Other groups are moving
ahead with such efforts including America’s Health Insurance Plans (AHIP);
the specific goal of the AHIP project is to develop explicit guidance on how
the certainty of evidence and magnitude of effect should be integrated with
the contextual and clinical issues in making coverage decisions. Much as a
marketplace of ideas represents a healthy situation for health technology
assessments, here too, it will be constructive in the development of a tax-
onomy acceptable to a broad range of decision makers and stakeholders.

HIPAA AND CLINICAL RESEARCH:
PROTECTING PRIVACY

An underlying workshop theme in many discussions of the need for bet-
ter use of clinical data to assess interventions centers around the effects of
privacy regulations, especially HIPAA (see Box 2-1), on current and future
efforts to maximize learning from the healthcare system. The potential to
collect and combine large quantities of data, including information derived
from the point of care, has broad implications for research on clinical ef-
fectiveness, as well as on privacy concerns. As we extend our capacity to
collect and aggregate data on medical care, researchers are increasingly
confronted with limited access to data or burdensome regulatory require-
ments to conduct research, and privacy regulations are frequently cited as
a significant constraint in clinical research.

Concerns cited during the workshop about these HIPAA regulations
revealed broad implications for the notion of a learning healthcare system.
The prospect of learning as a by-product of everyday care rests on the no-
tion of collecting the data that results from these everyday clinical interac-
tions. Many of the workshop participants cited that HIPAA regulations
as limiting on research efforts, and expressed further concern that these
limitations would be magnified with efforts to bring together clinical data
to generate insights on clinical effectiveness. Throughout this workshop,
there was a common concern that protection of privacy is crucial, yet the
likely gains for public health need to be taken into account and privacy
regulations should be implemented in a manner which is compatible with
research. Ensuring that this goal is met will require collaboration between
patients and the research community and careful consideration of the
concerns of patients and the public at large. In the following piece, Janlori
Goldman and Beth Tossell highlight many of the key issues from the patient
perspective on privacy issues.
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BOX 2-1
HIPPA Privacy Provisions

History of the Privacy Rule: The Health Insurance Portability and
Accountability Act (HIPAA) of 1996 (Public Law 104-191) was enacted to
improve the portability and continuity of health insurance; combat waste,
fraud, and abuse in health insurance and healthcare delivery; promote
medical savings accounts; improve access to long-term care services
and coverage; and simplify the administration of health insurance. The
Administrative Simplification “Standards for Privacy of Individually Identi-
fiable Health Information” (the Privacy Rule) arise from this last objective.
HIPAA’s Administrative Simplification provisions focus on facilitating the
electronic exchange of information for financial and administrative func-
tions related to patient care. However, the very advances that make it
easier to transmit information also present challenges to preserving the
confidentiality of potentially sensitive personal information contained in
medical records. Absent further congressional action, the Secretary of
Health and Human Services (HHS) was required by the law to develop
standards for protecting such information. Within HHS, the Office for Civil
Rights (OCR) is responsible for implementing and enforcing the Privacy
Rule. The compliance date for most of those affected by the Rule was
April 14, 2003.

Provisions of the Privacy Rule: The Privacy Rule addresses the
use and disclosure of health information contained in individual health
records—"protected health information” (PHI)—by organizations subject
to the Privacy Rule—“covered entities.” Covered entities include health
plans, healthcare clearinghouses, and healthcare providers that trans-
mit health information electronically. All “individually identifiable health
information” held or transmitted by a covered entity is protected under
the Privacy Rule and considered PHI. This includes data relating to: the
individual’'s past, present, or future physical or mental health or condi-
tion; the provision of health care to the individual; or the past, present, or
future payment for the provision of health care to the individual. Common
items like name, address, birth date, and Social Security Number are
included in PHI. “De-identified” health information—information that does
not identify an individual or provide the means to do so—is under no
disclosure restrictions. The Privacy Rule defines the circumstances under
which PHI may be used or disclosed by covered entities. PHI can be
used by them in the normal course of providing medical care and the
necessary administrative and financial transactions. Most other uses of
PHI, including under most circumstances health research, require ex-
plicit written authorization by the individual (or personal representative).
SOURCE: Adapted from NIH and OCR guidances accessed August 24,
2003 at http://privacyruleandresearch.nih.gov/pr_02.asp and http://www.
hhs.gov/ocr/hipaa.

continued
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BOX 2-1 Continued

NOTE: Excerpted, as background to the following paper on privacy,
from a recent IOM workshop on the Health Insurance Portability and
Accountability Act (HIPAA) of 1996 (Institute of Medicine 2006). This
workshop, which brought together participants from a variety of public,
private and scientific sectors, including researchers, research funders,
and those who had participated in preparation of the Privacy Rule,
identified a number of issues to be addressed when clinical data are
used to generate evidence and cast light on the lack of data about the
quantitative and qualitative effects of HIPAA on the conduction of clinical
research. A formal IOM study of the issue is anticipated.

PROTECTING PRIVACY WHILE LINKING PATIENT RECORDS?

Janlori Goldman, ].D., and Beth Tossell
Health Privacy Project

Critical medical information is often nearly impossible to access both
in emergencies and during routine medical encounters, leading to lost time,
increased expenses, adverse outcomes and medical errors. Imagine the fol-
lowing scenarios:

®  You are rushed to the emergency room, unable to give the para-
medics your medical history.

®  Your young child gets sick on a school field trip, and you are not
there to tell the doctor that your child has a life-threatening allergy
to penicillin.

® Asvyou are being wheeled into major surgery, your surgeon realizes
she must first look at an MRI taken two weeks earlier at another
hospital.

If health information were easily available electronically, many of the night-
mare scenarios above could be prevented.

But, to many, the potential benefits of a linked health information
system are matched in significance by the potential drawbacks. The ability
to enhance medical care coexists with the possibility of undermining the

3Text reprinted from iHealthBeat, February 2004, with permission from the California
HealthCare Foundation, 2007.
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privacy and security of people’s most sensitive information. In fact, privacy
fears have been a substantial barrier to the development of a national health
information network. A 1999 survey by the California HealthCare Founda-
tion showed that even when people understood the huge health advantages
that could result from linking their health records, a majority believed that
the risks—of lost privacy and discrimination—outweighed the benefits.

The issue does not split along partisan lines; prominent politicians from
both parties have taken positions both for and against electronically link-
ing medical records. During speeches to Congress and the public in 1993,
Former President Bill Clinton touted a prototype “health security card”
that would allow Americans to carry summaries of their medical records in
their wallets. In response, Former Senate Minority Leader Bob Dole decried
the health plan as “a compromise of privacy none of us can accept.” And
yet, in his State of the Union address last month, President Bush advocated
“computerizing health records [in order to] avoid dangerous medical mis-
takes, reduce costs, and improve care.”

History of Medical Record Linkage

But since the HIPAA privacy rule went into effect last April, the issue
of unique health identifiers has resurfaced in the political debate. In No-
vember, the Institute of Medicine issued a report urging legislators to revisit
the question of how to link patient data across organizations. “Being able
to link a patient’s health care data from one department location or site to
another unambiguously is important for maintaining the integrity of patient
data and delivering safe care,” the report concluded. In fact, the Markle
Foundation’s Information Technologies for Better Health program recently
announced that the second phase of its Connecting for Health initiative will
be aimed at recommending policy and technical options for accurately and
securely linking patient records. Decision makers in the health arena are
once again grappling with the questions of whether and how to develop a
national system of linking health information.

Is It Linkage? Or Is It a Unique Health Identifier?

The initial debate over linking medical records foundered over concern
that any identifier created for health care purposes would become as ubig-
uitous and vulnerable as the Social Security number. At a hearing of the
National Committee on Vital and Health Statistics in 1998, one speaker
argued that “any identifier issued for use in health care will become a
single national identifier . . . used for every purpose under the sun including
driver’s licenses, voter registration, welfare, employment and tax.”

Using a health care identifier for non-health purposes would make
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people’s information more vulnerable to abuse and misuse because the
identifier would act as a key that could unlock many databases of sensitive
information. To break this impasse, a more expansive approach is needed,
focusing on the overarching goal of securely and reliably linking medical
information. An identifier is one way to facilitate linkage, but not neces-
sarily the only one. A 1998 NCVHS (National Committee on Vital and
Health Statistics) white paper identified a number of possible approaches
to linkage, some of which did not involve unique identifiers. At this stage,
we should consider as many options as possible. It is simplistic to suggest
that creating linkages is impossible simply because some initial proposals
were faulty.

Linkage Will Improve Health Care

A reliable, confidential and secure means of linking medical records is
necessary to provide the highest quality health care. In this era of health
care fragmentation, most people see many different providers, in many
different locations, throughout their lives. To get a full picture of each pa-
tient, a provider must request medical records from other providers or the
patient, a burdensome process that rarely produces a thorough and accurate
patient history, and sometimes produces disastrous errors. According to
the Institute of Medicine, more than 500,000 people annually are injured
due to avoidable adverse drug events in the United States. Linking medical
records is, literally, a matter of life and death.

The question, then, is not whether we need to link medical records
but what method of linking records will best facilitate health care while
also protecting privacy and ensuring security. The time is long overdue for
politicians, technical specialists, and members of the health care industry
to find a workable solution.

Privacy Must Be Built in from the Outset

If privacy and security are not built in at the outset, linkage will make
medical information more vulnerable to misuse, both within health care
and for purposes unrelated to care. Even when most records are kept in
paper files in individual doctors’ offices, privacy violations occur. People
have lost jobs and suffered stigma and embarrassment when details about
their medical treatment were made public. Putting health information in
electronic form, and creating the technical capacity to merge it with the
push of a button, only magnifies the risk. Recently, computers containing
the medical records of more 500,000 retired and current military personnel
were stolen from a Department of Defense contractor. If those computers
had been linked to an external network, the thieves might have been able to
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break into the records without even entering the office. We must therefore
make sure that any system we implement is as secure as possible.

Similar Obstacles Have Been Overcome in Other Areas

The fields of law enforcement and banking have succeeded in linking
personal information across sectors, companies and locations. Like health
care, these fields are decentralized, with many points of entry for data and
many organizations with proprietary and jurisdictional differences. Yet the
urgent need to link information has motivated them to implement feasible
and relatively secure systems. Law enforcement, for example, uses the In-
terstate Identification Index, which includes names and personal identifica-
tion information for most people who have been arrested or indicted for a
serious criminal offense anywhere in the country. In the banking industry,
automated teller machines use a common operating platform that allows
information to pass between multiple banks, giving people instant access
to their money, anytime, almost anywhere in the world with an ATM card
and a PIN.

Although the health care field is particularly diverse, complex, and
disjointed, these examples show that, with dedication and creativity, it is
possible to surmount both technical and privacy barriers to linking large
quantities of sensitive information. A caveat—no information system, re-
gardless of the safeguards built in—can be 100 percent secure. But appro-
priate levels of protection coupled with tough remedies and enforcement
measures for breaches can strike a fair balance.

First Principles

In resolving the conjoined dilemmas of linking personal health informa-
tion and maintaining confidentiality, the Health Privacy Project urges an
adherence to the following first principles:

e Any system of linkage or identification must be secure, limiting dis-
closures from within and preventing unauthorized outside access.

® An effective system of remedies and penalties must be implemented
and enforced. Misuse of the identifier, as well as misuse of the in-
formation to which it links, must be penalized.

e Any system of linkage or identifiers must be unique to health
care.

e Patients must have electronic access to their own records.

¢ A mechanism for correcting—or supplementing—the record must
be in place.

e Patients must have the ability to opt out of the system.
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¢ Consideration should be given to making only core encounter data
(e.g., blood type and drug allergies) accessible in emergencies and
developing the capacity for a more complete record to be available
with patient consent in other circumstances, such as to another
provider.

With these privacy protections built in at the outset, a system of linking
medical records may ultimately gain the public’s approval.
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Narrowing the Research-Practice
Divide—Systems Considerations

OVERVIEW

Bridging the inference gap, as described in this chapter, is the daily leap
physicians must make to piece existing evidence around individual patients
in the clinical setting. Capturing and utilizing data generated in the course
of care offers the opportunity to bring research and practice into closer
alignment and propagate a cycle of learning that can enhance both the rigor
and the relevance of evidence. Papers in this chapter illustrate process and
analytic changes needed to narrow the research-practice divide and allow
healthcare delivery to play a more fundamental role in the generation of
evidence on clinical effectiveness.

In this chapter, Brent James outlines the system-wide reorientation that
occurred at Intermountain Healthcare as it implemented a system to manage
care at the care delivery level. Improved performance and patient care were
fostered by a system designed to collect data to track inputs and outcomes
and provide feedback on performance—elements that also created a useful
research tool that has led to incremental improvements in quality along with
discovery and large advancements in care at the practice level. The experi-
ence at Intermountain identifies some of the organizational and cultural
changes needed, but a key was the utilization of electronic health records
(EHRs) and support systems. Walter E Stewart expands on the immense
potential of the EHR as a tool to narrow the inference gap—the gap between
what is known at the point of care and what evidence is needed to make a
clinical decision. In his paper, he focuses on the potential for EHRs to in-
crease real-time access to knowledge and facilitate the creation of evidence
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that is more directly relevant to everyday clinical decisions. Stewart views
the EHR as a transforming technology and suggests several ways in which
appropriate design and utilization of this tool and surrounding support
systems can allow researchers to tap into and learn from the heterogeneity
of patients, treatment effects, and the clinical environment to accelerate the
generation and application of evidence in a learning healthcare system.

Perhaps one of the most substantial considerations will be how these
quicker, practice-based opportunities to generate evidence might affect evi-
dentiary standards. Steven Pearson’s paper outlines how the current process
of assessing bodies of evidence to inform the coverage decision process
might not be able to meet future needs, and the potential utility of a means
to consider factors such as clinical circumstance in the process. He discusses
possible unintended consequences of approaches such as Coverage with
Evidence Development (CED) and suggests concepts and processes associ-
ated with coverage decisions in need of development and better definition.
Finally, Robert Galvin discusses the employer’s dilemma of how to get true
innovations in healthcare technology to populations of benefit as quickly
as possible but guard against the harms that could arise from inadequate
evaluation. He suggests that a “cycle of unaccountability” has hampered
efforts to balance the need to foster innovation while controlling costs, and
discusses some of the issues facing technology developers in the current sys-
tem and a recent initiative by General Electric (GE), UnitedHealthcare, and
InSightec to apply the CED approach to a promising treatment for uterine
fibroids. Although this initiative has potential to substantially expand the
capacity for evidence generation while accelerating access and innovation,
challenges to be overcome include those related to methodology, making
the case to employers to participate, and confronting the culture of distrust
between payers and innovators.

FEEDBACK LOOPS TO EXPEDITE STUDY
TIMELINESS AND RELEVANCE

Brent James, M.D., M.Stat.
Intermountain Healthcare

Quality improvement was introduced to health care in the late 1980s.
Intermountain Healthcare, one of the first groups to attempt clinical im-
provement using these new tools, had several early successes (Classen et al.
1992; James 1989 [20035, republished as a “classics” article]). While those
experiences showed that Deming’s process management methods could
work within healthcare delivery, they highlighted a major challenge: the
results did not, on their own, spread. Success in one location did not lead
to widespread adoption, even among Intermountain’s own facilities.
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Three core elements have been identified for a comprehensive quality-
based strategy (Juran 1989): (1) Quality control provides core data flow
and management infrastructure, allowing ongoing process management. It
creates a context for (2) quality improvement—the ability to systematically
identify then improve prioritized targets. (3) Quality design encompasses
a set of structured tools to identify, then iteratively create new processes
and products.

Since the quality movement’s inception, most care delivery organizations
have focused exclusively on improvement. None have built a comprehensive
quality control framework. Quality control provides the organizational
infrastructure necessary to rapidly deploy new research findings across care
delivery locations. The same infrastructure makes it possible to generate
reliable new clinical knowledge from care delivery experience. In 1996,
Intermountain undertook to build clinical quality control across its 22
hospitals, 100-plus outpatient clinics, employed and affiliated physician
groups (1,250 core physicians, among more than 3,000 total associated
physicians), and a health insurance plan (which funds about 25 percent of
Intermountain’s total care delivery). Intermountain’s quality control plan
contained 4 major elements: (1) key process analysis; (2) an outcomes track-
ing system that measured and reported accurate, timely, medical, cost, and
patient satisfaction results; (3) an organizational structure to use outcomes
data to hold practitioners accountable, and to enable measured progress on
shared clinical goals; and (4) aligned incentives, to harvest some portion of
resulting cost savings back to the care delivery organization (while in many
instances better quality can demonstrably reduce care delivery costs, current
payment mechanisms direct most such savings to health payers).

The Intermountain strategy depended heavily upon a new “shared base-
lines” approach to care delivery, that evolved during early quality improve-
ment projects as a mechanism to functionally implement evidence-based
medicine (James 2002): All health professionals associated with a particular
clinical work process come together on a team (physicians, nurses, pharma-
cists, therapists, technicians, administrators, etc.). They build an evidence-
based best practice guideline, fully understanding that it will not perfectly
fit any patient in a real care delivery setting. They blend the guideline into
clinical workflow, using standing order sets, clinical worksheets, and other
tools. Upon implementation, health professionals adapt their shared com-
mon approach to the needs of each individual patient. Across more than
30 implemented clinical shared baselines, Intermountain’s physicians and
nurses typically (95 percent confidence interval) modify about 5 to 15
percent of the shared baseline to meet the specific needs of a particular
patient. That makes it “easy to do it right” (James 2001), while facilitating
the role of clinical expertise. It also is much more efficient. Expert clinicians
can focus on a subset of critical issues because the remainder of the care
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process is reliable. The organization can staff, train, supply, and organize
physical space to a single defined process. Shared baselines also provide a
structure for electronic data systems, greatly enhancing the effectiveness of
automated clinical information. Arguably, shared baselines are the key to
successful implementation of electronic medical record systems.

Key Process Analysis

The Institute of Medicine’s prescription for reform of U.S. health care
noted that an effective system should be organized around its most common
elements (IOM 2001). Each year for 4 years, Intermountain attempted to
identify high priority clinical conditions for coordinated action, through
expert consensus among senior clinical and administrative leaders generated
through formal nominal group technique. In practice, consensus methods
never overcame advocacy. Administrative and clinical leaders, despite a
superficially successful consensus process, still focused primarily on their
own departmental or personal priorities. We therefore moved from expert
consensus to objective measurement. That involved first, identifying front
line work processes. This complex task was aided by conceptually subdi-
viding Intermountain’s operations into 4 large classes: (1) work processes
centered around clinical conditions; (2) clinical work processes that are not
condition-specific (clinical support services, e.g., processes located within
pharmacy, pathology, anesthesiology/procedure rooms, nursing units, inten-
sive care units, patient safety); (3) processes associated with patient satisfac-
tion; and (4) administrative support processes. Within each category, we
attempted to identify all major work processes that produced value-added
results.

These work processes were then prioritized. To illustrate, within clini-
cal conditions we first measured the number of patients affected. Second,
clinical risk to the patient was estimated. We used intensity of care as a
surrogate for clinical risk, and assessed intensity of care by measuring true
cost per case. This produced results that had high face validity with clini-
cians, while also working well with administrative leadership. Third, base-
state variability within a particular clinical work process was measured by
calculating the coefficient of variation, based on intensity of care (cost per
case). Fourth, using Batalden and Nelson’s concept of clinical microsystems
specialty groups that routinely worked together on the basis of shared pa-
tients were identified along with the clinical processes through which they
managed those patients (Batalden and Splaine 2002; Nelson et al. 2002).
This was a key element for organizational structure. Finally, we applied
two important criteria for which we could not find metrics: we used expert
judgment to identify underserved subpopulations, and to balance our roll-
out across all elements of the Intermountain care delivery system.
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Among more than 1,000 inpatient and outpatient condition-based
clinical work processes, 104 accounted for almost 95 percent of all of
Intermountain’s clinical care delivery. Rather than the traditional 80/20 rule
(the Pareto principle), we saw a 90/10 rule: Clinical care concentrated mas-
sively, on a relative handful of high priority clinical processes (the IOM’s
Quality Chasm report got it right!). Those processes were addressed in
priority order, to achieve the most good for the most patients, while freeing
resources to enable traditional, one by one care delivery plans for uncom-
mon clinical conditions.

Outcomes Tracking

Prior to 1996, Intermountain had tried to start clinical management
twice. The effort failed each time. Each failure lost $5 million to $10 mil-
lion in sunk costs, and cashiered a senior vice president for medical affairs.
When asked to make a third attempt, we first performed a careful autopsy
on the first two attempts. Each time Intermountain had found clinicians
willing to step up and lead. Then, each time, Intermountain’s planners
uncritically assumed that the new clinical leaders could use the same admin-
istrative, cost-based data to manage clinical processes, as had traditionally
been used to manage hospital departments and generate insurance claims.
On careful examination, the administrative data contained gaping holes
relative to clinical care delivery. They were organized for facilities manage-
ment, not patient management.

One of the National Quality Forum’s (NQF) first activities, upon its
creation, was to call together a group of experts (its Strategic Framework
Board—SFB) to produce a formal, evidence-based method to identify valid
measurement sets for clinical care (James 2003). The SFB found that out-
comes tracking systems work best when designed around and integrated
into front-line care delivery. Berwick et al. noted that such integrated data
systems can “roll up” into accountability reports for practice groups, clin-
ics, hospitals, regions, care delivery systems, states, and the nation. The
opposite is not true. Data systems designed top down for national reporting
usually cannot generate the information flow necessary for front-line pro-
cess management and improvement (Berwick et al. 2003). Such top-down
systems often compete for limited front-line resources, damaging care de-
livery at the patient interface (Lawrence and Mickalide 1987).

Intermountain adopted the NQF’s data system design method. It starts
with an evidence-based best practice guideline, laid out for care delivery—a
shared baseline. It uses that template to identify and then test a comprehen-
sive set of medical, cost, and satisfaction outcomes reports, optimized for
clinical process management and improvement. The report set leads to a list
of data elements and coding manuals, which generate data marts within an
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electronic data warehouse (patient registries), and decision support struc-
ture for use within electronic medical record systems.

The production of new clinical outcomes tracking data represented a
significant investment for Intermountain. Clinical work processes were at-
tacked in priority order, as determined by key process analysis. Initial prog-
ress was very fast. For example, in 1997 outcomes tracking systems were
completed for the two biggest clinical processes within the Intermountain
system. Pregnancy, labor, and delivery represents 11 percent of Intermoun-
tain’s total clinical volume. Ischemic heart disease adds another 10 percent.
At the end of the year, Intermountain had a detailed clinical dashboard in
place for 21 percent of Intermountain’s total care delivery. Those data were
designed for front-line process management, then rolled up into region- and
system-level accountability reports. Today, outcomes data cover almost 80
percent of Intermountain’s inpatient and outpatient clinical care. They are
immediately available through internal websites, with data lag times under
one month in all cases, and a few days in most cases.

Organizational Structure

About two-thirds of Intermountain’s core physician associates are com-
munity-based, independent practitioners. That required an organizational
structure that heavily emphasized shared professional values, backed up by
aligned financial incentives (in fact, early successes relied on shared pro-
fessional values alone; financial incentives came quite late in the process,
and were always modest in size). The microsystems (Batalden and Splaine
2002) subpart of the key process analysis provided the core organizational
structure. Families of related processes, called Clinical Programs, identified
care teams that routinely worked together, even though they often spanned
traditional subspecialty boundaries. Intermountain hired part-time physi-
cian leaders (% full time equivalent) for each Clinical Program in each of
its 3 major regions (networks of outpatient practices and small community
hospitals, organized around large tertiary hospital centers). Physician lead-
ers are required to be in active practice within their Clinical Program; to
have the respect of their professional peers; and to complete formal training
in clinical quality improvement methods through Intermountain’s internal
clinical QI training programs (the Advanced Training Program in Clinical
Practice Improvement). Recognizing that the bulk of process management
efforts rely upon clinical staff, Intermountain also hired full-time “clinical
operations administrators.” Most of the staff support leaders are experi-
enced nurse administrators. The resulting leadership dyad—a physician
leader with a nursing/support staff leader—meet each month with each
of the local clinical teams that work within their Clinical Program. They
present and review patient outcomes results for each team, compared to
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their peers and national benchmarks. They particularly focus on clinical
improvement goals, to track progress, identify barriers, and discuss pos-
sible solutions. Within each region, all of the Clinical Program dyads meet
monthly with their administrative counterparts (regional hospital adminis-
tration, finance, information technology, insurance partners, nursing, and
quality management). They review current clinical results, track progress
on goals, and assign resources to overcome implementation barriers at a
local level.

In addition to their regional activities, all leaders within a particular
Clinical Program from across the entire Intermountain system meet together
monthly as a central Guidance Council. One of the 3 regional physician
leaders is funded for an additional part-time role (% time) to oversee and
coordinate the system-wide effort. Each system-level Clinical Program also
has a separate, full-time clinical operations administrator. Finally, each
Guidance Council is assigned at least one full-time statistician, and at
least one full-time data manager, to help coordinate clinical outcomes data
flow, produce outcomes tracking reports, and to perform special analyses.
Intermountain coordinates a large part of existing staff support functions,
such as medical informatics (electronic medical records), electronic data
warehouse, finance, and purchasing, to support the clinical management
effort.

By definition, each Guidance Council oversees a set of condition-based
clinical work processes, as identified and prioritized during the key pro-
cess analysis step. Each key clinical process is managed by a Development
Team which reports to the Guidance Council. Development Teams meet
each month. The majority of Development Team members are drawn from
front-line physicians and clinical staff, geographically balanced across the
Intermountain system, who have immediate hands-experience with the
clinical care under discussion (technically, “fundamental knowledge”). De-
velopment Team members carry the team’s activities—analysis and manage-
ment system results—back to their front-line colleagues, to seek their input
and help with implementation and operations. Each Development Team
also has a designated physician leader, and Knowledge Experts drawn from
each region. Knowledge Experts are usually specialists associated with the
Team’s particular care process. For example, the Primary Care Clinical
Program includes a Diabetes Mellitus Development Team (among others).
Most team members are front-line primary care physicians and nurses who
see diabetes patients in their practices every day. The Knowledge Experts
are diabetologists, drawn from each region.

A new Development Team begins its work by generating a Care Process
Model (CPM) for their assigned key clinical process. Intermountain’s cen-
tral Clinical Program staff provides a great deal of coordinated support for
this effort. A Care Process Model contains 5 sequential elements:
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1. The Knowledge Experts generate an evidence-based best practice
guideline for the condition under study, with appropriate links to
the published literature. They share their work with the body of
the Development Team, who in turn share it with their front-line
colleagues, asking “What would you change?” As the “shared
baseline” practice guideline stabilizes over time,

2. The full Development Team converts the practice guideline into
clinical workflow documents, suitable for use in direct patient care.
This step is often the most difficult of the CPM development pro-
cess. Good clinical flow can enhance clinical productivity, rather
than adding burden to front-line practitioners. The aim is to make
evidence-based best care the lowest energy default option, with
data collection integrated into clinical workflow.

The core of most chronic disease CPMs is a treatment cascade. Treat-
ment cascades start with disease detection and diagnosis. The first (and
most important) “treatment” is intensive patient education, to make the
patient the primary disease manager. The cascade then steps sequentially
through increasing levels of treatment. A font-line clinical team moves
down the cascade until they achieve adequate control of the patient’s condi-
tion, while modifying the cascade’s “shared baseline” based upon individual
patient needs. The last step in most cascades is referral to a specialist.

3. The team next applies the NQF SFB outcomes tracking system de-
velopment tools, to produce a balanced dashboard of medical, cost,
and satisfaction outcomes. This effort involves the electronic data
warehouse team, to design clinical registries that bring together
complementary data flows with appropriate pre-processing.

4. The Development Team works with Intermountain’s medical in-
formatics groups, to blend clinical workflow tools and data system
needs into automated patient care data systems.

5. Central support staff help the Development Team build web-based
educational materials for both care delivery professionals, and the
patients they serve.

A finished CPM is formally deployed into clinical practice by the gov-
erning Guidance Council, through its regional physician/nurse leader dyads.
At that point, the Development Team’s role changes. The Team continues
to meet monthly to review and update the CPM. The Team’s Knowledge
Experts have funded time to track new research developments. The Team
also reviews care variations as clinicians adapt the shared baseline. It closely
follows major clinical outcomes, and receives and clears improvement ideas
that arise among Intermountain’s front-line practitioners and leadership.
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Drawing on this structure, Intermountain’s CPMs tend to change quite
frequently. Knowledge Experts have an additional responsibility of sharing
new findings and changes with their front-line colleagues. They conduct
regular continuing education sessions, targeted both at practicing physi-
cians and their staffs, for their assigned CPM. Education sessions cover the
full spectrum of the coordinated CPM: They review current best practice
(the core evidence-based guideline); relate it to clinical workflow; show
delivery teams how to track patient results through the outcomes data sys-
tem; tie the CPM to decision support tools built into the electronic medical
record; and link it to a full set of educational materials, for patients and for
care delivery professionals.

Chronic disease Knowledge Experts also run the specialty clinics that
support front-line care delivery teams. Continuing education sessions usu-
ally coordinate the logistics of that support. The Knowledge Experts also
coordinate specialty-based nurse care managers and patient trainers.

An Illustrative CPM in Action: Diabetes Mellitus

Through its health plan and outpatient clinics, Intermountain supports
almost 20,000 patients diagnosed with diabetes mellitus. Among about 800
primary care physicians who manage diabetics, approximately one-third are
employed within the Intermountain Medical Group, while the remainder
are community-based independent physicians. All physicians and their care
delivery teams—regardless of employment status—interact regularly with
the Primary Care Clinical Program medical directors and clinical operations
administrators. They have access to regular diabetes continuing education
sessions. Three endocrinologists (one in each region) act as Knowledge
Experts on the Diabetes Development Team. In addition to conducting
diabetes training, the Knowledge Experts coordinate specialty nursing care
management (diabetic educators), and supply most specialty services.

Each quarter, Intermountain sends a packet of reports to every clinical
team managing diabetic patients. The reports are generated from the Dia-
betes Data Mart (a patient registry) within Intermountain’s electronic data
warehouse. The packet includes, first, a Diabetes Action List. It summarizes
every diabetic patient in the team’s practice, listing testing rates and level
controls (standard NCQA HEDIS measures: HbAlc, LDL, blood pressure,
urinary protein, dilated retinal exams, pedal sensory exams; Intermountain
was an NCQA Applied Research Center that helped generate the HEDIS
diabetes measures, using the front-line focused NQF outcomes tracking
design techniques outlined above). The report flags any care defect, as
reflected either in test frequency or level controls. Front-line teams review
lists, then either schedule flagged patients for office visits, or assign them
to general care management nurses located within the local clinic. While
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Intermountain pushes Diabetes Action Lists out every quarter, front-line
teams can generate them on demand. Most teams do so every month.

In addition to Action Lists, front-line teams can access patient-specific
Patient Worksheets through Intermountain’s web-based Results Review
system. Most practices integrate Worksheets into their workflow during
chart preparation. The Worksheet contains patient demographics, a list
of all active medications, and a review of pertinent history and laboratory
focused around chronic conditions. For diabetic patients, it will include test
dates and values for the last seven HbAlc, LDLs, blood pressures, urinary
proteins, dilated retinal examinations, and pedal sensory examinations. A
final section of the Worksheet applies all pertinent treatment cascades, list-
ing recommendations for currently due immunizations, disease screening,
and appropriate testing. It will flag out-of-control levels, with next-step
treatment recommendations (technically, this section of the Worksheet is a
passive form of computerized physician order entry).

The standard quarterly report packet also contains sections compar-
ing each clinical team’s performance to their risk-adjusted peers. A third
report tracks progress on quality improvement goals, and links them to
financial incentives. Finally, a separate summary report goes to the team’s
Clinical Program medical director. In meeting with the front-line teams,
the Clinical Program leadership dyad often share methods used by other
practices to improve patient outcome performance, with specific practice
flow recommendations.

Intermountain managed more than 20,000 diabetic patients by March,
2006 and Figures 3-1 and 3-2 show system-level performance on represen-
tative diabetes outcomes measures, as pulled real-time from the Intermoun-
tain outcomes tracking system. Primary care physicians supply almost 90
percent of all diabetes care in the system.

As the last step on a treatment cascade, Intermountain’s Diabetes
Knowledge Experts tend to concentrate the most difficult patients in their
specialty practices. As a result, they typically have worse outcomes than
their primary care colleagues.

Using Routine Care Delivery to Generate Reliable Clinical Knowledge

Evidence-based best practice faces a massive evidence gap. The healing
professions currently have reliable evidence (Level I, II, or Ill—random-
ized trials, robust observational designs, or expert consensus opinion using
formal methods (Lawrence and Mickalide 1987) to identify best, patient-
specific, practice for less than 20 percent of care delivery choices (Ferguson
1991; Lappe et al. 2004; Williamson 1979). Bridging that gap will strain
the capacity of any conceivable research system.

Intermountain designed its Clinical Programs to optimize care delivery
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FIGURE 3-1 Blood sugar control with Clinical Program management over time,
for all diabetic patients managed within the entire Intermountain system National
guidelines recommend that all diabetic patients be managed to hemoglobin Alc
levels < 9 percent; ideally, patients should be managed to levels < 7 percent.

performance. The resulting organizational and information structures make
it possible to generate robust data regarding treatment effects, as a by-
product of demonstrated best care. CPMs embed data systems that directly
link outcome results to care delivery decisions. They deploy organized care
delivery processes. Intermountain’s Clinical Programs might be thought of
as effectiveness research, built system-wide into front-line care delivery.
At a minimum, CPMs routinely generate Level II-3 information (robust,
prospective observational time series) for all key clinical care delivery pro-
cesses. In such a setting, all care changes get tested. For example, any new
treatment, recently released in the published medical literature; any new
drug; a new organizational structure for an ICU; a new nurse staffing policy
implemented within a hospital can generate robust information to assess its
effectiveness in a real care delivery setting.

At need, Development Teams move up the evidence chain as a part
of routine care delivery operations. For example, the Intermountain Car-
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FIGURE 3-2 Lipid (low density lipoprotein/LDL) control with Clinical Program
management over time, for all diabetic patients managed within the entire Inter-
mountain system. National guidelines recommend that all diabetic patients should
be managed to LDL levels < 100 mg/dL.

diovascular Guidance Council developed robust observational evidence
regarding discharge medications for patients hospitalized with ischemic
heart disease or atrial fibrillation (Level II-2 evidence) (Lappe et al. 2004).
The Mental Health Integration Development Team used the Intermountain
outcomes tracking system to conduct a prospective non-randomized con-
trolled trial (Level II-1 evidence) to assess best practice for the detection
and management of depression in primary care clinics (Reiss-Brennan 2006;
Reiss-Brennan et al. 2006a; Reiss-Brennan et al. 2006b). The Lower Respi-
ratory Infection Development Team ran a quasi-experiment that used exist-
ing prospective data flows to assess roll-out of their community-acquired
pneumonia (CAP) CPM (Level II-1 evidence) (Dean et al. 2006a; Dean et al.
2001). That led to a randomized controlled trial to identify best antibiotic
choices for outpatient management of CAP (Level 1 evidence) (Dean et al.
2006b). With embedded data systems and an existing “shared baseline”
care protocol that spanned the Intermountain system, it took less than 3
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months to complete the trial. The largest associated expenses were IRB
oversight and data analysis—costs that Intermountain underwrote, based
on a clear need to quickly generate then apply appropriate evidence to real
patient care.

While Intermountain demonstrates the concept of embedded effective-
ness research, many other integrated care delivery networks are rapidly
deploying similar methods. Embedded effectiveness research is an engine
that can make evidence-based care delivery the norm, rather than the ex-
ception. It holds massive potential to deliver “best care” to patients, while
generating evidence to find the next step in “best care.”

ELECTRONIC HEALTH RECORDS AND
EVIDENCE-BASED PRACTICE

Walter E Stewart, Ph.D., M.P.H., and Nirav R. Shah, M.D., M.P.H.
Geisinger Health System

Every day, clinicians engage in a decision process on behalf of patients
that requires a leap beyond available evidence. This process, which we char-
acterize as “bridging the inferential gap” (Stewart et al. 2007 [in press]),
uses varying degrees of judgment, either because available evidence is not
used or because the right evidence does not exist. This gap has widened as
the population has aged, with the rapid growth in treatment needs and op-
tions, and as the creation of knowledge continues to accelerate. Increasing
use of the EHR in practice will help to narrow this gap by substantially
increasing real-time access to knowledge (Haynes 1998) and by facilitating
creation of evidence that is more directly relevant to everyday clinical deci-
sions (Haynes et al. 1995).

The Twentieth-Century Revolution in Creation of Evidence

In the early twentieth century, medical knowledge creation emerged as
a new enterprise with the propagation of an integrated model of medical
education, clinical care, and “bench to bedside” research (Flexner 2002;
Vandenbroucke 1987) In the United States, this model evolved with the
rapid growth in foundation and federal funding, and later with substan-
tial growth in industry funding (Charlton and Andras 2005; Graham and
Diamond 2004). Today, this enterprise has exceeded expectations in the
breadth and depth of evidence created, but has fallen short in the relevance
of evidence to everyday clinical care needs.

Over the last 50 years, rigorous scientific methods have developed as
part of this enterprise, in response to challenges with the interpretation
of evidence. While observational and experimental methods developed
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in parallel, the randomized controlled clinical trial became the dominant
method for creating clinical evidence, emerging as the “gold standard”
in response to demand for a rigorous and reliable approach to answering
questions (Meldrum 2000). The application of the RCT naturally evolved
in response to regulatory demands for greater accuracy in the interpretation
of evidence of treatment benefit and minimizing risk of harm to volunteers.
As a consequence, RCTs have tended toward very focused interventions
in highly select populations (Black 1996). Often, the questions answered
do not fully address more specific questions that arise in clinical practice.
Moreover, restricting enrollment to the healthiest subgroup of patients (i.e.,
with minimal comorbidities) limits the generalizability of the evidence de-
rived. Patients seen in clinical practice tend to be considerably more diverse
and more clinically complex than patients enrolled in clinical trials. This
gap between existing evidence and the needs of clinical practice does not
mean that we should change how RCTs are done. It is not sensible to use
the RCT as a routine method to answer practice-specific questions. The
resources required to answer a meaningful number of practice-based ques-
tions would be too substantial. The time required would often be too long
for answers to be relevant.

Accepting that the RCT should continue to be used primarily as a test-
ing and regulatory tool does not resolve the dilemma of the need for an ef-
fective means of creating more relevant evidence. We currently do not have
the means to create evidence that is rigorous and timely, and answers the
myriad of questions common to everyday practice. As a bridging strategy,
we have resorted to consensus decisions among clinical experts, replacing
evidence with guidance (Greenblatt 1980). Finally, systematic observational
studies in general population- or practice-based samples are often cited
as a means to address the generalizability limits of evidence from RCTs
(Horwitz et al. 1990). Confounding by indication is an important concern
with interpretation of evidence from such studies, but this is not the most
significant challenge (Salas et al. 1999). Again, the same issues regarding re-
source limitations and access to timely evidence apply. Most practice-based
questions of clinical interest cannot be answered by funding systematic
prospective observational studies.

Knowledge Access

While the methods to generate knowledge over the past century have
advanced at a remarkable pace and knowledge creation itself is acceler-
ating, the methods to access such knowledge for clinical care have not
evolved. Direct education of clinicians continues to be the dominant model
for bringing knowledge to practice. This is largely because there are no
practical alternatives. While the modes by which knowledge is conveyed
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(e.g., CDs, Internet) have diversified, all such modes still rely on individual
education, a method that was useful when knowledge was relatively lim-
ited. Today, however, individual continuing medical education (CME) can
be characterized as a hit-or-miss approach to gaining knowledge. There is
so little time, yet so much to know. There are also numerous other factors
essential to bringing knowledge to practice that individual education does
not address. These other factors, downstream from gaining knowledge,
probably contribute to variation in quality of care. Specifically, clinicians
vary substantially, not just in what they have learned, but in the accuracy
of what is retained, in real-time retrieval of what is retained when needed,
in the details of what they know or review about the patient during an
encounter, in the interpretation of patient data given the retained knowl-
edge that is retrieved during the encounter, and in how this whole process
translates into a care decision. Even if incentives (e.g., pay for performance)
were logically designed to motivate the best clinical behavior, the options
for reducing variation in practice are limited given the numerous other
factors that influence the ultimate clinical decision. In the paper-based
world of most clinical practices, clinicians will always be constrained by a
“pony-express” model of bringing knowledge to practice. That is, with very
limited time, clinicians must choose a few things to learn from time to time
and hope that they use what they learn effectively when needed.

Just as consensus decision making is used to bridge the knowledge gap,
efforts to codify knowledge over the past decade are an important step to-
ward increasing access to knowledge. However, this is only one of the many
steps noted above that is relevant to translating knowledge to practice-
based decision making. The EHR opens opportunities for a paradigm shift
in how knowledge is used in practice-based clinical decisions.

The EHR and New Directions

There are several areas in which the EHR represents the potential for
a fundamental shift in research emphasis—in particular, the linkage of
research to development, the most common paradigm for research world-
wide; the opening of opportunities to explore new models for creating
evidence; and the evolving role of decision support in bringing knowledge
directly to practice.

Research and Development In the private for-profit sector, the domi-
nant motivation for research is to create value, through its intimate link to
the development of better products and services. “Better” generally means
that more value is attained because the product or service cost is reduced
(e.g., research and development [R&D], which results in a lower cost of
production), the product is made more capable at the same or a lower cost,
or quality is improved (e.g., more durable, fewer errors) at the same or at
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lower cost. This R&D paradigm, core to competition among market rivals
in creating ongoing value to customers, does exist in certain healthcare sec-
tors (e.g., pharmaceutical and device manufacturers) but does not exist, for
the most part, in the U.S. healthcare system, where, notably, value-based
competition also does not exist (Porter and Teisber 2006).

The dominant research model in academic institutions is different. Re-
search funding is largely motivated by the mission to create knowledge, rec-
ognizing the inherent social value of such an enterprise.! The policies and
practices in this sector are largely created by academic officials and faculty
in collaboration with government or foundation officials. This is in essence
a closed system that seeks to fulfill its mission of creating knowledge. It
is not a system primarily designed to influence or bring value, as defined
above, to health care. Academic research institutions are not representative
of where most health care is provided in the United States. Private practice
physicians, group practices, community hospitals, and health systems de-
liver the vast majority of care in the United States. Even if there was a desire
to shift some funding toward an R&D focus, the link between academic
institutions and the dominant systems of care in the United States may not
be substantial enough for research to be directed in a manner that creates
value. In contrast, new healthcare strategies and models of care are increas-
ingly tested by the Centers for Medicare and Medicaid Services (CMS),
where large-scale demonstration projects are funded to identify new ways
of creating value in health care. However, these macro-level initiatives are
designed primarily to influence policy, not to create new models of care and,
as such, lack a quality of other federally funded research that offers insight
on how outcomes are actually obtained.

Even though the pursuit of knowledge is the dominant motivation
for research in the academic model, discoveries sometimes result in the
creation of new services and products. However, the development process
is motivated by a diversity of factors (e.g., investigators’ desire to translate
their research into concrete end points, unexpected market opportunities
that coincide with the timing of research discoveries) that are not causally
or specifically directed to development and the need to create value. This
process is qualitatively different from what occurs in R&D, where, as we
have noted, the intention of research is to create value.

Despite the challenges, adoption of an R&D model for healthcare deliv-
ery is not practical, given the constraints of a paper-based world. Moreover,
there are numerous structural problems (e.g., lack of alignment between

IThe National Institutes of Health is the steward of medical and behavioral research for
the nation. Its mission is science in pursuit of fundamental knowledge about the nature and
behavior of living systems and the application of that knowledge to extend healthy life and
reduce the burdens of illness and disability.
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interests of payers and providers, paying for performance and outcomes
versus paying for care) in the U.S. healthcare system that make it very dif-
ficult to create value in the traditional sense (Porter and Teisber 2006), even
if R&D evolved to how it is in other markets. R&D is, however, sensible in
a digital healthcare world and is one of several factors required to achieve
a broader solution of providing high-quality care at a lower cost.

Why is the EHR important in this context? Paper-based healthcare set-
tings are fundamentally constrained not only in what is possible, but also in
what one imagines is possible. It is somewhat analogous to imagining what
could be done in advancing the use of the horse and buggy to go faster, to
explore new dimensions of transportation (e.g., as a form of entertainment
with the integration of media from radio, CDs, and video with travel), to
make use of decision support (e.g., a Global Positioning System [GPS] to
provide directions, to find restaurants), and so forth. These new factors
were not worth considering until a new technology emerged. The paper-
based world is inherently constrained in this manner. Namely, it is almost
not worth considering the expansive development and adoption of clinical
data standards, expansive use of human independent interactions (e.g.,
algorithmic ordering of routine preventive health interventions), real-time
monitoring of data, detailed feedback on patient management performance,
sophisticated means of clinical decision support, and timely creation of
evidence, to mention a few. Moreover, a paper-based world is truly limited
in the ability to take a solution tested in one clinical setting and export and
scale the discovered solution to many other settings.

The EHR is a transforming technology. It is unlikely that the EHR in
itself will create substantial value in health care. Rather, we believe it will
create unique opportunities to seamlessly link research to development, to
ensure that the exporting and scalability problem is solved as part of the
research endeavor, and to intentionally create value in health care. Bringing
knowledge to practice will be an important part of this enterprise. Figure
3-3 presents a familiar characterization of how EHR-based R&D can influ-
ence health care. Efficiency and quality of care can be improved through the
integration of new workflows and sophisticated decision support that move
more and more tasks to the patient and nonphysician and nonclinical staff.
Clinician management should increasingly be reserved for situations where
the decisions to be made are less certain and where threats (e.g., adverse
events) are possible. The notion behind such a model is to continuously ex-
plore new ways in which structure can be added to the care delivery process
such that those with less formal training, including patients, assume more
responsibility for care.

EHR-based practices also offer the promise of aligning interests around
the business value of data and information. As sophisticated models of care
(e.g., integration of workflow, evaluation of data, decision support) evolve,
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the value of accurate and complete data will increase. This is especially
likely to be true if market-sensible expectations (e.g., pay for performance
or outcomes) emerge as a dominant force for payment. In this context, data
standards and data quality represent business assets to practicing clinicians
(i.e., facilitate the ability to deliver higher-quality care at a lower cost),
opening the most important path alignment. Moreover, those who pay for
care will view data as an essential ingredient to providing high-quality and
efficient care.

Discovering What Works in Reality and Beyond

Creating medical evidence is a costly and time-consuming enterprise,
with the result that it is not possible to conduct studies to address most
questions relevant to health care, and the time required to generate the
evidence limits its relevance. Consider, however, three related stages of
research relevant to developing new models for creation of evidence: (1) de-
velopment of new methods designed to extract valid evidence from analysis
of retrospective longitudinal patient data; (2) translation of these methods
into protocols that can rapidly evaluate patient data in real time as a com-
ponent of sophisticated clinical decision support; and (3) rapid protocols
designed to conduct clinical trials as a routine part of care delivery in the
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face of multiple treatment options for which there is inadequate evidence
to decide what is most sensible (i.e., clinical equipoise).

Valid methods are needed to extract evidence from retrospective analy-
sis of EHR data. For example, one such method may include research on
how longitudinal EHR data can be used to replicate the results of prior
randomized clinical trials. Such an evaluation might include imposing the
same patient inclusion and exclusion criteria, duration of “observation,”
and other design features used in pivotal trials. Other techniques (e.g., use
of propensity scores, interaction terms with treatment used) may have to be
used to adjust for underlying differences between clinic patients and trial
participants and for confounding by indication and other factors (Seeger
et al. 2005). This represents one scenario for how methods may be devel-
oped and validated as a first step toward extracting evidence from EHR
data. Establishing such a foundation opens opportunities to explore other
questions relevant to the generalizability gap between RCT evidence and
questions that arise in practice. What would have happened in the trial if,
for example, patients who were sicker or older, or patients who had more
diverse comorbidities, had been enrolled? What are the profiles of patients
who might best (or least) benefit from the treatment? What are the treat-
ment effects on other outcomes not measured in the original trial? Such
“virtual” trials could extend the evidence from efficacy studies to those
more relevant to clinical practice.

Ultimately, such methods can be used to serve two purposes: to cre-
ate evidence more relevant to practice and to translate the methods into
protocols that rapidly evaluate data to provide real-time decision support.
Consider the needs of a patient with comorbid atrial fibrillation, diabetes,
and hypertension. If each disease were considered in isolation, thiazides
might be prescribed for hypertension, angiotensin receptor blocker for
diabetes, and a beta-blocker for atrial fibrillation. Yet in considering the
whole patient, clinicians necessarily have to make nuanced decisions (i.e., to
optimize the relative benefits of taking numerous medications, simplifying
the treatment regimen, reducing cost to the patient, minimizing drug-drug
interactions and adverse events, etc.) that are unlikely to ever be based on
expert guidelines. A logical extension of the methodological work described
above is to apply such methods to the rapid processing of longitudinal,
population-based EHR data to facilitate clinical decision making given a
patient’s profile and preferences.

The above methods could be valuable in both providing decision sup-
port and identifying when a decision is completely uncertain. Decision
uncertainty has been and will continue to be ever-present. There are no
absolute means of closing the loop so that every decision is made with cer-
tainty. New questions will continue to arise at an increasingly faster pace,
and these questions will always change and evolve. Meaningful advances
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will emerge by making questions more explicit sooner and by providing
answers proximal to when the questions arise. An everyday solution will
be required to meet the perpetual growth in demand for new knowledge
in medicine (Stewart et al. 2007 [in press]). One such solution may be to
use the power of the EHR and new decision methods described above to
identify conditions where clinical equipoise between two or more options
has occurred. Embedding protocols that randomize the decision under this
condition provides a means to conduct RCTs that fundamentally fill the
inferential gap.

It is especially important to underscore that to be useful, functional,
exportable, and scalable, solutions need to be developed that serve one
critical purpose: to create value. Without this ultimate intention, physicians
will be reluctant to adopt new methods. Offering improvements to qual-
ity as an incentive to adopt new ways of practicing medicine is simply not
enough to change behavior. The notion of sophisticated clinical decision
support (CDS) will embody many such solutions, as long as these solutions
also solve the workflow challenges for such processes. A new term may
have to be created to avoid confusion and to distinguish the evolution of
CDS from its rudimentary roots and from what exists today (e.g., poorly
timed binary alerts, drug interaction checking, simple default orders derived
from practice guidelines, access to electronic textbooks and literature). The
future of CDS is in developing real-time processes that directly influence
clinical care decisions at exactly the right time (i.e., sensing when it is ap-
propriate to present decision options). EHR platforms alone are unlikely
to have the capability of managing such processes. They are designed for
a different purpose. Rather, these processes are likely to involve sophisti-
cated “machines” that are external to the EHR, but interact with the EHR.
“Sophisticated” from today’s vantage point means reducing variation in
the numerous steps we have previously described that influence a clinical
decision, evaluating patient data (i.e., clinical and preferences) in relation
to codified evidence-based rules, evaluating data on other patients in this
context, presenting concrete support (i.e., not advice but an actionable deci-
sion that can be modified), and ensuring that the whole process increases
overall productivity and efficiency of care.

We are at a seminal point in the history of medical care, as important
as the changes that took place at the turn of the last century and that today
have created the demand for new solutions to address the problems created
by a century of success. We believe that new opportunities are emerging
that will change how evidence is created, accessed, and ultimately used in
the care of patients. By leveraging the EHR, we see that providers and oth-
ers who care for patients will be able move beyond dependence on “old
media” forms of knowledge creation to practice real-time, patient-centered
care driven by the creation of value. Such a system will not only close the
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gap in practice between what we know works and what we do, but also
allow new means of data creation in situations of clinical equipoise.

STANDARDS OF EVIDENCE

Steven Pearson, M.D.
America’s Health Insurance Plans

It is easy to forget that not too long ago, evidence-based medicine often
meant if there is no good evidence for harm, the physician was allowed to
proceed with the treatment. Now, however, it is clear that we are in a new
era in which evidence-based medicine is being used to address an increasing
number of clinical questions, and answering these questions requires that
some standard for evidence exists that is “beyond a reasonable doubt.”
Evidence can be applied to make different types of decisions regarding the
use of new and existing technologies in health care, including decisions re-
garding appropriate study designs and safeguards for new treatments, clini-
cal decisions for the treatment of individual patients, and population-level
decisions regarding insurance coverage. Coverage decisions are particularly
sensitive to a narrowing of the research-practice divide, and this discussion
focuses on how evidence standards currently operate in coverage decisions
for both diagnostic and therapeutic technologies. Quicker, practice-based
research opportunities inherent to a learning healthcare system may affect
evidence standards in an unanticipated manner.

In general, following approval, technologies are assessed on how they
measure up to various criteria or evidentiary hurdles. Possible hurdles for
new technologies include considerations of efficacy, effectiveness versus
placebo, comparative effectiveness, and perhaps even cost-effectiveness. As
an example, the Technology Evaluation Center (TEC), established by Blue
Cross Blue Shield Association (BCBSA) evaluates the scientific evidence for
technologies to determine, among other things, whether the technology pro-
vides substantial benefits to important health outcomes, or whether the new
technology is safer or more beneficial than existing technologies. To answer
these questions, technology assessment organizations gather, examine, and
synthesize bodies of evidence to determine the strength of evidence.

Strength of evidence, as a concept, is very complicated and not an easy
construct to communicate to the population at large. The general concept
is that individual studies are assessed within the context of a standing
hierarchy of evidence, and issues that often get less visibility include the
trade-offs between benefit versus risk. However in considering the strength
of evidence, we usually talk about the net health benefit for a patient, and
this can often depend on the magnitude and certainty of what we know
about both the risks and the benefits. The United States Preventive Task
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Force (USPTF) was uniquely visible in advancing the idea of considering not
just the quality of individual evidence, but how the strength of evidence can
be characterized as it applies to an entire body of evidence—whether this
relates to consistencies across different studies or the completeness of the
conceptual chain. These concepts have been very important in advancing
how groups use evidence in making decisions.

This idea of the strength of evidence, however, is still different from
a standard of evidence. For a standard of evidence, we must be able to
give the evidence to a decision-making body, which must be able to do
something with it. As an example of how difficult this can be, TEC has five
criteria, and careful examination of the criteria indicates that much is left
unresolved that might have important implications for coverage decisions.
TEC criteria number three, “the technology must improve the net health
outcome,” might vary depending on the nature of the intervention or cir-
cumstance of application. Moreover, TEC only evaluates select technolo-
gies and their technology assessments only inform decision-making bodies.
When an evaluation goes to a decision-making group, charged with decid-
ing whether something is medically necessary, it is often difficult to know
when evidence will be sufficient to make a decision. In part this is because
it is difficult to set a uniform standard of evidence. Specifying, for instance,
a requirement such as three RCTs with some very specific outcomes clearly
would not allow the flexibility needed to deal with the variety of issues and
types of data that confront such decision-making bodies.

Although we have made much progress in advancing our thinking
about how to understand the strength of a body of evidence, advancing our
understanding of how to make a decision based on the strength of evidence
is another issue. There are many factors that could modulate a coverage
decision, including existence of alternate treatments, severity of disease, and
cost. How we might account for these factors and what formal structure
might be needed to integrate such “contextual considerations” are concepts
that are just now beginning to evolve.

Part of the problem with evidence-based coverage decisions is the fact
that evidence itself is lacking. Many of the people that sit on these deci-
sion-making bodies will agree that the majority of the time, the evidence is
just not adequate for the decisions they need to make. Part of the difficulty
is the lack of appropriate studies, but for procedures and devices the lack
of evidence is related to the fluid nature of technology development and
our evidence base. For example, devices are often rapidly upgraded and
improved, and the procedures and practitioner competency with those
procedures evolve over time. Evidence developed shortly after a product is
developed is thus a snapshot in time, and it is difficult to know what such
current evidence means for the effectiveness of the product over the next
several years. Likewise, traditional evidence hierarchies are framed around
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therapeutics and fit poorly for diagnostics. Many new diagnostics represent
tests of higher accuracy or may be an addition to an existing diagnostic
process. In the latter case, evidence will need to address not just for whom
these tests are effective but when in the workup they should be used. There
are other types of emerging technologies that pose new challenges to our
existing evidentiary approach, such as genetic tests for disease counseling,
pharmacogenomic assays, and prognostic studies. Collectively, these tech-
nologies pose several questions for our current approach to standards of ev-
idence. As our understanding of heterogeneity of treatment effects expands,
how might new modes of diagnosis change therapeutic decision making? As
we move to a system that will increasingly utilize interventions that evolve
rapidly, how do we establish standards of evidence that are meaningful for
current clinical practice? As we begin to utilize data generated at the point
of care to develop needed evidence, how might the standards of evidence
for their evaluation change?

On top of all these uncertainties and challenges, our current approach
to evidentiary assessment and technology appraisal is not well defined be-
yond taking systematized analyses of existing evidence, giving them to a
group, and asking it to decide. As a field, there are many discussions about
heterogeneity, meta-analyses, propensity scores, and so forth, but there is
very little knowledge about how this information is or should be used by
these decision-making bodies and what the process should be.

Consider an alternative approach to standards of evidence and decision
making as we move toward a learning healthcare system: think of a dial
that can move along a spectrum of evidence—including evidence that is
persuasive, promising, or preliminary. There are additional circumstances
that can also influence decision making such as the severity of disease and
whether this intervention might be considered a patient’s last chance. In
this case does it mean that we only need preliminary evidence of net health
benefit for us to go forward with a coverage decision? What if there are
many treatment alternatives? Should the bar for evidence rise? These are
the types of issues we need to consider. Decision makers in private health
plans have to wrestle with this problem constantly while trying to establish
a consistent and transparent approach to evidence.

So what happens to the evidence bar when we move toward a learning
healthcare system? Coverage with evidence development has been discussed
in an earlier chapter as a movement toward what might be envisioned to
be a learning healthcare system. In the case of CED, consider what might
happen to the evidence bar in addressing the many important questions.
If we are trying to foster promising innovation, will we drop the evidence
bar for coverage? What do we mean by “promising”? Do we mean that a
technology is safe and effective within certain populations, but now we are
considering an expansion of its use? Is it “promising” because we know it
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is safe, but are not so sure that it is effective? Or is it effective, but we don’t
know whether the effectiveness is durable over the long term? Are these
questions all the same visions of “promising” evidence?

Is CED a new hurdle? Does it lower the one behind it? Does it intro-
duce the opportunity to bring new hurdles such as comparative and cost-
effectiveness that we have not had before? Ultimately CED may be used
to support studies whose results will enhance the strength of evidence to
meet existing standards, certainly part of the vision of CED—but might
it also lead to a shift to a lower initial standard of evidence for coverage
decisions? As we know when CED policy became known to industry, many
groups approached CMS with not “promising” but perhaps even “poor”
evidence, asking for coverage in return for the establishment of a registry
from which we will all “learn.” Resolving these issues is an active area of
policy discussion—with individuals at CMS and elsewhere still very early
on the learning curve—and is vital to improving approaches as we develop
and advance our vision of a learning healthcare system.

IMPLICATIONS FOR ACCELERATING INNOVATION

Robert Galvin, M.D.
General Electric

Technological innovations have substantially improved our nation’s
health, but they also account for the largest percentage of the cost increases
that continue to strain the U.S. healthcare system (Newhouse 1993). The
process to decide whether to approve and then provide insurance cover-
age for these innovations has represented a “push-pull” between health-
care managers—representing healthcare insurers and public payers, trying
to control cost increases—and manufacturers, including pharmaceutical
companies, biotech startups, and others, looking for return on their invest-
ment and a predictable way to allocate new research resources. Employers,
providers, and consumers also figure into the process, and the sum of all
these stakeholders and their self-interests has, unfortunately, led to a cycle
of “unaccountability” and a system that everyone agrees doesn’t work well
(Figure 3-4). Over the past several years, a single-minded concentration on
the rising costs of health care has gradually been evolving into a focus on
the “value” of care delivered. In the context of assessing new technologies,
evaluation has begun to shift to determining what outcomes are produced
from the additional expense for a new innovation. A notable example of
this approach is Cutler’s (Cutler et al. 2006) examination of cardiac in-
novations. In weighing technology costs and outcomes, he concluded that
several years of additional life were the payback for the additional expense
of these new interventions and at a cost that has been considered accept-
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FIGURE 3-4 The cycle of unaccountability.

able in our health system. However for employers and other payers, who
look at value a little differently (i.e., what is the best quality achievable
at the most controlled cost?), the situation is complex. While applauding
innovations that add value—similar to those examined by Cutler—they
remain acutely aware of the innovations that either didn’t add much incre-
mental value or offered some improvement for specific circumstances but
ended up increasing costs at an unacceptable rate due to overuse. A good
example of the latter is the case of COX-2 inhibitors for joint inflamma-
tion. This modification of nonsteroidal anti-inflammatory drugs (NSAIDs)
represented a significant advance for the 3-5 percent of the population who
have serious gastric side effects from first-generation NSAIDs; however,
within two years of their release, more than 50 percent GE’s population on
NSAIDs were using COX-2s, an overuse of technology that has cost GE
tens of millions of dollars in unnecessary cost. The employers’ dilemma is
how to get breakthrough innovations to populations as fast as possible, but
used by just those who will truly benefit, and not overpay for innovations
whose costs exceed their benefits.

How Coverage Decisions Work Today

Although a lot of recent attention has focused on Food and Drug
Administration (FDA) approval, employers are impacted most directly
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by decisions about coverage and reimbursement. Although approval and
coverage are linked, it is often not appreciated that they are distinctly dif-
ferent processes. FDA approval does not necessarily equate to insurance
coverage. Payers, most often CMS and health insurance companies, make
coverage decisions. CMS makes national coverage decisions in a minority
of cases and otherwise delegates decision making to its regional carriers,
largely Blue Cross insurance plans. Final coverage decisions vary among
these Blue Cross plans and other commercial health insurers, but in general,
a common process is followed.

The method developed by the TEC, sponsored by the Blue Cross Blue
Shield Association and composed of a committee of industry experts, is
typical. The TEC decides what new services to review and then gath-
ers all available literature and evaluates the evidence against five criteria
(BlueCross BlueShield Association 2007). There is a clear bias toward large,
randomized, controlled trials. If the evidence is deemed insufficient to meet
the TEC criteria, a new product will be designated “experimental.” This has
significant implications for technology developers, as payers, following their
policy of reimbursing only for “medically necessary” services, uniformly do
not pay for something considered experimental.

This process has many positives, particularly the insistence on double
blinding and randomization, which minimizes “false positives” (i.e., inter-
ventions that appear to work but turn out not to). Certain innovations have
significant potential morbidity and/or very high cost (e.g., some pharmaceu-
ticals or autologous bone marrow transplants for breast cancer), and having
a high bar for coverage protects patients and payers. However, the process
also has several negatives. It is a slow process working in the fast-moving
world of innovation, and new services that greatly help patients can be
unavailable for years after the FDA has approved them. Large, randomized
controlled trials are often not available or feasible, and take a significant
amount of time to complete Also, RCTs are almost exclusively performed
in academic medical centers, and results achieved in this setting frequently
cannot be extrapolated to the world of community-based medical care,
where the majority of patients receive their care. The process overall is bet-
ter at not paying for unproven innovations that it is at providing access to
and encouraging promising new breakthroughs.

The coverage history for digital mammography provides an example
of these trade-offs. Digitizing images of the breast leads to improvements
in sensitivity and specificity in the diagnosis of breast cancer, which most
radiologists and oncologists believe translates into improved treatment of
the disease. Although the FDA approved this innovation in 2000, it was
deemed “experimental” in a 2002 TEC report due to insufficient evidence.
Four years elapsed before a subsequent TEC review recommended cover-
age, and very soon after, all payers reimbursed the studies. In an interest-
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ing twist, CMS approved reimbursement in 2001 but at the same rate as
film-based mammography, a position that engendered controversy among
radiologists and manufacturers. While the goal of not paying for an un-
proven service was met, the intervening four years between approval and
coverage did not lead to improvement in this “promising” technology but
rather marked the time needed to develop and execute additional clinical
studies. The current process therefore falls short in addressing one part of
the employer dilemma, speeding access of valuable new innovations to their
populations.

What is particularly interesting in the context of today’s discussion is
that the process described is the only accepted process. Recognizing that
innovation needed to occur in technology assessment and coverage deter-
mination, CMS developed a new process called CED—Coverage with Evi-
dence Development (Tunis and Pearson 2006). This process takes promising
technologies that have not accumulated sufficient patient experience and
instead of calling them “experimental” and leaving it to the manufacturer
to gather more evidence, combines payment of the service in a selected
population with evidence development. Evidence development can proceed
through submission of data to a registry or through practical clinical trials,
and the end point is a definitive decision on coverage. This novel approach
addresses three issues simultaneously: by covering the service, those patients
most in need have access; by developing information on a large population,
future tailoring of coverage to just those subpopulations who truly benefit
can mitigate overuse; and by paying for the service, the manufacturer col-
lects revenue immediately and gets a more definitive answer on coverage
sooner—a potential mechanism for accelerating innovation.

To date, CMS has applied CED to several interventions. The guidelines
were recently updated with added specification on process and selection for
CED. However, given the pace of innovations, it is not reasonable to think
that CMS can apply this approach in sufficient volume to meet current
needs. Because one-half of healthcare expenditures come from the private
sector in the form of employer-based health benefits, it makes sense for em-
ployers to play a role in finding a solution to this cycle of unaccountability.
On this basis, GE, in its role as purchaser, has launched a pilot project to
apply CED in the private sector.

Private Sector CED

General Electric is working with UnitedHealthcare, a health insurer,
and InSightec, an Israel-based manufacturer of healthcare equipment, to
apply the CED approach to a new, promising treatment for uterine fibroids.
The treatment in question is magnetic resonance (MR) based focused ul-
trasound (MRgFUS), in which ultrasound beams directed by magnetic

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

shop Summary (IOM Roundtable on Evidence-Based Medicine)

178 THE LEARNING HEALTHCARE SYSTEM

resonance imaging are focused at and destroy the fibroids (Fennessy and
Tempany 2005). The condition is treated today by either surgery (hysterec-
tomy or myomyectomy) or uterine artery embolization. The promise of the
new treatment is that it is completely noninvasive and greatly decreases the
time away from work that accompanies surgery.

The intervention has received FDA pre-market approval on the basis
of treatment in approximately 500 women (FDA 2004), but both CMS
and TEC deemed the studies not large enough to warrant coverage and the
service has been labeled “experimental” (TEC Assessment Program Octo-
ber 2005). As a result, no major insurer currently pays for the treatment.
Both CMS and TEC advised InSightec to expand its studies to include more
subjects and measure whether there was recurrence of fibroids. InSightec is
a small company that has been having trouble organizing further research,
due to both the expense and the fact that the doctors who generally treat
fibroids, gynecologists, have been uninterested in referring treatment to
radiologists. The company predicts that it will likely be three to five years
before TEC will perform another review.

All stakeholders involved in this project are interested in finding a non-
invasive treatment for these fibroids. Women would certainly benefit from
a treatment with less morbidity and a shorter recovery time. There are also
economic benefits for the three principals in the CED project: GE hopes to
pay less for treatment and have employees out of work for a shorter time;
UnitedHealthcare would pay less for treatment as well, plus it would have
the opportunity to design a study that would help target future coverage to
specific subpopulations where the benefit is greatest; and InSightec would
have the opportunity to develop important evidence about treatment effec-
tiveness while receiving a return on its initial investment in the product.

The parties agreed to move forward and patterned their project on
the Medicare CED model, with clearly identified roles. General Electric is
the project sponsor and facilitator, with responsibility for agenda setting,
meeting planning, and driving toward issue resolution. As a self-insured
purchaser, GE will pay for the procedure for its own employees. United-
Healthcare has several tasks: (1) market the treatment option to its mem-
bers; (2) establish codes and payment rates and contract with providers
performing the service; (3) extend coverage to its insured members and its
own employees in addition to its self-funded members; and (4) co-develop
the research protocol with InSightec, including data collection protocols
and parameters around study end-points and future coverage decisions. Fi-
nally, as the manufacturer, InSightec is co-developing the research protocol,
paying for the data collection and analysis (including patient surveys), and
soliciting providers to participate in the project.
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Progress to Date and Major Challenges

The initiative has progressed more slowly than originally planned, but
data collection is set to begin before the end of 2006. The number and
intensity of challenges has exceeded the expectations of the principals, and
addressing them has frankly required more time and resources than anyone
had predicted. However, the three companies recognize the importance of
creating alternative models to the current state of coverage determination,
and their commitment to a positive outcome is, if anything, stronger than
it was at the outset of the project. There are challenges.

Study Design and Decision End Points

From a technical perspective this area has presented some very tough
challenges. There is little information or experience about how to use data
collected from nonrandomized studies in coverage decisions. The RCT has
so dominated the decision making in public and private sectors that little
is known about the risks or benefits of using case controls or registry data.
What level of certainty is required to approve coverage? If a treatment is
covered and turns out to be less beneficial than thought, should this be
viewed as a faulty coverage process that resulted in wasted money or a
“reasonable investment” that didn’t pay off? Who is the “customer” in the
coverage determination process: the payers, the innovators, or the patients?
If it is patients, how should their voice be integrated in the process?

Another set of issues has to do with fitting the coverage decision ap-
proach to the new technology in question. It is likely that some innovations
should be subject to the current TEC-like approach while others would
benefit from a CED-type model. On what criteria should this decision be
made and who should be the decision maker?

Engaging Employers

Private sector expenditures, whether through fully insured or self-
funded lines of business, ultimately derive from employers (and their
workers). Although employers have talked about value rather than cost
containment over the past five years, it remains to be seen how many of
them will be willing to participate in CED. Traditionally employers have
watched “detailing” by pharmaceutical sales people and direct-to-consumer
advertising lead to costly overuse and they may be reluctant to pay even
more for technologies that would otherwise not be covered. The project is
just reaching the stage in which employers are being approached to par-
ticipate, so it is too early to tell how they will react. Their participation
may, in part, be based on how CED is framed. If the benefit to employees

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

shop Summary (IOM Roundtable on Evidence-Based Medicine)

180 THE LEARNING HEALTHCARE SYSTEM

is clearly described and there is a business case to offer them (e.g., that
controlled accumulation of evidence could better tailor and limit future use
of the innovation), then uptake may be satisfactory. However, employers’
willingness to participate in the CED approach is critical.

Culture of Distrust

The third, and most surprising, challenge is addressing the degree of
distrust between payers and innovators. Numerous difficult issues arise
in developing a CED program (e.g., pricing, study end points, binding or
nonbinding coverage decisions), and as in any negotiation, interpersonal
relationships can be major factors in finding a compromise. Partly from
simply not knowing each other, partly from suspiciousness about each
other’s motives, the lack of trust has slowed the project. Manufacturers be-
lieve that payers want to delay coverage to enhance insurance margins, and
payers believe that manufacturers want to speed coverage to have a positive
impact on their own profit statements. Both sides have evidence to support
their views, but both sides are far more committed to patient welfare than
they realize. If CED or other innovations in coverage determinations are
going to expand, partnership and trust are key. The system would benefit
by having more opportunities for these stakeholders to meet and develop
positive personal and institutional relationships.

The current processes to determine coverage for innovations are more
effective at avoiding paying for new service that may turn out not to be
beneficial than they are at getting new treatments to patients quickly or
helping develop needed evidence. These processes protect patients from new
procedures that may lead to morbidity and are consistent with the “first, do
no harm” approach of clinical medicine. However, this approach also slows
access to new treatments that could reduce morbidity and improve survival
and inadvertently makes investing in new innovations more difficult. With
a rapidly growing pipeline of innovations from the device, biotechnology,
and imaging industries, there is growing interest in developing additional
models of evidence development and coverage determination. Three com-
panies began an initiative in early 2006 to adopt a promising approach
called Coverage with Evidence Development, pioneered by CMS, to the
private sector. The initiative has made steady progress but it has also faced
significant challenges, primarily the lack of experience in pricing, study
design, and negotiating study end points in a non-RCT context. A major
and unexpected issue is the lack of trust between payers and manufactur-
ers. With the stakes for patients, payers, and innovators growing rapidly,
pursuing new approaches to evidence development and coverage determina-
tion and addressing the resulting challenges should be a high priority for
healthcare leaders.
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New Approaches—
Learning Systems in Progress

OVERVIEW

Incorporation of data generation, analysis, and application into health-
care delivery can be a major force in the acceleration of our understanding
of what constitutes “best care.” Many existing efforts to use technology
and create research networks to implement evidence-based medicine have
produced scattered examples of successful learning systems. This chapter
includes papers on the experiences of the Veterans Administration (VA)
and the practice-based research networks (PBRNs) that demonstrate the
power of this approach as well as papers outlining the steps needed to knit
together these existing systems and expand these efforts nationwide toward
the creation of a learning healthcare system. Highlighted in particular are
key elements—including leadership, collaboration, and a research-oriented
culture—that underlie successful approaches and their continued impor-
tance as we take these efforts to scale.

In the first paper, Joel Kupersmith discusses the use of the EHR to
further evidence-based practice and research at the VA. Using diabetes
mellitus as an example, he outlines how VistA (Veterans Health Informa-
tion Systems and Technology Architecture) improves care by providing
patient and clinician access to clinical and patient-specific information
as well as a platform from which to perform research. The clinical data
within electronic health records (EHRs) are structured such that data can
be aggregated from within VA or with other systems such as Medicare to
provide a rich source of longitudinal data for health services research (VA
Diabetes Epidemiology Cohort [DEpiC]). PBRNs are groups of ambulatory
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practices, often partnered with hospitals, academic health centers, insurers,
and others to perform research and improve the quality of primary care.
These networks constitute an important portion of the clinical research en-
terprise by providing insight from research at the “coalface” of clinical care.
Robert L. Phillips suggests that many lessons could be learned about essen-
tial elements in building learning communities—particularly the organiza-
tion and resources necessary—as well as how to establish such networks
between many unique practice environments. The electronic component
of the Primary Care Research Network PBRN has the potential to extend
the capacity of existing PBRNs by providing an electronic connection that
would enable the performance of randomized controlled trials (RCTs) and
many other types of research in primary care practices throughout the
United States.

While the work of the VA and PBRNs demonstrates immense potential
for the integration of research and practice within our existing, fragmented,
healthcare system, the papers that follow look at how we might bring their
success to a national scale. George Isham of HealthPartners lays out a plan
to develop a national architecture for a learning healthcare system and dis-
cusses some recent activities by the AQA (formerly the Ambulatory Care
Quality Alliance) to promote needed systems cooperation and use of data
to bring research and practice closer together. In particular, AQA is focused
on developing a common set of standardized measures for quality improve-
ment and a strategy for their implementation; a unified approach to the
aggregation and sharing of data; and common principles to improve public
reporting. Citing a critical need for rapid advance in the evidence base for
clinical care, Lynn Etheredge makes the case for the potential to create a
rapidly learning healthcare system if we build wisely on existing resources
and infrastructure. In particular he focused on the potential for creating
virtual research networks and the improved use of EHR data. Through
the creation of national standards, the many EHR research registries and
databases from the public and private sectors could become compatible.
When coupled with the anticipated expansion of databases and registry
development these resources could be harnessed to provide insights from
data that span populations, health conditions, and technologies. Leadership
and stable funding are needed along with a shift in how we think about
access to data. Etheredge advances the idea of the “economics of the com-
mons” as one to consider for data access in which researchers would give
up exclusive access to some data but benefit from access to a continually
expanding database of clinical research data.
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IMPLEMENTATION OF EVIDENCE-BASED PRACTICE IN THE VA!

Joel Kupersmith, M.D.
Veterans Administration

As the largest integrated delivery system in the United States, the Vet-
erans Health Administration serves 5.3 million patients annually across
nearly 1,400 sites of care. Although its patients are older, sicker, and poorer
than the general U.S. population, VA’s performance now surpasses other
health systems on standardized quality measures (Asch et al. 2004; Kerr et
al. 2004; Jha et al. 2003). These advances are in part related to VA’s lead-
ership in the development and use of the electronic health record, which
has fostered veteran-centered care, continued improvement, and research.
Human and system characteristics have been essential to the transforma-
tion of VA care.

Adding computers to a care delivery system unprepared to leverage the
advantages of health information can create inefficiency and other nega-
tive outcomes (Himmelstein and Woolhandler 2005). In contrast, during
the period of time in which VA deployed its EHR, the number of veterans
seen increased from less than 3 million to nearly 5 million, while costs per
patient and full-time employees per patient both decreased (Evans et al.
2006; Perlin et al. 2004). To understand how this could be possible, it is
important to highlight historical and organizational factors that were im-
portant to the adoption of VA’s EHR.

VA health care is the product of decades of innovation. In 1930, Con-
gress consolidated programs for American veterans under VA. Facing more
than 1 million returning troops following World War II, VA partnered with
the nation’s medical schools, gaining access to faculty and trainees and add-
ing research and education to its statutory missions. That bold move cre-
ated an environment uniquely suited to rapid learning. At present, VA has
affiliations with 107 medical schools and trains almost 90,000 physicians
and associated health professionals annually.

The VA was originally based on inpatient care, and administrative
and legal factors created inefficiency and inappropriate utilization. By the
1980s, the public image of the VA was poor. In 19935, facing scrutiny from
Congress, VA reorganized into 22 integrated care networks. Incentives were
created for providing care in the most appropriate setting, and legislation
established universal access to primary care.

IThis paper is adapted from an article copyrighted and published by Project HOPE/Health
Affairs as Kupersmith et al., “Advancing Evidence Based Care in Diabetes Through Health
Information Technology: Lessons from the Veterans Health Administration, Health Affairs,
26(2),w156-w168, 2007. The published article is archived and available online at www.
healthaffairs.org.
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These changes resulted in a reduction of 40,000 inpatient beds and
an increase of 650 community-based care sites. Evidence-based practice
guidelines and quality measures were adopted and safeguards were put
in place for vulnerable groups such as the mentally ill and those needing
chronic care while VA’s performance management system held senior man-
agers accountable for evidence-based quality measures. All of these changes
created a strong case for robust information systems and spurred dramatic
improvements in quality (Jha et al. 2003; Perlin et al. 2004).

VistA: VA’s Electronic Health Record

Because VA was both a payer and a provider of care, its information
system was developed to support patient care and its quality with clinical
information, rather than merely capture charges and facilitate billing. In
the early 1980s, VA created the Decentralized Hospital Computer Program
(DHCP), one of the first EHRs to support multiple sites and healthcare
settings. DHCP developers worked incrementally with a network of VA
academic clinicians across the country, writing and testing code locally
and transmitting successful products electronically to other sites where
they could be further refined. Over time, the group had created a hospital
information system prototype employing common tools for key clinical ac-
tivities. The system was launched nationally in 1982, and by 1985, DHCP
was operational throughout VA.

DHCP evolved to become the system now known as VistA, a suite of
more than 100 applications supporting clinical, financial, and administra-
tive functions. Access to VistA was made possible through a graphical user
interface known as the Computerized Patient Record System (CPRS). With
VistA-CPRS, providers can securely access patient information at the point
of care and, through a single interface, update a patient’s medical history,
place orders, and review test results and drug prescriptions. Because VistA
also stores medical images such as X-rays and photographs directly in the
patient record, clinicians have access to all the information needed for di-
agnosis and treatment. As of December 2005, VistA systems contained 779
million clinical documents, more than 1.5 billion orders, and 425 million
images. More than 577,000 new clinical documents, 900,000 orders, and
600,000 images are added each workday—a wealth of information for the
clinician, researcher, or healthcare administrator.

Clinicians were engaged at the onset of the change process. This meant
working incrementally to ensure usability and integration of the EHR
with clinical processes. Both local and national supports were created
(e.g., local “superusers” were designated to champion the project), and a
national “Veterans Electronic Health University” facilitated collaboration
among local, regional, and national sponsors of EHR rollout. National
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performance measures, as well as the gradual withdrawal of paper records,
made use of the EHR an inescapable reality. With reductions in time wasted
searching for missing paper records and other benefits, over time, staff came
to view VistA-CPRS as an indispensable tool for good clinical care (Brown
et al. 2003).

VistA-CPRS allows clinicians to access and generate clinical informa-
tion about their individual patients, but additional steps are needed to yield
insights into population health. Structured clinical data in the EHR can be
aggregated within specialized databases, providing a rich source of data for
VA administrators and health services researchers (Figure 4-1). Addition-
ally, unstructured text data, such as clinician notes, can be reviewed and
abstracted electronically from a central location. This is of particular benefit
to researchers—VA multisite clinical trials and observational studies are fa-
cilitated by immediate 100 percent chart availability. Furthermore, VA has
invested in an External Peer Review Program (EPRP), in which an indepen-
dent external contractor audits the electronic text records to assess clinical
performance using evidence-based performance criteria. Finally, data derived

Local VistA Systems:
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FIGURE 4-1 The sources and flow of the data most often used by VA researchers
for national studies. Most data originate from the VistA system but VA data can
also be linked with external data sources such as Medicare claims data and the
National Death Index.
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from the EHR can be supplemented by information from other sources such
as Medicare utilization data or data from surveys of veterans.

Leveraging the EHR: Diabetes Care in VA

Much of the work that follows has been supported by VA’s Office of
Research and Development through its Health Services Research and Devel-
opment and Quality Enhancement Research Initiative (QUERI) programs
(Krein 2002). Diabetes care in the VA illustrates advantages of a national
EHR supported by an intramural research program. Veterans with diabetes
comprise about a quarter of those served, and the VA was an early leader in
using the EHR for a national diabetes registry containing clinical elements
as well as administrative data. While VA’s EHR made a diabetes registry
possible, operationalizing data transfer and transforming it into useful
information did not come automatically or easily. In the early 1990s, VA
began extracting clinical data from each local VA database into a central
data repository. By the year 2000, the VA diabetes registry contained data
for nearly 600,000 patients receiving care in the VA, including medications,
test results, blood pressure values, and vaccinations. This information has
subsequently been merged with Medicare claims data to create the DEpiC
(Miller et al. 2004).

Of diabetic veterans, 73 percent are eligible for Medicare and 59
percent of dual eligibles use both systems. Adding Medicare administra-
tive data results in less than 1 percent loss to followup, and while it is not
as rich as the clinical information in VA’s EHR, its addition fills gaps in
follow-up, complication rates, and resource utilization (Miller, D. Personal
communication, March 10, 2006.) Combined VA and Medicare data also
reveal a prevalence of diabetes among veterans exceeding 25 percent. The
impact of the diabetic population on health expenditures is considerable,
including total inpatient expenditures (VA plus Medicare) of $3.05 billion
($5,400 per capita) in fiscal year 1999 (Pogach and Miller 2006).

The rich clinical information made possible through the EHR yields
other insights. For example, VA has identified a high rate of comorbid
mental illness (24.5 percent) among patients with diabetes and is using that
information to understand the extent to which newer psychotropic drugs,
which promote weight gain, as well as mental illness itself, contribute to
poor outcomes (Frayne et al. 2005). The influence of gender and race or
ethnicity can also be more fully explored using EHR data (Safford et al.
2003).

Delineating and tracking diabetic complications are also facilitated by
the EHR, for example, the progression of diabetic kidney disease. Using
clinical data from the EHR allows identification of early chronic kidney dis-
ease in a third of veterans with diabetes, less than half of whom have renal
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impairment indicated in the record (Kern et al. 2006). VA is able to use the
EHR to identify patients at high risk for amputation and is distributing that
information to clinicians in order to better coordinate their care (Robbins,
J. 2006. Personal communication, February 17, 2006).

EHR-Enabled Approaches to Monitoring Quality and Outcomes

Traditional quality report cards may provide incentives to health pro-
viders to disenroll the sickest patients (Hofer et al. 1999). VA’s EHR pro-
vides a unique opportunity to construct less “gameable” quality measures
that assess how well care is managed for the same individual over time for
diseases such as diabetes where metrics of process quality, intermediate
outcomes, and complications (vision loss, amputation, renal disease) are
well defined.

Using the VA diabetes registry, longitudinal changes within individual
patients can be tracked. In Figure 4-2, case-mix-adjusted glycosylated he-
moglobin values among veterans with diabetes decreased by -0.314 per-
cent (range —1.90 to 1.03, p < .0001) over two years, indicating improved
glycemic control over time, rather than simply the enrollment of healthier
veterans (Thompson et al. 2005). These findings provide a convincing dem-
onstration of effective diabetic care.
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FIGURE 4-2 Trends in mean hemoglobin Alc levels.
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Longitudinal data have other important uses. For example, knowledge
of prior diagnoses and procedures can distinguish new complications from
preexisting conditions. This was shown to be the case for estimates of am-
putation rates among veterans with diabetes, which were 27 percent lower
once prior diagnoses and procedures were considered. Thus longitudinal
data better reflect the effectiveness of the management of care and can help
health systems avoid being unfairly penalized for adverse selection (Tseng et
al. 2005). Longitudinal data from the EHR are also important for evaluat-
ing the safety and effectiveness of treatments, which are critical insights for
national formulary decisions.

Advancing Evidence-Based Care

Figure 4-3 shows the trends in VA’s national performance scorecard
for diabetes care based on EHR data. In addition to internal benchmark-
ing, this approach has compared VA performance to commercial managed
care (Kerr et al. 2004; Sawin et al. 2004). While these performance data
are currently obtained by abstracting the electronic chart, the completion
of a national Health Data Repository with aggregated relational data will
eventually support automatic queries about quality and outcomes ranging
from the individual patient to the entire VA population (see below).

The richness of EHR data allows VA to refine its performance measures.

| 01995 01997 @1998 @1999 @2000 MW2001 @2002 W2003 2004 W2005

100% 1
90% 1
80% 1
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60% 1
50%
40%
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FIGURE 4-3 Improvement in VA diabetes care (based on results from the VA Ex-
ternal Peer Review Program).
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VA investigators were able to demonstrate that annual retinal screening was
inefficient for low-risk patients and inadequate for those with established
retinopathy (Hayward et al. 2005). As a consequence, VA modified its per-
formance metrics and is developing an approach to risk-stratified screening
that will be implemented nationally.

The greatest advantage of the EHR in the VA is its ability to improve
performance by influencing the behavior of patients, clinicians, and the
system itself. For instance, VA’s diabetes registry has been used to construct
performance profiles for administrators, clinical managers, and clinicians.
These profiles included comparisons between facilities and identified the
proportion of veterans with substantial elevations of glycosylated hemoglo-
bin, cholesterol, and blood pressure. Patient lists also facilitated follow-up
with high-risk individuals. Additionally, the EHR allowed consideration of
the actions taken by clinicians to intensify therapy in response to elevated
levels (e.g., starting or increasing a cholesterol medication when the low-
density lipid cholesterol is elevated). This approach credits clinicians for
providing optimal treatment and also informs them about what action
might be required to improve care (Kerr et al. 2003).

Data from the EHR and diabetes registry also demonstrated the criti-
cal importance of defining the level of accountability in diabetes quality
reporting. EHR data show that for most measures in the VA, only a small
fraction (< 2 percent) of the variance is attributable to individual primary
care providers (PCPs), and unless panel sizes are very large (200 diabetics
or more), PCP profiling will be inaccurate. In contrast, much more variation
(12-18 percent) was attributed to overall performance at the site of care,
a factor of relevance for the design of approaches to rewarding quality. It
also highlights the important influence of organizational and system factors
on provider adherence to guidelines (Krein 2002).

The EHR can identify high-risk populations and can facilitate targeted
interventions. For instance, poor blood pressure control contributes signifi-
cantly to cardiovascular complications, the most common cause of death in
diabetics. VA investigators are currently working with VA pharmacy leaders
to find gaps in medication refills or lack of medication titration and thereby
proactively identify patients with inadequate blood pressure control due to
poor medication adherence or inadequate medication intensification. Once
identified, those patients can be assigned proactive management by clinical
pharmacists integrated into primary care teams and trained in behavioral
counseling (Choe et al. 2005). Other approaches currently being tested and
evaluated using EHR data are group visits, peer counseling, and patient-
directed electronic reminders.

VistA-CPRS provides additional tools to improve care at the point of
service. For example, PCPs get reminders about essential services (e.g., eye
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exams, influenza vaccinations) at the time they see the patient, and CPRS
functions allow providers and patients to view trends in laboratory values
and blood pressure control. Perhaps most importantly, the VA’s EHR allows
for effective care coordination across providers in order to communicate
patients’ needs, goals, and clinical status as well as to avoid duplication of
services.

Care Coordination and Telehealth for Diabetes

In-home monitoring devices now can collect and transmit vital data
for high-risk patients from the home to a care coordinator who can make
early interventions that might prevent the need for institutional intervention
(Huddleston and Cobb 2004). Such a coordinated approach is possible only
with an EHR. Based on promising pilot data as well as needs projections,
VA has implemented a national program of Care Coordination through
Home Telehealth (CCHT) (Chumbler et al. 2005).

Information technology also supports cost-effective access to special-
ized services. VA recently piloted the use of digital retinal imaging to screen
for diabetic retinopathy and demonstrated it could be a cost-effective al-
ternative to ophthalmoscopy for detecting proliferative retinopathy (Conlin
et al. 2006). Diabetic retinopathy is not only a preventable complication
but also a biomarker for other end-organ damage (e.g., kidney damage). In
October 2005, VA began implementing a national program of teleretinal
imaging to be available on VistA-CPRS for use by clinicians and research-
ers. In the future, computerized pictorial analysis and new tools for mining
text data across millions of patient records have the potential to transform
the clinical and research enterprise by identifying biomarkers of chronic
illness progression.

Limits of the EHR in VA

Although VA has one of the most sophisticated EHRs in use today,
VistA is not a single system, but rather a set of 128 interlinked systems,
each with its own database (i.e., a decentralized system with central con-
trol). This limits its ability to make queries against all of a patient’s known
data. In addition, lack of standardization for laboratory values such as
glycosylated hemoglobin and other data elements creates challenges for
aggregating available data for administrative and research needs. The VA
diabetes registry, while a product of the EHR, took years of effort to ensure
data integrity.

A national data standardization project is currently under way to en-
sure that data elements are compliant with emerging health data standards
and data management practices. Extracting data from free-text data fields,
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a challenge for all electronic records, will be addressed by defining mod-
erately structured data elements for public health surveillance, population
health, clinical guidelines compliance, and performance monitoring. Map-
ping of legitimate local variations to standard representations will allow
easier creation of longitudinal registries for a variety of conditions.

The care of diabetes is complex and demanding, and delivering all indi-
cated services may require more time than is typically available in a follow-
up visit (Parchman, Romero, and Pugh 2006). Studies of the impact of
the EHR on workflow and efficiency in VA and other settings have shown
conflicting results (Overhage et al. 2001). While it is unlikely that the EHR
saves time during the office encounter, downstream benefits such as better
care coordination, reduction of duplicative and administrative tasks, and
new models of care (e.g., group visits) translate into a “business case” when
the reimbursement structure favors population management.

Creating Patient-Centered, Community-Based Care: My HealtheVet

VA’s quality transformation since 1996 involved shifting from inpatient
to integrated care. The next phase will involve empowering patients to be
more actively engaged and moving care from the clinic to the community
and home. Again, health information technology has been designed to sup-
port the new delivery system.

My HealtheVet (MHV) is a nationwide initiative intended to improve
the overall health of veterans and support greater communication between
VA patients and their providers. Through the MHV web portal, veterans
can securely view and manage their personal health records online, as well
as access health information and electronic services. Veterans can request
copies of key portions of their VA health records and store them in a per-
sonal “eVAult,” along with self-entered health information and assessments,
and can share this information with their healthcare providers and others
inside and outside VA. The full functionality of MHV will help patients
plan and coordinate their own care through online access to care plans,
appointments, laboratory values, and reminders for preventive care (U.S.
Department of Veterans Affairs 2006). Research itself can be facilitated by
MHV—patients will be able to identify ongoing clinical studies for which
they are eligible to enroll, communicate with investigators via encrypted e-
mail, have their outcomes tracked through computer-administered “smart
surveys,” and even provide suggestions for future studies. In addition, the
effectiveness of patient-centered care can be evaluated.
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The Twenty-first Century EHR

The next phase of VistA-CPRS will feature open-source applications
and relational database structures. One benefit of the conversion will be
easier access to national stores of clinical data through a unified Health
Data Repository (HDR) that will take the place of the current 128 sepa-
rately located VistA systems. The HDR is under construction and currently
contains records from nearly 16 million unique patients, with more than
900 million vital sign recordings and 461 million separate prescriptions.

Additionally, a clinical observations database linked to SNOMED (Sys-
tematized Nomenclature of Medicine) terms and semantic relationships will
greatly expand the scope of data available for research data-mining activi-
ties. Enhanced decision support capabilities will help clinicians provide care
according to guidelines and understand situations where it is appropriate
to deviate from guidelines. The reengineered EHR will also link orders
and interventions to problems, greatly enhancing VA’s clinical data-mining
capabilities.

To support the delivery of consistent information to all business units,
VA is developing a Corporate Data Warehouse (CDW; Figure 4-4), which
will include the Health Data Repository as the primary source of clinical
data but also encompass other administrative and financial datasets (includ-
ing Medicare data) to create a unified view of the care of veterans. Among
other things, the CDW will supplement the capabilities of VistA by provid-
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o Common Query, Reporting,
Administrative Analysis, & Data Mining Tools
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\/
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FIGURE 4-4 VA Corporate Data Warehouse architecture.
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ing an integrated analytical system to monitor, analyze, and disseminate
performance measures. This will greatly enhance population-based health
services research by offering standardized data across all the subjects it
contains, tools for rapidly performing hypothesis testing, and ease of data
acquisition. Unlike VA’s current diabetes registry, which has been labor-
intensive to create and maintain, future registries based on the CDW will be
easier to construct and update. The CDW will eventually facilitate person-
alized medicine by allowing the linkage of genomic information collected
from veterans to longitudinal outcome information.

These changes will introduce a greater degree of central control than
was present during the early days of VA’s EHR, but clinicians and research-
ers will continue their involvement in developing innovations.

VA has been an innovator in the EHR, developing a clinically rich sys-
tem “from the ground up” that has become so integrated into the delivery
of care and the conduct of research that one cannot imagine a VA health
system without it. However, many factors in addition to the EHR contrib-
uted to VA’s quality transformation, including a culture of academician-
clinicians that valued quality, scientific evidence, and accountability (for
which EHR became an organizer and facilitator); the presence of embedded
researchers who themselves were active clinicians, managers, policy makers,
and developers of VistA-CPRS; and a research infrastructure that could be
applied to this topic (Greenfield and Kaplan 2004; Perlin 2006). While the
data structures themselves are complex and sometimes flawed, they are,
because of their user origins, effectively linked to the needs of clinicians and
researchers, who in turn incorporate their input into the further evolution
of VA’s EHR.

The design of the VA system also ensures that overall incentives are
aligned to realize the beneficial externalities of EHR. VA benefits, for in-
stance, by being able to eliminate duplicative test ordering when veterans
seek care at different facilities (Kleinke 2005). The cost of maintaining
the EHR amounts to approximately $80 per patient per year, roughly the
amount saved by eliminating one redundant lab test per patient per year
(Perlin 2006). It should be noted that VA also benefits greatly by being an
interactive, permeable entity in a free market system—VA is an enrollment
system, not an entitlement program or a safety-net provider, and thus has
incentives for maintaining high satisfaction and perceived value among
those it serves.

For patient care management, VA’s EHR has developed an infrastruc-
ture and system for collecting and organizing information from which a
diabetes database (DEpiC) evolved to provide valuable information related
to disease prevalence, comorbidities, and costs that are necessary for quality
improvement, system-wide planning, and research. Longitudinal within-
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cohort assessment, made possible by the EHR, is a substantial advance in
attaining precise measures of quality that mitigate the effects of adverse
patient selection and has the potential to facilitate a variety of clinical care
advances.

Home telehealth linked to EHR has made possible novel patient-
provider interactions of which the care coordination and teleretinal imag-
ing initiatives are among the earliest prototypes. This approach has the
capacity to expand care delivery to many others, and the benefits are not
limited to the home-bound—a new generation of Internet-savvy veterans
will appreciate 24/7 access for health care the same way they do for instant
messaging and shopping. MHYV, which is in its launch phase, is part of the
future plan to give individuals control over their health and includes many
possibilities for research.

One more important initiative enabled by the EHR has a capacity to
substantially change the practice of medicine—adding genomic informa-
tion to the medical record. With its voluminous EHR database, VA has
an unprecedented opportunity to identify the genetic correlates of disease
and drug response, which may transform medical practice from a process
of statistical hunches to one of targeted, personalized care. Because of the
vastly larger scale of the healthcare enterprise and the changing needs of
veterans, VA’s focus now has models in place to shift to issues involving
clinical decision support, content standardization, and enhanced interaction
between patients, VA providers, and other systems. These capabilities are
made possible by VA’s EHR, and the VA experience may provide a model
for how federal health policies can help the United States create a learning
healthcare system.

PRACTICE-BASED RESEARCH NETWORKS

Robert L. Phillips, Jr., M.D., M.S.P.H., The Robert Graham Center
James Mold, M.D., M.P.H., University of Oklahoma
Kevin Peterson, M.D., M.P.H., University of Minnesota

The development of practice-based research networks was a natural
response to the disconnect between national biomedical research priorities
and intellectual curiosity and questions arising at the “coalface” of clinical
care. The physician’s office is where the overwhelming majority of people
in the United States seek care for illness and undifferentiated symptoms
(White et al. 1961). Forty years later, there has been almost no change in
this ecology of medicine (Green et al. 2001). The growth in investment in
biomedical research over those same four decades has been tremendous,
but it has largely ignored the place where nearly a billion visits to a highly
trained professional workforce take place. Curiosity is an innately human
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property, and many of the early PBRNs formed around collections of clini-
cians who could not find answers in the literature for the questions that
arose in their practices, who did not recognize published epidemiologies,
and who did not feel that interventions of proven efficacy in controlled tri-
als could achieve equivalent effectiveness in their practices. PBRNs began
to formally appear more than four decades ago to fill the gaps in knowl-
edge identified in primary care and have been called by the IOM “the most
promising infrastructure development that [the committee] could find to
support better science in primary care” (Green 2000; IOM 1996). PBRNs
are proven clinical laboratories critical to closing the gaps between what is
known and what we need to know and between what is possible and what
we currently do.

More recently, PBRNs have begun to blur the lines between research
and quality improvement, forming learning communities that “use both
traditional and nontraditional methods to identify, disseminate, and in-
tegrate new knowledge to improve primary care processes and patient
outcomes” (Mold and Peterson 2005). The interface of discovery, research,
and its application—the enterprise of quality improvement—is a logical
outcome when the location of discovery is also the location of care delivery.
Networks move quality improvement out of the single practice and into a
group process so that the processes and outcomes can be compared and
studied across clinics and can be generalized more easily.

The successful combination of attributes that creates a learning com-
munity within PBRNs has definite characteristics. Six characteristics of a
professional learning community have been identified: (1) a shared mission
and values, (2) collective inquiry, (3) collaborative teams, (4) an action
orientation including experimentation, (5) continuous improvement, and
(6) a results orientation (Mold and Peterson 2005). PBRNs demonstrating
these characteristics are among the members of the Institute for Healthcare
Improvement’s Breakthrough Series Collaboratives and recognized by the
National Institutes of Health (NIH) Inventory and Evaluation of Clinical
Research Networks. The networks in Prescription for Health, a program
funded by the Robert Wood Johnson Foundation (RWJF) in collaboration
with AHRQ, are innovating to help people change unhealthy behaviors,
testing different interventions using common measures that permits pooling
data from approximately 100 practices. As other types of clinical networks
are developed, they will need similar orientations to realize the benefits of
integrating research and practice.

Primary care PBRNs can be instructive to other clinical networks in
understanding the resources and organization necessary for successfully
integrating research and practice, and for translating external research
findings into practice, acting in many ways like any other adaptive, learn-
ing entity (Green and Dovey 2001). The Oklahoma Primary Care Research
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and Resource Network (OKPRN) is a good example of one such learning
community. The OKPRN organizes its practices into pods—geographi-
cally organized clinic groupings of about eight practices. The pods rely on
a central core research and quality improvement (QI) support team that
provides grant, analytic, research design, and administration support. Each
pod is supported by a Practice Enhancement Assistant (PEA) who acts as a
quality improvement coordinator; research assistant; disseminator of ideas
between practices; identifier of areas requiring research, development, or
education; and facilitator, helping practices apply research findings. This
support structure enables the pods and the larger network to do research
and integrate findings into practice. The system also promotes the matura-
tion and confidence of clinicians as researchers and leaders of clinical care
improvement.

The electronic Primary Care Research Network, ePCRN, is a very dif-
ferent, but likewise instructive PBRN that is testing the capacity of electronic
integration to facilitate research and research translation with funding sup-
port from the NIH. Beyond the normal PBRN functions, ePCRN’s highly
integrated electronic backbone facilitates the performance of randomized
controlled trials in primary care practices anywhere in the United States
and promotes the rapid integration of new research findings into primary
care. This electronic backbone can perform many research and QI functions
such as routinely identifying patients eligible for ongoing studies, analyzing
patient registries to conduct benchmarking of clinical quality measures, or
providing prevention reminders at the point of care. Its robust electronic
infrastructure is also instructive for what other learning networks might be
capable of accomplishing with the right resources.

While the practices that participate in PBRNs are not well integrated
into the traditional “road map” of research, they are integral to the health-
care system and have many natural connections to entities on the roadmap
that could be used more effectively for research and research translation.
Many PBRNs do enable practices to partner with hospitals, academic health
centers, insurers, specialty societies, quality improvement organizations
(e.g., National Committee for Quality Assurance, National Quality Forum
[NQF], Quality Improvement Organizations), community organizations,
nonprofits, and federal funding entities to perform studies and improve care
in integrated efforts. The clinicians who participate in PBRNs have natural
connections to the entities that form the traditional research infrastructure,
but these connections lack the resources to support learning communities,
to support practice-based research, and to translate research into practice.
Even if the practices in a learning healthcare system are not organized into
formal PBRNSs, they will need to share some of the same characteristics and
have some of the same resources to be successful. These include (1) expert
clinician scientists who are financially supported to stay in practice while
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formulating researchable questions and executing studies, (2) modernized
institutional review board policies, and (3) stabilized funding that is not
tied to a particular study, but rather sustains operations and communication
systems across and between research projects. There is some evidence that
this is beginning to happen:

Several institutes have formed or are evaluating clinical trial net-
works including the National Cancer Institute; the National Heart,
Lung, and Blood Institute; and the National Institute of Neurologi-
cal Disorders and Stroke. There have also been collaborations be-
tween the National Cancer Institute and the Agency for Healthcare
Research and Quality to fund PBRN studies of cancer screening.
However, in most of these cases, networks are composed primarily
of physicians participating in research on specific diseases and spe-
cialty-based offices, and generally provide subsets of the population
seen in primary care.

The National Institute of Dental and Craniofacial Research re-
cently awarded $75 million for three seven-year grants to form a
national PBRN for the evaluation of everyday issues in oral health
care.

In 2006, three PBRN networks were funded as pilot programs
under the NIH Roadmap for the National Electronics and Clini-
cal Trials (NECTAR) network: (1) the ePCRN, which potentially
includes all primary care clinicians; (2) the Health Maintenance
Organization Research Network (HMORN), which includes phy-
sician researchers from managed care organizations; and (3) the
Regional Health Organization (RHIO) Network, which includes
providers caring primarily for the underserved. The early success
of these efforts resulted in development of important research
resources for primary care that could provide a platform for in-
terconnection and interoperability between several thousand par-
ticipating primary care clinics currently serving approximately 30
million patients. Unfortunately, just one year into funding, the NTH
decided to stop funding these programs in lieu of support for other
Roadmap initiatives.

The Agency for Healthcare Research and Quality (AHRQ) is devel-
oping a network of 5 to 10 primary care PBRNs engaged in rapid
turnaround research leading to new knowledge and information
that contributes to improved primary care practice.

An investment of $30 million or more per year for five years would
potentially support 15 to 20 PBRNSs selected through a competitive Request
for Application (RFA) open to eligible primary care PBRNs and supported
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by a national center. More than 100 primary care PBRNs currently exist.
Virtually all existing PBRNs can be identified through registrations and
inventories kept at the IECRN (Inventory and Evaluation of Clinical Re-
search Networks), the AHRQ PBRN Resource Center, and the Federation
of Practice-Based Research Networks. If each PBRN recruited and trained
250 to 1,000 community clinicians in human subjects protection and in
preparation for clinical trials and translational research, nearly 100 million
patients would be served by this cadre of up to 50,000 clinical research
associates. The PBRNs would provide regional support for clinicians and
be coordinated through the national center. Resources would be available
to all NIH institutes and centers for appropriate clinical trials and trans-
lational research. In effect, this investment would promote the develop-
ment of clinical learning communities that care for nearly one-third of all
Americans.

The development of a national research infrastructure that provides
value and function to the basic scientist and the community clinical inves-
tigator is both feasible and practical. This will require the development of
new partnerships with academic centers in the discovery of new knowledge
and the pursuit of better practice. These partnerships provide the best hope
to deliver NIH’s achievements in improving health rapidly and effectively
for the American people. Through the NIH Roadmap’s Clinical Transla-
tional Science Awards (CTSA), NIH has begun to develop a home for clini-
cal research. Some of the academic centers receiving this funding, including
Duke University, the University of California at San Francisco, and the
University of Oregon, are reaching out to their local community clinics or
regional clinical research networks, primarily through their community en-
gagement functions. Although the CTSA program will stimulate the devel-
opment of regionally strong translational centers and some of these centers
will provide a pathway for participation of local or regional communities,
the promise of transformational change that brings the national primary
care community into the clinical research enterprise remains unfulfilled.

The CTSA builds on an academically centered model that presumes
new translational resources will be shared with practice-based community
investigators over time. Although primary care has made important inroads
in some academic centers, many academic centers lack PBRNs and have
too few experienced ambulatory care investigators to ensure a bidirectional
exchange of information or provide enough sharing of resources to stabilize
an ambulatory care research infrastructure.

A learning healthcare system can learn a great deal from PBRNs,
particularly for ambulatory care—the bulk of the clinical enterprise, the
location most neglected by research and quality improvement efforts, and
the setting where most Americans receive medical care. There is a timely
opportunity for the NIH, federal agencies, and philanthropic foundations
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to create an interconnected and interoperable network that assists ambula-
tory clinicians in integrating discovery into clinical practice. Funding for
the initial practice-based research infrastructure would serve an important
role for the translation of research into the community and for promoting
the integration of the national community of ambulatory care-based inves-
tigators into the clinical research enterprise. Such an investment will also
support the essential elements of learning communities—a constant state of
inquiry and a desire to improve among all clinicians.

NATIONAL QUALITY IMPROVEMENT
PROCESS AND ARCHITECTURE

George Isham, M.D., M.S.
HealthPartners

If consistent improvement in health and care is to be achieved across
the entire country, individual learning healthcare organizations will need
to be knit together by a national infrastructure in a learning system for the
nation. If this is not done, individual examples of progress such as the Vet-
erans Administration, Mayo Clinic, Kaiser Permanente, and HealthPartners
will remain exceptions in a disconnected fragmented healthcare system.
This paper discusses what is needed to take us beyond these examples and
create that learning system for the nation—a National Quality Improve-
ment Process and Architecture (NQIPA). The AQA, previously known as
the Ambulatory care Quality Alliance, is an important element enabling
the NQIPA.

That the healthcare system is broken has been highlighted by a number
of Institute of Medicine (IOM) reports (IOM 1999, 2001), and arguably, it
does not really exist as a system. The IOM’s recent report on performance
measurement (IOM 2005) pointed out that “there are many obstacles to
rapid progress to improve the quality of health care but none exceeds the
fact that the nation lacks a coherent, goal-oriented, and efficient system to
assess and report the performance of the healthcare system.”

To illustrate this point, HealthPartners’ informatics department put
together a map of some of the measurement sets that are relevant to our
work as a health organization; see Figure 4-5 (HealthPartners 2006). Each
of these standard measurement sets affects one of our activities as a medi-
cal group, hospital, health plan, or an organization regulated in Minnesota.
Many of these standard sets are similar or measure the same issue or condi-
tion slightly differently. As an example, we have been required to measure
mammography screening many different ways for different standard mea-
surement sets required by different organizations or standards.

Other obstacles to creating the needed coherent, goal-oriented, and
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efficient system include a lack of clear goals and objectives for improving
quality in health care, the lack of leadership focus on improving quality,
the lack of a culture of quality and safety in our organizations, the lack of
comparative information on what works and what doesn’t that is based
on scientific evidence, the lack of an environment that creates systematic
incentives and supports for improving quality by individual organizations
and healthcare professionals, and the lack of the universal availability of
an electronic health record system that is interoperable with other EHRs
and designed for decision support at the point of care and quality report-
ing. One of the most critical obstacles is the lack of social mechanisms and
institutions on the national and regional levels that enable the collaboration
necessary for individual organizations and professionals to work with each
other to evaluate and improve the quality of care across the country.

A National Quality Improvement Process and Architecture

To knit together a learning system for the country and create an NQIPA,
a national strategy and infrastructure is needed that enables individual
healthcare providers and their organizations to know the quality of care
they deliver, to have the incentives and tools necessary to improve care,
and to provide information critical to individual patients and the public
about the quality of care they receive. The work may be described as a
seven-step process model for quality improvement (Isham and Amundson
October 2002):

1. Establish Focus and Target Goals: Set broad population health
goals.

2. Agree on Guidelines: Develop best-practice guidelines with
physicians.

3. Devise Standard Measurements: Formulate evaluation standards
for each goal.

4. Establish Targets: Set clinical care performance improvement
targets.

5. Align Incentives: Reward medical groups for achieving targets.

Support Improvement: Assist medical groups in implementation.

7. Evaluate and Report on Progress: Disseminate information on
outcome

N

Some progress has been made at the national and regional levels on
some elements of a national support system to ensure health, safety, and
quality (IOM 2006). For example, recently there has been significant prog-
ress in establishing this support system for quality improvement in Minne-
sota. In August 2006, the governor of Minnesota signed an executive order
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directing the state agencies to use incentives in the purchasing of health care
that are based on established statewide goals, against the achievement of
performance using specific targets and standard quality measures based on
evidence-based clinical standards (Office of Governor Tim Pawlenty 2006).
This initiative (QCARE) was designed by a work group that used the seven-
step model in developing its recommendations.

Institutions in place in Minnesota that enable this model include the
Institute for Clinical Systems Improvement, which is a collaborative of
Physician Medical Groups and Health Plans that develops and implements
evidence-based clinical practice guidelines and provides technical assis-
tance to improve clinical care (Institute for Clinical Systems Improvement
2006). The Institute for Clinical Systems Improvement is an effective way
to engage the support of local practicing physicians for evidence-based
standards of care. The Institute for Clinical Systems Improvement involves
group practices large and small that represent 75 percent of the non-federal
physicians practicing in the state.

Minnesota Community Measurement, a second Minnesota collabora-
tive of medical providers, health plans, purchasers, and consumers that col-
lects and publicly reports clinical quality using standard measures grounded
in the evidence-based, clinical standards work of the Institute for Clinical
Systems Improvement is also a critical component that enables the support
system for quality in Minnesota (MN Community Measurement 2006).
Incentives for working on improving quality are not only provided by the
governor’s QCARE program, but also by the private health plans in their
pay for performance programs, and by Bridges to Excellence, a national
pay for performance program (Bridges to Excellence 2006). All of these use
the Institute for Clinical Systems Improvement and Minnesota Community
Measurement as the common mechanism for creating incentives founded
on evidence-based clinical standards, guidelines, targets, and measures. The
individual organizational quality results are publicly reported.

The Minnesota experience can be used in the effort to create a national
system to support the improvement of quality of care across the country.
NQIPA would be most effective as a federation of regional systems with the
ability to engage local providers of care that are knit together by a national
system of standards and rules and supported by mechanisms to aggregate
data from national and regional sources for two purposes. The first is to
report quality improvement progress on a national level for Medicare and
other national purchasers. The second is to feed back performance at a
regional level to enable local healthcare organizations and providers to
be engaged in and part of the process of actually improving the quality of
care over time. It is also critical that Medicare, national medical specialty
societies, national purchasers, and others with national perspectives and
needs be a part of and served well by this system. It is important, therefore,
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that NQIPA implement national standards and priorities uniformly in each
region of the country and be able to aggregate data and information at the
multiregional and national levels.

Progress has been made at the national level, although there is much
yet to be done. National goals have been suggested (IOM 2003). What is
needed next are the top 10 quality issues and problems by specialty to drive
the development of evidence-based guidelines, measures, and incentives by
specialty, including underuse, overuse, and misuse issues and problems.
Many groups produce useful evidence-based recommendations and guide-
lines, but what is needed now are more evidence-based reviews of acute
care, chronic care, and comparative drug effectiveness.

In addition, many organizations use incentives. In 2005, 81 commer-
cial health plans had pay for performance programs, and the Centers for
Medicare and Medicaid Services (CMS) was sponsoring six pay for perfor-
mance demonstrations (Raths 2006). In August 2006, the President signed
an executive order promoting quality and efficient health care in federal
government-administered or sponsored healthcare programs (The White
House 2006). Already mentioned above is the effort by large employers to
support incentives through the national Bridges to Excellence Program not
only in Minnesota but in many states across the country. Needed now are
more healthcare purchasing organizations synchronizing their incentives to
standard targets against standard measures that address the most impor-
tant quality issues across the private and public sectors. There are effective
national and regional efforts that engage healthcare organizations and in-
dividual physicians in improving the quality of care (Institute for Clinical
Systems Improvement 2006; Institute for Healthcare Improvement 2006).
Unfortunately, all physician practices and regions of the country are not
taking advantage of these healthcare improvement resources. More regional
collaboratives are necessary to facilitate improvement in care in all regions
of the country. Above all, these individual efforts need to be knit together
to form a national strategy and support system—that is, NQIPA.

The AQA Alliance

The AQA Alliance (www.aqaalliance.org) is a broad-based national
collaborative of physicians, consumers, purchasers, health insurance plans,
and others that has been founded to improve healthcare quality and patient
safety through a collaborative process. Key stakeholders agree on a strategy
for measuring performance of physicians and medical groups, collecting
and aggregating data in the least burdensome way, and reporting mean-
ingful information to consumers, physicians, and stakeholders to inform
choices and improve outcomes. The effort’s goals are to reach consensus as
soon as possible on:
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e A set of measures for physician performance that stakeholders can
use in private health insurance plan contracts and with government
purchasers;

e A multiyear strategy to roll out additional measurement sets and
implement measures in the marketplace;

¢ A model (including framework and governing structure) for ag-
gregating, sharing, and stewarding data; and

e Critical steps needed for reporting useful information to providers,
consumers, and purchasers.

Currently there are more than 125 AQA alliance-affiliated organiza-
tions including the American College of Physicians, American Academy of
Family Physicians, American College of Surgeons, American Association
of Retired Persons, Pacific Business Group on Health, America’s Health
Insurance Plans, and many others. Much progress has been made since the
AQA alliance was established in late 2005.

The performance measures workgroup (www.aqaalliance.org/
performancewg.htm) has established a framework for selection measures,
principles for the use of registries in clinical practice settings, a guide for
the selection of measures for medical subspecialty care, principles for ef-
ficiency measures along with a starter set of conditions for which cost of
care measures should be developed first, and 26 primary care measures as
a starter set. In addition, eight cardiology measures, as well as measures for
dermatology, rheumatology, clinical endocrinology, radiology, neurology,
ophthalmology, surgery, and orthopedic and cardiac surgery, have been ap-
proved. The AQA parameters for the selection of measures emphasize that
“measures should be reliable, valid and based on sound scientific evidence.
Measures should focus on areas which have the greatest impact in making
care safe, effective, patient-centered, timely, efficient or equitable. Measures
which have been endorsed by the NQF should be used when available. The
measure set should include, but not be limited to, measures that are aligned
with the IOM’s priority areas. Performance measures should be developed,
selected and implemented though a transparent process” (AQA Alliance
2006).

The data-sharing and aggregation workgroup (www.aqaalliance.org/
datawg.htm) has produced principles for data sharing and aggregation;
provided a recommendation for a National Health Data Stewardship En-
tity (NHDSE) to set standards, rules, and policies for data sharing and
aggregation, described desirable characteristics of an NHDSE; developed
guidelines and key questions for physician data aggregation projects, and
established principles to guide the use of information technology systems
that support performance measurement and reporting so as to ensure that
electronic health record systems can report these data as part of routine
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practice. As a consequence of this workgroup’s effort, six AQA pilot sites
were announced in March 2006. They include the California Cooperative
Healthcare Reporting Initiative, Indiana Health Information Exchange,
Massachusetts Health Quality Partners, Minnesota Community Measure-
ment, Phoenix Regional Healthcare Value Measurement Imitative, and
Wisconsin Collaborative for Healthcare Quality. These pilots are to serve as
learning labs to link public and private datasets and assess clinical quality,
cost of care, and patient experience. Each of these sites has strong physi-
cian leadership, a rich history of collaboration on quality and data initia-
tives, and the necessary infrastructure and experience to support public
and private dataset aggregation. The collaboration across health plans and
providers in these six pilot efforts yield a comprehensive view of physician
practice. The lessons from the pilot sites can provide valuable input in the
establishment of a national framework for measurement, data sharing, and
reporting (NQIPA).

The third AQA alliance workgroup is the reporting workgroup (www.
aqaalliance/reportingwg.com). It has produced principles for public report-
ing as well as principles for reporting to clinicians and hospitals, and has
had discussions on reporting models and formats.

There are significant opportunities and challenges for the work of the
AQA alliance. Among the opportunities are expansion of the measurement
sets to address the critical quality issues in all specialties and expansion of
the six pilot sites to form a national network of regional data aggregation
collaboratives covering all regions of the country. The engagement and
support of all medical and surgical specialty groups as well as physicians
and their organizations are critical to the success of this work. Determining
a business model and funding sources for the expansion of the pilot sites
and the operation of the NHDSE are significant challenges. The expansion
of the measurement set to address cost of care, access to care, equity, and
patient-centered issues represents a major opportunity as well a significant
methodological challenge. Determining the best legal structure and posi-
tioning between the public and private sectors of the NHDSE will be criti-
cal to its success in setting standards and rules for data aggregation for the
public and private sectors.

Establishing a common vision for the NQIPA will be important for
mobilizing the effort necessary to maximize the value of priority setting,
evidence-based medicine, target setting, measurement development, data
aggregation, incentives for improved performance, and the public report-
ing of performance. Getting on with the task of implementing this vision is
urgent. Every year that goes by without effective action represents another
year of a quality chasm not bridged, of lives lost needlessly, of quality of
life diminished unnecessarily.
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ENVISIONING A RAPID LEARNING HEALTHCARE SYSTEM

Lynn Etheredge
George Washington University

The United States can develop a rapid learning healthcare system.
New research capabilities now emerging—Ilarge electronic health record
databases, predictive computer models, and rapid learning networks—will
make it possible to advance clinical care from the experience of tens of
millions of patients each year. With collaborative initiatives in the public
and private sectors, a national goal could be for the health system to learn
about the best uses of new technologies at the same rate that it produces
new technologies. This could be termed a rapid learning health system
(Health Affairs 2007).

There is still much to be done to reach that goal. Biomedical research-
ers and technology firms are expanding knowledge and clinical possibilities
much faster than the health system’s ability to assess these technologies. Al-
ready, there are growing concerns about the evidence base for clinical care,
its gaps and biases (Avorn 2004; Kassirer 2005; Abramson 2004; Ioannidis
2005; Deyo and Patrick 2005). Technological change is now the largest
factor driving our highest-in-the world health spending, which is now
more than $2 trillion per year. With advances in the understanding of the
human genome and a doubling of the NIH research budget to more than
$28 billion, there may be an even faster stream of new treatment options.
Neither government regulation, healthcare markets, consumers, physicians,
nor health plans are going to be able to deal with these technology issues,
short of rationing, unless there are more rapid advances in the evidence
base for clinical care.

The “inference gap” concept, described by Walter Stewart earlier in
this volume, incisively captures the knowledge issues that confront public
officials, physicians, and patients for the 85 million enrollees in the Medi-
care and Medicaid programs. As he notes, the clinical trials database is
built from randomized clinical trials mostly using younger populations
with single diagnoses. The RCT patients are very different from Medicare
and Medicaid enrollees who are mostly older patients with multiple diag-
noses and treatments, women and children, and individuals with seriously
disabling conditions. With Medicare and Medicaid now costing more than
$600 billion annually—and projected to cost $3.5 trillion over the next
five years— there is a fiscal, as well as a medical, imperative to learn more
rapidly about what works in clinical care. As a practical matter, we cannot
learn all that we would like to know, as rapidly as we need to know it,
through RCTs and need to find powerful and efficient ways to learn rapidly
from practice-based evidence.
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Large EHR research databases are the key development that makes
it possible to create a rapid learning health system. The VA and Kaiser
Permanente are the public and private sector leaders; their new research
databases each have more than 8 million EHRs. They are likely to add
genomic information. New networks with EHR databases—“virtual re-
search organizations”—add even more to these capacities. For instance,
HMORN with 14 HMOs has 40 million enrollees and is sponsoring the
Cancer Research Network (which has about 10 million patient EHRs) with
the National Cancer Institute, as well as the Vaccine Safety Datalink (which
has about 6 million patient records) with the Centers for Disease Con-
trol and Prevention (CDC). Institutions with EHR databases and genome
data include Children’s Hospital of Philadelphia, Marshfield, Mayo, and
Geisinger. Large research projects that need to access paper health records
from multiple sites are now administratively complicated, time-consuming,
expensive, and done infrequently. In contrast, studies with computerized
EHR databases and new research software will be done from a computer
terminal in hours, days, or a few weeks. Thousands of large population
studies will be doable quickly and inexpensively.

A fully operational national rapid learning system could include many
such databases, sponsors, and networks. It could be organized in many
different ways, including by enrolled populations (the VA, Medicare, Med-
icaid, private health plans); by healthcare professions (specialist registries);
by institution (multispecialty clinics and academic health centers); by health
condition (disease registries and national clinical studies databases); by
technology (drug safety and efficacy studies, coverage with evidence devel-
opment studies); by geographic area (Framingham study); by age cohort
(National Children’s Study); or by special population (minorities, genomic
studies). With national standards, all EHR research registries and databases
could be compatible and multiuse.

The key short-term issues for advancing a rapid learning strategy include
leadership and development of learning networks, development of research
programs, and funding. As reflected in the spectacularly rapid advances of
the Human Genome Project and its sequels, we should be thinking about
creating a number of leading-edge networks that cut across traditional
organizational boundaries. Among potential new research initiatives, it is
notable that large integrated delivery systems, such as Kaiser and VA, have
been early leaders and that many parts of NIH could be doing much more
to develop ongoing national research networks (see paper by Katz, Chap-
ter 5) and EHR databases. With respect to new databases, the NIH could
require reporting of all its publicly funded clinical studies, in EHR-type
formats, into national computer-searchable NIH databanks; peer-reviewed
journals could require that the datasets of the clinical studies they publish
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also be available to the scientific community through such NIH databanks
(National Cancer Institute 2005). This rapid learning strategy would take
advantage of what we economists term the “economics of the commons”;
each individual researcher would give up exclusive access to some data,
but would benefit, in return, from access to a vast and expanding treasure
trove of clinical data from the international research community. With these
carefully collected, rich data resources, powerful mathematical modeling
approaches will be able to advance systems biology, “virtual” clinical trials,
and scientific prediction-based health care much more rapidly. There will
also be benefits for research on heterogeneity of treatment responses and the
design of “practical clinical trials” to fill evidence gaps (see papers by Tunis,
Chapter 1, and by Eddy and Greenfield, Chapter 2). Another important
research initiative would be to develop “fast track” learning strategies to
evaluate promising new technologies. One model suggested is to establish
study designs for new technologies when they are first approved and to
review the evidence from patient experience at a specified date (e.g. three
years later) to help guide physicians, patients, and future research as these
technologies diffuse into wider use (Avorn 2004).

To implement a national learning strategy, the Department of Health
and Human Services (HHS) health agencies and the VA could be designers
and funders of key public or private initiatives. HHS first-year initiatives
could include expanding on the National Cancer Institute’s (NCI’s) Can-
cer Research Network with NIH networks for heart disease and diabetes;
starting national computer searchable databases for NIH, the Food and
Drug Administration (FDA), and other clinical studies; a broad expansion
of AHRQ’s research to address Medicare Rx, Medicaid, national health
spending, socioeconomic and racial disparities, effectiveness, and quality
issues; expanding CDC’s Vaccine Safety Datalink network and FDA’s post-
market surveillance into a national FDA-CDC program for evaluation of
drug safety and efficacy, including pharmacogenomics; starting national
EHR research programs for Medicaid’s special needs populations; and ini-
tiating a national “fast track” learning system for evaluating promising new
technologies. A first-year budget of $50 million for these initiatives takes
into account that research capabilities are still capacity limited by EHR
database and research tool development. Within five years, a national rapid
learning strategy could be taken to scale with about $300 million a year.

To move forward, a national learning strategy also needs vision and
consensus. The IOM is already having a key catalytic role through this
workshop and publication of these papers. This paper identifies many op-
portunities for the public and private sectors to collaborate in building a
learning healthcare system.
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Developing the Test Bed—
Linking Integrated Service Delivery Systems

OVERVIEW

Many extensive research networks have been established to conduct
clinical, basic, and health services research and to facilitate communication
between the different efforts. The scale of these networks ranges from lo-
cal, uptake-driven efforts to wide-ranging efforts to connect vast quantities
of clinical and research information. This chapter explores how various
integrated service delivery systems might be better linked to expand our
nation’s capacity for structured, real-time learning—in effect, developing a
test bed to improve development and application of evidence in healthcare
decision making.

In the first paper, Steven 1. Katz outlines the efforts of the National
Institutes of Health (NIH) Roadmap for Medical Research to accelerate
biomedical research on a basic level as well as accelerate translational
research by connecting existing research networks and maintaining neces-
sary infrastructure for more efficient conduct of clinical research through
the National Electronics and Clinical Trials Research network (NECTAR).
Cynthia Palmer then discusses efforts of the Agency for Healthcare Re-
search and Quality (AHRQ) to build on the experience of the Integrated
Delivery Systems Research Network and establish a vehicle for translation
of research into practice by linking healthcare systems with health services
researchers. Through rapid cycle, applied research, AHRQ’s Accelerating
Change and Transformation in Organizations and Networks initiative has
begun to establish a network that fosters demand-driven research and the
uptake of innovative approaches to care.

217
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Eric B. Larson discusses the Health Maintenance Organization (HMO)
Research Network as a potential model for a national test bed. Many on-
going activities of these 15 linked integrated delivery systems illustrate the
potential for these networks to facilitate needed two-way learning between
research and healthcare systems. Finally, Michael Mustille presents the
history and progress of the Council for Accountable Physician Practices
(CAPP) to demonstrate how this network of multispecialty medical groups
has accelerated the redesign of physician practice—improving the uptake of
evidence-based approaches to care, the translation of research to practice,
and the outcomes and efficiency of care.

NIH AND REENGINEERING CLINICAL RESEARCH

Stephen I. Katz, M.D., Ph.D.
National Institutes of Health

The NIH Roadmap for Medical Research was developed to increase
synergy across NIH and accelerate the pace of discoveries and their transla-
tion. It was launched in order to identify major opportunities and gaps in
biomedical research that the agency as a whole needed to address to have
the greatest impact on the progress of medical research. Roadmap dollars
represent 0.8 percent of the total NIH budget and are planned to reach
$500 million by 2008. The Roadmap project is meant to address the ques-
tions that no one of the 27 different institutes or centers could address on its
own but that we could address collectively. This is not a single initiative, but
more than 345 individual awards were given, in FY 2005: 40 percent for
basic, 40 percent for translational, and 20 percent for high-risk research.

The NIH Roadmap Strategy was to build on the paradigm of bringing
basic science and discovery to clinical practice. Roadmap initiatives are
grouped under three main headings: New Pathways to Discovery, Research
Teams of the Future, and Reengineering the Clinical Research Enterprise.
These are all initiatives that are meant to facilitate bench-to-bedside trans-
lation of research. New Pathways to Discovery addresses the fundamental
issues that need to be overcome to accelerate research at the basic level.
Most notable here are the molecular libraries and imaging advances that
will enable high-throughput screening of molecular pathways that have
been identified as of interest. Research Teams of the Future embodies the
commitment of NIH to an interdisciplinary research approach and the
promotion of high-risk research through Pioneer Awards.

About one-third of the Roadmap awards are in the area of Reengineer-
ing the Clinical Research Enterprise. These initiatives include the Clinical
and Translational Science Awards (CTSAs) and a number of projects that
are investigating the integration of clinical research networks. We have
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heard repeatedly that the clinical research enterprise is broken. Some of
the responsibility for fixing this enterprise falls to NIH, and this paper
considers some of the major issues and focuses in particular on the work
of some of our translational initiatives on clinical research informatics and
integrated research networks.

One of the central challenges to clinical research lies in the regulatory
requirements that govern it. Human subjects protection is one issue, but
across the board, whether it is HMOs, pharmaceutical research, or the
biotech industry, there is no harmonization of clinical research regulatory
requirements. For example, the requirements related to reporting adverse
events are not uniform across NIH and certainly not across agencies. It took
2.5 years to get uniformity across the NIH and the Food and Drug Ad-
ministration (FDA) just in the reporting of adverse events of gene therapy
trials. The work continues to extend this uniformity across all government
agencies as well as outside the government to industry.

Enhancing clinical research workforce training has also been identified
as a key need, prompting NIH to institute loan repayment programs and
encourage more workforce training at earlier levels in medical schools. Also
lending support for enhanced workforce training are the CTSAs, which rep-
resent the largest of our investments from the NIH Roadmap for Medical
Research. This investment addresses the question of how to best respond
to the demand created by recent biomedical discoveries for the evolution
of clinical science. CTSAs will create homes for clinical research, research-
ers, and trainees and are meant to lower barriers between disciplines and
encourage creative, innovative approaches to solve complex medical mys-
teries. These awards are designed to encourage change on a number of
dimensions, including the development of novel clinical and translational
methodologies; pilot collaborative translational and clinical studies; bio-
medical informatics; design, biostatistics, and ethics; regulatory knowledge
and support; participant and clinical interactions resources; community
engagement; translational technologies and resources, and education and
career development. In the first round of applications, CTSAs have been
awarded to 12 academic health centers, with 60 institutions expected to
be part of this new consortium by 2012. This is clearly a sea change in
terms of what can go on at academic medical centers. Most academic re-
search centers remain structured in the same way they were 50 years ago
and the Clinical and Translational Science Awards are meant to catalyze
change—breaking silos, breaking barriers, and breaking conventions. If this
works the way we hope it should work, it will clearly change the research
enterprise.

The Clinical Research Networks project is part of the Reengineering
the Clinical Research Enterprise Roadmap aimed at promoting and ex-
panding clinical research networks that can rapidly conduct high-quality
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clinical studies that address multiple research questions. Specifically, NIH
is developing the NECTAR network. While research networks currently ex-
ist, this initiative is meant to link those networks so that clinical trials can
be conducted more effectively. This is particularly important for the NTH
where each institute supports clinical research, but does so independently.
As a result, to conduct a clinical study, infrastructure is repeatedly built
up and broken down. This continual building up and breaking down of
infrastructure is a complete loss of money, not to mention the people and
resources needed. This is particularly important, for example, in pediatric
research, in which most diseases studied are uncommon and can only be
done through linked clinical research networks.

However, there are signs of change. For example, in the area of pediat-
ric theumatic diseases, the Arthritis Foundation helped to build a network
across pediatric rheumatic disease allowing many clinical trials to be done
simultaneously, leveraging our resources from one trial to other ongoing
and planned trials.

As a first step toward establishing a broader network, an inventory
of existing clinical research networks will explore existing informatics
and training infrastructures. By identifying characteristics that promote or
inhibit successful network interactivity, productivity, and expansion, this in-
ventory will lead to the dissemination of “best practices” that can enhance
the efficiency of clinical research networks. Pilot projects will then explore
how best to combine and extend clinical networks. The initial NECTAR
inventory provided current status of about 250 clinical research networks
and evaluated best practices. NECTAR pilot projects have been developed
with a broad coverage, including medical disciplines such as cancer, heart,
critical care, psychiatry, and transplants; populations and settings (primary
care, rural, minority, HMO); ages (pediatric, adult, geriatric); information
systems (data standards, informatics, tools, platforms); and geographic
locations (U.S. and global).

Collectively, these initiatives—CTSA, NECTAR pilot projects, and the
inventory of networks—are complementary programs. CTSA focuses on
the academic institutions, and NECTAR focuses on linking organizations
together in an electronic research network. CTSA is intended to build the
homes for clinical and translational science, emphasizing internal and inter-
institutional nationwide interoperable informatics. The NECTAR inventory
will also discover best practices for existing clinical network management,
helping to define the needed common language and standards. There is
strong consensus on the potential to use these linked systems to build a
test bed and enhance learning. What is needed is leadership, commitment,
passion, and a commitment to funding. Funding in particular will drive the
development of needed linkages and infrastructure for a learning health-
care system. Commitment of long-term funding however cannot just be the
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responsibility of the NIH or the Veterans Administration (VA), but must
extend to states as well as to other forms of support.

In this respect, the President’s Health Information Technology Stra-
tegic Plan has great potential to expand the involvement and improve
the efficiency and power of clinical and translational research. To truly
transform clinical practice we must interconnect physicians, improve our
understanding of population health, and empower patients. Our initiatives
will optimize efficiency and productivity of biomedical research, encourage
the basic exploration of bioinformatics and computational biology, and
accelerate research translation through CTSAs. However developing the
needed test bed will require substantial cross-agency and cross-sector work
and collaboration.

AHRQ AND THE USE OF
INTEGRATED SERVICE DELIVERY SYSTEMS

Cynthia Palmer, M.Sc.
Agency for Healthcare Research and Quality

Often, health services research findings are not implemented in practice
and thus fail to improve the quality of health care that Americans receive.
With its program Accelerating Change and Transformation in Organiza-
tions and Networks (ACTION), the Agency for Healthcare Research and
Quality places the responsibility of investing in the implementation of good
ideas, once proven, directly on those who produce, use, and fund such re-
search. ACTION is a five-year implementation model of field-based contract
research that fosters public-private collaboration in rapid-cycle, applied
studies. With a goal of turning research into practice, 15 ACTION part-
ner organizations and approximately 150 collaborating organizations link
many of the nation’s largest healthcare systems with its top health services
researchers. ACTION provides health services in a wide variety of organiza-
tional care settings to at least 100 million Americans. The partnerships span
all states and provide access to large numbers of providers, major health
plans, hospitals, long-term care facilities, ambulatory care settings, and other
care sites. Each partnership includes healthcare systems with large, robust
databases, clinical and research expertise, and the authority to implement
healthcare interventions. ACTION is the successor to the Integrated Delivery
System Research Network (IDSRN), a five-year implementation initiative
that was completed in 2005. To maximize the likelihood of uptake of inno-
vation, the ACTION program emphasizes projects that are of interest to the
partnerships’ own operational leaders as well as the project funders, that
are broadly responsive to user needs and operational interests, and that are
expected to be generalizable across a number of settings.
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Prior to developing the call for proposals for ACTION participants,
the IDSRN was evaluated carefully. AHRQ continues to use the findings
of that evaluation, and its own perceptions, to help shape and direct the
ACTION program. ACTION is meant to help AHRQ achieve its goals by
promoting uptake of innovation to change practice, through the capture
of information about how people change the way they behave to achieve
higher-quality delivery of care. Knowing the right thing to do, even when
we have evidence-based practices, is not enough. Getting people to actu-
ally do the right thing is the real dilemma. AHRQ recognizes the value of
nurturing “receptor sites,” or “test beds,” where care is actually delivered
and is trying to foster user-driven or demand-driven research.

One of the members of AHRQ’s current National Advisory Committee
developed a model (Balas and Boren 2000), which is quite telling in terms of
one of the key issues, suggesting that it takes typically about 17 years after
the first study results are published to turn about 14 percent of that research
into the benefit of patient care. This sobering concept suggests the need
for a shift toward more demand-driven research—in which we bring the
producers of work and the users of work together to study how to change
practice. In addition, while publications are acknowledged as important, we
place a stronger emphasis and focus on other types of products that are in
forms that can be more easily disseminated and utilized in other settings.

IDSRN and ACTION represent networks of healthcare delivery-based
partnerships in which hospitals, ambulatory care facilities, long-term care
facilities, and health plans work in conjunction with health services consul-
tants and researchers through five-year master contracts. Contractors (part-
ners) compete for task orders on a rolling basis with the idea of sustaining
networks through five years of studies, keep those partnerships in place so
they can grow and develop their infrastructure, and continue to have op-
portunities to work together over a reasonable period of time. The focus is
on rapid-cycle, applied research of interest to AHRQ, the partnerships’ own
operational leaders, and others. Since AHRQ is a small agency with limited
funding to support this endeavor, funding is secured from other organizations
to conduct some of the studies. For example, other Department of Health
and Human Services (HHS) agencies and some foundations have contributed
funds for several studies. In 2005, about two-thirds of ACTION’s funding
was obtained through interagency agreements or other mechanisms.

The IDSRN and ACTION emphasize demand-driven, practical, ap-
plied, rapid-cycle work across a broad range of topics. The 93 task orders
issued by the IDSRN between 2000 and 2005 were completed on average in
15 months. Through ACTION, AHRQ will attempt to take implementation
and the uptake of innovation to scale. The IDSRN evaluation found evi-
dence in about 60 percent of task orders (projects) of demonstrable uptake
of innovation. Most uptake of innovation was local, suggesting that the
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organizations that conducted the research used the results to improve the
quality of care delivery. Part of ACTION’s charge is to extend that kind of
uptake more broadly, even nationwide where possible.

To help with dissemination, ACTION partnerships include firms with
expertise in communication, dissemination, marketing, and other areas to
improve both dissemination and uptake of innovation by the partnerships
themselves. Dissemination projects are accomplished under contract rather
than through grants—funding studies to procure tools, products, and strat-
egies that are felt to be generalizable and sustainable within other delivery
systems.

ACTION has several strategic advantages. Collectively, the partner-
ships serve more than 100 million individuals through a variety of provid-
ers working in widely diverse settings of care. ACTION also has broad
diversity in payer, geographic, and demographic mix. This is important to
AHRQ’s goal to focus on priority populations such as children, the elderly,
the disabled, minorities, and other underserved individuals. ACTION’s
partnerships have access to large robust datasets and nationally recognized
academic and field-based researchers with expertise in data manipulation
methods and emerging organizational and management issues. The partner-
ships’ operational leaders are committed to helping set the network’s agenda
and using findings of value to their organizations. Perhaps ACTION’s most
important strategic advantage is speed; the time between the release of a
Request for Proposal and an award is approximately 9 to 12 weeks, and
the average project is completed in 15 months. Finally, although ACTION
is too new to have tested the impact of project findings, the IDSRN had
significant impact, with dozens of local to international examples of up-
take of tools and strategies developed and tested in IDSRN projects. This
occurred in part because, in addition to publications in peer-reviewed and
trade journals, AHRQ asks for deliverables such as presentations to the
healthcare operational leadership and at live or web-assisted conferences;
scalable, scenario-appropriate models; training curricula, workshops, and
workshop tools; and “how-to” guides, workbooks, DVDs, and webcasts.

THE HMO RESEARCH NETWORK AS A TEST BED

Eric B. Larson, M.D., M.P.H., M.A.C.P.
Group Health Cooperative’s Center for Health Studies
for the HMO Research Network'

Learning from experience is something that individuals do continu-
ally and automatically. For a country whose health care has been widely

!Acknowledgments: Sarah Greene, Paul Fishman, Joe Selby, Andrew Nelson, Rich Platt,
James Ralston, Karin Johnson, and Rebecca Hughes.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

224 THE LEARNING HEALTHCARE SYSTEM

characterized as costly, inefficient, dangerous, and often falling well short
of best practices, learning from experience should serve as a driving force
in our efforts to cross the quality chasm (IOM 2001). Making this happen,
however, remains a tremendous challenge. If we were truly able to improve
health care constantly by learning from experience, presumably we would
have already solved the problems highlighted in recent Institute of Medi-
cine (IOM) reports on health care and quality (IOM 2007a, 2007b, 2006a,
2006b, 2004a, 2004b, 2004c, 2004d, 2003a, 2003b, 2002). What we need
is a setting equipped to conduct observational investigations under normal
working conditions. Engineers call this a test bed.

HMORN’s Key Features

The HMO Research Network (HMORN) links 15 integrated delivery
systems (Figure 5-1). Collectively and individually, these member organiza-
tions are examples of learning healthcare systems that can—and do—learn
through direct experience. Over the past decade, HMORN has collected
evidence from both its own research and research in general, translating
that evidence into both better and best practices. This paper explores some
key questions that a learning organization such as HMORN faces, a few
of the lessons learned, and several of the priorities and needs required to
foster healthcare systems that are truly devoted to learning.

A learning healthcare system such as HMORN faces five key questions:

FIGURE 5-1 Sites in the HMO Research Network.
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FIGURE 5-2 Reciprocal exchange between research and both healthcare and na-
tional priorities.

(1) What is structured real time learning? (2) What are some seminal fea-
tures of integrated delivery systems? (3) Why are integrated delivery systems
well suited to structured real-time learning? (4) Why might linking inte-
grated delivery systems surpass single integrated delivery systems for real-
time learning? (5) What is the potential of HMORN, and what are some of
the priority areas in which we could accelerate the benefits of such linkages?
Answering these questions illuminates the unique features of HMORN and
sets the stage for discussing both the network’s potential and the priorities
for using it as a real-time test bed, or a learning healthcare system.

Structured Real-Time Learning

The HMORN seeks to achieve two-way (bidirectional or reciprocal)
learning between health research and both national priorities and health-
care systems (Figure 5-2). This can occur when researchers take advantage
of opportunities to respond to important national research issues in a real-
world setting—and also use insights gained through that setting to advance
the nation’s research agenda. In this way, a healthcare research enterprise
such as HMORN can mediate the exchange of learning and translation be-
tween healthcare systems and national priorities. The knowledge exchange
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between these two spheres, especially when conducted in a way that pro-
motes implementation of new knowledge, can greatly accelerate advances
in health care through opportunities for translation.

Seminal Features of Integrated Delivery Systems

Integrated delivery systems offer close ties between care delivery, financ-
ing, administration, and patients. Ideally, this leads to closer alignment
of incentives, especially for ongoing efforts to improve quality. HMORN
centers have shared administrative claims and clinical databases. Where
researchers enjoy effective relationships with administrators, clinicians,
and even health plan members, interest in research projects can be truly
shared—and research results are more likely to be translated appropriately.
Partnerships with the parent organizations can then lead to research teams
that include practicing clinicians and HMORN scientific collaborators.

Another key feature is that institutional review boards (IRBs) oversee
all research activities. These IRBs typically include administrators, clini-
cians, local researchers, and members of the public. The local IRB is a criti-
cal control point for all research in an integrated delivery system. Unlike
other healthcare research, which enrolls participants from the community,
HMORN research typically involves health plan members as participants.
Therefore, the HMORN IRBs review research protocols that can have real
and perceived influences on the members’ relationships with their HMO
(Greene and Geiger 2006).

Fit with Structured Real-Time Learning

Healthcare systems can—and in fact do—serve as natural laboratories
for applied research questions: thus they have an ongoing role in efforts
to optimize health and health care. When these efforts are combined with
appropriate measurement strategies designed to answer defined research
questions, healthcare systems offer unparalleled learning opportunities.
The collective experiences of HMORN members include a wide array of
pioneering trials in dozens of clinical and population-based areas, as well as
epidemiological, cost-effectiveness, and clinical studies (Raebel et al. 2005;
Fishman et al. 2004; Elmore et al. 2005; Geiger et al. 2006; Paasche-Orlow
et al. 2006). At this writing, these include research in diabetes prevention,
warfarin metabolism, communication around genetic testing, and strategies
to increase enrollment in clinical trials. The longest running longitudinal
study of aging in the US has operated continuously for over five decades,
located in a Seattle HMO (Group Health) (Schaie 1993). That same HMO
for the past two decades, now facilitated by real time comprehensive mem-
ber data, is the setting for ongoing cohort studies of aging and dementia
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using representative random samples of a very stable population of persons
over age 65. (Larson et al. 2006). This partial list illustrates the variety of
cutting-edge clinical research opportunities, which include many other types
of studies.

Advantage of Linked over Single Integrated Delivery Systems

This is really the question of the moment. The answer hinges on the fact
that the larger and broader the scope of the study, the more heterogeneity
one can achieve both in patient populations and in approaches to care and
quality. Linked integrated delivery systems offer significant advantages over
single ones: heterogeneous patient populations—and heterogeneous ap-
proaches to care—combined with an enduring commitment to translate re-
search into practice and improve quality. This heterogeneity provides more
insights into patient-, provider-, and system-level factors that affect care.
The ability to examine these multiple factors has formed the cornerstone
of several HMORN projects (Leyden et al. 2005; Taplin et al. 2004; Quinn
et al. 2005; Stevens et al. 2005). Multisite studies improve generalizability,
especially studies of interventions and evaluations.

The HMORN offers an unparalleled opportunity to study rare disor-
ders in a more natural setting; by contrast, when studies are based only in
referral centers, their samples are often highly selective. The scale of the
population base (more than 15 million), plus electronic medical records, ac-
curate diagnostic databases, and engaged scientists, should facilitate unique
opportunities for studying rare disorders (as well as treatment effects in
various subpopulations and common conditions).

A growing number of multisite studies, involving various combina-
tions of HMORN, demonstrate the utility and value of linking integrated
delivery systems:

e The HMO Cancer Research Network (CRN) has been funded
by NCI since 1999 to study the effectiveness of cancer control
interventions across the spectrum of cancer from prevention to
palliative care (Hornbrook et al. 2005; Wagner et al. 2005). The
CRN was recently highlighted as an example of a “best-practice”
research consortium at the 2006 National Leadership Forum on
clinical research networks (Inventory and Evaluation of Clinical
Research Networks 2006).

e The Vaccine Safety Datalink is a collaborative project between
the National Immunization Program of the Centers for Disease
Control and Prevention (CDC) and eight large HMOs (DeStefano
2001). The project began in 1990 with the primary purpose of
rigorously evaluating concerns about the safety of vaccines.
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e The Centers for Education and Research on Therapeutics (CERT)
is a national demonstration program funded by AHRQ to conduct
research and provide education that advances the optimal use of
therapeutics (drugs, medical devices, and biological products) (Platt
et al. 2001).

e  The DEcIDE Network (Developing Evidence to Inform Decisions
about Effectiveness) is also funded by AHRQ. A collaborative re-
search and practice-based network program, it helps AHRQ and
other federal agencies to implement Section 1013 of the Medicare
Modernization Act of 2003.

e The NIH Roadmap Initiative on Reengineering the Clinical Re-
search Enterprise, under which HMORN formed the Coordinated
Clinical Studies Network (CCSN), is devoted to improving the sys-
tems and processes that support our many multisite studies (Greene
et al. 2005a).

HMORN, Priority Areas, and Potential

The considerable potential of HMORN is illustrated by the priority
areas in which we could accelerate the benefits of such linkages:

Natural experiments in health services research are ongoing: How
do benefit changes, new health insurance products, and organization and
policy shifts affect outcomes? How do increased prescription copayments
affect adherence? When clinicians receive faxed alerts because their pa-
tients fail to renew prescriptions, how are outcomes affected? How does
the use of “carve-out” disease management systems compare with that of
integrated disease management systems that maintain intact primary care
relationships? What happens when we provide physicians with performance
feedback? What happens when new electronic medical records offer op-
portunities for more personalized care and real-time evaluation, including
asynchronous direct communication with doctors and healthcare teams?
How do patient behavior and healthcare utilization change when patients
have direct access to specialty care?

Surveillance of the enrollee populations in the network is another gen-
eral area in which HMORN can meet immediate needs: from biosafety to
more focused post-marketing surveillance. The network offers size, data
systems, and persons with programming, biostatistical, epidemiologic, and
clinical expertise. In therapeutics, the CDC’s Vaccine Safety Datalink (eight
HMORN plans) is the world’s foremost source of vaccine safety data.
Ten HMORN health plans make up the largest component of the FDA’s
population-based drug safety surveillance program. In infectious diseases,
five plans have developed methods for early identification and reporting
of acute illness clusters that might represent outbreaks of influenza, severe
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acute respiratory syndrome (SARS), or bioterrorist events. CDC’s national
BioSense initiative has adopted these methods. Members of HMORN have
developed automatic reporting systems for notifiable diseases (including
tuberculosis, Lyme disease, hepatitis C, and Chlamydia). In one intrigu-
ing example, a surveillance case study involved researchers and clinicians,
working in real time, to address an urgent public health concern: at Kaiser
Permanente Colorado, researchers compared the ability to detect influenza
A through syndromic surveillance by providers, sentinel provider diagnosis,
and laboratory-confirmed cases. The study concluded that syndromic sur-
veillance can be useful for detecting clusters of respiratory illness in various
settings (Ritzwoller et al. 2005).

The HMORN is creating the largest observational test bed for IOM’s
aims for patient-centered bealth information technology (IOM 2001). Sev-
eral plans have functioning web-based patient portals, and others are in
development. These respond to the IOM care redesign rules that encour-
age transparency, free flow of information, and patient control. This is an
area ripe for discovery and close examination. Web-based patient portals,
secure messaging between patients and providers, and the accompanying
transformation of the doctor-patient interaction could lead to dramatic
changes in cost and quality of care and market dynamics. HMORN is
uniquely positioned to study the impact. HMORN plans have conducted
randomized trials and quasi-experimental studies of computerized physi-
cian order entry (CPOE) systems, including studies of different kinds of
alerts and academic detailing to reduce prescribing errors. Additionally,
two HMORN randomized controlled trials (RCTs) are testing tailored
health behavior change interventions (for fruit and vegetable consumption
and smoking cessation) that could eventually be integrated into these por-
tals. Finally, at the levels of both health plans and research centers, we are
participating in the dialogue about the structure, function, and standards
that would compose a national healthcare infrastructure. Interoperability
of healthcare data (allowing data sharing among disparate systems) will
influence—and, we hope, enhance—the depth and breadth of research that
HMORN could undertake.

The HMORN is extremely well-suited to developing and implement-
ing clinical trials based either on individual or on “cluster” randomization
(i.e., intact groups of individuals are assigned randomly to receive different
interventions). Of particular relevance in HMORN are practical clinical tri-
als (Tunis et al. 2003), marked by heterogeneous populations and practice
settings and their ability to study a broad range of clinically meaningful
health outcomes. Information systems will routinely include data on all
aspects of care useful for screening populations for eligible participants. In
stable HMOs, these systems can provide opportunities for automated, less
resource intensive, and longer follow-up, providing real-world outcomes
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over time. A newly funded HMORN study will examine ways to reduce
barriers to trial accrual (Somkin et al. 2005), focusing on the effect of
patient- and provider-level notification systems that can flag potentially eli-
gible patients for specified cancer clinical trials. In systems that enjoy high
levels of trust from patients and healthcare professionals, clinical trials can
have high enrollment rates and excellent follow-up rates. The HMORN’s
NIH Roadmap project has developed infrastructure and tools designed to
determine easily how feasible a given clinical trial is in subject availability,
budget, more efficient coordination of human subjects review processes, en-
rollment manuals, data collection processes, adherence to Health Insurance
Portability and Accountability Act (HIPAA) rules, and coordinated close-
out processes. This project is now working on improving the readability
of consent forms and other subject materials and improvements in cluster
randomized trial methodologies. These efforts should greatly facilitate the
ability to perform clinical trials in HMORN and may lower the costs of
launching these trials.

The HMORN has consistently proved its ability to conduct studies
designed to enhance the quality of patient care. Such studies, which have
direct application in delivery systems, run the gamut. Case-control studies
of late-stage breast and cervical cancer showed that failure to screen ever,
or within the past three years, explained more than half of all cases of de-
layed diagnoses (Leyden et al. 2005; Taplin et al. 2004). This, in turn, led
to systematic redesign of screening outreach programs among HMOs par-
ticipating in this study. Studies of clinicians’ use of the “five As” framework
(ask, advise, assist, agree, arrange) to encourage patients to quit smoking
resulted in two sites changing their tobacco cessation programs (Solberg
et al. 2004). Perhaps the most notable example of an HMO-based effort
to improve the quality of patient care was the development of the Chronic
Care Model (Greene et al. 2005b). This model, which has been widely ad-
opted throughout HMORN and worldwide, is distinguished by its strong
evidence base and comprehensive attention to the many drivers that influ-
ence the quality and outcome of the patient-practitioner interaction. Finally,
physician-focused interventions have demonstrated how techniques such
as computerized physician order entry reminders, “academic detailing,” or
physician feedback (comparing physicians with their peers) can improve
appropriate prescribing in older patients and compliance with guidelines
(Simon et al. 2006; Smith et al. 2006).

Improving the HMORN Test Bed

To realize fully an ongoing system of structured real-time learning,
several structural innovations are needed. These innovations must facilitate
two-way knowledge transfer and the ability to share and apply research
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lessons that will benefit not only members of HMORN but U.S. health
care overall. Today, the leadership of HMORN has developed mechanisms
for HMO researchers and clinicians to create and implement new studies.
Currently, these mechanisms are somewhat ad hoc but can be memorialized
in everyday processes and procedures. Task order funding models allow
development of rapid-cycle research proposals and projects. However, the
rapid cycle is challenging, both for smaller centers with less infrastructure
and for multisite studies. Ideally, these funding mechanisms would include
some allowance for infrastructure support and even the resources and time
to embed lessons in the delivery system. That support would then cover
staff needed for enhanced processes and procedures across the network.

A durable infrastructure in a network-based setting would greatly
reduce inefficiencies and speed the cycle of research and translation. One
of the key findings of the national study of clinical research networks was
the amount of redundancy and reinvention that takes place in collab-
orative research (Inventory and Evaluation of Clinical Research Networks
2006). By now, there should be ways to simplify and institutionalize many
processes that are common to all studies. Through the NIH Roadmap’s
CCSN, HMORN has begun to develop new approaches to coordinate IRB
reviews of multisite studies, which can be among the more time-consuming
aspects of collaborative projects. It would be mutually beneficial for NIH,
the Office for Human Research Protections (OHRP), and other bodies
responsible for harmonizing regulations and developing new guidance for
the protection of human subjects to work with groups such as HMORN to
ensure that innovations to minimize redundancy and rework (which plague
multisite studies today) are feasible and, if so, incorporated into national
models for research review.

The HMORN has, at best, informal—and, at worst, inconsistent—sys-
tems to collect, disseminate, and translate innovations and best practices
among its members and to help meet its mission as a nonproprietary, public
interest research group (Greene, Hart, and Wagner 2005b). If the United
States continues to rely on private “market forces” to render efficiencies
in its healthcare system, an invaluable adjunct would be a mechanism to
collect, disseminate, and translate innovations and best practices (espe-
cially those funded by public and not-for-profit foundation sources). The
HMORN might be ideally suited to take on this important task as a dem-
onstration project. The general inclination of leaders in HMORN is to sup-
port the general good, rather than the private good, through their research
efforts and results. However, in our current market-driven system, and in
the absence of such a demonstration project, researchers are exposed to
understandable conflicts in their need to balance proprietary and national
interests.

An ongoing challenge that all HMORN centers face is how to involve
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operational staff, including physicians and other professionals, in research.
Experience has shown that when front-line staff participate in design and
implementation, such research is more likely to be relevant and “field-
ready” for translation. However, it is usually difficult to justify costs for
such persons in today’s research budgets. Funding agencies should consider
including front-line staff as a specification in certain Requests for Applica-
tions (RFAs)—particularly those that emphasize translation and dissemina-
tion. Learning organizations such as the members of HMORN would likely
be able to demonstrate or at least respond to such specifications, because
integrated delivery systems typically take an organized approach to deter-
mining the applicability of research findings and translating research into
practice.

In summary, we believe the HMO Research Network affords the pos-
sibility of a structured real-time learning test bed that approaches the ideal.
This paper emphasizes that HMORN is uniquely poised to take advantage
of opportunities for two-way learning, and we have described several areas
in which the Network and its members have conducted—and can further
conduct—research that will improve the development and application of
evidence to improve healthcare quality and effectiveness. Figure 5-3 il-
lustrates what this might look like. The figure’s important features are its
reliance on reciprocity and its ability to link real-world care and research
to public health goals. If we are to learn from experience about approaches
to improving the health of the public, the accumulated experiences of
HMORN are a logical place to begin.

Integrated
healthcare
setting

Apply new findings

Cluster randomized
trials Observational studies
HMO
Surveillance / Rﬁ::::::: Quasi-experimental
studies

Conventional RCTs

Public
health goals

FIGURE 5-3 Idealized intersections among priorities in health care, research, and

public health.
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COUNCIL OF ACCOUNTABLE PHYSICIAN PRACTICES

Michael A. Mustille, M.D.
The Permanente Federation

The healthcare sector is beset by a constellation of perceived failures.
Cost inflation threatens the affordability of care not only for individuals
but for businesses, government entities, and ultimately, for the nation as a
whole. Quality of care appears mediocre in general and does not seem to
be substantially better now than it was 15 years ago (McGlynn et al. 2003).
What is known of the science of medicine is too often not accomplished in
the practice of medicine. Acquisition, management, and sharing of medical
information are inhibited by a combination of anachronistic paper record
keeping and scarce, idiosyncratic automated systems that are designed
primarily for financial, not clinical, transactions. Underlying these short-
comings is a payment structure too often poorly aligned, and sometimes
contradictory, with regard to incentives and priorities that would lead to
improvements in care quality and cost.

These failures are complex in origin, and the corrections needed to rem-
edy them will not be simple. However, one element of the solution that offers
promise has largely been absent from public debates on health sector prob-
lems—namely, care delivery system redesign and, in particular, redesign of
physician practice. There are clear examples of physician group practices that
have been very successful in delivering high-quality care at reasonable cost
despite the general health sector failures outlined above. A recent paper in
Health Services Research examined multispecialty medical groups (MSMGs)
and showed the positive relationship between delivery system organization
and Health Plan Employer and Data Information Set (HEDIS) Effectiveness
of Care measure scores (Gillies et al. 2006). This cross-sectional, multivariate
regression analysis examined the impact of health plan organizational char-
acteristics (i.e., tax status, size, age, type of system used to deliver care) on
clinical process and patient satisfaction measures. The analysis of HEDIS
scores showed that delivery systems organized around multispecialty staff or
group practices outperformed other less integrated delivery models on clini-
cal process measures, while member satisfaction as measured by Consumer
Assessment of Health Care Providers and Systems (CAHPS) was no differ-
ent. These organized delivery systems have succeeded for years, and in many
cases for decades, in dealing with issues of cost, quality, and trust. A physi-
cian voice from these systems could point to characteristics and features of
their groups that would be helpful to those seeking solutions for the complex
problems plaguing the healthcare sector.

In 2002, a number of physician leaders from successful MSMGs across
the United States gathered to discuss the issue of physician practice redesign
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and founded a not-for-profit organization called the Council of Accountable
Physician Practices. A look at the roster of CAPP members shows that they
are located throughout the nation and indicates that MSMGs have been
successful in a variety of different geographies and settings:

Austin Regional Clinic, Texas

Billings Clinic, Montana

Cleveland Clinic, Obio

Dean Health System, Wisconsin

Duluth Clinic, Minnesota

Everett Clinic, Washington

Fallon Clinic, Massachusetts

Geisinger Clinic, Pennsylvania

Group Health Permanente, Idaho, Washington

Harvard Vanguard Medical Associates, Massachusetts

HealthCare Partners Medical Group, Southern California

HealthPartners, Minnesota

Henry Ford Medical Group, Michigan

Intermountain Health Care, Utah

Jackson Clinic, Tennessee

Lahey Clinic, Massachusetts

Marshfield Clinic, Wisconsin

Mayo Clinic, Arizona, Florida, Minnesota

Mayo Health System, Iowa, Minnesota, Wisconsin

Nemours, Delaware, Florida, Maryland, New Jersey, Pennsylvania

Ochsner Clinic, Louisiana

Palo Alto Medical Foundation, Northern California

Permanente Federation, Northern and Southern California, Colorado,
District of Columbia, Georgia, Hawaii, Maryland, Obio, Oregon,
Virginia, Washington

Scott and White, Texas

Sharp Rees-Stealy Medical Group, Southern California

Virginia Mason Clinic, Washington

Wenatchee Valley Medical Center, Washington

Since 2002, CAPP has gathered evidence from its members and from
the medical literature about the achievements of multispecialty medical
groups and is supporting further research to refine the understanding of key
success factors. CAPP’s array of MSMGs offers an opportunity to study the
design elements and characteristics of successful physician practice and can
serve as a model for delivery system redesign.

An example serves to illustrate the potential benefits in studying
MSMGs. Physicians from Group Health Cooperative of Puget Sound were
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able to rapidly translate the benefits of groundbreaking heart disease re-
search into improved medical treatment for diabetics, with a great reduc-
tion in cardiovascular complications over the expected result. Less than two
years after publication of the Heart Protection Study on the use of statins
(Gurm and Hoogwerf 2003) and the preceding Heart Outcomes Prevention
Evaluation (HOPE) trial on angiotensin-converting enzyme (ACE) inhibitor
use in patients with diabetes (Yusuf et al. 2000), Group Health had devel-
oped new clinical practice recommendations for medication management
in diabetes based on these studies, embedded them into its population care
management system, developed educational materials for primary care
clinicians and patients, and redesigned important roles and tasks in care
teams to ensure their implementation. By comparison, some estimate that
it generally takes 17 years to translate evidence-based care practices from
the literature into general use in medical practice (Balas and Boren 2000).
Knowing the critical elements that enabled this advance in care and hav-
ing some insight as to how they were put in place would greatly advance
physician practice redesign.

CAPP’s 35 MSMGs share a common vision as learning organizations
dedicated to the improvement of clinical care. Their features include physi-
cian leadership and governance; commitment to evidence-based care man-
agement processes; well-developed quality improvement systems; team-based
care; the use of advanced clinical information technology; and the collec-
tion, analysis, and distribution of clinical performance information. These
features are congruent with the IOM recommendations on key elements
needed to redesign delivery systems. The Chasm report (IOM 2004a) envi-
sions a delivery system capable of meeting six challenges: (1) evidence-based
care processes; (2) effective use of information technology; (3) knowledge
and skills management; (4) development of effective teams; (5) coordina-
tion of care across patient conditions, services, and settings over time; and
(6) use of performance and outcome measurement for continuous quality
improvement and accountability.

Physician governance is a key characteristic of MSMGs. These are
physician-led organizations that are guided by ethical and medical princi-
ples important to physicians, creating a professional and scientific approach
to governance that is deeply rooted in the quality improvement processes of
peer review and information sharing, thus cultivating an environment that
fosters care improvement. Group responsibility is a clearly articulated com-
mitment. Physicians in MSMGs are responsible not only for the individual
and unique patient they are currently treating, but for all of the patients
cared for by the practice. Colleagues in group practice have adopted perfor-
mance management practices to hold one another accountable to provide
the best quality of care possible and to contribute to the improvement of
the quality of care over time.
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MSMG processes and infrastructure characteristics include an evidence-
based approach to care. One of the areas of general health sector failure in-
volves the identification and dissemination of successful practices. MSMGs
have an organized quality improvement structure that supports identifica-
tion of important literature contributions to care improvement, analyzes
physician and group care practices in light of the science base, can widely
disseminate and implement needed changes to care practices based on the
evidence, and can monitor physician implementation of the successful prac-
tices. Physicians practicing together using a shared medical record, a single
organizational structure, and a common payment and incentive system are
better able to improve not only the quality of care but also the efficiency of
resource use. Because processes and outcomes can systematically be tracked
in such a practice, administrative and clinical redundancy and waste are
easily recognized and can effectively be eliminated.

Effective knowledge management tools are central to successful learn-
ing systems, and in the case of health care, clinical information technology
is a critical component. Multispecialty medical groups are at the forefront
of using health information technology (HIT) and electronic health records
(EHR) to support advanced systems of care. Since MSMGs typically share a
common, often automated, medical record, they have access to every part of
the patient’s experience from ambulatory through hospital to convalescent
and end-of-life care. Providing services across the full continuum of care
enables them to collect data across this continuum. Such a depth of timely,
accurate, clinically relevant information, shared among all providers and
available for detailed analysis and reporting, not only supports high-quality,
efficient care, but is also a key resource for identifying practice redesign
elements.

Common information systems complement team-based care because all
team members have access to a shared medical record as they collaborate to
manage both illness and health. Collaboration is critical in treating patients
with chronic conditions, especially those with multiple, comorbid condi-
tions. The chronic care model (Wagner 1998) provides a clear framework
for understanding how shared information is central to success in treating
these patients. The team has access to timely and accurate clinical data, and
to the extent that information is effectively shared with the patient and the
family, all team members are well prepared to collaborate in developing
and executing the treatment plan. Shared systems enable the coordination
of care within the group and can be used to personalize care through shared
decision making such that the patient becomes the focal point of care.

Recently, attention has focused on the availability and sharing of accu-
rate performance information, a process that has come to be called “trans-
parency.” Measuring and sharing performance among providers is a critical
first step to achieving transparency, and because of shared clinical infor-
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mation systems, the MSMGs are designed to enable consistent individual
physician performance monitoring. Transparency among physicians within
the group is the central characteristic of MSMG peer review. It provides the
opportunity to compare individual physicians against group benchmarks,
permits even broader transparency in comparisons outside the group, and
ultimately enables reporting to patients, payers, and the general public. This
process of acquiring and reporting accurate information on performance
supports a consumer’s decisions when choosing a physician practice or a
treatment team, carrying out treatment plans, and assuming responsibil-
ity for self-management, thus finally linking the chain of transparency to
informed and effective action to improve health.

Multispecialty medical groups can fill what are currently research gaps
between clinical trial research, epidemiological research, and the real-world
delivery of care. The multispecialty medical group is a practically oriented
healthcare delivery system that translates what is known from research into
what is done in practice and, ultimately, what improves the outcomes and
efficiency of care. Studying the factors that enhance or impair this process
will be illuminating. CAPP, as an example, is currently sponsoring research
that examines the impact of the electronic health record on the management
of diabetes and explores the correlation between various care management
practices supported by the EHR and geographic area variation in medical
quality outcomes and resource use. Such studies are generally not possible
in non-integrated delivery models where inconsistency in practice and data
capture inhibits accurate observation.

The Institute of Medicine can play a critical role in enhancing our abil-
ity to learn from the successes of MSMGs. The IOM has already enunciated
principles that serve to point the direction to accomplish the task. In 2003,
the IOM identified 20 Priority areas for national action. The 20 areas in-
cluded not only complex chronic conditions, such as diabetes, that greatly
benefit from integrated care, but also what the IOM termed “cross-cutting”
areas, such as care coordination and self-management or health literacy
(IOM 2003c). Coordinated care is at the heart of MSMG systems of care.

Further elaboration came in 2005 with the Performance Measurement
report that envisioned an organized research agenda, jointly sponsored by
federal and private stakeholders (IOM 2006b):

Recommendation 5 (IOM, 2006b): The National Quality Coordination
Board should formulate and promptly pursue a research agenda to sup-
port the development of a national system for performance measurement
and reporting. The board should develop this agenda in collaboration
with federal agencies and private-sector stakeholders. The agenda should
address the following:
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¢ Development, implementation, and evaluation of new measures to ad-
dress current gaps in performance measurement.

e Applied research focused on underlying methodological issues, such as risk
adjustment, sample size, weighting, and models of shared accountability.
* Design and testing of reporting formats for consumer usability.

¢ Evaluation of the performance measurement and reporting system.

Several issues critical to improvement of the care delivery system could
well be examined in such a research agenda by formulating studies using
multispecialty medical groups as the test bed. The IOM should make rec-
ommendations in these specific areas:

 Encourage studies using common measurement sets across multiple deliv-
ery system models in a way that can compare their impact on coordination
of care, clinical quality, patient satisfaction, and efficiency of resource use.
Studies must consider both MSMGs and nonintegrated practices by incor-
porating measures and methods to compare practice-level and group-level
performance in addition to individual physician performance. The AQA
(Ambulatory Care Quality Alliance) has recently endorsed a set of quality
measures that are intended to be applied to all physicians regardless of
practice type and will eliminate the gap in performance data from non-
group and small-group practices that has hampered such comparisons in
the past (Crosson 2005).

® Encourage physician leaders to design and create more integrated care
systems. Most physician leaders have historically reacted defensively to the
quality and cost challenges we face in the healthcare sector, rather than
proactively redesigning the system of care. In contrast, MSMG leaders
have generally demonstrated greater innovation and success in meeting
these challenges. The IOM should recommend programs, incentives, and
legislation that encourage more leaders interested in designing and devel-
oping such organizations to come forward.

¢ Encourage studies to elucidate the most effective method to incentivize
physicians to improve quality and efficiency. The impact of rewarding
individual physician performance versus physician group performance is
likely quite different, and there is little evidence available on how to bal-
ance incentives at different levels to achieve the most effective care system
and the best care outcomes. Pay-for-performance programs for physicians
are proliferating in the healthcare sector and should be designed by using
an evidence-based approach.
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The Patient as a Catalyst for Change

OVERVIEW

There is a growing appreciation for the centrality of patient involve-
ment as a contributor to positive healthcare outcomes, and as a catalyst
for change in healthcare delivery. This chapter presents the views of several
individuals involved with programs that look to empower patients through
improvements in access to health information as well as methods to make
the patient an equal partner in health decision making. The era of the In-
ternet and the personal health record greatly expands the types of informa-
tion and evidence available to patients, but in a truly learning healthcare
system, learning is bidirectional such that it works not only to better inform
patients but also to ensure that patient preference is incorporated into “best
care.” These contributions only introduce the complexities and possibilities
of a truly patient-centered healthcare system, but they represent important
shifts towards a system that seeks to learn from patients and provide the
means for their collaboration in the delivery of care. In the first essay, Ja-
net Marchibroda reviews a number of recent public and private initiatives
promoting the use of health information technology and health information
exchange and widespread adoption of the electronic health record (EHR).
These initiatives are aimed at improving the quality, efficiency, and value
of care, in part by providing better information to consumers and patients.
Also outlined by Marchibroda are results of a recent survey by eHealth
Initiative and others to determine consumer perceptions and expectations
for these technologies. While there is overestimation of the current use of
health IT and of interoperability, there is also growing interest in using
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these tools to connect with providers and to manage care. Andrew Barbash
then discusses possibilities to build on patient interests to connect with care
and move toward true patient-provider collaboration. He notes that while
the primary focus has been on building the tools that allow patients to
take on new roles and responsibilities in managing personal health, equal
effort should be put into thinking about new information models that can
provide the types of information needed to appropriate users and into de-
veloping new rules of engagement for how accountability for the integrity
of data, communication and response, and safeguarding privacy might be
governed.

Understanding how to develop an evidence base that can incorporate
patient preference is an important move toward a patient-centered sys-
tem. James Weinstein’s and Kate Clay’s work at the Dartmouth-Hitchcock
Medical Center has helped to develop the concepts of informed choice and
shared decision making as a way to get the “right rates of treatment” and
“catalyzing a patient-driven change of the healthcare system.” This ap-
proach is particularly useful in cases where there is no clear “best” treat-
ment option because such conditions are particularly value sensitive with
a clear role for patient preference. Implicit in such an approach will be the
use of high-quality decision aids and evidence-based information.

THE INTERNET, eHEALTH, AND PATIENT EMPOWERMENT

Janet M. Marchibroda
eHealth Initiative

Over the last five years, there has been a growing consensus among
recognized experts, including many of the nation’s leading providers, em-
ployers, health plans, and patient groups; members of both the House and
the Senate; leaders in nearly every federal agency involved in health care;
and state and local policy makers, that healthcare information technology,
and specifically mobilizing health information exchange electronically, will
contribute to significant improvements in the quality, safety, and efficiency
of health care.

Because of the highly fragmented nature of the U.S. healthcare system,
information about the patient is stored in a variety of locations, often in
paper-based forms and is not easily accessed. As a result, clinicians often do
not have comprehensive information about the patient when and where it is
needed most—at the point of care—and those responsible for managing and
improving the health of populations do not have the information they need
to measure progress and facilitate improvement. In addition, those respon-
sible for protecting the public’s health don’t have access to the information

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

shop Summary (IOM Roundtable on Evidence-Based Medicine)

THE PATIENT AS A CATALYST FOR CHANGE 245

they need to identify threats and manage their response. Finally, those who
are driving new research don’t have effective access to the information they
need to support the creation and monitoring of the effectiveness of both
evidence-based guidelines and new, more effective therapies to improve
health and health care for Americans.

Interoperable health information technology (HIT) and health informa-
tion exchange—or the mobilization of clinical information electronically—
facilitates access to and retrieval of clinical data, privately and securely, by
different entities involved in the care delivery system, to provide safer, more
timely, efficient, effective, equitable, patient-centered care.

There are several drivers for the use of HIT and health information ex-
change in health care, including concerns about quality and safety, driving
various incentive or “pay for performance” programs as well as programs
designed to drive public reporting or transparency of measures related to
quality; concerns about rising healthcare costs, driving transparency in
pricing; and consumerism. These drivers have led the federal government,
Congress, state leaders, and many members of the private sector to take
action to increase the use of HIT in health care.

This paper highlights environmental drivers, including those emerging
at the national, state, and local levels, for the use of HIT in health care and
explores the role of the patient as a catalyst for change for these efforts.

Rapidly Emerging Policy Advancements Related to the
Use of HIT to Address Healthcare Challenges

In response to the fragmented healthcare system, and the quality and
safety issues that result, reports from the Institute of Medicine (IOM), the
Department of Health and Human Services (HHS), and several private
sector groups have been pointing toward the need for an electronic, in-
teroperable healthcare system to get information where it is needed, when
it is needed, in an efficient manner. In addition to considerable leadership
demonstrated in the private sector, a number of initiatives are now under
way funded by HHS to address standards harmonization, application cer-
tification, prototype development, and privacy and confidentiality issues
related to a nationwide health information network. On August 22, 2006,
an Executive Order was issued calling for healthcare programs that are ad-
ministered or sponsored by the federal government to promote quality and
efficient delivery of health care through the use of HIT and to utilize HIT
systems and products that meet recognized interoperability standards.

As recently as December 8, 2006, HHS announced its intent to advance
a “nationwide health information network initiative,” “bringing together
the significant expertise and work achieved this year by the current efforts
with state and local health information exchanges” to “begin to construct
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the network of networks that will form the basis of the NHIN.” While
details are currently under development with the announcement of a Re-
quest for Information (RFI) process in the spring of 2007, HHS appears to
be interested in conducting “trial implementations of the NHIN [National
Health Information Network]” that are likely to leverage its investments
made to date, including those related to the development of an NHIN
architecture prototype, which include, among other things, functional re-
quirements, security approaches, and needed standards.

In addition to activities in the administration, Congress is also playing
a considerable role. Over the last three years, much legislation has been
introduced by Democrats and Republicans alike in both the House and the
Senate, addressing the role of government in driving adoption of HIT, the
need for standards, funding, and a host of other issues. On July 27, 2006,
the U.S. House of Representatives passed the Health Information Technol-
ogy Promotion Act (H.R. 4157), which was anticipated to be conferenced
in the 109th Congress with the Senate version of the bill passed in No-
vember 2005. Despite considerable momentum, talks were suspended and
this issue will be taken up in the 110th Congress as part of the Democratic
agenda of economic, foreign policy, and healthcare reforms.

A number of states are also moving forward—in parallel with federal
efforts—to develop and adopt policies for improving health and health care
through HIT and electronic health information exchange. State legislators
are increasingly recognizing the role of HIT in addressing healthcare chal-
lenges, with 121 bills introduced in 38 states since 2005—64 of which were
introduced in the first seven months of 2006. Thirty-six of such bills in 24
states were passed in the legislature and signed into law (eHealth Initiative
2006). State legislatures are not the only policy makers driving change in
states—U.S. governors are increasingly recognizing the value of HIT in ad-
dressing their healthcare goals. To date, 12 U.S. governors have issued an
executive order designed to drive improvements in health and health care
through the use of information technology (IT).

At the same time, the number of collaborative health information ex-
change initiatives at the state, regional, and community levels has grown
considerably over the last three years. In September 2006, the eHealth
Initiative (eHI) released the results of its Third Annual Survey of Health
Information Exchange at the State, Regional and Community Levels, ana-
lyzing results from 165 responses from initiatives in 49 states, the District
of Columbia, and Puerto Rico. Primarily nonprofit, multistakeholder or-
ganizations, these initiatives are beginning to mobilize health information
electronically to support primarily services related to the delivery of care,
such as those related to clinical results delivery, providing alerts, et cetera.
About 20 percent of those surveyed reported that they were currently
exchanging data types such as laboratory results, dictation or transcrip-
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tion data, inpatient and outpatient episodes, and enrollment and eligibility
information.

Federal Efforts Toward Value-Based Health Care
Are Also Likely to Have Impact

Concerns about cost and quality are also driving the federal govern-
ment to take action on initiatives designed to drive value-based health
care. In addition to requiring healthcare programs that are administered or
sponsored by the federal government to utilize HIT systems and products
that meet recognized interoperability standards, the August 22, 2006, Ex-
ecutive Order called for such programs to make available cost and quality
information to their beneficiaries.

Secretary of Health and Human Services Leavitt has spoken frequently
to public audiences, calling for action to drive better care and lower costs
through four cornerstones, which are detailed in the HHS Prescription for
a Value-Driven Health System (Leavitt 2006):

1. Connecting the system: Every medical provider has some system for
health records. Increasingly, these systems are electronic. Standards
need to be set so that all health information systems can quickly
and securely communicate and exchange data.

2. Measure and publish quality: Every case, every procedure, has an
outcome. Some are better than others. To measure quality, we must
work with doctors and hospitals to define benchmarks for what
constitutes quality care.

3. Measure and publish price: Price information is useless unless cost
is calculated for identical services. Agreement is needed on what
procedures and services are covered in each “episode of care.”

4. Create positive incentives: All parties—providers, patients, insur-
ance plans, and payers—should participate in arrangements that
reward both those who offer and those who purchase high-quality,
competitively priced health care.

Several large employer groups are exploring similar measures designed
to drive value-based health care. The Business Roundtable and several
other employer groups joined Secretary Leavitt on November 17, 2006, to
discuss taking steps similar to that of the administration’s Executive Order,
utilizing an “employer toolkit” to drive implementation across markets in
the United States.

In September 2006 the IOM released a report entitled Rewarding
Provider Performance: Aligning Incentives in Medicare, which provided a
series of recommendations related to pay for performance, recognizing that
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“existing (payment) systems do not reflect the relative value of healthcare
services in important aspects of quality, such as clinical quality, patient-
centeredness, and efficiency” (IOM 2006).

To add strength to fast-moving federal initiatives, on December 8,
2006, Congress passed the Tax Relief and Health Care Act of 2006 (H.R.
6408) as the 109th Congress came to a close. Among other things, the bill
creates a quality reporting system for the voluntary reporting by eligible
professionals of data on quality measures specified by the HHS secretary
starting in July 2007. Beginning in 2008, quality measures used for data
reporting will be measures adopted or endorsed by a consensus organiza-
tion (such as the National Quality Forum or the AQA [Ambulatory Care
Quality Alliance]), and it is specified that measures will include structural
measures such as the use of electronic health records and electronic pre-
scribing technology.

A majority of emerging policies and initiatives within both the public
and the private sectors, related to what has most recently been termed
“value-based health care” introduce the notion that the use of HIT and
health information exchange can play an integral part in increasing the
likelihood that improvements in quality and efficiency will result from these
initiatives. Efforts are now under way to articulate specifically how HIT
and health information exchange can play a critical role in rapidly emerg-
ing quality and efficiency-focused programs. Some value-based healthcare
efforts incorporate structural measures designed to promote the adoption
of interoperable EHRs. Nearly all such efforts currently require or plan to
require the reporting of performance measures by clinicians, which will
be difficult without the existence of a either a data warehouse or a health
information exchange network.

Exploring the Role of the Consumer as a Catalyst for Change

Consumer activation can play a key role in driving improvements
in quality and efficiency, as well as the use of HIT. This section explores
consumer perceptions regarding the value of HIT and health information
exchange, as well as their concerns.

According to research conducted by the Markle Foundation, there is a
widespread overestimate of the current use of health IT and of interoper-
ability: 40-65 percent of the public believes their doctor now has electronic
health records, and 25 percent believes the emergency department can ac-
cess their health record. Recent public opinion research sponsored by the
eHealth Initiative Foundation further supports this overestimation, indicat-
ing that of Gulf state citizens, 29 percent believe that their doctors keep
their records electronically, and 54 percent believe that backup copies of
their health information are kept in electronic form, which is simply not the
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case. In fact, according to a recent study conducted by David Blumenthal,
only 17 to 25 percent of physician offices have EHRs, with 17 percent being
the best estimate based on high-quality surveys (Blumenthal 2006).

According to research conducted by the eHealth Initiative Foundation
in June 2006, 70 percent of Americans on the Gulf Coast favor the creation
of secure, electronic health information (eHealth Initiative Foundation
2006). A similar survey by the Markle Foundation also found consider-
able support for the creation of a nationwide health information exchange
network that has the following attributes: access to information controlled
in secure online accounts; requirement for patient permission for medical
information to be shared through a network; patient control of which in-
formation is made available to other physicians; and information held and
maintained by individual physicians instead of a central database (Markle
Foundation 2005). A survey by Public Opinion Strategies in September
2005, on the behalf of the Markle Foundation, found significant interest in
using EHR-related tools: 65 percent of Americans are interested in access-
ing their records online, a service that could be enabled by a creation of the
NHIN. While younger Americans are most likely to express interest, more
than half of those 60 and older (53 percent) are interested in seeing their
health information online (Markle Foundation 20035).

When asked about perceived benefits, the research indicates that for the
most part, consumers believe a great deal of value emerges from the use
of electronic health records, HIT, or health information exchange. For ex-
ample, according to the Markle Foundation, 60 percent of Americans sup-
port the creation of a secure online “personal health record” service, and
a substantial number of consumers would use this tool to check and refill
prescriptions (68 percent); get results over the Internet (58 percent); check
for mistakes in individual medical records (69 percent); and conduct secure
and private e-mail communication with physicians (57 percent) (Markle
Foundation 2005). A recent report released by the Markle Foundation of-
fers similar insights. According to this report, the public feels that access to
personal electronic health records would have the following benefits: abil-
ity to see what their doctors write down (91 percent); ability to check for
mistakes (84 percent); and reduction in the number of repeated tests and
procedures (88 percent) (Markle Foundation 2006).

Despite these benefits, there are some concerns about the use of HIT
and health information exchange. According to the Markle Foundation
(2006) report, while Americans see many benefits of electronic personal
health information, they express concern that such information would be
used for purposes other than their own care; some of the concern expressed
include identity theft or fraud (80 percent) and marketing firms (77 per-
cent), employers (56 percent), or health insurance companies (53 percent)
gaining access to their records.
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Opportunities for Consumer Engagement

Initiatives are beginning to emerge that engage the consumer, includ-
ing personal health record services offered by private organizations such
as WebMD, initiatives led by health plans such as that announced by
America’s Health Information Plans and the Blue Cross and Blue Shield
Association, and those supported by some of the nation’s largest employ-
ers—including Intel and Wal-Mart. Such initiatives—primarily national in
nature—are designed to empower consumers, giving them the ability to
access health information—that to date is primarily claims-based informa-
tion—to help them navigate the health system.

At the same time, efforts to connect clinical data and information
across disparate systems are beginning to take place at the state, regional,
and community levels—where health care is delivered—in many parts of
the country. The eHealth Initiative Foundation survey, however, indicates
that only 6 percent of such efforts are currently interfacing with consumers
or patients. Data services that support provision of information to clini-
cians—whether in their practices, in the emergency room, or in the hospi-
tal—are ordinarily the first step for these initiatives.

As efforts at the national, state, and local levels continue to mature
and expand, there exists an enormous opportunity to engage consumers,
who—according to research—are increasingly interested in accessing their
information online. By connecting national efforts that are now beginning
to interact directly with the consumer with claims-based information, to
primarily state and local efforts that mobilize clinical information residing
in laboratories, hospitals, and physician offices, the U.S. healthcare system
has the opportunity to take a giant leap forward, bringing information not
only to those who provide care and pay for care—but most importantly,
to those receiving care.

JOINT PATIENT-PROVIDER MANAGEMENT OF THE
ELECTRONIC HEALTH RECORD

Andrew Barbash, M.D.
Apractis Solutions

The increasing adoption of the electronic health record across a variety
of settings will bring new roles and responsibilities to all those involved.
As patients, family members, clinicians, and other caregivers begin to view,
use, contribute to, and interact with information in the EHR, a new set of
“rules of engagement” will evolve, in which accountability for integrity of
data, for acting on reminders, for guardianship of privacy, and for respon-
sible communication will require a new level of collaboration. The EHR
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is increasingly considered a tool that will allow for personal ownership
of health information, which by necessity means that we will move away
from the “institution” creating the data as a single system into a more col-
laborative environment that crosses the boundaries of a clinical practice,
organizations, the individual patient, and the family. This paper outlines
some pragmatic aspects of this for the present and future.

Considering patient-provider collaboration and the electronic health
record opens a new paradigm for how to think about decision support.
Medical decision making is a difficult process and is even more difficult to
translate into something that is easily understood by patients in general.
Many medical decisions are akin to complex statistical computations and
factor in likelihood of risk and benefit, with the overall issue of our confi-
dence in the data superimposed on these elements. Does the average con-
sumer have any concept of how to make a risk-based decision? Looking at
some of the considerations, does the healthcare decision-making equation
mimic any other daily decision? For example, consider:

% risk of benefit

- % risk of adversity

x N (confidence in the data)

+ cost of making the choice

— chance of car accident on way to the test

As patients and family members gain ownership and control of more
information, either through the EHR or through the vast resources now
available to anyone with a computer and an Internet connection, they are
asked to take a larger role in this complex process of medical decision
making. Asking them to do this simply because they have the information
at hand is not sufficient, and we need to think about ways to foster col-
laborative decision making.

There are large-scale efforts under way to achieve collaboration be-
tween consumers, patients, and doctors using online resources. In addition,
there is a large and growing field that examines the decision-making behav-
ior of consumers and the internal processes that drive these decisions. Many
organizations are involved in getting consumers engaged through portals,
products, software, and communication processes, such as the Veterans
Health Administration, Kaiser Permanente, Regional Health Information
Organizations, and the Centers for Medicare and Medicaid Services (CMS),
as well as commercial vendors and small practices. The true goal of these
initiatives is ultimately to move toward a consumer-centered world in terms
of interaction with information. However most people in the healthcare
sector don’t consider collaboration tools that have been used in other indus-
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tries as useful in health care because fundamentally, the healthcare system
as it exists today lacks a culture of collaboration.

The opportunities to use EHRs as a basis for increased collaboration
between patient and provider are immense. One major consideration in
everyday health care is medication list management. This is a truly impor-
tant area because we are caught in a paradigm where there is a disconnect
between what a physician thinks a patient is taking and what the patient is
taking in reality. In this case, patients have the opportunity to play a critical
role in the translation of everyday information to their provider through
the utility of tools such as EHRs. Currently, however, few patients think it
is their responsibility to keep track of what they are actually taking. These
new tools present an opportunity to change the culture that fosters this
disconnect for both the patient and the provider.

Another opportunity centers around the ability to update conditions
and status. There is a lot of work being done on interactive patient portals
where patients can manage personal health records. This will require a
better understanding of how patients view their own condition relative to
how a health professional would characterize them, but nonetheless has
significant opportunity to benefit the patient, make disease states more un-
derstandable to the provider, and provide a means to generate information
for the healthcare system.

One of the key elements of EHRSs is the ability to facilitate automatic
alerts and reminders for physicians and patients. There are problems with
assuming that this will be a great solution across the board though, because
many busy providers will turn off these systems unless they are geared to be
germane and timely. Alerts and reminders delivered to patients will perhaps
have to have an even higher level of accuracy than they do for doctors. For
example, at Mayo there only needed to be a couple of alerts sent out for
an annual mammogram for patients who had had bilateral mastectomies
to embarrass the whole system. There is a level of sophistication that needs
to occur before something that seems so straightforward can be enacted in
reality. On the other end of the spectrum, disease management and preven-
tion are clearly areas where the role of the patient in receiving messages
and the role of providers in receiving reminders to notify the patient create
an important, and beneficial, communication interaction.

Health care, while often talked about as a data problem, is funda-
mentally just as much a communication problem. Communication, on an
organizational level, is highly nonpersonalized and noncustomizable. The
solutions emerging are the organization’s view of how to communicate with
patients, but this is very different from the patient’s perspective of what
level of communication is actually desired. On the organizational level,
we view patient centeredness as one context for the EHR, but in reality
for patients, this is just one piece of an otherwise large puzzle. From the
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patient perspective, there are many other components that are part of this
picture, including legal documents and financial records. Thus, we must
be cognizant of the real context of EHRs, which is the reality that health
care and health records are only a fraction of the multitude of factors the
consumer deals with each day.

Patients, families, clinicians, and care coordinators are all dealing with
changing technologies, changing demographics, changing knowledge, and
changing rules. We have to be highly cognizant that as patients and doctors
are trying to collaborate around order management, results management,
alerts management, and preventive reminders, the technology in many
cases moves faster than the ability to keep up with it, which creates a very
complex dynamic. Looking at patient-provider collaboration, we have key,
common tasks that each entity shares at some time; they communicate, col-
laborate, decide, document, and validate or authenticate information. True
patient-provider(s) collaboration is the same set of intersections, but with
consumers playing a bigger role. For instance in MyHealtheVet, which is an
interactive portal for Veterans Administration (VA) patients, patients will
have access to their personal health information. If they see errors, what is
their role, their responsibility, and who do they communicate with on these
issues? Each entity also plays different roles at different times and the EHR
needs to accommodate inquiries and searches, transforming information,
ordering and requesting, communicating, documenting, and responding.

Different information models are also needed. What do different users
need to know and how can we best convey this to them? Agreement that
everyone plays a role in even something as simple as a common shared
medication list might be reasonable, but what are the relative values of
similar accuracy for other “shared information?” Understanding the role
of the consumer is complex enough and will be compounded by issues
related to EHRs.

Suppose that instead of thinking heath record collaboration specifically
being oriented around the EHR, thinking shifts to collaboration in health
care in general, about how consumers think about how they collaborate,
and assigning tasks for different emerging “roles.” For example, most doc-
tors do not think of themselves as collaborators online. In addition, current
focus is “web-centric” but perhaps becoming “communication-centric” will
allow better leveraging of the web as a communication vehicle. Finally,
consumers (patients and providers) need to be more educated about the
changing tools they are being confronted with that could put them at the
center of their own health management.

There is tremendous opportunity to begin to tackle these issues. Col-
laboration, occurring online, will provide insights into what new evidence
is needed to move forward: what level of adoption or critical mass creates
the transition point for stakeholders; how dependent “compliance” is on
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the “technology vehicles”; what the business models are that maximize
productive participation; and what impact more “ambiguous” data have
on an increasingly evidence-driven system.

EVIDENCE AND SHARED DECISION MAKING

James N. Weinstein, M.D.,' and Kate Clay, M.A., B.S.N., R.N.
Dartmouth-Hitchcock Medical Center

The challenges to the healthcare system are so formidable that patients
must be central players in the decisions necessary. In 1935, Lawrence
Henderson noted that “patients and doctors are part of the same system.”
Seventy years later, Alan Greenspan, the former chairman of the Federal
Reserve Board, noted in effect that they must be directly engaged because
of the potentially “abrupt and painful” choices when baby boomers reach
retirement age unless Medicare and Social Security benefits are cut back so
retirees are not expecting more than can be delivered. Increasing life expec-
tancy, decreasing birth rates, and limits on the impact of productivity and
economic growth all contribute to the impending crisis (Greenspan 2004).

Reduction in public programs is code for rationing health care in a
society that has fostered the attitude that some of its members should have
access to the latest, newest, and best without regard to cost. With a 7 per-
cent annual increase in healthcare costs, and a $2 trillion annual bill, at this
point in our history, the question seems to be: Should we do less (ration
health care), or should we see this as an opportunity to do better (create a
rational healthcare system that offers care that works, and make patients
our partners in healthcare decision-making)?

Given the current opportunity and challenges, how do we move for-
ward to implement best practices; narrow the currently observed practice
variations that result in under-, over-, and inappropriate utilization of care;
and provide rationalized best care for all? This crossroad calls for innova-
tive strategies and the willingness to change. Focusing on the patient is
our single best course of action and the source of partnership in catalyzing
systemic change.

IDr. Weinstein has in the past served as a consultant to the Foundation of Informed Medical
Decision-Making which develops the content for the shared decision-making videos (proceeds
directed to the Center for the Evaluative Clinical Sciences (CECS) and the Department of Or-
thopaedics); and to United Healthcare (proceeds directed to the Brie Fund, a fund for children
with disabilities in the name of his daughter who passed away from leukemia).
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The Informed Patient Model

We have limited resources, yet members of the public want health
care to improve and they want their doctors to improve it. So, how do we
partner with patients toward this goal? We can start by taking the best evi-
dence from reliable sources (e.g., the Cochrane Collaboration (http://www.
cochrane.org/) and altruistic clinical trials (Weinstein 2006)) and begin to
apply evidence-based information to clinical practice. Today, health care
is at a critical juncture, trying to implement a continuous stream of new
treatments and technologies into a system that is already struggling with
overuse of unproven and unnecessary care that increases utilization and
cost without the necessary “best” evidence. The “informed choice” model
being proposed here is one vehicle to inform patients of best evidence at the
point of care—during their appointments with their doctors—the interface
wherein medical decisions are being made.

The aim is to partner with our patients in the healthcare decisions that
are “close calls,” where clinicians are at equipoise with regard to treatment
options (e.g., back pain, hypertension, benign prostate conditions, breast
cancer, coronary artery disease, and end-of-life decisions). Technology (in
this case, shared decision making, as a means to informed choice) needs
to be brought into clinical practice to support close call decision making.
Making the right choice for a given patient or population of patients lies
with our patients, not with individual doctors, who either have no unbiased
evidence-based treatment alternatives to offer their patients or, less often,
have a conflict of interest that prevents them from doing so freely. The
result of informing our patients in this way is to get the “right” rates of
treatment options by catalyzing a patient-driven change of the healthcare
system.

Well-informed patients making values-sensitive (close call) decisions in
concert with their clinicians will utilize healthcare resources at the “right”
rate: the rate at which they prefer to undertake more or less expensive and
intensive care. In a Canadian study of patient preferences for knee replace-
ment surgery (Hawker et al. 2001), only 15 percent of those who were
eligible by clinical measures actually preferred to have surgery. Imagine the
savings: if all candidates for elective medical treatments and surgery were
asked to express their values and state their treatment preferences, we might
save enough money to keep Alan Greenspan’s worst fears at bay. More
importantly, we could leverage these savings to provide evidence-based ef-
fective care for those in need.

Directing decision making toward patients activates a partnership that
provides them with the latest information on what is known or not known
about a condition, engages them in a shared decision-making conversation
that elicits values and screening or treatment preferences, gathers data from
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them at the point of care for use in the clinical encounter, and reaches an in-
formed choice that is agreed on by patient and clinician and acted upon.

Doing What Works: Evidence-Based Medicine

Archie Cochrane, whose contributions to epidemiology are best known
through the Cochrane Collaboration, offered the challenge of evidence-
based medicine. In particular, he advocated that “because resources would
always be limited, they should be used to provide equitably those forms of
health care which had been shown in properly designed evaluations to be
effective” (The Cochrane Collaboration 2006). Today there are numerous
Cochrane groups around the world synthesizing the literature on effective
care. Most are attempted meta-analyses based on inadequate studies, and
nearly all suggest that more studies are needed. This is not a criticism of
investigations or investigators of the past; randomized trials are difficult
at best, especially in the surgical disciplines (Carragee 2006; Flum 2006;
Weinstein et al. 2006b; Weinstein et al. 2006c¢). Yet both patients and phy-
sicians would do well to understand that at this point, medicine, in many
cases, is truly more art than science, and the struggle to keep up with un-
proven scientific innovations threatens to overwhelm patient care.

In the continuum of science and technology, the objective is to follow
the trail of new evidence as it evolves and to act accordingly. Many benefi-
cial treatments and processes in current practice are underutilized, as dem-
onstrated by the tremendous variation in the use of such things as aspirin
and beta blockers after myocardial infarction (MI), prophylactic antibiotics
before surgery, and protection against deep vein thrombosis (DVT). Bas-
ing clinical practice on evidence will adjust underuse of beneficial care and
overuse of preference-sensitive care that is recommended by clinicians but
not preferred by patients.

The Learning Healthcare System

The United States is lagging behind in providing meaningful support for
clinical excellence. The British National Health Service (NHS) has taken the
lead in fostering a learning healthcare system by creating the National Insti-
tute for Health and Clinical Excellence (NICE). The essential components
of such a system are multidisciplinary evidence-based clinical practice and
a process for learning from errors (Sheaff and Pilgrim 2006). The institute
is tasked with advising healthcare professionals on how to provide patients
the highest standards of care. NICE is using a three-pronged approach:
an appraisals program, a guidelines program, and an interventional pro-
cedures program (Rawlins 2004). It is charged with assessing clinical and
cost-effectiveness of drugs, devices, and diagnostic tools. Based on these
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assessments, practice guidelines provide advice on whether and how these
should be used.

To date, NICE has produced reports on nearly 250 products. As in the
Cochrane model, its work is grounded in systematic reviews of randomized
trials (and observational studies when appropriate) in order to estimate the
true effect size more accurately. The guidelines are developed by indepen-
dent, unpaid advisory boards drawn from the NHS, academia (including
economics), professional societies, and patients and patient groups; the
NHS has a legal obligation to provide the resources necessary for imple-
mentation. It is fully intended that physician pay will be linked to the qual-
ity of care. Paul Shekelle, M.D., described this as “an initiative . . . that is
the boldest such proposal attempted anywhere in the world. . . . With one
mighty leap, the NHS has vaulted over anything being attempted in the US,
the previous leader in quality improvement initiatives” (Roland 2004).

Patient surveys are another new tool for the NHS. Physicians are re-
warded, not for the scores, but for having surveyed the patients and then
acted on the results by discussing them with patients. Physicians are now be-
ginning to compare practices using these scores. This is a learning healthcare
system in action. Rather than asking patients to learn from providers about
healthcare options and recommendations, they are asked to let providers
learn from them and to partner with providers in an exchange of information
used to make an informed choice in real time during the clinical encounter.

The use of patient surveys in the United Kingdom is a strategy that has
been in place within the Spine Center at the Dartmouth-Hitchcock Medi-
cal Center (DHMC) in Lebanon, New Hampshire, since 1997 (Weinstein
et al. 2000), and in the Comprehensive Breast Program at DHMC since
2004. In the late 1990s, both the Spine Center (SC) and the first Center for
Shared Decision-Making (CSDM) in the United States opened at DHMC.
The Spine Center was designed to be a high-performing micro-system of
care that incorporates a feed forward-feed back model at the point of care.
The Spine Center Patient Summary Report uses patient self-reported data
“commonly used for measurement of outcomes (feedback) to the clinician
for use in clinical assessment (feed forward)”(Weinstein and Clay [submit-
ted 2006]). This design was based in part on a trial done in the early 1990s,
which found that after patients viewed a shared decision-making CD on
treatment choices, procedure rates changed; patients chose lower rates of
surgery for herniated disc and slightly higher rates for spinal stenosis (Ciol
et al. 1996; Deyo et al. 1998). The face validity of this trial was consistent
with the best evidence available at the time, which called for different
rates of intervention than were being observed. It was this knowledge that
inspired the pursuit of the “patient as a catalyst for change” using shared
decision making as the vehicle. This has become the Spine Center Learning
Microsystem.
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Validated measurement tools are used at Dartmouth to give a snapshot
of how each patient is doing in comparison to the last visit, so that care
plans can be tailored by taking into account self-ratings and treatment pref-
erences. Planning for DHMC institution-wide use of patient self-reported
intake questionnaires for all patients at all points of care is well under way.
This approach remains limited to pockets of excellence, because the U.S.
healthcare system does not offer incentives for such patient-focused innova-
tions, which is a significant barrier to their widespread use.

Doing What Works: Shared Decision Making

A minority of current healthcare practices are grounded in evidence-
based information. As a profession and a system we have experienced some
costly mistakes, such as recommending hormone replacement therapy to re-
duce cardiovascular risk in women. Millions of women were treated largely
for the indication of cardiovascular health before a randomized trial dem-
onstrated no benefit (Rossouw et al. 2002). Yet only a limited number of
treatment recommendations are based on high-quality clinical trial evidence
of efficacy. Decisions in health care do not, in general, have clear answers.
The risk-benefit ratios are either scientifically uncertain or unknown, and
their presentation to patients has not incorporated the role of values in
weighing risks or benefits (Weinstein and Clay [submitted 2006]).

How do we approach healthcare decision making in cases where good
evidence exists and also where it does not? There is a growing movement
toward the concept of shared decision making as a process that can lead
clinicians and patients to an informed choice based on a clear understand-
ing of clinical evidence or lack thereof. Shared decision making is the col-
laboration between patients and clinicians to come to an agreement about
a healthcare decision. The process is especially useful when there is no
clear “best” treatment option. Clinicians and patients share information
with each other in order to understand the likely outcomes of the options
at hand, think about values as they relate to the risks and benefits of each
option, and participate jointly in decisions about medical care.

Not all healthcare decisions are amenable to the shared decision-making
process. In cases where there is strong evidence for the effectiveness of a
treatment (e.g., treating a hip fracture or bacterial pneumonia), there is
usually strong agreement among both clinicians and patients that these are
valued interventions. However, many conditions, such as chronic low back
pain, early-stage breast or prostate cancer, benign prostate enlargement, or
abnormal uterine bleeding, are value sensitive. Reasons to consider higher-
risk options in these cases are less clear and fall more under the purview of
the patient. In such cases, the path of watchful waiting may be an option
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worth considering, and the valuing of risks and benefits becomes individual
and personal (Weinstein et al. 2006b; Weinstein et al. 2006c¢).

In such decisions, the best choice should, in fact, depend on a patient’s
values with regard both to benefits and harms and to the scientific uncer-
tainty associated with alternative treatment options. There is tremendous
geographic variation in the use of value-sensitive options in our country.
Low back pain treated with fusion is one example. Fusion surgery rates
vary more than twentyfold and are dependent on where one lives and who
one sees (Weinstein et al. 2006a). The rates of spine fusion rose more than
300 percent from 1992 to 2003, and the cost increased nearly 500 percent.
In this example, lack of evidence-based medicine to support treatment
decisions reveals significant scientific uncertainty expressed as increased
regional variation and cost. Where there is significant regional variation, it
is often the case that the proposed doctrine of informed choice is not con-
sidered. In such environments, the patient is the recipient of physician-based
information rather than a partner in the decision-making process.

Another example is insurer-based limitation of information. Recently
CMS, for the first time, made a decision not to pay for a new artificial
disk technology, despite Food and Drug Administration (FDA) approval.
Patients should know about this option; when they are engaged in informed
choice and given a balanced presentation of all options and the evidence
of efficacy (or lack thereof), patients tend to make the right decisions that
set the benchmark for the right rates of surgeries and medical treatments
(Ciol et al. 1996; Deyo et al. 1998; Deyo et al. 2000; O’Connor et al. 2004;
Weinstein 2005).

Doing What Works: Patient Decision Aids

One good way to ensure the provision of balanced, evidence-based in-
formation is to integrate high-quality decision aids into the informed choice
process whenever possible. Numerous randomized trials indicate that deci-
sion aids improve decision quality and prevent overuse of treatments that
informed patients do not value (O’Connor et al. 2004).

Research has shown that the use of a patient decision aid (PtDA) as
part of the process of making a treatment choice has unique value. Decision
aids are defined as “interventions designed to help people make specific and
deliberative choices among options (including the status quo) by providing
(at the minimum) information on the options and outcomes relevant to a
person’s health status” (O’Connor et al. 2004). Thirty-four randomized
trials have shown that decision aids improve decision-making by:

¢ Improving knowledge of the options, pros and cons;
e Creating more realistic expectations;
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Lowering decisional conflict;

Reducing uncertainty about what to choose;

Enhancing active participation in decision making;

Decreasing the proportion of people who are undecided; and
Improving agreement between values and choices (O'Connor et al.

2004).

Patients who use decision aids at DHMC rate them as having the right
amount of information, being balanced in presenting information about the
options, and being helpful in making their decisions, and say they would

recommend the videos to others who are facing the same decision (see
Table 6-1).

Doing What Works: Informed Choice

Focusing on patients changes the doctrine of informed consent, now
antiquated and inadequate to meet the need of the current doctor-patient

TABLE 6-1 Treatment Intention Before and After Video Decision Aid for
Spinal Stenosis, Herniated Disc, Knee, and Hip Osteoarthritis

After Video Intention (N)

Video Before Video
Decision Aid  Intention N Unsure Nonsurgical Surgery
Spinal Unsure 65 31 30 4
stenosis Nonsurgical 91 8 80 3
Surgery 42 4 1 37
Total 198 43 111 44
Herniated Unsure 38 21 12 5
disc Nonsurgical 91 6 83 2
Surgery 45 2 3 40
Total 174 29 98 47
Knee Unsure 17 7 4 6
osteoarthritis  Nonsurgical 14 0 12
Surgery 93 4 2 87
Total 124 11 18 95
Hip Unsure 8 N 0 3
osteoarthritis Nonsurgical 3 0 3 0
Surgery 49 2 0 47
Total 60 7 3 50

SOURCE: Author’s summary of self-reported patient questionnaires.
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relationship to share information in a partnership. The patient-based doc-
trine of informed choice transforms informed consent with the addition of
shared decision-making and the use of decision aids as an impartial source
of information. This process includes the following:

e Provision of balanced, evidence-based information on all options;

e Discussion of benefits and risks of each option and the likelihood
that they will occur, using framing and language understandable to
the patient;

¢ Elicitation of patient values and preferred role in decision making;
and

e Arriving at a treatment decision through discussion between clini-
cian and patient.

Using these steps in the clinical encounter has been shown to actively en-
gage patients in decision making and to arrive at a treatment choice that
is the right choice because it is based on good information and on the
patient’s values.

Barriers to Doing What Works

As with any intervention that is perceived to alter the usual doctor-
patient relationship, recommendations for basing patient-focused care on
evidence and fully engaging the patient in decision making can be threaten-
ing and become a barrier to implementation. The first hurdle to overcome
is the resistance that comes with any change at the level of the clinician-
patient encounter. In addition to resistance on the part of clinicians, there
are barriers to implementing these strategies at other levels: health plans,
health systems, even patients, some of whom just want the doctor to decide.
Current practice incentives (e.g., fee-for-service model) are not aligned for
the patient and are certainly not aligned to provide the best health care has
to offer. The lack of appropriate incentives represents an important barrier
to utilizing novel approaches to catalyze meaningful change.

Overcoming Barriers—
Value-Added Proposition for Clinicians and Patients

How do we incorporate informed choice into the flow of a busy phy-
sician’s practice? How do we make decisions based on evidence and real
knowledge, whether it comes from practical, pragmatic, observational, or
randomized trials (Weinstein et al. 2000)? Remember, informed choice is by
definition the process of interacting with patients and arriving at informed,
values-based choices when options have features that patients value dif-
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ferently. We all value risks and benefits differently, so a one-size-fits-all
approach will not work. Any new approach must be integrated easily into
the normal workflow; it must improve clinical care and it must help the
doctor or the doctor won’t be an advocate for it.

The Spine Patient Outcomes Research Trial (SPORT) (Weinstein et al.
2006¢; Weinstein et al. 2006b; Birkmeyer et al. 2002) is one example of
how these barriers can be addressed in clinical practice (Weinstein et al.
2000). SPORT is a novel, practical clinical trial that utilized shared decision
making as part of a generalizable, evidence-based enrollment strategy. It
also took advantage of the computer as a technology partner in healthcare
delivery (Birkmeyer et al. 2002; Arega et al. 2006). The SPORT multicenter
trial enrolled patients at 13 centers in 11 states. It was not an add-on to the
practice; it was usual care with systems already in place and shared deci-
sion making as part of the enrollment process. Patients who were eligible
for SPORT viewed one of two shared decision-making videos: Treatment
Choices for Low Back Pain: Herniated Disc or Treatment Choices for Low
Back Pain: Spinal Stenosis. They were then offered trial enrollment and
selected either the randomization cohort or the observational (preference)
cohort, which allowed us to look at generalizability of the randomized
arm versus the observational arm (Weinstein et al. 2006b; Weinstein et
al. 2006¢). The randomization cohort was randomly assigned surgical or
medical management; the preference cohort chose surgery or the alterna-
tive. Using data from SPORT, we will be able to share probabilities with our
patients so they have better information about their treatment options and
the treatment outcomes. The issues of numeracy and patient understanding
of risk-benefit information are well known and are not insignificant; thus
we need to work on how we frame and transmit information to our patients
and how patients interpret information so they can better understand it and
make truly informed choices.

An added benefit may be that patient decision aids enhance minority
enrollment in clinical studies. The SPORT protocol and its use of shared
decision making may have facilitated enrollment across racial groups into
SPORT (Arega et al. 2006). While previous studies have demonstrated low
rates of minority participation in randomized trials, SPORT investigators
discovered that this likely has more to do with treatment preference than
with an unwillingness to randomize (Arega et al. 2006). Preference-based
trials may be a mechanism to enhance enrollment of minority populations
necessary for broader indications and use in clinical practice.

In a paper for Health Affairs, the principles of preference-sensitive care
were applied to health economics (Weinstein et al. 2004). Data analysis
showed that residents of Florida are much more likely to have surgical
procedures if they live on the west coast rather than the east coast. In
Florida, as in the United States in general, “geography is destiny.” From
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a healthcare policy perspective, this speaks not only to the quality and
costs of health care, but to the value of care delivered. Employing shared
decision-making tools and the informed choice process on the west coast
of Florida is an opportunity in waiting, to adjust surgery rates so they are
driven by patient preference rather than zip code (Weinstein et al. 2006a;
Weinstein et al. 2004).

In summary, resources must be redeployed utilizing best evidence and
shared decision making. By allowing patients to be active partners in
their healthcare decisions, there will be better prospects for resolving the
economic crisis now faced. The patient as a catalyst for change is, in fact,
where real change can be leveraged. Studies utilizing shared decision mak-
ing for spine surgery showed a reduction in herniated disk surgery of about
30 percent (Deyo et al. 1998; Ciol et al. 1996). These tools work across the
board; about 25 to 30 percent of our patients who have formed a “naive”
treatment preference actually change their preference when informed via
shared decision making and tend to prefer the less aggressive procedure.
Given the change in demand for procedures based on patient preferences,
here is an opportunity to suggest that less is more (Fisher and Welch 2000,
1999). In a system wherein the evidence is mixed at best, why not respect
patients and their values? If the evidence does not suggest a detrimental
outcome, why not let our patients be the guide? Given that patients tend to
be risk-averse, there is much to be gained by partnering with our patients:
trust, better outcomes, better quality, and compliance. Of course, the cost
of care also will be less. Now we can provide more of what really works
to all of those truly in need.

What we are talking about is not new; patients and doctors have always
been part of the same system. We need to shift from an independent doctor-
patient relationship to a relationship where we are on the same team, shifting
our roles so we are coaching each other and helping each other to improve
health care for each individual patient. In this respect it is important to keep
in mind a quote from a factory worker who said, “If we always do what we
have always done, we will always get what we have always gotten.”

It is time to adopt a doctrine of evidence-based informed choice, utiliz-
ing our patients as partners and catalysts to change health care. We must
not ration health care but rationalize it based on best evidence. We must
adopt and implement technologies that provide the evidence necessary for
best clinical practice to help all at the expense of none.
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Training the Learning
Health Professional

OVERVIEW

In a system that increasingly learns from data collected at the point
of care and applies the lessons for patient care improvement, healthcare
professionals will continue to be the linchpin of the front lines, assessing
the needs, directing the approaches, ensuring the integrity of the tracking
and the quality of the outcomes, and leading innovation. However, what
these practitioners will need to know and how they learn will dramati-
cally change. Orienting practice around a continually evolving evidence
base requires new ways of thinking about how we can create and sustain
a healthcare workforce that recognizes the role of evidence in decision
making and is attuned to lifelong learning. Presentations throughout the
workshop revealed concern from many different sectors on how to best fill
the pipeline with students dedicated to building and applying an expanded
evidence base for health care and establish a culture that encourages col-
laboration across the spectrum of care delivery and health professions.
This session explored three of the many conduits for educating health
professionals: existing and emerging decision support, formal educational
requirements, and continuing education programs. In addressing this broad
topic, speakers raised a wide range of issues and emphasized the pressing
need for culture change throughout the healthcare system.

In the first paper, William Stead discusses the challenges that confront
the health professional in acquiring the knowledge relevant to provid-
ing individualized care to patients. With the expansion of genomics and
proteomics, he predicts a one- to two-order-of-magnitude change in the
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amount of information needed for clinical decisions—far exceeding the
capacity of the human mind. The electronic health record (EHR) will help
health professionals accommodate this overload and deliver evidence-based,
individualized care. In such a system, EHRs would change the practice eco-
system by making learning continuous, with clinical practice augmented by
“just-in-time” access to information and curricula. In addition, when paired
with clinical informatics tools, EHRs can support a number of learning
strategies ranging from identification of variation in care, to hypothesis gen-
eration, to phenotype-genotype hypothesis testing. Achieving this potential
will require a completely new approach, entailing discontinuous changes in
how we define the roles of health professionals and how we learn.

Mary Mundinger of the Columbia School of Nursing then outlines
some of the challenges in health professions education with regard to
orienting training around an evolving evidence base. Grounding the teach-
ing approach in evidence and adopting translational research as a guiding
principle can lead to a continuous cycle in which students and faculty
engage in research, implementation, dissemination, and inquiry. Yet most
institutions find considerable variance in the level of integration of evidence
into education across health professions. While intellectual engagement
with evidence-based practice is evident in faculty publications, it often has
not yet found its way substantially into the curriculum as a framework for
training. In part, educational efforts always lag behind academic practice,
but changes in the culture of medical practice are needed to ensure that
educating health professionals about the benefits and methods of bringing
evidence to their daily practice actually produces a skill that is recognized
and utilized in the healthcare setting.

In the chapter’s final paper, Mark Williams discusses the shortfalls of
current continuing medical education (CME) efforts and urges a shift to a
knowledge translation approach that is integrated with practice and occurs
on a daily basis. He notes that change is needed not only in the content and
approach of CME but also in the culture of medical practice, advocating for
a shift toward collaborative teamwork and increased cross-departmental
collaboration, coupled with incentives for change and the provision of tools
to facilitate such change.

CLINICIANS AND THE ELECTRONIC HEALTH RECORD
AS A LEARNING TOOL

William W. Stead, M.D.
Vanderbilt University

The electronic health record is one key to a shift to systems approaches
to evidence-based care that is nonetheless individualized. EHRs enable
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change in the practice ecosystem (Stead 2007). They change roles and
responsibilities, what the clinician needs to know, and how the clinician
learns, while providing a new source of information. These changes are
discontinuous, not an incremental improvement in what we do today.
Hence, conversations about using the EHR are not generally focused on
issues of providing evidence to, or generating evidence from, our current
practice processes. Yet let us consider nine ways the EHR and clinical in-
formatics tools could potentially be used to generate and apply evidence:
using billing data to identify variability in practice; EHR data to direct care;
EHR data to relate outcomes back to practice; EHR data to monitor open-
loop processes; decision support systems for alerts and reminders within
clinical workflow; decision support systems for patient-specific alerts to
change in practice; decision support systems for links to evidence within
clinical workflow; de-identified EHR data to detect unexpected events; and
de-identified EHR and Biobank data for phenotype-genotype hypothesis
generation. Illustrative examples will be drawn from how Vanderbilt uses
informatics, coupled with electronic health records, to support learning in
clinical workflow and population management.

Call for a Discontinuous Change in How Clinicians Learn

Figure 7-1 depicts the current medical decision-making model. The
clinician is an integrator, aggregating information from the patients and
their records with biomedical knowledge, recognizing patterns, making
decisions, and trying to translate those decisions into action. Cognitive
research has shown that the human mind can handle about seven facts at
a time in a decision-making process (Miller 1956; Cowan 2000). We are
bumping up against that limit today. This cognitive overload is one of the

Clinician
Synthesis

"\ \_& Decision

Patient
Record

FIGURE 7-1 The decision model of the 1900s.
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reasons we see the overuse, underuse, and misuse in health care that the
Institute of Medicine (IOM) has highlighted in the Quality Chasm Series.
This overload will get worse by one or two orders of magnitude as biomedi-
cal research turns functional genomics and proteomics into clinically useful
information. We need a new decision-making model to deliver reproducible
quality in the face of increasingly rich information sources.

Figure 7-2 depicts a possible alternative that emerged during Vanderbilt
University Medical Center’s strategic planning process (Vanderbilt Medical
Center September 2005) and the visioning phase of the National Library
of Medicine’s long range planning process (NLM Board of Regents, Na-
tional Institutes of Health 2006). Basically we envision a personal health
knowledge base. This new resource would be much more than the personal
health records emerging today. It would be a pre-computed intelligent in-
tegration of the individual’s health information, together with the subset
of biomedical evidence relevant to that individual, presented in a way that
lets the clinician and the patient—with very different learning levels and
learning styles—make the right decisions. Such a model changes what the
clinician needs to know to perform. For example, factual recall becomes
less important and coaching skills become more important.

We also envision a change in how we learn. In 1973, T was taught in
medical school a defined body of biomedical information, “just in case” I
needed it. I was also trained as a scientist so that I could discover and learn
through reading and practice. I was tested on the body of knowledge and
credentialed as “knowing enough” through my degree, my license, and my
boards in internal medicine and nephrology. If you think about it, you will
realize that we can not achieve acceptable healthcare quality with that ap-
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FIGURE 7-2 A possible model for the 2000s.
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FIGURE 7-3 Continuous learning during performance.

proach to learning. It is not just that we have more biomedical information
than anyone can learn or keep up with, even with ever-increasing specializa-
tion and a fifth year of medical school. The bigger problem is the variability
in practice that comes from letting individuals learn, one by one, from their
practice. Process reproducibility is a key to ensuring quality.

The clinician of tomorrow should be trained as a pilot to “fly” a system
of care. In such a system, learning would be continuous and augmented
with “just-in-time” access to information in clinical workflow. Creden-
tials would be competency-based, reflecting current information about
the individual’s learning record and outcomes. Figure 7-3 depicts how a
systems approach to learning might work. At its center is assessment. The
system would decide if the clinician knows what she needs to know to do
what she is going to do next. If the answer is yes, based on her learning
and outcome records, she proceeds to perform the clinical task (right-hand
circle). Her knowledge of how to use facts is assisted by computer recall
of details, such as specific drug-drug interactions. Electronic records track
the patient’s progress and provide feedback regarding the effectiveness of
the “system” and the clinician. After each cycle of clinical performance,
her competency is reassessed. She flips into the learn cycle (left-hand circle)
whenever additional knowledge or improvement is needed. The learn cycle
begins by assembling a targeted curriculum using tools such as the Vander-
bilt University School of Medicine’s KnowledgeMap (Denny et al. 2003).
Next she reads and assimilates the information. Finally, she uses simulation
to test understanding and technical skill. The simulator pushes her past her
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limit of competency, ensuring individual understanding of that boundary.
The simulator takes her back to the assessment point. If knowledge and
skill are adequate, she flips back over into the performance mode. If not,
she repeats the learn cycle.

Electronic Health Records as Learning Tools

Box 7-1 presents a framework of nine ways the EHR and clinical infor-
matics tools can be used to support aspects of learning. It is a “splitter’s”
view to point out the many data sources available and the “niche” of
various tools. Certain learning strategies can be supported by billing data,
others take full EHR, others take decision support systems, others take de-
identified EHR data or a combination of de-identified health record and a
bio bank.

The easiest step is to use billing data to identify variability in practice.
You can use the data for a practice group to help members identify where
they have variability. At Vanderbilt, we started with a top-to-bottom sort
of range in resource utilization by Diagnosis-Related Group (DRG) or
procedure code. Since this measures intragroup variability, it avoids the
comparable population challenge of external benchmarks. We then got the
group around the table, helped members look at areas where they had high
variability, and asked what they wanted to do most of the time. We reflected
these decisions in collaborative care pathways. In many cases, we took out

BOX 7-1
A Splitters View of EHR Data and Tools to Support Learning

Billing Data

1. Data to identify variability in practice
Electronic Health Records

2. Data for direct care

3. Data to relate outcomes back to practice

4. Data to monitor open-loop processes
Decision Support Systems

5. Alerts and reminders within clinical workflow
6. Patient-specific alerts to change in practice
7. Links to evidence within clinical workflow

8. Detection of unexpected events
De-identified EHR and Biobank

9. Phenotype-genotype hypothesis generation
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as much as 40 percent of the work, while decreasing morbidity and mortal-
ity (Koch, Seckin, and Smith 19935). So utilizing just billing data—which
almost everyone has today —we have seen significant improvement.

Full EHRs are more complicated and more powerful. For the purposes
of this discussion, uses of EHR data can be separated from uses of the
clinical workflow software that is commonly bundled in the purchase of an
electronic medical record system. EHRs provide ready access to data about
the patient, freeing up the clinician’s mind during direct care to focus on
synthesis and pattern recognition. In addition, they provide a hypothesis
generation resource as a “free” by-product of care. For example, the Duke
Cardiovascular Databank (Rosati et al. 1975), begun in the mid-1970s,
was probably the first large-scale case of using the computer as a time-
lapse camera to tie clinical outcome back to the practice that produced it.
Baseline data were captured for each patient admitted with cardiovascular
disease, the results of their studies and procedures were entered, and a re-
search team added outcome data with long-term follow-up. The Databank
led to early ambulation post-myocardial infarction. Before the Databank,
patients were put on prolonged bed rest. A query to the Databank showed
a patient would not have complications if they did not occur in the first
few hours. This “dry lab” hypothesis was then tested through a targeted
controlled trial (McNeer et al. 1978). It is unlikely this finding would have
been reached so quickly with conventional trails alone. Finally, data in the
EHR can provide the feedback to trigger an external monitor of an open-
loop process. Open-loop processes operate without internal feedback for
real-time model adaptation. If an open-loop process makes frequent status
reports, an external monitor can intervene if the status moves out of an
acceptable range. Consider the requirement to administer antibiotics in a
fixed time to patients presenting with pneumonia. One approach would be
to force every clinician to use a programmed work process for every patient.
This branching logic approach works at a microsystem level where a deci-
sion situation needs to be handled the same way over and over. By contrast,
patients, who may ultimately turn out to have pneumonia, present in many
ways and to all parts of the health system—a macrosystem problem. A bet-
ter approach combines the open-loop process of the human clinician with
a real-time event monitor. The clinician would be free to obtain data and
recognize patterns. The monitor would check all records to see if recently
arriving patients have been ruled in or out of the pneumonia population.
If this event has not occurred within a specified period, the monitor could
intervene to notify the clinician to make a decision whether or not the prob-
ability of pneumonia justified proceeding with administration of an initial
dose of antibiotic.

Decision support systems, when informed by data from the EHR, per-
mit alerts and reminders in clinical workflow as a helpful check on memory.
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For example, the clinician is alerted to an allergy to a drug being ordered
or reminded to order levels of aminoglycosides. Patient-specific alerts to
information about a recommended change in practice can take the next
step by supporting learning at a “teachable moment.” For example, the
pharmacy and therapeutics committee at Vanderbilt recommends use of
cephepime instead of ceftazidime for antipseudomonal treatment. When a
clinician begins to order ceftazidime, a web page comes up with the rec-
ommendation, radio buttons pre-computed as to how to apply the recom-
mendations to the particular patient, and links to the evidence leading to
the recommendation. This approach closes the gap between new informa-
tion, learning, and translation into practice. The direct link to the evidence
provides the hook for processes to keep the recommendation up-to-date as
information changes.

As we look to the future, we expect to aggregate de-identified extracts
of EHR data on large populations and to use pattern discovery algorithms
to detect unexpected events, an approach the National Library of Medi-
cine is funding a dataset to test (Miller 2006). Derivatives of the electronic
patient chart are being constructed—for example, converting all dates to
an offset to a random start time. This approach maintains the temporal
relationships within the record while removing reference points that might
result in re-identification. Such abstracts might be aggregated on a large
scale to detect more quickly problems such as the complications of Vioxx.
It might then be possible to decrease pre-market testing by assuring robust
post-market surveillance with systematic translation of problem detection
into practice. As a next step, Vanderbilt is going live with a project to bank
de-identified DNA samples of all patients who do not opt out. A one-way
hash will link these samples to the synthetic derivative of the electronic
chart, permitting phenotype-genotype hypothesis testing.

Challenges to Achieving the Potential

The potential use of EHRSs as a tool for learning has been clear for de-
cades. I include a number of older citations to underscore the maturity of
many of these ideas. Until recently, the underlying information technology
did not scale up to handle the amount or complexity of biomedical informa-
tion. Such technical limits are behind us. Google shows the ease with which
information can be aggregated from across the globe and made accessible.
A number of challenging problems remain to work through. Examples
include how to authenticate a patient to his or her record without requir-
ing yet another identifier; how to support both confidentiality and access;
and how to achieve interoperability for core items such as allergies while
enabling access to data that are too highly dimensional to be regularized;
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and so forth. However, these informatics challenges are not the major rate-
limiting steps at this juncture.

Our capacity to envision a new way of working and to manage the
transition is the rate-limiting step. The changes to systems approaches to
care and learning are discontinuous. By discontinuous, I mean that we can-
not achieve the ultimate potential by fixing aspects of our current health
non-system. The goal is a completely new approach. People’s roles and
responsibilities, the process, and the technology all need to change. These
changes must be coordinated and take place in steps that can be accom-
modated within the current non-system while leading to another system. At
the end of the journey we will see quite different professions, credentialing,
decision-making strategies, et cetera.

The Institute of Medicine has taken a leadership role in highlighting the
quality problems inherent in today’s health non-system and in calling for
systems approaches to care. To date its reports recommend how to cross
the chasm through a set of targeted fixes such as adoption of information
technology or addition of certain competencies to the health science cur-
riculum. It is not likely that we can achieve the discontinuous change in
how we provide care without equally discontinuous changes in our defini-
tions of professional roles and how we learn. We need to develop pictures
of alternative visions of various combinations of roles, processes, and
infrastructure that scale up to translate our scientific breakthroughs into
the quality we want, at a price we can afford. Next, we need an actionable
road map that shows how we can implement key aspects of these visions
in the context of current reality.

EMBEDDING AN EVIDENCE PERSPECTIVE IN
HEALTH PROFESSIONS EDUCATION

Mary Mundinger, Dr.P.H., R.N.
Columbia University School of Nursing

With rapid advances in medical knowledge, teaching health profession-
als to evaluate and use evidence in clinical decision making becomes one
of the most crucial aspects of future efficacy and patient safety. This paper
discusses Columbia University School of Nursing’s approach to teaching
about evidence at the baccalaureate, masters, and clinical doctoral levels.

Fifty years ago in 1956, Sydney Burwell, dean of Harvard Medical
School, said to his students, “Half of what you are taught as medical stu-
dents will in ten years have been shown to be wrong. And the trouble is
none of your teachers knows which half” (Sackett et al. 2001). What was
once generally considered conventional care is no longer acceptable; many
think of it as undisturbed ignorance. In 1985, Skolnick, in Medicine and
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FIGURE 7-4 Medline searches.
SOURCE: NLM: www.nlm.nih.gov/bsd/medline_growth.html.

Law noted, “Failure to search the appropriate scientific literature is an ob-
vious breach of the broader duty to perform at the level of knowledge and
practice in a ... clinical specialty” (Skolnick 1985). Searching the literature
to guide practice is clearly a necessary first step, but only when sophisticated
search and analysis skills are utilized. Evidence to direct practice is being
sought more consistently as the most recent National Library of Medicine
(2006a) graph on 10 years of database searches illustrates (Figure 7-4). But
stronger educational efforts related to evidence assessment are needed to
equip healthcare professionals with the tools and skills to continually bring
the best evidence to bear on practice.

In thinking about teaching students to become evidence-based clini-
cians, there are three main questions. First is: Why teach it? This question
has been quite cogently analyzed in this workshop; essentially, it is the best
way to provide the best outcomes for our patients. The previous chapter
addresses how it helps patients participate in treatment decisions and adopt
best self-care practices. This is particularly important as we move beyond
the era in which we expected passive patient compliance with physician-
prescribed regimens. In addition, evidence-based practice is the way to
achieve highest value with available resources. There isn’t enough money
to deliver the kind of care we are delivering now and still achieve the best
possible outcomes. To improve the value of care we need to rely more on
evidence.

The second question is: What do we do? It is not enough to give one
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course and expect the concept of evidence-based practice to take hold. At
Columbia University School of Nursing, we found that we needed to exam-
ine the context and the core of how we engage in practice to get evidence-
based practice fully integrated in our curricula. Our approach was to adopt
a new guiding principle: translational research would inform everything
we did. By this we do not mean the linear bench-to-bedside approach. Our
school, in addition to having a program for college graduates to enter nurs-
ing through a second degree program, also has 12 master’s programs in a
number of clinical specialties and a doctoral research program, and we were
considering instituting the first clinical doctoral program in the country.
The doctor of nursing practice degree uses a teaching approach entirely
grounded in evidence. Translational research is essentially a process that
moves from conventional data collection, analysis, conclusions, and recom-
mendations to actively incorporating the new evidence into practice (the
hardest part), then to institutionalizing the change into policy (regulatory,
reimbursement, liability), and then to ensuring that the new ways of doing
things are taught to students. New research questions emanating from the
new “state of the art” practice close the circle.

The beauty of this continuous circular process is that it does not stop
after research changes practice. In our school, both research and clinical
faculty actively engage in this process. Research doctoral students select
studies emanating from faculty practice themes, and clinical doctoral stu-
dents engage in the process of generating data for faculty research studies.
Some examples follow. Dr. Suzanne Bakken’s research on developing infor-
matics-based approaches to patient care that enable data collection, second-
ary use of datasets, and building of evidence across evidence-based practice
studies also includes teaching data collection to B.S. students using personal
digital assistants. Doctoral research studies based on questions arising from
faculty clinical practices include such topics as adult liver donation; test-
ing acupressure for relief of AIDS-related nausea and vomiting; develop-
ment of a fall and injury risk assessment instrument; diabetes treatment in
the Hispanic population; and breast cancer screening practices. Changes
in clinical practice guidelines resulting from faculty research include the
cardiac effects of Parkinson’s drugs and depression screening for children.
Policy change as a result of clinical research and faculty practice includes a
new hospital emergency room (ER) discharge policy for pregnant women.
The interaction and active progression of translational research is a vibrant
core of faculty scholarship.

Students are taught to understand different levels of evidence and to
distinguish among good and bad studies and good studies with flawed
conclusions or wrong recommendations. If practitioners cannot make these
distinctions, the literature as an instrument of putting best evidence into
practice will be insufficient. Although understanding the five levels of evi-
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dence is the first step in becoming an evidence-based clinician, students are
also taught to focus on the critical relationship between design methods
and conclusions and recommendations and to understand how the design
of a trial might affect the ultimate strength of its recommendations. Sim-
ply having the gold standard of a randomized control trial is simply not
enough. Strategies to analyzing and implementing evidence vary. Education
of doctoral research students concentrates on analyzing evidence; training
of clinical doctoral students focuses on implementing evidence.

The third and final question is: How will we get where we want to
go? Clearly a main enabler is the electronic health record, which will be
fundamental for data mining, evidence application, and evidence genera-
tion. Although the Institute of Medicine and some of the most sophisticated
clinicians in the country have long advocated EHRs, we are still far from
achieving broad utilization. We must help students become sophisticated
readers of the literature and help them find systematic ways to phrase
questions and collect data. We need to ensure that our advanced research
courses teach the data-mining techniques that practitioners and the country
will need to move forward.

Columbia’s experience—as an academic health center that includes
medical, public health, nursing, and dentistry—is illustrative. Collectively
we have about 2,500 students, and the schools are highly integrated. More
than half the public health faculty are physicians; many faculty members
in each school have dual appointments; in nursing, 40 clinical faculty have
joint appointments in medical school departments. Yet the curricula of these
schools are quite disparate. We may be a collegial, academic campus, but
we could not be more different in how we teach evidence-based practice.
In medicine, evidence-based practice is incorporated into the curricula of
three intensive courses that span one month in the fourth year of training.
In this one month, students are introduced to the clinician scientist role,
the practicing physician role, and biomedical informatics. Nationwide,
physicians are clearly involved in evidence-based practice publications and
research, but medical school curricula do not reflect this. In dentistry,
evidence-based practice is introduced in the first semester, first year with
courses in “Scientific Inquiry and Decision Making in Dentistry” and “In-
formatics, Epidemiology, Ethics, and General Dental Practice.” Again while
this school is cognizant of bringing discussion of evidence into its curricula,
there isn’t a strong evidence-based component that is identifiable. In public
health, elements of evidence-based medicine are integrated into courses
on “Informatics” and “Health Information Technology.” Both the public
health and the medical schools have National Institutes of Health (NIH)
grants on evidence-based practice and clinical decision making. Columbia
also has the best bioinformatics department in a medical school. The intel-
lectual property for evidence-based practice certainly is present and is seen
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in faculty research publications, but it has not yet found its way into the
curricula as a very specific way to train students. Education lags somewhat
behind academic practice, and this may be true nationally as well.

In nursing, we have three separate curricula to train students for our
different-level nursing programs. To educate college graduates to become
nurses and earn a second B.S. degree we require a research utilization
course. Master’s degree students take a course titled “Assessing Clinical
Evidence” (the ACE course). For our bachelor’s nursing program we help
nurses understand established evidence-based care, understand the science
and how care protocols evolve, and how to know when to deviate from
protocols because of patient responses. In the master’s advanced practice
nursing program, we are helping our students to learn, distinguish, and
apply levels of evidence to literature analysis.

In the doctoral nursing program, students learn how to use evidence,
how to assess literature using informatics, and how to collect data and gen-
erate evidence. They gain an understanding of research design and methods
in relation to study outcomes and conclusions, the systematic use of data
to adopt and generate evidence, and interdisciplinary and cross-site col-
laboration. In our research doctoral program we offer several biostatistics
and research design and methods courses; our clinical doctoral students
take some of these same courses and also “Synthesizing, Translating, and
Integrating Clinical Evidence.” The research doctoral graduates, training
to be principal investigators, will ultimately be designing and conducting
trials; the clinical doctoral graduates will need to know when and how to
use evidence.

One particularly important point is that, although Columbia provides
this kind of training, often it is not utilized because of restrictions on the
nurse’s role in providing patient care. If we allowed nurses the opportunity
to employ evidence-based practice methods as part of their work, we might
not have a nursing shortage. Nurses are trained to look at evidence, think
critically and intelligently, and make decisions based on their knowledge,
but they are not being allowed to do this in their jobs.

The three-tiered curricula progression (B.S.-M.S.-doctorate) at Colum-
bia University Nursing School prepares graduates to distinguish and use
evidence to guide practice. Applying the evidence, however, is very much
limited by scope of practice. Hospital nurses, for example, are expected
to abide by hospital policy, established nursing protocols, and physician
orders. Professional responsibility requires the nurse to report any patient
responses that could contraindicate following current protocols or orders.
However actively initiating or changing regimens is not expected of nurses,
and often not tolerated, even if the scientific evidence validates those ac-
tions. This kind of practice is deeply unsatifisfying to knowledgeable profes-
sionals. Shift work with its shared accountability, but without any authority
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for nurses, and a hierarchy that negates the nurse’s decision making are
all factors contributing to a broken system. In the 1970s, models with
nursing accountability, M.D. partnerships, and flexibility in devising care
regimens were developed. Hospitals found them too complex in the context
of industrial organization, and physicians found giving up their total and
easy determination of ordering care irksome. So the models disappeared
(Mundinger 1973).

Nurses prepared as nurse practitioners with a master’s degree in a
specialty (adult primary care, for example) have more authority and can
utilize their decision-making ability in a more independent way. This level
of practice is again limited by regulation—this time at the state level rather
than institutional level. Each state determines the level of independence
(full, shared with a physician, or supervised by a physician) and prescriptive
authority (full, only certain categories of drugs, or cosigned by a physician).
Many qualified nurse practitioners shun opportunities in states where prac-
tice is limited.

Doctoral-level clinicians are those educated for more sophisticated
practice and decision making, and regulatory bodies (hospitals for admit-
ting privileges and states for prescribing and Medicaid reimbursement) have
not yet made distinctions between them and M.S.-prepared practitioners.
Regulation almost always lags behind practice. The Balanced Budget Act of
1997 was an exception in authorizing master’s-prepared nurse practitioners
for direct Medicare reimbursement in any site (United States Congress
1997), even though nurse practitioners are not educated for care of hos-
pitalized patients. The doctor of nursing practice degree catches up with
this regulation, educating nurses to care for patients across sites and over
time—a true professional model of responsibility that, if the principles of
educational philosophy are implemented, will be fully dedicated to advanc-
ing the application of evidence.

Several changes must occur in order to fully utilize the professional
nursing workforce and ensure application of best evidence. Hospitals must
adopt models of care that recognize nursing decision making. This is true
for bedside nurses and for doctoral-level clinicians who admit and order
care for their patients. Hospital medical boards must also change their by-
laws and provide accessible consultations, as well as privileges for doctoral-
level clinicians. Second, state regulations must be changed to standardize
and authorize nurse decision making in outpatient settings, including in-
creasing prescriptive authority, decreasing M.D. oversight, and nonrestric-
tive reimbursement from Medicaid. Third, private insurers and Medicare
must recognize doctoral clinicians and grant them parity with physicians.
Nurses have consistently demonstrated thoughtful responsibility for the
care decisions they make, and a number of studies attest to this quality
of care and outcomes (Mundinger et al. 2000). Nurses will be attracted
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to positions where their competency is operationalized, and the nursing
“shortage” would disappear.

The changes enumerated above all relate to increasing the focus by
nurses on generation and application of evidence. Especially important to
optimizing evidence-based practice is to ensure that nurses can also develop
evidence. Given the time, hospital nurses are particularly attuned to nu-
anced changes in a patient’s condition and see themes of patient response
to a variety of interventions. With a way to chart patient responses and to
indicate their nursing-specific observations and treatment, they could be the
frontline voice in guiding scientific evaluation of new or emerging evidence.
The EHR can be developed to capture these data, but its utility depends on
accurate input—a function that is often the responsibility of nurses.

Teaching baccalaureate nursing students how evidence is generated
will spark their interest as graduates to play an important role. Master’s-
prepared nurse practitioners generate evidence through the more complete
and comprehensive data they collect on their own primary care patients.
Knowing how to collect data and publish their practice perspectives will
add to the science of given clinical conditions or context of care. Doctoral
clinicians will be the major source of identifying emerging patterns or new
insights of care outcomes. Researchers will use these carefully collected data
to carry out analytical outcomes leading to new evidence-based practice
guidelines.

KNOWLEDGE TRANSLATION: REDEFINING CONTINUING
EDUCATION AROUND EVOLVING EVIDENCE

Mark V. Williams, M.D.
Emory University School of Medicine

It’s an incredibly simple idea and one that is blindingly obvious to most
lay people. . . . Assess the existing evidence and concentrate on the reli-

able stuff.
Iain Chalmers, 1996

Dramatic increases in the generation of new medical knowledge prac-
tically overwhelm practicing clinicians; in fact, entire books have been
published on how best to manage all the “evidence” available (Rennie and
Guyatt 2001; Strauss et al. 2005). Each year, thousands of clinical trials are
added to the already voluminous research literature in hundreds of journals.
For example, to keep up with germane developments in the field of internal
medicine, physicians now face the prospect of learning from thousands
of relevant articles being published each month. Not surprisingly, numb
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resignation may supplant the desired eager and interactive approach to
lifelong learning. Recognizing that learning all the evidence is impossible,
some experts recommend that healthcare providers develop information
management skills while allowing others to help identify, review, and sum-
marize salient and valid clinical information (Slawson and Shaughnessy
2005). Even with successful transfer of this responsibility for knowledge
organization, clinicians must still know how to access and deliver recom-
mended advances in clinical care and systems of delivery. Unfortunately,
physicians are doing a mediocre job of delivering recommended care to
patients, with one well-designed study showing success about half the time
(McGlynn et al. 2003); national reports confirm this though there are signs
of improvement (AHRQ 2003).

To foster the dissemination of innovation and application of new evi-
dence, clinicians must undertake efforts to ensure that clinical practice
reflects the best current evidence. While the best evidence should always
inform medical decisions and health choices, simply providing more bedside
evidence may only worsen the informational plight of busy clinicians. Con-
tinuing education after initial training plays an essential role in allowing
them to apply such new evidence effectively to patient care. The standard
approach to postgraduate physician education, traveling to a continuing
medical education course and listening to presentations in a classroom
setting, is endorsed by medical societies, supported by pharmaceutical
companies, and required by many state licensing boards. Yet, previous
systematic reviews have documented for decades that standard CME is
ineffective at changing physician behavior and translating proven interven-
tions into practice (Haynes et al. 1984; Davis et al. 1995; Davis et al. 1999).
While typical didactic sessions unsuccessfully influence practice, interactive
workshops (e.g., role playing, case discussion, practicing skills) do seem to
generate moderate changes in performance and offer hope (O’Brien et al.
2006). A variant of CME, continuous professional development, has been
advocated by the American Board of Internal Medicine and attempts to
incorporate adult learning principles and reflection (Baron 2005), but its
economic value is yet to be determined (Brown et al. 2002). Additionally,
it employs self-directed learning as a principal method, but physicians have
limited ability to self-assess their own competency (Davis et al. 2006). All
of these approaches to continuing education tend to focus on the physician
to the exclusion of other members of the healthcare team.

Demands from patients, insurers, and regulatory agencies such as the
Joint Commission on Accreditation of Healthcare Organizations (JCAHO)
and the Centers for Medicare and Medicaid Services (CMS), combined
with increased emphasis on pay for performance to improve overall qual-
ity of care, mandate changes in methods for CME (Rowe 2006). Popular
magazines such as Reader’s Digest suggest that hospitalization is equivalent
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to gambling with your life and portray patients as feeling suspended above
a chasm between known medical evidence and the care actually provided
(IOM 2001). Healthcare professionals do not have it any better; as a cover
of Time magazine proclaimed in 2006, doctors also fear for the safety
of their family members and themselves when they enter a hospital. The
overarching message is to stay out of the hospitals if you value your life.
Despite the lack of certainty regarding whether or not pay for performance
will actually improve care (Petersen et al. 2006), healthcare insurers will
increasingly use it to control costs, attempting to align payment incentives
to promote better-quality care by rewarding providers who perform well
(IOM 2007). For hospitals and healthcare systems to succeed in this new
environment, involvement of the entire healthcare team will be necessary
to utilize innovative approaches and take advantage of evolving evidence,
including both scientific advances and learning how to deliver existing ef-
fective therapies more consistently. Of note, governmental healthcare lead-
ers support the reinvention of CME and linking it to care delivery (Clancy
2004).

Knowledge translation may represent an approach that combines the
right tools with involvement of the entire healthcare team to yield truly ef-
fective CME (Davis et al. 2003). This approach moves CME to where we
deliver care, it targets all participants (patients, nurses, pharmacists, and
doctors), and the content is based around initiatives to improve health care.
Such a model marks an important shift toward translating evidence into
practice and crossing the current perceived quality chasm, while also pro-
moting an interdisciplinary approach. The theoretical underpinnings to this
approach maintain not only that we make physicians and other healthcare
providers aware of the evidence, but also that it is important that adoption
occurs, and adherence is encouraged through thoughtful incentives as well
as reminders to accomplish these goals. A review of the various components
of knowledge translation with comparison to standard CME elucidates the
advantages.

First, this approach moves CME out of the classroom into the actual
setting of care delivery. By focusing on changing participants’ behavior at
the site of care (e.g., ordering and giving influenza vaccinations to eligible
patients, measuring and treating pain post-operatively) and providing tools
or toolkits to facilitate such changes, best evidence can be delivered where
it is needed. The Society of Hospital Medicine, the medical society for hos-
pitalists, now promotes the use of such tools on its web site (http://www.
hospitalmedicine.org) to enhance patient safety and the quality of inpatient
care, and examples of their use are being published (McKean et al. 2006).
All that is lacking is the link to CME credits.

Knowledge translation also has a different target than the standard
CME focus on physicians. This model can involve the entire healthcare
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team and group learning (Davis et al. 2003). It may even include patients
in addition to nurses, pharmacists, and other healthcare providers. By cen-
tering the content on evidence that improves patient health care, instead of
purely clinical or pathophysiologic material (e.g., the need and indications
for administering an angiotensin-converting enzyme [ACE] inhibitor to
a patient with heart failure vs. the mechanism by which the medications
act on the renin-angiotensin pathway), there is a more direct impact on
outcomes. Finally, knowledge translation pursues an interdisciplinary ap-
proach with inclusion of all relevant staff in the care process, instead of
the teacher determining the goals of instruction, and employs a model that
guides implementation and evaluation of interventions. This broadens ex-
pertise to include the fields of informatics, organizational learning, social
marketing, and quality improvement (Davis et al. 2003). Although mainly
still in the conceptual phase, the continuing education model of knowledge
translation should be advanced by recent changes introduced by the Ac-
creditation Council for Graduate Medical Education (ACGME) (Leach and
Philibert 2006).

With the formation of a Committee on Innovation in the Learning En-
vironment, the ACGME seeks to achieve implementation of the expectation
that physicians be taught six general competencies: patient care, medical
knowledge, practice-based learning and improvement, interpersonal com-
munication skills, professionalism, and systems-based practice (Batalden
et al. 2002). This forces a shift from residents’ learning predominantly
through clinical experiences to also include an emphasis on mastering and
leading systems that deliver safe care (Leach and Philibert 2006). Fortu-
nately, multiple quality improvement strategies, including some with robust
research supporting their efficacy (e.g., audit and feedback), are available
to be utilized in this effort (Stein 2006).

There are some anticipated challenges with the knowledge translation
approach. We will need monitoring systems to support and document pro-
vider participation in these activities and evidence on specific mechanisms
that promote learning and change. Yet, similar to healthcare delivery, the
future of CME needs to function through collaborative teamwork in which
we pull physicians out of their autonomous role and into collaboration
with nurses, pharmacists, occupational and physical therapists, and dieti-
cians. Achieving team-based, patient-centered, evidence-based care as the
objective might occur at the local level and even nationally. The Institute
for Healthcare Improvement attempted this with its 100,000 Lives Cam-
paign and the newer 5§ Million Lives Campaign (http://www.ihi.org/THI/
Programs/Campaign/). Collaborative projects by large organizations such
as the Hospital Corporation of America (HCA; a large corporation with
almost 200 hospitals) also have the potential to impact large numbers of
patients profoundly. For example, HCA is partnering with expertise from
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an academic medical center (Vanderbilt) on a project funded by the Agency
for Healthcare Research and Quality (AHRQ) to improve care and reduce
errors in intensive care units (ICUs) across many of their hospitals. Yet,
neither of these efforts includes official CME credits in its implementa-
tion. Forging this link might dramatically augment their success because
physicians would have the added push from their state medical boards and
accreditation agencies to become involved.

As mentioned earlier, impending pay for performance (P4P) initiatives
should also facilitate adoption of the knowledge translation approach,
even outside academic medical centers (Rowe 2006). The old model of
healthcare reimbursement follows the simple principle that essentially the
more you do, the more you make. A new model of pay for performance
could help us move beyond this, and in an important sign, CMS is con-
sidering lowering payments for cases with medical errors and tying the
National Quality Forum’s “never events” to lower reimbursement. Tying
knowledge translation to mandated CME seeking to accomplish this goal
may powerfully drive healthcare systems both to apply evidence and to
generate it through healthcare delivery. Instead of physicians traveling to a
distant location (typically a vacation resort) for CME, healthcare delivery
can become a learning experience as they experience practice-based learn-
ing with their colleagues. This will require consistent integration with care
delivery occurring everyday. If data can be collected simultaneously with
this implementation, we can also learn and have practice-based evidence to
guide future practice improvements (Horn 2006). Not only would health-
care professionals be learning, but the entire system would also learn how
to optimize care delivery.
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Structuring the Incentives for Change

OVERVIEW

A fundamental reality in the prospects for a learning healthcare sys-
tem lies in the nature of the incentives for inducing the necessary changes.
Echoed throughout this report are calls for incentives that are structured
and coordinated to drive the system and culture changes, as well as to
establish the collaborations and technological developments necessary to
build learning into every healthcare encounter. Public and private insurers,
standards organizations such as National Committee for Quality Assurance
(NCQA) and the Joint Commission (formerly JCAHO), and manufacturers
have the opportunity to shape policy and practice incentives to accelerate
needed changes. In this chapter, representatives from private and public
payer organizations, a manufacturer, and a standards organization give
their perspectives on how the field might support specific and broad policy
changes that provide incentives for systemwide progress. These perspec-
tives engage only a sampling of the sorts of incentives to development of
a learning healthcare system, but they represent important focal points for
stakeholder alignment.

Alan Rosenberg of WellPoint offers a perspective from the health insur-
ers industry on opportunities for encouraging both evidence development
and application. For payers, incentives for change are structured around
their three major functions: reimbursement, benefit plan design, and medi-
cal policy formation. Rosenberg gives several examples of past and current
efforts by insurance providers to encourage evidence generation and appli-
cation. Steven Phurrough discusses the Centers for Medicare and Medicaid
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Services” (CMS’s) opportunities for influencing change through regulatory
and payment processes but also notes that its leadership in implementing
policies that assist in developing evidence might encourage similar efforts
throughout the healthcare system. A very powerful approach taken by CMS
in this respect is Coverage with Evidence Development (CED), in which
reimbursement is conditional on the creation or submission of additional
data. Phurrough describes recent revisions of CED that define two CED
components: Coverage with Appropriateness Determination and Coverage
with Study Participation, as well as the range of gaps in the evidence base
that such policies may help to fill.

Wayne A. Rosenkrans and colleagues discuss the importance of pro-
viding incentives for appropriate evidence creation and appropriate use of
evidence. Establishing standards of evidence and processes for reimburse-
ment decisions would help manufacturers design better studies and work
to provide the evidence needed. In addition, flexibility to account for indi-
vidual variation needs to be built into the system. Evidence generated must
be put to good use through thoughtful structuring of guidelines, decision
support, and outreach to providers and patients. New models for product
development such as evidence-based drug development will accelerate the
creation of a learning healthcare system by making clear breaks with out-
dated approaches. For example, embedding the creation of effectiveness
data into the process of drug development or developing a continuous
process of evidence creation in partnership with the regulators and payers
might provide sufficient financial incentives to drive change.

Margaret E. O’Kane discusses the important role that standards orga-
nizations have played in improving the quality of health care by measuring
performance and identifies the significant barriers to extending this across
the healthcare system: the absence of evidence from basic science, to com-
plex comorbidities, subpopulations, and comparative effectiveness; the lack
of usable guidelines; difficulty in obtaining data; and lack of accountability
throughout the system. All are significant impediments to improving quality
and efficiency of care. O’Kane calls for payment reform, regulatory reform,
and liability reform as the key instruments to confront these challenges.
System-wide change requires new ways of thinking about gathering, manag-
ing, and deploying knowledge and an evolution in our approaches.

OPPORTUNITIES FOR PRIVATE INSURERS

Alan Rosenberg, M.D.
WellPoint Inc.

Private insurers have many opportunities to structure the incentives for
change both in evidence development and in evidence-based application.
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This paper addresses both the private insurance industry as a whole and
gives specific examples from my own organization, WellPoint Inc., which
provides health benefits through its affiliated companies for 34 million
Americans. The area to be covered is very broad, but this overview provides
a sense of the opportunities that the private insurers have for collabora-
tion with others in health care to build a learning health-care system for
evidence-based medicine.

Three major functions of private insurers provide such opportunities:
reimbursement and financing methodologies, including reimbursement to
physicians, other practitioners, and healthcare institutions, can be and are
currently used to structure incentives; claims data through their analysis can
be and are used to support this environment; benefit plan design (BPD) and,
within BPD, medical policy formation also can be and are used.

This paper also discusses two initiatives—data integration for elec-
tronic health records (EHRs) and consumer-focused initiatives—along with
the methods used, the importance of collaboration, and some of the hurdles
from the private insurer perspective in achieving these goals.

Private insurers have and will continue to fund significant components
of evidence development and evidence-based applications (Blumenthal
2006). Certain of these are still evolving but worthy of special note. Sev-
eral health plans now provide benefit coverage for individuals in National
Institutes of Health (NIH) sponsored trials. The Centers for Medicare and
Medicaid Services has recently embarked on a model of coverage based on
participation in registries such as the implantable cardioverter defibrilla-
tor registry. Several insurers, including WellPoint, helped provide funding
for the development of this registry. WellPoint also recently announced
its collaboration, including economic support, with the Society of Tho-
racic Surgeons (STS), for its cardiac surgery registry. Use of the data from
these registries to support evidence development and evidence-based care
remains a priority. WellPoint uses such data, including data from STS and
Joint Commission on Accreditation of Healthcare Organizations (JCAHO)
registries to determine variable reimbursement for facilities in a variety of
its pay for performance (P4P) programs. Payers recognize that evidence for
and analysis of the effectiveness of P4P programs are still under evaluation
(Rosenthal et al. 2005). At the same time, payers continue to fund this
important and significant modification in traditional insurance-based reim-
bursement methodology. Today, P4P programs include enhanced reimburse-
ment for physicians who perform better on a wide array of evidence-based
measures including mammography rates, immunization rates, diabetic reti-
nal eye exam rates, and rates of measurement of hemoglobin Alc levels.
WellPoint has already paid to physicians and medical facilities more than
100 million dollars through these programs.

The second area for review is how we can collaborate with others
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to advance evidence development through claim data analysis. WellPoint
databases have claims history for 34 million Americans and integrated
pharmacy claims data on 17 million of these. Through analysis of this
dataset, and by other insurers as well, post-market surveillance can be
undertaken. WellPoint, with its affiliate HealthCore, did submit informa-
tion to the Food and Drug Administration (FDA) on cyclooxygenase-2
(COX-2) inhibitor complications based on analysis of this dataset. Health-
Core is currently working with a variety of academic research centers and
specialty societies on projects using this dataset to evaluate comparative
effectiveness including projects on cardiac care, controller effectiveness in
asthma, and an analysis of blood growth factors. Some of the individuals
and organizations contributing to this workshop summary have worked
for years and developed sophisticated models of data analysis. Ongoing
efforts and collaborations will continue to tap these valuable resources for
evidence development. In addition to WellPoint’s initiatives, the Blue Cross
Blue Shield Association (BCBSA) announced its plan to bring together an
array of claims datasets that will eventually include claims data on more
than 70 millions Americans. Unlike currently available CMS datasets, but
similar to WellPoint’s, these data will include integrated pharmacy and
medical claims data.

Claims data are also an important component in evaluating evidence
application. While having many limitations, efficiency is a real advantage
of claims-based quality measures. The National Committee for Quality As-
surance has catalyzed and significantly supported this effort by the develop-
ment of standards for quality and preventive health initiatives through its
Health Plan Employer Data and Information Set (HEDIS) measurement set.
This is an example of a long-term collaboration involving practitioners, in-
surers, and employers that has significantly moved this field forward. Insur-
ers continue to use this and other nationally developed measurement sets to
provide feedback to the practitioner community participating in networks.
However the defined datasets remain limited, and ongoing development of
broader, nationally recognized, consistently defined, and efficient-to-gather
standardized measurement sets needs to continue. In addition to NCQA’s
ongoing work, the majority of large insurers continue to actively engage in
and support recent efforts by the AQA (previously known as the Ambula-
tory care Quality Alliance). Benefit plan design and, specifically, medical
policy formation support evidence-based application. A key component
of most health insurance benefit plans is that covered services are those
that are medically necessary and services that are investigational are not
covered. The benefit plans are legal contracts, and definitions of “medical
necessity” and “investigational” vary, but they are routinely incorporated
into these legal contracts. Therefore these definitions are at the core of in-
surers’ benefit determinations. Based on the benefit plan language, insurers
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can and do develop evidence-based models for those things that may be
considered medically necessary and those that may be considered investi-
gational or not medically necessary. Insurers use inputs from a variety of
evidentiary sources, including literature-based review, governmental review
bodies, Cochrane reviews, and other technology assessment entities. (See
publicly posted coverage or medical policies on numerous BCBSA-affiliated
entities and Aetna web sites.) In addition, WellPoint uses specialty society
and academic medical center input regarding medical policy and medical
necessity determinations, working actively with more than 30 specialty
societies. This process is an active effort at developing evidence-based
evaluation that includes input from the practice community on when the
evidence, in conjunction with national practice patterns, has developed to
support benefit coverage. Collaboration in this regard is essential. However,
litigation continues to be a significant mitigation in the insurers’ ability to
fully apply evidence-based medical necessity benefit determinations.

One significant initiative at WellPoint to better support the diffusion
of claims information into practice is data integration for electronic health
records. This is an effort to use our claim and pharmacy information da-
tasets to support clinical practices. Through this initiative, WellPoint is
making available claims-based data regarding diagnoses, procedures, and
pharmaceutical information to emergency rooms on a real-time basis. This
has already been undertaken in Missouri and is under way in California.

Insurers are actively involved in efforts to reengage their members
through consumer-directed health plans. Initial evaluations regarding the
effect of these programs have been published (Newhouse 2004). Some
of the consumer-directed opportunities that these programs offer include
disease management programs; web-based information, including films on
conditions or procedures; mail-based information that is procedure and
disease specific; web-based, paper, and personalized mailings with health
information based on combinations of claim and pharmacy information;
and safety information on drug recalls and new drug alerts.

Health insurers have excellent opportunities to support evidence devel-
opment and evidence-based application. Private insurers also understand
that we are only one part of the mosaic and that better value will be created
through collaboration. This collaboration needs to occur across the indus-
try and across the healthcare sector with manufacturers, with government,
with academic and medical communities, and with our members to move
healthcare delivery to a more evidence-based approach. Examples of col-
lective opportunities include the following:

e With government: develop national registries, support and conduct
research, educate, develop national standards;
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e With the academic medical community: provide evidence-based
care, conduct research, establish evidence-based guidelines, educate
practitioners and patients;

o With members and patients: strengthen demand for evidence-based
along with preference-based care;

e With manufacturers: conduct research, support full publication
of data, innovate and bring to market health-enhancing products;
and

e With employers and insurers: enhance individual and physician deci-
sion support, integrate data sources, educate, develop performance-
based reimbursement plans, and provide evidence-based coverage
determinations.

There are also significant hurdles faced by insurers. One of the most
significant is the litigation environment and the large dollar court settle-
ments that do not align with evidence-based practices. For a bit of context,
AHRQ’s budget is approximately $330 million dollars a year, but insurers
have had and continue to have $50 million to $100 million dollar settle-
ment costs for failing to provide benefit coverage for an intervention that
has inadequate evidentiary support. The most broadly described has been
autologous bone marrow transplantation for breast cancer, but new ex-
amples occur each and every year. Insurers recognize that we are not viewed
favorably in terms of court cases and have very significant risk—this con-
tinues to make it difficult for us to maintain strong evidence-based decision
making. The opportunity here is to develop some safe harbors built around
a national evidence-based process similar to Britain’s National Institute
for Clinical Excellence (NICE) (Rawlins 2004). Second, insurers recognize
that we are not the healthcare sector that most people come to as a trusted
partner for getting health information. These ongoing trust issues with the
consumer and medical community make communications by us less effec-
tive. We are working hard to transform this perception through continued
collaborations, but we recognize we have a way to go.

The last significant hurdle that must be addressed is cost. One impor-
tant example of this is the discussion of conversion from the Ninth Revision
of the International Classification of Diseases (ICD-9) to the Tenth Revision
(ICD-10). Healthcare researchers generally agree that this will increase the
availability of useful clinical information in claim databases. However the
cost to systems for conversions is enormous. The ICD-9 to ICD-10 con-
version cost to the health insurance industry alone (not including cost to
physician practices or hospitals) is estimated to be between $432 million
and $913 million, according to a Robert E. Nolan company report and
subsequently by independent IBM reports. Therefore careful evaluation of
the true value of these changes versus the total cost remains an ongoing
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imperative—each dollar spent on this is a dollar that cannot be spent on
one of the other initiatives outlined.

OPPORTUNITIES FOR CMS

Steve Phurrough, M.D., M.P.A.
Centers for Medicare and Medicaid Services

What opportunities does CMS have to develop policies that can provide
incentives for the developments necessary to build learning—evidence devel-
opment and application—into every healthcare encounter? Issues around
trial design, rapid technology advancement, and healthcare culture are
crucial and of concern to CMS, and have been discussed in earlier chap-
ters. This discussion focuses on options that CMS has to influence these
changes.

CMS influences changes either through its regulatory and payment
processes or through its leadership role in the healthcare system. Over the
last few years, CMS has attempted to use the latter more broadly, with its
emphasis on public health and not just paying claims. This role is very im-
portant in itself but with better prospects when accompanied with payment
or regulatory changes.

Prerequisites

There are certain prerequisites to these policy changes. For all health-
care experiences to become learning experiences will require some technolo-
gies not currently in place. This global population-level learning requires
information technology (IT) changes that allow simpler, faster, and more
complete data collection and exchanges. Telephonic and paper surveys,
multiple data entries, chart reviews for data, and extensive data validations
are all impediments to this learning experience. Solutions are complex, but
the technology exists. A national standard for the operational architecture
for electronic health records is an essential first step. Many facilities, clin-
ics, and offices are hesitant to enter into EHRs, fearful that standards may
change and expensive systems become obsolete. While CMS does not have
responsibility for this, it is interested in being part of that conversation.

Standard definitions for medical terminology are also necessary. Clini-
cal trials, registries, FDA post-market approval studies, and payers do not
have consistent definitions of basic medical terms necessary to simplify data
collection. An industry-sponsored registry for a particular device may pay
for data on a particular patient that also has a requirement to have the same
data submitted to a payer. The definitions of the data elements may differ,
and hospitals spend significant time sorting out the differences. However,
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although the time issue is significant, comparing results from the two data
collections may not be useful because of this.

The Department of Health and Human Services (HHS) has contracted
with the American National Standards Institute (ANSI) in cooperation
with the Healthcare Information and Management Systems Society, the Ad-
vanced Technology Institute, and Booz Allen Hamilton to develop a widely
accepted and useful set of standards specifically to enable and support
widespread interoperability among healthcare software applications. ANSI
created a Healthcare IT Standards Panel (American National Standards
Institute 2006) to assist in the development of the U.S. Nationwide Health
Information Network (NHIN) by addressing issues such as privacy and
security within a shared healthcare information system. This panel recently
presented its first set of 30 harmonized standards to the American Health
Information Community in October 2006. A number of officials from both
the public and the private sectors voiced concerns about the standards. This
initial effort demonstrates the difficulty of this task.

Much of the learning discussed in this Institute of Medicine (IOM)
workshop requires collecting data in ways that may not have the same
scientific base as the typical clinical trial methodological sciences. Health-
care research has a fairly well thought out and well designed research
methodology, but the research methodology for collecting, analyzing, and
utilizing data in other manners—data from claims databases, registries,
emerging death data—is much less clear. Increasing the opportunities to
collect more information without a good scientific basis for how it will be
used—and without broad acceptance in the healthcare community that it
is valid evidence—is a fruitless endeavor. Good science behind the use of
these types of data is needed.

Policies

Moving from prerequisites to policy options, CMS has several opportu-
nities that could increase learning. Improving the information included with
claims data could rapidly advance knowledge, particularly around safety
and adverse events. Moving from ICD-9 to ICD-10 adds a greater level of
detail for diagnoses and procedures than we currently have. The success of
this option will require providers and coders to accurately select the more
definitive diagnoses found in ICD-10.

Significant concerns have been raised about the ability of the healthcare
industry to track adverse events from medical devices and to notify patients
when those events occur or when a recall is initiated. If a particular implant-
able device is recalled, providers and hospitals have tremendous difficulties
in identifying patients who have those devices. Payers, such as Medicare,
have significant interest in ensuring that their beneficiaries are notified of
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the recall. That information is not available to payers. The FDA has begun
discussions on an initiative to add unique product identifiers to medical de-
vices, identifiable through bar coding, radio frequency, or other automated
techniques. While this would allow easier recording of this information in
hospital records, it still does not simplify notification of patients. Having
data fields in the claims system that could be populated through the systems
required by the FDA would allow payers to notify their beneficiaries when
recalls or adverse events occur. In addition, device specific information on
claims forms has the potential, when matched with subsequent claims data
from patients’ interactions with the healthcare system, to identify other
events not recognizable through the current reporting systems.

Using claims data is not without problems. Claims forms are payment
instruments and are completed with the goal of maximizing payments. In
some instances, this may result in a lack of clarity as to the major diagnoses
or procedures involved in the care of the patient. Using claims data also
makes risk stratification difficult and results in outcomes that do not reflect
true practices.

Another opportunity that CMS has already employed is to create re-
quirements that condition payment on the submission of additional data.
The CMS quality programs are representative of this. Hospitals currently
participate in several quality initiatives that were required as a condition
of the annual inpatient rate increase. In other instances, CMS has provided
additional payment for information—the oncology demonstration is an
example of that. CMS is currently working with the public to develop
appropriate quality measures for ambulatory services as well. While the
collection of this type of information has become de rigueur for CMS and
most health plans, it is still challenging to present this information in man-
ner that is beneficial to the public. In early 2005, CMS released a draft
guidance document on Coverage with Evidence Development that outlined
a policy on requiring additional evidence as a condition of payment. Several
National Coverage Determinations (NCDs) over the previous two years
had used this option, and the 2005 guidance document outlined how this
process would be used in the future. Following extensive public comments
and public forums, CMS issued a revised document in the summer of 2006.
This revised document answered many of the concerns addressed by the
public. In essence, the guidance document outlined two CED components:
Coverage with Appropriateness Determination (CAD) and Coverage with
Study Participation (CSP).

CAD requires additional data collection to ensure that the item or ser-
vice is being provided in a manner consistent with the guidelines outlined
in the CMS reasonable and necessary determination. CAD will be required
when CMS is concerned that the data collected on a claims form are insuf-
ficient to determine that the item or service was appropriately provided as
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outlined in the NCD. The following are some concerns that may lead to a
coverage decision that requires CAD as a condition of coverage:

e If the newly covered item or service should be restricted to patients
with specific conditions and criteria;

e If the newly covered item or service should be restricted for use by
providers with specific training or credentials;

e If there is concern among clinical thought leaders that there are
substantial opportunities for misuse of the item or service; and

e If the coverage determination significantly changes how providers
manage patients utilizing this newly covered item or service.

CSP may be an option in a national coverage determination when CMS
does not find sufficient evidence to determine that the item or service is
reasonable and necessary under section 1862(a)(1)(A). This option would
condition payment on participation of the beneficiary in a clinical research
study outlined in the NCD. The following list includes some of the eviden-
tiary findings that might result in CSP:

® Available evidence may be a product of otherwise methodologically
rigorous evaluations but may not have evaluated outcomes that are
relevant to Medicare beneficiaries.

e The available clinical research may have failed to address ad-
equately the risks and benefits to Medicare beneficiaries of off-label
or other unanticipated uses of a drug, biologic, service, or device.

e Available clinical research studies may not have included specific
patient subgroups or patients with disease characteristics that are
highly prevalent in the Medicare population.

e New applications may exist for diagnostic services and devices
that are already on the market, but there is little or no published
research that supports a determination of reasonable and necessary
for Medicare coverage at the time of the request for an NCD.

e Sufficient evidence about the health benefits of a given item or
service to support a reasonable and necessary determination is
available only for a subgroup of Medicare patients with specific
clinical criteria and/or for providers with certain experience or
other qualifications. Other patient subgroups or providers require
additional evidence to determine if the item or service is reasonable
and necessary.

e CSP research conducted may include a broader range of studies
than randomized clinical trials to include observational research.
However, all studies must conform to the standards that will be
developed by the Clinical Research Policy.
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In rare instances, for some items or services, CMS may determine that the
evidence is very preliminary and not reasonable and necessary for Medicare
coverage, but, if the following criteria are met, CSP might be appropriate:

The evidence includes assurance of basic safety;
The item or service has a high potential to provide significant ben-
efit to Medicare beneficiaries; and

e There are significant barriers to conducting clinical trials.

The implantable cardioverter defibrillator (ICD) registry is one instance
where payment for some beneficiaries was conditional on data submission
to a registry. Hospitals implanting ICDs for primary prevention are required
to submit several data elements to a national registry. This registry was
initially managed by one of CMS’ Quality Improvement Organizations.
However, this has now been transferred to the National Cardiovascular
Data Registry managed by the American College of Cardiology and the
Heart Rhythm Society. The first year of the registry resulted in data on
almost 45,000 ICD implantations with a compliance rate greater than 95
percent. The initial review of these data produced results not seen in the
large trials for these devices. In those trials, no deaths were recorded during
the initial hospitalization for the implantation. In the registry, a number of
deaths were recorded. This provides a cautionary warning to both patients
and providers that ICD implantation is not without risk.

The current CED concept limits its use to those few instances in which
we believe that the evidence does not support coverage but is suggestive
of a benefit and some additional data collection supported by CMS might
provide that additional evidence. While yet to be clearly delineated, there is
the potential for this concept to be broadened to the extent that new tech-
nologies receive CMS coverage at an earlier time in return for continuous
data collection over the life cycle of the technology and a more streamlined
process for technologies to enter and leave the CMS coverage toolbox. This
concept, somewhat similar to ongoing discussions at FDA, will require
significant public discussion and potential legislative action.

CMS does have limits in its abilities to influence learning behavior. Its
policy options are essentially payment options. We do think there is a lead-
ership role for government; as we implement on a small scale a particular
policy that we think will assist in developing more evidence, we think that
particular leadership role will trickle down into other settings. In our cur-
rent healthcare system, physician learning typically comes from training and
experience. Patient learning comes from physicians or the Internet—a fairly
inaccurate database. Movement toward a system in which both providers
and patients are basing decision about their health care on good, reliable
information is a challenge. It is a challenge that CMS and HHS are engaged
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in and we look forward to engaging the rest of the community in making
this work.

OPPORTUNITIES FOR PHARMACEUTICAL COMPANIES

Wayne A. Rosenkrans, Jr., Ph.D., Catherine Bonuccelli, M.D., and
Nancy Featherstone, M.B.A.
AstraZeneca Pharmaceuticals

From the point of view of a pharmaceutical firm, the opportunities and
challenges in moving toward a learning healthcare system fall into three
categories: appropriate evidence creation, appropriate use of evidence, and
evidence-based drug development.

Appropriate Evidence Creation

In evidence creation, policies should be pursued that encourage asking
the right questions or, rather, avoiding asking the wrong questions. Specifi-
cally, for a question worth asking, we need to ensure that the methodology
for answering that question is matched to the need and that we are applying
the right level or standard of evidence to the question. The right question
will depend on the severity of the health condition and the nature of the in-
tervention. For serious life-threatening health conditions, there is a greater
willingness to accept less than perfect information because critical decisions
must be made by doctors and patients in a short time. In asymptomatic
populations at risk for developing an illness, there is a greater desire for
certainty before widespread use. Transparency in the question generation
process between all stakeholders in health care is essential to the process.

Thus there is a dichotomy in the questions being asked and in the evi-
dentiary standards used to answer each. Who defines what that standard
is? Randomized trials frequently fail to find differences when there indeed
are some. On the other hand, decision-modeling approaches frequently
identify differences where there are none. How should this conundrum be
engaged—what is the tie-breaker? When assessing the comparative effec-
tiveness of therapeutic options, all of the evidence needed to fully assess the
options is rarely available to decision makers; in fact it may never be avail-
able. At some level a decision must be made despite the lack of evidence.
From the perspective of pharmaceutical companies, to generate the desired
evidence we need to know what standards are going to be required. We have
a long-standing set of standards with the FDA for demonstrating safety and
efficacy, but lack standards of evidence for demonstrating effectiveness.

Clarification of the standards to be used to evaluate evidence is an area
in need of development. For example, the overall size and scope of some
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Health Technology Assessment (HTA) guidelines reach so far beyond that
of the Academy of Managed Care Pharmacy (AMCP) dossier requirements
as to be virtually impossible to meet as an evidentiary standard, even if
we were to spend substantial amounts of time and money. Not only that,
but there is little consistency between the various HTA requirements. We
also know that most health plans don’t conduct a thorough review of the
AMCP dossier, the only standard we have today. What is the expectation
here? We need a set of standards defining which evidence will be used for
what purposes, transparency in the process of how evidence is used to make
those decisions, and how that evidence translates into treatment guidelines
and reimbursement policy.

Also, evidence by its nature is population based, but each individual
patient responds differently to a given therapy. As we begin to recognize
clinical differences in response to therapy, we need to work to identify the
needs of patient subpopulations and individuals and tailor the delivery of
care appropriately. There must be a process for exceptions or appeals of
coverage rules that are established on population-based evidence, and this
appeals process must be efficient and easy to navigate. We need to grapple
with the challenge of tailoring population-based evidence to individualiza-
tion of therapy. Physicians need to estimate the individual patient’s response
when initiating therapy and to make adjustments based on actual patient
response. Evolving knowledge around the molecular nature of disease lead-
ing to personalized, or stratified, medicine may provide an answer here.
Utilizing sophisticated diagnostic technology to identify therapeutic re-
sponders offers the promise of bridging the evidence gap from populations
to the individual.

Appropriate Use of Evidence

Most of the current dialogue is around creating new evidence, rather
than how we use the evidence we already have or how we embed it into
practice. However, if we did nothing more than consistently use the evi-
dence that already exists, we could significantly improve patient care.
Appropriate use of evidence can be addressed in two areas of focus: the
individuals involved, namely the patient and the provider, and the tools
available, namely decision support tools and reimbursement incentives.
There are clear benefits to educating patients with evidence-based health
communications. Educated patients are believed to be more likely to strive
toward effectively managing their own health—if they are provided mean-
ingful and relevant information. Several obstacles hinder both the effective
communication of good evidence to patients and the patients’ subsequent
action to embed that evidence into creating better health. The sheer volume
and sometimes questionable quality of the information can work against
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us. In translating complex scientific material into usable content for pa-
tients, the patient’s own medical literacy affects how he or she receives and
responds to information, and failure to take cultural or ethnic differences
into account may also interfere with effective communication. Finally,
people being people, there are behavioral issues related to different beliefs,
attitudes, and social milieus. We need to better understand how patient
behavior impacts response to evidence-based therapy recommendations in
order to create more effective communication paradigms.

As the primary treatment decision makers, physicians are in the best
position to embed evidence into clinical practice. The physician-patient
dyad is the most important component of the healthcare continuum. While
formal physician training provides doctors with a baseline education in
effectively treating patients, the evidence base is constantly evolving, and
“best practices” can change at an unbelievable pace. As with patients, the
sheer volume of information is working against us, as are cultural and be-
havioral issues. We need to understand how to support continuous, efficient
physician learning and how physicians respond to a variety of media. New
strategies for how to communicate evidence to the practicing physician are
required.

Health information technology (HIT) can enable healthcare profession-
als to access real-time patient records and compare them to thousands of
other patients with similar profiles to determine treatment options with the
greatest probability of producing the desired results. Adoption of computer-
ized decision-support systems paired with electronic health records has been
shown to improve patient compliance with clinical guidelines. Personal
health records may provide a vehicle for patients to own—and under-
stand—their own health status and data. However we need to be cognizant
of several issues here as well. The use of HIT to the degree of sophistication
at Cleveland Clinic, Intermountain Health, and the Veterans Administra-
tion (VA) is not yet widespread. The cost hurdles to embedding the kind of
sophistication seen at the major medical centers in small-practice offices and
hospitals are significant, and there continue to be issues with standards and
vocabularies for information exchange. We also need to be careful about
what is embedded in these decision support systems. We need to avoid
embedding financially based decision criteria that are counterproductive to
good care. The emphasis needs to be on improving the quality of care by
gaining intelligence from data gathered from those for whom services and
treatments have been delivered.

Probably the most effective way of driving evidence into the system
today is to follow the money. Payers have as much if not more power to em-
bed evidence than the physician does. Reimbursement decisions by payers
can effectively embed evidence-based practice patterns into clinical practice
through decisions to cover or not to cover a product, device, procedure, or

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

shop Summary (IOM Roundtable on Evidence-Based Medicine)

STRUCTURING THE INCENTIVES FOR CHANGE 303

service. A payer is often seen as a trusted authority on evidence assessment
and thus able to influence physicians’ beliefs about best clinical practices.
Payers have more resources than individuals and physicians to analyze large
volumes of complex and sometimes conflicting information. Yet are the
right questions being asked? Are the questions designed to assess treatment
impact on health outcome or are they geared toward cost savings only?
Were the correct methodologies used? There are both challenges and draw-
backs to embedding evidence through reimbursement including provider
incentives based on process efficiency rather than outcome of therapy.

Evidence-Based Drug Development

Pharmaceutical manufacturers spend most of their resources develop-
ing drugs to help people—an expensive undertaking. One estimate (DiMasi
et al. 2003) found that it took an average of $802 million to develop a
drug—with another $95 million in post-launch costs. Surveying a group
of leaders in research and development (R&D) recently suggested that
this number may have increased to $1.4 billion. Adding the costs of do-
ing effectiveness research on top of doing research on efficacy and safety
(estimated from internal costs for outcomes and epidemiological trials)
may lead to a total between $2 billion and $2.3 billion to develop a new
drug. The additive costs of comparative outcomes research extend beyond
economics. The larger patient populations required to adequately power
these studies significantly increase the resources needed, including logistical
and manufacturing issues. The sterile environment of the traditional clini-
cal trial is needed to reduce bias and other confounding elements, but the
traditional clinical trial doesn’t reflect real-world clinical use. These costs
are unsustainable and we are coming to a tipping point rapidly in being
able to afford innovation.

One of the things that could change is the way that we develop new
medicines: we need new models, and one possibility is a concept of evi-
dence-based drug development—embedding the creation of effectiveness
data in addition to efficacy and safety data into the process of drug devel-
opment rather than as an afterthought. We do drug development episodi-
cally today—Phase 1, I, III, regulatory approval, and launch. Generating
evidence of effectiveness largely occurs in Phase IV if at all. Could we
think about changing this episodic process to something that looks very
different, a more continuous process of evidence creation generating an
ever-increasing databank of safety, efficacy, and effectiveness in partnership
with not only the regulators but the payers as well? FDA’s critical path, the
NIH Roadmap, and CMS’s Quality Roadmap are all beginning to align
along this need for change, but much remains to be done in the regulatory
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and reimbursement arenas to generate sufficient financial incentive and
drive the change.

Technologically, the development process should leverage information
from qualified biomarkers, surrogate markers, and development simula-
tions, in concert with regulatory authorities, prior to first patient exposure.
Once available to some patients, use of the evolving EHR systems at major
payer and academic medical centers can begin a process of continuous data
capture and simulation confirmation in broadening patient numbers. At a
point agreed between the innovator, regulator, and possibly the payer there
is an initial release where the innovator can begin to recoup investment cost
in a proscribed patient base while additional data accumulate until there is
a full release of the new therapy. This is a very different way of doing drug
development, a concept that drug development never stops, or maybe the
learning development system.

It is not possible for any one stakeholder to solve these issues, and if we
are going to make evidence-based medicine work for our healthcare system
we all need to work together. This includes the pharmaceutical and biotech
industry, provider organizations, government agencies, the diagnostic and
device companies, payers, and technology providers. As we work through
this new world for health care we need to keep the patient in the middle of
our dialogue, which must be about putting patient health first.

OPPORTUNITIES FOR STANDARDS ORGANIZATIONS

Margaret E. O’Kane
National Committee for Quality Assurance

Foundational to any exploration of evidence development in health care
is a restatement of the central mission of health care: to improve health. In
many ways we have moved too far away from this mission and pursued a
series of tangential goals that, while important, have led us to lose sight of
where we are going. If we are to achieve the mission, healthcare regulators,
accreditors, purchasers, consumers, and providers must build their efforts
around this larger goal.

Today, the healthcare quality movement is being held hostage to ever-
rising costs and the failure to manage evidence effectively. Our current pay-
ment system is irrational, wasteful, and inequitable by any measure; as a
result, healthcare costs are being driven to the boundaries of society’s ability
and willingness to pay. Over the last six years, the average cost of health
insurance for a family of four Americans has jumped 87 percent, a larger
increase than any other sector of our economy (Kaiser Family Foundation
2006). Healthcare costs have eaten into corporate profits and family in-
comes. Even in 2005, when insurance inflation dropped to 7.7 percent, that
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increase and the accompanying shift of costs to employees ate up much of
the average 3.8 percent rise in Americans’ wages (Kaiser Family Foundation
2006). Until we deal with costs, our efforts to improve quality will always
take a back seat. Yet we know that these two issues are intricately entwined.
Poor-quality care can cost more than high-quality care. If a patient gets the
right care at the right time for the conditions that ail her, there will often
be less need for more expensive, high-cost treatment of complications in
the future. High-quality care also leads to greater productivity on the job
and healthier and happier families at home.

Addressing the Evidence Gaps

We need to think in terms of populations. If we really think clearly
about how health care affects populations, we will all be better off. In their
impressive book Epidemic of Care, George Halvorson and George Isham
presented us with a visual representation of population-based health that
offers a way of thinking about the health of the American public. It reflects
the continuum of health of the population of the United States, of a state,
of a city, of a community, or even of a health plan. As time goes by, how-
ever, some of those people move into “at-risk” or “high- risk” or “early-
symptom” categories. This representation has been adapted in Figure 8-1 to
illustrate how we need to keep healthy people healthy, and to identify those
who are at risk and move them back to the healthy stage through treat-

Health care spending

Healthy/
Low Risk

20% of people
generate
80% of costs

FIGURE 8-1 A value-based healthcare system moves people to the left—and keeps
them there.
SOURCE: Essential Guide to Health Care Quality, NCQA 2007.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

shop Summary (IOM Roundtable on Evidence-Based Medicine)

306 THE LEARNING HEALTHCARE SYSTEM

ment and behavioral modification. As a population moves further toward
high risk and active illness, we must give people the appropriate care and
support to keep them as healthy as possible. Finally, when people are living
with active disease or are at the end of life, we need to help them manage
their illness, coordinate their complex care, alleviate their pain, and assist
them in dying with dignity. We also know that 80 percent of healthcare
dollars are spent on the 20 percent of the population who are in this last
stage of health. Sadly, much of that care is of poor quality or unnecessary
and neither prolongs nor improves life. If we can reduce the amount of
money we spend there—through improved quality in earlier stages and a
more rational use of care in the latter stages—not only could we help ad-
dress our overall cost problems but we could redirect some of that money
toward the earlier stages of the continuum that provide a better payback
in health for the healthcare dollar.

NCQA has adopted this framework to guide our efforts to accredit
health plans and measure the performance of healthcare providers. We
have developed a paradigm that holds the plan accountable for the quality
of care and service provided to its members. The plans, in turn, often hold
providers accountable for delivering care that is evidence-based and of
high quality. In the health plan accreditation process, NCQA assesses the
performance of health plans in three ways. First, we establish standards for
structural and procedural activities meant to ensure patients’ rights, appro-
priate utilization management, quality improvement, customer service, and
access to care. Second, we require plans to measure and report on their per-
formance through HEDIS, a set of standardized, evidence-based measures.
This unique approach allows us to evaluate how often patients receive the
right care at the right time. Finally, we ask patients about their experiences
with their health plans and providers. The Consumer Assessment of Health
Plans and Providers (CAHPS) examines both a plan’s direct administrative
performance and members’ experience with the delivery system. Together,
these three parts combine to form an accreditation program that has be-
come a model for public and private oversight of health care. It is the only
accreditation program in health care where performance measurement
drives a substantial proportion of the scoring.

Clearly, when one considers the list of HEDIS measures (Table 8-1),
there are many important aspects of care that are being measured. It is
important to note that for what we measure, there have been notable
gains for patients, purchasers, and the health plans that report. NCQA has
documented enormous improvements on the issues that it does measure.
For example, the use of beta-blockers has increased substantially over the
last decade. Health plans are now reporting 95 percent of patients being
discharged from the hospital after a heart attack or major cardiac procedure
on a beta-blocker, up from 69 percent in 1996 when NCQA began measur-
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TABLE 8-1 HEDIS Effectiveness of Care Measures

e Prevention e Chronic Care Conditions

—  Cancer Screening -  Hypertension

o Breast cancer —  Diabetes (6)

e Cervical cancer - Cardiovascular Disease

e Colon cancer e Cholesterol test & results
—  Immunizations (Children & Adolescents) e Betablocker after AMI
—  Chlamydia screen e Betablocker long-term
- Antibiotic prescribing compliance
—  Elderly Care - Smoking cessation

e  Pneumonia vaccination —  Osteoporosis

e Influenza vaccination - Arthritis

e  Urinary incontinence - Asthma

e  Vision Screening - COPD

e Advice for physical activity —  Depression (3)

—  Substance Use (3)

-  Coordination of care
psychiatry

- ADHD

- Low back pain

- Safe Medication
Management
e Never medications
e Appropriate testing

NOTE: ADHD = attention deficit hyperactivity disorder; AMI = acute myocardial infarction;
COPD = chronic obstructive pulmonary disease.

ing this (National Committee for Quality Assurance 2006). Children are
nearly three times as likely to have had all their recommended immuniza-
tions as they were in 1997. Diabetics are twice as likely to have their cho-
lesterol controlled (< 130 mg/dL) as in 1998. These are just a few examples.
We are extremely proud of the ground that we broke here because we know
that there are people alive and healthier today because of this improvement
(Figure 8-2). This transparency and accountability for quality is something
really worth promoting—because we know it works. However, there are
also many aspects of care that are not being measured, and this is where
we need to focus as we move forward.

Despite our progress on accountability, significant barriers remain to
robust measurement of performance across the healthcare system. These
include the following;:

e The absence of evidence. Despite tremendous growth in funding
of biomedical research in the United States and abroad, there are
significant gaps in our evidence base. The process of managing
the evidence base toward a return on investment in health can
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FIGURE 8-2 Selected HEDIS improvements: 1999-2004.

only be described as haphazard. Often research is conducted in
areas that are already well understood, while areas that may be
clinically important remain uncharted. As a result, in many areas,
we simply do not know what constitutes effective care. There are
many examples, such as the basic science behind effective treatment
for esophageal cancer and the appropriate care for patients with
multiple conditions. We lack clinical trial data for the elderly. We
do not know about the comparative effectiveness of many treat-
ments so that we cannot evaluate how treatment “A” compares
to treatments “B” or “C” in terms of risks, outcomes, and costs.
David Eddy has mapped the areas of what we know in diabetes
and heart care, and he uses the metaphor “islands of knowledge.”
We have some islands of knowledge, supported by repetitive and
redundant trials, while there remains a vast sea of ignorance that
is unexplored. There is a tremendous need to proactively manage
the evidence base. The funders of research must make sure that
we are being strategic on where we need to develop more evi-
dence. So it isn’t just turning research into practice, it is figuring
out where there are basic research gaps. The best way to identify
priorities would be to look at issues that affect large numbers of
patients with a high cost of disease burden and expense and where
practice is not solidly evidence based. Issues could be prioritized
using quality-adjusted life years per dollar spent. Finally, evidence-
based guidelines for patients with a combination of conditions are
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needed, but randomized clinical trials rarely address more complex
patients.

o The absence of care guidelines. Even where the evidence exists,
there is often a failure to convert it into usable guidelines be-
cause we have a significant failure to develop consensus about the
evidence. Medical specialty societies develop their own guidelines,
often producing conflicting guidelines for the same patients, and
this creates a lot of confusion. The model of specialty societies
developing their own guidelines without some kind of overall or-
ganizing structure needs rethinking. For example, orthopedists,
neurosurgeons, and internists disagree on when to do surgery for
back pain. As a result, there is no cohesion in approaches or agree-
ment on what is appropriate. We also have some guidelines that do
not go far enough. For example, the guidelines for screening for
depression or cholesterol levels in the general population do not
specify the appropriate intervals. Here again, however, the evidence
base that could determine the appropriate guideline has not been
adequately marshaled to do so.

o The lack of or difficulty in obtaining data. There are also impor-
tant barriers to getting the data to assess performance. NCQA had
to abandon an otitis media measure because health plans were
unable to find the data in patients’ medical charts. This is true in
many other areas.

e The lack of accountability. Appearances to the contrary, only a
small part of the current healthcare system is being held account-
able through quality measurement and reporting. Among health
plans, only health maintenance organizations (HMOs) and point of
service (POS) plans are called on to report HEDIS. Yet those plans
account for only a third of all Americans enrolled in private health
plans. Only a handful of preferred provider organizations (PPOs),
which cover 64 percent of privately insured Americans, collect and
report HEDIS (National Committee for Quality Assurance 2006).

Another significant barrier is the relative absence of performance mea-
surement at the provider level. Some progress has been made in recent
years in developing and implementing hospital focused measures. The Joint
Commission on Accreditation of Healthcare Organizations, the Leapfrog
Group, and the Hospital Quality Alliance have each developed measures
that are now in broad use. There has been less progress on the physician
side of the ledger. NCQA, working with the American Medical Association
and its Physician Consortium for Performance Improvement, has devel-
oped physician-level HEDIS measures for certain conditions and has been
working in partnership with CMS) to develop additional measures at the
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specialty level. Much more work needs to be done before we are even close
to a system of physician-level accountability.

NCQA has developed a set of programs designed to recognize high-
performing physicians in diabetes and heart or stroke care, as well as prac-
tices that utilize clinical information systems to improve care across the
board. These recognition programs also form the basis for several pay for
performance initiatives operating around the United States, including the
Bridges to Excellence program sponsored by large employers and the Inte-
grated Healthcare Association program in California that works with large
medical groups. NCQA also has been working with a variety of partners to
develop a new CAHPS survey for clinician groups.

Measuring at the physician level presents other challenges as well.
When it comes to individual doctors, we have a limited, insufficient sample
size to assess performance. Yet more than half of American doctors practice
in one- or two-member practices. Except for some proceduralists, individual
physicians simply do not treat enough patients with a particular condition
to draw valid conclusions. We need to recognize these limitations and fac-
tor them into our planning and implementation in order to safeguard the
integrity of the measurement process.

The advent of electronic health records will help decrease the burden
and expense of data collection—but only if we get the right kind of EHRs.
The current generation of EHRs leaves much to be desired in terms of their
usefulness to improve quality. Partly, this is because processes in health care
are often unique to the practice microenvironment and, to some extent,
standardized software requires standardized process. Perhaps the biggest
potential for EHRs is their theoretical ability to provide customized re-
minders and warnings for each patient based on specific medical history,
diagnoses, and situations. Comprehensive EHRs can also support appropri-
ate decision making, but the current generation of products generally does
not have these capabilities. In fact, many current EHRs don’t even have the
capability of producing performance data after the fact.

How Can We Advance?

If we are to achieve a system that is truly accountable for quality, we
must overcome the politics, the warring measures, resource use-cost mea-
sures, and political opposition that stand in the way of comprehensive qual-
ity assessment. We also need to address issues of appropriateness. Another
problem that must be addressed is unclear accountabilities. There needs to
be some entity or organization larger than the individual provider that is
ultimately responsible for coordinating care across boundaries and practice
settings and taking responsibility for at-risk patients after discharge. Once
again, the sickest 20 percent of patients account for 80 percent of medical
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BOX 8-1
Comprehensive evidence management will do the following:

e |dentify the gaps

e Encourage priority research areas

e Promote paradigms of continuous learning and evidence development
e Gather patient reported impact/outcomes

e Consider patient preferences

costs and there are important opportunities to improve quality and reduce
costs with this group.

As we attempt to move practice toward a stronger evidence base, it is
crucial that we chart an approach to comprehensive evidence management
in order to exercise responsible stewardship for scarce healthcare resources.
This will require cooperation across stakeholder groups and specialty and
disease organizations, as well as substantial public funding. We need a
comprehensive function of evidence management (Box 8-1). This enterprise
would identify the gaps, encourage priority research areas, and promote
paradigms of continuous learning and evidence development.

In order to have the greatest impact, consider the establishment of an
evidence stewardship board to do three things: (1) evaluate the current
medical evidence and publish guidelines; (2) identify priority areas for new
evidence development; and (3) consider ways to move beyond clinical tri-
als in an era when much more real-time information can be gleaned from
practice and used to study what works. Such a board would be analogous
to the U.S. Preventive Services Task Force, but covering the broad scope of
medical practice.

There are four basic policy enablers and each must play a role to drive
systematic improvements in health care (Box 8-2).

First, we must change the way that we pay for health care in this
country. Payment reforms such as pay for performance, and other current
models, are a good beginning, but they are generally based on fee-for-service
payment. With new technology we all know that the old models of care,
even some team-based care, are hopelessly inefficient. We must stop provid-
ing financial rewards for what we know is inefficient and ineffective medi-
cine. The move to Diagnosis-Related Groups (DRGs) in the early1980s and
the Resource-Based Relative Value Scale (RBRVS) in the early 1990s were
significant advances, moving us away from true fee-for-service toward a
system that is based more on the average cost of performing a group of
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BOX 8-2
Policy Enablers Needed:

e Payment reform

* Regulatory reform
e Liability reform

e Patient Activation

services. It is time for a new generation of payment reform that utilizes
bundled payments with strong incentives for efficient delivery of high-
quality care. This kind of payment demands true quality transparency at
the same time.

Second, we need regulatory reform. The role of policy makers is to en-
courage promising new models of care; figure out which ones are taking us
toward higher-quality, affordable health care; and then push relentlessly to
make the whole delivery system move in that direction. Old and outmoded
regulatory requirements need to be dropped as new and more powerful
techniques are adopted.

Third, liability reform is also part of the change management process.
The current litigious environment is an impediment to good medicine,
which requires a special partnership between patients and their healthcare
providers. We need to make a new deal with society. We need to modify our
practices going forward, and in return, we ask that we have some protec-
tion as we seek to improve the delivery system.

Finally, we need real patient activation. It is critical that we recognize
that patient-centered health care requires that we do more than make data
available or even provide it to patients and expect them to do the right
thing. A very important area that needs to be more fully explored is deter-
mining the best ways to motivate patients. We need to take a comprehen-
sive look at how both providers and the health system as a whole can help
people make healthier choices, without creating dependency or increasing
costs. We need to address issues such as health literacy and the need for
culturally and linguistically appropriate services in order to communicate
with patients in a manner that they understand and that motivates them
to make lifestyle changes to improve their health and play an active role in
managing their conditions.

At the end of the day, our purpose in quality measurement is not to
derive knowledge in order to deliver it back into the same process. We will
only maximize the benefits of performance measurement by addressing
the structural elements that must be in place for systemic improvement.
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We need to find different ways to gather information in the first place;
then transformation becomes not only desirable but almost unavoidable.
As we explore new models for knowledge development, there are impor-
tant considerations for how to effectively use them. Also very importantly,
regulators, accreditors, and certifiers must work hard to evolve their ap-
proaches to accountability to support and encourage and not stifle knowl-
edge development. Old paradigms based on assumed relationships between
structure and outcomes need to be either justified or replaced with more
evidence-based constructs if regulators, accreditors, and certifiers are to be
drivers and enablers of progress rather than impediments to it.
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Workshop Agenda

THE LEARNING HEALTHCARE SYSTEM

A WorksHOP OF THE IOM ROUNDTABLE ON EVIDENCE-BASED MEDICINE

Tue Keck CENTER OF THE NATIONAL ACADEMIES
WasHINGTON, DC 20001

Jury 20-21, 2006
MEETING AGENDA

OgJecTIVE: To characterize the key features of the Learning Healthcare
System, to identify the most important hindrances to its evolution, and to
posit some remedies.

8:30

9:00

DAY 1: THE LEARNING HEALTHCARE SYSTEM

‘WELCOME AND OPENING REMARKS
Harvey Fineberg, Institute of Medicine

Darrell Kirch, Association of American Medical Colleges
What would be the features of a healthcare system designed not
to learn—how might it be corrected?

SEsSION 1: HINTS OF A DIFFERENT WAY—LEARNING FROM EXPERIENCE
CAsE STUDIES IN PRACTICE-BASED EVIDENCE DEVELOPMENT

CHAIR: Carolyn Clancy, Agency for Healthcare Research and
Quality (AHRQ) and EBM Roundtable Member

What “best practices” might be spotlighted to illustrate ways
to use the health care experience as a practical means of both
generating and applying evidence for health care? Are there
lessons from certain examples that can help identify the most
promising approaches?
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15-minute presentations followed by discussion session

Peter Bach, Centers for Medicare & Medicaid Services (CMS)
Coverage with evidence development: Lung volume
reduction surgery

Jed Weissberg, Permanente Federation
Use of large system databases: Cyclooxygenase-2 (COX-2)
inhibitors

Stephen Soumerai, Harvard Pilgrim Health Care
Potential of quasi-experimental designs for evaluating
health policy

Sean Tunis, Health Technology Center
Practical clinical trials

Alan Morris, Latter Day Saints Hospital and University of

Utah
Computerized protocols to assist clinical research*

10:30 SEessioN 2: THE EvoLvING EVIDENCE BASE—METHODOLOGIC AND

PoLicy CHALLENGES

CHAIR: Don Steinwachs, Johns Hopkins University and EBM
Roundtable Member
What challenges confront methodologically rigorous learning
from experience? How can alternatives to randomized controlled
trials (RCTs) and innovative approaches to generating evidence
be used to confront emerging challenges: broader post-marketing
surveillance; linking Phase III and coverage requirements;
increasingly complex patterns of comorbidity; subgroup analysis,
and heterogeneity in treatment outcomes? How might learning
that is more nimble also foster innovation and discovery?
15-minute presentations followed by discussion session
Robert Califf, Duke Clinical Research Institute
Alternatives to large RCTs
David Goldstein, Duke Institute for Genome Sciences and
Policy
Engaging the implications of subgroup heterogeneity—
prospects for pharmacogenetics
Harlan Weisman, Johnson & Johnson
Broader post-marketing surveillance for insights on risk and
effectiveness
Telba Irony, Food and Drug Administration (FDA)
Evaluating interventions in a rapid state of flux
David Eddy, Archimedes Inc.
Mathematical models to fill the gaps in evidence*
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Sheldon Greenfield, University of California at Irvine

Heterogeneity of treatment effects: subgroup analysis*
Steve Teutsch, Merck & Co. Inc.

Adjusting evidence generation to the scale of effects*
Janlori Goldman, Health Privacy Project

Protecting privacy while linking patient records*

12:00 Lunch

1:00 SESSION 3: NARROWING THE RESEARCH-PRACTICE DIVIDE—SYSTEM
CONSIDERATIONS

CHAIR: Cato Laurencin, University of Virginia and EBM
Roundtable Member
What system changes are needed for the healthcare delivery
environment to facilitate the generation and application of better
evidence? What are the needs and implications for structuring
“built-in” study designs, managing the data burden, and defining
appropriate levels of evidence needed? What is needed to turn
clinical data into an “epidemiologic utility,” a public good?
15-minute presentations followed by discussion session
Brent James, Intermountain Healthcare
Feedback loops to expedite study timeliness and relevance
Walter Stewart, Geisinger Health System
Clinical data system structure and management for better
learning
Steven Pearson, America’s Health Insurance Plans
Implications for standards of evidence
Robert Galvin, General Electric
Implications for innovation acceleration

2:30  SEssiON 4: PANEL DiscussioN—KEY BARRIERS AND PRIORITIES FOR
AcTION
CHAIR: Denis Cortese, Mayo Clinic and EBM Roundtable
Member
Members of the Roundtable on Evidence-Based Medicine

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11903.html

8:30
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10:30
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DAY 2: ACCELERATING THE PROGRESS

OPENING REMARKS

Denis Cortese, Mayo Clinic and EBM Roundtable Chair

What are some of the key challenges and opportunities if the
development of a sustainable capacity for real-time learning is to
be accelerated?

SESSION 5: HINTS OF A DIFFERENT WAY—LEARNING SYSTEMS IN
PROGRESS

CHAIR: Jonathan Perlin, Department of Veterans Affairs and
EBM Roundtable Member
What experiences of healthcare systems highlight the
opportunities and challenges in integrating the generation and
application of evidence for improved care? What’s needed to take
to scale?
15-minute presentations followed by discussion session
Joel Kupersmith, Veterans Health Administration
Implementation of evidence-based practice in the Veterans
Administration
George Isham, HealthPartners
AQA (Ambulatory Care Quality Alliance)
Robert Phillips, Robert Graham Center
Practice-Based Research Networks
Lynn Etheredge, George Washington University
A rapid learning health system

SESSION 6: DEVELOPING THE TEST BED: LINKING INTEGRATED DELIVERY
SYSTEMS

CHAIR: Helen Darling, National Business Group on Health and
EBM Roundtable Member
How can integrated healthcare delivery systems be better engaged
for structured real-time learning? How can the organizational,
logistical, data system, reimbursement and regulatory issues be
addressed?
15-minute presentations followed by discussion session
Stephen Katz, National Institutes of Health (NIH)
NIH Roadmap initiatives use of integrated delivery systems
Cynthia Palmer, Agency for Healthcare Research and Quality
Turning research to ACTION through delivery systems
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Eric Larson, Group Health Cooperative
Health Maintenance Organization Research Network
(HMORN)

Michael Mustille, Permanente Federation
Council of Accountable Physician Practices

12:00 LuncH
12:30 SEessiON 7: THE PATIENT As A CATALYST FOR CHANGE

CHAIR: Andrew Stern, Service Employees International Union and
EBM Roundtable Member
What is the changing role of the patient in an age of the Internet
and the personal health record? Reengineering a system focused
on patient needs and built around best care requires improved
communication of evidence. How does patient preference fit into
evidence development?
15-minute presentations followed by discussion session
Janet Marchibroda, eHealth Initiative
The Internet, eHealth, and patient empowerment
Andrew Barbash, Apractis Solutions
Joint patient-provider management of the electronic health
record (EHR)
James Weinstein, Dartmouth-Hitchcock Medical Center
Evidence and shared decision making

1:35 SESSION 8: TRAINING THE LEARNING HEALTH PROFESSIONAL

CHaIR: Nancy Nielsen, American Medical Association and EBM
Roundtable Member
What are the educational needs for the health professional in
the Learning Healthcare System? How must qualification exams
and continuing education be adjusted? What approaches can
bring the processes of learning and application into seamless
alignment?
15-minute presentations followed by discussion session
Mary Mundinger, Columbia University School of Nursing
Health professions education and teaching about evidence
William Stead, Vanderbilt University
Providers and the electronic health record as a learning tool
Mark Williams, Emory University School of Medicine
Redefining continuing education around evolving evidence
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SESSION 9: STRUCTURING THE INCENTIVES FOR CHANGE

CHAIR: John Rother, AARP and EBM Roundtable Member
What policies can provide the incentives for the developments
necessary to build learning—evidence development and
application—into every healthcare encounter?
15-minute presentations followed by discussion session
Alan Rosenberg, WellPoint
Opportunities for private insurers
Steve Phurrough, Centers for Medicare and Medicaid Services
Opportunities for CMS
Wayne Rosencrans, Jr., AstraZeneca
Opportunities for manufacturers
Margaret O’Kane, National Care Quality Alliance
Opportunities for standards organizations

CONCLUDING SUMMARY REMARKS

Denis Cortese, Mayo Clinic and EBM Roundtable Chair
J. Michael McGinnis, Institute of Medicine

ADJOURN

*Presentation included in workshop materials, but not delivered.
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Biographical Sketches of Participants

Peter B. Bach, M.D., M.A.P.P,, joined the Centers for Medicare and Med-
icaid Services (CMS) as a senior adviser to the administrator in February
2005. Dr. Bach’s work at CMS focuses on improving evidence about the
effect of therapies and devices, and revising payment to enhance care qual-
ity. He also is the agency lead on cancer policy. Dr. Bach is board certified
in internal medicine, pulmonary medicine, and critical care medicine and
is an associate attending physician at Memorial Sloan-Kettering Cancer
Center in New York. He is a National Institutes of Health (NIH) funded
researcher with expertise in quality of care and epidemiologic research
methods. His research on health disparities, variations in healthcare quality,
and lung cancer epidemiology has appeared in the New England Journal of
Medicine, the Journal of the American Medical Association, and the Journal
of the National Cancer Institute. During the Rwandan Civil War, he was a
camp physician in Goma, Zaire, caring for refugees. Dr. Bach received his
bachelor’s degree in English and American literature from Harvard College,
his M.D. from the University of Minnesota, and his master of arts degree in
public policy from the University of Chicago, where he was also a Robert
Wood Johnson clinical scholar. He completed his clinical training in internal
medicine and pulmonary and critical care at the Johns Hopkins Hospital.

Andrew Barbash, M.D., is the chief executive officer (CEO) of Apractis
Solutions, LLC, Collaboration Partners. He is also a practicing neurologist
and the medical director of the Holy Cross Hospital Stroke Care Program
in Maryland. He was a vice president and member of the senior manage-
ment of the Medical Group for Kaiser Permanente of the Mid-Atlantic
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states until 2001, where he managed the development and deployment of
the electronic medical record for that region. He has been very active in the
e-health, mobile health, and personal health records arena and has served
on national-level workgroups related to consumer information empower-
ment and e-health. He was a member of the Task Force on Information
Capture in 2001 and is also leading the Personal Medication Records
project in the SOS Rx initiative, sponsored by the National Consumers
League. In 2003-2004 he was actively engaged with the Medical Records
Institute relative to mobile computing and the TEPR (Towards the Elec-
tronic Patient Record) awards. He is also very active in Health Tech Net,
a Washington area consortium of health technology participants. He com-
pleted his B.A. at Bowdoin College, his M.D. at Northwestern University,
and his neurology residency at the Mayo Clinic.

Marc L. Berger, M.D., is vice president for Outcomes Research and
Management in the U.S. Human Health Division at Merck & Co., Inc
While at Merck, Dr. Berger has held various positions of responsibility for
Phase II to Phase IV clinical trials, outcomes research studies, and disease
management programs. His current research interests include health-related
productivity, cost-effectiveness analysis, and the value of pharmaceutical in-
novation. He was recently invited to serve on the CMS Medicare Coverage
Advisory Committee. He also serves on advisory boards for the Health
Industry Forum and the Program on the Economic Evaluation of Medical
Technology (PEEMT) at the Harvard Center for Risk Analysis, as well as
for the journal Value in Health. He holds appointments as adjunct senior
fellow at the Leonard David Institute of Health Economics at the University
of Pennsylvania and adjunct professor in the Department of Health Policy
and Administration at the University of North Carolina at Chapel Hill
School of Public Health. Prior to joining Merck, he was on the faculty of
the University of Cincinnati School of Medicine. Dr. Berger obtained his
M.D. from Johns Hopkins University School of Medicine. He completed
an internal medicine residency at New York University-Bellevue Hospital
and a Liver Research Fellowship at the University of Texas Southwestern
Medical School.

Robert M. Califf, M.D., is vice chancellor for clinical research, director of
the Duke Clinical Research Institute (DCRI), and professor of medicine in
the division of cardiology at Duke University Medical Center. He is board
certified in internal medicine and cardiology and is a fellow of the American
College of Cardiology. Author or coauthor of more than 600 peer-reviewed
journal articles, as well as major textbooks on cardiovascular disease,
Dr. Califf has also served on the Cardiorenal Advisory Panel of the U.S.
Food and Drug Administration (FDA) and the Pharmaceutical Roundtable
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of the Institute of Medicine (IOM). He is director of the coordinating center
for the Centers for Education and Research on Therapeutics (CERTs), a
public-private partnership among the Agency for Healthcare Research and
Quality, the DCRI, academia, the medical products industry, and consumer
groups focused on research and education that strives to advance the best
use of medical products. Dr. Califf graduated from Duke University in 1973
summa cum laude and Phi Beta Kappa and from Duke University Medical
School in 1978, where he was selected for Alpha Omega Alpha. He com-
pleted his internship and residency at the University of California at San
Francisco and his fellowship in cardiology at Duke University.

Carolyn M. Clancy, M.D., is director of the Agency for Healthcare Research
and Quality (AHRQ). Prior to 2002 she was director of AHRQ’s Center
for Outcomes and Effectiveness Research (COER). Her major research
interests include various dimensions of healthcare quality and patients’,
including women’s health, primary care, access to care services, and the
impact of financial incentives on physicians’ decisions. Prior to joining
AHRQ in 1990, she was an assistant professor in the Department of Inter-
nal Medicine at the Medical College of Virginia in Richmond. Dr. Clancy
holds an academic appointment at George Washington University School
of Medicine (clinical associate professor, Department of Medicine), is the
senior associate editor of Health Services Research, and serves on multiple
editorial boards. Dr. Clancy has published widely in peer-reviewed jour-
nals and has edited or contributed to seven books. She is a member of the
Institute of Medicine and was elected a master of the American College
of Physicians in 2004. Dr. Clancy, a general internist and health services
researcher, is a graduate of Boston College and the University of Massa-
chusetts Medical School. Following clinical training in internal medicine,
Dr. Clancy was a Henry J. Kaiser Family Foundation fellow at the Univer-
sity of Pennsylvania.

Denis A. Cortese, M.D., is president and CEO at Mayo Clinic and chair of
the Executive Committee. He is a member of the Board of Trustees and is a
professor of medicine at Mayo Clinic College of Medicine. He is a director
and former president of the International Photodynamic Association and
has been involved in the bronchoscopic detection, localization, and treat-
ment of early-stage lung cancer. He is a member of the Healthcare Leader-
ship Council and the Harvard-Kennedy School Healthcare Policy Group,
and a former member of the Center for Corporate Innovation. He also is
a charter member of the Advisory Board of World Community Grid and
a founding member of the American Medical Group Association Chairs-
Presidents-CEOs Council. Following service in the U.S. Naval Corps, he
joined the staff of Mayo Clinic in Rochester, Minnesota, as a specialist
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in pulmonary medicine. He was a member of the Board of Governors in
Rochester before moving to Mayo Clinic in Jacksonville, Florida. He has
served as chair of the Board of Governors at Mayo Clinic and chair of
the Board of Directors at St. Luke’s Hospital in Jacksonville, Florida. He
also served on the Steering Committee for the RAND Ix Project, “Using
Information Technology to Create a New Future in Healthcare,” and the
Principals Committee of the National Innovation Initiative. Dr. Cortese
is a graduate of Temple University and completed his residency at the
Mayo Graduate School of Medicine. Dr. Cortese is a member of the IOM,
a Fellow of the Royal College of Physicians in England, and an honorary
member of the Academia Nacional de Mexicana (Mexico).

Helen Darling is president of the National Business Group on Health (for-
merly Washington Business Group on Health). Ms. Darling also currently
serves as co-chair of the Committee on Performance Measurement of the
National Committee for Quality Assurance. She is a member of the Medi-
cal Advisory Panel, Technology Evaluation Center, run by the Blue Cross
Blue Shield Association; the IOM Board on Health Promotion and Disease
Prevention; the Cancer Care Measures Steering Committee of the National
Quality Forum; the Board of the VHA (Veterans Health Administration)
Health Foundation, along with a number of other advisory and editorial
boards. From 1992 through 1998, Ms. Darling directed the purchasing of
health benefits and disability for Xerox Corporation and was previously a
principal at William W. Mercer. Earlier in her career, Ms. Darling was an
adviser to Senator David Durenberger, the ranking Republican on the Health
Subcommittee of the Senate Finance Committee. Ms. Darling received a
master’s degree in demography-sociology and a bachelor of science degree
in history-English, cum laude, from the University of Memphis.

David M. Eddy, M.D., Ph.D., is the director of Archimedes and is respon-
sible for the medical development of the model. David started his career as
a professor of engineering and medicine at Stanford, and the J. Alexander
McMahon Professor of Health Policy and Management at Duke University.
David received his M.D. from the University of Virginia and his Ph.D. in
engineering-economic systems (applied mathematics) from Stanford. More
than 25 years ago, David wrote the seminal paper on the role of guidelines
in medical decision making, the first Markov model applied to clinical
problems, and the original criteria for coverage decisions; he was the first to
use and publish the term evidence-based. David is the author of five books,
more than 100 first-authored articles, and a series of essays for the Journal
of the American Medical Association. His writings range from technical
mathematical theories to broad health policy topics. David has received
top national and international awards in fields including applied math-
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ematics, health technology assessment, healthcare quality, and outcomes
research. He has been elected or appointed to more than 40 national and
international boards and commissions, including Consumers Union, the
National Board of Mathematics, the World Health Organization Panel of
Experts, the Blue Cross Blue Shield Medical Advisory Panel, and the Na-
tional Committee for Quality Assurance, and is a member of the Institute
of Medicine of the National Academy of Sciences.

Lynn Etheredge is an independent consultant working on health care and
social policy issues. His career started at the White House Office of Man-
agement and Budget (OMB). During the Nixon and Ford administrations,
he was OMB?’s principal analyst for Medicare and Medicaid and led its
staff work on national health insurance proposals. He returned to OMB
as a senior career executive and headed its professional health staff in the
Carter and Reagan administrations. He was a coauthor of the Jackson Hole
Group’s proposals for healthcare reform and a founding member of the
National Academy of Social Insurance. During the last several years, Lynn
has authored policy studies about Medicaid’s future, Medicare reforms,
evidence-based health care, and expanding health insurance coverage. His
current projects include a “Medicaid + tax credits” model for expanding
coverage and a national rapid learning system for evidence-based health
care. He is author of more than 70 publications and is a graduate of
Swarthmore College.

Harvey Fineberg, M.D., Ph.D., is president of the Institute of Medicine. He
served as provost of Harvard University from 1997 to 2001, following 13
years as dean of the Harvard School of Public Health. He has devoted most
of his academic career to the fields of health policy and medical decision
making. His past research has focused on the process of policy development
and implementation, assessment of medical technology, evaluation and use
of vaccines, and dissemination of medical innovations. Dr. Fineberg helped
found and served as president of the Society for Medical Decision Making
and also served as consultant to the World Health Organization. At IOM
he has chaired and served on a number of panels dealing with health policy
issues, ranging from AIDS to new medical technology. He also served as a
member of the Public Health Council of Massachusetts (1976-1979), chair-
man of the Health Care Technology Study Section of the National Center
for Health Services Research (1982-1985), and president of the Association
of Schools of Public Health (1995-1996). Dr. Fineberg is coauthor of the
books Clinical Decision Analysis, Innovators in Physician Education, and
The Epidemic That Never Was, an analysis of the controversial federal
immunization program against swine flu in 1976. He has coedited several
books on such diverse topics as AIDS prevention, vaccine safety, and under-
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standing risk in society. He has also authored numerous articles published
in professional journals. In 1988, he received the Joseph W. Mountain
Prize from the Centers for Disease Control and Prevention (CDC) and the
Wade Hampton Frost Prize from the Epidemiology Section of the American
Public Health Association (APHA). Dr. Fineberg earned his bachelor’s and
doctoral degrees from Harvard University.

Robert Galvin, M.D., is director of global health care for General Electric
(GE). He oversees the design and performance of GE’s health programs,
which total more than $3 billion annually, and is responsible for GE’s
medical services, encompassing over 220 medical clinics in more than 20
countries. In his current role, he focuses on issues of market-based health
policy and financing, with a special interest in quality measurement and
improvement. He has been a leader in pushing for public release of perfor-
mance information and reform of the payment system. He was a member
of the Strategic Framework Board of the National Quality Forum and is
on the board of NCQA. He is a founder of both the Leapfrog Group and
Bridges to Excellence. He is also a member of the Advisory Board of the
Council of Health Care Economics and the IOM Committee on Redesign-
ing Health Insurance Benefits, Payments and Performance Improvement
Programs. Adjunct professor of medicine and health policy at Yale, he
is also a fellow of the American College of Physicians and has published
in various journals, including the New England Journal of Medicine and
Health Affairs. Dr. Galvin completed his undergraduate work at the Uni-
versity of Pennsylvania, where he graduated magna cum laude and Phi
Beta Kappa. He received his M.D. from the University of Pennsylvania and
was elected to Alpha Omega Alpha. He received an M.B.A. in healthcare
management from Boston University School of Management.

Janlori Goldman, J.D., is director of the Health Privacy Project and research
faculty at the Center on Medicine as a Profession at Columbia University.
She specializes in privacy and confidentiality issues within the physician-
patient relationship, and her areas of expertise include the Health Insur-
ance Portability and Accountability Act (HIPAA) privacy regulation, public
health and bioterrorism, and e-health initiatives. She also directs the Health
Privacy Project, based in Washington, D.C., which she founded after a year
as a visiting scholar at Georgetown University Law Center. Ms. Goldman
co-founded the Center for Democracy and Technology, a nonprofit civil
liberties organization committed to preserving free speech and privacy on
the Internet. She was the staff attorney and director of the Privacy and
Technology Project of the American Civil Liberties Union (ACLU). Her
efforts at the ACLU led to the enactment of the Video Privacy Protection
Act, and she also led initiatives to protect people’s health, credit, financial,
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and personal information held by the government. Her publications include
“Bioterrorism, Public Health and Privacy,” included in the publication
Lost Liberties: Ashcroft and the Assault on Personal Freedom; two articles
in Health Affairs: “Virtually Exposed: Privacy and E-Health,” coauthored
with Zoe Hudson, and “Protecting Privacy to Improve Health Care”; and
“A Federal Right of Information Privacy,” coauthored with Jerry Berman
and included as a chapter in Computers, Ethics, and Social Values.

David Goldstein, Ph.D., is visiting professor of molecular genetics and
microbiology and has been director of the Institute for Genome Sciences
and Policy (IGSP) Center for Population Genomics and Pharmacogenetics
since June 2005. Dr. Goldstein’s principal interests include human genetic
diversity, the genetics of neurological disease, and pharmacogenetics. He is
the author of more than 75 scholarly publications in the areas of popula-
tion and medical genetics. He is on the editorial boards of Current Biology,
Annals of Human Genetics, Molecular Biology and Evolution, and Human
Genomics. He is the recipient of one of the first seven nationally awarded
Royal Society-Wolfson Research Merit Awards in the United Kingdom for
his work in human population genetics. Dr. Goldstein received his Ph.D.
in biological sciences from Stanford University in 1994, and from 1999 to
2005 was Wolfson Professor of Genetics at University College London.

Sheldon Greenfield, M.D., is director of the Center for Health Policy Research
and professor in the Department of Medicine at the University of California
(UCLA), Irvine College of Medicine. Previously, Dr. Greenfield was director
of the Primary Care Outcomes Research Institute at New England Medical
Center and Tufts University School of Medicine. Dr. Greenfield was associ-
ated with the UCLA Schools of Medicine and Public Health and the Rand
Corporation in California, including the position of co-director of the Joint
RAND-UCLA Center for Health Policy Study. He has pioneered research in
increasing patients’ participation in care and using outcomes to determine
the value of that participation. Beginning in 1984, Dr. Greenfield served
as the medical director of the Medical Outcomes Study, which sought to
compare systems of care, specialties, various aspects of interpersonal care,
and resource use to outcome. Dr. Greenfield was principal investigator (PI)
of the Type 2 Diabetes Patient Outcome Research Team, and is chairman of
the Diabetes Quality Improvement Program, a joint venture of the Health
Care Financing Administration (HCFA), NCQA, and the American Dia-
betes Association (ADA). He is currently serving as chair of the National
Diabetes Quality Alliance. He is also former president of the Society of
General Internal Medicine and was chairman of the Health Care Technol-
ogy Study Section for the Agency for Health Care Policy and Research
(now AHRQ). Dr. Greenfield earned an A.B. from Harvard College and an
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M.D. from the University of Cincinnati College of Medicine. He completed
his residency and a fellowship in infectious disease at Beth Israel Hospital,
Boston, Massachusetts.

Telba Irony, Ph.D., is chief of the General and Surgical Devices Branch
in the Division of Biostatistics at the Center for Devices and Radiological
Health (CDRH) of the FDA. She received her Ph.D. from the University
of California at Berkeley in 1990 where she worked with applications of
Bayesian Statistics. She was on the faculty of the George Washington Uni-
versity, Engineering School, from 1990 to 1998, when she joined the CDRH
in order to help implement the use of Bayesian methodology in medical
device clinical trials. She worked in several projects of applications of
Bayesian statistics sponsored by the National Science Foundation (NSF) and
produced more than 30 articles that were published in statistical journals.

George Isham, M.D., M..S., is medical director and chief health officer for
HealthPartners. He is responsible for quality, utilization management, health
promotion and disease prevention, research, and health professionals’ edu-
cation at HealthPartners, a consumer-governed Minnesota health plan rep-
resenting nearly 800,000 members. Before his current position, Dr. Isham
was medical director of MedCenters Health Plan in Minneapolis. In the late
1980s, he was executive director of University Health Care, an organization
affiliated with the University of Wisconsin, Madison. Dr. Isham received his
master of science in preventive medicine and administrative medicine at the
University of Wisconsin, Madison; he received his M.D. from the University
of Illinois; and he completed his internship and residency in internal medi-
cine at the University of Wisconsin Hospital and Clinics in Madison. His
practice experience as a primary care physician included eight years at the
Freeport Clinic in Freeport, Illinois, and three and one-half years as clinical
assistant professor in medicine at the University of Wisconsin.

Brent C. James, M.D., M.Stat., is executive director of the Institute for
Health Care Delivery Research and vice president of Medical Research
and Continuing Medical Education at Intermountain Healthcare. Based in
Salt Lake City, Utah, Intermountain Healthcare is an integrated system of
23 hospitals, almost 100 clinics, a 450+ member physician group, and an
HMO-PPO (health maintenance organization-preferred provider organiza-
tion) insurance plan jointly responsible for more than 450,000 covered
lives. Brent James is known internationally for his work in clinical quality
improvement, patient safety, and the infrastructure that underlies success-
ful improvement efforts, such as culture change, data systems, payment
methods, and management roles. Before coming to Intermountain, he was
an assistant professor in the Department of Biostatistics at the Harvard
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School of Public Health, providing statistical support for the Eastern Co-
operative Oncology Group, and staffed the American College of Surgeons’
Commission on Cancer. He holds faculty appointments at the University of
Utah School of Medicine, Harvard School of Public Health, Tulane Univer-
sity School of Public Health and Tropical Medicine, and University of Syd-
ney, Australia, School of Public Health. He is also a member of the Institute
of Medicine of the National Academy of Sciences.. Dr. James holds bachelor
of science degrees in computer science (electrical engineering) and medical
biology, an M.D., and a master of statistics degree from the University of
Utah; he completed residency training in general surgery and oncology.

Stephen 1. Katz, M.D., Ph.D., has been director of the National Institute
of Arthritis and Musculoskeletal and Skin Diseases (NIAMSD) since Au-
gust 1995 and is also a senior investigator in the Dermatology Branch of
the National Cancer Institute (NCI). Dr. Katz has focused his studies on
immunology and the skin. His research has demonstrated that skin is an
important component of the immune system both in its normal function
and as a target in immunologically mediated disease. In addition to study-
ing Langerhans cells and epidermally derived cytokines, Dr. Katz and his
colleagues have added considerable new knowledge about inherited and
acquired blistering skin diseases. He also has served many professional
societies, including as a member of the Board of Directors and president
of the Society for Investigative Dermatology, on the Board of the Associa-
tion of Professors of Dermatology, as secretary-general of the 18th World
Congress of Dermatology in New York in 1992, as secretary-treasurer of
the Clinical Immunology Society, and as president of both the International
League of Dermatological Societies and the International Committee of
Dermatology. Dr. Katz has twice received the Meritorious Rank Award
and has also received the Distinguished Executive Presidential Rank Award,
the highest honor that can be bestowed upon a civil servant. He earned a
B.A. in history from the University of Maryland, an M.D. from Tulane
University Medical School, and a Ph.D. in immunology from the University
of London, England. He completed a medical internship at Los Angeles
County Hospital and a residency in dermatology at the University of Miami
School of Medicine, Florida.

Darrell G. Kirch, M.D., is president and chief executive officer of the Asso-
ciation of American Medical Colleges (AAMC), a position he assumed on
July 1, 2006. Dr. Kirch’s career spans all aspects of academic medicine and
includes leadership positions at two medical schools and teaching hospi-
tals, as well as at the National Institutes of Health. Before becoming the
AAMC’s fourth president, Dr. Kirch was selected to be chair-elect of the
association, and served as co-chair of the Liaison Committee on Medical
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Education and as a member-at-large of the National Board of Medical
Examiners. He also has served as chair of the AAMC’s Council of Deans
Administrative Board and as chair of the American Medical Association
(AMA) Section on Medical Schools. Dr. Kirch comes to the AAMC after
six years as senior vice president for health affairs, dean of the College of
Medicine, and CEO of the Milton S. Hershey Medical Center at the Penn-
sylvania State University, where he and his leadership team are credited
with revitalizing the institution and guiding it through a period of major
expansion. Dr. Kirch held a number of leadership positions at the Medi-
cal College of Georgia, including dean of the medical school, senior vice
president for clinical activities, and dean of the School of Graduate Studies.
As a psychiatrist and clinical neuroscientist, Dr. Kirch is a leading expert
on the biological basis of and treatments for severe neuropsychiatric dis-
orders. Following the completion of his residency training at the University
of Colorado Health Sciences Center, he joined the National Institute of
Mental Health, in Bethesda, Maryland, where he was named acting scien-
tific director in 1993. Dr. Kirch is an active member of several professional
societies, including the American College of Psychiatrists, the AMA, and
the American Psychiatric Association. Dr. Kirch received both his B.A. and
his M.D. from the University of Colorado.

Joel Kupersmith, M.D., is chief research and development officer of the
Veterans Health Administration. He has completed projects and published
papers on a number of health and research policy areas including how to
fund, oversee, and promote effectiveness research; how academic medical
centers should be accountable; quality of care in teaching hospitals; regional
institutional review boards (IRBs); medical manpower; and other issues.
Following his early research on cardiac rhythm abnormalities and implant-
able cardiac defibrillators, he published in the area of cost-effectiveness of
heart disease treatments and outcomes following heart attacks. He is widely
published, with at least 150 publications and two books, and has been on
the editorial boards of numerous journals, including the American Journal
of Medicine. Prior to joining the VHA, Dr. Kupersmith held faculty posi-
tions at the Mt. Sinai School of Medicine, University of Louisville, and the
College of Human Medicine at Michigan State University. He served as
dean of the School of Medicine and Graduate School of Biomedical Sciences
and vice president for clinical affairs at Texas Tech University. He was a
scholar-in-residence at both the IOM and the AAMC and a visiting scholar
at the Hastings Center for Ethics and is a member of numerous professional
organizations. Dr. Kupersmith is a winner of an Affirmative Action Award
from the University of Louisville and an Alumni Association distinguished
achievement award from New York Medical College. Dr. Kupersmith was
elected to the Governing Council, Medical School Section of the AMA, is a
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member of the AAMC Task Force on Fraud and Abuse, and has been a site
visit chair for the Liaison Committee on Medical Education. Dr. Kupersmith
earned his M.D. from New York Medical College, where he also completed
residency in internal medicine, and completed a cardiology fellowship at
Beth Israel Medical Center-Harvard Medical School.

Eric B. Larson, M.D., M.P.H., M.A.C.P,, is director of Group Health Co-
operative’s Center for Health Studies. His research spans a range of general
medicine topics and has focused on aging and dementia topics, including
a long running study of aging and cognitive change set in Group Health
Cooperative: the UW-Group Health Alzheimer’s Disease Patient Registry-
Adult Changes in Thought Study. He has served as president of the Society
of General Internal Medicine, chair of the Office of Technology Assess-
ment-Department of Health and Human Services (HHS) Advisory Panel on
Alzheimer’s Disease and Related Disorders and was chair of the Board of
Regents (2004-2005), American College of Physicians. He is currently PI
on an NIH Roadmap project to expand existing clinical research networks:
The Coordinated Clinical Studies Network of the HMO Research Network
(HMORN). He also served as medical director of University of Washington
Medical Center and associate dean for clinical affairs from 1989 to 2002.
A graduate of Harvard Medical School, he trained in internal medicine at
Beth Israel Hospital, completed a Robert Wood Johnson Clinical Scholars
and M.P.H. program at the University of Washington, and then served as
chief resident of University Hospital in Seattle.

Cato T. Laurencin, M.D., Ph.D., is the Lillian T. Pratt Professor and Chair
of Orthopaedic Surgery, university professor, and professor of biomedical
engineering and chemical engineering at the University of Virginia and an
IOM member. The focus of Dr. Laurencin’s research is novel methods for
bone and musculoskeletal tissue engineering and polymeric systems for
drug delivery. Prior to his appointment at Virginia University’s Depart-
ment of Biomedical Engineering, he was at Drexel University as the Helen
I. Moorehead Professor of Chemical Engineering, and clinical associate
professor of orthopaedic surgery at the Medical College of Pennsylvania
and Hahnemann University School of Medicine, working with the team
physicians for the New York Mets and St. John’s University. Dr. Laurencin
earned his B.S.E. in chemical engineering from Princeton University and
went on to a Ph.D. in biochemical engineering-biotechnology from the
Massachusetts Institute of Technology (MIT). In parallel with his research
training, Dr. Laurencin attended the Harvard Medical School, graduating
magna cum laude. While directing his laboratory at MIT, Dr. Laurencin
undertook clinical residency training in orthopaedic surgery at Harvard
and served as chief resident in orthopaedic surgery at Beth Israel Hospital,
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Harvard Medical School; he subsequently completed fellowship training in
shoulder surgery and sports medicine at the Hospital for Special Surgery in
New York, Cornell University.

Janet M. Marchibroda is the CEO of the eHealth Initiative, a Washington,
D.C.-based national multistakeholder nonprofit organization whose mis-
sion is to improve the quality, safety, and cost-effectiveness of health care
through information technology. Ms. Marchibroda has a particular interest
in issues related to the improvement of quality in health care. Prior to the
eHealth Initiative, Ms. Marchibroda co-founded and served as a senior
executive for two healthcare information companies, one that focuses on
providing patient safety and compliance information to physicians and the
other—a Bertelsmann AG subsidiary—that focuses on providing electronic
publishing services to the managed care industry to better meet member
information needs. Ms. Marchibroda has also served as the CEO of the
NCQA, where she was responsible for accreditation, certification, educa-
tion, the national HEDIS (Health Plan Employer data and Information
Set) database, report cards and electronic information products, and other
publications. She holds a B.S. in commerce from the University of Virginia
and an M.B.A. with a concentration in organization development from
George Washington University.

J. Michael McGinnis, M.D., M.P.P,, is senior scholar at the Institute of
Medicine. From 1999 to 2005, he served as senior vice president and
founding director of the Health Group, and as counselor to the presi-
dent, at the Robert Wood Johnson Foundation (RW]JF), and from 1977 to
1995, he held continuous appointment as assistant surgeon general, deputy
assistant secretary for health, and founding director, Disease Prevention
and Health Promotion, through the Carter, Reagan, Bush, and Clinton
administrations. Programs and policies launched at his initiative include
the Healthy People process on national health objectives, now in its third
decade; the U.S. Preventive Services Task Force; the Dietary Guidelines for
Americans (with the U.S. Department of Agriculture [USDA]), now in its
sixth edition; the RWJF Health and Society Scholars Program; the RW]JF
Young Epidemiology Scholars Program; and the RWJF Active Living fam-
ily of programs. International service includes appointments as chair of
the World Bank-European Commission Task Force reconstruction of the
health sector in Bosnia (1995-1996); and state coordinator for the World
Health Organization smallpox eradication program in Uttar Pradesh, India
(1974-1975). He is an elected member of the IOM, fellow of the American
College of Epidemiology, and fellow of the American College of Preventive
Medicine. Recent board memberships include the Nemours Foundation
Board of Directors, the IOM Committee on Children’s Food Marketing
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(chair); the NIH State-of-the-Science Panel on Multivitamins in Chronic
Disease Prevention (chair); the Health Professionals Roundtable on Preven-
tive Services (chair); the FDA Food Advisory Committee, Subcommittee on
Nutrition; and the Board of the United Way of the National Capital Area
(chair, resource development).

Alan H. Morris, M.D., is professor of medicine and adjunct professor of
medical informatics at the University of Utah, and director of research and
associate medical director of the Pulmonary Function and Blood Gas Labo-
ratories at the LDS Hospital. He has experience in the conduct of acute
respiratory distress syndrome (ARDS) multicenter randomized clinical trials
of treatments, including innovative therapies, for ARDS patients. He is PI
of the 4-Hospital Utah Critical Care Treatment Group (CCTG) of the NIH-
NHLBI (National Heart, Lung, and Blood Institute) ARDS Network for
clinical trials and has directed this group since 1994. This 4-Hospital group
includes the LDS, Cottonwood, McKay Dee, and Utah Valley Regional
Medical Center Hospitals. He is also PI for the NIH-NHLBI Reengineering
Clinical Research in Critical Care contract.

Mary O’Neil Mundinger, Dr.P.H., R.N., is the Centennial Professor in
Health Policy and dean of the Columbia University School of Nursing. A
noted health policy expert, primarily known for her work on workforce
issues and primary care and author of Home Care Controversy: Too Little,
Too Late, Too Costly (1983) and Autonomy in Nursing (1980), she has
led Columbia’s nursing school since 1986. Dr. Mundinger served as a
member of the Commonwealth Fund Commission on Women’s Health
from 1993 to 1998 and was a founder and the first president of Friends
of the National Institute for Nursing Research. In 1993 President Clinton
appointed her to the Health Professionals Review Group, which analyzed
the President’s plan to reform the health care system before he presented
it to Congress. In 1984-19835 she received a Robert Wood Johnson Health
Policy Fellowship and worked as a staff member for Senator Kennedy on
the Senate Labor and Human Resources Committee. Dr. Mundinger is the
founder of Columbia Advanced Practice Nurse Associates (CAPNA), and
recently established at Columbia the doctor of nursing practice degree, the
first clinical nursing doctorate in the nation. In 1998 she was named Nurse
Practitioner of the Year by the Nurse Practitioner: The American Journal
of Primary Health Care. Dr. Mundinger holds a B.S. cum laude from the
University of Michigan and a doctorate in public health from Columbia
University School of Public Health. In 1996 she was awarded a doctor
of humane letters (honorary) from Hamilton College. In 1995 she was
the first nurse to be honored and profiled by the University of Michigan
as a distinguished alumna. She is an elected member of the IOM and the
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American Academy of Nursing. Dr. Mundinger currently sits on the board
of directors of UnitedHealth Group, Gentiva Health Services, Welch Allyn,
Inc., and Cell Therapeutics, Inc.

Michael A. Mustille, M.D., an occupational medicine physician and physi-
cian executive for 33 years with the Permanente Medical Group in North-
ern California, is currently associate executive director for external relations
with the Permanente Federation, a national organization of physicians who
practice in the Kaiser Permanente Medical Care Program. Dr. Mustille is
also a senior adviser to the Council of Accountable Physician Practices
(CAPP), a joint undertaking by 34 member groups of the nation’s largest
and most prominent physician practices. CAPP’s mission is to foster the
development of the accountable physician group model as a step toward
the transformation of the American healthcare system. Before assuming his
current role in 1997, Dr. Mustille served as assistant physician-in-chief of
the Kaiser Permanente Medical Center in South San Francisco, California.
He started with Kaiser Permanente at the Walnut Creek, California, Medi-
cal Center in 1973 as a staff physician, then moved to South San Francisco
as assistant chief of medicine, and was later chief of occupational medicine
at the South San Francisco and San Francisco facilities. While there, he
developed a prototype occupational medicine specialty clinic that was ad-
opted as the model for Kaiser Permanente medical centers throughout the
state. Dr. Mustille received his undergraduate degree from Williams College
in Massachusetts and his M.D. from Cornell University in New York. He
completed a medical internship at the University of California’s Moffitt
Hospital in San Francisco as well as a residency in occupational medicine
at the University of California, San Francisco. He is a member of the Phi
Beta Kappa and Alpha Omega Alpha honor societies.

Nancy H. Nielsen, M.D., Ph.D., an internist from Buffalo, New York., was
elected speaker of the American Medical Association House of Delegates
in June 2003 and reelected in 20035. She is a delegate from New York and
previously served two terms on the AMA Council on Scientific Affairs.
She is clinical professor of medicine and senior associate dean for medical
education at the State University of New York (SUNY) School of Medi-
cine and Biomedical Sciences in Buffalo. Dr. Nielsen has also served as a
member on the National Patient Safety Foundation Board of Directors,
the Commission for the Prevention of Youth Violence, the Task Force on
Quality and Patient Safety, and the HHS Secretary’s Advisory Committee
on Regulatory Reform and as the AMA representative to the National
Quality Forum, Physicians Consortium for Performance Improvement,
the Hospital Quality Alliance (HQA), and the Ambulatory Care Quality
Alliance (AQA). She has served as a trustee of SUNY and as a member of
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the Board of Directors of Kaleida Health—a five-hospital system in west-
ern New York. She is currently associate medical director for quality and
interim chief medical officer at Independent Health Association, a major
health insurer in New York. Dr. Nielsen holds a doctorate in microbiology
and received her M.D. from SUNY School of Medicine and Biomedical
Sciences in Buffalo.

Margaret E. O’Kane is the president and founder of the National Commit-
tee for Quality Assurance, an independent, nonprofit organization whose
mission is to improve healthcare quality. Under Ms. O’Kane’s leadership,
NCQA has developed broad support among the employer and health plan
communities; most Fortune 500 companies will only do business with
NCQA-accredited health plans and nearly all use HEDIS data to evaluate
the plans that serve their employees. Ms. O’Kane was named Health Person
of the Year in 1996 by Medicine ¢& Health; in 1997 she received a Founder’s
Award from the American College of Medical Quality, and she is an elected
member of the Institute of Medicine. In 2000, Ms. O’Kane received the
Centers for Disease Control and Prevention’s (CDC’s) Champion of Preven-
tion Award, the agency’s highest honor. In 2005, Ms. O’Kane was named
one of Modern Healthcare’s Top 25 Women in Health Care, and she has
previously been voted one of the nation’s “100 Most Powerful People in
Health Care.” Under her leadership, in 2005 NCQA received awards from
the National Coalition for Cancer Survivorship, the American Diabetes
Association, and the American Pharmacists’ Association. Ms. O’Kane is
a sought-after public speaker, regularly addressing audiences across the
country on topics such as pay-for-performance, the value of accountability,
and the need to expand measurement in health care. She grants about 75
media interviews a year; has been a guest on the Today show, CNN, NBC,
ABC, and NPR; and is regularly quoted in the Wall Street Journal, New
York Times, and other major daily papers.

Steve E. Phurrough, M.D., M.P.A., is the director of the Coverage and
Analysis Group at the Center for Medicare and Medicaid Services. Using
evidence-based medicine principles, Dr. Phurrough assists in developing
national policy on the appropriate devices, diagnostics, and procedures that
should be provided by the Medicare program. Dr. Phurrough joined CMS
in 2001 as the director of the Division of Medical and Surgical Services
in the Coverage and Analysis Group after completing a long and distin-
guished career in the United States Army. In addition to being a practicing
family practitioner, his military career also included managing Department
of Defense regional healthcare delivery systems, creating national and in-
ternational healthcare policy for the Army, and developing practice guide-
lines. Dr. Phurrough received his M.D. from the University of Alabama in
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Birmingham and a master’s in public administration from the University of
Colorado in Colorado Springs. He is board certified by the American Board
of Family Practice and is a certified physician executive by the American
College of Physician Executives.

Cynthia Palmer, M.Sc., is the program officer for AHRQ’ Integrated
Delivery System Research Network (IDSRN) and its successor program,
Accelerating Change and Transformation in Organizations and Networks
(ACTION). ACTION includes 15 partners and approximately 150 collabo-
rating organizations that link the nation’s top researchers with some of the
largest healthcare systems to conduct rapid cycle, demand-driven, applied
research on issues important to healthcare delivery systems. Ms. Palmer
is also the co-lead of the AHRQ team involved in a National Health Plan
Collaborative to reduce racial and ethnic disparities. She has more than 20
years of experience in health services research and clinical epidemiology.
She joined AHRQ in December 2001 from MEDTAP International, Inc.,
Bethesda, Maryland, where she served as a research scientist and deputy
director of the Health Economics Group.

Steven D. Pearson, M.D., M.Sc., ER.C.P., is a general internist and as-
sociate professor of ambulatory care and prevention at Harvard Medical
School, and senior fellow at America’s Health Insurance Plans (AHIP).
Dr. Pearson’s work examines the scientific and ethical foundations of evi-
dence-based policy making in health care, and at AHIP, he performs re-
search and policy analysis on issues related to evidence-based medicine. In
addition, he is working to support the Institute for Clinical and Economic
Review (ICER). ICER is a new initiative, created to integrate appraisals
of the clinical effectiveness and cost-effectiveness of medical innovations,
with the goal of providing new information to decision makers intent on
improving the value of healthcare services His published work includes the
book No Margin, No Mission: Health Care Organizations and the Quest
for Ethical Excellence. Dr. Pearson serves on the management committee
of the International Society for Priority Setting in Health Care, and in 2004
he was awarded an Atlantic Fellowship to pursue policy studies at the Na-
tional Institute for Clinical Excellence in London, England. He returned to
the United States to serve from 2005 to 2006 as special adviser, Technol-
ogy and Coverage Policy, at the CMS. Dr. Pearson received his B.A. from
Stanford University and his M.D. from the University of California at San
Francisco. He was a medical intern and resident at Brigham and Women’s
Hospital in Boston, following which he completed a fellowship in health
services research and received a master of science in health policy and man-
agement from the Harvard School of Public Health.
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Jonathan B. Perlin, M.D., Ph.D., M.S.H.A., EA.C.P,, is under secretary for
health in the Department of Veterans Affairs (VA). As the chief executive
officer of the Veterans Health Administration, Dr. Perlin leads the nation’s
largest integrated health system. As VHA’s chief quality and performance
officer from 1999 to 2002, he was responsible for supporting quality
improvement and performance management. He is also commissioner to
the American Health Information Community (chartered to help realize
the president’s goal of making electronic health records available to most
Americans within 10 years), president of the Association of Military Sur-
geons of the United States, and government liaison member to the Board of
Directors of the National Quality Forum. Prior to joining VHA, Dr. Perlin
served as medical director for quality improvement at the Medical College
of Virginia Hospitals—Virginia Commonwealth University (VCU) Health
System—where he is adjunct associate professor of medicine and professor
of health administration at Virginia Commonwealth University. A fellow
of the American College of Physicians, Dr. Perlin has a master of science
in health administration. He received his Ph.D. in pharmacology and toxi-
cology and an M.D. as part of the Medical Scientist Training Program at
Virginia Commonwealth University’s Medical College of Virginia campus.

Robert L. Phillips, Jr., M.D., M.S.P.H., is a family physician and director of
the Robert Graham Center: Policy Studies in Family Practice and Primary
Care, a research center sponsored by the American Academy of Family
Physicians. His research interests include primary care safety and quality,
healthcare geography, and collaborative care processes. He has been a co-
investigator on several studies of errors reported in primary care settings
and contributed to a resulting taxonomy. He has faculty appointments at
Georgetown University and George Washington University, and he sees
patients in Fairfax, Virginia. Dr. Phillips graduated from the University of
Florida College of Medicine in Gainesville, Florida, and did residency train-
ing in family medicine at the University of Missouri-Columbia in Columbia,
Missouri. He remained in Columbia for a two-year National Research
Service Award (NRSA) research fellowship, during which he completed a
master of science in public health and did clinical practice in a community
health center in a federal housing authority. He has served on the AMA’s
Council on Medical Education and as the president of the National Resi-
dency Matching Program.

Alan B. Rosenberg, M.D., is the vice president of Medical Policy, Tech-
nology Assessment, and Credentialing Programs for WellPoint, Inc., and
president of Anthem Utilization Management Services Inc. Among his
responsibilities, Dr. Rosenberg leads WellPoint’s programs (across all of its
affiliated brands) for medical policy, technology assessment, credentialing,
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and utilization management. Prior to his current position, he served as chief
medical officer for Rush Prudential Health Plans; director in Healthcare
Business Consulting for Arthur Andersen; and vice president of medical
affairs and medical director for Aetna US Healthcare of the Midwest, Inc.
Dr. Rosenberg received his undergraduate training from Columbia Univer-
sity and received his medical degree from New York University Medical
School. He completed his residency in internal medicine at the University of
Chicago, Michael Reese Hospital. Dr. Rosenberg is a fellow of the Institute
of Medicine of Chicago, serves as a board member of American Association
of Preferred Provider Organizations (AAPPO), a member of the Blue Cross
Association Medical Policy Panel, and several AHIP committees.

Wayne A. Rosenkrans, Jr., is business strategy director for external scientific
affairs at AstraZeneca Pharmaceuticals. In that role he has responsibil-
ity for long-range strategy development supporting AstraZeneca’s exter-
nal scientific influencing policy through U.S. regulatory affairs and U.S.
medical affairs. He is a recipient of the Society of Competitive Intelligence
Professionals (SCIP) Fellows Award and a former president of the society.
Previous positions include global director, intelligence affairs, at Astra-
Zeneca; director, U.S. intelligence, at AstraZeneca; Competitive Technical
Intelligence Group leader and research planning analyst at Zeneca Pharma-
ceuticals; director of Strategic Intelligence Systems for Windhover Informa-
tion; director of Drug Intelligence Systems Sales and Marketing for Adis
International; and associate director and head of strategic intelligence for
SmithKline Beecham Pharmaceuticals R&D. He holds an S.B. in biology
from MIT and a Ph.D. in cell and molecular biology from Boston Univer-
sity; he received postdoctoral training in cancer and radiation biology at
the University of Rochester.

John C. Rother, J.D., M.A., is the group executive officer of policy and
strategy for AARP. He is responsible for the federal and state public policies
of the association, for international initiatives, and for formulating AARP’s
overall strategic direction. He is an authority on Medicare, managed care,
long-term care, Social Security, pensions, and the challenges facing the
boomer generation. Prior to coming to AARP in 1984, Mr. Rother served
eight years with the U.S. Senate as special counsel for labor and health to
former Senator Jacob Javits (R-NY), then as staff director and chief coun-
sel for the Special Committee on Aging under its chairman Senator John
Heinz (R-PA). He serves on several boards and commissions, including the
National Health Care Quality Forum and the American Board of Internal
Medicine Foundation. John Rother is graduated with honors from Oberlin
College and the University of Pennsylvania Law School.
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Stephen B. Soumerai, Sc.D., is professor of ambulatory care and preven-
tion at Harvard Medical School and Harvard Pilgrim Health Care, where
he directs the Drug Policy Research Group, a research program focused
on pharmaceutical outcomes and quality of health care that is also a
World Health Organization Collaborating Center in Pharmaceutical Policy.
Dr. Soumerai is well-known for his research on the effectiveness of educa-
tional, administrative, and regulatory interventions to improve drug pre-
scribing; economic access to medications; and the effects of pharmaceutical
cost containment and coverage policies among vulnerable populations. He
co-chairs the statistics and evaluative sciences concentration of Harvard
University’s Ph.D. program in health policy, and has served on numerous
federal scientific review committees.

William W. Stead, M.D., is associate vice chancellor for health affairs and
director of the Informatics Center at Vanderbilt University. In this role,
he functions as chief information officer of the Vanderbilt Medical Cen-
ter and chief information architect for the university. He was involved in
early development of the Cardiology Databank, one of the first clinical
epidemiology projects to change practice by linking outcomes to process
and the Medical Record (TMR), one of the first practical computer-based
patient record systems. He has led two prominent academic health centers
through both planning and implementation phases of large-scale, Integrated
Advanced Information Management System (IAIMS) projects. Dr. Stead
is McKesson Foundation Professor of Biomedical Informatics and Profes-
sor of Medicine. He is a founding fellow of both the American College of
Medical Informatics and the American Institute for Engineering in Biology
and Medicine, and an elected member of both the IOM and the American
Clinical and Climatological Association. He was the founding editor-in-
chief of the Journal of the American Medical Informatics Association and
served as president of the American Association for Medical Systems and
Informatics and the American College of Medical Informatics. He serves
on the Computer Science and Telecommunications Board of the National
Research Council. He served as chairman of the Board of Regents of the
National Library of Medicine and as a presidential appointee to the Com-
mission on Systemic Interoperability. In addition to his academic and ad-
visory responsibilities, Dr. Stead is a director of HealthStream and director
of NetSilica. Dr. Stead received his B.A. and M.D. from Duke University,
where he also completed specialty and subspecialty training in internal
medicine and nephrology.

Donald M. Steinwachs, Ph.D., is the chair of the Department of Health
Policy and Management at Johns Hopkins University. He also holds the
Fred and Julie Soper Professorship of Health Policy and Management.
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Dr. Steinwachs’s current research includes (1) studies of medical effective-
ness and patient outcomes for individuals with specific medical, surgical,
and psychiatric conditions; (2) studies of the impact of managed care and
other organizational and financial arrangements on access to care, quality,
utilization, and cost; and (3) studies to develop better methods to measure
the effectiveness of systems of care, including case mix (e.g., ambulatory
care groups), quality profiling, and indicators of outcome. He has a particu-
lar interest in the role of routine management information systems (MIS) as
source of data for evaluating the effectiveness and cost of health care. This
includes work on the integration of outcomes management systems with
existing MIS in managed care settings.

Andrew L. Stern is president of the Service Employees International Union
(SEIU). Mr. Stern began his union career in 1973 as a state social service
worker and rank-and-file member of SEIU Local 668. He become the first
elected full-time president of the local when he was 27, and two years later
in 1980 was named to the union’s International Executive Board. In 1984 he
began overseeing the organizing and field services programs, and in 1996 he
was elected SEIU’s international president. Stern serves on the board of direc-
tors of the Aspen Institute, Rock the Vote, and the Broad Foundation.

Walter “Buzz” Stewart, Ph.D., M.P.H., is an associate chief research officer
at Geisinger Health System (Danville, Pennsylvania) and director of the
Center for Health Research and Rural Advocacy. The center is involved
in expanding clinical and population-based research, genomics research,
and the use of information technology and new healthcare models to
translate knowledge to clinical practice. An expert in neuroepidemiology,
Dr. Stewart has spent his career understanding the debilitating effects of
chronic episodic conditions such as migraine headaches and other pain
conditions (among other topics) and exploring healthcare models to im-
prove outcomes. Dr. Stewart has authored more than 220 journal articles
and book chapters. Earlier in his career, Dr. Stewart founded IMR, a
clinical trials and survey research company. In 1998 IMR was acquired by
AdvancePCS, where Stewart served as vice-president of clinical research and
development. Dr. Stewart also started the AdvancePCS Center for Work and
Health, focusing on measuring the impact of illnesses on work productivity.
Prior to his tenure with AdvancePCS, he was a full-time faculty member at
the Johns Hopkins Bloomberg School of Public Health and he maintains
an adjunct professor position at Johns Hopkins. He earned his bachelor’s
degree in the neurosciences from the University of California, Riverside;
his M.P.H. from the University of California, Los Angeles; and his Ph.D. in
epidemiology from Johns Hopkins School of Hygiene and Public Health.
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Sean Tunis, M.D., M.Sc., is a senior fellow at the Health Technology
Center in San Francisco, where he works with healthcare decision makers
to design and implement “real-world” studies of new healthcare technolo-
gies. Through September 2005, Dr. Tunis was the chief medical officer
at the Centers for Medicare and Medicaid Services. Before joining CMS,
Dr. Tunis served as director of the health program at the congressional
Office of Technology Assessment and as a health policy adviser to the
U.S. Senate. He received his M.D. from Stanford University and did his
residency training at UCLA and the University of Maryland in emergency
medicine and internal medicine.

James N. Weinstein, D.O., M.S., is professor and chair of the Department
of Orthopaedic Surgery and professor of community and family medicine
at Dartmouth Medical School. He is the principal investigator of the Spine
Patient Outcomes Research Trial (SPORT), the largest study ever funded by
the NIAMSD. He founded the Spine Center at Dartmouth-Hitchcock Medi-
cal Center (DHMC), as well as the Center for Shared Decision-Making at
DHMC. Dr. Weinstein is center director of the newly established NIH-
sponsored, Multidisciplinary Clinical Research Center (MCRC) in Musculo-
skeletal Health Care at Dartmouth, in addition to directing other programs
and centers at the Dartmouth Medical School: co-director of the Clinical
Trials Center and senior member of the Center for the Evaluative Clinical
Sciences. He is editor-in-chief of Spine and an award-winning scholar (e.g.,
Bristol-Myers Career Research Award in pain research and the prestigious
Kappa Delta Award), Dr. Weinstein is a member of the American Academy
of Orthopaedic Surgeons Board of Directors. He is also a director of the
American Board of Orthopaedic Surgery. Dr. Weinstein was presented with
the ISSLS Wiiltse Lifetime Achievement Award in 2006.

Harlan F. Weisman, M.D., is the chief science and technology officer,
medical devices and diagnostics, Johnson & Johnson (J&J). He supports
the J&J Medical Devices & Diagnostics Group Operating Committee in
steering the group’s scientific and technical agenda, leading investments in
group-level technologies, and sponsoring the group’s research and develop-
ment (R&D) talent agenda. Prior to this, he was company group chairman,
research and development, pharmaceuticals, for Johnson & Johnson, where
he had executive oversight of the ALZA Corporation, Johnson & Johnson
Pharmaceutical Research & Development (J&JPRD), and TransForm Phar-
maceuticals, Inc. Previously, Dr. Weisman was president of J&JPRD. Prior
to this, he was president, research and development, at Centocor, another
member of the Johnson & Johnson family of R&D companies. Before
joining Centocor in 1990, Dr. Weisman was assistant professor of medicine
at Johns Hopkins University School of Medicine; consultant cardiologist,
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Johns Hopkins Hospital; and director of the Experimental Cardiac Pathol-
ogy Laboratory there. He is a graduate of the University of Maryland and
the University of Maryland School of Medicine. After his residency in
internal medicine at Mount Sinai Hospital in New York, he did his post-
graduate fellowship training in cardiovascular disease at Johns Hopkins
Hospital. Dr. Weisman is a fellow of the American College of Cardiology,
the American College of Chest Physicians, and the Councils on Clinical
Cardiology and Arteriosclerosis, Thrombosis, and Vascular Biology of the
American Heart Association. He is also a member of the American College
of Physicians, the American Federation for Clinical Research, the American
Medical Association, and the New Jersey Medical Society. Dr. Weisman is
an author of more than 90 journal articles and book chapters in the fields
of cardiovascular disease and medical product development.

Jed Weissberg, M.D., is associate executive director for quality and perfor-
mance improvement at the Permanente Foundation. Jed chairs the board of
the Care Management Institute, New Technology Committee, the Garfield
Memorial Research Fund, and the Medical Director’s Quality Committee.
After joining the Permanente Medical Group in 1984, Jed became chief of
GI and then became the physician-in-chief at the Fremont Medical Center.
After six years, Jed joined the Permanente Federation, the governance um-
brella organization for the eight Permanente Medical Groups across the
country. Dr. Weissberg was educated at the University of Pennsylvania and
Albert Einstein College of Medicine and completed an internal medicine
residency at Boston City Hospital. This was followed by a gastroenterology
fellowship at Stanford and an alcoholism and substance abuse fellowship
at the Palo Alto VA Hospital.

Mark V. Williams, M.D., EA.C.P,, is a professor of medicine at Emory
University School of Medicine and director of the Hospital Medicine Unit
for Emory Healthcare. He is also executive medical director for the Emory
HCA Medical Centers. Dr. Williams established the first hospitalist pro-
gram at a public hospital and now supervises the largest academic hos-
pitalist program in the United States. A past president of the Society of
Hospital Medicine and editor-in-chief of the Journal of Hospital Medicine,
he actively promotes the role of hospitalists as leaders in the delivery of
health care to hospitalized patients. Dr. Williams’ teaching activities center
on promoting the use of evidence-based medicine (EBM) in patient care
and a systems approach to patient safety. He developed the initial curricu-
lum used to teach EBM to internal medicine residents at Emory. A strong
advocate of EBM, he has participated as a tutor in the McMaster “How
to Teach EBM” course and served as a member of the EBM Task Force for
the Society of General Internal Medicine. With more than 50 publications,
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Dr. Williams’ research focuses on the role of health literacy in the delivery
of health care and quality improvement, and he currently is studying the
role of teamwork in the delivery of hospital care and the discharge pro-
cess. Dr. Williams graduated from Emory University School of Medicine
and completed residency in internal medicine at Massachusetts General
Hospital. Board certified in internal medicine and emergency medicine, he
also completed a Faculty Development Fellowship in general medicine at
the University of North Carolina-Chapel Hill and the Woodruff Leadership
Academy at Emory.
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Appendix
D

IOM Roundtable on
Evidence-Based Medicine

The Institute of Medicine’s Roundtable on Evidence-Based Medicine
provides a neutral venue for key stakeholders—patients, health providers,
payers, employers, manufacturers, health information technology, research-
ers, and policy makers—to work cooperatively on innovative approaches to
generating and applying evidence to drive improvements in the effectiveness
and efficiency of medical care in the United States. Participants seek the
development of a learning healthcare system that is designed to generate
and apply the best evidence for the collaborative health care choices of each
patient and provider; to drive the process of discovery as a natural out-
growth of patient care; and to ensure innovation, quality, safety, and value
in health care. They have set a goal that, by the year 2020, ninety percent
of clinical decisions will be supported by accurate, timely, and up-to-date
clinical information, and will reflect the best available evidence.

This is not currently the case. Today, far too often care that is impor-
tant is not delivered, and care that is delivered is not important. Despite per
capita health expenditures much higher than any other nation—now more
than $2 trillion—the United States ranks far down the list on international
comparisons on many basic measures of health status. As leaders in their
fields, Roundtable members work with their colleagues to identify issues
not being adequately addressed, the nature of the barriers and possible solu-
tions, and the priorities for action. They marshal the energy and resources
of the sectors represented on the Roundtable to work for sustained public-
private cooperation for change. Anchoring this work is a focus on three
dimensions of the challenge:
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1. Accelerating progress toward the long-term vision of a learning
healthcare system, in which evidence is both applied and developed
as a natural product of the care process.

2. Expanding the capacity to meet the acute need for evidence to
support medical care that is maximally effective and produces the
greatest value.

3. Improving public understanding of the nature of evidence, the dy-
namic character of evidence development, and the importance of
insisting on medical care that reflects the best evidence.

For the purpose of the Roundtable activities, we define evidence-based
medicine broadly to mean that, to the greatest extent possible, the decisions
that shape the health and health care of Americans—Dby patients, providers,
payers and policymakers alike—will be grounded on a reliable evidence
base, will account appropriately for individual variation in patient needs,
and will support the generation of new insights on clinical effectiveness.
Evidence is generally considered to be information from clinical experience
that has met some established test of validity, and the appropriate standard
is determined according to the requirements of the intervention and clinical
circumstance. Processes that involve the development and use of evidence
should be accessible and transparent to all stakeholders.

A common commitment to certain principles and priorities guides the
activities of the Roundtable and its members, including the commitment to:
the right health care for each person; putting the best evidence into practice;
establishing the effectiveness, efficiency and safety of medical care delivered;
building constant measurement into our health care investments; the estab-
lishment of health care data as a public good; shared responsibility distrib-
uted equitably across stakeholders, both public and private; collaborative
stakeholder involvement in priority setting; transparency in the execution
of activities and reporting of results; and subjugation of individual political
or stakeholder perspectives in favor of the common good.
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