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Rapid Learning: Getting
Technology Into Practice

PROLOQUE: Amid persistent concerns about performance and qualiry, the health
sector remains ambivalem: about electronic health records (EHRs) Champions of
accelerated Eﬁﬁptu‘)ﬁ of healih information tECFu‘LCuO&y \1 1) have been unabie to
genetate a groundswell of demand, despite excellent arguments for health IT's po-
tential to save money, improve quality, and transform care. It may be, though, that
the strongest argument for speeding 1T adoption is still largely below the radar.

The dramatic pace of biomedical innovation has dazzled America but created
nagging tensions as well. Our insatiable demand for new drugs and technologiesis
driving unsustainable growth in health spending. Anexplosion of new knowledge
has strained clinicians' learning capacity and fostered subspecialization and frag-
mentation of care. Clinical research and regulatory capabilitics are swamped with
urgent questions about the safety and effectiveness of new treaurents.

But on scattered islands within the dominant system, promising approaches to
managing innovation are beginning to surface, and their foundation is the EHR. In
organizations such as the Veterans Health Administration (VHA), Kaiser Perma-
nente, and the Geisinger Healch System, the richuess of data capture in fully de-
ployed patient record systems is enabling clinicians and researchers to answer
pracrical questions about safety, effectiveness, and cost more efficiently than the
traditional process of randomized clinical trials (RCTs) possibly could.

The implications of these approaches for the future of “rapid learning™ are
spelled out in an averview paper by Lynn Etheredge. “An inadequate knowledge
base limits initiatives to improve health system performance,” Etheredge writes.
“With larpe, computer-searchahle databases, studies that would now take years

Ll large, computer-sean mLd now take yaars

will be doable, at law expense, in a matter of weeks, days, or hours.™ Case studies
accompanied by commentaries explore how EHR database research is being used
at the VHA (for diabetes research and care), Kaiser (for cancer research and care),

el Tt i e fem ol tha i e rin] pard haraar: BT Ta amd mantaoarld Alinioa]
AN ArCISInEeT (10 TI0se Lk “inferential §AD DETWECH R 15 &N Ieal-woliG Cillicas

decisions). David Eddy offers his vision for a health system that will use predictive
models from large, merged databases of EHRs to advance the biomedical sciences
as well as clinical care. Sean Tunis and colleagues suggest strategies to use large
new government clinical care databases to support Medicare coverage decisions,
comparative effectiveness studies, and postmarket drug safety surveillance.

The rapid-learning efforts described here were eriginally presented at a March
2006 conference in Washington, D.C., organized by Etheredge and Health Affairs
and sponsored by the Robert Wood Johnson Foundarion, The publication of the

nanere ic also sunnorted by Kaicer Permanente and the federal Agency for Health-

PAapers 1s 4.0 supported DY Xalser Iermanenie ana tie lcaeral Agency 10 Heall:

care Research and Quality.
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What would a rapid-learning health system look like, and how might
we get there?

by Lynn M. Etheredge

ABSTRACT: Private- and public-sector initiatives, using electronic health record (EHR) data-
bases from millions of peaple, could rapidly advance the U.S. evidence base for clinical
care. Rapid leaming could fill major knowledge gaps about heaith care costs, the benefits
and risks of drugs and procedures, geagraphic variations, environmental health influences,
the health of special popuiations, and personalized medicine. Policymakers could use
rapid leaming to revitalize value-based competition, redesign Medicare’s payments, ad-
vance Medicaid info national health care leadership, foster national collabarative research
initiatives, and design a national technology assessment system. [Health Affairs 26, no. 2
{2007): w107-w118 (published online 26 lanuary 2007; 10.1377/hithaff.26.2.w107)]

ATIONAL HEALTH POLICIES THAT USE government price setting and
market competition are running out of steam. Neither approach is doing
well at increasing the value Americans get from their “highest-in-the-
world” medical expendirures. And neither government price setting nor markets
has been effective at dealing with rising health costs driven by new technologies.
With advances in human genome research and a doubling of the National Insti-
tutes of Health (NIH) budget in recent years, to $28 billion per year, an even faster
stream of new products and therapies might be emerging, Strategies to encourage
rapid learning—to quickly develop new evidence for daily medical practice and
policy—might be able to increase the value of health care, assess such new tech-
nologies, and avoid draconian cost cutting
@ Electronic records. Electronic health record (EHR} databases now being
built by large organized delivery systems will dramarically expand the nation's re-
search capacity. They will make it possible to include clinical experience from tens
of millions of patients annually in computer-searchable databases for collaborative
research. For cxamnle the Department of Veterans Affairs (VA) is building a research
database drawing on more than eight million patient records from its Veterans Health
Information Systems and Technology Architecture (VistA) system. In the private sec-
tor, Kaiser Permanente is leveraging its FHR itivestments to create a national research

Lymn Etheredge (hmethl®aol com) is @ cansultant with the Rapid I_ammg Project at the Gcargc Washington
University in Washington, DC.
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darabase from its eight million enrollees; the Geisinger Health System in Pennsylva-
nia is developing a similar capability, drawing on two mnillion patients,

W Beyond EHRs. The Cancer Research Network, sponsored by the National
Cancer Institute {NCI) with the HMO Research Network, includes eleven health
systems with more than ten million enrollees in a new national model for virtual re-
search organizations.! The Vaccine Safety Datalink network at the Centers for Dis-
ease Control and Prevention (CDC) includes seven health maintenance organiza-
tions (HMOs) and six million patient records” The American Medical Group
Association, whose membership of multispecialty practices treats more than fifry
million patients annually, has started a collaborative database with 1.5 million re-
cords and plans for expansion to 8-15 million patient records in the next three to
five years.! These new research capacities augment research registries already being
spansored by physician specialty societies; the NIH's Roadmap plans for genetic re-
search, clinical trials databases, and clinical research networks; and new prescrip-
tion drug databases at the Centers for Medicare and Medicaid Services (C. MS}.

| Potamlal for rapld Yeaming, EHR research will not replace randmmzed clini-
cal trials as a definitive research method for specific issues, but it will offer the ca-
pacity for real-time learning from the experience of tens of millions of people and
will greatly increase the ability to generate and test hypotheses. If a rapid-learning
strategy that uses all of the research and data capabilities that can be brought to
bear is successful, the US. lead in biomedical science could be matched by its learn-
ing about how to deliver the most value for its health care spending.

This paper offers a national health policy perspective on these rapid-learning
oppottunities. First, it briefly reviews how current national policies leave major
gaps and too many uncertainties in the evidence base for clinical care. Secand, it
discusses how a rapid-learning strategy could fill some of these knowledge gaps
quickly. Third, it describes a new generation of national health policies to leverage
such new knowledge into rapid advances in health system performance. Although
there are many questions yet to be answered about a national rapid-learning strat-
egy, extraordinary new research capabiliries—from investments of billions of dol-
lars and years of work on EHR systems design, implementation, and databases;
predictive computer models; and software development—will be emerging over
the next few years. It seems worthwhile to invest public and private resources in
discovering the potential benefits and lessons of their use.

Knowledge Gaps And Uncertainties

Is nationa! health nolicy now advancing the scientific evidence base for clinical
1s pationu nealtn policy now acy g ehe base 10T

practice as rapidly as possible? An approxunate answer is that the United States
leads the world in basic biomedical research. But there are stunning gaps in clini-
cal research and the knowledge base for evidence-based medicine.

B Diffused responsibitty. The knowledge gaps for evidence-based medicine re-
sule mostly from how nationa! science policy has allocated responsibilities among
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the NIH, biotechnology-based industries, and the Food and Drug Administration
(FDA). In the broad schema of national science policy, the federal government has
had the lead responsibility for support of basic research, primarily through grants to
investigators at academic institutions. Private-sector biotechnology industries are
expected to lead in turning this knowledge into new drugs, devices, and biological
agents for clinical use. The FDA's primary responsibilities focus on requiring evi-
dence of safety and effectiveness through carefully designed clinical trials before
these products enter the market, The required FDA clinical trials (Phase IIl) typi-
cally include several hundred to several thousand patients. The FDA's approval stan-
dard for effectiveness is characterized by a leading pharmaceutical expert as follows:
*A new dmg must merely be slighﬂy better than placebo in achieving a surrogate
outcome over a few i‘ﬂﬁi‘ltua, in modest numbers of lLughly selected ydﬁfﬁfs ¢ Alter
that point, the diffusion of new technolegies and the accumuladon of knowledge
about how well they work have come to depend greatly on industry-financed re-
search and markering. By 2002, 80 percent of clinical trials were reported to be
financed by the biotechnology industries ®

# Concemns about elinical trials. If we are to make evidence-based medicine a
paradigm for U.S. national health policy, we have to examine and improve the evi-
dence base, its gaps, and irs bizses.® Clinical trials usually study selected younger-
adult populations in care.tuﬂy controlled circumstances. The evidence base ts weak-
est in measuring the real-world effectiveness of the $2 willion in U.S. health expen-
ditures for typical patients seen in clinical pracu‘ce—such as seniors and disabled

mpmnia pmnme the Madicare and RMadicaid nenarame’ siahev-fivs millinn anmallass
PEOPiC amMOLg the MOQItare and MAWCAG Progralils’ clghiy-Iive mullion &nroiices.

Scientific proof of effectiveness and safety are not required before medical and surgi-
cal procedures become part of clinical practice. Few studies effectively compare
different therapies with each other for varicus patient groups.

For the most part, clinical trials report average effectiveness, yet there often are
wide variations in treatment benefits among patient subpopulations. Moreover,
there are growing concerns about (1) the extent to which the evidence published
in research literarure is financed by industry, (2) authors’ confliets of interest, (3)
the dependence of leading professional journals on drug company advcrtising, (4)
failure o eport all clinical trial studies, and {3) failure to puouau research with
negative results. About two-thirds of clinical trials ave reported to be done by for-
profit research companies paid by the drug industry.” Widely cited initial findings

havalhaan faiind b srlaacaaamne L raka a3 LY ST
OAVE DELN (OUNG OF SUOSTUUCHIT TESTartn & O EIToNA0US O OVEISialed.” vany ma

jor technolagies and clinical practices diffuse, over decades, into much broader
and djverse patient populations, sometimes including millions or tens of millions
of patients, than studied at initial entry®

B Consequences of underinvestment. The consequences of public underin-
vestment in evidence-based research are increasingly seen in the national media,
Vioxx has become a prominent example of inadequate testing and monitoring for
longer-term safety. It was an unwelcome surprise for tens of millions of women
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“The biotechnology industries could benefit from public support
for large EHR databases with genetic information.”

worldwide when hormone replacement therapy was found to have previously un-
documented risks. The federal government’s “food pyramid® nutritional advice has
needed major revisions. There are recent studies showing that the previous knowl-
edge base was in error about low-fat diets, vitamin E, calcium and vitamin D, and so
on. Al of these are examples of instances where a rapid-learning strategy could have
produced much better knowledge, years—even decades—earlier.

M Genetics-based medicine. The advent of genetics-based medical science also
requires rethinking traditional strategies for evidence development. It is known that
drugs can vary widely in benefits and risks based on patients’ genetic characteris-
tics.® To maximize health care value, today’s pharmacopeias and new drugs might
need to be evaluated for many patient subpopulations. This will be enormously ex-
pensive and time-consuming if it requires premarket entry clinical trials many times
larger than the FDA' current requirements.

@ Overall system performance. An inadequate knowledge base also limits ini-
tiatives to improve health system performance. Quality measures and pay-for-
performance (P4P) incentives can now be applied only to a relatively small fraction
of medical care. Similarly, health plans need more scicntific and professional consen-
sus to change practice patterns and advance evidence-based care. Physicians and pa-
tdents could become a more effective force for driving health system value if there
were greater certainty about the benefits and risks of treatment options.

In the past, there have been concerns that governmental initiatives to upgrade
the clinical evidence base would involve far more regulatory reguirements, large
expenses, or long delays in technology diffusion The rapid-learning straregies
thar will now he possible will avoid many of these faults. With large, computer-
searchable FHR databases and new research software, studies that would now
take years will be doable, at low expense, in a matter of wecks, days, or hours.
Rather than slowing the appropriate usc of new technologies, a successful rapid-
learning strategy could accelerate progress with more-definitive information for
personalized medicine and greater professional and patient confidence in evi-
dence-based guidelines. The biotechnology industries could benefit from public
support for large EHR databases with penetic information, which involves far too
great an expense for most individual companies to afford to construct and main-
tain on their own. Evidence from off-label uses in these dara banks could provide
important indicators about potential new uses of drugs.

Rapld-Learning Opportunities

Other papers in this collection discuss development history of rapid-learning
capabilities—for example, at Kaiser Permanente, the VA, and the U.S. Department
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of Health and Human Services (HHS)—and their potential use for breakthroughs
in biomedical science and in clinical areas such as diabetes and cancer.? Here [ fo-
cus on how rapid learning could provide comparable knowledge breakthroughs in
several national health policy areas.

W Why are health care costs Increasing? For many years, health care costs and
increases have been a major topic in health policy discussions, Yet the federal gov-
ernment does not yet have an adequate database to examine these rising costs. For
example, national estimates that “intensity” of care—most likely new health care
technology—accounts for 30~50 percent of annual spending increases are residual
estimates; they are derived by subtracting population increases and inflation from
health care spending increases.* We do not know what changes in clinical practices,
for what patients, and for what conditions account for rising costs; nor do we know
the extent to which such increases are from newly introduced technologies or diffu-
sion of older technologies. Thus, it is very difficult to know for sure what we are
buying, or to know whether or not the increases reflect evidence-based science.
New national databases, with tens of millions of patient records, could quickly
provide far more accurate information on these issues.

I What are the comparative bonefits and risks of prescription drugs? Se-
niors, children, women, minorities, and patients with comorbidirties—the largest
groups of prescription drug users—are frequently underrepresented in clinical trial
data. There are also knowledge gaps about long-term benetits and side ettects atter
the end of clinical trials—for instance, for chronic disease medications. The real-
world effectiveness of drug therapies might differ, for better or worse, from the re-
sults in carefully managed clinical trials, As Jerry Avorn has noted, “We often cannot
determine that a drug will turn out to be more effective or safe than its alternatives

until it's heen used for some time bv larce mumbers of tvnical natients *¥ All of these
until its been used lor some time by large numbers of typical patents.™ All ol these

concerns add to the need for new rapid-learning initiatives.

A comprehensive research agenda should be able to fill in important evidence
gaps about prescription drugs. Drugs’ effectiveness in population groups that
were not adequately represented in randomized clinical trials could be checked
with real-world data, New drugs could be assessed for effectiveness and safety, on
a real-time basis, as they diffused invo broader use. Heterogeneity in treatment re-
sponses could be analyzed to identify possible genetic and other still-unknown
factors about diseases and their reatment and to design new clinical trials Gea
netic information could be incorporated into EHR records where research has
identified a target set of genes implicated in the benefits and risks from a particu-
lar drug. With such a system, Vioxx-type problems might be spotted quickly, in
the first one or two years, and possibly identified as adversely affecting only small
fractions of patients with specific binmarkers. Given the great importance of drug
therapies for the Medicare aged and disabled populations, national health policy
could make particularly good use of new databases for the Medicare prescription
drug program.
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N What Is the evidence hase for procedures? Medical and surgical proce-
dures are the Jargest component of health care spending, but without FDA-type sci-
entific testing, many questions exist about their safety and effectiveness. There are
wide variations in rates at which procedures are used for different populations and
in different areas. One major research need is for definitive comparisons of mini-
mally invasive surgery versus standard surgery. Physicians and patients could also
use more-definitive knowledge about issues of medical versus surgical treatment.
EHR systems can report data about all of these issues, making it feasible to learn
from large numbers of patient experiences, rapidly and relatively inexpensively.

i What explains variations in health care spending and use? Medical care
practices differ widely among states, small geographic regions, and cities and even
among leading hospitals and within health plans. Studies using FHR databases
should allow much better analyses of variations, such as the extent to which they re-
flect health status differences. The appropriate federal policies could differ depend-
ing on these research results.

N How do enviranmental factors affect disease patterns? Many health prob-
lems, including some cancers, birth defects, and heart disease, have concentrations
in specific geographic areas. This suggests that environmental factors might add an
as-yet-unknown factor, such as low-level chemicals in the water supply leading to
birth defects or microbes that could produce clogging of arteries. Research epidemi-
ologists could make good use of EHR databases for studying areas with high and
low prevalence of health problems and correlating these findings with environmen-
tal data. Genetic information could be incorporared into FHR databases to assess
damage from environmental factors.

B How can the heaith of minorites and spodiatnosds groups be improved?
The gaps in our evidence base disadvantage minorities and people with special
needs, who are often underrepresented in FDA-required clinical erials and industry-
financed studies. Yet there are many health issues that need to be understood for mi-
nority populations, such as higher incidence of certain diseases and differing treat-
ment patterns. Many Medicaid patients have special needs. For example, Medicaid
enrolls many children with serious, long-term, and expensive disabilities, such as
antism, cerebral palsy, cystic fibrosis, hemophilia, HIV/AIDS, sickle cell anemia,
spina bifida, muscular dystrophy, epilepsy, and mental retardation. Their care is of-
ten fragmented among specialists and lacks good coordination; primary care also is
often lacking, Large-scale EHR databases for such groups could provide valuable
new resonrces to documnent current care and its suceesses and failures, engage more
researchers, advance the evidence base, and reengineer patterns of care.

B What does this mean for patients like me? One of the insights from studies
of patient decision making is that people are much more interested in information
about “patients like me” than in general statistics abour risk factors and trearment
options. But physicians and patients are often uncertain about treatment choices.
Search software for large EHR databases could be designed to provide more-rele-
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vant information. A patient or physician could enter personal profile information
and pose questions about the health experiences of and outcomes for large numbers
of similar patients. If geretic information were included in EHR databases, it would
be passible to move much more quickly toward 2 future of personalized medical
care, where “patients like me” questions can be answered with greater accuracy.

B Components of a rapldleaming system. A national rapid-learning system
could include many databases, sponsors, and research necworks. Its databases could
be organized by enrolled populations (private heaith plans, VA, Medicare, Medic-
aid), providers (multispecialty clinics, academic health centers. specialist regis-
tries), conditions (disease registries}, technologies {drug safety and efficacy studies,
outcomes research), geographic areas (the Framingham Heart Study), age cohorts
(the National Childrens Study), minority populations (human genome studies), and
other ways. With national EHR data, registry, connectivity, reporting, and privacy,
protection standards, all EHR systems could be compatible and capable of multiple|
uses; information in ane data bank could be supplemented with that from another,

B Patient confidentlallty. A national legal and regulatory framework, the
Health Insurance Portability and Accountability Act (BIPAA), exists for computer-
ized medical records, and research organizations nationwide are required to have in-
stitutional review boards (IRBs) 1o approve and oversee studies that use individu-
ally identifiable data.”” These laws and regulations also allow the development and|
use of research databases with non—personally identifiable information® Rapid-
learning organizations have been able to carry out research programs within current
laws and regulations, and some EHR research data banks exclude personal identifi-
ers. So far, a rapid-learning strategy does not seem to require changes in confidenti-
ality laws; however, these issues are likely to attract ongoing scrutiny.

Natlonal Policies To Support Rapld Learning And To Use The
Information Generated

National investment in rapid-learning initiatives would enable a new genera-
tion of health policies to realize the benefits of our expanding knowledge base.

B Reenergizod markets. The professionals and organizations that adopt EHRs
and use EHR research databases could emerge as leaders for market-driven change.
EHR use has advanced quickly, particulatly among HMOs and multispecialty prac-
tices. A leading EHR software company, for example, reported that its EHRs were in
use for fifty-eight million people as of November 2006.7 EHR research databases
could be the key technology for advancing the evidence base, and EHRs could be the
key management technology for applying iz. By supporting rapid learning. national
health policy could reenergize competitive markets, led by those healch plans, multi-
specialty clinics, hospitals, and physicians that make best nse of EHRs.

To realize such competitive benefits for Medicare, investment in rapid-learning
tnitiatives for Medicare’s populations will be needed. Medicare health plans and
multispecialty clinics with EHR research databases, such as Kaiser Permanente
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“With a rapid-learning strategy, it will be possible to develop a
Medicare payment system based on evidence-based protocols.”

and Geisinget, could be partners. In the public sector, the VA could have a similar
role, particulatly in assessing new technologies, refining evidence-based proto-
cols, and canducting practical clinical trials. The VA has a growing Medicare-age
service population, it is a national leader in EHR systems and research databases,
and it has affiliations with 107 medical schools and a research program of about
$1.5 billion annually. Another federal player, the Agency for Healtheare Research
and Quality (AHRQ), bas a national network of evidence evaluation centers, in-
cluding centers to assess research for Medicare, Medicaid, and the State Children's
Health Insurance Program (SCHIF). By partnering with the VA, health plans, and
others, Medicare could create a stronger evidence base for its beneficiaries, physi-
cians, hospitals, clinics, and health plans.

M New payment policles. When Medicare's diagnosis-related group (DRG} and
resource-based relative value scale {(RBRVS) payment policies were adopted, they
were designed as national payment schedules, with various adjustments, to replace
Medicare’s original payment methods that reimbursed each hospital on the basis of
{ts costs and each physician on the basis of his or her billed charges. The main objec-
tive was a rational payment systerm, where the federal government could decide on
payment amounts. Quality of care was assumed to be something that payers did not
need to wortry about. Today, however, we know that quality variations must be a
central concern for future national health policy. The health system delivers care
whose quality meets professional standards only about half the time.'® Yet Medicare
pays the same amount for care of below-average quality as for the best care, Quality
report cards and P4P are important initiatives to adjust the payment amounts, but
they now cover only  fraction of medical care.

With a rapid-learning strategy, it will be possible to develop 2 new Medicare
payment system based on evidence-based prorocols. With this approach, health
care providers would be paid for delivering courses of treatment that have been
scientifically proven to achieve the best outcomes and for documenting, such as
through FHRs, that they provided such care. Health care thar did not meet scien-
tifically validared standards would be paid for at a lower rate. Such a new system
will require fast-track research to assess alternarive evidence-based protocols. If
national health policymakers intend to end mediocrity and outdated practices,
Medicare'’s $400 billion of annual spending can be leveraged to advance science-
based medicine.

Organizing Medicare’s payment requirements around evidence-based proto-
cols could be a powerful strategy for advancing clinical science. Pediatric oncol-
ogy is often cited for its rapidly improving patient outcomes.® In this field, most
children with cancer are in clinical trials with defined protocols of care, and treat-
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ment results are rapidly reported to other specialists, so that the knowledge base
expands from the experience of every parient. In contrast, only a small percentage
of Medicare cancer patients are now part of clinical trials, and Medicare does not
require reporting on cancer treatment protocols and results. A Medicare rapid-
learning system could be designed, however, to learn continuously from the expe-
riences of its forty-three million beneficiaries.

B Medicald as a rapld-learning feader. Medicaid and SCHIP could be one of
the highest-payoff areas for new EHR-based learning strategies and program man-
agement. Not only are these, combined, the nation's largest health program, in terms
of enrollees (more than fifty million) and costs {about $350 billion this year), but
they also cover large numbers of the poorest, sickest patients, including many mi-
norities. The Medicare/Medicaid dual-eligible population of seven million accounts
for aver 30 percent of spending for Medicare’s enrollees and more than 40 percent of
Medicaid spending; they need much more attention for better care.? The two pro-
grams are also the nation’s largest payer for pregnancy care and a leading payer of
care for children; the frail elderly; and people with serious, long-term disabilities.
Asthma, chronic mental illness, alcoholism, drug abuse, and AIDS are atso healch
problems of particular importance to Medicaid. However, no state Medicaid pro-
gram is yet using EHR systems, and it is unrealistic to think that Medicaid-partici-
pating public hospitals, clinics, emergency rooms, and physicians are going to be
able to buy commercial EHR products.

Medicaid and SCHIP could become national leaders in EHR adoption and in
use of EHR research databases. A rapid and low-cost way to implement an EHR
strategy for them would be for states to create EHRs for enrollees on a central
computer server that could be accessed by their Medicaid providers. The National
Health Service (NHS) in England is a leading example of this implementation
strategy. State EHR choices could include the VA's VistA system, which is already
in the public domain and sponscred by HHS as a low-cast option for physicians
and clinics, as well as EHR systems offered by Medicaid's contractors. Since fed-
eral law already offers a 90 percent federal match for computerized Medicaid
management information systems, a national strategy to encourage states to adopt
EHRs could move quickly. A centralized EHR system could be an enormous ad-
vance in a state’s capabilities to understand and manage Medicaid and SCHIP.
Medicaid/SCHIP research databases could become a valuable resource for ad-
vancing clinical science for people enrolled in these programs. The federal govern-
ment could invest in partnerships with leadership states—perhaps up to three
states initially—to develop comprehensive EHR systems and databases and to
become “rapid-learning laboratories” for SCHIP and Medicaid nationwide.

N National clinlcal trials databases. A rapid-learning strategy could creare na-
tional computer-searchable databases from NIH-funded and FDA-required clinical
trials to make these studies available for further scientific scrutiny and convenient
use by other researchers. There have been discussions of such HHS initiatives—and
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even ideas for global networks of clinical trials data—but only modest progress to
date.”? At the FDA, for example, a typical new drug application (NDA) involves the
delivery of hundreds of thousands of paper records, which often arrive by the
truckful. How much simpler and user-friendly it would be for everyore if the FDA
required these data to be reported in EHR-type formats for computer analysis. The
NIH could require that all NIH-funded clinical trials, as well as the patient care at
the NIH's selected national clinical care centers, be reported in EHR-type formats to
national research databases. Researchers whe try to reach conclusions from muld-
ple studies now must engage in “meta-analyses” of reported statistics rather than
being able to analyze combined data sets. Biomedical research could advance more
rapidly, and these databases could also prove useful to evaluate new evidence-based
protocols and new technologies, since the NIH funds leading-edge work at aca-
demic institutions. As the real-world analyses from FHR rapid-learning databases
raise questions that require definitive answers, more public investment will be
needed in clinical trials, particularly “practical clinical trials® that target important
patient care issues.”

W National assessments of new technologles. Medicare’s recent proposals for
“coverage with evidence development” (CED) offer a useful set of ideas for rapid
learning about all new technologies. After FDA approval of a new drug or device or
the introduction of a new procedure, Medicare (and other payers) would finance
coverage for its broader use only when a required set of information was reported to
computerized national EHR research registries. Research on these registries and
other dara would then be used for developing guidelines for use. The federal govern-
ment and the private sector could jointly develop 2 national research plan for each
new technology. The plan would identify needed research and suggest rapid-learn-
ing strategies, using FHR databases and other approaches; ir would also set a targer
date for pulling together answers to these questions and for considering a subse-
quent research plan.** Learning as much as possible, as soon as possible, seems a
sensible way to realize the full value of new technologies.

Next Steps

All of the research questions and new policies discussed in this paper are candi-
dates for national initiatives. Growth in spending by Medicare and Medicaid—
largely driven by use of new technologies and growing populations of beneficia-
ties as the baby boomers retire—is among the compelling fiscal reasons for new
research. Together, these public programs already consume $600 billion of federal
expenditures annually and entoll more than eighty-five million people. Medicare
has embarked on a costly new drug benefit; there are many questions to be an-
swered about the best use of drug therapies in senior citizens. Medicare and
Medicaid populations are often excluded from the clinical trials evidence base. If
these trends continue, without rapid learning about new technologies, the budget
costs will be truly extraordinary.
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“The key short-term issues for advancing a rapid-learning strategy
are leadership, developing specific research programs, and funding.”

The key short-term issues for advancing a rapid-learning strategy are leader-
ship, developing specific research progeams, and funding. The HHS health agen-
cies and the VA could be public-sector (and funding) leaders; in the private sector,
today's rapid-learning networks and organizations, professional societies, and
others that invest in EHR systems and develop EHR research capabilities will best
be able to lead the advance of evidence-based care. A list of HHS agency-specific
initiatives might include expanding on the NCI's Cancer Research Network with
NTH networks for heart disease and diabetes; 2 broad expansion of AHRQ's re-
search to address issues related to Medicare prescription drugs, Medicaid, na-
tional health spending, socioeconomic and racial disparities, effectiveness, and
quality; expanding the CDC's Vaccine Safety Datalink network and the FDA's
postmarket surveillance into a national FDA/CDC program for the evaluation of
drug safety and efficacy, including pharmacogenomics; starting national EHR re-
search programs for Medicaid special-needs populations; integrating NIH and
FDA clinical studies into national computer-searchable databases; expanding
Medicare’s evidence develapment requirements for coverage into a prototype na-
tional EHR-hased system fnr evahlarmnr new technologies; :_igvglgmna ramd»
learning evidence for Medicare “best practice” protocols and new payment sys-
tems in several areas; and integrating new evidence and EHR database search ca-
pabﬂities into the National Library of Mf:dicine s Web site for consumers and pro-

investments could start
mvestmer t

—'—'ﬂaxs Is A COMPELLING PUBLIC INTEREST to advance the scientific

I knowledge for health care as rapic'liy' as possibie There is much to be

& learned quickly abour the best uses of current technologies. For the longer
term, a national goal could be for the US, health care system to kearn about the
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The Gap Between Evidence And Practice

We still have much to learn about practice and patient factors that

affect clinical outcomes,

by Louise Llang

ABSTRACT: Desplite the urgent call to action made by the Institute of Medicine's (IOM's)
Crossing the Quallty Chasm report in 2001, several fundamental issues in heatth care re-
main largely unaddressed. Although a number of organizations have addressed many of
the system-level factors cited in the report, we have much to learn about practice and pa-
tient factors that affact cifnical outcomes. Now we have new opportunities to further im-
prove health care by learning from the data avallable {n electronic heaith record databases
and, perhaps mora Importantly, to better understand the human behavior of caregivers and
patients necessary to improve health care quallty. {Heatth Affairs 26, no. 2 (2007): w119-
w121 (published online 26 January 2007; 10.1377/hlthaff.26.2.w119)]

ORE THAN FIVE years ago, the In-
Mstinlte of Medicine (JOM) issued
its urgent call for fundamental
change in Crossing the Quality Chasm! Ir identi-
fied four key factors underlying the quality
chasm: (1} the increasing complexity of sci-
ence and technology, (2) the rise {n the inci-
dence of chronic condltions, (3) a poory or-
ganized delivery system, and (4) 2 lack of
critica! information technology (1T) sup-
ports. In 2003 Elizabeth McGlynn and cal-
leagues further defined the quality gap, re-
porting that the US. health care system
deljvers evidence-based care o patients only
55 percent of the time.? Yet despite the initial
attention these reports received and agree-
ment by health care leaders and policymakets
across the nation that improvements were re-
quired, the issues of overuse, underuse, and
misuse are largely unaddressed.
Even in integrated systems of care that have
implemented electronic health records
(EHRs), the improvement in clinical outcomes

is not as dramatic as predicted by Crossing the
Quality Chasm. Even though a number of organi-
zations have addressed many of the system-
level factors cited above, we have much to
learn about practice and patient factors that
affect clinical outcomes. Now we have new op-
portunities to further improve health care by
{carning from the data available in these elec-
tranic databases and, perhaps more impor-
tantly, to better understand the human behav-
jor of caregivers and patients necessary to
greatly improve health care quality.

Lynn Etheredge provides a thorugh as-
sessment of the many opportunities for lever-
aging EHRs to rapidly advance our evidence
base for clinical care.* EHRs certainly have the
potential 1o fill major knowledge gaps about
health care expenditures, the benefits and
risks of drugs and procedures, geographic vari-
ation, and environmental health influences as
rever before. However, it is not clear that bar-
rlers to improving health care onccomes will
be overcome by addittonal clinical evidence,

Lowise Liang (fouise iang@hp.org) is senior viee president, Quality and Systems Support, at Kaiser Permanente

inOakland, Cali
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since we have Jargely failed to improve clinical
outcomes using the evidence we already have,

Consider the institute for Healthcare Im-
provement’s (IHIs) 100,000 Lives Campaign.
The campaign was created in December 2004
by THI chief executive officer Don Berwick cur
of deep frustration with the lack of progress
since the IOM issued its call to action in 2001,
The campaign did rot introduce new evidence
or practices. Instead, it highlighted known
practices by packaging and promoting them to
generate focus and artention among hospital
staff. One of the interventions focused on pre-
venting surgical site infection (SSI). The Cen-
ters for Discase Control and Prevention
(CDC) issued guidelines for prevention of SS
in1999. Yet S51 still accounted for an estimated
780,000 hospiral-acquired infections at the
start of the campaign

The 100,000 Lives Campaign enrolled more
than 3,000 hospitals, representing an esti-
mated 75 percent of U.S. hospitals beds, which
implemented up to six evidence-based and
life-saving interventions. In cighteen months,
the campaign prevented an estimared
122,300 deaths through the implementation of
these aix evidence-based practices across the
country.?

This experience and others demonstrare
the prevailing disconnect between what we
know to be effective and whar we practice
daily, It {s escimared that it rakes on average
seventeen years for proven medica! advances
ta be incorporated into common practice, with
the exceprion of new technologies and phar-
maceuticals.® Rapid learning via EHRs can
make a major conrribuzion to the understand-
ing of clinician and patient behavior that will
unlock this critical challenge of converting
clinical evidence into better outcomes. With
this focus, Uhighlight and add to the apportu-
nities identified in Etheredge’s paper.

B identifying new evidence. The first op-
portunity is EHR systems’ ability to rapidly,
efficiently, and more comprehensively identify
new evidence and gather new knowledge. As
Etheredge explains, FHRs have the potential
to take over where clinical trials and evidence-

1 Y P TR 2 S PRI 1
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world evidence of drugs’ and treatments’ effec-
tiveness across subpopulations and over
longer periods of time. EHR systems have the
capacity to identify outcomes, unexpecied
complications, and side effects very quickly.
An EHR can monitor whether a medication is
performing uncxpectedly in a physicians pa-
tient population, well before the established
regulatory machinery can identify a potential
problem or initiate a regponse.

8l Diffusing new evidence. The second
opportunity is the use of EHRSs to accelerate
and understand the diffusion of new evidence.
The length of time it takes 2 new cvidence-
based practice to become part of daily practice
should be drastically reduced with EHRs. As
new guidelines, tools, or alerts are integrated
with the EHR, new practices and evidence can
be in the hands of clinicians within hours in-
stead of years. The information can he deliv-
ered in the form of decision-support tools such
as practice guidelines or patient safety alerts
automatically triggered at the point of care.
Clinicians' burden to learn and apply all the
latest evidence is lifred 3o they can focus on
critical human factors related to changing be-
havior and ultimarely outcomes of care.

W Changing clinlclans’ bhehavior. The
third important opportunity is the use of
EHRs to efficiently monitor the actual use of
evidence and the improvement of outcomes. If
we can understand why clinicians change
their practices and design content wichin the
EHR to meet their needs, we may finally move
the Quality Chasm agenda forward. Until now,
we have applied more clinical evidence, clini-
cian education, and recently physician mea-
surement and incentives, all without system-
atic succeess.

EHRs can help identify the combination of
clinical evidence, tools, clinjcal circumstances,
and patient information that supports a clini-
cian in the of use evidence to produce bereer,
safer outcomes. The dynamic interaction be-
tween the workflow of a clinician's practice,
the tools imbedded in the EHR, and the avail-
abilicy of evidence at the point of care is pootly
understood. Knowledge about this critical

sxvie cimmled wiih merformance feedback
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may be the key to major improvement. How-
ever, this is only half of the equation.

W Patients as partners in care. Clini-
cians do not change outcomes alone but can do
50 in partnership with patients. Throughour
most of the history of health care, we have fo-
cused on the clinician side of the equation. We
have invested far less effort working with pa-
tients to understand how to leverage their par-
ticipation in their own care. This represents an
enormous untapped oppottuaity.

Services for patients with chronic diseases
now account for 75 percent of total US. health
care spending” Our ability to effectively sup-
port these patients at work and at home is
crirically important for managing national
health care costs as well as for improving clini-
cal outcomes. EHRs with robust patient inter-
faces can provide paticnts with information,
tools, and communication venues, including
secure messaging, to help them make informed
decisions about their care. With the right
tools, informed patients can collaborate with
clinicians to define and implement shared care
plans, including self-care, home moniroring,
and prevention. Identifying specific parient
factors that drive behavior change and thera-
peuric adherence is essential to leveraging the
clinician-patent partnership. Understanding
which approaches most effectively help pa-
tients change behavior, and ultimately im-
prove outcomes, will greatly advance our
progress toward closing che qualiry gap.

@ Moving the agenda forward, It has
been apparent for inany years thar EHRs offer
a singular opportunity for breakthrough im-
provement in clinical outcomes, appropriate
resource use, and patient safety. Rapid learn-
ing related to practical clinical rrials, diffusion
of best practices, and behavioral change by cli-
nicians and patients will also be essencial
steps on the pathway to those ends.’ Among
the many opportunities available, the area of
the most potential and the most need is com-
parative clinical effectiveness research. Cur-
rent health care research does not identify the
most effective treatment and approaches in
real-world settings. To deliver better clinical
outcomes, we need to understand the complex

interactions of everyday clinical choices made
by thousands of clinicians and millions of pa-
tients. The vast information available through
EHRs allows us to efficiently access the expe-
rience and related outcomes of millions of clin-
ical decisions. We will have a longitudinal
view that can bring unforeseen results, posi-
tive and negative, to the surface in both
planned and unplanned clinical situations. We
will also have the breadth of data to under-

stand small subpopulations as never possible

before. We have found the resources to fund
many lesser advances and tools in health care
practice. What is a more powerful clinical tool
than knowledge?
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Moving Closer To A Rapld-Learning Health Care
System

Establishing a culture of learning while providing care wiil take
collaboration among the many participants in the U.S. health system.

by Jean R. Slutsky

ABSTRACT: This Perspective discusses activities that are necessary for developing a rapid-
learning health system. Recognition of the central role that patients play in the successful
evolution of such a system will help ensure that the goals of the transformation are met. Un-
devstanding the trade-offs of using a less cortrolled forim of research 10 inform heaiih care
decision making and making necessary investments in methodology and translation will
help secure the success of continuoustearning research, Major public poticy interest in pro-
moting health information technology and in getting more value for heaith care spending
creates a framework for moving ahead, [Health Affairs 26, no. 2 (2007): w122-w124
{published online 26 January 2007. 10.1377/hithaff.26.2.wi22))

»ey*HE FUTURE WORLD proposed by
l Lynn Etheredge is very exciting—ex-
hilarating, really—to imagine and ex-
plore.! Etheredge carefully describes a health
system in change, largely because of the inter-
secrion of consistently disappointing health
outcontes and gains in outputs of health in-
gy (ﬂ’) 2 ‘v’lsmmu'y lead-
e

alia Crill mmer o A Te v oan s, es exist
atities. Still, some difficalt uncertainti

that will require thoughtful and careful navi-
gation. The risk of not moving forward fur-
ther justifies the investment in creating envi-
ranments of “ea; aing while doing™

match batween remarkable hiomedical re
search discoveries and the evidence base for
clinicians and policymakers. There is no ques-
tion that innovations develaped as the result of

remarkable discoveries in biomedical research

have dramatically changed the course of many
diseases. What is disappointing is that many
health care interventions are not supported by
evidence of clinical effectiveness in actual clin-
ical setrings (often called the “real world")—
evidence needed to determine if and when
they snouru be used anu lor whom. As

d-
st
apout e
of manv Interven
of many interven-

e arnad do et A i e

tions used to treat ot prevent illness.

H Things we need to keep In mind. Tnes-
tablishing a learning health system, we need to
keep the following in mind,

Recognize that the patient is paramownt. This is
crirical to the o
systern. We have made great progress moving
toward a time where personalized health care
ismote than a wistful vision. The wrimate goal
is becter patlent health outcomes and value for

our health care dollar—better health out-

Jean Shursky (jean.shutsky @thrg.hhs, gw) s director of the Center for Outcomes and Evidence, Agency for
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comes for the most reasonable cost. Patients
have choices: which doctor to choose, which
hospital to go to, which treatment to get. Yet
often patients cannot make these decisions ra-
tionally because the information on which to
base the decision does not exist or is not un-
derstandable. Patients also fuel the research en-
terprise. Although government and the private
sector fund the studies that explore the basis
for disease and cure, it is patients who assume
the risks and benefits of errolling in clinical

and will continue to take—extraordinary co-
operation among groups to address this issue,
to realize the full potential of a learning health
care system.

Learn what we can abour the rishs of findings that
come from studies ather than the randomized clinical
trial. Correct interpretation of research find-
ings in lighe of different study designs is essen-
tial, Assessing how results can be generalized
to different patients, whether the study design
is appropriate for the question being asked,

trials and other studies.
Trust is essential What is re-
quired is trust thar patients

“lnvestments In

and other factars must be
taken into account 3 We need
to make investments in better

will nov be labeled inappro- methodology often understanding of how to in-
priarcly or harmed in any way take a backseat to terpret findings while investi-

through the use of their data; funding for gating different methodolo-
trust that health care organi- hypothesis-driven gies for making these studies
zations won't lose their indi- studiag ” as rigorous as they can be, In-
Zanens st e studies. ha

viduality and competitive vestments in methodology of-
edge by collaborating with ten take 2 backseat to funding

other patient care organizations; and trust

thar regaarchars will malrs onod and relavane
THAT Teseariners Wil Inaxe gooc and reevant

use of the dara and thar indusrry will provide
adequate insight into their study dara wichour
accusations of inappropriate involvement.
Without patients’ participation in rescarch
studies, our knowledge base would be meager

and narrow Recruitment is difficult ssne-
aoc nartow. Recruitment {s aifficuwit, espe

cially in underserved and culrurally diverse
populations.® Establishing trust that partici-
pating in research studies will further our
knowledge of what warks and for whom is a
primary goal. This raises the question of
whether study findings can ethically be kept
secret from other researchers and patients
themselves. Etheredge is correct in stating that
without these results, negative or positive, the
whale story will never be known.

Agrecing to agree on some things is elemental For
example, 2 simple thing such 2s whar age

aroum constiturss adolascence is often incon-
FPoup constitutes

sistent across studies, medical records, and so
on. How do we define “elderly”? The agree-
ment on simple categories and descriptions
(what some disciplines call an “ontology™)
would increase the usability and relevance of
data repositories in research.* But this is a
complicated and tricky business. It takes—

for hypothesis-driven studies. Developing a

credible and actionakle ]mmh\n hezlth care

systemn will depend heavily an how interptet-
able the findings are found to be.

W The Effective Health Care program.
The imporrance of getting more value for
health cate in the Unlted Statesis underscored

by Congresss ap ion of $15 million in
each of the past wo years to the Agency for
Healthcare Research and Quality (AHRQ) to
nndertake comparative effectiveness research.
The comparative effectiveness research was
authorized under Section 1013 of the Medicare
Prescripion Drug, Improvement, and Mod-
erntzation Act (MMA) of 2003. The infra-.
structure and research created under this au-;
thorization will contribute to the objectives:
for establishing a learning health system.

AHRQ's Effective Health Care program is
committed to establishing a methodolagical
research foundarion for studies done using ex-
isting databases. In early 2007, a manual, Estab-
lishing Registries for Evaluating Patient Outcomes,:
will be published. The manual, coauthored by
2 mix of scientists and specialists from aca-.
deme, industry, and government, will be a
practical document for establishing, maintain-
ing, and interpreting patient registries.
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The Effective Health Care program estab-
lishes two other mechanisms that promote the
concepts of learning health systems. First, the
program encourages patticipation fom all in-
terested participants in the health care sysrem.
This insures the relevancy of the program as
well as the actual research. Rescarch questions
and draft reports are put on a public Web site
{http//wwwetfectivehealthcaze ahrq.gav) for
public comment. Comment is also solicited on
topics for further research. Finally, the John M.
Eisenberg Clinical Decisions and Communica-
tions Science Center was established to pro-
mote the translarion of complex scientific
findings for health care decisionmakers, in-
cluding policymakers, clinical decisionmakers,
and parients. The Eisenberg Center will tackle
issues of innumeracy, taterpretation, and com-
munication of risk, and also methods for devel-
oping decision aids.

HIS 1S A UNIQUE POINT in rime for
I the U.S. health care system. Qur collec-

tive investments in health IT are poised
to provide access to provider and patient data
in a more comprehensive and less labor-
intensive manner than ever before. Quality
measurement will be much easier to execute
and track in real tme. Understanding how
different treatments work in patients who
are reflective of actual patients, rather than
those who participate in controlled trials,
will help interpret more rationally what the
benefits and harms might be and what trade-
offs we are willing to accept. It is also likely
thae our understanding of unintended conse-
guences, both good and bad, of different
treatments will become clearer, Establishing
a culture of Jearning while providing care will
take collaboration among the many parrici-
pants in the heaith care system, both private
and public. The potential benefits are antici-
pated to go well beyond our initial expecta-
tions.
The views expressed in this paper are chose of the
auchor and do not necessarily reflect the official
posirion of the LL.S. Department of Heaith and Human
Services.
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Linking Electronic Medical
Records To Large-Scale
Simulation Models: Can We Put
Rapid Learning On Turbo?

The Archimedes mode! offers one example of how mathematical
modeling can assist in medical decision making.

by David M, Eddy

ABSTRACT: One methad for rapid learning is to use data from electronic medical records
{EMRs) to help build and validate large-scale, physiology-based simulation models. These
madels can than be used to help answer guestions that cannot be addressed directly from
the EMR data. Their potential uses include analyses of physiciogical pathways; simulation
and design of ciinical trials; and analyses of clinical management tools such as guidetines,
performance measures, priprity setting, and cost-effectiveness. Linking the models to EMR
data aiso facilitates tailoring analyses 1o specific populations, The medels’ power and accy-
racy can be improved by linkage to comprehensive, person-specific, longitudinal data from
EMRs. [Health Affairs 26, no, 2 (2007): w125-w136 (published online 26 January 2007;
10.1377/hithaff.26.2.w125))

electronic medical records (EMRs) to help address clinical and administra-

tive questions that would otherwise go unanswered. There are two main
ways EMRs can do this. The first is simply to use the data in the EMR to Iook up
the answers. The other is to use the data to build mathematical models and then
use the models to answer the questions. The models can vary from a single equa-
tion to deeper, more comprehensive models that use hundreds of equations to, in
essence, try to simulate everything important that happens in a health care system,
from the underlying physiology to logistics and costs. The latter type of a large-
scate simulation model obviously involves much more work than simply looking
up an answer in the database or building a simpler model. But ance builr, such a
model can help answer a considerably broader range of questions. This paper de-
scribes how large-scale, physiology-based simulation models can increase the use

! CENTRAL COMPONENT OF RAPID LEARNING is the use of data from

David Eddy {eddyaspm®@yahoo.com) is founder and medical director of Archimedes Inc. i San Francisco.
Archimedes was founded to improve the quality and efficioncy of health care by using advanced mathematics and
compting methods to build reatistic simulationmodels of physiology, discases, and health care systems.
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Rarip LearNING

of EMRs for rapid learning, and it illustrates their use with a particular model
called Archimedes.

The Need Far Raplid Learning From EMRs

The need for better methods to answer questions is obvious. The modern prac-
tice of medicine is bristling with questions, ranging from the medical director of a
managed care organization wanting to know the effects of improving control of
blood glucose in diabetics, to the head of medical benefits at a large corporation
wanting to know why the company's health costs went up in double digits three
years in a row, to Medicare wanting to design a pay-for-performance (P4P) pro-
gram and needing to know how much to pay for how much performance on which
indicators, to Jane Smith wanting to know how much her risk of a stroke will go
down if she loses ten pounds.

In theory, all of these questions could be answered if we could conduct enough
evaluation studies and elinical trials. But the feasibility of that approach is se-
verely limited by several facts: the long times required to observe long-term out-
comes; the large sample sizes needed to sort out real results from rendom “noise™;
the large number of options that need to be evaluated; the need to disrupt current
practices to implement each of the options; the reluctance of physicians and pa-
tients to parricipate; the narrowness and artificiality that trial designs often re-
quire; the fact that the answer one gets in one setting does not necessarily apply to
other settings; the high cost of the studies (typically in the tens of millions of dol-
lars, and often in the hundreds of millions); the rapid changes in technologies and
practices that make answers obsolete almost as soon as they come in; and the fact
that even if we can set a study in motion, we will still need to know whar to do
while we wait for the results. If it is feasible to answer a question with evaluacion
studies and clinical trials, then by all means we should do that. But the unfortu-
nate fact is that empirical studies are not feasible for the great majority of deci-
sions that need to be made,

The Appeal Of EMRs

From this list of limitations, it is easy to see the artractiveness of EMRs. The
data are already collected; it would seem that all we have to do is sort through
them and pull out the answers. For a simple example, to determine the proportion
of people with diagnosed diabetes who have pootly controlled blood glucose (he-
moglobin Alc [HbAlc] levels greater than 7 percent), a medical director could go
into the database, identify everyone with a diagnosis of diabetes, look up their
HbAIc levels, and calculate the proportion with HbAlc levels above 7 percent.
Such an approach is fast and inexpensive. It is also real; the data in EMRs repre-
sent real patients getting real treatments and having real outcomes in real practice
settings. The hope for EMRs and rapid learning is well summarized in the com-
monly expressed idea that EMRs should provide opportunities for “natural ex-
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periments.” Properly used and interpreted, EMR data used in this way can help
answer many important questions. Several good examples are described else-
where in this collection of Health Affairs papers.!

The Limitations 0Of EMRs For Rapld Leaming

Unfortunately, with the simplicity, low expense, and speed come some limita-
tions and pitfalls. For an example, suppose thar after identifying people with dia-
betes and HbAlc levels above 7 percent, the medical director now wants to know
whether treating them with a combination of an oral drug, metformin, and a new
injectable drug called exenatide has any affect on the incidence of myocardial in-
farction (MI) in this group. Ideally, the medical director would like to have a ran-
domized controlled trial (RCT) in which people with HbAlc levels g;reater than 7
percent are randomized to receive metformin and exenatide or not, and then fol-|
lowed for ten years to observe MI rates in both groups. The randomization would
ensure that the two groups were statistically identical in all ways except the treat-
ment, so any difference in MI rates could be artributed to the treatment. There is
no clinical trial that does this. Could we use the natural experiment of the EMR to
reproduce such a trial?

Umortunatcly, ‘we cannot. L,ODSIGCI me S[CPS We womu HZVC to 2o DKCK in Eﬂe
EMR records ten years and try to identify two groups of people: a group that had
HbAlc levels ahove 7 percent and were put on metformin and exenatide, and an-
other group that had HbAlc Jevels greater than 7 percent but were not put on any
drug. At this point we encounter the fitst problem: We can do this only for treat-

ments that have hoen in use for at leasr ten veare and exenatida is news This an-
ments that nave been In use I0T at least fen years, ang exenatice 1s new. 1ius ap-

proach is useless for new or even recent treatments. But set that aside and imagine
that we can find the rwo groups of people we need. Now the second problem
arises: We need to ensure that those put on metformin and exenatide had the same
pretreatment FHbAlc levels as those not so treated. This is very unlikely, because

people are put on drugs for the very reason that they have abnormal HbAlce values.

Curtmman van thot mwrallam ~oida oo wall ond imaocine thar tha araune
Suppose W st that propicin asiGe as weil anG imagine tnat the TWo groups we

found had the same inirtial levels of HbAlc. We immediately encounter a third
problem: The two groups also need to be the same in all other ways that might af-
fect their chances of having an ML That is, they must have the same age distribu-
tion, sex proportion, race/ethnicity mix, weight, proportion of smokers, blood
pressure, high-density lipoprotein (HDL) level, glucose level, use of aspirin, and so
forth. This is extremely unlikely. After all, whatever caused them to be put on
metformin and exenatide (an alert phys:cnan?) wou]d also likely cause them to be|

PRSI | P,
treated for nyperlenblon, nypergl.yumua. oucsuy, tobacco addiction,

(s}
L R N, b B O
s€ LﬂC)’ .lll.lglll lldvt ll. LRC)‘ lldu U:Cu LMLCQ for any one o1
A

if anv diff in MlIs was due to the use of metiormin

4L d any 1L ViiS Wags Qu

xenatide versus anv of the orher risk factors. Thus [11(3 ap,

1CGEC VETSUE any Ol IE OLUNET TSk CLar Ll pr 1 (LYY

“find” the desired clinical trial in the data set will not work. We might try a differ-
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“The pure look-it-up approach is not good for determining whar
would happen if we did something differently.”

ent approach, such as trying to find people who are matched in all important ways
except the use of the drugs. But by the time we list all of the important variables
that can affect heart attack rates and try to find people who are matched on all of
them, we would end up with exceedingly few matched pairs, if any. If we reduce
the list of the variables to those we need to match, we would find more pairs, but
we would never know how the unmatched variables biased the results. There are
other approaches we mighe try, but they all suffer from some bias or other.

In addition to the impossibility of analyzing new treatments, the confounding
effects of the unmatched variables, the difficulty of finding a sufficient number of
people, and the need for long follow-up rimes, the look-it-up approach has other
problems. They include cohort effects (people who were being observed ten years
ago are different from people being observed today); variations in and gradual
drifting of practice patterns and performance levels: changes in technologies such
as the introduction of new tests and treatments; changes in definitions of diseases
and outcomes; turnover in the population; and difficulty of transferring results
from one setting to another. In general, the pure look-it-up approach is good for

oheerving whar hanwnened in the nast and what ic hanmenine now bur it is not
ohserving what happened in the past and what Is happening now, but it is not

good for determining what will happen in the future, or what would happen if we
did something differently, or the merits of different options,

The Role Of Models

To answer the latter set of questions, we need to turn to the second way of using
EMR data to achieve rapid learning: use the data to build models, and then use the
models to answer the questions. The concept is llustrated with an analogy. Imag-
ine that an investigator is interested in the time it takes to get from New Yotk to
Boston. Imagine a dara set that tracks cars as they pass tollbooths and other
checkpoints, among other things. The investigator can answer the question by go-
ing to the data set, identifying all of the cars that traveled from New York to
Boston, noting the times of departure and arrival, subtracting, and averaging the
results. To go further, the investigator might report the results separately for cars
that left in the daytime (between 6 a.m. and 6 p.m.) and those that left at night.
That would answer the question; with the look-it-up method, that would likely be
the end of it. But we can squeeze much mote out of the data set if we use it to build
a model. For example, if we were carefu! to collect the right data, we could start
with the model “distance =rate X time” and then ga on to add the effects of number
of lanes, time of day, weather, congestion, accidents, tollbooths, radar, direction
signs, curves, road surface, and so on. That mode] could then be used to answer not
only the original question but also any number of other questions, such as the
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effects of adding a carpool lane or designing a freeway around New Haven.

The use of models in this fashion is not new. When Boeing designs a new air-
plane, it faces scores of questions about the design of the wing, shape of the body,
weight, engine power, and other variables. It does not build prototypes of all pos-
sible combinations, fly them, and get the pilots’ assessments. Boeing uses the prin-
ciples of physics and data from wind tunnels to build mathematical representa-
tions of the planes and then flies them inside a computer. It does conduct
experiments. But the purpose of the experiments is not to get an answer te one
particular question; it is to collect data to build models that can answer hundreds
of questions. Virtually every other sector of our economy uses mathematical mod-
els to manage complexity and uncertainty. Architects use them to design build-
ings, engineers use them to calculate the trajectories of satellites, UPS uses them
to calculate optimal transportation routes, and Intel uses them to design com-

nuter chins, Fven in medicine. computed romogranhy {CT) scans. radiarion doses

puler Chips, fven 1 megicing, ComputeQ [SIOFTAPAY (L L ) SCANS, racialion ¢oses,

nurses’ schedules, decisions to buy versus lease hospital beds, and the funds in
which physicians mvest their money are all based on models. So the idea of using

Types Of Models

Data from EMRz along with other sources can be uged to help build a wide vari-
ety of models. At cne end of the spectrum, in terms of simplicity, are single-
equation models such as regression equations to help adjust for confounding fac-
tors (“risk adjustment™) or to help project a parient’s furure costs based on the
patent’s hlstory, Both of these are common and well-accepted types of madels.
But models can be used for considerably more than that. Properly built and vali-
dated, they can be used to help analyze physiological processes; design guidelines,
pufuuualw: TICAsSuLes, and the “v‘\.’hﬁ; to- du parts uf dnm.a.m. management pro-
grams; design the “how-to-do-it” parts of disease management programs, case
management protocals, and continuous quality improvement (CQI) projects;
forecast logistics, utilization, costs, and cost-effectiveness; set clinical priorities
and design strategic goals; prioritize or combine performance measures; analyze
the effects of multiple diseases (comorbidities), syndromes thar affect multimle or-

the » SYNAromes 1nal allec mullipic or

gan systcms druge that have multiple effects, and combinations of drugs; address
qucsnons of nmlng such as bCran.mg u:equcm.y of LULLOW‘TJP visits, or how 1uug 4a
medication should be tried before the dose is changed; and help design and predict
clinical trials.

For these types of applications, one needs larger and deeper models. A rule of
thumb is that if one wants to answer a qucstion that involves a parcicuiar Varia'bie,
then the model needs to include that variable. And if one wants to Expmre the ef-
fecr on particular ourcomes of changing variables, the model needs to include the
varizbles that are to be changed, the outcomes of interest, and the pathways that
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“If one is interested in @ broad and deep range of questions, one
needs a broad and deep model.”

connect them. For example, if we want a model ¢o help individual patients and cli-
nicians make decisions; to help design guidelines, performance measures, and the
“what-to-do” parts of disease management programs; and to be credible, the
model should start at the level of physiological and clinical detail at which clini-
cians think. Essentially, it should encompass all of the biological variables that
physicians consider to be important in the management of their patients, and it
should relate them in a natural way. This level of detail is also required to help ana-
lyze the physiolegical processes underlying diseases and their treatments and to
help design, interpret, and extend clinical trials. i we want a model to address the
issues that arise in the design of the “how-to-do-it” parts of disease management
programs, case maniagement protocols, and CQI projects, the model should in-
clude care processes, logistics, and behaviors at an equally high level of detail. If
we want a model to provide credible information about logistics and cost-effec-
tiveness, it should be able to track the use of resources such as facilities, personnel,
visits, admissions, equipment, and their costs. If we want a model to help set clini-
cal priorities, design strategic goals, and prioritize or combine performance mea-
sures, the model should span all types of interventions (primary prevention,
screening, diagriosis, treatment, secondary prevention, and support care) and
span multiple diseases using the same methodology. A broad span is also required
to address patients who have multiple diseases {comorbidiries), syndromes that
affect multiple organ systems, drugs that have multiple effects, and combinations
of drugs. If we want a model to address questions of timing—such as screening,
frequency of follow-up visits, or how Jong a medicarion should be tried before the
doge is changed—the model should function in continuous time and be able to ad-
dress events that can change as rapidly as minute by minute, or as slowly as year
by year. Finally, if we want a model to be credible, the modet should be able to sim-
ulate the most important epidemiological studies and clinical trials at the level of
clinical detail at which they are designed and reported, and to match or predict
their results within the appropriate confidence limits. In general, if one is inter-
ested in a broad and deep range of questions, one needs a broad and deep model.

Archimedes: An Example Of A Large-Scale, Physlology-Based
Model

The feasibility of building models like this can be fllustrated with the Archime-
des model, which kas been developed over the past ten years by a team led by Len
Schlessinger and me.? Briefly, the core of the model is a set of ordinary and differ-
ential equations that represent physiological pathways at a level of derail roughly
comparable to that found in general medical textboeks, clinical trials, and patient
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charts. The model includes pathways relating to diabetes, congestive heart failure,
coronary artery disease, stroke, hypertension, obesity, and metabolic syndrome in
a single integrated model; and asthma in a stand-alone model. Cancers of the lung,
breast, and colon are being added. Other conditions will be added in the future.
Stemming from this core are additional equations thar represent the develop-
ment of signs and symptoms; patients’ behaviors in seeking care and complying
with treatments; clinical events such as telephone consultations, office visits, and
admissions; tests and trearments (including errors, side effects, and complica-
tions, to the extent they are known); physicians® behaviors and performance; logis-
tics and utilization (for example, emergency department visits, admissions); re-

d measures of nnnhru .
.7

P T N I o v “.»L diffana amiatimn timac fo syt

Dc\r“u“ LG MR l-nsu'-a WL umcl(lll.lﬂ! E\{u“LlUll»)‘ VIO 18 l—Ulll.uluUll)‘ b‘l}’
logical variables are continuously interacting functions of time, any event can oc-
cur at any time, and the timing of events is as condensed or drawn out as occurs in
reality. Clinical outcomes are defined in terms of the underlying variables, which
enables the model to incorporate different definitions and changes in definitions.
The effects of interventions are modeled at the level of the underlying biology. The

"u-lnmnn Af rnulnn]p groan svsrems and rhnnnmn aspartofa eonalp n]mrmn}qnv en-
SpSes o e o

ables accorate representanon of the effects of syndromes, Comorbldltles, multiple
drugs, and drugs with multiple effects. The model is programmed in an object-ori-
ented language called Smalltalk and runs on a grid of computers using distributed
computing methods,

The objective is to create a virtual worid that can do the things listed four para-
graphs above. The virtual world of Archimedes consists of thousands of virtual
people, ail of whom have virtual physiologies, can get virtual diseases, and have
virtual behavior. To represent real populations, Archimedes can create copies or

clones of real people drawn from the settings in which the questions are being
asked, uamg pCISDn‘SptCLuL data from aulvzya and data sets such as the National
ﬂeﬂ[n anu Nutrition Cxﬂrnlnanon Bul'VCYS U.Vl'lﬂlV EO), neau:n rlS.K appra!sals
personal health records, and, of course, EMRs. It does this at the level of detail cap-

tured in the survey, inchuding, if availahle, demographic characteristics, physical

amination »cnh-e kohamm— familv history, mprhrnl conditions, hqnlnmr:l yari-

ex.
examinanoen resilils, DeNavior, lamily DIstory, InCQlcal CONCGITIONS, Diniogical

ables, medical history, symptoms, current medications, and so forth. Archimedes
uses the information provided on each person (for example, characteristics, lab

aamnage iﬁfst iablﬁr 5 LLTLFJ'.')', autﬁ as e Gfsl €< 01 S1EN0SIS 16l COTONHAry afieries.
The mode! is constructed so that it can be railored to different sertings, distin-
guished by specific populations (for example, age, sex, race/ethnicity, behavior,
risk factors, incidence rates); clinical practice gnidelines and levels of perfor-
mance; and costs. Examples of possible settings are a managed care organization,
the U.S. population, the employees of General Motors, Medicare, Colorado Medic-
aid, people covered by Blue Cross of Michigan, and the uninsured of Los Angeles.
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Example Of An Application

The potential uses of a large-scale simulation model can be illustrared with an
example. Suppose a medical director is interested in the effects of giving sim-
vastatin 40 mg, a cholesterol-lowering drug, to men and women ages 40-80 who
have had a previous MI or currently have angina, or who have had a bypass graft or
angioplasty. We have already seen that this type of question, as common as it is, is
beyond the capability of the look-it-up approach for EMRs. We could use a model
like Archimedes to select victual people in the virtual world who meet those crite-
ria, as well as other characteristics we might want to specify (for example, average
HDL level, proportion taking aspirin), randomize them to receive simvastatin or
not (delivered by virtual physicians through virtual visits, and so forth), follow
them for ten years in virtual time, let the patients virtual physiologies progress
(for example, virtual atherosclerosis developing in virtual coronary arteries), and
record the occurrences of virenal Mis. The results of such a virtual trial are shown
as the dached linss in Exhihir 1.

One can appreciate the range of potential uses of models like this by listing
some of the questions the Archimedes model has been used to address recently: (1)
What would be the effect of a cure for insulin resistance (insulin resistance is the

major cause of diabetes and the metabolic syndrome)? How would such a cure
compare with simply getring all patients and physicians ro faithfully follow exist-

ing guldelmes for control of risk factors such as hypertension, hlgh cholesterol,

EXNIBIT 1
Compsrison Of Mode| Results With Those Of An Actual Clinleal Trial: Cusnulative
Probabliltty Of Major Coronary Events In The Heart Protection Study

Fraction of peopie with rmgjor coronary events
120

I e >
i .l

0.08 (/C/ s

f

0.04 L7 Py

0.02

0.00

2
Time {years)

SOURCE: D.M. Eady and L. Schiessinger, “Valldation of tha Ascrimedes Digbetes Model ™ Diabetes Care 26, no. 11 (2003)
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NOTEB: Comparison of results predicted by the Archimedes modsl (dashed ines) versus actusd results (solid lines) from the
Heant Pratection Stucy (HPS). Open cirzles are placebo group; 3oild cirties are Ursated group.

wi32 26 Jamuwary 2007

ARCHIMEDES MODEFL

and smoling? 2 VWhae wanld ke the affect am hiclagical yarialalas azmd Al o1
ALl SLRURLIGE (L7 Yrilak Wil UL LU SULLE DBl iuiuivald vaLlalics datiud CLITHCAL

outcomes of a drug that decreases weight by 5 percent? For what populations
would such a drug be best indicated if the goal is to decrease heart attacks? To de-
crease net costs? (3) How does delivering insulin through inhalation compare
with the current method of injection in people with Type 1 diaberes? What are the

imnlications of the diffsrent effecrs on HbAle for downstream clinical cutcames?
implications Ol the qitierent elfects on HBALC or downstream ciinical outcomes?

What trial should we conduct to determine the appropriate indications? (4) We
want & calculator that will tell people their risk of diabetes and its complications,
taking into account not only the usual Framingham type variables (sex, age, sys-
tolic blood pressure, total cholesterol/HDL cholesterol, whether they smoke,

whether they have diabetes) but also duration and severity of diabetes, medical
history (for example, previous M), past treatments, past and current weight, cur-

rent symproms and compucanons and current memcatmm (5) What are the rei-
ative CIIECtS OI l'al'ﬂll'lg pt‘:n()ﬁl’lz’lﬁ((_ l[\)lll LﬂC dVﬂllgk w I.l'“: mncuctu pcrccntue
level for each of the Health Plan Employer Data and [nformation Set (FIEDIS) mea-
sures for cardiovascular disease, diabetes, congestive heart failure, and tobacco
use? If we can focns on only three measures, which are the most important? (6)
WWe've done a Phase 11 trial that showed the effects of {a particular drug] on {a par-
ticular ser of biomarkers]. What would a Phase I1I trial show for clinical out-
comes? What would happen in different populations (that is, different indica-
tions)? What is the oprimal size and duration for a trial? (7) We want to combine
two drugs. What will be the combination drug’s eﬁects in populations that have
uulcanL ulltlal I'].bl(b QLLLC[LD[ Current {reatments, dliu u.u.léfﬁﬁ‘t current UCgl'CLb
of controi? (8) We are contemplating [a new approach to the rreatment of diabe-
tes], We want to know its effects on clinical outcomes and costs. Will it save

money? If so, by when?

Valldation Of Large-Scale Models

A critical aspect of using models, large or small, is validating them. Large-scale
simulation models provide a helpful method for accomplishing this; their accuracy
can be checked by using the virtual world to simulate activities that have hap-
pened in the real world and then comparing the results. For example, the applica-

tion just described—the effects of simvastatin 40 mgon Ml in m-rmip ar ]'nol-s risk

of cardmvascula.r disease—has been studied in a real clinical trlal called the Heart
Protection Study (HPS).> The real results are shown in Exhibit I as solid lines.
Here it is important to understand that the HPS was not used to build the Archi-
rncdes model, itis belng used only to test it. The close concordance between the

model’s accuracy.

redic inst n he
nparing predicted results against real results can be
peated lor a range ol ma.ls that span the types of questions the modc il be used
to address, For example, thus far the Archimedes model has simulated about three
dozen clinical trials relating to diabetes and coronary artery disease. Exhibir 2
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EXHIBIT 2
Comparison Of Mode! Resutts With Those Of An Actual Clinical Trial For Seventy-Four
Valldation Exercises

Results colculated by model
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SOURCE: DM, Eddy and L. Schiessinger, “Valkiation o the Archimedes Diabetes Mode,” Oiabetos Care 26, 0. 11 (20035
3102-3510.

NOYES: Actual redults (horizontal axis) versus calcutated results (vertical axis) from seventy-four Ind ependent vatidation
anarciges Involving eighteen rndomized controlled trials nelating 1o diabetes and cardiovascular dissase, Forty of the validation
‘exarcisag 6re Independant; np data fram the rial weré used to build or calidraie the model. Each square Mpresents a particulsr
outcome of & particutar arm of g particular clinical trial {outcames vary from am 10 arm snd Inclixde mortidity, mortality, and
warious tlinical markars), Perfect accuracy wouk? show all of the squares on the dragonal kne. Deviations from this lins are
atritutabie 1o sampiing veriations in the real clinical trialg as well as any inacauracies in the moded.

1 1 N £l €.
nresents 2 scatter niot showing the accuracy of the first seveniy-four exercises
presents g sCatier piotl snowing Uic accuracy [$3i0 1 KEreleg:

(counting the different arms and outcomes of a crial as separate exercises).* More
than half of the validations are independent, which means that no information
from the real trials was used to build the model. Overall, the correlation between
the real and predicted results is 0.98, For the independent validations, the correla-

riop is 0.08. Althouch these results certainhy do not nrove that every new analvsis
tiop is 0.96. Although these results certainly Qo not prove that every new analysis

will be accurate. thev do indicate that it is possible to build large-scale, physiol-

Wi O aCCUrare, 14¢y Co lnalicaie that S possibie to DULQ 1arge-scale, phvElo)

ogy-based models that reflect the available evidence from chmca.l and epidemio-
logical studies reasonably well.

Using Data From EMRs

The quality of 2 mode] depends directly on the quality of the dara available to
build it. To build a large-scale, physiclogy-based simulation model like Archime-
des, one would ideally Jike to have access to several data sets that are large (from
many people), pefsaﬁ‘spemn_ {reporting the measurem
separately), comptehensive (recording of all the variables of interest), and
lonmtudma.l { n-ackmz each person's measurements and events over ume—nrefer~
ably five to ten years) Until very recently, this has been extremely difficult, if not
impossible, to achieve, A model like Archimedes typically has to be constructed
from published data—epidemiological studies, basic physiology studies, large

srvevs. and clinical rrials. These may be sunplemented by sinole-noint-in-time
SUrveys, anc Cilircas triais, 1oese may o¢ SUPPIemEnica oy Sing:L-point-ir
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“Access to EMR data will make large-scale models like Archimedes
much more powerful and accurate.”

(not longirudinal) data from a public survey like NHANES and by occasional ac-
cess to person-specific data from narrowly defined studies of particular physio-
logical pathways, but the majority of the model is built from published sources,

Published data are limited by two main facts. First, they are aggregated; they
give the average results in the population without reporting the values for individ-
ual people. Second, they report what the investigators are interested in, which is
not always what a modeler needs. These limitations can be severe. To appreciate
this, let us revisit the example of travel times from New York to Boston. Suppose
we are interested in how rainy conditions affect travel time. A published summary
of the data set might report the average time it rakes cars to go from one peint to
another and the average number of inches of rainfall, It is easy to see that thisis not
sufficient to answer the question. To determine the relationship between travel
time and rainfall, we need data on each car—the amount of rain it was experienc-
ing and its times at each point on the route. This illustrates only one way in which
the object-specific longitudinal data can be used. There are many others. Com-
pared with using only reported averages, this type of object-specific information is
like moving from black and white TV to color, or from a car radio to high-end hi-fi.

Data from EMRs could be extremely helpful in filling this gap. First, they could
be used ro develop a much more accurate understanding of biological pathways—
how different biological variables relate to one another in complex physiclogical
processes. Second, such data would greatly improve our understanding of individ-
ual variations—how the values of biological variables are distributed across indi-
viduals and how they change or progress within individuals over time. Third, they
can help us understand how medicine is actually practiced, not just in idealized
settings like clinical mials but in real settings of patient care. Fourth, they can be
used to develop person-by-person copies of specific populations. This would en-
able analyses to be tailored to particular settings so that the one-size-fits-all as-
sumptions we now have to make could be discarded. A fifth use of EMR data is
validation, A model like Archimedes is now validated against clinical trials. Data
from EMRs would enable the validations in more realistic settings.

For these and other reasons, we can expect that access to EMR data will make
large-scale models like Archimedes much more powerful and accurate. It isimpor-
tant to understand, however, that EMR data are not a panacea; they have their
own limitations that will affect their value and building models. To list just three,
they are not particularly useful for determining the effects of interventions, for
reasons already given; importapt data may be miscoded ot missing; and they typi-
cally do not include research variables that are needed to build deeper models of
physiological pathways.
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Conclusions

The practice of medicine is extraordinarily complicated. The number of ques-
tions we face far outstrips our current methods for getting answers. Clinical trials
and other well-designed empitical studies are essential for helping us understand
human physiology, disease, and the effects of tests and treatments. They are our
fundamental anchor to reality. However, it is not feasible to answet all questions
with empirical studies. For questions that cannot be answered with empirical
studies, mathematical models can be useful. In particular, large-scale, physiology-
based models can help answer a wide variety of questions ranging from physiolog-
ical pathways; to clinical trials; to management tools such as guidelines, perfor-
mance measures, priority setting, forecasting, and cost-effectiveness. The Archi-
medes model has demonstrated the feasibility of building these types of models.
The main limitation of these types of models at this time is the quality of data
available ta build and validate them. Patient-specific, comprehensive, longitudinal
data from EMRs can greatly improve the quality of data available for building
these types of models. Together, the linkage of daca from EMRs and large-scale,
physiology-based models could open up a promising new way to improve the
quality and efficiency of medical care.

NOTES
L. A h's!ingof these papers is available at hrepy healthaffar gikcontent/full/hichaff 26.w107/

2 L Schlmngx:r and DM. Eddy. “Archimedes: A New Model for $imulating Health Care Systems—The

Muhcm:ucal Formulation,” Joumal of Biomedical Informatics 33, no. } (2002): 37-50, DM. Eddy and L.
“Archimedes: A Trial Validared Mode] of Diabetes* Diabetes Care 26, no. 1 (2003): 3093~ 3101

mdD M. Eddy and L. Schlessinger, “Validation of the Archimedes Diabetes Model,” Diabetes Care 26, no. 1L
(2003): 3102-310.

3. Heart Protection Study Collabotative Group: “MRC/BHF Heart Protertion Study of Antioxidant Vitamin
Supplementation in 20,536 High-Risk Individuals: A Randomised Placebo-Controlled Trial,” Lancet 360,
1o, §326 (2002): 23-33.

4. Fddy and Schlessinger, “Validation of the Archimedes Dizberes Model.”
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PERSPECTIVE
Archimedes: A Bold Step Into The Future

A promising new model for improving care, which deserves a solid
policy foundation as it moves into use.

by John R. Lumpkin

ABSTRACT: The increasing adoption of electronic health records (EHRs} enables the devel
opment of new tools to guide clinical research, clinical protocol development, and national
palicy fermulation. Archimedes is an example of a naw generation of tools that go beyond
Identifying past problems with medical devices and pharmaceuticals or failures with health
care delivery to predicting potential prablems and identifying new treatments and ap-
proaches that can improve care, Atthough the arrival of this new generation of tools raises
some concemns, the tools’ great potential for improving care must be carefully considered,
[Heaith Affairs 26, no, 2 (2007): wi37-w139 (published online 26 January 2007;

wlils 26 January 2007

10.1377/hithaff.26.2.w137)]

HE woRLD oF health information
I technalogy (TT) has changed dramati-
cally in the past five years. Electronic
health records (FHRs) and the associated
support systems have catapulted from obscu-
rity into the stratosphere of presidential at-
tention. Although adoption rares among indi-
vidual physicians remain low, EHRs" ability
to reduce rrors and improve quality, coupled
with the high priority placed on adoption by
national leaders, can be expected to lead to
increasing adoption over the next few years.!
EHRsalong with the redesign of care delivery
can have a big impact on quality through the
implementation of decision support. This
technology enables the EHR to provide situa-
rional knowledge to the clinician in the form
of reminders or suggested diagnostic or ther-
apeutic steps.
B Cusvent uses of health data, In the
nineteenth century, pioneers such as John

Srow and Florence Nightingale demonstrated
the power of using dara derived from individ-
ual health experiences to answer health ques-
tons affecting large groups. Spow used the
data to identify the cause of an outbreak of
chalerz, and Nightingale used the dara to drive
improvements in military hospicals, Large-
scale longitudinal studies, such as the Fram-
ingham Heart Study, have demonstrated the
power of large databases to identify health
risks and demonstrate the cffectiveness of in-
rerventions.? Yet despite their proven effective-
ness, the construction of these large databases
has been resiricved by their very lurge costs,
The collection of data from paper-based clini-
cal tecords is labor-intensive, fime-consum-
ing, and expensive.

To serve their primary function, EHRs ac-
cumulate large quantities of data in 2 readily
aceessible electronic format. In an interoper-
able environment, data that are stored in many

John Lumpkin (hempki@rwifarg) 1s senior vice president of the Robert Wood Jolmson Foundation in Princeron,
New jersey; he also is director of the foundation's Health Care Group. Prior to that, he was the director of the
Tllinais Department of Public Health, a cabinct-Yevel post in linois. He has served as chairman of the National
Contraittec on Vital and Health Staristics and is ¢ fellow of the American College of Medical Informatics.
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locations are assembled as needed ro aid clini-
cal decision making by the patients and their
clinicians. Just as clinical data in a paper-based
world can drive public health interventions,
quality improvement, and research, che data in
EHRs can be used for a number of stmilar sec-
ondary purposes.

Several papers in this collection note how
large amounts of clinical data made accessible
by electronic health information systems can
enable rapid assessment of drug and treatment
protocol effectiveness as well as identification
of unsuspected adverse outcomes. The impor-
tant work reflected in these papers shows how
current tocls can be improved with access to
more data in a timely fashion.

H Promiss of Atchimedes model. [n con-
trast, David Eddy’s development of the Archi-
medes simulation model represents the begin-
ning of a new phase of rapid learning enabled
by the health information revolution * Tradi-
tional studies use dara to determine what hap-
pened at some point in the past. In the case of
an adverse side effect of a pharmaceutical,
analysis of large volumes of clinical data can
rapidly identfy findings that might not be ap-
parent with relatively small clinical trials.
Analysis of large clinical data sets can also de-
termine trends in patterns of care that result
from the adoption of treatment protocols or
policy changes. In each instance, the data anal-
ysis determines whar happened in the past to
guide actions in the future. The patients af-
fected are real people who must live with real
consequences. The key innovation in the de-
velopment of sirmulation models like Archime-
des is that alrernative appreaches to care and
heaith care policies can be tested before they
are implemented Clinical trials can be per-
formed in 2n electronic environment indicat-
ing wsefulness of new rechniques and treat-
ments. The important difference with the
simulation model is that deaths and injuries or
failed fmprovements are happening to virtual
people, not real ones.

As such, Archimedes is to health IT what
the first amphibian that crawled out of the pri-
mordial swamp was to evolution of human be-
ings: an tmportant evolutionary step and one

that foreshadows future wonders. In 1969, the
ARPANET was just a tool char a bunch of
geeks at four universities used to share re-
search data. Few, if any, could have envisioned
that this network would grow into what we
know as the Internet. No one could have tmag-
ined all the ways the Internet would be used to
advance communications, commerce, enter-
tainment, and research. In fact, the Internet
has become the base infrastructure that en-
ables interoperability in health IT systems. Ar-
chimedes gives us that glimpse into a future
where health information is easily accessible
to be manipulated in real time to improve the
health and health care of all Americans,

B Concems. The importance of this devel-
opment must be terpered by ¢concerns that
must be addressed by the development of a
simulation modeling system like Archimedes.
Archimedes {s built on the records of the real-
world experiences of individuals over time.
The raw material that enables che building of a
model like Archimedes is information about
real people and real health experiences. A lon-
gitudinal record has to be built based on iden-
tifying data that belong to an individual, link-
ing those data over time and geography. As the
model is built, any connection between a real
person and the stzing of information is severed
as the data are deidentified and aggregared.
Because Archimedes is used to simulate the
impact of an intervention of a population of
people, the structure and use of the model in-
herently protect individuals from identifica-
tion, The use of data in this way is called sec-
ondary use, A recent report from the American
Medical Informatics Asscciation (AMIA) notes:

Secondary use of bealth data can enthance health
care experiences for Individuals, expand knowl-
edge about disease and approprizte treatmeats,
strengthen understanding about the effective-
ness and efficiency of our health care systems,
support public health and security goals, and aid
busthesses in meeting the necds of cheir custom-
ers. Yet, acvess to and sccondary use of dara
pases complex erhical, political, technical, and
social challenges *

Privacy. The most immediate social chal-
lenge is the protection of privacy. The deliber-

wllg
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ate or unintentional release of individually
identifiable health information can have dev-
astaring affects on an individual The rrust
that exists in the health care system is based in
part on the belief thar private information will
be kept private. Although Archimedes itself is
protective of privacy, very clear and stringent
procedures must be adopred in the construc-
tion and maintenance of the model to assure
that individual privacy is protected. The
AMIA report recommends that addressing the
policy issues related to secondary data should
e high on the national policy agenda. Archi-
medes’ ultimate usefulness will depend on a
firm policy foundation for the secondary use of
clinical data.

Assunptions and biases. The second concern is
more conceptual, If Archimedes or similar
modeling systems are as powerful as the early
indications indicate they are, progress in iden-
tifying problems and finding solutions can be
greatly facilitated. Sizable resources can be
preserved by avoiding dead ends before actual
rcsea h and clinical trials are performed.
tinee of research can he resred and
unpl:memed efficiently and effectively. How-
ever, the construction of any model reflects the
assumptions and biases of these who build it.
Today those assumptions and biases would
have minimal impact on an Archimedes-based
assessment of an innovation. Over time,
though, the assumptions and biases built into
the model might become less valid as new re-
search accumulates and knowledge advances.
1t will be important for the model's ongoing
usefulness that the inherent biases and as-
sumptions be reevaluated regularly.

Future innoweition, Finally, as innovative as Ar-
chimedes may be, its existence may stifle fu-
ture innovation if research fundess rely too
heavily on Archimedes as the arbitratar of the
usefulness of exploring lines of research. Inno-
vatfon comes in the form of unconventional
approaches to conventional problems. As Ar-
chimedes and similar simulation models he-
came conventional, their ability to assess un-
conventional approaches will need to be used
with caution.

HOSE CONCERNS ASIDE, the develop-
I ment of Archimedes as described in
Eddy's paper teprescats an important
development in the world of health IT. As a
powerful tool for the present and a harbinger
of things o come, it tepresents a new age in
theapplication of IT to preserving and restor-
ing health.

NOTES
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Federal Initiatives To Support
Rapid Learning About New
Technologies

The federal government is in a unigue position to generate
information essential to rapid iearning in health care.

by Sean R. Tunls, Tanisha V. Carino, Reginald D. Willliams il, and Peter
B. Bach

ABSTRACT: Health poiicy and financing reforms place increasing emphasis on the ability
of doctors and patients to make informed, cost-conscious care decisions. The federal gov-
ernment is supporting naw initiatives in Medicare to increase the supply of reliable informa-
tion on the benefits and risks of health care technologles. Medicare also is working with the
Agency for Healthcare Research and Quality (AHRQ) to evaluate the comparative effective-
ness of prescription drugs and other items or services. The value of these efforts will de-
pend on coordination among individuals and institutions in the public and private sectors;
clarity about focus, purpose, and priorities; and adequate and rellable longterm funding,
[Heslth Affairs 26, no. 2 {2007): w140-w143 (published online 26 January 2007;
10.1377/hhthaff.26.2.w140)]

ducing cost, and expanding access to care depend on doctors’ and pa-

tients’ ability to make informed, eost-conscious decisions about their
health care. This popularity evolved in large part from the expanding body of evi-
dence demonstrating inefficient and inconsistent use of health care services and
unsustainable trends in health care spending, If patients, clinicians, and other
decisionmakers are responsible for making critical health care decisions, they need
access to reliable information on the quality, cutcomes, and costs of care. Despite
considerable progress in producing this kind of information over the past several
decades, much more is required 1o meet these decisionmakers’ needs. This paper
addresses federal initiatives, particularly those pursued by the Centers for Medi-
care and Medicaid Services (CMS), designed o support the efficient development
of information about the benefits, risks, and costs of health care technologies.

MANY CURRENTLY POPULAR APPROACHES L0 improving quality, re-

Sean Tunis (seantunis@netzeromet) is director of the Center for Medical Technology Policy in San Francisco,
Tanisha Carino is divector of the Conter on Fvidence-Based Medicine ar Avalere Health LLC in Washington, DC,
Reginald Willtams is a manager there. Peter Bach is an associate attending physician in the Department of
Epidemiology and Biostatistics a1 the Memorial Sloan Kettering Cancer Center in New York City.
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FEDERAL [NITIATIVES

Alrhmwh many feder; rams fit within this broad scape, Wi

rOcra e facu

any federal progra within this broad scope, we f

efforts that feature sevﬂal etho dolog-xcal appmaches to lea g bout the out-
comes of health care interventions after they have obtained regulatory approval
The CMS aims to support many different analytic needs by devcloping an inte-
grated database that will include linked information from claims submitred to the
CMS by physicians, hospitals, prescription drug plans (PDPs), and other Medi-
care providers. The Fffective Health Care program, under the direction of the
Agency for Healthcare Research and Quality (AHRQ), uses systematic literature
reviews and analysis of routinely collected clinical and administrative data, pri-
marily from organizations with electronic medical record (EMR) systems. The
CMS also supports high-quality effectiveness studies by linking Medicare reim-

bursement to reauired nrorocol-driven collection of nrosnecrive clinical data
Dursement to required protoCoi-ariven coliection of prospective ciinical data,

This paper emphasizes programs that involve 2 major role for the CMS, but
many important initiatives are also under way at other federal health programs. In
the private sector, health plans and other for-profit and nonprofit entities are also
pursuing initiatives, in some cases offering valuable lessons that inform the federal
initiatives. The objectives, progress, and limitations of these initiatives offer in-
sight into how the federal government can support the development of better evi-
dence for health care decision making and what wilt be necessary to ensure that
these programs achieve their goals, Although it is clear that these efforts depend
on the data, resources, and efforts of the CMS, AHRQ, and other federal agencies,
the programs’ ultimate value will be determined by the degree of engagement by
many stakeholders, including researchers, product developers, health plans, em-
ployers, medical professionals, and patient organizations.

The CMS's integrated Data Strategy

O 1 Lanvsane 2008 eha CME lavnahad ite laroacr oxnaneian of the
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gram since its inception in 1965, Medicare Part D, adding ourpmcnt prescription
drugs to its list of benefits. This coverage change expanded access to prescription
drugs for many Medicare beneficiaries and increased the federal government’s role
as a payer of ptarmacotherapy from 2 percent in 2005 o an expected 28 percent in
2006.! In addition, the drug benefit provides the CMS, researchers, and the public
with a clearer picture of the overall health care experience of the U.S. elderly and
disabled populations and with an infusion of new information on the use, safety,
and, potentially, effectiveness of medications in these papulations.

H Medicare's drug data strategy. On 11 May 2005 the CMS issued a White Pa-
per on its new drug data strategy.? It outlined the CMS's intention to integrate new
drug claims data from Medicare Part D with the medical data from Medicare Parts A
and B. The stated goal of doing so is to support the progtammatic missions of both
the CMS and the Food and Drug Adminiscration (FDA) by supporting the FDA's
postmarketing surveillance activities and the CMS's goal of providing evidence on
drugs and drug use for a broad range of conditions. These conditions include off-
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“The CMS's goal to integrate electronic health information for all
beneficiaries will require the cooperation of plans and providers.”

labe] uses and evidence of drugs’ effectiveness and safety in specific subpopulations,
such as the elderly and those with multiple chronic conditions.

This initiative signaled the federal government’s intent for Medicare data, and
other data, to play a more prominent role in the design of new policies and pro-
grams of the CMS and its sister agencies. Researchers have already identified the
availability of new Medicare Part D data and their integrarion with existing medi-
cal dara on the Medicare population as a potential panacea for some of the most
pressing problems facing health policy.’ The high-profile withdrawal of Viexx
from the market, potential problems with other COX-2 inhibitors, and the recall
of some models of implantable cardioverter-defibrillators (ICDs) have raised some
concerns about the FDA’s current capaciry to proactively monitor the safety of
medical products used in the United States.* Beyond these postmarketing safery
questions, a linked data set reflecting use of inpatient, outpatient, nursing home,
prescription drug, and other services and medical supplies would provide many
important insights into the quality, safety, effectiveness, efficiency, and cost-effec-
tiveness of beneficiaries’ care.

M Obstacles to the inltiative. The CMS and the scientific community face sev-
eral obstacles in moving the Medicare integrated data initiative forward. Logistical
issues include the sheer mechanical challenge of integrating vast amounts of drug
claims data with other Medicare claims files and compiting those data into longitu-
dinally analyzable files. The CMS's goal to integrate electronic health information
for all Medicare beneficiaries will also require the cooperation of the private health
plans and providers that hold this information. Business confidentiality issues also
could prove problematic, as the integrated data may be sufficient to reveal the un-
derlying cost structure of a PDP or Medicare Advantage (MA) plan. Finally, the
CMS will have to address privacy and confidentiality issues, such as the nature of
instdtutional review board (IRB) oversight of the research that the CMS and others
plan to conduct using these data.

A number of methodological issues will arise as well. For instance, one of the
major objectives of data analysis is to focus on drug usage and monitoring rare ad-
verse events. Ensuring against false-positive findings in this conrext will require 2
great deal of effort. Such findings are a natural by-product of multiple analyses; in
a drug surveillance system that will rely on vast groups of individual researchers,
the number of analyses and hypotheses will be very great, and the number of false-
positive findings will be as well. Using claims data to understand causal or asso-
ciative relationships will remain a challenge, regardless of the richness of the dara
source. There will continue to be debate about whether the information captured
on either a Medicare claim or an electronic record accurately reflects the experi-
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ence of the patient. One sensible initial approach to both of these concerns s to es-
tablish robust and uniform standards for data definirions, analyses, and distinct
analytic subsets of the claims data, so that findings obtained through analyses of
one data set could be validated in a separate data set. This approach would make it
easier for the private sector, academe, and the regulatory bodies to share a com-
mon understanding regarding the meaning of claims data analyses.

W Ensuring optimal uses of the data, The CMS is working with AHRQ on sev-
eral studies to explore the optimal uses of Medicare claims data and other observa-
tional data. Researchers are attempting to develop frameworks and algorithms to
use existing and future Medicare data—particularly Medicare Part D claisns—to
explore drug safety issues and comparative effectiveness research. Researchers also
are conducting studies to validare the accuracy of administrative data using medical
records.? These studies address some of the limitations of claims data and should
lead to more effective use of Medicare prescription drug data. Methods and stan-
dards for cost-effectiveness analysis developed by AHRQ and others will also be in-
creasingly important in evaluating the comparative efectiveness of drugs and other
health care interventions, particularly as patients and clinicians become more ac-
countable for the outcomes and costs of their care. On 18 Octaber 2006, the CMS
published a proposed rule on use of Medicare outpatient prescription drug benefit
{Part D) claims data for research, analysis, reporting, and public health functions by
the Department of Health and Human Services, federal oversight agencies, and other
researchers.

AHRQ's Effective Health Care Program

To learn more about prescription drugs and other health care services, in Octo-
ber 2005 AHRQ formally unveiled the Effective Health Care program, authorized
by Section 1013 of the Medicare Prescription Drug, Improvement, and Moderniza-
tion Act (MMA) of 2003.5 [n MMA, Congress mandated that AHRQ conduct com-
parative effectiveness research focused on the needs of the Medicare, Medicaid,
and State Children's Health Insurance Program (SCHIP) populations. According
1o MMA, comparative effectiveness research should address the outcomes and ef-
fectiveness of health care items and setvices (including prescription drugs) and
gaps in clinical research.

AHRQ responded to the need for evidence to make informed decisions by devel-
oping a research program to increase such knowledge. The Effective Health Care
program (1) synthesizes knowledge in comparative effectiveness reports; (2) gen-
erates knowledge through rapid-turnaround research using deidentified data on
patients; and (3) translates knowledge into targeted products for health care
decisionmakers.” AHRQ developed a parallel research infrastructure to fulfill
these aims, The program uses existing Evidence-based Practice Centers (EPCs)
and created the new Developing Evidence to Inform Decisions about Effectiveness
(DEIDE) network and the John Eisenberg Clinical Decisions and Communica-

HEALTH AFFALIRS - Web Exelusive wl43




Raren LEARNING

“The DECIDE network advances the development of scientific
methods to refine new methods to analyze data.”

tions Science Center (Decision Sciences Center).®

For the Effective Health Care program, EPCs conduct comparative effective-
ness reviews that highlight what is known about health care technologies while
identifying research gaps where more information is needed and unanswered
questions that future research should address. The DECIDE network, comprising
thirteen research centers, fulfills item 2 above using Medicare’s claims data; EHR
data; pharmacy records; private health insurance data; and disease, procedure, or
device registries. In addition, the DEcIDE network advances the development of
scientific methods to synthesize research and rcfine new methods to analyze
data.® With adequate resources, this network could ultimately contribute much
new knowledge through prospective studies of important questions identified by
systematic reviews and observatiopal studies.

B Collaborative process. AHR(s approach to implementing the Effective
Health Care program invelves stakeholders collaborating in a variety of ways. Ex-
perts and stakeholders recommend topics for research, which are reviewed and pri-
oritized by an interagency steering comnittee with represcaratives from AHRQ, the
CMS, the FDA, and the U.S. Department of Health and Human Services (HHS) Of-
fice of the Secretary® AHRQ also established a Stakeholder Group for the Effective
Health Care program, which provides input on evidence gaps, development of re-
scarch questions, and methodological issues related to the program. The ptogram

alan affara o as far inwut an the develanment of furure research tonics e
2130 Gieks OppoTiun iities for input on the Gevelopment of future research topics, key

questions, and draft reports by allowing the public to submit comments ta AHRQ.
However, AHRQ has faced criticistn for not disclosing how the program incorpo-
rates these comments into its decision making.

As of July 2006, three comparative effectiveness reviews have been released:
management strategies for gastroesophageal reflux disease (GERD), noninvasive
diagnostic tests for evaluating breast abnormalities, and epoetin and darbepoetin
for managing anemia in patients undergoing cancer treatment. The report on
noninvasive diagnostic tests highlighted the limited amount of good evidence to
support the use of diagnostic imaging as an alternative to biopsy in the evaluation
of breast ahnormalitics, prompting a strong negative reaction from the imaging
community Because these findings challenge conventional clinical thinking, this
report could serve to promote shared understanding among clinicians, product
developers, and research funding organizations about the critical gaps in evidence
and, ideally, lead to the design and execution of studies to address those gaps.

B Challenges ahead, Although AHRQs Effective Health Care program pro-
vides an important opportunity to learn more about the effectiveness of health cate
technologies, many challenges lie ahead. For the program to be a success, AHRQ

wl44 26 januaty 2007

FEnreatr INITIATIVES

must (1) identify research gaps on comparative effectiveness; (2) develop a research
agenda that addresses these gaps, including prospective clinical trials; (3) translate
research findings into information that decisionmakers can act upon; and (4) bal-
ance the need for adequate stakeholder input with the importance of producing
timely and objective findings? These challenges are common to all organizations
engaged in evaluating the comparative effectiveness of medical technologies, and
past efforts highlight the importance of robust methods, adequare funding, and
political support.

Linking Medicare Payment To Prospective Data Coliection

The federal government also supports the development of new information
about the benefits and risks of health care services by linking payment for services
to the collection of prospective clinical, demographic, and economic data. Medi-
care has raken this approach on a range of mechanisms and recently on the genera-
tion of high-quality data about specific new and emerging medical technologies.

& Early chintosl trials pollcy. An early manifestation of Medicare policies sup-
porting the conduct of clinical trials was the 2000 national coverage decision on
Medicare payment for the routine costs of clinical trials.* Although the policy was
designed primarily to support Phase III clinical trials of anticancer drugs, it was
written to accommodate a wide range of drug and device trials. No formal evalua-
tion of this policy has becn conducted, but anecdotal reports indicate that some tri-
als have proceeded more rapidly because of the reassurance that the costs of rourine
care will be covered among participating institutions. Other anecdotes have sug-
gested that ambiguities in the policy have hindered its implementation. In July 2006
the CMS announced that it is reconsidering its clinical trials policy and seeks to ex-
pand the policy to include other types of clinical research.

B Coverage for spacific technologles. The first cxample of Medicare coverage
for a specific technology linked to beneficiaries’ enrollment in a specific clinical trial
occurred in 1995 through a national coverage decision (NCD) on lung volume reduc-
tion surgery (LVRS), a surgical treatment for severe emphysema ® The CMS and the
National Heart, Lung, and Blood Institute (NHLBI) agreed to collaborate on the Na-
donal Emphysema Treatment Trial (NETT), a randomized, controlled trial that ran
for more than five years, enrolled more than 1,000 patients, and cost more than 100
million. Final study results demonstrated that quality of life improved for some pa-
tients, while a small subset of patients experienced increased survival from surgical
intervention. As a result of the NETT, clinicians gained an understanding of the neg-
ative outcomes associated with the surgery, fewer than 500 procedures have been
performed, possibly sparing many Medicare beneficiaries from harm, while also sav-
ing the program sizable unnecessary expenditures.®

Medicare coverage of LVRS offered a model by which to cover certain high-
impact, promising technologies while they undergo further prospective evalua-
tion. Since that time, the CMS has issued policies linking prospective data collec-
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“The foremost requirement is recognition that the government is in
aunique position to generate much information.”

tion to coverage for the use of flucrodeoxyglucose positron-emission tomography
{EDG-PET) for suspected dementia and for diagnostic usc in oncology, for the use
of ICDs in patients at high risk of sudden cardiac death, and for certain off-label
uses of drugs approved for colorectal cancer 7

# Coverage with evidence development. More recently, Medicare has taken
steps to formalize its coverage policy approach under coverage with evidence devel-
opment (CED), which is explained in a draft guidance document from April 2005.¢
The guidance document provides a description of Medicare’s efforts to support the
tapid development of high-quality evidence through coverage policy. Numerous
public comments on the draft guidance were submitted to the CMS, and a Tevised
guidance document was released in July 2006. It defines two forms of CED: coverage
with appropriateness determiration (CAD) and coverage with study participarion
(CSP). The CAD policy will be applied to items and services that are determined
reasonable and necessary for Medicare coverage, and additional data collection
would ensure that beneficiaries receiving the item or service meet criteria specified
in the NCD. Under the CSP policy, inadequate evidence exists to conclude that an
item or service is reasonable and necessary for Medicare coverage, but additional
clinical research data would help clarify the benefit to Medicare beneficiaries, and
then the item or service could be covered.”

Medicare's initial experiences with CED are already beginning to produce a
large body of data reflecting the clinical experiences of patients using recently de-
veloped rechnologies, Certain refinements to this policy are already under way, in-
cluding an effort for more explicit and systematic selection of study topics. Fur-
thermore, future CED will be increasingly attentive to the ability of the chosen
study designs to answer the most important clinical questions. It is unclear
whether the ICD or PET oncology registries will provide the breadth of reliable
information on the effectiveness of these technologies for making refinements in
coverage policy for specific patient subpopulations. But even these examples dem-
cnstrate the potential for a constructive collaboration between multiple stake-
holders to engage in the development of better evidence relevant to the care of
Medicare beneficiaries. Improving the scientific value and operational simplicity
of these early CED efforts will depend on the active participation of private-sector
experts and stakeholders, particularly patients and medical professionals. ™

a Other Inlﬂaﬂm. ince Medicare's work in CED began, several other entities
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for decisionmakers. A recent paper has proposed the establishment of x large na-
tional program to support comparative effective reviews and clinical trials to pro-
vide payers with better information for coverage and payment decisions.? In addi-
tion, a mew private-sector initiative, the Center for Medical Technology Policy,
funded by the California HealthCare Foundation and the Blue Shield of California
Foundation, is bringing together public- and private-sector stakeholders to select
and design prospective studies of new and emerging health care technologies.”

Other Federal Initlatives That Support Rapld Learning

B Veterans Affalrs. The Department of Veterans Affairs (VA) has focused for
many years on the rapid and efficient development of high-quality cvidence about
health care rechnologies. The VA systerm is much like the government-sponsored, ot-
ganized health systems in other countries. Its leaders have recognized the impor-
tance of an adequately supported applied research capacity to the effective and effi-
cient use of their resources. There has been much progress at the VA in developing
and using FMRs and quality improvement methods, and the quality and efficiency
of care have improved dramatically.

M Office of the National Coordinator. The Office of the National Coordinator of
Health Information Technology (ONCHIT) and the National Health Information
Infrastructure will be critical to rapid learning, The federal government plays 2 vital
role in setring standards, thereby supporting the development of vigorous, market-
based products. Stakeholders should pay greater artention to the capacity of stan-
dard systems to gather information that is useful in measuring and reporting on
quality of care and in supporting clinical research applications. In the future, EMR
systemss, in tandem with Medicare’s integrated data strategy, have the opportunity
to create valuable information that the federal government can use to make deci-
sions about the allocation of resources to address critical research gaps and pru-
dently purchase health care services.

B National institutes of Health. The NIH focus on translational research and
the clinical research Roadmap imitiative are also potendally important in rapid
learning. It is important and useful for the NIH to be supporting the development of
infrastrucrure within the health care system to conduct prospective pragmatic and
effectiveness studies rapidly and efficiently.

Concluding Comments

The federal government has undertaken a number of initiatives with the abjec-
tive to produce reliable information, rapidly and efficiently, about the benefits,
risks, and costs of alternative health care interventions. Some of these approaches
boast a longer record by which to evaluate their likely contributions, while others
offer only limited data by which to assess impact. Each initiative illustrates the
unique potential of the federal government to make meaningful progress roward
these goals, and each also offers insights into the challenges and opportunities.
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The foremost requirement is recognition that the federal government is in a
unique position to generate large amounts of information essential to improving
the appropriateness of dectsions and the quality of care. Furthermore, the use of
public dollars to finance public health care programs places a unique responsibil-
ity on federal policymakers to take the steps necessary to rapidly learn and im-

prove. For this to become reality, several requitements must be met. First these ef-

forte need ro he herrer coordinared and aricalle Ji ar hic
and s y directed at high- -priority

issues and questions. Second, there will need to be ongoing and meaningful en-
gagement with private-sector experts and stakeholders. Third, it will be impor-
tant to recognize the applied nature of the research agenda and that decision-
makers’ information needs should be a major factor in research priorities and
study design, even if these needs might not be the most interesting questions to in-
vestigate from an academic standpoint. Finally, these programs will require suffi-
cient attention and resources to achieve their considerable potential. Adequate
and sustained funding, clear messages about the importance of these programs,
and dedicated staff with these efforts as their primary assignment (protected from
the pressures of vested interests) will be required.

Each of the initiatives described above has great potential, but their actual con-
tributions to improved quality and more efficient care delivery will depend on
stronger coordination among individuals and institutions in the public and pri-
vate sectors; more clarity about focus, purpose, and priorities; better staffing; and
additional dedicared and reliable funding. The private sector can also contribute
greatly onits own to rapid learning in health care; however, na private-sector enti-
ties have the size, visibility, and resources potentially available to the CMS and
other federal health programs.

The authors thank Lynn Etheredge and john igichart for their vision in bringing together researchers and
policymakers o discuss the subject of rupid Iearning in health care. The authors have angoing consulting
relationships with public and private life sciences companies, public and private payers, trade associations, and
Jederal agencies. None of these relarionships represents divect conflicts of interest related to the content of this paper.
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Challenges Ahead For Federal Technology

Assessment

The government's rapidHearning initiatives, although vital for
technology assessment, will face challenges on several fronts.

by Peter ). Neumann

ABSTRACT: Sean Tunis and colleagues provide an excellent critique of currert federal ac-
tivities to assess new medical technology. These sfforts generally do not invoive primary
data collection but rather reflect attempts to better synthesize existing informatien, to
make conditional coverage decisions based on the data, and to increase coordination
among government agencies. Many challengss remain on analytical, logistical, tegat, and
political fronts. Researchers and analysts should be more precise about what “rapid learn-
ing” means and strive to measure performance. Efforts are also needed to pricritize re-
search, to communicate it to decisionmakers, to involve stakeholders in the process, and to
Include cost-effectiveness information. [Heaith Affairs 26, no. 2 (2007): wi50-w152
{pubtished onling 26 January 2007; 10,1377 /hithaff.26.2.w150)]

NE DOESN'T ALWAYS see¢ the words
O"federal" and “rapid” in such close

proximity as in the title of the paper
by Sean Tunis and colleagues, so one ap-
proaches their paper with a mixsure of curi-
osity and skepticism! The piece, however,
provides an excellent cririque of current gov-
ernment activities to assess new medical
technology. Although the authors sidestep a
few thorny issues, they generally make a com-
pelling case that federal policymakers are ac-
tively and in some cases crearively atrempting
to improve cfficiency as they atrempt to bal-
ance tigor and timeliness in technology as-
sessment. Tunis and colleagues catalogue the
federal initiatives by type of activity, but they
might have divided them into one of three cat-
egories: making betrer use of existing infor-
mation; developing conditional coverage

strategies; and improving coordination across
agencies.

Il Making better use of existing infor-
mation. Although Tunis and colleagues don't
call attention to it, their review underscores an
underappreciated phenomenon: Much of the
recent activity in evidence policy does not in-
volve primaty data collection. Racher, it in-
volves systematically reviewing existing dara
through evidence syntheses and data-mining
techniques, and strengthening available data-
bases. The initiatives of the Agency for
Healthcare Research and Quality (AHRQ),
sternming from Section 1013 of the Medicare
Prescription Drug, Improvement, and Mod-
ernization Act (MMA) of 2003, are a prime ex-
ample. AHRQ has carried out its statutery
mandate admirably, through existing infra-
structure, such as the Evidence-based Practice

Peter Newmnann (pneumann@tufts-nemc.org) is director of the Center for the Evaluation of Value and Risk in
Health at the Institute for Clinical Reseurch and Health Policy Studics, Tufts—New England Medical Center, and a
professor of medicine at Tufts University Medical School in Boston, Massachusctts
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Centers (EPCs), and newly created programs.

Over the years, systematic reviews have
evolved from impressionistic and unstruc-
tured assessments to mote rigorous and me-
thodical evatuations.? Many challenges remain
for the discipline, including how to select
studies and pool datz from nonrandomized
sources; how to weigh trade-offs abonr risks
and benefits; how to prioritize research; how
to communicate results to decisionmakers;
and how best to involve stakeholders in the

choices, and expectations about the policys
impacts should be appropriarely modest.
Another point bears mentioning: The dis-
cussion about CED is an offshoot of a larger
debate ahout evidence that includes the Food
and Drog Administration's (FDA’s) regulatory
approval procedures. The FDA's drug evalua-
tion decisions reflect a kind of CED policy that
involves approving drugs while continuing to
monitor adverse-event data and oversee Phase
[V commirments (although not as rigorously

process. Another challenge

pertains to how and when to “The real question is
not whether learning

include cost-effectiveness in-
formation. Tunis and col-

as many of its critics would
like). FDA officials should
watch the unfolding Medi-
care CED experience closely

leagues argue that methods Is more rapid, but as they consider ways to al-
and standards for cost-effec- whether decisions low more flexibiliry in clini-

tiveness analysis, developed based on that cal trial design and approval
by AHRQ and others, will Isarning are more decisions,
also be increasingly impor- rapid.” W Improving coordina-

tant. However, previous at-

tion acroas agencles. Call-

tempts at advancing this ap-
proach have been vigorously resisted, and it is
unclear how the authors expecr it to develop.
B Daveloping conditional coverage
strategles. Medicares new guidance on cov-
erage with evidence development (CED} in
some ways represents old wine in new bortles.
Almost all Medicare national coverage deci-
sions over the years have come with condi-
tions, and as Tunis and Steven Pearson noted
in a previous paper, sorne, such as the National
Emphysema Treatment Trial (NETT) and pro-
phylactic use of implantable cardioverter-
defibrillators (1CDs), have required explicit
evidence development.! What is different are
the atcempts to clarify and codify the policy, to
provide legal justification, and to establish 2
framework for the collection of prospective
data in the context of coverage determina-
tions.* The CED guidance reflects some for-
ward movement on the part of federal officials,
who have long struggled to unchain them-
selves from simple yes-no decision rules for
new technologies and to ground their author-
ity in existing law. In theory, it should provide
more Hexibility. In practice, it will present
challenges in figuring out exactly kow and
when to use CED. It also will not remove hard

iag lor berrer coordination
across governmetit is a favored strategy for
policymakers and. politicians looking to im-
prove efficiencies—and to appease constitu-
encies. Recent federal initiatives for coordinat-
ing national secutity agencies have also been
motivated by a “rapid learning” philosophy.

Improved coordination offers promise for
technology assessment. Medicare data can
help the FDA understand risks and benefits of
therapies after they have been approved. The
Ceruers for Medicare and Medicaid Services
{CMS) can communicate with the FDA earlier
in the regulatory approval process to antici-
pate dataneeds [or reimbursement. AHRQ can
bring expertise to both parties. In practice, dif-
ferent statutory authority, constituencies, and
cultures across agencies make this difficult to
accomplish. Also, Tunis and colleagues high-
light epportunities for coordination and coop-
eration wich the private sectar, but they do not
elaborate on how this would happen.

H What does “rapid” mean? For all of
the discussion about tapid learning and faster-
turnaround research, Tunis and colleagues’
paper and the government initiatives they de-
scribe do not address what “rapid” means, ex-
cept to leave the hazy impresston thar rechnol-
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ogy assessments will be made available more
quickly than in the past. Researchers and ana-
lysts should be more precise about such mat-
ters and strive to measure performance.

The real question is not whether learning is
more rapid, but whether decisions based on
that learning are more rapid. There is evidence,
for example, that when national coverage deci-
sions are refemred o the Medicare Coverage
Advisory Committee (MCAC) or require 2 for-
mal health technology assessment, review
times are delayed by several months.? There is
also cvidence that when evidence is good, the
CMS makes decisions more quickly* MMA set
stricter timelines for Medicare coverage deci-
sions. It will be important to measure CM$
performance against these standards and to
analyze the impact of decisions on Medicare
costs and health outcomes,

An alrernative approach involves reframing
the question. The issue facing any decision-
maker is not whether learning is rapid, per se,
but rather whether existing information is suf-
ficicnt to make a decision. Decisions are made
when the costs of collecting additional infor-
mation exceed the benefits. Analysts should
pursue the further development of value of in-
formation techniques for deciding whether ta
adopr or reject an intervention based on exist-
ing information or whether additional infor-
mation is warranted.’

1 The political subtext. Finally, chere is
an ideological dimension to the discussion
about the federal government’s rapid-learning
initiaives that Tunis and his colleagues anly
hint at and that is seldom mentioned in de-
bates about evidence. The initiatives presume
that the federal government has a unique and
vital role in conducting technology assessment
and disserninating findings. To many observ-
ers, this seems self-cvident, but it runs head-
long into a view held by some stakeholders
that federal technology asscssment can have a
darker side: that it places bureaucrats berween
doctors and patients, that it represents one-
size-fits-all medicine, that it jeopardizes phy-
sician autonomy, and that there are risks with
having a single assessor making jodgments.

The potential conflicts are mentioaed in

passing by Tunis and his collcagues (they note
that the AHRQ report on noninvasive diagnos-
tic tests for evaluating breast abnormalities re-
ceived a negative reaction in the imaging com-
munity). CMS policymakers have attempted
to avoid controversies by making innocuous-
sounding statements that Medicare should
help ensure that the right drug gets w the
right person in the right setting. They have
also assiduously aveided denying coverage
based on costs. AHRQ for its part has striven
o gingerly manage its constituencies. Navigat-
ing these shoals may be the biggest challenge
of all
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Speed Bumps, Potholes, And Tollbooths On The
Road To Panacea: Making Best Use Of Data

Using new data resources effectively will require considerable
investment in infrastructure and in training those who use them.

by Richard Platt

ABSTRACT: Electronic health detabases promise to transform both the assessment of
heaith care delivery and cur und ding of ' safety and effectiveness. To
achieve these goals, it will be necessary to (1) recognize limits on inferring causallty; (2) pro-
tect confidentiality while allowing important societal gain; (3) link health data back to the in-
dividual patient; (4) obtain additienal information from medical records; (5} understand
ways in which electronlc data can misrepresent reality; and (6) create the infrastructure, ex-
pertise, and resources te use the data. Realizing databases’ potential will require lengterm
commitment and investment beyond the maintenance of the databases themselves.
[Heaith Affairs 26, no. 2 (2007) w153-wl55 (published online 26 January 2007;
10.1377/hithaff.26.2.w153)]

electronic health information data-  actions and policies necded to achieve the ben-
bases, including electronic medical  efits,
records (EMRs) and payers' administrative W Have realistic expectations. The most
data, has raised the expectation of using this  imporrant requirement is to avoid inappropri-
information for purposes beyond their in-  ately areriburing causal relationships to simple
tended usc of supporting patient care and  associations, even very strong ones. The risk is
provider compensation. Two of these nises are  pervasive but will be particularly grear incom-
assessing the quality of eare and developing  paring the effectiveness of different regimens.
new knowledge abont the safety, effective-  For example, patients assigned drugs with the
ness, and comprehensive costs and benefits of  same or overlapping indications might differ in
different trearments. crirical ways that obscure the actual relation-
The vahue of this information s anticipated  ship between treatment regimen and outcome.
by Sean Tunis and colleagues in their descrip-  That is, if clinicians believe that a parricular
tion of federal iniriatives, parricularly Medi-  regimen is superior, they might prescribe it
care’s intention to integrate data on drug dis-  preferentially to their sickest patients. This
pensing with informarion about diagnosisand ~ phenomenon, confounding by indication, can
treatment, and to make those data available for  result in a superior regimer's appearing to have
quality assessment and research (2 "potentill  worse outcomes. The importance of this and
panacea”).! Because the opportunity is so  many other types of confounding, selection,

THE MpENDING availability of vast  great, it will be important to be clear about the

Richard Plazt (Richard_Platr®@harvard edu) is professor and chaiv, Department of Ambulatory Care and
Prevention, Harvard Medica! School and Harvard Pilgrim Health Care, in Boston, Massachusetts.
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and bias depends on the specific question and
the way in which the data are used. It is possi-
ble to adjust for some differences among
treatment groups, but the problem cannot al-
ways be well addressed or even recognized.

Il Establish appropriate privacy protec-
tions. Even withour identifiers such as nare,
Social Security number, or exact address, many
people can be idenrified by combining infor-
mation in medical claims files with additional
information. Some of this additional informa-
tion, such as birth dare, might be publicly
available; other information, such as the date
on which a person visited a particular medical
care provider, might be available to an artay of
people, including the person's acquaintances.
Knowing the date and location of a single
medical encounter provides a route to
reidentification because only one person with
a particular birth date is likely to receive a spe-
cific service—for example, a hearing test—at a
particnlar institution on a specific date. There-
fore, someone with access to the complete
claims file can identify all of the recipients of
hearing tests at the particular institution on
the date in question and then cross-link to a
demographic file to find the one with the birth
date of the target person. Identification of the
targer's specific claim provides that persons
unique medical record idencifier; it is then
straightforward to return to the claims data to
discover all chey contain about that person, in-
cluding surgery, mental health care, and drugs
dispensed, even if these services were pro-
vided years apart, in different facilities. For
this reason, it will be necessary (o maintain
oversight over access to, and the uses of, these
nominally deidenrified data.

On the othet hand, it will be importanr o
avoid restricrions thar make it difficult to use
the information in beneficial ways, This could
mean modifying the Health Insurance Porta-
bility and Accountability Act (HIPAA) to per-
mit these uses of protected health information,
or to define evaluarion of safety and effective-
ness to be consistent with HIPAA's current al-
lowance of operational activities. Additionally,
institutional review boards that oversee pro-
tection of research subjects will need to appre-

clate the unique aspects of an inquiry that has
many features of routine quality assurance ac-
tivities and that requires the inclusion of all
recipients of medical care.

H Presorve the linkagle of heatth data to
sxtarnal information, The answers to many
questions require more information about in-
dividuals than exists in the electronic recards.
For example, studies of survival or of birth
outcomes require linkage to death or birth reg-
istries. Thus, it will be imporeant for the data-
bases to use unique identifiers that can be
linked to people’s actual identities when there
is an approved need todo so.

H Affirm the appropriatensss of access-
Ing tulf medical records. A related need is for
access to a small number of full medical re-
cords to confirm coded information ot to col-
lect additional data. For example, in a study of
drug-induced gasrroduodenal bleeding. we
were able to confirm 167 well-documented
events among 1,041 hospitalizations with sug-
gestive diagnoses by reviewing endoscopy and
other reports in the full-rext records? Typi-
cally, a study of several million people’s clec-
tronic health information will depend on the
availability of a few hundred full medical re-
cords. For the databases to fulfill their poten-
dal, it is necessary to link these few individu-
als to their medical records and for clinicians
and patients to accept the appropriateness of
requests for access to them.

B Understand data anomalies. Data col-
lected for patient care or administration could
yield misleading results when used for other
purposes, In some cases, the dara are simply
not precise enough to answer the question of
interest. Examples include inability to dis-
criminate between incident and recurrent
conditions and the use of a single Healthcare
Common Procedure Coding System (HCPCS)
code for many different diagnostic tests. Even
when coding systems are nominally precise
enough, there can be much variation in the use
of specific codes. As an example, while devel-
oping an EMR-based system to alert public
health officials about potential bioterrorism
events or outhreaks of narura) disease, we dis-
covered that an apparent excess of shock and
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death eveats in one metropolitan area was an
artifact of alarge group practice’s custom of as-
signing the ICD-9 code 799.9, “other ill-
defined and unknown causes of morbidity and
mortaliry,” during telephone trisge calls when
the responder could not make a more specific
diagnosts.?

It is also important to recognize that the
evolution of data systems mighe greatly skew
results. These changes could be undocu-
mented or unknown to users of the data. For
cxample, an increase from ane year to the next
in the number of diagnoses captured per en-
counter caused the public health alerting sys-
tem described above to appear to have found
an early signal of a severe regional influenza
outbreak in Denver in 2003; in face, the signal
occurred at abont the same time as ocher de-
tection methods had.* In this case, the clini-
cians' coding practices had not changed, bur
an invermediate dara-processing routine that
was not apparent to the public health users
had been upgraded. These discontinuities are
particularly likely when medical record sys-
tems are modified, when data warchouses are
reconfigured, when compensation rules
change, or when clinicians are asked to pro-
vide new kinds of information. Since all of
these arrribures will be in (ux for the foresce-
able future, one must be especially mindful of
their potential impact on assessments of
trends over time or comparisons of practices
or outcomes involving multiple care settings.

H Maka the nacessary |nvestmants.
Making effective use of the new data resources
will require considerable investment in infra-
structure and in training and support of those
who use them. These investments will be
needed for new physical compuring systems
that can support analyses that are not now re-
quired for administrative purposes or clinical
care. For example, it might be necessary to
group individual medical encounters into epi-
sodes of illness, or to construct measures that
span several years of care. The need for capac-
ity to link to external data has already been
mentioned. Perhaps most important, we will
need well-trained investigators who can use
the data well.

EW INFORMATION about medical
Ncar: and its outcomes can transform

our undetstanding of which therapies
work, and for whom, and whether effective
therapies are used when they are indicated.
However, simply having the data won take
us to this betrer place. For that we will need
to agree on the rules of the road 2nd ensure
that we have drivers, vehicles, and fuel co take
us tothere.

This work was supported by agrant (AHRQ

LI18HS10392) to the HMO Research Nerwork Conter
Jor Educarion and Research on Therapeutics (CERTs)
fromihe Agency for Healthcare Research and Quality.
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Advancing Fvidence-Based
Care For Diabetes: I essons

A a7 XK e b

From The Veterans Health
Administration

A highly regarded EHR system is but one ¢ontributor to the quality
transformation of the VHA since the mid-1990s.

by Joel Kupersmtith, Joseph Francis, Eve Kerr, Sarah Krein, Leonard
Pogach, Robert M. Kolodner, and Jonathan B. Perlin

ABSTRACT: The Veterans Health Administration (VHA} Is a unique aboratory for using the
electronic health record (EHR) to transform health care and accelerate discovery. This is
particularly evident in the care of veterans with diabetes, who constitute a quarter of those
served by the VHA. Although EHRs have enabled rapid learning, additional factors were nec-
essary, including the lead participation of clinician-investigators, accountability through
performance measurement, a delivery system focused on population health, and favorable
economic externalities. “Off-the-shelf” technology is unlikely to generate similar benefits if
thase attributes are not in piace. {Health Affairs 26, no. 2 (2007} wi156-w168 (published
online 26 January 2007; 10.1377/hithaff.26.2.w156)]

$ THE LARGEST INTEGRATED DELIVERY SYSTEM (IDS) in the United
States, the Veterans Health Administration (VHA) serves 5.3 million pa-
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older, sicker, and poorer than the general U.S. population, the VHA's performance
now surpasses that of other health systems on standardized quality measures.!
These advances are related in part to the VHA's leadership in the development and
use of electronic health records (EHRs). In this paper we describe the VHA'S
health information infrastructure and factors thar made it possible, illustrating its
impact on research in and care of diabetes, one of most prevalent conditions

Joel Kupersmich (JoeL Kupersmith@va.gov) is chief research and development officer at the Deparrment of
Vieterans Affairs (VA) in Wiashingron, DC. Joseph Francis is deputy chicf research and development officer. Eve
Kerr is research coovdinator, Diabetes Quality Enhancement Research Initiative (QUERD, ar the VA. Sarah
Krein is co-rescarch coordinator, Disbetes QUER. Leonard Pogach is dlinical coordinator, Diabetes QUERE
Robert Kolodner is the VA chief medical information officer. Jonathan Perlin is chief medical officer and senior
vice president, Quality, at the Hospiral Corporation of Amevica in Nashville, Tennessee; he is the former
undersecretary for health ar the VA.
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among veterans, We also describe how next-generation EHRs will facilitate vet-
eran-centered care and continved improvement. We emphasize the human and
system characteristics essential to the transformation of VHA care.

Historical Context Of Health Care For U.S. Veterans

Adding computers to a delivery system unprepared to leverage the advantages
of health informarion can create inefficiency and other negative outcomes.? In con-
trast, during the period of time in which the VHA deployed its EHR system, the
number of vererans seen increased from fewer than three million to nearly five mil -
lion, while costs per patient and numbers of full-time employees per patient both
decreased.” To understand how this could be possible, it is important to highlight
historical and organizational factors that were important to the adoption of the
VHA's EHR system.

Health care in the VHA is the product of decades of innovation. In 1930 Con-
gress consolidated programs for U.S. veterans in the Veterans Health Administra-
tion under the Department of Veterans Affairs (VA, then known as the Veterans
Administration). Facing more than one million returning troops following World
War 11, the VHA partnered with U.5. medical schools, gaining access ta faculty
and trainees and adding research and education to its statutory missions. That
bold move created an environment uniquely suited to rapid learning. The VHA
now has affiliations with 107 medical schools and trains almost 90,000 physicians
and associated health professionals annually

The VHA wran gricinally bacad o cave and admimictaties and lagal
108 VIio Was uusumuy vasea on unk.mut.u Care, and aGministyative ana i@
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factors created inefficiency and inappropriate use. By the 1980s the VHA' Fu'ﬁh\,
image was poor. In 1995, facing scrutiny from Congress, the VHA reorganized into
twenty-two integrated care networks. Incentives were created for providing care
in the most appropriate setting, and legislarion established universal access o pri-
mary care. Those 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 vulnera-
ble groups such as the mentally ill and those needing chroric care, while the
VHA' performance management system beld senior managers accountable for ev-
idence-based quality measures. All of these changes created a strong case for ro-
bust information systems and spurred dramatic improvements in quatity.*

VistA: The VHA's Electronic Health Record System

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

The DHCP evolved to become the system now known as the Veterans Health
Information Systems and Technology Architecture (VistA), a suite of more than
100 applications supporting clinical, financial, and administrative functions. Ac-
cess to VistA was made possible through a graphical user interface known as the
Computerized Patient Record System (CPRS). With VistA/CPRS, providers can
securely get access to 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. Becanse VistA also stores medical images such as x-rays
and photographs directly in the patient record, clinicians have access to all of the
information needed for diagnosis and treatment. As of December 2005, VistA sys-
tems 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 and health care administrator.
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any major organizational change. Many clinicians (particularly those with poor
keyboarding skills) inirially resisted use of the EHR system. Convincing them oth-
erwise took several approaches. Most important was involving clinicians at the
onset, This meant working incrementally to ensure usability and integration of
the EHR system with clinical processes. Both local and national supports werce
created: For example, local “super-users” were designared to champion the proj-
ect; and a national “Veterans Electronic Health University” facilitated collabora-
tion among focal, regiopal, and national sponsors of EHR rollout. National perfor-
marnce measures, as well as the gradual withdrawal of paper records, made EHR
use an inescapable reality. Finally, because economic costs to clinicians were
blunted by a salaried environment, other beneficial effects (such as reductions in
time wasted searching for missing paper records) emerged. Over time, staft came

tn viewr Vier A DR oo imdionancahla far oand clivical cava S
LU VICYY Vil wAd Nu ad I_LJ\-L-lBlJCI.IDdUI.L 1UL BUUM viLkal Al .

Leveraging The EHR: Diabetes Care in The VHA

B From Individual records to population Insights. VistA/CPRS allows clini-
cians to access and generate clinical information about their individual patients, but
additional steps are needed to yield insights into population health. Structured clin-
ical data in the EHR can be aggregated within specialized databases, providing a
rich source of data for VHA administrators and health services researchers (Exhibit
1). Additionally, unstructured text data, such as clinicians’ notes, can be reviewed
and abstracted electronically from a central location, This is of particular henefit to
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EXHIBIT 1

Current Data Flow And Aggregation In The Veterans Heaith information Systems And
Technology Architecture (VistA), Simplified

Locat VIstA systems
{1 |- (oot st |—

Site 2 — { Extract software

Site 128 | - | Extract software Extsrngl data
Deaths Ressach
database
Medkare claimg (DEPIC)

ouircas and flow of Iha dats Mmost oiten uSad by Vetsrars Haalth Adminesiiat
resturses wid fiow of tha dats mos Gfen uSed by Vot na Haalth Administiation (VHA)

s ok
mmmmtmmmmmmmmmm hbdldumldmdhnﬂtﬁun
Information, each application must exiract deta from sach of 128 separate local YistA akes, At the host site, specinfized
software Cisang, translates, and loada the extrict data Info the national databese. Researchars use custom extract saftware
routines io sccesn nationai Gatabases and may combina Viik daia with cata rom extamal sourtes such as Medicare ciaima
data and tha National Death Index, DSS I9 decisioneupport system (VHA clinical utiSzation dats). PEM is pharmacy benefit
manager, DEpC is Diobetes Epidsmiclagical Cohort,

reseatchers: VHA multigite clinieal trials and observational studies are facilitated hy
immediate 100 percent chart availability. Furthermore, the VHA has invested in an
External Peer Review Program (EPRP), in which an independent external contrac-
tor audits the electronic text records to assess clinical performance using evidence-
based performance criteria. Finally, data derived from the EHR can be supple-
mented by infermation from other sources, such as Medicare urilization data or data
from surveys of veterans.

Diabetes care in the VHA illustrates the advantages of a national EHR system
supported b hv an inrramural research program Much of the wark that follows has

uppar an inreamural research ogram. the

been szunmrterl by the VA Office of Res:earch and Development through its Health

Services Research and Development and Quality Enhancement Research Initia-
tive (QUERI) programs.®

B Understanding disease burden: the VHA dlabetes registry. The VHA was
an early leader in using FHRs for a national diabetes registry containing clinical ele-
ments as well as administrative data. While the VHA's EHR system made a diabetes
registry possible, operationalizing dara rransfer and rransforming those dara inta
useful mfnrmatmn did not come aummm:k:allv or easily. In the earlv 1990s the VHA
began extracting clinical data from each local VHA darabase into a centeal data re-
pository. By 2000 the VHA diabetes registry contained data on nearly 600,000 pa-
tients receiving care in the VHA system, including drugs, test results, blood pres-
sures, and vaccinations. This information has subsequently been merged with
Medicare claims data to create the VHA's Diabetes Epidemiology Cohort {DEpiC)”
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Seventy-three percent of diaberic veterans are eligible for Medicare. and 59 per-
cene of dual eligibles (Medicare and Medicaid) use both systems. Adding Medi-
care administrative data results in less than I percent loss to follow-up; although
those data are not as rich as the clinical information in the VEA's EHR system,
their addition fills gaps in follow-up, complication rates, and resource use.® Com-
hined VHA and Medicare data also reveal a prevalence of diabetes among veterans
exceeding 25 percent. The impact of the diaberic population on health spending is
considerable, including total inpatient spending (VHA plus Medicare) of §3.05
billion ($5,400 per capita) in fiscal year 19999

The rich clinical information made possible through the EHR system yields
other insights. For instance, the VHA has idenrified a high rate of comorbid men-
tal illness (24.5 percent) among patients with diabetes and is using that informa-
tion to understand the extent to which newer psychotropic drugs, which promote
weight gain, as well as mental illness itself contribute to poor outcomes. The in-
fluence of sex and race/ethnicity can also be more fully explored using EHR data.

Delineating and tracking diabetic complications are also facilitated by the EHR
system. For example, using EHR clinical data allows identification of early
chronic kidney disease i one-third of veterans with diabetes, fewer than half of
whom have trenal impairment indicated in the record.” The VHA is able to use the
EHR system to identify patients at high risk for amputation and is distributing
that information to clinicians to better coordinate their care.”

H EHR-enabled approaches to monltoring quality and outcomes. Tradi-
tional quality report cards may provide incentives to health providers to disenroll
the sickest patients ™ The VHA's FHR system provides 2 unique opportunity to con-
struct less “gameable” quality measures that assess how well care is managed for the
same person over time for diseases such as diabetes, for which metrics of process
quality, intermediate outcomes, and complications (vision loss, amputation, renal
disease) are well defined. Using the VHA diabetes registry, longitudinal changes
within individual patients can be tracked. In Exhibit 2, case-mix-adjusted
glycosylated hemoglobin (HbAlc) values among veterans with diabetes decreased by
-0.324 percent (range —1.50 to 103, p < 0.0001) over two years, indicating improved
glycemic control over time, rather than simply the enrollment of healthier veterans.”
These findings provide 2 convincing demonstration of effective diabetes care.

Longitudinal data have other important uses. For instance, knowledge of prior
diagnoses and procedures can distinguish new complications from preexisting
conditions. This was shown to be the case for estimates of ampuration rates
among veterans with diabetes, which were 27 percent lower once prior diagnoses
and procedures were considered. Thus, longitudinal data better reflect the effec-
tiveness of the management of care and can help health systems avoid being un-
fairly penalized for adverse selection.® Longitudinal EHR data are also important
for evaluating the safery and effectiveness of treatments, which are critical in-
sights for national formulary decisions.
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EXHIBIT 2
Trends In Mean Glycosylated Hemoglobin (HiALc) Levels Among Vetstans Heatth
Administration (VHA]} Clinic Users, By Age Category, October 1998-5 2000

Percent ‘waase <55
84

7
82

- Age55-64 NG

\ms&u
12 e \

1/1998 7/1999 1/2000 7/2000

$VURCE: Digbetes Quality Enhantement Research Inftiative (QUER|),
NOTE: Adaltonaily. 2 regrewsion model thnt adjusts for clustering (patient and facillty} and seasonal effects wag ussd to confirm
the downward linear trend (n monthiy HhAle levels awarall (-0.013, p </~ 3.0001) and minimal differences In this trend By each

age category i = 0.432)
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B Advancing svidence-based oare. Exhibit 3 shows the trends in the VHAS

national performance scorecard for diabetes care based on EHR data. In addition to
internal henchmarking, this gnnrr_sach has ggmmred VHA petformance with that of

commercial managed care.” 'Ihese performance - data are obtained by abstracting the
electronic chart; the completion of a national Health Data Repository with aggre-

EXHIBIT 3
Diabetes Process Quality In The Vetarans Haalth Administration (VHA), Selected Years

o il i e
) 1088
1998
2000
2001

2002
2003

2004
2005

| FAL N

HbAlc measured Foot visual* Foct sensory” Eye exam

SOURCE: Baged on results from the VHA Extemal Pear Review
NOTW: Resulty sre for VHA prmafy Care outpatiants with diabetos mem:ut
* Data for 2004 and 2005 are not provided,
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gated relational data will eventually support auromatic queries ahout quality and
outcores ranging from the individual patient to the entire VHA population.

The richness of EHR data allows the VHA to refine its performance measures.
VHA investigators were able to demonstrate that annual retinal screening was in-

efficient for low-rislt marients and 'Indr‘n’“wnrn for those with established ret-
gcient or [ow-risk p ang Or tQdse witn estabusnea re

inopathy.® The VHA therefore modified its Derformancc metrice and is developing
an appmach to risk-stratified screening that will be implemented nationally.

The greatest advantage of EHRs in the VHA system is their ability to improve
performance by influencing the behavior of patients, clinicians, and the system it-
self. For instance, the VHA's diabetes regisrry has been used to construct perfor»
maince promes for administrators, clinical INADRZELS, and clinicians. These profiles
included comparisons of facilities and identified the proportion of veterans with
substantial elevations of HbAlc, cholesterol, and blood pressure. Patient lists also
facilivated follow-up with high-risk patients. The EHR system aiso aliows consid-
eration of clinicians’ actions to intensify therapy in respense to that risk level
(such as having a cholesterol medication started or increased when low-density
lipid, or LDL, cholestercl is elevated). This approach credits clinicians with pro-

viding nhnmnl treatment and informe them abour whar rnlu"\r be required to

improve care.”
Data from the EHR system and diabetes registry also demonstrate the critical
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are very large (200 diabetics or more). In contrast, much more variadon (12-18
percent) is attributable to overail performance at the site of care, a factor of rele-
vance for the design of approaches to rewarding quality. Use of EHR data also
highlights the important influence of organizational and system factors on provid-
ers’ adherence to guidelines.®

The EHR system can identify high-risk popularions and can facilitate rargeted
interventions. For instance, poor h]nnd pressure control contributes areat]v to
cardiovascular comphcatmns the most common cause of death in diabetics. In the
VHA, investigators are working with pharmacy leaders to identify gaps in medica-
tion refills or lack of medication titration and thercby idencify patients with inad-
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and tralncd in behavmral counsehng A Other approaches bemg tested and evalu-
ated using EHR data are group visits, peer counseling, and pattent-directed elec-
tronic reminders.

VistA/CPRS provides additional tools to improve care at the poine of service.
For example, PCPs get reminders about essential services (such as eye exams or
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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 con-
trol. Perhaps most importantly, the VHA's EHR system allows for effective care co-
ordination across providers, to communicate patients’ needs, goals, and clinical
status as well as to avoid duplication of services.

A Care coordination and telehealth for diabetes. In-home monitoring devices
can collect vital data for high-risk patients from the home and transmit those data to
a care coordinator who can make early interventions that might prevent the need for
instirurional intervention.’? Such an approach is possible only with an EHR. Based
on promising pilot data as well as needs projections, the VHA has implemented 2
national program, Care Coordination through Home Telchealth (CCHT). 2

{nformation technology (IT) also supports cost-effective access to specialized
services. The VHA recently piloted the use of digital retinal imaging to sceeen for
diabetic retinopathy and demonstrated chat it could be a cost-effective alternative
to ophthalmoscopy for detecting proliferative retinopathy® Diabetic retinopathy
is not only a preventable complication burt also a biomarker for other end-organ
damage {for example, kidney damage). In October 2005 the VHA began imple-
menting a national program of teleretinal imaging, to be available on VistA/CPRS
and for use by clinicians and researchers. In the furure, computerized pictorial
analysis and new tools for mining text data across millions of patient records have
the potential to transform the clinical and rescarch enterprise by identifying

biomarkers of chronic illness progression.

Limite Of The EHR Quetam In Tha VHA

Limite 0f The EHR System In The VHA

Although the VHA has one of the most sophisticated EHR systems in use today,
VistA is not a single system, but rather a set of 128 interlinked systems, each with
its own database—that is, 2 decentralized system with central control. This limits
its ability to make queries against all of a patient's known dara. 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 VHA diabetes registry, although a product of the EHR
systemL, took years of effort to ensure data integrity.

A national data standardization project is under way to ensure thar data eletnents
are compliant with emerging health dara standards and data management practices.
Fxtracting data from free-text data fields—a challenge for all electronic records—
will be addressed by defining moderately structured data elemens for public health
surveillance, population health, clinical guidelines compliance, and perfarmance
monitoring, Mapping of legitimate local variations to standard representations will
allow easier creation of longitudinal registries for a variety of condirions.

Studies with the VHA's EHR system as well as others’ systems have shown that
electronic reminders, although effective at changing providers' behavior, have tim-
ited benefit, in part as a result of “signal overload™ and other human-factor con-
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“Through the MHV Web portal, veterans can securely view and
manage their personal health records online.”

straints.” The VA Office of Research and Development is funding work testing ad-
vanced decision-support systems that rely on artificial intelligence-based systems
working in the background that integrate a broader range of patient clinical infor-
mation with up-to-date care guidelines to provide tailored recommendations {for
example, optimal choice of diabetes therapy). The hope, as yet unproven, is that
such systems, by reducing provider burden, can improve process quality and
patient outcomes.

The care nf du

and other settings have shown confhcung results 7 Although ir is unhkely that
having EHRg saves time during the office encounter, downstrear benefits such as
better care coordination, reduction of duplicative and administrative tasks, and
new models of care (such as group visits) translate into a *business case” when the
reimbursement structure favors population management.
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and their providers. Through the MHV Web portal, veterans can securely view
and manage their personal health records online and can get access to healch infor-
mation and electronic services. Veterans can request copies of key portions of
their VHA health records and store them in a personal “eVAult,” along wit
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The Twenty-Flrst-Century EHR

The next phase of VistA/CPRS will feature open-source applications and rela-
tional darabase structures. One benefit of the conversion will be easier access to
national stores of clinical data through a nnified Health Data Repository (HDR)
that will replace the current 128 separately locaved VistA systems. The HDR is un-
der construction; it now contains records from nearly sixteen million patients,
with more than 900 mitlion vital-sign recordings and 461 million prescriptions.

Additionally, a clinical observations database linked to Systematized Nomen-
clature of Medicine (SNOMED) terms and semantic relationships will greatly ex-
pand the scope of data available for research data-mining activities. Improved
decision-support capabilities will help clinicians provide care according to guide-
lines and understand situations where it is appropriate to deviate from guidelines.
The reenginecred EHR will also link orders and interventions to problems, greatly
increasing the VHA's clinical data-mining capabilities,

To support the delivery of consistent information to all business units, the VHA
{s developing a Corporate Data Warehouse (CDW, Exhibit 4), which will include
the HDR as the primary source of clinical data but also encompass other adminis-
trative and financial data sets (including Medicare data) to create a unified view of
veterans' care. Among other things, the CDW will supplement the capabilities of
VistA by providing an integrated analytical system to monitor, analyze, and dis-
seminate performance measures. This will assist population-based health services
research by offering standardized data across all of the subjects it contains, tools
for rapidly performing hypothesis testing, and ease of data acquisition. Unlike the
VHA’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 up-

EXHIBIT 4
Heaith Adr jon (VHA) Corporate Data Wareh (CDW) Architect

Source systems

Health cata

positery l Clinical care sie
Care I
o data mart
Administrative Data warehouse Common query, reparting,
data > d y o

analysls, and data-mining

lools
data marl
—Reﬁelln:h site

Acquite data  —>  Popuiatewarehouse  —» Create datamarts  — Access information

Cther
{Medlcare,
Defense)

SOURCE: YHA Office of Infarmation,

NOTES: The VHA'S futwe Corporate Data Warshouse will combine hea'th data, administzative data, and extemally defived data
for all patients seen in the VHA, This structure wifl faciitate the creation of automated dgta mans 1o faclitate care management
{using patient Identifiers) as well as resaarch with appropriataly deldentfied data,
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date. The CDW will eventually facilitate personalized medicine by allowing the
linkage of genomic information collected from veterans to information on longitu-
dinal outcomes. These changes will introduce more central control than was pres-
ent during the early days of the VHA's EHR system, but clinicians and researchers
will continue their involvement in developing innovations.

Conclusions And Policy Impilcations

The VHA has been an EHR innovator, developing a clinically rich system from
the ground up that has become so integrated into the delivery of care and the con-
duct of research that pne cannct imagine a veterans' health system without it
However, many factors in addirion to the EHR system contributed to the VHA's
quality transformation, including a culture of academician-clinicians that valued
quality; scientific evidence and accountability (for which the EHR became an or-
ganizer and facilitator); the presence of embedded researchers who were active
clinicians, managers, policymakers, and developers of VistA/CPRS; and a research
infrastrmeture that could be :mnhp{l to this topic.*® Although the data structores
are complex and sometimes ﬂawed they are, because of their user origins. effec-
tively linked to the needs of clinicians and researchers, who in turn incorporate
their input into the further evolution of the VHA's EHR system.

The design of the VHA system also ensures that overall incentives are aligned to
realize EHRs’ beneficial externalities. The VHA benefits, for instance, by being
able to eliminate duplicative test ordering when veterans seek care at different fa-
cilities. ® The cost of maintaining the EHR system amounts to appreximately $80
per patient per year—roughly the amount saved by eliminating one redundant lab

test per patient per year.® The VHA also benefits grcatly '.~, bemg an interactive,
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structure for collecting and organizing information from which a diabetes data-
base (DEpiC) evolved to provlde valuable information related to disease preva-

10 Lidie nd costs that is necessary for ; impr
lence, comorbiditics, and costs that is necessary for quality improvement,

systemwide planning, and research. Longitudinal within-cohort assessment,
made possible by EHRs, is a major advance in attaining precise measures of quality
that mitigate the effects of adverse patient selection.

Home telehealth linked to EHRs has made pcmsible novel patient-provider in-
teractions of which the care coordination and celeretinai imaging initiatives are
among the eazliest prototypes. This approach has the capacity to expand care de-
livery to many others, and the benefirs are not limited to the homebound: A new
generanon of Internet~savvy veterans will appreciate round-the-clock access to
health care the same way they do for instant messaging and shopping, MHY,

which is in its launch phase, is part of the future plan to give veterans control over
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their health and includes many possibilities for research.

One more important EHR-enabled initiative has the capacity ta greatly change
the practice of medicine: adding genomics information to the medical record.
With its FHR database, the VHA has an opportunity to identify the genetic corre-
lates of disease and drug response, which may transfortn medical practice from a
process of statistical hunches to one of targeted, personalized care.

Because of the vastly laxger scale of the health care enterprise and the changing
needs of veterans, the VHA's focus now has models in place 1o shift to issues in-
volving clinical decision support, content standardization, and improved interac-
tion among patients, VHA providers, and other systems. These capabilities are
made possible by the VHA's EHR system. The VHA experience could provide a
model for how federal health policies can help the United States bridge its “quality
chasm.” As we have described, this transformation involves far more than simply
installing VistA/CPRS (or any other EHR system). The primary lesson the VHA
can offer other health systems is to emphasize the necessary clinical and organiza-
tional factors needed for successful EHR implementation and to link those factors
to a research and quality infrastructure capable of using electronic health infor-
mation for discovery and improvement.
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CANCER

Reshaping Cancer Learning
Through The Use Of Health
Information Technology

Integrated health IT systems like Kaiser Permanente’s complement
netwaorked learning with the capture of clinically detailed data.

ABSTRACGT: in this paper | describe Kaiser Permanente’s experience with bealth informa-
tion technology (IT) in canger care. Health IT holds the potential to accelerate learning in
cancer car@ by comprehensively capturing rich patient data and supporting optimaily stan-
dardized care. Rapid learning in cancer depends on simultaneousiy working toward univer-
sal technical and data standards and taking intermittent steps to reconcile variations in leg-
acy systems through data-mapping and information-sharing initiatives. [Heaith Affairs 26,
no. 2 (2007): wi69-w177 {published online 26 January 2007; 10.1377/hithaff.26.2.w169)]

- e cAlTH INFORMATION 1TEcnwoLogy (IT) i widely viewed as having
FALTH INFORMATION TECHNCQLOGY (11} 15 WIGLlY Viewed as having
the notential to heln transform health care in rhe United Srares! Effi.
the potenfia! to heip transiorm health care mn the Umted States” kHI

.L .Lcmm.y and safety savings from interoperable electronic health recor
(EHR) systems have been estimated at $142-$371 billion and occur through re-
duced adverse drug events and more systematic use of disease management and

nreventive care recommendatione ? These savinos can certainly be found within
preventive care recommendations.® These savings can certainly be round within

cancer care, the direct costs of which were estimated at $74 billion in 2005.3

However, as glgnnf;munr as those namngc might be, health 1T also offers a less

commonly noted benefit: It can expand the breadth and accelerate the pace of
learning within cancer care. There is no ¢linical area likely to be betrer served by

ranid learnine. ﬁr\nnh: for cancer detection A\anhnem and treatment evalve ever
Iapiaiearning, tection, dlaghosls, ang treatment evo

mote quickly, and the emezging areas of genomics, proteomics, and nanotech-

nalacy will canrinue 1o evolve inta the futire 4 Health 1T caon rrancform —in terms
nocgy wiligonnnue toevoave inte the future,” neaith 11 cantrapsiorm—Iinterms

of pace, scale, and scope—the process of answering important cancer-related in-
quiries. Its potentia! to do se lies in its inherent capacity to comprehensively cap-
ture rich patient data and to directly support care standardization. Kaiser Pet-
manente’s experience in cancer care and research provides an early perspective on

the onmortunidies that health IT affards for mmrl loarning
the Cpportumties taal neal ifarning,

Paul Wallace (Panl Wallace@kp.org) is medical director, Health and Productivity Management Programs, and
senior adviser, Care Management Institute and KP-Healthy Solutions, at Kaiser Cermanente in Qukland,
California.
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The Kalser Permanente Experlence With Health 1T

B Cancor care. Kaiser Permanente, the largest USS. not-for-profit integrated
health care delivery system, has mote than 8.5 million members in eight geographic
regions, Medicare covers roughly 900,000 of them. Physicians are employed by pro-
fessional partnerships or corporations in each region that contzact with the not-for-
profit Kaiser Foundation Health Plan to provide and arrange necessary medical care
for members. Kaiser Permanente addresses all health care needs for adult and pedi-
atric members, including preventive, routine, specialty, emergency, and inpatent
care; ancillary testing; pharmacy and rehabilitative services; and home care.

Approximately 40,000 Kaiset Permanente members receive a new cancer diag-
nosis each year; roughly 250,000 have had a cancer diagnosis at some point. Kaiser
Permanente delivers cancer care for members across the continuum from screen-
ing and eatly detection through diagnosis, treatment, and follow-up to survivor-
ship and end-of-life care.

i Cancer ressarch. All l'egOH.S maintain TESCATCH Centers ZQGICSSmg cancer and
other clinical areas, callectively employing more than a hundred full-time scientists
and a thousand staff members. They participate in a growing number of multisite,
cancer-focused research networks, including the National Cancer Instirute (NCI)-
sponsored Cancer Research Network (CRN), the Center for Education and Re-
search in Therapeutics (CERT), the HMO Research Network {(HMORN), and the
Cancer Care Qurcomes Research and Surveillance (CanCORS) group.

Research activities also permeate the clinical arena; many Permanente physi-
cians and delivery system personnel administer clinical trials, participate in epi-
demiologic and health services research investigations, and serve on institurional
review boards (IRBs) and research committees. Several hundred Kaiser Perma-
nente members are enrolled each year in NCI Cooperative Group trials.

M Health IT at Kalser Permanente: KP HealthConnect. [n 2002 Kaiser Perma-
nente contracted with Epic Systems Corporation to create and implement a pro-
gramwide integrated EHR, KP HealthConnect, Features include inpatient and out-
patient clinicd decision suppurt, Web-based access for patients and providers;
pharmacy and clinical laboratory support and reporting; emergency department
(ED) management; scheduling and billing; and interfaces to other systems, such as
archiving and population care management. A Web site, hup//wwwkp.org, allows
members to access portions of their medical record, send secure messages to clini-
cians, schedule appointments, and refill medications, as well as to find health infor-
mation, advice, and tools such as health risk appraisals and interventions for smok-
ing cessation, stress management, and dietary and exercise counseling.

An Epic-based system similar to KP HealthConnect has been implemented in
Kaiser Permanente’s Northwest region for more than a decade. KP HealthConnect
itself is at least partially implemented in all KP regions; within two years it will
support care in all clinical settings.
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The Potential For Rapid Learning In Cancer Care

Accelerating the pace of cancer-related inquiry requires increasing the number
of questions being concurrently addressed and minimizing the time needed to
generate answers. More numerous and rapid knowledge turnarounds require
high-quality data that are readily available at low expense.’ Ideally, those data (1)
consist of accurate and complete digital capture of details about care as it is deliv-
ered and (2) are comparable across individuals and populations because excess
variabilicy in care processes is minimized. Thus, rapid learning in cancer care re-
lies on two health 1T-enabled prerequisites: vastly improved data capture and
support for care standardization.

W Data capture. KP HealthConnect reframes the possibilities for rigorously ob-
serving the care of individuals and populations over time. Information about clinical
and operational events is captured as analyzable data, and all aspects of care become
accessible to researchers and for quality improvement. Detailed individual-level
data make it possible to tap into and combine the experiences of each patient and to
maximize learning,

Data are generous for all patients, encounters, and providers, longitudinally and
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Even as industry standards evolve, Kaiser Permanente has invested heavily in
achieving internal technical interoperability by purchasing integrated software
for core systems, such as EHRs, scheduling, and database management, from a sin-
gle vendor. A commensurate investment in semantic interoperability incorporates
an internally developed medical terminology solution, Convergent Medical Tech-
nology (CMT), into content management. CMT is semantically congruent with
the Systematized Nomenclature of Medicine, Clinical Terminology (SNOMED
CT) (and with laboratory Logical Observation Identifiers Names and Codes, or
LOINC, and First DataBank drug terminology), which has been adopted by soft-
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ware suppliers, government entities, and health care organizations in more than
thirty countries®

Data use and governance. Existing processes for preserving confidentiality and
protecting human subjects are products of an era when the use of research dara
within health care organizations was relatively rare and more easily controlled.
Health IT dramatically increases both the abundance of and access to data
through advanced databases and user-friendly query toals, precipitating the need
for more robust and shared accountability between research and clinical care for
policies regarding how data can and should be used, and by whom.

Kaiser Permanente investigators are identifying requirements for a national re-
search database (NRDB) that will capitalize on the growing access to comprehen-
sive health IT data and address data governance issues. The planned user commu-
nity includes Kaiser Permanente researchers from all regions and their
collaboratars from other organizations and government agencies. Specific ele-
ments are still under development, but proposed requirements for the NRDB in-
clude the following; (1) Permission to access regional NRDB patient data for re-
search purposes can anly be granted by the associated IRB; (2) each region will
retain ultimate control of and responsibility for access to regional members® data;
and (3) separate access channels for researchers and providers/administrators will
simplify compliance with Health Insurance Portability and Accountability Act
(HIPAA) privacy and security rules.

8 Care standardlzatlon, Historically, the comparability of care necessary for
making valid inferences has largely been achieved through clinical trials, Health IT
can support comparability of care through increased enroliment in and operational
support for forma] trials. It can also foster comparability by making care more con-
sistent with standardized treatment guidelines and protocols for all patients.

Broad comparability of care allows new kinds of inguiry, such as how well prior
trial lessons have been generalized into care and the impact of interventions on
entire populations, including those who are ineligible for participation in formal
trials. Health IT can enable both the efficacy-focused study of the comparative ef-
fectiveness of clinical crials and the measurement of interventions’ overall effec-
tiveness in various populations.

N increased clinlcal trial awareness, enroliment, and operational support.
Avecent CRN study of barriers to physician participation in clinical trials identified
aneed for improved intra-erganization communication about trial availability® Reg-
ular computer use is associated with higher rates of patient recruitment into clinical
trials, and KP HealthConnect is used to promote awareness of available trials. Re-
gional Kaiser Permanente clinical trial programs, which participate in national Co-
operative Group and commercially funded protocals, use local Web pages to pro-
vide information about available trials and eligibility requirements, resources for
patient evaluation and recruitment for studies, and reports on medical center and
individual investigator accrual of individual patient enrollments in clinical trials.
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“To the extent that health IT can improve efficiency, more patients
can be included in trials within existing financial support.”

Decision supports for specific trials, including study-associated care plans and
treatment and follow-up charting templates, are also in use.

Research trials involve sizable overhead costs; accurate accounting of trial-
related activities ensures appropriate billing and reimbursement. To the extent
that health IT car improve the efficiency of trial administration and billing, more
parients can be included in trials within existing financial supporr.

W Increased use of treatment protocols outside of formal clinlcal trials.
Through decision supports embedded at the point of care, health IT can increase the
use of standardized treatment protocols and guidelines for patients not in formal

clinical trials. Examples include the fol!cwmg (1) Templates for comprehensive

cancer treatment care plans based on prior or concurrent ma.ls, clinical gmdelmes
and standardized chemotherapy regimens: These suppott consistent use of chemo-
therapy and adjunct therapies such as anti-emetic drugs and hematopoietic growth
factors. In the Northwest region, where EpicCare use predated current versions of
KP HealthConnect by several years, EHR-embedded standardized templates ad-
dressing more than sixty common chemotherapy protocols and follow-up testing
are used to manage most patients receiving chemotherapy. (2) Flow sheets to track
clinical findings over time: Examples include blood counts and laboratory chemis-
tries for patients undergoing cyclic chemotherapy. (3) Intrusive alerts capable of in-
terrupting clinician workflow: These may notify clinicians about prevention oppor-
tunities, such as breast and cervical cancer screening, and address risks such as
adverse drug events, redirecting care to a preferred alternative. Alerts can also notify
clinicians of an atypical or worrisome finding, such as a questionable result on an x-
Tay Ot screening test.

Our experience is that KP HealthConnect must be enhanced to fully support
key aspects of cancer care, such as transmitting and tracking pharmaceutical or-
ders and documenting chemotherapy administration. As noted above, Kaiser

Do ale Noanthose pamian writh o Dniarana. bacod cucrarm haoo o, A cran
Permancnte’s Nortiiwest region, with an cpiclare-oased systein, Nas usea stan-

dardized chemotherapy templates for approxunataly ten years as decision sup-
port in conjunction with an Internct-based repository of standardized teatment
and available investigational protocols, patient educational materials, and other
tools. The majority of parients receive standardized protocols. However, transmis-
sion of chemnotherapy orders to the pharmacy or nursing infusion stations re-
quired manual workarounds and parallel documentation in legacy IT systems and
on paper.

Two other regionally developed health IT oncology applications supported
cancer cave processes such as chemotherapy ordering and administration and also

inchided patient information such as trearment calendars and educarional materi-
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als. Pracricing oncologists evolved the first, Case Management for Medical Oneol-
ogy with Laboratory  and Outcomes Tracking (CAMMOLOT). Regional phar-
macy informatics resources developed the second, Computerized Oncology
Practice System (COPS). Both became widely used in their respective regions.
The Nurthwest rcgmns use of embedded templates and other decision supporr,
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even without fully interoperable support, much progress in supporting cancer
care at Kaiser Permanente has been made through existing combinations of com-
patible technology-based systems and workflow accommodations as appropriare.

()

Tha Shifting | anderana OFf Cancar Racaarch With Haalth IT

The Shifting Landscape Of Cancer Research With Health IT

The combination of the wealth of data and increased standardization of care
supported by health IT reshapes the landscape of research in cancer. More usable
dara will be available on more patients in more clinical situations than ever before.
Hﬂﬁ}fh ll Dm:rs new (’Dmr[unllltﬁ je] aaurcsa KCV I'CSCH]'LH QUESLIUI\S in Ll)ﬂrul‘
nated and complementary ways.

W Collaborative research: beyond a single system of cancer care. A national
health information nerwork is an explicit priority at the level of the federal govern-
ment, and the adop:ion of health IT systems is slowly increasing ! ir is hjg,'nly likely
that widespread healch IT implementation and interoperability will eventually sup-
port wide-ranging collaborative cancer research activities across organizations and
sites of care. However, health 1T systems are far from ubiguitous, particularly out-
side integrated care models such as KP HealthConnect. Collaborative research in
cancer care can—and must—oceur bcfore the ideal stare of implementation and

intaromarahility e rearhed T dnevist k de
meroperablity 1S reacast. important mifhagves Go eXIst, aowever, umu\mauau.us

how the research capabilities of integrated HIT systems such as KP HealthConnect
can be comnlemented and extended hv networking with other care providers and

Can b 1plemented and enged OrRINg with

Cancer Research Network. The CRN includes six Kaiser Permanente regions and
other HMORN institutions.? Its goal is to improve research on cancer prevention,
carly detection, treatment, long»:erm care, and postdiagnosis monitoring in health
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carc aeuvcry 5)‘&[3“15 oy Lauutau.ng ua[a bﬂdﬂng Ude are pumcu across Pldﬂh,

wiv4 26 Janvary 2007

CaANCER

“Rapid learning about cancer supported by KP HealthConnect can
and should apply beyond Kaiser Permanente’s borders.”

time periods, and individual patients and include information on demographics,
health plan eligibility, tumor registry, inpatient and ambulatory care use, medica-
tion dispensing, laboratory tests, and imaging procedures. Local programmers and
analysts control data, thereby minimizing privacy and proprietary concerns.

Major completed CRN studies include evaluations of prophylactic mastectomy
and studies of organizational factors related to incidence of advanced-stage breast
and cervical cancer; system-level approaches to increasing participation in cancer
clinical rreatment trials; cancer screening; and the use of smoking-cessation inrer-
ventions within systems.” The research centers also respond to ad hoc inquiries
for population-based data on cancer incidence and treatment patterns.

Data warchouse. CRN member organizations have disparate EHR systems. How-
ever, the CRN has developed a broadly applicable standardized data structure wo
create a virtual data warehouse (VDW), allowing rapid learning in the absence of
full functional interoperability. CRN leaders set research priorities and develop a
standard set of variable names and structures that can be used across the member
organizations. Seven major types of standardized data files developed to date are
demographics, health plan eligibility, tumor registry, inpatient and ambulatory
care use, medication dispensing ]aboratorv tests, and imaging procedures. ¥ CRN

and structurcs:., and CRN editing programs detcct any problems with the data
VDW users are CRN site analysts; the warehouse is virtual because the data re-
main at the individual organizations and are only centralized when a specific re-
search use has received required instirutional approvals.”

Ane ;Aauupu: oftheuse of the VDWis Lh: HMOs Lnr.uusauus Tobacco 2 {HITL)
study. A team of tobacco-cessation experts developed a concept map for defining
coding rules consistent with national tobacco-cessation guidelines. These con-
cepts formed the foundation for the development of a natural language coding
program (MediClass). Fach of four HIT2 sites—three Kaiser Permancnte regjons
and Harvard Pilgrim--have developed local procedures for extracting relevant pa-
tient data and putting them into a standardized format for MediClass analysis. An
assesement of MediClags revealed that it admn:rpfv rpnlnm»d human coders for

assessing clinician adherence to tobacco-cessation guldelmes
Bigmedical Informatics Grid Ancther NCl-sponsored metworking iniciative
DIUriLdicur AHJUI IFIRLILS TS NUUVLLSL LVA QR LoUL VU UL vY VLR, lllb\- ALY L
which Kaiser Permanente is not dlrectly involved further demonstrates the poten-
tial for increasing the scale and pace of learmng in cancer. The cancer Biomedical
Informatics Grid (¢caBIG) was formed in 2004 and is an open-source, open-aceess,
voluntary information network enabling cancer researchers to share tools, stan-

dards, data, applications, and technologies according to agreed-upon standards

n
n

.
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and needs.” Membership includes NCI-designated cancer centers, Clinical Trials
Cooperative Groups, and additicnal NCI programs. The caBIG mission is to pro-
mote and facilitate the use of a set of common data standards; a sharable,
interoperable infrastructure; tools for applying information associated with can-
cerresearch and care; and data sharing among appropriate individuals and organi-
zations, with safeguards for privacy and security.®

aBIG explicitly recognizes that interoperability is “not an all or nathing proc-
ess, [and] that software systems can exist along a continuum of interoperability
levels™ Although interoperable systems are a highly desirable ideal state, rapid
learning in cancer in the near term depends on simultaneously striving for the ulti-
mate technical solution of universal technology and dara standards and taking in-
termediate steps to reconcile the differences between systems through data-map-
ping and information-sharing projects such as those of the CRN and ¢caBIG.

N Clinlcally detalled data. Integrated health IT systems such as KP Health-
Connect complement necworked learning with the universal capture of data that
arerich in clinical detail. Populationwide depictions of care are availahle; so is analy-
sis at the leve] of individual patients’ interactions with care processes. Rapid learn-
ing about cancer supported by KP HealthConnect can and should apply beyond
Kaiser Permanente’s borders.

Nearly a quarter-million Kaiset Permanente members will be diagnosed with
cancer during the next five years. The robust data available through KP
HealthConnect on members will rival, in terms of clinical detail if not in absohute
numbers, existing cancer research databases. In comparison, an average of 33,600
people were enrolled in NCI trials during 2001-2003.2° With bread inclusion of
members of all ages and geographic representarion in nine states and the District
of Columbia, Kaiser Permanente membetship reflects the larger U.S. population.

CHIEVING FULL DATA CAPTURE AND INTEROPERABILITY in the US.

health care system is unlikely in the near future. However, this does not
4 X preclude the expansion and acceleration of Jearning in cancer now. Rapid
learning beyond that available through conventional clinical crials and surveil-
lance may be achieved by expanding the breadth of ongoing observations across
diverse sites and legacy systems using networking and data mapping and combin-
ing these results with the clinical depth attainable through more comprehensive
data capture from integrated systems such as that of Kaiser Permanente.

The author expresses his appreciarion to Daniel Colley, Nagendra Tirwnali, Rabert Hiatt, David Campen, Robert
Dolin, Joseph Terdiman, Larry Walker, Ted Palen, and Michacl johnson for their helpful comments, siggestions,
and related presentations and to Jennifer Green for manuscripe production and editorial support.
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Health Information Technology: Does it
Facliltate Or Hinder Rapid Learning?

Can heatth IT help the fragmented delivery system, outside of Kaiser
Permanente, achieve more “rapid learning” in cancer care?

by L. Gregory Pawlson

ABSTRACT: Health information technology presents major challenges as well as opportu-
nities in creating care that fulfills the Institute of Medicine's aims of being safe, timely, ef-
fective, efficient, equitable, and patient-centered. This commentary examines the barriers
that relate directly to the collection and use of information in practice, and it explores some
of the possible solutions., Only through concerted efforts involving major changes in the way
we collect, store, analyze, and use information related to the care of patients with cancer,
paired with active practice redesign and reimbursement reform, are we likely to achieve the
substantial progress envisioned by Paul Wallace. [Health Affairs 26, no. 2 (2007): w178~
w180 (published online 26 January 2007; 10,1377 /hithaff.26.2.w178)]

NDERSTANDING AND improving

l | quality of care for patients with can-
cer has been noted to be chailenging!

Some of the factors thar create these chal-
lenges include rapid changes in treatment
modalities, small-sample-size problems im-
posed by the relatively low incidence of spe-
cific types of cancer, and hererogeneous treat-
ment approaches during the multiple phases
of cancer care (screening, initial treatment,
surveillance, secondary treatment, palliative
care, hospice). [n adult cancer care, there is
the additional issue of fragmentation of care
by mulriple, loosely connected practitioners.
For example, a woman with breasc cancer
might be treated initially by a surgeon, then
by a radiation oncologist, then a medical
oncologist, and then be followed by a general
internist, all of whom operate independently.
This fragmentation in treatment also contrib-
utes to conflicting and competing guidelines

and a lack of consensus about the “best™ ap-
proach; incomplete data present in any one
practice, data system, or medical record; and
confused communications berween providers
and between providers and patients. Finally.
there are major delays both in learning about
the effects (both good and bad) of new treat-
ments and, as with other diseases, in the dis-
semination of treatments thar have been
shown to be of substantial benefit.>

As well illustrated in the paper by Paul
Wallace, health information technology (IT)
could provide a critically important set of
tools to increase the speed and depth of our
abilicy to measure, guide, and improve the care
of people with cancer.? Wallace clearly implies
that rapid learning is linked with better care.
However, the promise of health IT in fostering
tapid learning and better qualicy will not be
realized without major changes in the way the
information is recorded and used. Substantial

Greg Pawlson (Pawlson®ncqa.org) is executive vice president of the National Committee for Quality Assurance in
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changes are needed in what, when, and how
clinical data are recorded and in the systems of
care in which the enhanced information is
used.

A growing number of studies and reviews
of health IT implementation suggest that
healch IT, in the absence of careful attention to
the contexr of its implementation and use, may
provide little or no benefic* Moreover, the or-
ganization (Kaiser Foundation Health Plan
and Kaiser Permanente) in which Wallace

tients with a given type and phase of cancer
and to group these patients for purposes of
analysis with others within a practice or be-
tween practices. If the right information were
encoded and shared, every patient idenrified
with new-onset, early-stage breast cancer,
with given characteristics {for example, posi-
tive or negative lymph nodes, drug and dose),
could be followed along with other similar pa-
tients for inicial response, complications, and
outcomes. As Wallace notes, the key barriers

practices is ideally positioned

1o overcome in this area are

to derive maximal benefit “The hi t barrler largely the legal, vechnical,

from the introduction of
health IT in rapid learning re-

numbgr of other large US. in-

and political issues related to

to rapid leaming s data cxchangr.
lated to cancer care. Kaiser the poor quality and
Permanente, and the small lack of

standardization in

B Protocols and data.
Two related barriers, the use
of standardized protocols and

tegrated practices, enjoy the the data recorded In the data recorded, loom as

presence of a highly evolved,
muldspecizalty, and primarily

most clinical

more variation there is in the

substantial obstacles. The

salaried medical staff; this treatment recards.” treatments used in the care of ;

workforce, along wirh multi-
ple systems related to medical management
and feedback, is likely to result, as Wallace
predicts, in much moze rapid learning and im-
provement in care® But what about the vast
majority of practices in small offices across the
country? Can Americans afford rhe substantial
loss in quality from fragmented care and its
added cost as well as the cosr of health IT? Can
health IT help the fragmented delivery syszem,
outside of Kaiser Permanente, achieve more
“rapid learning” in the care of people with can-
cer?

One of the well-established pathways to
Tearhing in clinical practice is the use of the
gold standard: randomized clinical trials.
Comparisons between the clinical wrial, usual
practice, and what health IT—if well designed
and implemented—could provide will help us
understand the key factors that might lead to
accelerated learning through the use of health
IT. In this commentary | briefly examine each
of these areas in terms of the barriers to health
IT's resulting in rapid learning and improved
quality of care in patients with cancer.

H Selscting patlents. The use of health IT
wauld allow practices to identify groups of pa-

; people with a given type of
stage, or in other factors, the more difficult it is
te come up with any coherent information,
even where there are substantial data 1o nse for
adjustment. Given the high cost and toxicity of
most of the drugs used in cancer treatment
and evidence of under- or overtreamment, the
use of standardized protocols for most pa-
tients for most types of cancer would likely
both improve quality and reduce resource use.
Perhaps the availability of health [T—and spe-
cifically electronic health records (EHRs) with
embedded protocals for cancer mreatment—
coupled with strong payment incentives for
following the protocols, might actually drive
us in the right direction.

H Data from treatment records. Argu-
ably the highest barrier to rapid learning at
this point is the poor quality and lack of stan-
dardization in the data recorded in most clini-
cal treatment records. In stark contract to the
highly standardized, evidenced-based data re-
corded in clinical trials, each clinician treating
a patient decides independently what data are
“important” enough to put into the clinical
record, Again, EHRs offer the potential of such
tools as drop-down daca forms or embedded
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data recording, However, little time and atten-
tion have been given to creating data forms
that specify and prompt collection of the data
that are most critical and important both in
caring for the patient and in measuring and
improving care. Health IT will achieve rela-
rively lictle i we persist in allowing “free-rext”
nonstandardized or coded entries.

W Follow-up. Ancther difference that ap-
pears important between learning from health
IT and from clinical rrials is that of the com-
pleteness of follow-up. Even clinical erials do
not provide complete follow-up of all patients;
however, they are vasy superior to the frag-
mented data that exist for most cancer pa-
tients. Although some data elements—primar-
tly claims—are present at the insurcr level,
clinical data needed to adequately assess care
of cancer parients are often spread across mul-
tiple charts of multiple providers. Kaiser as in-
surer and Permanente as well-integrared med-
ical group has a unique opportunity to bring
all of the critical data together, but even Kaiser
Permanente is still far from the ideal. With the
exception of few pilot projects, there has been
lietle mapping of how data from the medical
records of multiple unconnected physicians
and multiple insurers will be brought together
in any workable, coherent fashion. Again, there
is some promise that health IT could, through
prompts and reminders and the exchange of
daca between clinicians, bring rogerher the
right data, ar the right time, in che right for-
mat, but there is a huge gap 1o be bridged.

H Analysis and veporting. The issue of
analysis and reporting, although not trivial,
might be the most easily solved. Once fairly
complete data from multiple patients are avail-
able, a variety of approaches might be used to
emulate the analytical approaches and report-
ing mechanisms used in clinical rrials. There is
still 2 need for more standardization in how
comorbidities might be handled and what for-
mats are most effective in producing change,
bt these do not seem to be major barriers.

M Prlvacy provisions, Finally, and not ad-
dressed in any detail in Wallace's paper, is the
continued need for clarificaton of data-use
limications and privacy provisions in the

Health Insurance Portability and Accountabil-
ity Act (HIPAA). If clinical information is to be
used for whar could arguably be termed re-
search as well as rapid learning, would review
by an instirutional review board or other pa-
tient privacy and protection issues need 1o be
addressed?
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Bridging The Inferential Gap:
The Electronic Health Record
And Clinical Evidence

Emerging tools can help physicians bridge the gap between
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by Walter F. Stewart, Nirav R, Shah, Mark J. Selna, Ronald A. Paulus,
and James M. Walker

ABSTRACT: Most clinical decisions involve bridging the inferential gap: Clinicians are re-
quired to fill in® where they lack knowledge or where no knowledge yet exists, In this con-
text we consider how the Inferential gap is a product, in part, of how knowledge is created,
the limits to gaining access to such knowledge, and the variable ways in which knowledge is
translated into decisions. We consider how electronic heatth records (EHRs) will help nar-

row this gap by accelerating the creation of evidence relevant to everyday practice needs :

and facilitating realtime use of knowledge in practice. [Health Affalrs 26, na. 2 (2007):
wi81-w191 (published online 26 January 2007; 10.1377/hithaff.26.2.wi81)]

tice: the gap between the paucity of what is proved to be effective for selected
groups of patients versus the infinitely complex clinical decisions required for
individual patients. Clinicians engage in information gathering and interpreta-
tion; they implicitly or explicitly bridge the gap every day to care for their patients,
The breadth of the inferential gap varies according to available knowledge, its rele-
vance to clinical decisions, access to the knowledge (that is, what the physician ac-
tually knows at the time of a clinical decision), the variable ways in which knowl-
edge is interpreted and translated into a decision, the patient’s needs and
preferences, and a host of other factors. Clinicians are required to fill in where their
knowledge (or knowledge itself) falls short. These issues are increasingly important
for an aging U S. population where clinical decisions must consider the patient’s en-
tire complement of comorbidities, geneti¢ predispositions, and preferences.!
We consider two fundamental means by which electronic health records
(EHRs) will narrow this gap. First, EHRs will facilitate the creation of evidence

IN TH1S PAPER WE EXAMINE the inferential gap common to everyday prac-

The authors are with the Geisinger Health Systert in Danville, Pennsybvania. Walter Stewart (wfstewars@
geisingeredu) is the director of the Center for Health Research, Geisinger Clinic. Nirav Shah is an associate
investigator at the center. Mark Selna is associate chief medicul officzr, Division of Clinical Effectivencss. Ronald
Pawdus is chief technology and innovation officer; James Walker is chicf medical information officer.
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that is directly relevant to everyday clinical decisions.? Second, EHRs will greatly
increase real-rime access to knowledge in the practice setting? We consider five
specific scenarios thar are relevant to these fundamental shifts in the creation and
use of clinical evidence. In the long term, we believe that EHRs will offer a novel
approach 1o the creation of clinical knowledge, in which observing, intervening,
and creation of clinical evidence are part of the normal clinical encounter.

We first briefly review the evolution of medical evidence and its limirations.
Medical Evidence: How Relevant To Patlent Care?

Historically, the formal creation of clinical knowledge began with case reports;
it then evolved to more sophisticated observational studies, then to controlled tri-
als, and, ultimately, to the randomized controlled trial (RCT). To some degree, ob-
servational studies and RCTs ate complementary. The primary strength of system-
atic observations (that is, scheduled collection of data) in relatively unselected
populations is that the resulting evidence is highly relevant to a broad spectrum of
paticnts (that is, generalizable), However, inference from such studies is prone to
challenges with interpretation from bias and confeunding,* The use of randomiza-
tion—the key design feature of RCTs—minimizes these biases.

Traditionally, knowledge regarding quality of care was based on clinical experi-
cncc case studies, and reasoning from physiological first principles. This knowl-
:ug: sometimes led to improvements dramatic enocugh to convince even the most

skeptical observers of a treatment’s benefirs (for example, Jenner's smallpox vacci-
nation): There was minima] variability in outcomes and the cause-effect relation-
ship appeared obvious. The relative dearth of knowiedge at the time, the narrow-
ness and simplicity of the questions being asked, the low expectations of patients
and other interested parties, and the high benefit-to risk ratios justified the use of
observarional methods as a means of discovery. In the early twentieth century,
though, when medical knowledge creation itself emerged as a nascent “industry,”
research methods evolved to include more comprehensive observational studies
and, ultimately, the RCT?® The increasing complexity of clinical questions and
trearment options, diversity of potential clinical outcomes and their alternative
scientific explanations, as well as growing concerns with bias and corfounding all
contributed to a demand for a more rigorous and teliable approach to answering
questions, for which the RCT emerged as the gold standard. However, the applica-
tion of the RCT has evolved in response to the above demands with increasingly
narrow-focused interventions applied to increasingly selected populations.*

As the dominant method for creating clinical knowledge, the RCT is not typi-
cally used to address questions directly relevant to the practice setting; for cost,
practical, and logistical reasons, the traditional means of using the RCT in this
context is not sensible. Instead, RCTs have been and will continue to be used to
test for trearment benefits in highly selected populations with a low comorbid
disease burden, More specifically, RCTs are used primatily to define whether a
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“In the past three decades, questions that have to be answered in
making clinical decisions have become more intricate.”

drug or intervention is beneficial in an artificially optimized clinical setting, not
whether it makes sense for most patients or is suitable for one patient subgroup
but not another. Strict selection criteria exclude high-risk patients. Furcthermore,
commonly used run-in phases prior to randomization select for the most adherent
patients. The RCT can be easily manipulated to influence what is observed and
discoverable” Even seemingly trivial changes in inclusion criterta, intervention
characteristics, ot follow-up duration (for example, the recent publicity over the
cutoff date for the Vioxx trial's cardiac events) can lead to different conclusions.®
For example, RCTs on the treatment of mild hypertension and coronary disease
have alternatively shown both benefit and harm, as a result of the differential
patient exclusion criteria among different trials.®

Other important changes have also occurred that contribute to growing chal-
lenges with the inferential gap. In the past three decades, patient populations have
become older and more heterogeneous, and the questions that have to be an-
swered in making clinical decisions have become more intricate. Patients with
complex medical needs tend not to be eligible for RCTs. Consequently, for the
growing population of patients with multiple comorbidities, medication intoler-
ances, limited cognition, and diverse insurance coverage, the knowledge needed to
support objective clinical decision making is largely nonexistent.®

To some degree, systematic observational studies—especially in clinical set-
tings—address some of the limits to RCT-based evidence ! Qutcomes in “real-
world” clinical practice reflect the clinician's knowledge, skills, preferences, and
interaction with the patient as well as patient factors (such as self-management,
adherence, and willingness and ability to pay) and system features (such as care-
coordination assets and ease of access to care). Systematic observations of these
and other factors in unselected populations address 2 key need: generalizabiliry.
The primary challenge, however, is dealing with the increased likelihoad of con-
founding, specifically confounding by indication (that is, when a medical condi-
rion borh triggers the use of a specific treatment and is associated with a risk of
the outcome under study).” Confounding by indication is inherent to many clini-
cal decisions. For example, disease severity can influence the choice of treatments,
making it difficult to separate the indication for a treatment from the risks/bene-
fits of the treatment itself. This problem is commonplace when a new drug comes
to market. For example, because of preestablished practice patterns, a new class of
medication might implicitly be used only for patients with more-severe disease
(for example, uncontrolled hypertension). Analysis of the benefits of the new drug
class versus older classes will be confounded because, in part, the treatment
decision will link disease severity to when a drug came to market.”

HEALTH AFFAIRS - Web Fxclusive wlg3




RArip LEARNING

EHRs And Clinical Evidence

The creation of evidence using traditional research designs Is extremely time-
consuming, costly, and, as previously noted, limited. We consider five different
scenarios (Exhibit 1) for how EHRs will likely influence the traditional research
paradigm. The scenarios are presented in sequence from ones that primarily offer
logistical advantages to those directly relevant to clinical practice needs. Together,
these scenarios describe unique features of research enabled by the advent of

EHR:-based clinical practice. Namely, the process of engaging in practice-based re-

search will motivate improvements in data quality and the specificity of questions
that can be answered, which will in urn influence the ability to monitor and

and vice versa
u‘Lr‘ur\. padient outcomes and vice versa.

B Facilitating practice-based RCTs. There are regulatory, logistical, and cost
EXHIBIT1
Profiles Of Soes
Scanario Dominant application Ezampte Zthe/
Facltitating RCTs Traditona: practice- Larga multicentst Acceleration of RCT Favor EXR adopters
In peactice based RCTs clinicad trials timefine, understanding
of Belection bds
pect aneliysis Highly relevant to clinical  Measurement efror,
analysis of tymcal clinical of différent treatments pimctice: offers the only  bias, confounding,
of EHR cata thathave &nd of  meansfor comparatve  confounding by
beenin uzafor saveral  freatmant farthe trantmant analsis 1t the  indieation, and
years; etiology. managemant of same outeome completeness of data
diagnasis, and hypentarsion
Tasting of seif Uss of patient foraxampie, ke the  Testing ot ndw modos o Reg ong
sustaining heaith completed 15608 HIP study of care muat fit tie workflow  alignment of the.
services models i of ddinica| practice; if the  research, IT, and
‘systematic use of introduting 8 new model improves Praclice groups

behavioral heath diagnostie by varying  outcomes and i3

intareentions, natien i llinA socessfil
interventions, patisnt  sligiblity susoessful

seif-management “transiation te practice”
Halning. systematic challangs s
adherence t¢ tare per simuitansously addressed
guldelines and solved
Realtime use of In overydsy practicets  Whatls the best Provides glinicat guidance Limits to knowledge
gecision support directly integrate CPGs  medicalion 10 edd i i compiex SRuaiions: and the above
and all patient data and other codified an plready compiex. directly provides the methodoiogical limits
In practice knowiedge with practice  ragimen for g patfert  physician with knowledge 10 use of retrospective
decisiona and (o make  with Multiple as needed: makes data

use of data on ather comorbiditles andt effectiva use of
patierris 88 needed i Ingurance reatriclions  Iongiudingl gata on other
1ailor treatment for 8 on tregtment optiona? patients

pecticular patient

Randemizing QClinical decision making Whal is the realworki  Simpls to do and Generalizability might be
uncartainty in In situations of NNT for variaia rOphEEIR N NUMBraUS overastimated if retying
real thne equipaise stating? seltings on cne population

SOURCE: Derived from the authors’ awn work.
NOTES: RCT 18 il T8 i

CPG Ia clinica} practice guideline. NNT is number

JIts of the Breast Cancer Seraening Randomized Yeak The Health Insurance Plan (HIP) of
Grmzr New York Study.* In Streéening for Breast Cancer, €d. N.E, Day and A.B. Miller (Toronta: Hans Huber, 1988), 3-15.
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challenges in conducting RCTs that together have greatly increased trials’ average
time to completion. For 2 numbet of reasons, expansion of the number of ambula-
tory practices with FHRs will mitigare various cavses of delay, First, pretrial analy-

sis of various inclusion/exclusion criteria against an FHR database will improve the
protocol used to oprimize safety, increase the number of eligible patients, and speed
enrollment. Second, the growth of EHR-based practices will influence the “reach” of

- “ h rarwiiiringe® cobie ot oo P
<linical trials and help move from the typical “high recruiting” clinies to a broader

populacion. Third, access to EHR data will provide a more specific understanding of
one dimension of the inferential gap: differences between patientq who choose to
paﬁ]apan} in El'lillb VErsus peers V\TlO \VOI.UCI have qua.uuea Dut Upteu Out versus
those who were excluded. Lastly, the efficiency of data capture and data quality
monitoring is likely to improve as EHRs and electronic data capture (EDC) raols be-
come increasingly integrated, providing for seamless transmission of data from the
EHR to a digital case report form, billing record, or real-time adverse-cvent alert.

Several years ago we at Geisinger Health System embarked on a systems ap-
proach to clinical trials, providing centralized support services (for example, pro-
tocol review, contracting, institurional review board [IRB] application and man-
agement, and trial setup and monitaring) to both primary and specialty care. In
the past year we have begun to use EDC tools to seamlessly extract data from the
EHR to the digital case report form. Although we believe that EDC tools offer tac-
tical advantages in the management of individual trials, they also address a fonda-
mental challenge at a system level in accurately tracking progress in multiple eri-
als (that is, number of patients, specific visits completed, specific data captured).
Finally, implementation and use of EDC tools at a system level will likely facilitace
data collection and study management for rraditional epidemiologic and health
services research. Clinical departments at Geisinger may develop their own re-
sources; however. the centralized resources we are developing are offered as a
competitive option. Increasingly, the system-level resources and capabilities ex-
ceed what is possible within any given research unit or clinical department.

W Retrospective analysis. Given the relative ease with which access to longitu-
dinal EHR data can be gained, retvospective data analysis will be a dominant focus
of interest in acldressing questions of reatment benefit and harm, in mining for new
treatment indications, ‘and in answering the complex but common questions that
arise in practicc We consider a few examples of retrospectivc data analyses with a
bl.x,LulL focus on blood préssuit—a Commoin and lﬁ‘lmft{u‘lt clinical measure.

Policymakers have an interest in the telative valuve of different treatment regj-
mens for managing blood pressure.”* Access to this type of comparative informa-
tion will address a fundamental gap relevant to the cost and effectiveness of vari-
ous drug formulary designs. Although meta-analysis applied to traditional RCT
data might reveal comparative information on treatment benefits across RCTs,
conclusions are almost always uncertain, given numerous methodological chal-
lenges (for example, heterogeneity in measurement protocols, populations, and
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treatment regimens) and previously noted limitations.s

For individual patients, the study of treatment response in pracice and interac-
tions between treatment status and patient traits will advance clinical practice
guidelines toward the numerous and complex issues common to everyday prac-
tice. Treatment decisions for a particular patient will likely be influenced by a
host of system (for example, formulary options), sociceconomic, trearment (for
example, adverse events and response), clinical, genetic, and other factors. Making
treatment decisions with evidence relevant to these and other nuances of needs
and individual attributes both closes the inferential gap and supports a more
patient-centered approach to care.

High blood pressure. A large population example we have begun to consider con-
cerns the management of high bleod pressure in the elderly. Since 1991, large-scale
studies suggest that antthypertensive drugs that greatly lower diastolic blood
pressute inmen older than age seVenty—fiv: and possibly in older women are asso-
ciated with higher mortality rates, despite their apparent benefit in iowering sys-
tolic pressure.”® The relative impact on systolic and diastalic pressure likely differs
by drug class, some of which have not been evaluated; comorbidiries; and other
risk factors such as smoking status. Today we still know relatively lictle about
who is actually at risk, aside from the broad category definitions such as males
older than age seventy-five. We will be using comprehensive longitudinal EHR
data (that is, sequential blood pressures, medications prescribed, nonfatal and fa-
tal events, diagnoses, smoking status, and so on) to investigate the relative safery
and benefits of antihypertensive medications relative to probable risk factors. The
resulting knowledge will be used to develop decision-support logic for blood
pressure management in older patients.

Data limitations. Limitations to the quality and completeness of EHR data will be
the *Achilles’ heel” that constrains evidence that can be extracted from retrospec-
tive analysis. In research settings, rigorous standards are used to measure and re-
cord data, In practice, though, this is not always the case. Ultimately, we believe
that data quality and completeness challenges will have to be resolved through
standards of practice that satisfy different stakeholders. For example, improving
the quality of blood pressure data would require that the numerous clinical *hab-
its™ that result in bias and error are minimized.” Rescarch protocols designed for
this purpose are not logistically or financially suitable for practice settings.
Rather, 2 more sensible standard of practice could mean that blood pressure is
measured only by automared cuffs and obtained sequentially at defined intervals,
and that results are directly transmitted (pethaps wirelessly) o the EHR. Im-
provements to data quality will accelerate as common interests are identified
among key stakeholders (that is, clinical effectiveness monitoring, clinical opera-
tions, and research) and, in particular, where new methods improve data quality
without imposing a burden on the practice and, more likely, where such methods
improve efficiency.
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Notions of data completeness—a routine obsession of research protocols—
poses challenges for retrospective analysis. The schedule for when and what dara
are collected on patients in practice must. by necessity, be linked to what is sensi-
ble for appropriate care. In general, patients with more health problems will have
more visits and more data. EHRs can facilitate and improve the likelihood that a
patient is seen when appropriate {for example, via automated visit reminder let-
ters). But the notion of completeness itself raises numerous questions. Are there
minimal data needs (for example, height, repeated measures of weight, blood pres-
sure, or lipids) for any retrospective analysis? Does the optimal schedule for col-
lecting data differ for each clinical measure? What design, analyric, and inference
challenges are created when the amount of data is related to a patient's health sta-
tus? These and other questions will pose challenges, as previously noted, to align-
ing the interests of stakeholders regarding the data to be routinely collected dur-
ing encounters. In particular, the data needs of researchers, practitioners, and
those who manage quality of care will create tensions that can best be balanced
through protocols that both improve the completeness and standardization of
data captured and reduce the cost of obtaining such dara. Such technical soluticns
already exist in a number of arcas and are used with increasing frequency at
Geisinger. For example, we have begun to develop workflow and data capture
models for patient-completed questionnaires. Computerized order entry of pre-
scriptions, tests, and procedures that require selection from a menu of predefined
options can be set to require that one or more diagnostic codes be selected, indi-
cating the intention behind the order. When used properly, predefined order sets,
structured notes with defaults, and consultation templates standardize the content
and organization of data input and can even enable structured, codified data cap-
ture. Even these rudimentary EHR protocols have the potential to contribute mean-
ingful evidence that will complement knowledge gained from randomized trials.

Within the bounds of these limitations, retrospective analyses of EHR data of-
fer enormous potential value and will inevitably advance methods relevant to
causal inference. It is likely that a body of seience (for example, validation studies
of established previous findings and knowledge of the potential influence of dif-
ferent confounders) will emerge to focus on just this issue as it has in other areas
and will give way to standards of practice relevant to the interpretation of EHR-
based evidence. Specific methods will ultimately need to be developed linking the
types of questions to the analytic methods most suitable to answer them '

B Translation of heatth services models to practice. The products of research
on a new health services protocol rarely get widely translated into practice. Inherent
constraints to traditional practce settings limit both the usability and the complex-
ity of protocols that can be tested and the sustainability, exportability, and
scalability of proven solutions. The FHR-based practice offers a paradigm shift for
how research moves beyond these traditional constraints. We specifically consider
the use of patient-completed questionnaires to exemplify differences in the method
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and impact of research.

Questionnaires have been developed to facilitate diagnosis, improve patient-
physician communication, standardize patient-reported outcomes, and possibly
save time.” Many excellent questionnaires are used in research; few are actually
used in practice. Simple protocols {for example, patients complering a self-scoring
questionnaire) do not do enough to influence ourcomes in a multistep care pro-
cess, Cgmplpy idealized nrotocols might influence outcomes but are costlv to de-

€5, 10 €C pEolocols mught intiiehice cutcomes out are Costiy to e

ploy and not logistically feasible outside of a research framework. The failure to
make effective use of questionnaires speaks to practical limits in a paper-based
environment and how this rempers what is sensible to imagine.

Several years ago we began to examine how questionnaires could be used, spe-
cifically focusing on our Pediatric Neurodevelopmental Clinic, for the diagnosis
and management of disorders such as autism and language delay. In this project,
parents completed a seven-page questionnaire before the encounter, with a spe-
cific focus on rudimentary questions—which did not require a physician—on
eight domains of behavior. Questionnaire data were digitized and imported to
EHR templates. The challenge was in designing a process that would allow the
physician to rapidly interpret parent-reported data during a clinical encounter
and build on these data with standardized structured and semistructured probes,
Finally, access to structured patient and physician data was used to generate
highly tailored after-visit summaries, including educational material. It is impos-
sible to develop a workable model like this in a paper-based world.

Although the model we created was narrowly focused, the lessons learned are
generalizable to clinical settings where behavioral or symptom-based conditions
are commonplace. Questionnaires are mote valuable in an EHR environment than
they can ever be in a paper-based environment. Some values (such as access to
structured data from patient) are common to both environments; however, most
are unique to an EHR environment (efficiency, seamless use of data and links to
structured probes, macking outcomes over time, and tailored patient education).
The EHR provides the means to make effective use of questionnaire data ir creat-
ing a pracrical workflow model (that is, meaningful display of data and higher-
level probing), solving a fundamental barrier in paper-based clinics. The question-
naire is part of and motivates thinking about a sustainable systems-based ap-
proach to new health services models—ingredients that are essential to
exportability and scalability of new solutions.

W Declision support; CPGs in real ime and more. To facilicate access to clini-
cal knowledge, efforts have been under way over the past decade to codify what we
know through the develapment of clinical practice guidelines (CPGs). This activity
is essential to but insufficient for rranslating knowledge into practice. Sophisticated
clinical decision-support technology in combination with EHRs will be required to
make effective use of CPGs.

CPGs, based on explicit methods for summatizing established evidence with
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“Patient data themselves will become a critical practice asset,
motivating the need to generate high-quality, complete data.”

expert clinical consensus, have expanded at an accelerating rate.® Today there are
1,970 active CPGs listed in the U.S. National Guideline Clearinghouse.® This codi-
fication of knowledge is essential to incressing its usefulness. However, CPGs rep-
resent only one step in a complex process to translate knowledge into practice.
For 2 number of reasons, CPGs have had only a madest impact on care. First,
relatively primitive means such as publication and education are used to promul-
gate them, Second, clinicians do not have the time to begin to learn even a fraction
of them. Third, CPGs rarely attempt to describe how to operationalize the recom-
mended tasks (that is, CPGs represent knowledge but not accountable, manage-

ahle warly flaue) Fuen if comnlate relovant merfart ard radified Laaudadas e,
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isted today, there is no effective means of accessing such knowledge in real time
even with existing FHRs. What we are lacking is a decision-support capability
that can assimilate detailed relevant information about the patient, evaluate such
data in real time against existing knowledge, and then yield recommendations
that the physician can act upon.

We recently completed 2 pilot project to determine how such a process could
be created with a specific focus on cardiovascular risk management in primary
care. The process itself led to specific protocals for ordering measures to fully de-
termine a patient’s cardiovascular risk, including questionnaire data on behavioral
risk factors. A decision-support rules “engine,” external to the EHR, was used to
extract patient datain real time, evaluate the data in relation to rules, and generate
and return a recommended order. This project demonstrated that it is technically
possible to ereate a real-time decision-support workflow that translates CPGs
into practice. It also revealed a conceptual and practical challenge: Translation of
all CPGs into practice will result in 100 much care. CPGs often do not recognize
the confounding aspects and logistic complexities of comorbid conditions. For ex-
ample, the blind application of all relevant CPGs to a typical hypotherical elderly
patient would lead to twelve prescribed medications, costs of $400 per month,
and numerous potential side effects.? Codified knowledge does not exist that can
guide decision priorities among diverse sets of CPGs.

B Determining optimal management protocol: clinically ranked data. Fi-
nally, we expect advances in the use of retrospective data analysis to influence clini-
cal decision support. The real-time use of longitudinal EHR data to guide clinical
deciston making will be a logical extension of retrospective data analysis but will
represent a conceptual leap—well beyond traditional notions of evidence and
decision support. In this framework, patient data themselves will become a critical
practice asset, motivating the need to generate high-quality, complete data. For ex-
ample, consider the needs of a patient with hypertension, diabetes, and arrial fibril-
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fation. Different classes of antihypertensive medication might be recommended if
each discase were clinically considered in isolation: thiazide for hypertension, an-
giotensin-receptor blocker (ARB) for diabetes, and a beta-blocker for atzial fibrilla-
tion. Traditional efficacy evidence cannot provide explicit guidance on a decision
thar seeks to simuleaneously optimize the relative benefits of each medication, along
with ease of the regimen, formulary coverage, interactions with other medications,
impottance of side effects, and patient frailty® A logical extension of retraspective
analysis of FHR data will be the real-time, rapid processing of longitudinal, popula-
ton-based EHR data to determine the optimal management protocol given a pa-
tients overall profile and individual preferences. In the example above, the EHR
might simplify decision making by presenting data in clinically relevant rankings,
taking into account known factors from earlier experience with the patient and oth-
ers similar patients. For example, a patient’s strong preference for generic medica-
tions and lower copayments (even at the expense of more frequent dosing) might
lead the EHR's ranking of medications to list twice-daily generic medications over
once-daily brand-name medjcations.

W Randomizing decision uncertainty; randomized database studies. The in-
ferential gap in medicine will continue o be an everyday occurrence where the
needs and questions asked are always changing and evolving, An everyday solution
will be required to meet the perpetually growing demand for new knowledge in
medicine. One solution might be to use the power of the EHR to randomize clinical
decisions in the face of uncertainty and to evaluate the outcomes accordingly. ¥

In the patient scenario described above, there will inevitably and frequently be
true clinical equipoise between two or more potential decisions. In such a situa-
tion, 2 real-time protocol might be embedded within the system to randomly pri-
oritize one decision pathway or another. Over time, the knowledge created by
such mini-RCTs could shed light on many guestions that could not be addressed
by traditional randomized trials or observational studies.

Concluding Comments

In this paper we have characterized a notion labeled the “inferential gap” and
considered the future role of the EHR in closing this gap. In part, the gap is the
product of knowledge being created at a faster rate than we can use it, and, impor-
tantly, clinical questions growing at a faster rate than can be answered through
traditional research methods. We recognize that numerous challenges exist in the
widespread application and effective use of EHRs. We expect that these chal-
lenges will be minimized as the technology, the data, and their application in prac-
tice evolve. From our own recent experience, it {s clear that an EHR-based prac-
tice environment engenders an unavoidable shift in thinking about clinical
evidence and how ro create and use it and, importantly, a loss of distinction be-
tween clinical practice, quality management, and the creation of knowledge.
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Informatlon Technology And The Inferential Gap

Only by using new tools can we greatly expand the scientific basis of

everyday clinical medicine.

by Jonathan B, Perlin and Joel Kupersmith

ABSTRACT: In medical practice, an “inferential gap” exists in two contexts: the nonappli-
cation of relevant existing evidence, and the absence of evidence germane ta a particular
clinical shuation. Randomized controlied trials are the current gold standard of evidence
development; however, they suffer limits of generalization to the *real warid.” Conversely,
observational studies might be more generalizable but are prone to bias, data inconsis-
tency, and measurement error. The electronic heaith record offers hope for supporting the
real-time presentation of information rejevant to a clinical situation and serves as a plat-
form for the conduct of large observational studies and novel quasi-experimental research,
[Health Affairs 26, no, 2 {2007} wi182-w194 (published online 26 January 2007;

10.1377/hithaff.26.2.w192)]

N THIS AGE OF SCIENCE it is perhaps

surprising how often clinical decisions are

made absent the application of existing
knowledge and how ofren clinical judgment
ot intuition is required when no knowledge
exists, Walter Stewart and colleagues exam-
ine an “inferential gap” that exists in two con-
texts: the nonapplication of relevant existing
evidence and the absence of evidence ger
mane 1o a particular clinical sitvation!

M Different types of bials, As to the evi-
dence base for clinical practice, the explana-
tory randomized controlled trial (RCT) is the
fundamental methodology. However, the limi-
tations of RCTs—in particular, those relazed
to cheir limited environment (carefully sc-
lected patients and physicians)—are well
known. RCTs are basically designed to deter-
mine whether a new treatment can work. They
might have limited gencralizability of results
to the average practice setting and insufficient

data for many circumstances, especially when
there is clinical complexity.

Broadsning of explanatory RCTs could be
achieved in part by the inclusion of health care
urilization and cost daza and (at thnes fauley)
subgroup analysis. Tn addition. by grouping
studies and, it is hoped, achieving broad-
spectrum populations, the technique of mera-
analysis could make the RCT more gencral-
izable as well as giving it greater weight of
numbers. However, cach RCT in meta-analysis
might be similarly narrow, with the sum still
not sufficiently representing a broad popula:
tion,

Practical controlled trials (PCTs) compare
cffectiveness of treatments with somewhae
different methndology than explanatory
RCTs, in more representative and routine
practice settings and populacions, and they
aim at clintcally relevant dilemmas.* They have
more generalizable results and are closer to
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capeuring care in the various sertings in which
it is ordinarily given. However, they share
some challenges with RCTs such as time peri-
ods too short for some illnesses, difficulties
with nonquantifiable data, and possible obso-
lescence during the study period.

Apart from methodological concerns, both
RCTs and PCTs can be costly. To greatly nar-
row the inferential gap by answering many
clinical guestions or comparing therapies
would be nearly impossible with available re-
sourees.

A variety of methodologies have been pro-
mulpated to make trials either more efficient
or more generalizable while actempeing not w
sacrifice rigor. These include adaptive designs
(decision-based, risk-based) using Bayesian
techniques and elaborations such as clinician
choice {randomization to a circumscribed se-
lection of choices by clinicians), equipoise-
stratified design, and cross-design synthesis.*
Notably, although much methodolegical effort
has been applied to the evidence base of evalu-
ating treatments, tuch less has been applied
to that of making diagnoses.

B Obsarvational studies. At whar might
be cansidered the cther end of the scientfic
spectrum to RCTs are ohservational studics.
These have generally been considered less sci-
cnrifically rigorons depending on the specific
approach and the specific observer. As Stew-
art and colleagues correctly identify, observa-
tional studies are beset by issues related ro
bias. measurement ctror, complereness of data,
and so on. However, they have certain advan-
tages over RCTs. They are “naturalistic” ex-
periments in routine clinical sertings rather
than in sertings that have been artificially ere-
ated and are subject ra distortion’ When
available electronic health record (EHR) data-
hases are used, observational studies are much
more economical than entering patients in a
rrial; they do not depend on a future timeline,
thus eliminating the issue of obsolescence, and
if they comprise 2 spectrum of the population,
the data are generalizable.

There arc many sources of amhiguiry in
clinical practice, and the information tools
available to clinicians—pen and paper 83 per-

cent of the time, accarding to a recent study by
David Blumenthal—provide little help in asso-
ciating relevant evidence from the literature
with clinical practice 8 The relative absence of
EHRs; standard definitions of electronic dara
elements; interoperability among EHR sys-
tems; and systematic organization of data into
large, relational data sets make the systemaric
creation of new knowledge as a natural by-
product of patient care difficulr.

Some examples of amalytic capability for
larpe observational studies are emerging in
health systems, such as the Geisinger enviren-
ment that Stewart and colleagues describe or
the U.S. Vererans Health Administration
(VHA}, where the health data of more than 5.3
million active patients are potentially available
for retrospective analysis. As Stewart and col-
leagues note, the tise of such data is potentially
restricted by legal, ethical, regulatory, and cul-
tural barriers as well as the described biases.
Nevertheless, provisions in these environ-
ments do allow aggregated, retrospective anal-
ysis, and insights into medical care and health
services delivery can be stunning, For exam-
ple, using the EHR data to trend blood pres-
sures at a VHA hospital for quality improve-
ment purposes identified a novel finding of
seasonal variation in blood pressure control
among more than 10,000 hypertensive pa-
tients.”

H Other consldaratfona. It is not surpris-
ing to learn chat large data sets generated by
EHRs would be useful for retrospective stud-
ies. Stewart and colleagues describe the vari-
ety of challenges presented by the inconsis-
tency of clinical context and definitions that
might introduce bias and uncertainty into in-
terpretation. The navel prospect of EHRs in
generating a real-time random choice among
trearment alternatives under considerationisa
tantalizing application for advancing the ra-
pidity of the conduct of RCTs.

There is growing discussion of novel appli-
cations that combine the best features of cb-
servational studies and RCTs. Merhodological
strategies involving cluster randomization of
groups of patients under one or another rubric
within the basic principle of equipoise (uncer-
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tainty as to equivalent effectiveness between
groups decipherable with adequate evidence)
have been advocated for this purpose. For ex-
ample, might algorithims be applied for retro-
spective randomization to create a retrospec-
tive pseudo-randomized triz? And might the
results of such a study be “served” to a clini-
cian choosing between therapeutic alterna-
tives in the real-time context of patient care?
Might there also be real-time guidance that
supports the probabilistic reasoning necessary
to surmise how close the actual petient is
the “patterned patient compasite™ How will
this learning and analyrical engine support the
cliniciarts and patient’s risk tolerance, under-
standing that a “weak” inference might be
hopeful in a critical situation, yet dangerous it
routine care?

B Bringing health care up to spead.
Health care is behind other industries in
knowledge generation from complex data in-
puts. The annoying Internet “spyware” phe-
nomenon persists because very accurate de-
mographic data can be inferred and applied for
direceed marketing, Someday, inferential en-
gines might support more real-time delivery of
evidence-based health services. As machine
learning evolves, the clinician's and re-
searcher’s work could change from mining a
data set with a hyporhesis to evaluating the bi-
ological plausibility and the clinical relevance
of 2 hypothesis that the computer generates.

Finally, we are in a state of flux as tothe ex-
pansion of the base of scientific medicine. Al-
though understandably cautious in rushing to-
ward acceptance of new methodology, the
clinical, scientific, and regulatory communi-
ties are working on these issues. There is a
need for applicability of research results to a
broader spectra of patients, including rhose
with comorbidities and long-term illnesses,
and the ability to address less easily quantifi-
able situatons and study such things as care
models—particularly models providing
greater research efficiency.

ANY OBSTACLES EXIST between
M the creation of these incidental data

and making them relevant to prac-
tice. However, it is clear that the ancient tools
of paper-based health care delivery are a fun-
damental barrier to closing the inferential
gap by supporting both access to relevant evi-
dence and the generation of new evidence.
Only by using the new tools can we greatly
expand the scientific basis of everyday clini-
cal medicine.

The views presented in this paper are those of the
authors and do not necessarily represent the views of

the Department of Veterans Affairs.
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