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ABSTRACT

Health information exchange (HIE) — the electronic exchange of health
information among healthcare institutions — has been projected to hold
enormous promise as an antidote to the fragmented healthcare delivery system
in the United States. After decades of mostly failed attempts, we still do not
know how to make HIE work. This thesis is the beginning of a systematic
understanding of HIE, focusing on the clinical users and the context in which the
users and the technology interact. It uses a systems approach to understand HIE
from the perspectives of the core stakeholders including healthcare providers,
patients, health IT vendor companies, public policy, and the HIE organizations
that supply data exchange services. The core contributions of the thesis are
contained in four studies.

Values of healthcare providers as stakeholders in HIE. In a study of three
communities, healthcare provider organizations were found to expect regional
HIE organizations to bring them benefits from the ability to measure care quality.
However, one relatively larger community placed greater value on the strategic
interests of its individual provider institutions, whereas two smaller communities
valued the interests of the communities as a whole.

Factors that affect clinicians’ usage of HIE. In a study of clinician-users of
an operational HIE, usage factors were categorized as motivators and
moderators. Motivators for individual clinicians’ usage of HIE included improving
care quality and time savings. Moderators were numerous and included gaps in
data, workflow complexity and usability issues. Several policy options and
implications are discussed including: requiring HIE organizations to report
metrics of HIE contributions and accesses; certifying HIE vendor companies to
provide standardized usage metrics; and creating incentives for clinicians as well



as HIE organizations and regional health IT extension centers to meet HIE usage
targets.

Analysis of opportunities to use HIE. In one community, 51% of visits
involved “care transitions” among individual providers, and 36-41% involved care
transitions between medical groups. The percentage of a provider’s visits which
involved care transitions varied considerably by clinical specialty and even within
specialties. Within primary care, individual clinicians’ “transition percentages”
varied from 32% to 95%. This study discusses how policies designed to foster
HIE usage should take this variation into account.

Analysis of mergers and provider recruitment on HIE value. In a
simulation study of patient visit patterns in 10 communities, the results suggest
that even after substantial consolidation of medical groups, an HIE would still
have considerable value as measured by the number of opportunities for data
exchange. However, in each community a small number of medical groups were
key: if absent from a community HIE, these groups would reduce the value by
50%. Conversely, if they were the only groups participating, the HIE’s value
would only achieve 10-20% of its value with all groups participating.

The results of these studies suggest that HIE will be needed even in the
event of the expected large-scale consolidation of healthcare providers. However,
efforts will be needed to recruit medical groups to join HIE organizations, to
improve HIE technology, and to train clinicians to integrate HIE into their
workflows.
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Chapter 1 Introduction

1.1 The landscape of health information exchange (HIE)

1.1.1 The need for HIE

In the United States, 125 million people live with chronic medical
conditions. [1] Most of them receive care from multiple healthcare providers.
Between 2000 and 2002, the typical Medicare beneficiary saw a median of seven
different physicians, in four different offices, each year, and those with chronic
conditions saw up to 16 physicians per year. [2] Within individual episodes of
care for many common clinical conditions, multiple physicians are often involved.
For example, a median of 8 physicians were involved in episodes of acute
myocardial infarction for Medicare patients. [3] For patients such as these who
are treated by multiple care-givers, coordination of care among providers is a
necessity. Without care coordination, patients may receive inappropriate or
harmful treatments and incur unnecessary costs of redundant diagnostic testing.
[4] [5]

Unfortunately, failures in care coordination are common. [6] Primary care
clinicians have reported that in more than 13% of patient visits there is missing
clinical information. [7] A study of referrals found that 28% of primary care
physicians and 49% of specialists were dissatisfied with the quality of
information they received from each other. [4] A study of emergency room
patients found that information about medical history and laboratory results were
absent in almost 33% of adult visits. [8] Another group of investigators asked
physicians if information from specific previous visits was available at the time of
a visit and they found that information was available for only 22% of previous
visits. [9]

For decades, healthcare researchers have recognized that coordination of
care could be improved and wasteful costs could be reduced or eliminated
through the use of information technology. [10] [11] [12] [13] [14] [15] In
several reports, the Institute of Medicine has recommended that the electronic
health records (EHR) of physicians should be connected together so that clinical
data is shared electronically across clinical settings. This provider-provider data
exchange is a significant component of what is known today as health
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information exchange (HIE).” [11] [12] [16] HIE has been defined as “the
sharing of clinical and administrative data across the boundaries of health care
institutions, health data repositories, and States.” [16] One study estimated the
national cost savings for HIE at $77.8 billion per year, of which $13.2 billion
comes from provider-provider data exchange. [14] [17]

Researchers have suggested ways to implement HIE, and a raft of HIE-
related organizations and products have been launched. Most of the
organizations are community-based attempts to integrate information sources
from several independent provider organizations or other regional data sources
such as laboratories and pharmacies.[18] [19] Researchers have described
architectural strategies for these organizations along a continuum of varying
degrees of integration, ranging from a completely centralized system to a
federated design in which each medical practice retains control of the data it
generates. [20] Other potential methods for HIE include interoperable personal
health records (PHR) which would allow patients to collect and control access to
their medical information. [21] [22] [23] [24] Several products have been
created which aspire to serve as interoperable PHRs. [25] [26] [27]

1.1.2 The current state of HIE

Despite considerable promise, decades of research, and hundreds of pilot
projects, HIE has had many failures and it is unclear if any are unalloyed
successes.[28] [29] [30] [31] Of more than one hundred HIE organizations in
the United States today, few have demonstrated financial sustainability and even
fewer have capabilities to exchange a wide range of data and include a large
population of patients. [19] Many are no longer in existence. [31] Efforts to
create similar organizations in the 1990s, known as Community Health
Information Networks (CHINSs), have largely failed.[29] Current products aspiring
to be interoperable PHRs have integrated with only a few provider organizations’
EHRs and data on their adoption and usage are sparse.

Researchers have tried to understand the reasons for the slow pace of
HIE diffusion. Many believe issues with technical standards inhibit HIE. [32] [33]
[34] Another reason may be that only 13 percent of U.S. ambulatory physicians

* This thesis uses the term HIE as a verb (the activity of exchange health information) and a noun (the
organizations that facilitate exchanging health information).
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use an EHR, without which participation in an HIE is possible only on a limited
basis. [35] Small practices are even less likely to have EHRs and, because most
providers in the U.S. work in small practices, their participation is important for
HIE to succeed on a large scale. [36] Even small practices that do use EHRs have
likely not joined or even plan to join HIEs, according to one study. [37]

Other reasons may include perverse incentives and market failures in the
healthcare sector, most notably the fee-for-service payment system which does
not pay providers for coordinating their patients’ care or offset the considerable
financial and workflow costs of installing an EHR. [34] Alternative payment
systems, however, are problematic without rigorous measurements of healthcare
quality. Unfortunately, established measures of healthcare quality address only a
relatively small part of all healthcare services and experts believe that, for
example, the 26 existing measures of quality developed by the Ambulatory care
Quality Alliance (AQA) “may only be impacted modestly by HIE, and the major
effects of HIE may fall outside of the AQA measures.” [38] One study points out
that “no single metric set exists for measuring the effects of EHRs and health
information exchange on quality of care.” [39] Established quality measures are
also limited because they largely rely on administrative data, which lack
important clinical information, and medical charts reviews, which cannot be done
reliably and efficiently unless the medical data is maintained in standardized
electronic form. This situation had led researchers to postulate that health IT is
stuck in a chicken-and-egg dilemma: “[health] IT adoption is retarded by the
market failure of inability to measure quality. But, to measure quality better,
[health] IT must be adopted.” [15]

Studies of nascent and defunct HIEs reveal additional barriers.
Competition among providers for patients may create disincentives for data
sharing. [29] [40] One study found that physicians and hospitals “feared losing
competitive advantage by relinquishing control of ‘their’ data.” [41] Technical
issues, stakeholder politics, liability concerns regarding confidentiality, and moral
hazards created by excess grant funding are thought to have contributed to the
delays and demise of one prominent HIE.[31] The earlier CHIN movement is
thought to have failed because of poorly conceived objectives, conflicting
missions, lack of trust among stakeholders, lack of clear ownership over data
systems and information, unclear financing, and the conflicting technical needs
of a centralized data repository with privacy concerns.[42] While HIEs have
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struggled to overcome these obstacles, other piecemeal forms of communication
between providers, such as hospital-physician portals, have proliferated, possibly
undermining providers’ motivation to adopt the more comprehensive — but also
more expensive — information services offered by HIEs. [31] [43]

Regardless of the reasons for this slow uptake, it is clear that the current
state of HIE — and health IT in general — falls far short of its potential.
Fortunately, healthcare leaders have taken notice of this shortfall.

1.1.3 The policy response

Policymakers in both major U.S. political parties have recognized the
importance of expanding EHRs and HIE. In 2005 Newt Gingrich supported a bill
introduced by Hillary Clinton that promoted federal grants to regional efforts that
support HIE, reflecting clear bipartisan agreement. [44] When President Obama
assumed office, he continued support of the Office of the National Coordinator
for Health IT (ONC), an office within the Department of Health and Human
Services (DHHS) that was created under former President George W. Bush in
2004. For its first few years ONC began harmonizing technical standards,
creating a framework for a national health information network, establishing
privacy and security policies, and certifying vendors’ EHR products based on their
functional capabilities.

Then, in what is perhaps the most significant policy breakthrough in the
history of health IT, the American Recovery and Reinvestment Act (ARRA) of
2009 designated approximately $27 billion in incentive payments for clinicians to
adopt EHRs and HIE and additional funding to establish regional health IT
extension centers. [45] The incentive payments will be made to healthcare
providers who demonstrate “meaningful use” of health information technologies.
The extension centers will support clinicians as they adopt the health IT systems
to qualify for the meaningful use payments. The legislation specifies that the
criteria used to measure meaningful use are decided by a federal policy
committee. The payments will be made in three stages in years 2011 (stage 1),
2013 (stage 2) and 2015 (stage 3) and the criteria will expand with each stage.
ARRA specifies that physicians who still do not meet the meaningful-use criteria
after the payment period expires will find their Medicare reimbursements begin
to decline, adding teeth to the incentives.
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Policymakers have recently finalized the stage 1 criteria [46] [47] The
proposed goals of stage 1 include “electronically capturing health information in
a coded format; using that information to track key clinical conditions and
communicating that information for care coordination purposes (whether that
information is structured or unstructured, but in structured format whenever
feasible).” [48] Specific measures for stage 1 require eligible providers to
“perform at least one test of their EHRs capacity to electronically exchange
information.” Several other stage 1 measures, such as those requiring that a
“summary of care record is provided for more than 50% of patient transitions or
referrals” and “more than 10% of patients are provided electronic access to
information within 4 days of its being updated in the EHR,” may also nurture the
growth of HIEs or interoperable PHRs. Policymakers have also issued guidelines
for stages 2 and 3 which indicate stronger HIE requirements. Stage 2 will require
“the exchange of information in the most structured format possible” and stage 3
will focus on “access to comprehensive patient data.”

As part of the meaningful use criteria, policymakers are considering
requiring the use of standard protocols that allow secure point-to-point
communication between clinicians. ONC is sponsoring the development of these
protocols in a project called the Nationwide Health Information Network Direct
(recently renamed the “Direct Project™). [49] [50] These protocols, however,
would provide only a limited form of HIE and, if included, would likely be only
one component of the HIE-related meaningful use criteria. More advanced forms
of HIE, that involve creating aggregate patients records — longitudinal records of
patients’ health information aggregated from multiple clinical sources — will
probably be required also.

The ARRA meaningful use payments are different from previous attempts
to promote health IT. While other projects have funded health IT for providers in
specific locations, ARRA’s direct incentives apply to most providers in the country,
dwarfing the scope of even the largest previous initiatives which were mostly at
the state or regional level. [19] [51] Also, whereas prior projects issued grants to
providers for the purchase of health IT systems or expected the providers to pay
the bulk of the costs themselves, ARRA has introduced the concept of
“meaningful use” of these systems as a condition for receiving payment. These
aspects of the ARRA payments may help to motivate enough providers to adopt
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EHRs and HIE so that the chicken-and-egg dilemma and other barriers to health
IT adoption are finally overcome.

In March of 2010, the landscape for HIE was altered once again with the
passage of the Patient Protection and Affordable Care Act (PPACA). While much
of this legislation does not directly bear upon HIE, some of the reform programs
it will initiate may result in fundamental changes to the incentive environment of
healthcare providers, which may increase their motivation to adopt and use HIE.
Conversely, HIE may enable some of these reforms to succeed, by allowing more
efficient information gathering and improvements in healthcare quality
measurement. (See chapter 6.) These large-scale policy movements may finally
make HIE a reality after decades of stalled progress. However, important
decisions regarding the criteria for receiving meaningful use payments and the
scope and responsibilities of HIE organizations have not yet been made,
decisions which will likely prove pivotal to HIE success.

1.2 Evaluating HIE

Even before ARRA was enacted, researchers had taken a strong interest in
evaluating HIE projects. [38] Rigorous evaluation of HIE is important because it
enables HIE organizations to demonstrate value to their stakeholders and allows
policymakers and researchers to compare projects and generalize across regions.
[52] With the enactment of ARRA, HIE evaluation takes on even more
importance by potentially informing stages 2 and 3 of the meaningful use criteria
and other public policies that might shape the priorities of HIE organizations and
the new health IT extension centers. With the enactment of Patient Protection
and Affordable Care Act of 2010, HIE evaluations may also have implications for
the new projects called for in that legislation which will likely depend on HIE,
such as accountable care organizations and patient-centered medical homes. [53]
[54]

One metric that can be used for evaluating an HIE is the degree to which
its business model is sustainable and does not rely upon external grants or
donations. [55] The rationale behind this metric is that if stakeholders are willing
to pay for an HIE’s services, those services must be creating value for the
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stakeholders. This would only be true if the HIE services are not bundled with
other non-HIE services and if the providers were paying the fees voluntarily, not
because of a regulatory or external incentive requirement. Surveys show that
almost all HIEs relied on grants initially, and most still do, but a few have
achieved sustainability. [18] [19] A survey of physicians in Massachusetts found
that while most expected that HIE would reduce costs, improve quality, and save
them time, only 54% said they would pay an unspecified monthly fee for the
service and only 37% were willing to pay $150 per month for HIE, which may be
the approximate fee that HIEs will charge. [56] Because relatively few of these
physicians had experience using an HIE, many may change their attitudes once
HIE becomes available in their communities. Therefore, it is not clear if most
HIEs will ever be able to achieve financial sustainability and other measures of
value will likely be needed.

Even if most HIEs could reach sustainability, a sustainable business model
is not a sufficient condition for considering an HIE as a success. Many of the
HIEs that are financially sustainability are based on the delivery of laboratory
results rather than the provider-provider data exchanges that will help improve
care coordination but also require higher costs to design, install, and operate.[19]
Therefore, further evaluation will be needed even for HIEs that are financially
sustainable.

Some researchers have argued that a sustainable business model is not
even necessary for HIE success, and that HIEs should operate as public utilities.
[28] [57] Anticipated secondary benefits from HIE, such as disease surveillance
and quality reporting, support this argument. [58] However, a public utility
model may run the risk of the HIE users having no “skin in the game.” If the
clinician-users are not voluntarily paying for unbundled HIE services, further
evaluation becomes even more important to demonstrate value. This point is
important for policymakers to consider when deciding the remaining criteria for
the meaningful use payments. Setting the criteria so that providers are merely
required to join an HIE and pay the fee will not be enough to ensure that HIEs
create value.

One way to improve the prospects for HIEs to create value and achieve
sustainability is by better understanding the “needs, expectations and
motivations of the many different stakeholders.” [59] This kind of understanding
may allow HIEs and policymakers to take into account stakeholder values that
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had not been previously understood. However, few such investigations have
been done. Experts have suggested using qualitative methods for these kinds of
evaluations so that important contextual factors are considered.

An important part of HIE evaluation is demonstrating its clinical and
financial benefits. Several studies have attempted this kind of evaluation, but few
have succeeded in demonstrating the magnitude of benefits that researchers
expect HIE to provide. [38] [52] One pilot randomized controlled trial of data
sharing in regional emergency departments (ED) found a savings of $26 per
encounter in one site, but the study did not find any savings in a second site and
could not prove that HIE had an effect on clinical quality measures. [60] The
implications of this study may be limited, however, because the data sharing was
done primarily through paper, electronic usage was found to be minimal, and the
clinical data originated from only one institution. Another study evaluating an
electronic link between EDs and family physicians did not find that the
intervention resulted in a reduction in resource utilization. [61] A third study
analyzed the HIE accesses of clinicians who treated a cohort of uninsured
patients and hypothesized that HIE usage would result in decreased volumes of
ED visits by those patients. That study failed to prove its hypothesis. [62]
Because the clinical and financial benefits of HIE have not yet been convincingly
demonstrated, models estimating HIE value have relied on expert opinion and
excluded significant sources of potential value. [14]

It is important for researchers to continue to search for ways to
demonstrate the benefits of HIE. However, several prominent experts have
suggested that not all evaluations need to be done on every project and “a
rigorous evaluation of the quality impact of an HIE intervention may only need to
be done three times if the results are consistent.” [38] These experts point out
that studies of quality improvements and health outcomes are the most difficult
and require a large controlled trial. They suggest that after these studies have
been done, “confirmation that process variables are improving may serve as
sufficient evidence that the HIE project is clinically successful.”

One such process variable is usage. [38] [55] A study of decision support
systems (not related to HIE) demonstrated that voluntary usage of information
technologies has been correlated with improvements in organizational
performance. [63] That study concludes that “the ability to capture and model
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the actual usage of technology may be key in assessing the relationship between
implementing information technologies and benefits or payoffs results from
them.” Measurements of HIE usage might therefore prove to be reasonable
approximations of an HIE’s value, even absent rigorous evidence of clinical and
financial benefits.

A few studies have reported measurements related to HIE usage. A 2003
study of visits to ED in Indianapolis found that 7.6% of ED patients visit more
than one of the five hospital systems, and those patients account for 19% of the
total visits, which may be an estimate of the portion of potential data exchanges
between those EDs. [64] A 2004 study of electronic data interchange usage in
Beijing’s hospitals reported usage values, but these data included non-clinical
document exchanges and therefore are difficult to interpret in terms of HIE. [65]
A 2008 symposium article about the MidSouth eHealth Alliance, an HIE in
Tennessee, looked at HIE use in five EDs and reported that the HIE was
accessed in approximately 3% of all visits and 10% of visits in which recent data
from another site was available. [66] A 2009 study of an HIE in Texas that was
limited to uninsured patients in specific clinics, and a subset of medical
information, reported that more than 56% of individuals had information
accessed in the HIE. [62] However, that study did not report counts of HIE
accesses or patient visits. A 2010 paper reviewed the academic literature on HIE
usage and related concepts for implications on the ARRA meaningful use
payments. [67] Another recent study, in December 2010, found that of adult
who visited acute care facilities in Massachusetts within a five year study period
31% of patients visited 2 or more hospitals during that period accounting for
56.5% of all acute care visits, and 1% of those patients visited 5 or more
hospitals.[68] None of these studies show how measurements of HIE usage can
be used in the design and operation of an HIE organization or to guide public
policy to promote or evaluate HIE projects.

1.3 Thesis goals and outline
This thesis provides a deeper understanding of HIE by evaluating

geographical communities in which HIEs have been planned and one in which an
HIE is operational. Using qualitative methods, it uncovers clinicians’ values
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related to HIE. Using quantitative methods, it shows how metrics related to HIE
usage can be used to create incentives for increasing HIE usage and can assess
the value and robustness of HIE projects. Policymakers and HIE organizations
can use the results of this research to help build and manage HIEs so that they
realize their potential to improve the quality and efficiency of healthcare.

In particular, this thesis asks four questions:

Question 1: What are the values of healthcare provider organizations as
stakeholders in HIE?

Question 2: What factors affect clinicians’ usage of health information
exchange?

Question 3: What is the potential value of HIE as measured by “care
transitions?”

Question 4: How do mergers and variation of provider participation affect
an HIE's potential value?

The Chapter 2 addresses the first question by introducing several HIE
demonstration pilots and identifying some of the needs, expectations and
motivations of the participating healthcare providers related to HIE. We use
gualitative methods to discover these values by probing the reasons for the
providers’ choice of technical architecture in their community HIEs. Our findings
suggest that providers’ motivations and expectations for HIE may depend on the
size of the community and the organizational structure of its providers; larger
communities with many provider organizations may find more difficulty acting in
the strategic interest of the community as a whole when implementing HIE.

Chapter 3 addresses the second question by shifting focus from decisions
made by the communities as a whole to the values of individual clinician-users of
HIE for one of the pilot communities. We interview 22 clinicians and HIE staff
and identify factors that affect the clinicians’ usage of the available HIE product.
We find several factors that motivate clinicians to use HIE and a long list of
factors that could moderate their usage. We then offer recommendations to
policymakers, HIE organizations and HIE vendor companies to account for these
factors. Many of our recommendations involve using measurements of HIE usage.

In chapter 4, we address the third question and propose a way to
estimate potential HIE usage based on patient care transitions and calculate
these measurements in one community that has an operational HIE. Our findings
suggest that potential usage varies considerably across different clinicians and
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clinical specialties within this community and, therefore, this variation should be
taken into account when designing and evaluating HIEs.

Chapter 5 addressed the final question by applying the same
measurements of potential usage based on care transitions that we used in
chapter 4 to simulate how changes in an HIE's composition of healthcare
provider organizations may impact the potential usage of an HIE. We investigate
compositional variation in terms of scenarios of provider participation and
scenarios of provider consolidation. Using administrative claims data from 10
geographic communities, we simulate these scenarios using actual patient visits
patterns.

Developments in HIE are happening at the same time as other substantial
changes in the healthcare system. Chapter 6 analyzes which of these many
possible changes might impact HIE and vice versa. A significant part of this
chapter is devoted to investigating the relationships between HIE and programs
created by the Patient Protection and Affordable Care Act of 2010.

Finally Chapter 7 summarizes key contributions and recommendations and
offers suggestions for future research.
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Chapter 2 Healthcare providers’ decisions and values
for HIE: experiences from three communities

2.1 Prologue

This research in this chapter was conducted in 2007 and it reflects the
current knowledge at that time. Recent policy developments, such as the
meaningful use payments, are not mentioned except in the chapter epilogue,
which discusses the implications of this research in light of current policy.

2.2 Abstract

Despite the widely held expectation that health information exchange (HIE)
will improve healthcare, few examples of sustainable HIEs exist. To learn how
HIEs are established, we examined the needs, expectations and motivations of
key HIE stakeholders in three Massachusetts communities, by probing their
decision-making processes in selecting technical architectures for HIE. All three
eventually selected a hybrid architecture, which includes a central data repository.
Our findings suggest that to support sustainability in the long term, HIE efforts
must foster trust, appeal to strategic interests, and meet stakeholder
expectations of benefits from quality measurements. *

2.3 Introduction

According to one leader in HIE, “We desperately need, efficiently and
expeditiously, to learn what works and what doesn’t.” [69] Learning “what works
and what doesn’t” in the realm of HIE is challenging not only because of the
dearth of successful models but also because knowledge of stakeholder needs,
expectations and motivations regarding HIE is severely lacking. [59] One way to

* The research in this chapter was published here: Rudin RS, Simon SR, Volk LA, Tripathi M, Bates D.
Understanding the decisions and values of stakeholders in health information exchanges: experiences from
Massachusetts. Am J Public Health. 2009
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better understand these stakeholder characteristics is to investigate qualitatively
the factors that community members considered in selecting the organization
and technical architecture of their HIE.

When the stakeholders make these decisions, their individual and
collective values emerge implicitly and explicitly. Decisions of technical
architecture can therefore be viewed, in economists’ terms, as “revealed
preferences.” The final decisions and the reasons behind them provide a
revealing window into the stakeholders’ perspective, bringing the complex
dynamics of creating an HIE into sharper focus and allowing us to infer the
factors that may help HIEs create value for their stakeholders and inform public
policies.

To gain insight, we conducted an evaluation of the Massachusetts eHealth
Collaborative (www.maehc.org), an organization overseeing the implementation
of HIE in three Massachusetts communities, each of which had representatives
choose their respective HIE technical architectures. For each of the three
communities, we investigated how the following eight factors influenced the
decision-making about the structure and technical architectural of their HIE:
security, cost, complexity of implementation, performance, ability to measure
quality of care, strategic goals, level of trust in the community, and stakeholders’
desire for independence.

2.4 Study methods
2.4.1 Overview

The Massachusetts eHealth Collaborative (“the Collaborative™) was formed
in 2004, funded by a grant from Blue Cross and Blue Shield of Massachusetts to
promote the adoption of electronic health records (EHRs) and HIE." [6] Through
a request for proposals (RFP) process, the Collaborative chose three communities
in Massachusetts in which it planned to supply every physician with an EHR and
each community with HIE capabilities so that patient health data could be
electronically transferred among independent practices. The chosen communities

* Massachusetts eHealth Collaborative website contains RFPs and other relevant documents.
www.maehc.org (10 March 2008).
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were Northern Berkshire, Greater Newburyport and Greater Brockton. The
Collaborative has covered all financial costs of the EHRs and HIE for several
years. The HIE products are currently being installed in the communities and
customized by the vendor companies chosen to implement each community’s
HIE architecture, representing the culmination of an arduous process of selecting
vendors and technical architectures that occurred mostly in the summer of 2006.
During that time, Collaborative staff and community steering committees worked
together to choose the architecture and vendor that best met each community’s
requirements.

2.4.2 Information sources

We conducted semi-structured interviews with members of the
Collaborative and with leadership from the three individual communities. We also
reviewed documentation that was used in the process of selecting vendors and
the specific HIE architectures. The interviews focused on drawing out the factors
deemed by the communities to be most critical in the selection of the overall
structure and technical architecture of the HIE. To provide context for the
decisions, we also asked about the processes employed by the decision-makers.

2.5 Results

We interviewed 14 key informants in the summer and fall of 2007,
approximately 12 months after their technical architecture decisions were made
and just prior to the completion of their HIE implementation. From these
interviews and relevant documentation, we found that three general
architectures were considered by each community. The process of selecting
between the architectures occurred over a period of several months, with the
first part of the process - establishing general guidelines and structure for the
HIE - common to all communities and driven by the Collaborative, and continuing
with each individual community making its own decisions about the specific
features of the HIE and the vendor to provide the system and services based on
its own criteria. The twin decisions of selecting a vendor and selecting a technical
architecture were found to be tightly linked and considered simultaneously by
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each community. The final decisions for selecting technical architectures involved
the consideration of many factors.

2.5.1 Technical architectures

Three general architectural alternatives were considered by the
communities: fully centralized, peer-to-peer (P2P) and hybrid. (See table 1.1)
These alternatives describe the physical storage location of clinical data and the
way data are shared among the members of the HIE network. While the
distinction between these architectures may seem relatively unimportant, the
choice actually has many implications which include the balance between privacy
and ability to measure quality, which may affect likelihood of the HIE’s success
and has important policy implications.

A fully centralized architecture stores all clinical data in one central
repository; no data are stored locally in physician offices. All clinical data stored
in the EHR would be shareable between community physicians. This architecture
is essentially a fully integrated EHR similar to what can be found in a unified
organization such as the Veterans Health Administration.

Opposite of the fully centralized architecture, the P2P approach — often
called a “federated” model - contains no centralized repository. Rather, clinical
data are stored at the physician practice that generated the data. Data
exchanges occur when a physician or other authorized healthcare provider sends
a query for a particular patient and then receives responses to the query from
any practices within the HIE network that have data on the patient. This
architecture requires physician practices to host and maintain data repositories
as well as servers that can access the repositories and respond to queries.

A hybrid architecture combines aspects of both the fully centralized and P2P
approaches. It uses a centralized repository but the repository is only a copy of a
portion of the data that are stored locally at each physician practice so that
physicians can still manage their own EHRs as they do in the P2P approach. Each
individual EHR “pushes” designated data elements of new patient data to the
centralized repository which can then be read by other community physicians.
Unlike the P2P approach, network-wide queries are unnecessary in the hybrid
approach and are replaced by direct accesses to the centralized repository from
any physician in the HIE network rendering the hybrid approach faster than P2P.
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Other architectures beyond these three options are possible but were not
seriously considered by any of the communities.”

Fully

centralized Peer-to-peer | Hybrid
Centralized repository | Yes No Yes
Patient data stored in
physician's office No Yes Yes
Servers hosted in
physician's office No Yes No
Requires querying
network of servers for
clinical data No Yes No

Table 2.1: HIE Technical Architectures

2.5.2 Selection process and final decisions

Although each community ultimately made its own decision, the
Collaborative organization guided much of the process by working with physician
councils and privacy and security councils, and by educating the community
steering committees. Engaging these stakeholder groups resulted in broad
support in the communities for the selection process and final decisions. The
Collaborative began this process of selecting a company or companies to install
and manage the HIEs by issuing an RFP and then scrutinized the potential
vendors that submitted proposals. The community of Northern Berkshire, for
reasons described in the next section, did not participate in this vendor selection
process. The RFP required a detailed description of the vendor’s technical
architecture solutions, privacy and security technology, integration and interface
approaches, cost information and a timeline for implementation.” None of the
vendors had a fully developed solution that could accommodate each of the
three different HIE technical architectures without additional development. The
choice of technical architecture, therefore, would be constrained by the chosen

* A description of technical architectures can be found at the eHealth Initiative website.
toolkit.ehealthinitiative.org/technology/principlesaddendum4.mspx (1 March 2008).

* The RFP is available at the Collaborative Website at www.maehc.org; to promote interoperability, all
EHR products supported by the Collaborative are certified by the Certification Commission for Health
Information Technology and the HIE vendor is expected to comply with technical specifications from MA-
SHARE. www.mahealthdata.org/ma-share/ (1 March 2008).
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vendor’s software development capacity. Hence, vendor and architecture
selection were tightly linked and considered simultaneously.

Respondents to the RFP included approximately 17 vendor companies
among which 10 were seriously considered on the basis of cost and technical
appropriateness of the proposals. The Collaborative Board identified a task force
of members to oversee the HIE vendor selection process. This task force decided
that the communities would not be given any cost information except estimates
of what they would have to pay after the Collaborative pilot ended. This
approach would (1) avoid biasing the communities into thinking the more
expensive products were better [70] and (2) prevent proprietary vendor cost
information from being circulated. The 10 vendor applications were presented to
a technology review committee.

The technology review committee consisted of 20 technology experts from
a wide variety of healthcare organizations, members from each pilot community
and representatives from the Collaborative staff. Making decisions based on
consensus, this committee winnowed the RFP respondents from 10 to six and
then, with broader community participation, narrowed it down further to four
finalist companies, which were invited to give presentations and demonstrations.
Each of the three communities’ experiences with the final selection process were
slightly different.

Northern Berkshire. A small community in the Berkshire Mountains of
western Massachusetts with roughly 15 physician practices, Northern Berkshire
settled on a vendor and technical architecture without extensive debate. This
community had agreed to adopt the same EHR vendor for every physician
practice in the community and it was therefore sensible to have that same
vendor provide the HIE product, obviating this community’s participation in the
RFP described above. The vendor had been selected with the assurance that it
could implement the community’s architecture of choice: the hybrid approach.

Greater Newburyport. By all accounts, Newburyport’s decision for a
technical architecture, a hybrid approach, was obvious and unanimous because
of its goal of measuring quality of care, but choosing a vendor proved more
challenging. Multiple vendors were deemed acceptable and none stood out as a
clearly superior. Factoring in not only technological capabilities and company
experience with HIE but also how well the vendor would be able to interact with
the community during the intensive installation and customization process, the
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decision was finally resolved when Brockton — the largest of the communities -
settled on a vendor which was also one of the finalists for Newburyport. Most
people in the project felt that having one vendor provide HIE for both
communities would ease or avoid implementation challenges compared with
using two different vendors.

Greater Brockton. Whereas Northern Berkshire and Newburyport settled
on their technical architecture early, Brockton - a community with a diffuse and
competitive healthcare milieu formed out of six large provider institutions and
many smaller physician offices - deliberated the architecture question extensively.
The Brockton steering committee iteratively narrowed down the vendors to two
finalists based on criteria similar to those used in Newburyport: technology
capabilities, experience in HIE, and ability to work with the community. The
winning vendor was chosen in part because it claimed to be capable of
developing and implementing whatever technical architecture on which Brockton
would eventually settle. Initially leaning strongly toward the P2P approach, after
substantial deliberation the community eventually selected the same architecture
as the other two communities: the hybrid approach.

Thus, all communities chose the hybrid approach. However, reasons for
the decision varied across the communities.

2.5.3 Factors

All of the eight factors we investigated were considered by the
communities except cost because the Collaborative paid the HIE construction
fees and ongoing costs for the different architecture were either not determined
or the same across architectures.

Performance. Performance concerns for the P2P approach existed in all
communities. Integrating HIE into clinical workflows was expected to be
challenging even with very high performance. The expected delays of P2P could
exacerbate the workflow challenges and impair usability, resulting in slower
adoption of the HIE functionalities, especially in rural Northern Berkshire where
some providers had slower internet connections.

Complexity. The relatively high complexity of P2P was expected to delay
implementation of the HIE, particularly in Brockton. That community’s selected
vendor emphasized the technical complexities and difficulties of implementing

29



P2P, which would involve over 50 servers (one in each practice), and argued for
the hybrid approach.

Security. Security was paramount to all communities but the steering
committees in Northern Berkshire and Newburyport did not view any architecture
as possessing inherently superior security. However, in Northern Berkshire
steering committee members felt that by establishing a rule that no physician’s
EHR would ever accept any queries but only “push” the data to another location,
some “gut-level” security would be created. This rule eliminated the P2P
approach. Initially, Brockton thought P2P would be more secure because each
organization would be managing its own data, avoiding the establishment of a
large centralized repository of patient data. After further consideration, their view
on security reversed. Security for a centralized repository was thought to be
more robust compared with relying on the 50 servers of a P2P approach, each of
which would need to be secured individually. Furthermore, focus groups found
that patients did not view a centralized repository of health information as an
inherent security risk. Also, some steering committee members speculated that a
centralized repository would allow liability for security breaches to be transferred
from the individual providers to the centralized host, easing the burden on
providers.

Measuring quality of care. All communities were very motivated to use the
HIE for measuring quality of care and analysis which, they reasoned, would be
more easily accomplished through a hybrid approach compared to P2P, because
only a centralized repository would yield sufficient efficiency. Newburyport is
unique among the Collaborative communities in that its physicians and hospital
do collective contracting and pay-for-performance quality programs under a
single organization, the Lower Merrimac Valley Physician Hospital Organization.
Newburyport viewed the HIE as an opportunity to strengthen this organization’s
care improvement and negotiating capabilities. Brockton, unlike the other
communities, had not emphasized community-wide quality analysis. Rather, this
community was more interested in quality measurements for individual
organizations. Community-wide quality programs were discussed but not an
important factor in the decision. Still, the ability to do quality analysis across the
sites of an individual organization favored a hybrid approach. All communities
hoped that the ability to measure quality of care would allow for the creation of
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more value-added programs such as referral management and patient matching
with community specialists.

Strategic goals. All communities made the architecture decisions to align
with their strategic goals. The goal of improving healthcare quality was found in
every community. Additionally, Newburyport's community strategy included
providing more patient-centric care through a patient portal for which the
centralized repository of the hybrid model was viewed as more conducive than
P2P.

In Brockton, individual provider institutions initially argued for the P2P
approach in support of their strategic goals in an interesting way: at least one of
the larger provider organizations considered utilizing the community HIE to
integrate their own network of providers thereby helping the provider
organization achieve its corporate goals. The organization could still build a
redundant data exchange infrastructure, but having the HIE solve this problem
would save costs. Under this arrangement, although the organization would want
to utilize the service of the HIE, it would also want to avoid undue dependence
on an external organization. A P2P approach was perceived to represent less
dependence on the community compared with a hybrid approach because if the
institution were to separate from the community HIE, it could still leverage the
P2P exchange mechanism. This contrasts with the hybrid approach which would
bind the institution’s integration plan to the community project.

The hybrid approach, however, also had strategic advantages which could
help both the individual institutions — through quality measurements - and the
community. The community could potentially benefit from the technical
architecture’s scalability. If neighboring communities would be willing to pay a
fee to access Brockton’s HIE, expanding to those communities could help achieve
sustainability. The hybrid approach was decidedly more scalable than P2P which
would involve more complexity and decreased performance with each additional
node.

Unlike Newburyport, a patient portal was not a part of Brockton’s
architectural decision or community strategy. One Brockton community leader
called the patient portal functionality “icing on the cake.” Brockton has yet to
decide if a community-wide portal will be implemented or if each institution will
offer its own.
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Trust. The communities varied in their level of trust among physician
practices at the start of the pilot, but in all communities trust seemed to increase
as a result of their participation in their HIEs. Northern Berkshire and
Newburyport had strong bonds of trust from the outset which continued into the
project. Because of this level trust in Northern Berkshire, HIE participants
allowed the data repository to be located at the local hospital. At the start of the
pilot, Brockton’s healthcare providers, despite having a history of competition,
informally agreed not use technology to compete inside the community for
patients. That agreement formed the basis of more trusting relationships within
the community’s network of healthcare providers. A sufficient level of trust was
achieved in Brockton to allow for the creation of a shared centralized repository.
Also, because of these bonds of trust, all participating providers were willing to
make their patients’ data available for the HIE, data which are considered by
some healthcare providers in the country to be a competitive asset. [15] Plans in
every community to have clear policies and procedures for data access, which
included monitoring and sanctions, also increased trust and willingness to
exchange data.

Desire for independence. Despite a relatively high level of trust in
Northern Berkshire and Newburyport and a growing trust in Brockton, a
completely centralized approach was never seriously considered in any
community because the physicians wanted to operate their EHRs independent of
a centralized organization. Northern Berkshire briefly considered a completely
centralized approach but ultimately decided against it because it would have
involved commingling patient data from different physician practices which are
separate legal entities. For that same reason, the Collaborative would have
disallowed a centralized repository even if it was favored by a community.

In summary, Northern Berkshire’s selection was influenced primarily by
performance and the ability to measure quality of care. In Newburyport, the
ability to measure quality of care and creating a working patient portal were the
dominating factors. Brockton’s deliberations involved almost every one of the
factors we investigated but, in the end, the ability to measure quality of care and
potential for future sustainability favored the hybrid approach. Every community
was found to have gained considerable trust as a result of participation in the
Collaborative pilot.
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2.6 Discussion

All three communities selected the hybrid approach for an HIE technical
architecture. However, the three communities differed somewhat in the reasons
behind their selections. Choosing a technical architecture for HIE was much more
than a question of optimizing technical variables; rather, it was deeply connected
to the values of the key stakeholders in their particular circumstances.

Because in every community, every willing healthcare provider received an EHR,
was invited to participate in the HIE, and had representation on the steering
committee, each community’s technical architecture decision is likely to reflect
the values of the entire community. In contrast, many RHIOs begin as a small
number of large institutions that design the infrastructure without involvement
from local providers to which they may expand. This study, therefore, may better
illuminate the values of communities and the factors they consider when
embarking on HIE, though it may not be representative of organic RHIO
development in other communities.

Two other studies also use qualitative methods to evaluate specific HIEs.
A study on the Santa Barbara County Care Data Exchange is a detailed history
which includes the reasons for that project’s demise, claiming that the
experience “illustrates the danger that in some communities, unfavorable short-
term private value propositions for simple HIE services may delay more
advanced HIE services with greater potential medium- and long-term
private/societal payoff.” [31] By elucidating the perspectives of key stakeholders,
our study advances this discussion of value propositions and leads to identifying
those that may be favorable in the short- and long-term.

A case study on the Indiana HIE describes a working HIE which consists
of five health systems but only some of the office practices in the community.
[30] In contrast to the current study, it describes how to build an HIE organically
without the inclusion of all community practices, and does not directly address
expectations, needs, and motivations of key stakeholders.

The reasoning of the stakeholders surrounding many of the factors —
some of which were found to be related - offers a view into their perspective.
Security, while a strong concern, was not found to be a major barrier to HIE.
However, a significant level of trust between the community stakeholders and by
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patients with respect to the security of their data was requisite. Stakeholders’
desire for independence was also not a major barrier to HIE, but a significant
level of trust was also needed for this to be true. That trust was found to be
important is not surprising. Social capital, for which trust is an important
component, has been recognized as the “primary foundation for an HIE.” [71]
Performance was found to be important in its effect on workflow, showing that
healthcare providers are very concerned about how to integrate the HIE into
their daily routines.

Finally, each community had different strategic goals. Important to
Newburyport’s strategy was a patient portal. Some Brockton providers planned to
use the HIE to address their own corporate goals. All communities identified the
ability to measure quality as a strategic goal, but differences were found in that
Northern Berkshire and Newburyport expected community-wide quality
measurements and Brockton expected measurements principally for individual
providers and institutions.

While none of the communities chose to adopt a single EHR for multiple
practices because of legal concerns, an EHR may be designed to address these
concerns by labeling patients data with the practice name from which it
originated. However, many providers may want to retain flexibility in their IT
investments and refuse to share EHR resources with providers in different
practices.

Our findings and analysis demonstrate that examining the technical
architecture decisions for HIEs can illuminate many of the needs, expectations
and motivations of stakeholders.

2.7 Policy implications

This study found that the perspectives of key HIE stakeholders centered
on three aspects: level of trust, strategic interests, and benefits from quality
measurements. How effectively an HIE addresses these aspects may largely
determine its ability to become established and achieve long-term success.
“What are the levels of trust among the stakeholder group and what are the
conditions and issues that affect this trust?” asks one study. [59] The experience
of the Collaborative communities supports the argument that trust is a critical
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factor in the construction of HIEs and suggests that trust can be created in a
community through participation in a community-wide HIE effort. This is
particularly evident in Brockton, probably the community most representative of
the US healthcare system because of its large, diffuse, and competitive
healthcare market. Brockton’s experience is a positive sign that competing
providers may be able to collaborate for the sake of the community in certain
circumstances. The willingness of providers to have their patients’ data
exchanged in the HIE rather than treating the data as a competitive asset is
another optimistic sign that trust can be created in a community. However,
receiving a grant of the EHRs and HIE infrastructure may have been necessary
for this trust to develop.

Trust is necessary for establishing an HIE, but it is not sufficient. A study
of the factors that contribute to efficient and successful use of IT in various
industries recommends that the government should “make policy decisions that
turn [healthcare] IT into a competitive weapon.” [15] This implies that to be
successful and sustainable, HIEs must appeal to stakeholders’ strategic interests.
The experiences of the Collaborative pilot communities suggest how appealing to
the strategic interests of individual healthcare providers as well as those of the
communities as a whole can be accomplished.

Participating in the HIE may become competitively advantageous to the
individual providers through administrative savings and by retaining existing
patients and attracting new patients. Despite Brockton’s informal agreement not
to use technology to compete inside the community, if patients recognize the
value of the HIE, it will be in providers’ strategic interests to continue
participating. The experience of the Indiana HIE shows that benefits of
administrative savings can also motivate continued participation. [30] Because
the value of the HIE increases with increased membership — a phenomenon
called a “network externality” — the strong incentive to continue participating in
the HIE is contingent upon having a critical mass of participants. [72] By
engaging entire communities, the Collaborative pilot communities have
undoubtedly exceeded the critical mass needed to make participation in the HIE
a competitive advantage. For an HIE that grows more organically, it is not clear
when this critical point may be reached.

Although appealing to the strategies of individual stakeholders will be
important to strengthen their engagement, it is likely to be community strategies
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that will be crucial for sustainability. HIE may even be used to attract new
patients to the community and to retain them. HIE would therefore be a
competitive weapon for the community as a whole. Our findings suggest that the
size of a community will likely affect its propensity for acting in the community’s
strategic interests - and very large and expansive communities in particular may
have difficulty working together.

Several studies argue that the presence of a diverse set of proprietary
exchange projects such as hospital-physician portals could thwart efforts to
establish HIEs by lessening the comparative benefits of a community HIE. [41]
[73] [43] The reasons the communities in this study have not found this to be a
barrier are probably that the benefits of receiving EHRs and HIE at no charge
outweighed competitive goals of individual institutions and that few data
exchange agreement were in place when the project began.

This study suggests that HIE success may also depend, in part, on how
effectively quality measurement is addressed. Quality measurements might
motivate providers to stay engaged in an HIE by facilitating pay-for-performance
programs, increasing providers’ reputation, or by providing information to better
match patients’ needs with community providers. However, communities that
have providers less willing to have the quality of their care measured may view
this capability as an obstacle instead of a motivator. [41]

This study provides evidence that HIEs may be successful if policies and
programs foster trust, appeal to strategic interests, and provide benefits from
guality measurement. Other business models which involve payments from
patients directly for use of personal health records or from drug or medical
device companies who use the data for marketing have been proposed but have
not yet been fully tested. [74] If HIEs are to be sustainable, policymakers and
HIE organizations should consider these factors when establishing HIEs. If HIEs
do not account for these factors, HIEs may not provide sufficient value to
healthcare providers and sustainability will continue to be a challenge.

2.8 Study limitations

While this study identifies some of the needs, motivations, and
expectations of healthcare providers toward HIE, it would be premature to draw
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strong conclusions about “what works and what doesn’t” because only one of the
three Collaborative projects have become operational. Also, the information was
collected for a specific decision point prior to implementation and does not
capture changes in the stakeholders’ perspectives over time. Finally, the results
may not be representative of other communities, especially because the costs of
EHRs and the HIEs were borne by the Collaborative and because the
communities were volunteers rather than a random sample.

2.9 Conclusions

The experiences of the three Collaborative pilot communities provide a
revealing characterization of the perspectives of key HIE stakeholders. One
overarching insight is that it appears unlikely that any of the communities would
have moved to develop HIE very rapidly without assistance from the
Collaborative. Important aspects of the stakeholders’ perspective include
community-wide trust, strategic interests of the healthcare providers and of the
community as a whole, and benefits derived from measuring quality of care. All
communities ultimately selected a hybrid approach, which may be superior to the
other two architectures; the selection process appeared helpful in engaging the
communities. It remains to be seen if this effort or any HIE in the country can
provide direct benefits from community-wide quality measurements or other
activities. Without such benefits, HIE sustainability may remain precarious.

2.10 Epilogue

Of the three communities studied in this chapter, only the Northern
Berkshire HIE became operational. The HIEs in Newburyport and Brockton never
got up and running and have suspended their efforts, largely because of
technical issues related to the different vendors failure to integrate their HIE and
EHR products. Northern Berkshire had fewer technical integration issues
presumably because they used the same vendor for the HIE and all community
EHRs. The experiences of these communities underscore the technical difficulty
of integrating these complex clinical systems.
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The meaningful use payments may help to overcome these technical
issues by requiring providers to use certified vendors as a condition of receiving
payments. The payments may also influence the values of the participating
providers discussed in this chapter to some extent, by changing their strategic
interests and overcome trust issues so that they are more motivated to engage
in HIE. However, the meaningful use criteria most relevant to HIE has not yet
been specified and it remains to be seen if these incentives and new technical
standards will be sufficient to foster HIE at a substantial scale.
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Chapter 3 What affects clinicians’ usage of HIE?

3.1 Abstract?

Relatively little is known about what factors affect clinicians’ usage of HIE.
We performed a qualitative study using grounded theory and interviewed
clinician-users and HIE staff of one operational HIE with advanced data
exchange functionality. Seventeen clinicians were interviewed for one hour each
about what factors affect their HIE usage. Five HIE staff were asked about
technology and training issues to provide context. Interviews were recorded,
transcribed and analyzed. Clinicians were motivated to access the HIE by
perceived improvements in care quality and time savings, but their motivation
was moderated by a long list of factors including gaps in data, workflow issues
and usability issues. Data contributions to the HIE were affected by billing
concerns and time constraints. The study was limited in that only more intensive
users of HIE were recruited and was restricted to one community and small
number of specialties. Policies should create incentives for HIEs to assist
clinicians’ integration of HIE into their workflows, develop measures of HIE
contributions and accesses, and create incentives for clinicians to contribute data
to HIEs.

3.2 Introduction

Of more than one hundred HIEs in the United States, few are operational
and even fewer have advanced data exchange capabilities such as providing
access to a wide range of data that originate from many different medical
practices as aggregate patient-centric records.[19] Most are focused on more
basic functionality such as the delivery of laboratory results. Even if HIEs
supported more advanced data exchange capabilities, clinicians may not find it
valuable enough to use them if there are large data gaps or the interfaces are
difficult to use.

! The contents of this chapter were published here: Rudin R, Volk L, Simon S, Bates D: What affects
clinicians? usage of health information exchange? Appl Clin Inf 2011; 2: 250?262
http://dx.doi.org/10.4338/ACI-2011-03-RA-0021
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The American Recovery and Reinvestment Act (ARRA) of 2009 commits
approximately $27 billion to stimulate the adoption of health information
technology over the next several years. Most of the criteria for receiving
payments related to HIE have not yet been determined but will be decided soon
and official statements suggest that they will require advanced HIE functionality
in the form of “access to comprehensive patient data.” [47] We did not find any
studies, however, that have empirically assessed an operational HIE with this
kind of advanced data exchange functionality. If the meaningful use criteria are
not informed by the real-world experience of clinicians using this kind of
functionality with current HIE technology, they may not result in clinicians using
HIEs in a way that realizes their potential value.

To address these issues, we explored the factors that affect clinicians’ HIE
usage and how clinicians value advanced data exchange functionality in a
community HIE in Massachusetts that has been operational for more than two
years. This HIE provides its advanced data exchange capability through an
aggregate record for each patient and encompasses most physician practices in
the community. We investigated the factors that affect both how physicians
contribute data to the HIE and how they access it. An understanding of these
factors may help to guide public policies that aim to foster HIE usage,
particularly the remaining stages of the meaningful-use criteria for receiving
ARRA stimulus payments.

3.3 Methods

3.3.1 Community and HIE

Northern Berkshire, a community in western Massachusetts of
approximately 45,000 people, 80 physicians and one hospital, was selected as a
pilot site in 2005 by the Massachusetts eHealth Collaborative to demonstrate a
community-wide implementation of electronic health records (EHR) and HIE. The
pilot program covered the costs of EHRs for all physician practices in the
community who were willing to participate, which included almost all of the
physicians, and for the construction of an HIE to allow aggregate patient records
to be available for access by participating clinicians.[75] The HIE’s servers were
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located at the hospital and the HIE was administered by hospital staff. At the
beginning of this study, which ran from October 2009 through February 2010,
the HIE had been operational for more than two years.

HIE data included problem lists, medications, allergies, immunizations,
procedures, social and family histories, vital signs, dates of previous physician
visits and names of those physicians, laboratory results and demographic
information. Textual notes were excluded from the initial phase of exchange due
to privacy concerns. These data were collected from clinicians in the community
who elected to participate and from those patients who signed a consent form.
Over 95% of patients opted in to allow their data to be aggregated in the HIE.
Office-based clinicians had the option to link patients in their EHR to the HIE,
which allowed them to access the HIE directly from their EHR without the need
to search for the patient for every access. This was possible because the same
vendor was used for EHRs in all of the office-based practices and for the HIE (a
community decision to ease integration issues). When accessing the HIE directly
from the EHR, the HIE data were displayed in a separate pane and those data
could be easily imported into the EHR. The HIE was also available to any
participating clinician through a Web portal, which required the clincians to
search for the patient for each access and did not allow data to be imported into
the clinicians’ EHR. In this phase of the HIE implementation, the hospital did not
contribute data and hospital users could only access the HIE via the Web portal.

3.3.2 Study participants and recruitment

In total, we interviewed 20 key informants which included 15 clinician-
users, one HIE trainer, one IT staff member for the HIE, the hospital executive
who supervised the HIE’s operations, one director of support services for a large
medical practice, and an administrative assistant for the same large medical
practice. The clinician-users included 6 at the hospital, 8 at office-based practices,
and one who split his time between the hospital and an office practice. Of the
clinician-users interviewed, 11 were physicians. Primary care, nursing and several
specialties were represented. The clinicians worked in large, medium and solo
practices.

We identified these clinicians through personal contacts and HIE access
logs, and then found several key informants through recommendations, the
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“snowball” method.[76] Because it was a small community, we believe we talked
to most of the clinicians who used the HIE regularly in their practice. We did not
actively seek clinicians who never used the HIE. However, we did include a few
clinicians who had used it minimally but were aware of available HIE functionality.

3.3.3 Data collection and analysis

We used grounded theory to characterize the factors that influenced
clinicians’ use of HIE functionality.[77] Grounded theory involves collecting data
to arrive at categories and their properties which describe and explain real-world
phenomena, but does not address statistical significance of findings. In
accordance with grounded theory’s method of theoretical sampling, we modified
and refined our questions between interviews based on the key informants’
responses. We started with open-ended questions (e.g. “How do you use the HIE
in your clinical practice?”) followed by more focused questions to elucidate all
aspects of the factors that might affect a clinician’s use of the HIE. The initial set
of these focused questions was derived from the authors’ experience, IT
adoption literature, and documented experiences of HIT and HIE.[78] [41] [31]
[56] The interviews were conducted in person (15) or over the phone (5) and
most lasted one hour. We conducted the interviews, transcribed them from
recordings, and analyzed the content of the transcripts to formulate categories.
After each round of between 2 and 4 interviews, we refined the categories based
on the clinicians’ experience as recorded in the transcripts. We formulated the
categories and their properties by consensus among the authors. When the
interviews no longer resulted in new categories or properties, we assumed that
we had reached “saturation” and stopped recruiting key informants, but we
believe we interviewed most of the regular users of the HIE in the community.

3.4 Results

We found a wide range of usage intensity. There were many factors that
affected the frequency with which clinicians’ accessed the HIE for information
and relatively few that affected the frequency with which they contributed data
to it. We grouped factors that affected accesses into two categories: motivators
and moderators. Motivators are the ultimate reasons clinicians access the HIE
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(Figure 3.1). Moderators facilitate or inhibit clinicians’ access of the HIE (Figure
3.2). To facilitate presentation of results, we organized moderators into groups
as they related to patient, clinician and the HIE. We explain the factors that
affect accesses, describe the range of intensities of HIE accesses found among
the clinician-users, and present the factors that affect data contributions to the
HIE.

3.4.1 Motivators of HIE accesses

Most active clinical users believed accessing the HIE helped them deliver
better quality care by supplying them with relevant clinical data in a timely
manner. Almost all active users of the HIE believed it had the potential to
improve care even further if specific issues concerning data content and usability
were addressed.

Several clinicians believed that the HIE saved them time, in part, through
avoided phones calls to request clinical data from other physician offices,
hospitals, pharmacies, and patients’ relatives. A hospitalist believed it obviated
more than 75% of such phone calls, saving him significant time. Most clinicians
believed verifying a medication and allergy list was faster than creating one de
novo. For office based EHRs, which allowed direct importing of data from the HIE,
the HIE expedited documentation, especially for patients new to the practice.
Several clinicians believed that information gathered through the HIE facilitated
interviews with patients and reduced the need to ask them as many questions.
None of the clinicians mentioned cost as a motivating factors for accessing the
HIE.

3.4.2 Moderators of HIE accesses: patient-related factors

Clinicians found the HIE more valuable for patients who had trouble
communicating, who lacked family members to assist them, and who suffered
from multiple or complex medical conditions. Emergency clinicians believed the
HIE held considerable potential value to improve the efficiency by which patient
information relevant to an emergency department visit could be found.

The pattern of patients’ visits was also thought to be a significant moderator. For
patients who only visited one practice for all their care, or who went outside of
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the community for care and therefore associated data would not be available in
the community’s self-contained HIE, clinicians had little reason to access the HIE.
Conversely, for new patients with data in the system, clinicians found the HIE
very valuable by saving time in gathering clinical information. Participating
primary care doctors, however, may have had limited benefit in this regard
because few were accepting new patients.

3.4.3 Moderators of HIE accesses: clinician-related factors

Many clinicians believed that their particular medical specialty determined
how valuable the HIE would be. A pediatrician who used the HIE infrequently did
not believe many pediatric care visits had problems with missing clinical
information because consulting physicians usually forwarded their medical notes
back to this clinician via fax. A psychiatrist who also accessed the HIE
infrequently believed the HIE would not be valuable for his specialty because
psychiatric problems do not change often and are isolated from other medical
conditions. Both hospitalists interviewed, by contrast, checked the HIE (using the
Web-based portal) for almost all admitted patients, partly because of their
obligation to obtain complete medication lists.

The interviewed clinicians varied in how effectively they integrated HIE
into their complex workflows. Even with our sample biased toward high intensity
users, several physicians were unaware of how to access the HIE directly from
their EHR, did not know about the ability to import data from the HIE, or simply
did not think to check it to find missing patient data. Many clinicians noted that
information sources they were accustomed to using “competed” with the HIE,
such as a hospital portal which contained relatively complete patient data but for
hospital visits only.

Extant information exchange processes using paper and fax may also
have reduced the frequency with which physicians accessed the HIE. Many
offices routinely faxed clinical notes to other providers in the community for
referrals or in response to chart requests, decreasing the need for the HIE.
Clinicians believed that specialists outside of the community were far less reliable
in sending their notes but, because they were not part of the HIE, the HIE could
not be used to acquire clinical information from their practices. Requesting
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clinical notes via fax, while more time consuming than using HIE, had the
advantage of containing textual notes, which were excluded from this HIE.

How clinicians coordinated with each other within their practices also affected
HIE accesses. One practice adapted their workflow so that either the physician or
a nurse would routinely check the HIE for all new patients. Another physician, by
contrast, believed that it was faster to simply tell his assistant to call another
office than for him to check the HIE and had not thought to ask his assistant to
check the HIE instead.

Some clinicians admitted that they had a general aversion to changing
their practice workflow, especially after a stressful process of installing an EHR.
Time constraints, especially in primary and emergency care, also tended to
reduce motivations for accessing the HIE. On the other hand, clinicians working
during non-business hours found the HIE particularly valuable because other
means of obtaining clinical information were unavailable.

3.4.4 Moderators of HIE accesses: HIE-related factors

Almost all clinicians noted and complained about gaps in the HIE’s data.
Textual notes were not included in the HIE for confidentiality reasons and, while
many clinicians understood the privacy concerns, the lack of notes made the HIE
much less valuable. For office-based clinicians, a major issue was that the
hospital was not contributing any data into the HIE, severely limiting its value
and necessitating clinicians to access the separate hospital portal in addition to
the HIE for an adequate picture of the patient’s previous care. The hospital had
planned to integrate its data into the HIE but that functionality had not been
completed at the time of this study.

Other data gaps were attributed to local practices that withdrew from or
opted out of the HIE, including a primary care practice of several physicians,
significantly reducing the amount of potentially valuable data in the HIE. For
patients who did visit participating clinical practices, clinicians could not be
certain why their HIE searches sometimes returned a lack of results, but they
cited two possible reasons: patients occasionally refused consent, and
contributing physicians sometimes did not “lock their notes” on their EHR, a
software action that was required to send the clinical data into the HIE repository.
Because the patient consent rate was quite high (approximately 95% of patients)
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the lack of timely note-locking was probably the major reason for unexpected
gaps in HIE data.

In addition to completeness issues, many clinicians mentioned usability
difficulties with the HIE. Hospital clinicians believed accessing the HIE through
the Web portal involved “too many clicks.” This was less of a problem in the
office practices which were able to access the HIE more easily. Clinicians were
also discouraged from using the HIE by the inability to find easily what changed
since the previous visit, the requirement to change passwords frequently, and a
login and search process for the Web portal that could take more than a minute
yet often did not result in new or useful data.

HIE accesses were also affected by many technical difficulties such as
software glitches and versioning issues with the EHRs and hardware, which
resulted in frequent downtimes that lasted hours or longer, even after two years
of operation.

We also asked about several other factors which were not found to
moderate HIE accesses. Those who had heard of the ARRA meaningful-use
payments said it had no effect on their access habits but some suggested it
could become a factor. Trustworthiness was not a significant factor in accessing
the HIE: all providers trusted the accuracy of the data but many would still verify
it with the patient or another data source. Technical support for HIE was not
found to be useful enough to them to access the HIE more frequency.

3.4.5 HIE access intensities

We found wide variation in clinicians’ HIE access habits. The most
intensive users accessed the HIE before almost every patient visit, using the HIE
data as a starting point for the clinical encounter. These users included two
hospitalists, one hospital nurse and one office-based pulmonologist. An office-
based urologist was the next most intensive user, checking the HIE only if the
patient was sent from a participating practice, which he estimated was about 40-
50% of patient visits. An emergency care nurse and an office-based pediatrician
checked the HIE only when they were missing information and if the primary
care physician was from a participating practice, which they estimated amounted
to less than 10% of visits for the nurse and less than 1% of visits for the
pediatrician. Two assistants in office-based practice used the HIE for every new
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patient to import demographics and existing health data before the appointment.
A surgeon’s assistant in an office practice accessed the HIE for every patient new
to the practice’s database to import patient records but found data for only about
10% of the searches for new patients. An emergency physician and a hospital
nurse both tried the HIE via the Web portal many times but stopped using it
because they felt it took too long and required too many clicks to access data;
when they were able to access the data, they found the information largely not
helpful. A pathologist used the HIE via the Web portal for about two months but
found that for most samples in which the HIE might be valuable, the ordering
physician had not locked their note in time, so the pathologist stopped accessing
the HIE. Despite specifically trying to do so, we could not identify a primary care
physician who regularly checked the HIE. One primary care doctor tried it, found
it difficult to use and stopped. The psychiatrist we interviewed accessed the HIE
rarely and did not often find it valuable.

3.4.6 Factors affecting data contribution

Data from each visit would be automatically contributed to the HIE
immediately after a clinician “locked” his or her notes, which was accomplished
when the clinician performed a software action that indicated the documentation
for the visit was complete. Note-locking was the only way for a clinician to
contribute data to the HIE. We found that note-locking was affected by the
following factors: billing concerns, time constraints, and a dislike or lack of
awareness of the ability to add addenda to notes. Clinicians’ note-locking habits
varied considerably. One clinician compulsively locked her notes within a few
hours of the patient visit. One practice adopted the policy of locking notes
exactly one week after the visit to allow time for their billing department to check
for errors. One primary care physician locked notes on an ad hoc basis
“whenever it pops into my head.” One specialist was about 3 months behind in
his notes. Another physician, after a billing error resulted in lost income, stopped
locking notes altogether.
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Improve patient safety and quality
e More complete, accurate information for medical
decisions
e Prevents delays in treatment
e More time to spend with patients on next steps

Save clinicians time
e Faster arrival at verified clinical data
e Faster documentation

Improve patient experience
e Less frustration for patients during interviews
e Meets patients’ expectations for efficient access to health
information

Figure 3.1: Clinicians' Motivators for HIE Use

Patients
e Patients’ difficulty communicating
e Presence or lack of assisting family member
e Medical complexity, number of conditions, or need for
active management
e Acuity of patient condition
e Patient visit patterns

Clinicians

e Nature of medical specialty
Existing data exchange processes
Integration of HIE into workflow
Aversion to change
Time constraints
Lack of awareness of HIE functionality
Knowledge of patient’s condition
Encouragement from other clinicians

HIE
e Completeness of HIE data
e Technical usability of HIE
e Technology dependability of HIE

Figure 3.2: Moderators of HIE Usage as Related to Patients, Clinicians and the HIE

3.5 Discussion

Our results from investigating an operational community-wide HIE
provides an early indication of how HIE capabilities may be used with a current
HIE product implementation and reveals many factors that may affect clinicians
usage of the aggregate record form of HIE. We confirmed that clinicians may
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derive significant benefits from accessing this form of HIE, benefits which include
perceived improvements in quality of care and time savings from searching for
and documenting clinical information. However, we have also found a long list of
potential moderators of these benefits which, if not addressed, may result in
clinicians using this form of HIE minimally or not at all. This underuse could
diminish much of the potential value of an HIE. Some types of clinicians accessed
the HIE much more than others, and had good reasons for doing so, suggesting
that incentives targeted at providers may need to consider these factors.

We found few other studies that explicitly investigated the factors that
influence HIE usage, or even reported the volumes of HIE usage for individual
clinicians. [79] [66] One study mentioned two of the same moderators of HIE
accesses that we found: the extent of physician participation, and existing
electronic and paper processes. [31] Our results are consistent with findings
from a study of the United Kingdom’s analogous HIE effort, which found an
“inherent imbalance between people who must work to upload patients’ [clinical
records] (general practitioners and their staff) and those who will see its benefits
more directly (staff working in emergency settings).” [80] Clinicians did not have
incentives to lock their notes in a timely manner because they were not the ones
who benefited directly from having those data available.

Hincapie et al studied physicians’ perceptions of an HIE in Arizona
regarding its impact on health outcomes and cost, but did not specifically
address factors that would affect usage. [81] That study mentions several of the
motivators and moderators that we found in our study including, most notably,
the lack of complete data as a barrier. This is not surprising because the HIE in
that study lacked data from community ambulatory practices. Also the HIE in
that study was only in operation for 3 months at the time of the study. The HIE
we investigated had been operational for more than 2 years.

Vest et al attempted to determine HIE usage factors in one HIE in Texas
by quantitatively analyzing how certain factors, which they derived from
information management theory, affected ED physician’s HIE usage as evidenced
in audit logs.[79] It is difficult to assess the significance of that study because it
does not report the number of HIE users or any characteristics of those users.
They found that accesses of the HIE were lower during busy days, as expected.
However, they also found surprising results. For example, they “noticed a
degradation of usage over time” and “system usage was lower when the patient
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was unfamiliar to the facility.” These results are difficult to interpret without
gualitative research. The study by Vest et al illustrates the limitations of trying to
measure quantitative relationships with only limited knowledge of context. We
took the opposite approach: deriving usage factors by speaking with the users
directly — the two approaches are clearly complementary.

Several studies have investigated clinicians’ and provider organizations’
perceptions and expectations of HIE. [56] [82] [83] [37] [84] [85] However,
these studies are limited in that few if any of their respondents had any
experience actually using HIE functionality and one is also limited to emergency
physicians.[82] One moderating factor of HIE usage that we found, patient visit
patterns, has been investigated by two studies but they were limited to ED or
inpatient visits. [64] [68]

While HIEs may vary in stakeholder composition and technical approach,
most HIEs that attempt to implement advanced data exchange capabilities such
as aggregate patient records will likely encounter many of the same factors
affecting HIE usage that we found in this pioneering community. This is because
most HIEs face the same market for technology vendors and clinicians have
similar incentives for participation and usage of HIE. There is little evidence that,
under current market conditions and technology sophistication, vendors will be
able to address the issues that are most important for making HIEs valuable to
clinicians, such as building adequate privacy functionality to allow the exchange
of clinical notes with only specific providers. The HIE we studied had many
technical issues even after two years of operation. More specific and widely
adopted technical standards may facilitate this kind of integration to some extent
but there will likely be a need for custom software for most HIE implementations.
[86] HIE organizations may also have difficulty addressing underuse of HIE
because of all the potential usage moderators and because they will likely have
little leverage with HIE vendors to customize their products as they desire.
Homegrown HIE products, while more adaptable, are expensive to construct and
not possible for most communities.

3.6 Policy implications

To realize the potential value of HIE, clinicians, HIE and EHR product
vendors and HIE trainers will need to work toward integrating HIE into clinical
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workflows and consider the social and technical aspects of technology
adoption.[87] It is unlikely that this kind of integration will happen on a large
scale without public policies that influence the factors identified in this study.
Several factors of HIE usage are beyond the control of the healthcare delivery
system and the influence of public policy, such as whether patients have trouble
communicating their medical history. Other factors may be influenced only by
fundamental reforms of clinicians’ incentive structure: accountable care
organizations and patient-centered medical home efforts may alter patient visit
patterns and result in increased HIE usage by physicians more motivated to
create complete documentation of their patients’ medical history.[88] [89] Yet,
these reforms may not be possible to implement without established HIEs in the
first place. We did, however, find several important factors that may be
amenable to public policy interventions that aim to foster HIE.

Public policies directed at clinician-users, HIE and EHR product vendors,
and HIE organizations can foster HIE by addressing several of the factors that
moderate HIE usage (Figure 3.3).
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HIE usage
Moderator:

Stakeholder:

Completeness of HIE
data

Integrating the HIE
into workflow

Technical usability
and dependability

Clinician-users of
HIE

Meaningful-use
payments for
participation in HIE,
timely locking of
notes

Meaningful-use
payments for
accessing the HIE

No applicable
policies

HIE organizations/
regional extension
centers

Monitor: practice
coverage, percent of
patients consented,
volume of timely data
received

Monitor: HIE usage
frequencies
(motivate HIE
training and
promotion)

Monitor: HIE usage
frequencies
(motivate shorter
downtimes, prudent
technology
selection)

HIE and HER
product vendors

Certify:
“preliminary” note
locking

functionality,
capability to report
volume and
timeliness of received
data

Certify: capability
to report HIE
accesses
frequencies

Certify: various
features (see text)

Figure 3.3: Policy Levers for Clinician Usage and Value of HIE

3.6.1 Clinician-users

Our results suggest that the absence of one large medical group such as a
hospital may significantly diminish the potential value of an HIE. However, simply
encouraging membership in an HIE may not be a strong enough incentive. In
addition, clinicians must be required to lock their notes, or the equivalent
operation, in a timely fashion so that other clinicians, and secondary applications,
can benefit from their clinical documentation. Billing concerns should not prevent
clinical data from being made available in an HIE. Making meaningful-use
payments contingent on timely note-locking, at least for a certain proportion of
notes, could make HIEs more valuable.

Creating incentives for clinicians to access an HIE may not be the best
approach. Our data suggest that the frequency with which physicians access the
HIE is likely to vary widely by specialty, and providers had good clinical reasons
for this. Incentives for clinicians to access an HIE, therefore, should take this
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variation into account, including appropriate minimal requirements for frequency
of access. If these minimal requirements are set too high, incentives may result
in “gaming” in which the HIE is accessed solely to receive an incentive payment
rather than for clinical reasons.

3.6.2 HIE organizations

Currently, HIE organizations face enormous challenges, including defining
their mission, satisfying various stakeholders, achieving sustainability and
choosing technology vendors. [19] Discussions of usage seem to get lost amid all
of these other deep concerns, though they should not. Public policies may
provide HIEs with badly needed direction.

We suggest that HIEs should be more than technology providers. They
should also provide HIE-related workflow services, in partnership with regional
extension centers. Our results show that initial training in HIE is not enough;
clinicians need help integrating HIE into their workflows. Even brief one-on-one
demonstrations with clinicians of how to use the HIE after the initial trainings
may increase contributions and accesses substantially. HIE organizations should
be held accountable for the extent to which clinicians utilize their services.

Metrics of data contributions and accesses by clinician-users can be used
as core benchmarks for assessing an HIE’s effectiveness. Monitoring metrics of
data contributions will motivate HIEs to encourage and assist clinicians to lock
their notes in a timely fashion, expand coverage to more patients and practices,
and make patient consent processes more efficient. Monitoring metrics of HIE
data accesses will motivate HIEs to help clinicians integrate HIE into their
workflows, solve technology issues quickly and minimize downtimes. These
metrics may provide one early step in the development of “more sophisticated
measures of HIE use.” [67]

Because only a small portion of the ARRA payments are available to HIEs
directly, incentives for HIEs to provide workflow services may be created through
other policy levers such as by requiring, as a part of HIE organizational
certification or for grants, reports of HIE usage metrics or whether those metrics
meet certain targets.

3.6.3 HIE and EHR product vendors
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Policies that target clinicians and HIE organizations will be critically
dependent on capabilities of HIE products to report relevant metrics for data
contributions to the HIE and frequencies of accesses. HIE products, therefore,
should be required to support these capabilities as part of conformance testing.
Some such metrics may be implemented anyway, even without such a
requirement, for purposes of maintaining audit trails and to facilitate HIE
management and will therefore likely not be a significant burden on vendors.
However, without conformance testing or a similar policy requirement, the
metrics may not be standardized or accurate.

Public policy may also play an important role in shaping the market for
HIE and EHR products so that they are more easily integrated and easier for
clinicians to use, either through certification, conformance testing, or
requirements for products to disclose the presence or absence of capabilities.
HIE software is complex and many purchasing provider groups may not
understand the specific features without certified definitions. Exporting clinical
data into an HIE will likely be most effective if done independently of the clinician
unless they clearly designate material as not to be shared. If data exchange is to
depend on the physician, however, the EHR and HIE vendors could greatly
facilitate the exchange by, for example, allowing clinicians the option of a
“preliminary” lock that uploads clinical data to the HIE but still allows subsequent
changes to the medical documentation. Such a feature may raise liability issues if
clinicians share information that was meant to be only preliminary and other
clinicians act on it. Clinicians will have to understand what software actions will
make data available for other clinicians to view and how that data might be
interpreted or misinterpreted. Further research is needed to better understand
how this kind of communication might happen and who should be held liable in
the event of a misinterpretation and harm done to a patient.

Possible usability improvements which could be required for conformance
testing include: a unified display of all patient data integrated with the native
EHR data; an icon or other flag that indicates the HIE contains new information;
the ability to automatically import data directly into an EHR; the ability to
distinguish data that are new as of the previous visit; and automatic name look-
up functionality to the HIE to facilitate linking patients between EHRs and HIEs.
Vendors should also be required to demonstrate which other HIE or EHR
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products they have already integrated with and which would require additional
development.

Policies must be flexible so that they foster innovation in how HIE data are
integrated into clinical workflows. For example, if a product contains a unified
display that incorporates HIE data into an EHR, clinicians should not be required
to access a separate portal to demonstrate that they are meaningful users of HIE.
However, the EHR software should still be required to verify that the HIE data
did appear on the screen for the clinician to see.

3.6.4 Integrating HIEs with Direct Project

The federal government recently created the Direct Project to establish
protocols for secure point-to-point communication among healthcare providers.
[90] This type of communication might provide an initial step toward more
advanced clinical data exchange. However, the Direct Project will not substitute
for the aggregate patient record form of HIE. Aggregate patient records offer
several advantages which the Direct Project does not. For example, aggregate
patient records would allow clinicians to query for data rather than requiring the
data to be sent to them, which is important because there will likely still be
instances of missing data even if the information could be transmitted
electronically using the Direct Project’s protocols.[7] [9] [4] Also, there will be
secondary uses of having an aggregate patient record such as quality
measurement, disease registries and public health surveillance.[14] If the Direct
Project protocols are well-integrated into HIEs so that clinicians can easily
manage messages received via the Direct Project together with data in an HIE's
aggregate patient records, the Direct Project may provide an additional incentive
for clinicians to participate in an HIE by reducing the complexity of their
workflows. However, if a point-to-point communication infrastructure is
implemented separately from HIE organizations, it may reduce the frequency
with which clinicians access HIE data because clinicians will be required to
manage two separate information flows — in addition to faxes, paper mailings,
and telephone calls to and from clinicians who have not yet adopted the Direct
Project functionalities. Policies, should, therefore ensure that HIE organizations
and the Direct Project efforts are judiciously integrated.
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3.7 Study limitations

This study has several limitations. We focused on the experience of one
community and therefore may have overlooked factors related to HIE usage that
vary by community and HIE implementation, especially because only one EHR
vendor was used for all contributing providers. We had planned to study two
other HIEs in Massachusetts which included multiple vendors, but both failed,
underscoring the challenges of establishing the aggregate record form of HIE
with multiple vendors. Communities with diverse EHR vendors may face even
more technical, compatibility, and usability issues, which may suggest an even
greater need for strong policy actions. Another limitation is our sample, which
included only certain specialties and focused in particular on high-intensity
clinician-users. Because we largely excluded clinicians who had never tried the
HIE, we cannot explain why they did not even attempt use it. Finally, because
clinicians may not completely understand the factors that influence them, we
may have missed some factors or exaggerated others. These limitations
notwithstanding, the timeline for deciding the criteria of the meaningful use
payments may not allow for many further studies and it is therefore judicious to
begin considering policies to address HIE usage based on these early
experiences.

3.8 Conclusions

We found that at least some clinicians believed health information
exchange improved care and saved time, which motivated them to access the
HIE. However, their motivation was moderated by many factors, including the
amount of data in the HIE, how well they could integrate the HIE into their
workflow, and usability issues. The lack of clinical notes and absence of hospital
data limited the utility of the HIE for the community in important ways. Clinicians,
EHR and HIE vendors, and HIE trainers will need to work collaboratively to
effectively integrate HIE into clinical workflows. Meaningful-use payments can
create incentives for clinicians to contribute data into HIEs, but that will likely not
be enough to achieve the potential value of HIE, and complementary policies
should be considered that target HIE organizations and HIE and EHR vendor
companies. The goals of such complementary policies should be to make sure
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that HIEs are being used, and that clinicians have help in adopting HIE
functionality so that they can more easily realize their benefits. Key aspects of
these policies will be to create incentives for HIE organizations - coupled with
regional extension centers - to provide assistance to clinicians in integrating HIE
into their workflows, and to motivate HIE organizations and vendor companies to
develop and report relevant metrics of usage so that efforts to foster HIE can be
held accountable.
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Chapter 4 Care transitions as opportunities for HIE
usage

4.1 Abstract®

The American Recovery and Reinvestment Act of 2009 will reward
providers for “meaningful use” of electronic health records, including
participation in clinical data exchange, but the best ways to do so remain
uncertain. We analyzed patient visits in one community in which a high
proportion of providers were using an electronic health record and participating
in data exchange. Using claims data from one large private payer, we computed
the number of care transitions between individual providers and medical groups
as a percentage of total visits. On average, excluding radiology and pathology,
approximately 51% of visits involved care transitions between individual
providers in the community and 36-41% of visits involved transitions between
medical groups. There was substantial variation in transition percentage across
medical specialties, within specialties and across medical groups. Specialists
tended to have higher transition percentages and smaller ranges within specialty
than primary care physicians who ranged from 32 to 95 percent (including
transitions involving radiology and pathology). Transition percentages of
pediatric practices were similar to adult primary care, except that many
transitions occurred among pediatric physicians within a single medical group.
Patient visit patterns should be considered in designing incentives to foster
providers’ meaningful use of health data exchange services.

4.2 Introduction

In chapter 3, we suggest that policies should promote the measure of HIE
usage and pay providers or regional extension centers according to usage. To
support assessment of HIE usage, this chapter suggests a simple method of
computing the number of visits to a provider in which an aggregate patient

2 The contents of this chapter were published here: Care transitions as opportunities for clinicians to use
data exchange services: how often do they occur? Rudin RS, Salzberg CA, Szolovits P, Volk LA, Simon
SR, Bates DW. J Am Med Inform Assoc. 2011 Apr 28
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record would contain clinical data that the provider had not yet seen, based on
whether a visit involved a care transition as opposed to a repeat visit to the same
provider. We propose that some fraction of the number of visits which involve
care transitions may serve as a reasonable target for the number of times a
clinician might be expected to access an aggregate record HIE. This in turn could
be considered in the meaningful use criteria, or related policies, aimed at
fostering HIE. To better understand the nature of care transitions in which an
aggregate patient record may be used, we explored patient visit patterns in one
geographic community and compute descriptive statistics related to care
transitions in that community.

4.3 Methods

4.3.1 Data sources

We analyzed claims data for members of a large private payer in a small
community in New England, data which accounted for approximately 33% of all
visits in the community. [91] The community had an established HIE with most
of its medical groups participating. The data set included all claims, paid and
unpaid, for years 2005 through the first half of 2009, which were submitted to
the payer by providers who practiced within the six zip codes of the community,
as well as claims from providers outside the community that were ascribed to
any patient who had at least one claim from a community provider. Additionally,
the data set included certain demographic information describing members and
providers (but only providers within the community), current as of the end of the
study period.

4.3.2 Community providers

Providers were represented by unique provider identification numbers,
which were assigned to either individual clinicians or medical groups. We
assembled a list of all provider numbers whose addresses were within the
community’s six zip codes and had at least one claim ascribed to them during the
study period. We included all community providers regardless of whether or not
they participated in the actual HIE. In most cases, the specialty and medical
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group of the provider were supplied in the data. In addition, we used the name
and address of the medical group given in the data and internet searches to
determine or verify specialty and to assign to a medical group (e.g., one
physician was labeled “emergency medicine” but also had an office practice for
orthopedic surgery). We excluded anesthesiologists because they typically work
only with other physicians and would not require a separate data exchange. We
merged together any provider numbers that had the same identical names.

We excluded providers who had the fewest visits in the data set because
the results related to those providers were unstable. We selected a cutoff of less
than 300 visits during the four and a half year study period for excluding
providers and tested the sensitivity of the findings with the threshold at 200 and
400 visits. Providers may have had low visit volumes for a number of reasons
including, for example, that they worked part-time, they practiced in the
community for only a short while, or they primarily cared for older patients which
were not part of the data set.

4.3.3 Community patients

We included all patients enrolled in the health plan who had one or more
claims for visits to a community provider in the data set. We excluded patients
older than age 65 because many of those individuals may have also filed claims
through Medicare, and we had no access to those data. For the included patients,
we computed the age distribution and the gender ratio from members’
demographic information in the data set. To assess completeness of our data, for
each patient, we calculated their active time span in the data set by counting the
number of days between their earliest and latest claim and computed the
number of active patients at any given time over the course of the study period.

4.3.4 Individual visits

From the claims data, we extrapolated provider visits. Multiple claims that
contained the same date, provider and patient were considered part of the same
visit. We excluded all claims labeled as facilities fees and other claims that were
not labeled “professional.” We included only claims assigned to individual
providers, though we did also test the sensitivity of our findings by including
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claims assigned to medical groups. For inpatient claims, any claim submitted
between admit and discharge date was considered part of the inpatient visit.
Claims submitted on the same date as an emergency visit were considered part
of the emergency visit.

4.3.5 Care transitions

For the primary analyses, we estimated care transitions to providers based
on the visit patterns of each provider’s patients. A visit was counted as a care
transition if the patient’s preceding medical visit in the community was to a
different provider. We assumed that all community providers who were not
specifically excluded contributed clinical data, immediately following every
patient visit, to a hypothetical community-wide HIE and had access to the HIE’s
aggregate patient records. For each care transition, therefore, medical data
would be available in the hypothetical HIE's aggregate record. Repeat visits to
the same provider without intervening visits to other community providers were
not counted as care transitions (Figure 4.1). This measure is similar to the
“sequence” metric used by researchers to estimate continuity of care. [92] If
more than one provider was visited by a patient on the same day, we ordered
the sequences of those visits to minimize care transitions (e.g. if a patient visited
providers A and B on the same day and then visited provider A again later that
week, we considered the visit order BAA rather than ABA). We defined the
transition percentage as the percentage of a provider’s visits that involved care
transitions.

We computed these and related metrics under the following scenarios:

1) Individual clinicians. We computed the clinicians’ transition percentage,
ignoring the clinicians’ medical group membership. We computed average
transition percentages by medical specialty to allow comparisons across
specialties, and we also report variation within the specialties.

2) Medical groups. We computed transition percentages of medical groups. A
visit was counted as a care transition only if the patient’s preceding visit in
the community was to a different medical group. We assumed providers
remained in the same groups throughout the study period.

We did not assign inpatient and ED visits to individual providers because
they tended to involve multiple clinicians and it was not clear which providers
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would have been most likely to use the HIE for the visit. We combined inpatient

and ED visits into one category because there was only one hospital in the

community and the ED was attached to that hospital. For the group scenario, we

included inpatient and ED visits as part of the hospital.

Patient visit pattern to | Provider A: No. | Provider B: No. | Provider C: No.

providers A, Band C of care of care of care
transitions/total | transitions/total | transitions/total
visits (transition | visits (transition | visits (transition
percentage) percentage) percentage)

Patient 1: 0/9 0/0 0/0

AAAAAAAAAA

Patient 2: 4/4 5/5 0/0

ABABABABAB

Patient 3: 0/4 1/5 0/0

AAAAABBBBB

Patient 4: 3/4 2/3 2/2

ABCAACABBA

Total for patients 1, 2, 3 | 7/21 (33%) 8/13 (62%) 2/2 (100%)

and 4

Figure 4.1: Example patient visit patterns with computed care transitions and transition percentages.
Transition percentage is defined as the percentage of a provider’s total visits in which the patient’s previous
visit was to a different provider. Each patient’s first visit in the study period with any provider would not
count as part of their total visits for this provider because there was no way to determine if this first visit
involved a care transition.

For both individual clinician and medical group scenarios, we computed
the transition percentage for the community as a whole, and we tested the
sensitivity of these estimates when including only those clinical specialties which
we believed would be the primary users of an HIE (“core” specialties) and also
when excluding radiology and pathology. All groups in this community included
clinicians who were either core or non-core specialties, never both. We used only
claims assigned to individual clinicians, but also tested the sensitivity of the
results when including claims assigned to medical groups for the group scenario.
We also computed the percentage of visits to all community providers for which
the previous visit took place outside of the community.

We used SAS version 9.2, MATLAB version 7.8.0, and Excel 2003 to
perform these analyses.

62



4.4 Results

We found notable variation in transition percentage across specialty,
within specialty, and across medical groups even in this small community.
Primary care physicians had a transition percentage of 54%, while in comparison,
specialists tended to have higher percentages, averaging 79% for core
specialties. Among primary care physicians, pediatricians had similar transition
percentages compared to internists when considered as individual providers, but
a pediatric medical group showed only 24%, reflecting a higher number of
transitions internal to the group. Within specialties, primary care physicians
showed the greatest range of transition percentage, varying from 32% to 95%.
Medical groups had a wide range, and in particular the large group practice had
about half the transition percentage of several smaller practices. For the
community as a whole, excluding radiology and pathology, the transition
percentage was 51% for individual clinicians and 41% for medical groups.

4.4.1 Provider characteristics

We identified 226 provider numbers in the community with at least one
patient visit, 119 of which were assigned to unique individuals with more than
300 visits (Figure 4.2). Of those 119 providers, 80 were in core specialties
(Figure 4.3). A wide range of specialties was represented in the community,
including 34 providers that were considered to be primary care.
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226 provider numbers (342,266 visits) in
community were assigned to at least one
patient visit during study period

Excluded 5 provider numbers
(2,568 visits) of anesthesiologists |«
and related to pharmacy

Excluded 36 provider numbers
(28,234 visits) that were
assigned to groups

A 4

Excluded 60 provider numbers (5,984
visits) with less than 300 claims

Merged 6 duplicate provider
numbers

v

\ 4
119 unique individual providers (305,480
visits) were identified, 80 of which (246,856
visits) were “core” specialties

v
47 groups were extrapolated,
23 of which contained only
“core” specialties

v v

Individual Clinician Scenario Medical group scenario
Care transitions were computed for all Care transitions were computed
clinicians and for only core specialties for all groups and for groups

containing only core specialties

Figure 4.2: Community providers included in the study
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Providers in Core Specialties (N = 80) Providers in Non-core Specialties (N=39)

Primary Care (34) Chiropractic(6)
Family Practice (5) Clinical Psychology(7)
Internal Medicine (18) Dentistry(8)
Nurse Practitioner (2) Dietician Nutritionist(1)
Pediatrics (9) Mental Health Counselor(3)
Specialties (46) Optometry(3)
Cardiovascular Disease (2) Physical Therapy(6)
Dermatology (3) Social Worker(5)

Gastroenterology (1)

General Surgery (2)
Hematology/Oncology (1)
Midwife (2)

Neurology (2)

Obstetrics and Gynecology (5)
Ophthalmology (4)

Oral & Maxillofacial Surgery (3)
Orthopedic Surgery (4)
Otolaryngology (1)

Pathology (4)

Podiatry (2)

Psychiatry (2)

Pulmonary Disease (1)
Radiology (5)

Urology (2)

Figure 4.3: Specialties of community providers

4.4.2 Patient characteristics

The sample included 18,831 patients who were younger than 65 years
and visited a community provider for more than one visit. Slightly more than half
of the patients (55%) were female and the average age was 36. The average
frequency of activity among patients was 826 days (median 832, IQR 269-1402)
of a total possible 1641 days. The mean number of visits per patient during the
study period was 19 (median 11, IQR 4-25).

4.4.3 Care transitions — individual community clinicians
We found notable variation in the transition percentage by clinical

specialty (Table 4.1). Radiologists and pathologists had the greatest transition
percentages, as may be expected, averaging greater than 95%. Providers with
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low transition percentages included physical therapists and chiropractors with
22% and 25% of visits, respectively. Specialties with relatively high transition
percentages included ophthalmology and obstetrics/gynecology with transitions
occurring in 84% and 79% of visits on average, respectively. Primary care
specialties fell in the middle range, with 54%.

We found that the transition percentage also varied to some extent within
medical specialties. For example, internists and pediatricians showed notable
variation. Transition percentages for both of these specialties ranged more than
45 percentage points with a standard deviation (weighted by number of visits) of
greater than 10. Most specialties seemed more consistent, although there were
fewer practitioners of these specialties in the community. Obstetrics and
gynecology physicians ranged less than 20%, with 4 of 5 having transition
percentages within the range 79-85%. The orthopedic surgeons had transitions

of 71-74%.

Specialty No. No. Weighted average transition
clinicians | visits percentage (weighted SD)
[low-high]
Primary Care
Family 5 16,569 | 44.3 (7.3) [32.4-67.6]
Practice
Internal 18 66,411 | 54.6 (10.3) [35.0-95.2]
Medicine
Nurse 2 783 91.0 [88.1-93.3]
Practitioner
Pediatrics 9 41,008 | 56.2 (11.1) [45.1-93.2]
All primary care 34 124,771 | 54.0(11.3)[32.4-95.2]
Core Specialties
Cardiovascular 2 2,220 81.4 [60.9-85.3]
Disease
Dermatology 3 9,862 59.3[49.7-62.5]
Gastroenterology 1 4,517 68.4
General Surgery 2 2,551 78.1[77.4-82.9]
Hematology/ 1 2,009 50.9
Oncology
Midwife 2 783 91.1[88.1-93.3]
Neurology 2 4,430 61.7[58.1-80.4]
Obstetrics and 5 13,972 | 79.3(6.9) [65.0-84.1]
Gynecology
Ophthalmology 4 6,166 83.9[79.2-87.3]
Oral & Maxillofacial | 3 2,035 57.5[51.9-70.1]
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Surgery

Orthopedic surgery 4 10,051 | 71.6[70.8-73.7]

Otolaryngology 1 740 73.9

Pathology 4 5,938 98.7[98.7-99.0]

Podiatry 2 2,725 71.5[55.4-77.4]

Psychiatry 2 2,219 47.2[36.5-49.1]

Pulmonary Disease 1 665 87.4

Radiology 5 29,524 | 95.2(0.9) [94.2-97.6]

Urology 2 2,571 72.1[68.1-75.4]
Non-core Specialties

Chiropractic 6 12,165 | 25.3(9.1)[12.1-47.0]

Clinical 7 3,573 32.2(14.3)[7.4-57.5]

Psychology

Dentistry 8 12,861 | 59.3(5.1) [51.3-70.9]

Dietician 1 357 82.6

Nutritionist

Mental Health 2* 2,039 23.9[9.3-23.7]

Counselor

Optometry 2* 5,885 87.4[85.5-89.0]

Physical Therapy 6 16,570 | 22.1(2.7)[19.1-28.4]

Social Worker 5 2,282 31.9(4.6)[27.4-40.1]

Table 4.1: Transition percentages for individual clinicians, grouped by specialty.

Averages of each specialty are weighted by visit totals and so are equivalent to the portion of total visits to
clinicians in each particular specialty that are care transitions. Standard deviations are also weighted by
total visits and are computed as the square root of the weighted unbiased variance. We only report standard
deviations for specialties for which the data contains five or more providers, and high/low for two or more.
The number of visits excludes patients’ first visits in the data set.

*One mental health counselor and one optometrist showed zero care transitions and, as such, were
considered outliers and excluded.

4.4.4 Care transitions — medical group scenario

We also found notable variation in transition percentage among medical
groups (Table 4.2). The hospital had the greatest transition percentage in the
community, because of the radiologists and pathologists practicing there. Several
group practices were single-specialty and had transition percentages similar to
what the same type of specialists had in the individual scenario. The pediatric
practice, however, showed a transition percentage of 24%, which was
considerably less than any pediatrician’s percentage in the individual scenario,
indicating a large number of transitions within the group. The community’s
largest group also had a smaller transition percentage compared with most other
practices.
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Medical group No. of Specialties Transition
description Clinicians | represented in group | percentage (of
total visits)
Group 1: Hospital 8* Radiology (2), 86.4% (of
Pathology (4), Internal | 18,403)+
Medicine(1),
Otolaryngology(1)
Group 2: Large group 21 Multiple specialties++ | 36.8% (of 75,246)
practice
Group 3: Medium-size 6 Cardiology(2), 70.8% (of 10,343)
group practice Urology(2), Obstetrics/
Gynecology(2)
Group 4: Medium-size 4 Orthopedic surgery 69.5% (of 9,993)
group practice
Group 5: Medium-size 5 Internal medicine 41.2% (of 14,248)
group practice
Group 6: Medium-size 5 Pediatrics 23.9% (of 20,890)
group practice
Group 7: Medium-size 4 Ophthalmology 81.7% (of 6,164)
group practice
Group 8: Medium-size 6 Family practice(3), 62.2% (of 14,039)
group practice Nurse Practitioner(1),
Obstetrics/
Gynecology (2)
Group 9: Medium-size 5 Physical Therapy 20.1% (of 14,542)
group practice
Group 10: Small group 1 Family Practice 43.1% (of 8,725)
practice

Table 4.2: Care transitions between medical groups.

Only groups with greater than 6000 visits in data set are shown (except for one radiology group which is
not shown). Care transitions between providers within the same group are not counted in the transition
percentages.

* Clinicians who treat patients for inpatient and ED visits are not counted in the number of clinicians.

+ The hospital’s transition percentage includes inpatient and ED visits. If these visits are excluded, the
transition percentage is slightly higher, 88.5%. Most hospital visits are for radiology or pathology.

++ This group included: general surgery (2), internal medicine (11), nurse practitioner (1), neurology (1),
obstetrics and gynecology (1), pediatrics (3), pulmonary disease (1), podiatry (1).

4.4.5 Community results

For the community in total, we found that the overall transition
percentage ranged between 36% and 62% depending on various assumptions
(Table 4.3). When providers are considered in their medical groups, their
transition percentages are as much as 15% lower than when they are considered
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as individuals, because of care transitions that occur internal to medical groups.
Transition percentages among core specialties were similar to transition
percentages among all provider types. When radiology and pathology visits were
removed, the community transition percentage decreased by approximately 10%.

We performed several sensitivity tests on these results and found the
results to be reasonably robust. Removing inpatient and ED visits from the group
scenario resulted in negligible change in the community transition percentage,
reflecting the fact that these types of visits represented a small portion of the
total community visits. We changed the provider exclusion threshold to 200 visits
and 400 visits, which involved adding 3,211 visits and excluding 4,448 visits
respectively, for the individual provider scenario. We found negligible changes in
transition percentages from these changes. We included 28,234 visits which
were assigned to medical groups in the group scenario for all clinicians. The total
community transition percentage rose from 50% to 52% as a result of the group
claims with most groups having only one or two percentage changes and the
largest change happening in the pediatric practice which showed a 4% increase
in transition percentage from 24% to 28%.

Even though we did not have complete knowledge of the clinicians who
worked outside of the community, we did estimate the total proportion of
community visits which involved transitions from outside of the community, and
assessed this proportion to be 14.5% of all visits to community providers. The
data allowed us to calculate this because it included visits by patients to
providers outside of the community. If a patient had visited a non-community
provider before a visit to a community provider, we counted the visit to the
community provider as a visit that involved a transition from outside of the
community.
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Scenario Transition percentages (of Transition percentages (of

patient visits) patient visits), excluding
radiology and pathology

Individual clinician: 60.2% (of 283,613) 51.2% (of 247,105)

all providers

Individual clinician: 62.2% (of 226,381) 51.5% (of 190,015)

core specialties only

Medical group: 50.2 % (of 284,597) 40.6% (of 247,793)

all providers

Medical group: 48.8% (of 226,346) 35.7% (of 189,929)

core specialties only

Table 4.3 Community care transitions per patient visit.

Inpatient and emergency visits were included in group scenarios and excluded from the individual
scenarios. Differences in visits between individual and group scenarios are because we consider same day
visits to the same group as part of the same visit in the group scenario.

4.5 Discussion

We found that transitions in care represented a substantial proportion of
patient visits in one community. These visits represent opportunities for an
aggregate patient record form of HIE to provide useful information. We also
found a notable range of transition percentages across specialties, within
specialties and across medical groups even among the modest number of
clinicians in the data set.

We identified a few other studies that computed the frequency of care
transitions for patients in a community, although most involved less broad clinical
samples. For example, one study that investigated the frequency with which an
HIE was accessed was restricted to emergency departments. [66] Another study
evaluated the number of patients who visited more than one ED within a
geographic region. [64] A study of the United Kingdom'’s effort to share clinical
records was also restricted to emergency or unscheduled care settings.[93]
Other studies that report HIE usage numbers did not focus on appropriate levels
of usage based on patient visit patterns. [62]

4.6 Policy implications
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If variation in transition percentage among clinicians is common in many
communities, meaningful use payments and related policy incentives should
consider patient visit patterns, in addition to visit volumes, in estimates of target
HIE usage.

Many providers may not access an aggregate record HIE for every care
transition for good reasons. Some patients’ problems may be routine and data in
the HIE may be unrelated to the patient’s current problem or clinical episode.
However, providers will often not be able to determine the relevance of the data
without first reviewing them. We suggest that if providers — primary care
especially — are to be responsible for coordination of patient care and
comprehensive treatment of medical conditions, some fraction of the number of
care transitions a provider encounters will represent a reasonable meaningful use
target for a provider accessing an aggregate patient record HIE. What that
fraction is should be addressed empirically. Which specific data types providers
should be expected to view also represents an open question and likely varies by
clinicians’ specialty and the setting in which they are seeing the patient, as well
as the specific circumstances of the patient’s visit. In many clinical scenarios,
providers may be expected to check for recent laboratory results, changes in
problem lists and medications, or consultation notes.

Some providers may access an HIE even for repeat visits because
information from the HIE had not been imported into the provider’'s EHR during
the previous visit, or because the provider had no way of knowing whether or
not new data was present in the HIE. HIE vendors may reduce the need for
these accesses, which may be a burden on the provider, by providing
functionality that allows automatic importing of HIE data into an EHR and by
implementing a visual cue that indicates whether or not new data exists in the
HIE as of the patients’ previous visit.

In addition to assessing HIE accesses, meaningful use payments might
also consider including accesses to medical groups’ EHRs for care transitions that
are internal to medical groups, which accounted for 10-15% of visits in the
community we studied and may be more or less in other communities, although
data exchange is much easier within a group that shares an EHR. This may be
especially important for large medical groups in which many patients receive
most of their care, because many care transitions will likely occur between
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providers within those groups and incentives may be needed to ensure care
within the group is coordinated. [94]

If measures of HIE accesses are to be used as part of incentive payments,
HIE and EHR vendor companies must offer the capability to report these metrics.
It is unlikely that vendors will develop functionalities to report metrics that can
be compared across HIEs without some change in the incentives they face. We
recommend that vendors should be required to support these metrics as a
condition of certification. [95] Vendors would likely be able to compute counts of
actual HIE accesses as well as the volume of care transitions from data they
already capture in audit trails, although they should not be expected to develop
their own algorithms for doing this—development of a single algorithm might be
helpful and also could diminish the risk of “gaming.”

Gaming does represent a serious concern; in particular, direct incentives
to providers simply for HIE accesses may not be a judicious approach to whether
or not meaningful use is present. [96] The risk of gaming should be studied
empirically. In addition to assessing providers’ usage, care transition metrics may
be used to evaluate and compare the effectiveness of HIE organizations and
regional extension centers in engaging clinical users. One option might be to
incent HIEs in particular to have higher physician participation rates. We have
observed in evaluating a working HIE that the doctors could have benefitted
from some follow-up regarding how the HIE worked, more specifically simple
training in the office might have showed them the benefits, but the HIE did not
have an incentive to provide such training. [97]

4.7 Limitations

This study has several important limitations. The study focused on only
one small community and may not generalize to other care settings. Visit
patterns may be different in different kinds of communities, such as urban
settings, and may have more or less variation in transition percentage. In
addition, our claims data were limited to the claims submitted to one private
payer, the results may not be generalizable to other payers. Also, visits from
patients older than 65 years or from patients or providers not covered by the
payer were not included. In addition, we may have included claims that did not
occur in the community and excluded claims that did occur in the community
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because of providers who practiced medicine in other regions under the same
provider number. We also did not account for providers who changed medical
groups during the study period. We may have missed a few care transitions that
occur on the same day as an ED visits or inpatient admission or discharge. Finally,
we assumed that the aggregate record in the hypothetical community-wide HIE
had comprehensive, up-to-date data from all providers in the community under
each scenario, which may be difficult to achieve for many HIEs in the near
future.[97] Realistic usage targets will therefore likely be lower than the
estimates in this study but will still be computable from the patient visit patterns
of providers who participate in HIEs.

4.8 Conclusion

In this study within one community, we found that a substantial
percentage of patient visits involved care transitions. This finding supports
previous studies that identified significant potential use for HIE, especially for
aggregate patient records. We also found notable variation in the proportion of
visits that involved care transitions across providers and provider types in this
community, which suggests that patient visit patterns should be considered in
designing incentives to foster providers’ meaningful use of health data exchange
functionality.
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Chapter 5 Impact of mergers of medical groups and
variation in provider participation on the potential
value of regional health information exchanges: a
simulation of 10 communities

5.1 Abstract

Substantial resources are being invested in establishing health information
exchanges (HIE). However, under pressure to form accountable care
organizations, medical groups may merge, limiting the need to exchange data
through external HIEs. Our simulations of 10 communities suggest that
considerable consolidation of medical groups would have to occur to substantially
reduce an HIE’s value. However, our simulations also suggest that to be
successful HIEs will have to recruit a large portion of the medical groups in a
community. Hospitals and large groups will be key participants, but they alone
may only cover 10-20% of total care transitions in communities.

5.2 Introduction

As discussed in prior chapters, health information exchange may be on
the verge of a major expansion. More than one hundred organizations are
operating or launching health information exchanges (HIES) to enable the
exchange of data between independent healthcare organizations. [19]
Widespread HIE has the potential to create substantial clinical and financial
benefits as a return on the current investment of hundreds of millions of federal
and state dollars.[14] While initial HIE efforts have focused on the exchange of
laboratory results, federal incentive programs are intended to spur many more
HIEs to pursue more advanced forms of data exchange. These advanced
capabilities include aggregate patient records — longitudinal medical records that
are indexed by patients and consist of clinical data from multiple providers in a
community. [19] [98] [99] [30] [62] [Rudin — ACI] Aggregate patient records
represent a major federal priority. Although not yet completely specified, the
federal incentive program for “meaningful use” of health information technology
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is expected to give payments to eligible providers for “access to comprehensive
patient records,” which may include use of aggregate patient records. [46] [47]

However, the potential value of community HIEs may diminish
significantly if medical groups consolidate into larger organizations through
mergers of medical groups or if hospitals and medical groups integrate into
entities such as accountable care organizations. If two or more medical groups
merge and adopt a shared electronic health record, data exchanges within the
merged group could be executed internally, bypassing the HIE and reducing the
HIEs’ potential value for many care transitions.[100] A wave of medical group
mergers is already underway as hospitals and other entities are purchasing
practices. Independent physicians may be moving toward employed status at a
high rate. [94] [101] Accountable care organizations (ACO) may accelerate this
trend, diminishing the number of opportunities for community medical groups to
exchange data through an HIE.

Even if only few mergers occur, most HIEs will face another problem:
recruiting and retaining medical groups. Like a telephone exchange, an HIE is
only as good as its participating membership. Inadequate participation of
community healthcare providers is one important threat to success for regional
HIE organizations. [Rudin - ACI] Providers might decline to join an HIE for many
reasons such as competition for patients, technical challenges, privacy and
security concerns, legal issues, HIE-related fees, the lack of a business case, and
they may not believe an HIE will have much of the information they need. [40]
[41] [31] If few providers in a community contribute data to an HIE, the number
of opportunities to use the HIE for improving patients’ coordination and
continuity of care will be greatly reduced and the HIE’s potential value will be
diminished.

The purpose of this chapter is to investigate how these two phenomena
could affect the value of a community HIE as a provider of aggregate patient
records: “mergers of medical groups” and “provider participation in the HIE.” To
estimate the impact, we examined the proportion of relevant care transitions that
would be served by an HIE under various simulated scenarios. A variety of
policies and economic changes are currently influencing both the degree to
which medical groups are merging and the likelihood of provider participation in
community HIEs. [102] Because of this, we simulated how the potential for
exchange of data would be altered under a selected set of illustrative scenarios
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of medical group mergers and provider participation in community-wide HIEs
using data from one commercial health plan including all professional claims for
provider visits in ten communities.

5.3 Methods

5.3.1 Overview

To measure the potential value of an HIE, we defined a care transition as
a sequential pair of patient encounters with different provider groups in a
community. We assumed that a community-wide HIE could be used to transmit
clinical data among these pairs of groups. We did not consider care transitions
which involved sequential visits to providers in same group because data
exchanges for those transitions could be done using the medical group’s EHR
and would not involve an HIE. To develop constructs of medical group mergers
and provider participation and to investigate their impact on the potential value
of community HIEs, we analyzed ten geographic communities which were either
actively building an HIE or had applied within the past few years to receive a
large grant for constructing a community-wide HIE. For each of these
communities, we simulated various scenarios of medical group mergers and
provider participation (described below).

5.3.2 Data sources

We used the same data set as in chapter 4: administrative claims data for
members of a large private payer in 10 geographical communities in
Massachusetts. We divided the data set into three 18-month periods to test for
consistency of the results and for each study period we only included patients
enrolled for the duration of the study period. The data set also included certain
demographic information about the providers from the end of the last study
period, which we used to assign providers to medical groups (Appendix 1.) We
performed the entire analysis including all clinical specialties and also performed
a separate analysis for only “core” provider specialties, those in which the
providers were likely to be frequent HIE users. This core group included most
physician specialties and nurses. We excluded radiologists and pathologists from
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the core specialties because those providers tend to have high volumes of care
transitions which would dominate the simulation results and interfere with closer
examination of data exchanges among the other specialties. (See appendix 1 for
a complete list of specialties considered core and non-core.)

5.3.3 Measuring care transitions

We used the same method described in chapter 4 to identify provider
visits and clean the data. Appendix 1 contains the methodological details that
differ from chapter 4. Notably, in this chapter, we did not group providers based
on their group name, only their address and a few other factors as explained in
appendix 1. Also as with chapter 4, a care transition was identified based on the
sequence of provider visits and was counted if the patient’s preceding medical
visit was to a different medical group (Figure 5.1).

To estimate potential value of the HIE, we computed the total number of
patients’ care transitions between the medical groups which were assumed to be
participating in the community HIE under each simulated scenario. For each of
the ten communities, we computed the baseline number of care transitions by
assuming that all included medical groups participated in their community HIE
and none of them had merged. The specific simulation patterns generated for
both medical group mergers and for provider participation are described below.

One patient’s visit sequence

Baseline no. of care

No. care transitions

No. care transitions

to medical groups A, B and C | transitions covered by HIE if covered by HIE if
groups A and B group C was not
merged participating
AAAAAAAAAA 0 0 0
ABABABABAB 9 0 9
AAAAABBBBB 1 0 1
ABCAACABBA 7 4 4

Figure 5.1 Example patient visit sequences
Example patient visit sequences and corresponding number of care transitions covered by an HIE.

Care transitions are opportunities for participating providers to access new data in the aggregate patient

records of a community HIE.

5.3.4 Simulations

We performed two simulations which generated scenarios of medical

group mergers and two more simulations which generated scenarios that varied

provider participation.
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(S1) Large mergers. This simulation shows the cumulative impact of
mergers of medical groups. After computing the baseline number of care
transitions that occurred in one study period assuming full participation by
community medical groups, this simulation then computes the number of care
transitions that would be covered by the HIE if the two groups that share the
most care transitions between them had merged. A merger of these two groups
would reduce the number of care transitions covered by the HIE more than any
other merger. The simulation then repeats until all of the groups have merged
into one community-wide group with zero care transitions. By selecting the
mergers involved in the most care transitions, this simulation examines the
cumulative effect of larger mergers on the value of an HIE.

(S2) Small mergers. This simulation is the same as S1 except that the
merged groups are selected by taking the group with the smallest number of
visits in the data set and merging it with the group with which it shares the
largest number of their care transitions. Like S1, the simulation repeats until all
groups merge into one community-wide group. It can be understood as the
converse of S1 in that it examines the cumulative effect of smaller mergers on
the value of an HIE.

(S3) Recruitment. This simulation shows how the value of an HIE grows
with increasing participation of medical groups. Starting with only one group
participating, the initial value of an HIE in this simulation is always zero. With
each additional group, the number of care transitions covered by the HIE
increases. This simulation begins with the medical group that is involved in the
most care transitions in the community and iteratively adds the group involved in
the next most volume of care transitions until it reaches the baseline case of all
groups participating. It therefore reflects one extreme case of how HIEs may
recruit medical groups.

(S4) Retention. This simulation is the opposite of S3. It begins with the
baseline case of full community participation and then simulates the non-
participation of only the group that is involved in the most care transitions in the
community. Using the same sequence of groups as S3, it then iteratively
simulates the non-participation of the group involved in the next most volume of
care transitions until none of the groups are remaining. This simulation illustrates
how important it would be to retain the groups that have the most potential
value to an HIE. It is analogous to a targeted attack on a network in which the
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nodes that would reduce the network’s value by the greatest degree are attacked
and removed from the network. [103]

For each simulation, we only varied either the group structure (for S1 and
S2) or which groups participated in the HIE (S3 and S4). The time period was
kept constant for every scenario within each simulation. Holding the simulation
time periods constant allows an examination of the effect of our two phenomena
on HIE value, but does not represent realistic merging and recruitment events
which would occur over time.

We performed the four simulations on the claims data for each of the ten
communities, separately for core providers and for all providers, and for each of
the three study periods. We executed the simulations using MATLAB version
7.9.0 (R2009b) on the high performance computing cluster at Partners Health
Care in Boston.

5.3.5 Analysis

For each community, we computed the number of study patients, total
visits, visits per patient, and number of medical groups. We also computed the
transition percentage — defined as the portion of visits for which the previous
visit in the community was to a different medical group.[100] To calculate
market concentration, we used the Herfindahl-Hirschman Index (HHI) which
ranges from near 0 (many small firms) to 1 (only one large firm). The HHI is
computed by squaring the market share of each group in the community and
then summing the resulting numbers. To represent the market share of each
group, we used the number of patient visits to that group during the study
period.

For each simulation, we computed specific metrics that summarize the
results. For all community characteristics and simulation metrics, we computed
the median and range across the communities, how they differed across the
three study periods, and between core specialties compared with all specialties.
We normalized the results based on the number of medical groups in each
community, which we calculated as the number of groups that would account for
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99% of community care transitions. This excluded the smallest groups because
they would not have much of an impact on the value of the HIE.

5.4 Results

5.4.1 Community characteristics

The communities showed a wide range along several dimensions (Table 1).
There was a five-fold variation in the number of study patients per community,
and an eight-fold variation in the number of medical groups per community. The
number of visits per patient to core providers ranged between 3.6 and 6.1. The
transition percentage — defined as the portion of visits for which the previous
visit in the community was to a different medical group — also varied
substantially across the study communities, 29.8-50.1% for core providers. We
found that the market concentration of visits differed by a factor of more than 6
on the Herfindahl-Hirschhorn Index (HHI) among the communities for core
specialties, and the community with the fewest patients (community number 10
table 5.2) was also the most concentrated by a substantial degree.
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Transition No.

Community2 No. patients No. visits3 Visits/patient  No. transitions HHI
percentage4 groups
1 51,434 295,460 5.74 138,114 46.75% 0.0225 182
2 19,436 88,470 4,55 29,817 33.70% 0.0329 72
3 46,911 191,828 4.09 70,662 36.84% 0.0372 107
4 20,538 126,028 6.14 63,139 50.10% 0.0394 62
5 49,040 217,304 4.43 76,680 35.29% 0.0401 101
6 56,799 225,887 3.98 81,857 36.24% 0.0405 105
7 40,001 144,048 3.60 45,273 31.43% 0.0409 76
8 17,896 70,856 3.96 30,783 43.44% 0.0453 38
9 16,740 75,678 4,52 22,532 29.77% 0.0715 34
10 9,856 54,395 5.52 23,596 43.38% 0.1421 22
median[min-  30,269.5[9,856- 135,038.[54,395-  4.48[3.60-  54,206.[22,532- 36.54%][29.77%- 0.0403[0.0225- 74[22-
max] 56,799] 295,460] 6.14] 138,114] 50.10%] 0.1421] 182]

Table 5.1 Community characteristics (core specialties only).1

1. Includes visits to core specialties from patients who were fully enrolled with one private payer from January 1st 2005 until June 30th 2006.

2. Communities are presented here in order of increasing Herfindahl-Hirschman index (HHI)

3. Excludes each patient's initial visit in the study period because there is no way to determine if that visit involved a care transition.

4. Transition percentage is defined as the percent of total visits to community providers for which the patient's previous visit was to a different medical group in
the community.
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5.4.2 Simulation results

The ten communities we studied showed modest variation in potential
value under the simulation scenarios we used (Table 5.2). We present the results
for core specialties in period 1. (See appendix 2 for sensitivity analysis with all
specialties and across three study periods.)

In all communities, S1 results show that the potential value of HIE could
withstand considerable merging: the number of groups could reduce by 20-36%
through the most high-impact mergers (via 6-41 mergers) before potential value
was reduced below 50%, for core specialties (Table 5.2). Under the pattern of
consolidation simulated in S2 in which smaller groups merged into larger ones,
as long as there were between 4 and 9 groups remaining (3-13% of the number
of original groups), an HIE would still have 50% of its potential value (Figure
5.3).

The simulation of provider recruitment in S3 showed that a substantial
number of groups would need to be recruited for an HIE to have a substantial
value: a median of 18.5 groups (range 6-35) which consisted of 18-36% of total
community medical groups would need to participate to achieve 50% of the
HIE's potential value. Conversely, S4 shows that if the HIE cannot retain only a
relatively small number of key groups, 2-10 groups which consist of 5-13% of
the total community medical groups, the value of the HIE would be limited to
50% of its potential.

If these 2-10 key groups were the only groups recruited, S3 shows that
they would only realize 10-20% of the HIES' potential value (Table 5.3). The
communities would have to recruit approximately 2 and 4 times the number of
these key groups to achieve 50% of their potential value (Table 5.2).
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S1 S2 S3 S4

No.
group
No. big No. big absences
mergers mergers No. groups  No. groups which
which which No. No. needed to needed to would
would would consolidated consolidated  participate participate reduce
reduce reduce groups groups to achieve to achieve Reduction in Reduction in potential
potential potential needed for needed for 15% 50% potential HIE potential HIE HIE
HIE usage HIE usage potential potential potential potential usage from usage from usage
No. by > by > HIEtobe> HIEtobe > HIE HIE absence of 2 absence of 5 by >
Communityl groups2 25%3 50%3 30%4 50%4 usageb,6 usageb,6 groupss,6 groups5,6 50%5,6
1 182 18 41 4 7 8 35 17.66% 34.27% 10
2 72 12 24 4 9 7 23 28.01% 46.51% 7
3 107 12 25 4 7 7 23 23.37% 41.32% 8
4 62 8 17 2 4 5 15 29.43% 52.51% 5
5 101 10 23 4 7 6 22 25.41% 43.09% 7
6 105 10 22 3 5 6 20 25.12% 46.60% 6
7 76 9 18 6 8 6 17 27.92% 50.81% 5
8 38 8 14 4 7 6 13 30.12% 51.70% 5
9 34 7 13 3 6 5 13 37.12% 62.36% 3
10 22 2 6 2 4 2 6 63.52% 82.35% 2
median[min- 27.97%[17.66%- 48.70%[34.27%-  5.5[2-
max] 74[22-182]  9.5[2-18]  20.[6-41] 4.[2-6] 7.[4-9] 6.[2-8] 18.5[6-35] 63.52%)] 82.35%] 10]

Table 5.2 Summary results (core specialties only from January 1st 2005 until June 30th 2006)

1. Communities are presented here in order of increasing Herfindahl-Hirschman index (HHI)

2. No. groups are those that constitute 99% of community care transitions.

3. The sequence of mergers was decreasing by number care transitions between the pairs of medical groups in each geographic community.

4. Consolidation was simulated by iteratively merging groups that had the smallest visit volumes into the groups with which they shared the most care transitions.
5. The sequence of the groups is decreasing by volume of care transitions in each geographic community.

6. The denominator for these percentages is the potential HIE usage for the study period in each community assuming complete participation and no mergers i.e.
the total number of care transitions between groups during the study period.
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Figure 5.2 Larger mergers (S1)

This pattern simulates the effect of mergers of medical groups on the potential value of community HIEs. Groups are chosen to merge based on the pairs of
groups with the most care transitions between them and so the first merger has the largest effect. The data include only core specialties and patient visits from
January 1st 2005 through June 30th 2006. (Note: The x-axis represents a contrived pattern of variation in medical group mergers, and does not represent time.
Every data point simulates all patient visits for the entire the study period.)
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Figure 5.3 Small mergers (52)

This pattern simulates the effect of mergers of medical groups on the potential value of community HIEs. Groups with the smallest visit volumes are chosen to
merge with the group with whom they share the most care transitions and so the first mergers tend to have small effects. The data include only core specialties
and patient visits from January 1% 2005 through June 30" 2006. (Note: The x-axis represents a contrived pattern of variation in medical group mergers, and does
not represent time. Every data point simulates all patient visits for the entire the study period.)
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Figure 5.4 Recruitment (S3)

This pattern simulates the effect of medical group participation in community HIES on the potential value of the HIEs beginning with one group participating.
The sequence of groups is determined by decreasing volume of care transitions in each community. The data include only core specialties and patient visits from
January 1% 2005 through June 30" 2006. (Note: The x-axis represents a contrived pattern of variation in medical group mergers, and does not represent time.
Every data point simulates all patient visits for the entire the study period.)
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Figure 5.5 Retention (S4)

This pattern simulates the effect of the absence of medical groups from community HIEs on the potential value of the HIEs beginning with full participation. The
sequence of groups is determined by decreasing volume of care transitions in each community and so the first group has the largest effect. The data include only
core specialties and patient visits from January 1% 2005 through June 30™ 2006. (Note: The x-axis represents a contrived pattern of variation in medical group
mergers, and does not represent time. Every data point simulates all patient visits for the entire the study period.)
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Community

8

9
10
median[min-
max]

No. key
groupsl

10

5.5[2-10]

Percent of total groups
that are key groups2

5.49%

9.72%

7.48%

8.06%
6.93%
5.71%
6.58%

13.16%

8.82%
9.09%

7.77%[5.49%-13.16%)]

Table 5.3 Key medical groups (core specialties only).
1. Key groups are those involved in the most care transitions in the community and would limit HIE value to <50% of potential if they did not participate.
2. Total groups are those that constitute 99% of community care transitions.

3. The group descriptions are ordered from those involved in the most community care transitions to the least.
4. Assumes all non-key groups participate in HIE

Key group descriptions3

Hospital, Multispecialty, Multispecialty,
Dermatology, Orthopedic Surgery,
Multispecialty, Multispecialty, Primary care &
Pediatrics, Hospital, Otolaryngology

Hospital, Primary care, Multispecialty, Primary
care, Cardiovascular Disease, Primary care,
Pediatrics

Hospital, Multispecialty, Multispecialty,
Orthopedic surgery, Obstetrics & Gynecology,
Pediatrics, Primary care, Orthopedic Surgery
Hospital, Primary care, Primary care,
Ophthalmology, Obstetrics & Gynecology
Multispecialty, Hospital, Primary care, Hospital,
Multispecialty, Primary care, Primary care
Multispecialty, Hospital, Multispecialty,

Multispecialty, Primary care, Orthopedic Surgery

Hospital, Dermatology, Multispecialty,
Orthopedic Surgery, Multispecialty

Hospital, Primary care & Pediatrics, Primary
care, Primary care, Orthopedic Surgery

Multispecialty, Hospital, Multispecialty
Multispecialty, Hospital

N/A
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HIE value with
key groups only
(S3)

19.71%

16.63%

20.16%

18.54%
17.75%
15.11%
13.11%

13.85%

10.67%
20.85%

17.19%][10.67%-

20.85%)]

Decrease in potential
value of HIE if key
groups do not
participate (S4)4

50.42%

53.35%

53.02%

52.51%
53.61%
51.00%
50.81%

51.70%

50.36%
63.52%

52.11%[50.36%-
63.52%]



5.5 Discussion

We simulated the impact of medical group mergers and provider
participation in the HIEs on the potential value of HIEs in ten geographical
communities. Our results suggest that, for at least certain patient populations
younger than age 65, a limited number of mergers may not threaten the value
proposition of community HIEs, except for communities which are highly
concentrated. Furthermore, considerable consolidation of smaller providers may
occur before an HIE'’s value proposition is substantially diminished. However, our
results also suggest that participation by hospitals and other key medical groups,
while important, may not be sufficient for HIEs to achieve their potential value in
regional communities. These key providers may be involved in more care
transitions with other medical groups in the community than with one another.

Few other studies examine the potential value of HIE by investigating
patient visit patterns and those that do to date have mainly been limited to
emergency or acute care facilities.[68] [64] [79] Other studies have investigated
care fragmentation by counting the number of different providers that patients
visit in a given year and how providers are linked to other providers via shared
patients. [2] [104] [3] However, these studies do not consider care transitions,
which is important for estimating potential HIE usage.

Even though all ten communities were located in one state, the
communities’ characteristics differed notably, suggesting they may be represent
at least some of the diversity that may be found in other parts of the U.S. For
example, the number of visits per patient ranged from 3.6 to 6.1. This may
reflect differences in patient visit patterns and crossover with providers in
neighboring communities. Also, the transition percentage ranged 28.9-50.1%
across the communities. This notably range might reflect differences in group
structure, provider specialties, patient visit patterns, or differences in other
patient or provider characteristics among the communities. The HHI of market
concentration also showed a wide range.

The findings in this study may be relevant to some of the key issues
facing HIEs today, including working with accountable care organizations,
recruiting a critical mass of providers, and paying for HIE services.

5.5.1 Accountable care organizations
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Accountable care organizations (ACO) may be important clients for many
HIEs. [102] [105] [106] How ACOs and HIEs will be structured is unknown:
some communities may have one community-wide ACO whose members all
participate in the same community-wide HIE; other communities will likely have
multiple ACOs which share the same HIE; [84] and others may involve more
complex arrangements in which individual medical groups participate in multiple
ACOs or multiple HIEs. Regardless, ACOs and HIEs will need to work together to
achieve their goals of improving care quality and reducing cost.

ACOs and HIEs with high rates of “leakage” or “crossover” of patient visits
with neighboring communities may have difficulty determining which collection of
medical groups would optimize their ability to measure quality or to maximize
HIE value. Simulations or research into “community detection algorithms” may
yield insight for this problem. [107] Because regulations will not restrict Medicare
patients from seeking care outside of an ACO, patient crossover may not be
reduced in the near future. [105] However, there may be significant advantages
for patients if they stay within the same HIE or ACO, such as improved
coordination of care, more effective use of automated decision support tools,
better measurements of provider quality, and more familiarity with their
providers. HIEs, ACOs, and policymakers may want to begin considering how to
motivate patients to stay within their participating medical groups, perhaps
through tiered copayments. [108]

However, there will likely always be a need for ACOs or HIEs to share data
with external providers. Yet, communities in which one ACO and one HIE
dominate may attempt to “lock in” patients by electing to restrict electronic
exchange of clinical information to only those providers within their organization,
even if many patients receive care externally. This may be especially true for
early stage ACOs which are still paid primarily using a fee-for-service model and
because they will still profit from having more patient encounters. Policies must
ensure that ACOs share data with other ACOs as appropriate. This may be less of
a concern for later stage ACOs that are paid more based on quality measures
and, therefore, have an incentive to share data if it would improve care quality.

ACOs may increase the likelihood that medical groups will merge, and
adopt the same EHRs, because of a decrease in antitrust restrictions and
because larger groups may be more efficient in delivering higher quality care.
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[109] While our study shows that an HIE may still be important even if there are
many mergers, ACOs may create incentives for enough mergers in some
communities to put into question the value of an HIE. On the other hand, some
providers may want to have control of their patients’ data should they decided to
leave an ACO, and a merger in which providers adopt the same EHR would not
allow that kind of flexibility.[84] It is therefore unknown at this point if medical
groups will merge and adopt shared EHRs on a scale that would pose a
substantial threat to the value proposition of HIEs.

5.5.2 Critical mass of providers

Many HIEs begin with only a few large hospitals and large provider groups.
[30] [31] [79] [81] Small practices have been slow to participate. [37] Our
results suggest that hospitals and other key medical groups are important to
HIEs, but despite this they may not constitute a critical mass for many
communities. Therefore, HIEs will need to recruit many smaller providers to
realize most of their potential value. [97]

More concentrated communities generally had fewer key medical groups.
Potential HIE usage for the most concentrated community was greatly affected
by the participation of only two groups: the hospital and one branch of a large
multispecialty group. In communities in which patient visits are concentrated in
relatively few medical groups, a few mergers could reduce potential value
substantially; whereas in the more diffuse communities, a much larger number of
mergers would need to happen to have the same proportional effect. However,
there may be exceptions to these tendencies if, say, communities with relatively
diffuse market concentrations had high volumes of care transitions among a
smaller number of groups.

To encourage participation, incentives and workflow interventions may
need to be customized to different kinds of providers. Hospitals and larger
groups may be more worried about sharing data with competitors, and may
therefore be a particularly good target for either strong incentives and/or close
monitoring that data are actually being contributed. [40] [41] The barriers for
smaller groups, by contrast, may relate to different factors such as lack of
technical expertise and these groups may need considerable technical support.
[110] Many medical groups will likely require training in how to integrate the HIE
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into their workflows. [35] The meaningful use payments may help accelerate HIE
adoption for many medical groups, but they may be more effective for some
types of groups than others. Further research is needed to understand where the
meaningful use program works and where it doesn’t. Additional policies and
incentives may be necessary.

5.5.3 Who should pay for HIE?

If health information exchange can be shown empirically to reduced costs
or improve quality, payers may have an interest in creating incentives that
encourage the medical groups with whom they contract to participate in HIEs.
[14] An analysis of the effect of each groups’ participation on potential HIE value,
similar to what we do in the recruitment and retention simulations (S3 and S4),
could help inform the payment rates with empirical justification and provide a
better estimate of value compared with a flat fee per physician. [56] To avoid
free-riding among payers, all the major payers in a community may need to
coordinate to perform this kind of analysis, perhaps via a third party, so that
their HIE payment rates are fairly distributed among the payers. This kind of
differential fee schedule may be especially important for communities which
contain large medical groups that provide comprehensive care for many patients
(e.g. Kaiser Permanente) because they may employ many physicians but have
relatively little need for HIE because of their patients’ visit patterns. Further
research might be needed to understand the nature of the value chain in HIE to
inform the specific payment rates.

As HIE technology improves, providers may be more willing to pay for
HIEs themselves, especially if they find HIEs save them time and helps them
deliver better care, which may improve their chances of receiving quality
payments. Providers may then have an interest in adopting a differential fee
schedule for HIE instead of payers. Estimates of potential value based on
patient visit patterns may be more effective as the basis of payment compared
with requiring providers to pay for each HIE access because that would involve a
disincentive for accessing the HIE.
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5.5.4 Limitations

This study was limited to patients younger than 65 years who were
continuously enrolled with one private payer, and to providers with office
addresses within ten communities in Massachusetts. None of the communities
included a major urban center. The payer's market penetration may have varied
across the communities which may limit the comparability of the communities.
We did not verify the provider assignments to their medical groups, and we
assumed all providers stayed in the same groups for all three study periods. The
method we used to assign providers to groups may have overestimated medical
group fragmentation by separating those clinicians who share an EHR but reside
in different suites or addresses, or underestimated fragmentation by combining
those clinicians who reside in the same suite or address but use separate EHRs.
(Many clinicians may not even have EHRs yet.) We likely overestimated the
number of medical groups in each community because many providers had few
visits. Adjusting the results by reducing the number of medical groups would
strengthen our major conclusions. (See appendix 2.)

Potential value as estimated by care transitions may be very different from
actual value because providers may not use an HIE for every care transition.
However, we could not find enough data in the literature on actual usage to use
in our simulations. We did not stratify types of care transitions by value because
we could not find any studies that created such a stratification. However, some
types of data exchange are clearly more important than others. Our study is also
limited to the aggregate patient record form of HIE which involved a centralized
repository (called the hybrid model in chapter 2); we did not model other forms
of HIE, such as point-to-point data exchange between medical groups. [90]

The patterns we used for the simulation were contrived; we could not find
any evidence of the likelihood that certain types of medical groups would or
would not participate in HIEs or of their likelihood of merging. The patterns we
used considered variation in participation and merging separately; however,
many community HIEs may experience variation in both of these factors. We also
did not consider the affect of medical groups separating into smaller groups or
the establishment of new groups.

Finally, for all simulations, we used the total care transitions which
occurred in the community as the denominator for estimated potential value.
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However, HIEs may also be interested in maximizing the percentage of care
transitions covered by the HIE for only participating providers or using other
metrics to evaluate their success.

5.6 Conclusions

In this early study of the care transitions and potential value of
community HIEs, we analyzed visit patterns of patients enrolled with one private
payer. Our findings suggest that, for many communities, mergers between
medical groups will not threaten HIE’s value proposition unless many of them
occur. Therefore it would be prudent to continue to invest in HIEs. However, our
results also suggest that while most communities contain a few key medical
groups that would be critical participants in an HIE, they would likely not be
sufficient to realize most of the potential value in the community. Additional
incentives — carrots or sticks — maybe necessary to ensure that enough groups
participate in HIEs for them to realize their potential value.

This study demonstrates that an analysis of patient visit patterns can
provide important insights into the potential value of HIEs. Individual HIEs may
benefit from performing similar analyses as they grapple with issues related to
working with accountable care organizations, provider recruitment, and financial
sustainability.

5.7 Appendix 1 — Methodology details

Designating medical groups

We designated provider numbers in the data set who were listed at the same
address as part of the same group. For provider numbers listed at the same
address, in a large office building for example, we used the follow steps to

designate groups:

1. Put provider numbers which share the same suite number into the same
group. (Some providers do not have a suite number.)
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2. Of the groups formed in step 1, merge together any groups that have
provider numbers with the same listed practice name. (Some providers do not
have a listed practice name.)

3. For the remaining provider numbers without listed suite numbers but who
do have listed practice names:

a. Merge the provider number into an already formed group that has
the same listed practice name.

b. Put the remaining provider numbers into groups who share the
same listed practice name.
4. For the remaining provider numbers without any listed suite or practice
name:

a. Merge the provider number with the already formed group that has

the most provider numbers of their same specialty. (Often there is only one
option.)

b. Merge the remaining provider numbers with the already formed
group that has the most provider numbers in the same specialty category, as
defined below.

C. Form new groups of the remaining provider numbers by grouping
specialties according to their same specialty categories.
d. For hospital addresses, assign radiologists, pathologists and

anesthesiologists to the hospital even if they had another group listed

Specialty categories:

1. Ophthalmology, Optometry

2. Clinical Nurse Specialist, LICSW, Psychiatry, Psychology (Note: Clinical
Nurse Specialist is also included in category 6)

3. Dentistry, Endontics, Periodontics, Oral surgery

4. Anesthesiology, Chiropractic, Neurology, Occupational Therapy,
Orthopedics, Physical Therapy Physical Medicine & Rehabilitation, Podiatry
5. Audiology, Otolaryngologist

6. All other core specialties and Dietary Nutritionist

7. All other non-core specialties
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Assigning visits to medical groups

All included claims that were listed as occurring in an office-based facility were
assigned to the group to which the provider number was assigned as per the
method above. Multiple claims ascribed to the same patient and provider number
for the same date were considered part of the same visit.

Claims that were listed as occurring in an inpatient facility as well as all
emergency claims (as indicated by CPT codes) were considered as part of the
same hospital visit if they contained overlapping visit dates. These hospital visits
were assigned to a community hospital in our analysis if one or more claim
involved with the visit was ascribed to a provider number associated with that
hospital. If an inpatient visit did not involved any claim associated with a
community hospital, the visit was excluded because the visit may have occurred
at a hospital outside of the community. If an inpatient visit involved claims
associated with more than one community hospital, the visit was excluded
because we were unable to determine at which hospital the visit occurred. To
locate the major hospitals in each community, we used Google.

Exclusions

We excluded: all claims assigned to facilities and other claims not labeled
“professional”; providers with addresses listed at P.O. boxes; and provider
addresses with fewer than 5 claims total in the three 18-month study periods.

We also excluded the following provider specialties:

Ambulatory Surgi-Center

Clinical Lab Participant

Coordinated Home Health Care

Detox facility

DME home med equipment/respiratory
Free-standing ambulance

Heading Aid Vendor
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Home health care

Home Infusion

Independent Physiological and Diagnostics Lab
Individual Case Management

Pharmacy (participation)

Physiological Lab

Sleep testing facility

Surgical day care center

Community health center

Core specialties

We designated the provider numbers that were listed with the following
specialties as “core” and only used claims assigned to those numbers in the
portion of our analysis focused on core providers:

Allergy & Immunology
Anesthesiology
Anesthetist (certified registered nurse)
Cardiovascular Disease
Cardio-thoracic Surgery
Certified Nurse Midwife
Clinical Nurse Specialist
Colon & Rectal Surgery
Dermatology
Emergency Medicine
Endocrinology

Family Practice
Gastroenterology
General Practice
General Surgery
Geriatric

Gynecological Oncology
Hand Surgery
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Hematology/Oncology

Hospital Based Anesthesiologists
Infectious Diseases

Internal Medicine

IVF

Maternal & Fetal Medicine
Nephrology

Neurology

Neurological Surgery
Neonatal/Perinatal Medicine
Nurse Practitioner

Obstetrics & Gynecology
Ophthalmology

Oral & Maxillofacial Surgery
Orthopedic Surgery
Otolaryngology

Pediatrics and all pediatric sub-specialties
Physician Assistant

Physical Medicine & Rehabilitation
Plastic surgery

Pulmonary Disease

Psychiatry

Psychopharmacology
Reproductive Endocrinology
Rheumatology

Therapeutic Radiology

Urology

Vascular Surgery

Non-core specialties
We designated the provider numbers that were listed with the following

specialties as “non-core” and only used claims assigned to those numbers in the
portion of our analysis in which we included all providers (core and non-core):
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Acute Care Hosp/Diagnostic Imaging

Anatomoc/Clinical Pathology
Audiologist

Chiropractic

Chronic disease hospital
Clinical Psychology
Diagnostic imaging
Diagnostic Radiology
Dietary Nutritionist

Early intervention
Endodontics

General Dentistry
Hematologic Pathology
Hospital Based Pathologists
Hospital Based Radiologists
Hospital (VA)

Hospice

Licensed Mental Health Counselor
LICSW

Multispecialty
Neuropathology
Occupational Therapists
Optometry

Orthodontics

Periodontics

Physical Therapy

Podiatry

Prosthodontics

Radiology

Speech Therapists

99



5.8 Appendix — additional results

The results of the simulations for all providers and summaries of the
results of all three study periods are summarized in the figures and tables below.
The results when including all specialties were similar to the results with only
core specialties. The results of the simulation varied minimally over the three
study periods.

For simulation 1, when including all specialties, even more mergers would
have to take place for the potential utility to decrease by more than 50%:
between 8 and 48 mergers were required.

For simulation 2, when including all specialties, community 2 appears to
be an outlier in that it required many more groups in order to retain the HIE's
utility in the event of substantial consolidation. This may represent an artifact of
the simulation heuristic we used: large number of practices with high visits
volumes but low transition percentages (e.g. children’s mental health facilities)
would be the last to merge in this simulation, but they may involve many care
transitions may therefore not be very important to the HIE. Other possible
explanation is that community 2 contains many small practices of comparable
size and similar volumes of care transitions.

The key groups varied to some extent between core and all specialties.
When including all specialties, hospitals were involved in the most transitions in
every community, which probably is due to the effect of radiology and pathology.
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Figure 5.6 Larger mergers (simulation 1, for all specialties).

This pattern simulates the effect of mergers of medical groups on the potential value of community HIEs. Groups are chosen to merge based on the pairs of
groups with the most care transitions between them and so the first merger has the largest effect. The data include all specialties and patient visits from January
1% 2005 through June 30" 2006. (Note: The x-axis represents a contrived pattern of variation in medical group mergers, and does not represent time. Every data
point simulates all patient visits for the entire the study period.)
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Figure 5.7 Small mergers (simulation 2, for all specialties).

This pattern simulates the effect of mergers of medical groups on the potential value of community HIEs. Groups with the smallest visit volumes are chosen to
merge with the group with whom they share the most care transitions and so the first mergers tend to have small effects. The data include all specialties and
patient visits from January 1% 2005 through June 30™ 2006. (Note: The x-axis represents a contrived pattern of variation in medical group mergers, and does not
represent time. Every data point simulates all patient visits for the entire the study period.)
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Figure 5.8 Recruitment (simulation 3, for all specialties).

This pattern simulates the effect of medical group participation in community HIEs on the potential value of the HIEs beginning with one group participating.
The sequence of groups is determined by decreasing volume of care transitions in each community. The data include all specialties and patient visits from
January 1% 2005 through June 30" 2006. (Note: The x-axis represents a contrived pattern of variation in medical group mergers, and does not represent time.
Every data point simulates all patient visits for the entire the study period.)
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Figure 5.9 Retention (simulation 4, for all specialties).

This pattern simulates the effect of the absence of medical groups from community HIEs on the potential value of the HIEs beginning with full participation. The
sequence of groups is determined by decreasing volume of care transitions in each community and so the first group has the largest effect. The data include all
specialties and patient visits from January 1% 2005 through June 30" 2006. (Note: The x-axis represents a contrived pattern of variation in medical group mergers,
and does not represent time. Every data point simulates all patient visits for the entire the study period.)
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Transition No.

Community2 No. patients No. visits3 Visits/patient ~ No. transitions HHI
percentage4 groups
1 57,343 459,754 8.02 241,604 52.55% 0.0224 358
2 22,974 157,231 6.84 59,822 38.05% 0.0281 135
3 60,336 305,283 5.06 122,242 40.04% 0.0324 270
4 23,324 199,470 8.55 105,850 53.07% 0.0375 130
5 66,273 364,460 5.50 141,493 38.82% 0.0335 235
6 68,252 381,083 5.58 151,966 39.88% 0.0295 313
7 49,963 240,409 481 85,963 35.76% 0.0458 163
8 21,774 128,878 5.92 50,301 39.03% 0.0415 104
9 22,048 133,367 6.05 52,864 39.64% 0.0555 97
10 10,550 83,900 7.95 41,900 49.94% 0.1047 44
median[min-  36,643.5[10,550- 219,939.5[83,900- 5.98[4.81-  95,906.5[41,900- 39.76%[35.76%- 0.0355[0.0224- 149[44-
max] 68,252] 459,754] 8.55] 241,604] 53.07%)] 0.1047] 358]

Table 5.4 Community characteristics table (all specialties).1

1. Includes visits to core specialties from patients who were fully enrolled with one private payer from January 1st 2005 until June 30th 2006.

2. Communities are presented here in the same order as in the main text, which was determined by increasing order of Herfindahl-Hirschman for core specialties
only.

3. Excludes each patient's initial visit in the study period because there is no way to determine if that visit involved a care transition.

4. Transition percentage is defined as the percent of total visits to community providers for which the patient's previous visit was to a different medical group in
the community.
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=
o

median[min-
max]

S1
No. big No. big
mergers mergers
which which No.
would would consolidated
reduce reduce groups
potential potential needed for
HIE usage HIE usage potential
by > by > HIE to be >
No. groups2 25%3 50%3 30%4
358 16 48 4
135 14 36 7
270 10 29 6
130 10 25 5
235 8 29 2
313 12 33 5
163 8 21 7
104 8 15 6
97 7 16 4
44 2 8 2
36,643.5[10,550-
68,252] 9.[2-16]  27.[8-48] 5.[2-7]

S2

No.
consolidated
groups
needed for
potential
HIE to be >
50%4
8
20
10
9
6
10
13
10
7
3

9.5[3-20]

Table 5.5 Summary results (all specialties from January 1st 2005 until June 30th 2006)
1. Communities are presented here in the same order as in the main text, which was determined by increasing order of Herfindahl-Hirschman for core specialties

only.

2. No. groups are those that constitute 99% of community care transitions.
3. The sequence of mergers was decreasing by number care transitions between the pairs of medical groups in each geographic community.

4. Consolidation was simulated by iteratively merging groups that had the smallest visit volumes into the groups with which they shared the most care transitions.
5. The sequence of the groups is decreasing by volume of care transitions in each geographic community.
6. The denominator for these percentages is the potential HIE usage for the study period in each community assuming complete participation and no mergers i.e.
the total number of care transitions between groups during the study period.
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No. groups
needed to
participate
to achieve
15%
potential
HIE
usage5,6
8

N W ortoro oo N

5.[2-8]

S4
No.
group
absences
No. groups which
needed to would
participate reduce
to achieve Reduction in Reduction in potential
50% potential HIE potential HIE HIE
potential usage from usage from usage
HIE absence of 2 absence of 5 by >
usage5,6 groups5,6 groupss,6 50%5,6
37 21.01% 32.83% 11
31 35.38% 47.69% 6
23 31.45% 47.88% 6
19 33.18% 48.85% 6
25 34.22% 52.46% 5
27 30.92% 46.95% 7
18 42.84% 56.38% 4
14 38.84% 54.78% 5
15 43.90% 60.56% 3
7 62.02% 76.44% 2
34.80%[21.01%- 50.65%][32.83%-
21.[7-37] 62.02%] 76.44%)] 5.5[2-11]



Decrease in potential
HIE value with value of HIE if key
Key group descriptions3 key groups only groups do not
(Simulation 3) participate
(Simulation 4)4

No. key Percent of total groups

Community groupsl that are key groups2

Hospital, Multispecialty, Hospital, Multispecialty,
Dermatology, Multispecialty, Radiology,

1 1 3.07% Pathology, Orthopedic Surgery, Primary care & 24.84% 50.31%
Pediatrics, Multispecialty

Hospital, Primary care, Primary care,

2 6 4.44% Multispecialty, Pediatrics, Primary care 14.47% 50.48%
. Hospital, Multispecialty, Hospital, Multispecialty, . o
3 6 2.22% Pediatrics, Orthopedic surgery 19.37% 51.70%
Hospital, Primary care, Primary care,
4 6 4.62% Ophthalmology, Orthopedic Surgery, Obstetrics & 22 57% 52.920
Gynecology
5 5 2 13% Hospital, Multispecialty, Hospital, Primary care, 18.10% 52 46%

Primary care

Hospital, Multispecialty, Multispecialty,
6 7 2.24% Multispecialty, Primary care, Orthopedic Surgery, 19.10% 52.63%
Primary care & Pediatrics

Hospital, Orthopedic Surgery, Multispecialty,

7 4 2.45% Primary Care 14.13% 52.16%
Hospital, Primary care & Pediatrics, Primary care,
8 5 4.81% Orthopedic Surgery, Primary care 16.84% 54.78%
9 3 3.09% Hospital, Multispecialty, Multispecialty 15.03% 51.61%
10 2 4.55% Hospital, Multispecialty 23.98% 62.02%
median[min- ) o O Q10 18.60%[14.13%- 52.31%[50.31%-
max] 5.5[2-11] 3.08%[2.13%-4.81%] N/A 24.84%] 62.02%]

Table 5.6 Key medical groups (all specialties, for visits from January 1st 2005 until June 30th 2006).

1. Key groups are those involved in the most care transitions in the community and would limit HIE value to <50% of potential if they did not participate.

2. Total groups are those that constitute 99% of community care transitions.

3. The group descriptions are ordered from those involved in the most community care transitions to the least. 4. Assumes all non-key groups participate in HIE
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No No. No. Transition HHI

Community2 patients[min- visits3  Visits/patient transitions percentage  [min-

mix] ['r:];?(] [min-max] [min-max] [min-max]4 max]
. (44,301 (242954 (o0 oo (113,328 [4576%-  [0221-
51.434]  205460] [>485 138114]  46.75%]  .0228]
[19.436-  [88,470- _ [20.817-  [31.98%- [.0311-

2 22.008] 97,068 #2495 313gg) 3370  .0329]
; 46,911 [191828- . .00 [10662-  [36.6%-  [0372-
51.802]  207.770] 4 76.035]  36.84%]  .039]
. 18.545-  [110495- (oo co 0 [55372-  [4944%-  [0361-
205538]  126,028] [>96°6: 63139]  50.11%]  .0394]

[49,040-  [217,304- ] [69,767-  [30.83%-  [.038-

5 54139]  236.462] 37443l 9958 35200]  .0401]
- - - 0/ - -

) (56,799 [225887- igc oo [BLEST-  [35.89% 0405
67.774]  270,034] 96.909]  36.24%]  .0484]
, 40001 [144048- oo [45273-  [3LOT%-  [038T-
46,600]  166,589] 3333 51.762]  32.84%]  .0413]
. 17896-  [10856- uooon  [30783-  [43%-  [0444-
20.838]  82,633] 3. 35.536]  44.35%] .0455]
[16,740-  [74,331- ] [22,532-  [29.55%- [.0661-

9 18864]  80.687] 11452 H3'bag) 3046%] 0725
[0,464-  [50,679- _ [22,767-  [43.38%- [.1195-

10 9,856] 54395] 08319541 3'sos]  4sisw]  1421]

Table 5.7 Range of community characteristics over three study periods (core specialties).1

1. Includes visits to core specialties from patients who were fully enrolled with one private payer during three 18-month study periods from January 1st 2005
until June 30th 2009.

2. Communities are presented here in the same order as in the main text, which was determined by increasing order of Herfindahl-Hirschman for core specialties
only.

3. Excludes each patient's initial visit in the study period because there is no way to determine if that visit involved a care transition.

4. Transition percentage is defined as the percent of total visits to community providers for which the patient's previous visit was to a different medical group in
the community.
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Simulation 1

No.
cumulative
mergers
which would
Community2 reduce
potential HIE
usage by >
25%[min-
max]7
1 [18-20]
2 [12-14]
3 [12-12]
4 [8-9]
5 [10-13]
6 [10-11]
7 [8-9]
8 [8-9]
9 [6-7]
10 [2-3]

No.

cumulative
mergers
which would

reduce

potential HIE
usage by >
50%[min-

max]7

[41-43]
[24-29]
[25-25]
[17-17]
[23-29]
[21-22]
[18-19]
[14-14]
[12-13]

[6-7]

Simulation 2
No.
i No.
Congsfolllfggted consolidated
needed for groups needed
potential HIE for potential
HIE to be >
to be > 50%Lmin.
3096[min-
max]8
max]8
[3-4] [4-7]
[3-4] [6-9]
[4-5] [7-7]
[2-4] [4-6]
[4-6] [7-7]
[3-4] [4-5]
[6-6] [7-8]
[4-5] [7-8]
[3-3] [4-6]
[2-2] [3-4]

Simulation 3 Simulation 4
No. groups  No. groups
needed to needed to Reduction S
o o . . Reduction in
participate ~ participate in potential .
! : potential HIE
to achieve to achieve HIE usage
5% 50% from usage from
; ! absence of 5
potential potential ~ absence of 2 roups[min-
HIE usage HIE groups[min- b
> . max]5,6
[min usage[min max]5,6
max]5,6 max]5,6
] ) [16.08%- [34.27%-
[8-9] [35-36] 17.66%] 35.1206]
] ) [26.4%- [43.93%-
[7-8] [23-27] 28.01%)] 46.51%)]
) ) [22.97%- [40.93%-
[7-7] [22-23] 23.37%] 41.49%)]
] ) [28.57%- [51.15%-
[5-5] [15-15] 29.43%] 52.59%]
] ) [23.7%- [43.09%-
[6-8] [22-26] 25.91%] 45.48%)
) ) [25.12%- [46.53%-
[6-6] [19-20] 26.66%] 49.71%)]
] ) [26.97%- [50.81%-
[6-6] [16-17] 28.35%)] 54.38%6]
] ) [27.78%- [49.83%-
[6-6] [13-131  30.120¢] 51.7%]
] ) [37.12%- [62.36%-
[4-5] [12-13]  3g.6406] 64.5%]
) ) [59.56%- [80.92%-
[2-2] [6-7] 63.52%6] 82.35%]

Table 5.8 Range of results (core specialties from January 1st 2005 until June 30th 2009)
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No.

group
absences
which
would
reduce
potential
HIE
usage
by >
50%[min-
max]5,6

[10-11]
[7-7]
[8-8]
[5-5]
[6-7]
[6-6]
[5-5]
[5-6]
[3-3]

[2-2]



1. Communities are presented here in the same order as in the main text, which was determined by increasing order of Herfindahl-Hirschman for core specialties
only.

2. No. groups are those that constitute 99% of community care transitions.

3. The sequence of mergers was decreasing by number care transitions between the pairs of medical groups in each geographic community.

4. Consolidation was simulated by iteratively merging groups that had the smallest visit volumes into the groups with which they shared the most care transitions.
5. The sequence of the groups is decreasing by volume of care transitions in each geographic community.

6. The denominator for these percentages is the potential HIE usage for the study period in each community assuming complete participation and no mergers i.e.
the total number of care transitions between groups during the study period.
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No. Transition HHI

Community2 No. patignts[min— NO.' visits3 Visi_ts/patient transitions percentage [min-
mix] [min-max] [min-max] [min-max] [min-max]4 max]

L wesa BB pen G pew o
2 [22,074-26,724] [117567 ffj]' [6.61-6.84] [5338025] [3?860358(%’] [8228512]
3 [60,336-67,218] [3?2532573] [5.06-5.15] [115?:'22;12]' nggf(%’] [ggzlj]
4 [21,221-23,324] [213255’??‘?] [8.55-9.21] [118; 715221] [5335?;%’] [ggfg]
N T
6 [68,252-82,465] [ffjffg] [5.58-5.] [fgjgfg] [gggg(%’] [822557]
7 posessLaon] GO mezaz)  qoech GREE Loa
8 [21,774-26,829] [11523? 5807(% [5.72-5.92] [555 g’gj] [gg g;;/;’] [gfgg]
9 [22,048-27,778] [11535’5(?37] [5.69-6.05] [gffgg [gggj;/:] [854552]
10 [10,070-10,550] [gfggg] [7.95-8.33] [ﬁggg] %333% [fgf;‘]

Table 5.9 Range of community characteristics over three study periods (all specialties).1

1. Includes visits from patients who were fully enrolled with one private payer during three 18-month study periods from January 1st 2005 until June 30th 20009.
2. Communities are presented here in the same order as in the main text, which was determined by increasing order of Herfindahl-Hirschman for core specialties
only.

3. Excludes each patient's initial visit in the study period because there is no way to determine if that visit involved a care transition.

4. Transition percentage is defined as the percent of total visits to community providers for which the patient's previous visit was to a different medical group in

the community.
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Simulation 1 Simulation 2 Simulation 3 Simulation 4

No.
No. No. No. groups  No. groups group
. . No. . absences
cumulative cumulative ; No. needed to needed to Reduction . .
consolidated ; - o . . Reduction in which
mergers mergers consolidated participate participate  in potential al HIE I
which would  which would groups groups needed  to achieve to achieve HIE usage potentia wou
. needed for . usage from reduce
Community2 reduce reduce ; for potential 15% 50% from .
. . potential HIE . . absence of 5 potential
potential HIE  potential HIE 10 be > HIE to be > potential potential absence of 2 roups[min- HIE
usage by > usage by > 30%[min- 50%[min- HIE usage HIE groups[min- g maF;]S 6 usage
25%[min- 50%[min- m(;x]8 max]8 [min- usage[min- max]5,6 ' byg>
max]7 max]7 max]5,6 max]5,6 50%[min-
max]5,6
17.88%- 30.03%-
1 [16-19] [48-54] [3-5] [8-9] [8-8] [37-41] [21'01%:’] [32.830 /:] [11-13]
32.12%- 44.89%-
2 [14-17] [36-43] [7-8] [18-20] [7-8] [31-37] [35_38%;’] 4 o] [6-7]
30.86%- 45.7%-
3 [10-12] [29-33] [6-6] [10-11] [4-5] p3ar) B e s s [6-7]
32.43%- 46.77%-
4 [10-12] [25-30] [5-6] [9-11] [5-5] [19-23] [33'18%:’] [48.850 o [6-6]
29.76%- 50.48%-
5 [8-13] [29-40] [2-3] [5-6] [5-6] [25-33] [3 . [52' Sl [5-5]
i i i ) i i [28.34%- [44.22%- )
6 [12-13] [33-40] [2-5] [7-10] [6-7] [27-32] 30.92%] 46.95%)] [7-7]
42.84%- 56.38%-
7 [7-8] [20-21] [7-7] [11-13] [4-5] [17-18] [45_92%2’] [59_790/:] [3-4]
35.53%- 50.88%-
8 [8-9] [15-18] [6-8] [10-12] [5-5] [14-16] [38'8 o [5 e [5-5]
40.68%- 57.13%-
9 [7-8] [16-23] [4-4] [7-9] [3-4] [15-19] | gt [60.560 " [3-4]
i i i i i ) [52.49%- [68.86%- )
10 [2-4] [8-11] [2-2] [3-4] [2-2] [7-10] 62.02%] 76.44%) [2-2]

Table 5.10 Range of results (all specialties from January 1st 2005 until June 30th 2009)
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1. Communities are presented here in the same order as in the main text, which was determined by increasing order of Herfindahl-Hirschman for core specialties
only.

2. No. groups are those that constitute 99% of community care transitions.

3. The sequence of mergers was decreasing by number care transitions between the pairs of medical groups in each geographic community.

4. Consolidation was simulated by iteratively merging groups that had the smallest visit volumes into the groups with which they shared the most care transitions.
5. The sequence of the groups is decreasing by volume of care transitions in each geographic community.

6. The denominator for these percentages is the potential HIE usage for the study period in each community assuming complete participation and no mergers i.e.
the total number of care transitions between groups during the study period.
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Chapter 6 HIE and other changes in the healthcare
system

6.1 Abstract”

Health information exchange is embedded in the larger healthcare system.
We identify a number of healthcare system changes that may overcome the
barriers to HIE adoption and usage, including changes in the incentives that
providers face. We also discuss how HIE may be an important component of
some of those changes, reflecting a possible chicken-egg dilemma. It is unknown
which changes will actually work to improve adoption and usage of HIE and we
recommend that all of them be tried and evaluated.

6.2 Introduction

The previous chapters of this thesis have deepened extant knowledge of
healthcare providers’ adoption and usage of HIE, knowledge of both provider
organizations’ values and of individual clinicians’ experiences with HIE. Informed
by these investigations, we have offered several near-term policy
recommendations, directed mostly at the remaining stages of the meaningful use
payments and how to establish a robust HIE infrastructure. This chapter
considers these policy recommendations in a larger context by evaluating them
alongside other potential changes in the healthcare system, changes which may
also have a substantial impact on HIE adoption and usage. These changes
include: patient-centered medical home pilots, accountable care organizations,
improvements in quality measures, and increases in patient demand for HIE. We
evaluate the strengths and weaknesses of these changes by assessing how they
may impact the many barriers of HIE adoption and usage that have been
identified in this thesis and in previous studies. Figure 6.1 summarizes the
chapter by mapping the healthcare system changes to the barriers of HIE
adoption and usage which the changes may affect.

* Much of the contents of this chapter was published in: “The Litmus Test for Health Information Exchange
Success: Will Small Practices Participate?” Invited Commentary, Arch Intern Med., 2010
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Health system Mean- Technology | Patient- | Quality Account- | Patient
changes: ingful standards, based measures | able care | demand
use pay- | certification | medical | for care organ- for HIE
ments of EHRs and | home coord- izations
(for HIE products ination
Barriers to HIE usage
adoption and and
usage: training)
Medical groups
(HIE adoption):
Technology X X
issues (e.g.
installing and
maintaining)
Cost X
Lack of financial | X X X X X
benefit
Concerns of X X
sharing data with
competitors
Privacy concerns X X
Individual
clinicians (HIE
usage):
Incompleteness | X X X X X X
of HIE data
Technical X
usability issues
Integrating HIE | X X X X X X
into clinical
workflow

Figure 6.1: How other changes in the health care system may address barriers to HIE

adoption and usage

6.3 Technology standards and certification of health IT products

Since 2004, the Office of the National Coordinator for Health IT has
worked to establish and harmonize standards for technical interoperability and to
certify EHR and HIE products based on their adherence to these standards. It is
unlikely that technical standards will advance in the near future to the point
where EHRs and HIE are “plug and play” because of the complexity of health
information data models, use cases and workflows, and in particular challenges
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related to semantic interoperability. However, these standards have the potential
to reduce the technical barriers to integrating EHRs with HIEs and reduce
providers’ uncertainty when selecting health IT products. Ideally, technical
standards and certification would engender competition among EHR vendors
based on interoperability and leave behind business strategies aimed at locking
doctors and patients in to proprietary systems. However, if the standards are not
granular or do not include semantic standards, they may provide only minimal
benefit. Standards also run the risk of reducing innovation in data models and
increasing entry barriers for new EHR products; however, considering the
relatively low adoption of EHRs and HIE, standardization may be worth these
risks.

The ONC-sponsored Direct Project (formerly NHIN Direct) has recently
issued standards related to point-to-point communication among healthcare
providers. [50] This kind of data exchange may be especially useful when
patients receive care in different geographical communities, data exchanges
which would not be possible in regional data sharing services. As we point out in
chapter 3, however, if these standards and related policies are not integrated
with more advanced forms of HIE, such as aggregate patient records, they may
undermine the adoption of these advanced forms of HIE, because providers may
find the point-to-point communication sufficient for their needs, even when they
have access to aggregate patient records for local patient. If providers are not
willing to pay for advanced data exchange services, HIEs will stop investing in
them, even though the advanced services may support substantial improvements
in clinical care by offering, for example, the ability to search and query
longitudinal patient records and patient portals.

While technical standards may be necessary to foster HIE, they will
probably not be sufficient, because the costs of operating an HIE will still be
significant and providers’ incentives to adopt and use HIE will remain largely
unchanged.

6.4 Meaningful use payments

The $27 billion of payments for meaningful use of health IT have the
potential to greatly increase EHR adoption and HIE participation in the near term.
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If targeted as we suggest in this thesis, these incentives may also increase
individual clinicians’ usage of aggregate patient records, either by directly paying
clinicians for contributing to and accessing the HIE, or indirectly through
payments to HIE organizations or regional health IT extension centers to
motivate them to help clinicians integrate HIE services into their workflows.

One possible advantage of the meaningful use payments to clinicians is
they may pay for HIE usage directly. The payments may also create a more
competitive marketplace for HIE services and generate more investment in HIE
technology, which may result in improvements in usability and fewer technical
issues. However, the risk of paying directly for usage (or any measure of clinical
process instead of outcome) is gaming: clinicians may access an HIE only to
receive the incentive payments rather than for clinical purposes. Meaningful use
metrics will at best be approximations of the measures that are of interest to
policymakers, measures related to care quality and health outcomes. Whether
gaming is a serious concern is a question that must be addressed empirically.
Payments to regional health IT extension centers based on clinicians’ HIE usage
may not suffer from potential problems of gaming but these centers may have
limited influence on changing clinician’s workflows to integrate HIE.

Gaming aside, the meaningful use payments alone may not be large
enough to overcome the barriers to adoption of EHRs and HIE, especially for
small providers who lack the resources to devote to installing and managing new
software systems and training clinicians to use them.[111] [112] One study of
HIE participation in small primary care practices in Minnesota in 2008-9 found
that "no practice was fully involved in a regional HIE and HIE was not part of
most practices' short-term strategic plans.”[112] Because small primary care
practices provide a large portion of care in many regions, they represent critical
stakeholders to HIEs. These stakeholders, however, may be the hardest group to
engage in HIEs because of their difficult financial situations and large patient
loads.[110] Small primary care practices therefore may represent the litmus test
for the success of HIE.

If a substantial number of providers have not met the meaningful use
requirements by 2016, when the penalties go into effect, providers may attempt
to have the penalties delayed or rescinded through lobbying. There is currently
no mechanism established to pay for HIE after the meaningful use payments run
out. While it is possible that accessing an HIE will become the standard of care
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eventually, if the incentives that providers face are the same in the future as
they are today, HIE adoption and usage will likely remain low.

6.5 Patient-centered medical homes

The Affordable Care Act of 2010 includes a provision to create patient-
centered medical homes. These pilots involve enhancing the responsibilities of
primary care physicians to include strong partnerships with the patient and their
care givers. If enacted on a large scale, patient-centered medical homes may
increase demand for HIE by making payments to primary care providers to
“support coordination of care” between providers and the “use of health
information technology for quality improvement.” [89] A number of
demonstration pilots are under way.[113] However, it has not been shown
empirically that providers who participate in these pilots are more likely to
participate in and use HIEs. Also, the medical homes projects do not include any
extra payments to specialist physicians, many of whom may still not adopt HIE.
Further research is required to understand the impact of these projects on HIE
adoption and usage.

6.6 Quality measures for care coordination

As stated in Chapter 1, health IT and quality measurement may be stuck
in a chicken-egg dilemma: health IT is required to create better quality
measurements by allowing clinical data to be effectively aggregated, but the
development of better quality metrics requires health IT to be adopted first.
Once health IT becomes adopted to a sufficient degree — possibly because of the
meaningful use payments — quality measures may evolve so that providers will
be motivated to engage in HIE to improve their quality scores, especially those
scores related to coordination of care. Consistent with our findings in chapter 2,
one study found that quality reporting was a “frequently mentioned motivation
for establishing HIEs.” [112] If HIEs are adequately designed to support quality
measurements, and those measurements are expanded to become more
comprehensive, quality-based performance payments may have the potential to
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pick up where the meaningful use payments leave off. One study assesses extant
metrics for their sensitivity to health IT usage and suggests several de novo
metrics that specifically require HIE. [39] However, there are many challenges to
using clinical data for quality measurement purposes including data accuracy,
data completeness, and data comparability. [114].

Another challenge to quality measurement is determining a suitable level
of analysis. Recent studies show that episode-based metrics for physician cost
profiling may not achieve sufficient reliability for many individual physicians and
quality ratings may need to be computed for medical groups instead. [115] [116]
This may best occur in the form of accountable care organizations, which we
discuss next.

6.7 Accountable care organizations

The Affordable Care Act of 2010 allows for the creation of accountable
care organizations (ACO). An ACO is a group of providers who accept
accountability for the cost and quality of a specific group of patients. [88] [117]
ACOs and HIEs will have an interest in working together. If ACOs believe that
HIE will reduce costs or improve quality, they will participate in HIEs and
encourage their clinicians to use the data exchange services. They may also use
the HIE to help with quality measurement. Conversely, HIEs will look to ACOs to
help them achieve sustainability.

It is unknown how HIEs and ACOs will co-evolve. In many instances, they
may become the same organization and HIEs will facilitate data sharing within an
ACO. In other cases, an ACO may utilize an HIE’s services for internal or external
data sharing but retain separate ownership and management.

While there may be different variants of ACO, the ones that accept the
most accountability are likely to engage in data sharing activities as evidenced by
the experience of Kaiser Permanente. Because Kaiser is an integrated payer and
provider, it essentially is an ACO that accepts all responsibility for cost and
quality, and Kaiser is leading the way in health data sharing. [118] Therefore, it
is likely that ACOs, and their use of quality metrics, will ease provider concerns
regarding sharing data with competitors and, indeed, will actively foster HIE by
facilitating improvements in providers’ quality scores.
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6.8 Patient demand for HIE

Market forces may play a role in fostering adoption and usage of HIE. A
RAND study advises the government to “make policy decisions that turn
[healthcare] IT into a competitive weapon.” [15] Unfortunately, with today’s
shortage of primary care providers, few will think to use HIE as a competitive
weapon to attract new patients, as many already have full panels. [15][119] It is
unknown the extent to which patients may choose a provider based on their HIE
adoption or if providers will respond to such demand from patients. One HIE
project has focused on outreach to educate health care consumers about the
benefits of clinical data exchange.[111] However, because patients are generally
not involved in provider-provider data exchange, it may be unlikely that many
patients would think to choose a physician based on their participation in an HIE
or even know which physicians were involved in HIEs.

Patient demand for HIE may grow when patients come to expect access
to their own health data in an organized electronic form: when HIEs offer patient
portals, allowing them to view and manipulate data from their providers and
clearly see which providers are participating and which are not. If HIEs advance
to the point where patients can access their own clinical data, market forces — in
the form of patients’ expectations — may become strong enough to bring
providers toward HIEs.

Another form of HIE may happen if EHRs connect directly to personally-
controlled health records (PCHR), bypassing HIE organizations altogether. This
form of HIE would involve the patient controlling and managing their health data.
Indivo, Google Health, Microsoft Health Vault are examples of products
attempting to provide this kind of data exchange service. (Google Health recently
announced that it was shutting down.) This form of HIE, however, has the
disadvantage of requiring the patient to manage all of their own data exchanges.
Ideally, a patient could have both: manage their own data in a PCHR and allow
their clinicians to exchange data among themselves directly via an HIE if the
patient chooses to allow such exchanges. Having this capability may motivate the
patient to choose providers who use these kinds of products.
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6.9 Conclusion

As shown in figure 6.1, all of the barriers to HIE may be addressed by
changes in the healthcare system, many of which are currently being piloted.
Because none of these changes have been demonstrated empirically to have an
impact on providers’ adoption and usage of HIE, the figure should be considered
as only a rough guide. We suggest that all the changes shown should be
attempted where feasible and their impact on HIE should be studied empirically.
Some changes will be more difficult to implement than others, and the success of
any change in incentives may rest on the effectiveness of technical standards in
fostering interoperability. We may have inadvertently missed some barriers to
HIE or potential health system changes that may affect HIE adoption and usage.

In the short-term, the meaningful use payments may motivate many
providers to adopt HIE, but some providers may still need even more direct
subsidies or be allowed to contribute clinical data to HIEs for free and only pay
for access to collected clinical data. In the long-term, HIE must be embedded in
the larger healthcare system'’s incentive structures. When the meaningful use
payments expire, if patient-based medical home projects, quality-based
performance payments, ACOs and patient demand for HIE have not gained in
influence, HIEs may still suffer from the difficulties of sustainability and attracting
small providers that they grapple with today, and much of the potential benefit

of HIE will not be realized.
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Chapter 7 Conclusions

This thesis has answered, to some extent, the four questions we began
with:

Question 1: What are the values of healthcare provider organizations as
stakeholders in HIE?

Answer: In three communities, healthcare provider organizations expected
regional HIE organizations to bring them benefits from the ability to measure
care quality. However, one relatively larger community placed greater value on
the strategic interests of its individual provider institutions, whereas two smaller
communities valued the interests of the communities as a whole.

Question 2: What factors affect clinicians’ usage of health information
exchange?

Answer: Usage factors were categorized as motivators and moderators.
Motivators for individual clinicians’ usage of HIE included improving care quality
and time savings. Moderators were numerous and included gaps in data,
workflow complexity and usability issues. Several policy options and implications
are discussed including: requiring HIE organizations to report metrics of HIE
contributions and accesses; certifying HIE vendor companies to provide
standardized usage metrics; and creating incentives for clinicians as well as HIE
organizations and regional health IT extension centers to meet HIE usage targets.

Question 3: What is the potential value of HIE as measured by “care
transitions?”

Answer: In one community, 51% of visits involved care transitions among
individual providers, and 36-41% involved care transitions between medical
groups. The percentage of a provider’s visits which involved care transitions
varied considerably by clinical specialty and even within specialties. Within
primary care, individual clinicians’ “transition percentages” varied from 32% to
95%.

Question 4: How do mergers and variation of provider participation affect
an HIE's potential value?
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Answer: Simulation patient visit patterns in 10 communities suggest that
even after substantial consolidation of medical groups, an HIE would still have
many opportunities for data exchange. However, in each community a small
number of medical groups were key: if absent from a community HIE, these
groups would reduce the value by 50%. Conversely, if they were the only groups
participating, the HIE’s value would only achieve 10-20% of its value with all
groups participating.

This thesis has advanced the current understanding of health information
exchange in several ways. Through qualitative methods, it has more deeply
described the stakeholders’ expectations and values regarding HIE, as reflected
in organizational decisions and individual clinicians’ usage of the technology. The
simple framework of motivators and moderators may be useful to other
researchers who are trying to understand the users of other kinds of technical
functionality.

Through quantitative methods, it has shown how patient visit patterns,
provider participation and medical group mergers may influence the potential
value that HIE may provide. One of this thesis’ largest contributions is showing
that care transitions can be used as a measure of HIE value in that they
represent opportunities for data exchange services to be used. This thesis has
also shown that claims data may be useful for understanding an HIE as a system
by extrapolating patient visit patterns from such data.

It is still unknown if HIE will succeed on a large scale in the U.S. or in any
other country. This thesis suggests that focusing on technical aspects, while
important, is not enough. Socio-technical aspects of healthcare delivery must be
considered, including public policy, incentives, and clinical workflows. To succeed,
there will likely need to be co-development of several of these components, and
this thesis offers a few suggestions which involve all of the major stakeholders in
HIE.

Further research is needed to understand the clinician-user and the
system in which the users and the technology interact. Specifically, an improved
knowledge of different kinds of care transitions would be essential to
understanding the value of HIE and would allow improvements to our simulation
model in Chapter 5. Such knowledge could also be used to inform the design of
new technical functionalities beyond simple data exchange. HIE will evolve to
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support richer forms of collaboration among clinicians and with patients. It will
be important to understand and develop usage measures for these new
functionalities so that they can be improved and so that researchers can
investigate which forms of usage are most effective.

HIEs will present enormous opportunities for secondary uses, and
development of those applications, especially applications related to quality
analysis, may be essential to achieve sustainability in HIE organizations and
improvements in healthcare delivery.

After decades of failed attempts, HIE may be on a path toward success,
now that policymakers are engaged and have invested considerable resources.
However, it may still take many years and experiments before HIE realizes even
a modest portion of its potential. It will be important to learn from the successes
and failures and to continue employing a systems perspective to understand HIE.

124



References

[1] Anderson G, Knickman JR. Changing the chronic care system to meet
people's needs. Health Aff (Millwood). 2001;20(6):146-160.

[2] Pham HH, Schrag D, O'Malley AS, Wu B, Bach PB. Care patterns in
Medicare and their implications for pay for performance. N Engl J Med. 2007
Mar;356(11):1130-1139. Available from:
http://dx.doi.org/10.1056/NEJMsa063979.

[3] Hussey PS, Sorbero ME, Mehrotra A, Liu H, Damberg CL. Episode-based
performance measurement and payment: making it a reality. Health Aff
(Millwood). 2009;28(5):1406-1417. Available from:
http://dx.doi.org/10.1377/hlthaff.28.5.1406.

[4] Gandhi TK, Sittig DF, Franklin M, Sussman AJ, Fairchild DG, Bates DW.
Communication breakdown in the outpatient referral process. J Gen Intern Med.
2000 Sep;15(9):626—631.

[5] Jha AK, Chan DC, Ridgway AB, Franz C, Bates DW. Improving safety and
eliminating redundant tests: cutting costs in U.S. hospitals. Health Aff (Millwood).
2009;28(5):1475-1484. Available from:
http://dx.doi.org/10.1377/hlthaff.28.5.1475.

[6] Bodenheimer T. Coordinating care—a perilous journey through the health
care system. N Engl J Med. 2008 Mar;358(10):1064—-1071. Available from:
http://dx.doi.org/10.1056/NEJMhpr0706165.

[7] Smith PC, Araya-Guerra R, Bublitz C, Parnes B, Dickinson LM, Vorst RV,

et al. Missing clinical information during primary care visits. JAMA. 2005
Feb;293(5):565-571. Available from: http://dx.doi.org/10.1001/jama.293.5.565.
[8] Gandhi TK. Fumbled handoffs: one dropped ball after another. Ann Intern
Med. 2005 Mar;142(5):352—-358.

[9] van Walraven C, Taljaard M, Bell CM, Etchells E, Zarnke KB, Stiell IG, et al.
Information exchange among physicians caring for the same patient in the
community. CMAJ. 2008 Nov;179(10):1013-1018. Available from:
http://dx.doi.org/10.1503/cmaj.080430.

[10] Institute of Medicine. The Computer-Based Patient Record: An Essential
Technology for Health Care, Revised Edition. National Academy Press; 1997.
[11] Institute of Medicine. Crossing the Quality Chasm: a new health system
for the 21st century. National Academy Press; 2001.

[12] Institute of Medicine. To Err Is Human: Building a Safer Health System.
National Academy Press; 2000.

[13] Institute of Medicine. Computational Technology for Effective Health Care:
Immediate Steps and Strategic Directions. Press NA, editor. National Academy
Press; 2009.

[14] Walker J, Pan E, Johnston D, Adler-Milstein J, Bates DW, Middleton B. The
value of health care information exchange and interoperability. Health Aff

125



(Millwood). 2005;Suppl Web Exclusives:W5-10-W5-18. Available from:
http://dx.doi.org/10.1377/hlthaff.w5.10.

[15] Bower AG. The Diffusion and Value of Healthcare Information Technology.
Corporation R, editor. RAND Health, Santa Monica, California; 2005.

[16] AHRQ. Health Information Exchange; 2009. Available from:
http://www.healthit.ahrg.gov/hie (accesses July 2010).

[17] Pan E, Johnston D, Walker J, Adler-Milstein J, Bates DW, Middleton B. The
Value of Healthcare Information Exchange and Interoperability. Healthcare
Information and Management Systems Society; 2004.

[18] Adler-Milstein J, McAfee AP, Bates DW, Jha AK. The state of regional
health information organizations: current activities and financing. Health Aff
(Millwood). 2008;27(1):w60-w69. Available from:
http://dx.doi.org/10.1377/hlthaff.27.1.w60.

[19] Adler-Milstein J, Bates DW, Jha AK. U.S. Regional health information
organizations: progress and challenges. Health Aff (Millwood). 2009;28(2):483—
492. Available from: http://dx.doi.org/10.1377/hlthaff.28.2.483.

[20] Wilcox A, Kuperman G, Dorr DA, Hripcsak G, Narus SP, Thornton SN, et al.
Architectural strategies and issues with health information exchange. AMIA Annu
Symp Proc. 2006;p. 814-818.

[21] Tang PC, Ash JS, Bates DW, Overhage JM, Sands DZ. Personal health
records: definitions, benefits, and strategies for overcoming barriers to adoption.
J Am Med Inform Assoc. 2006;13(2):121-126. Available from:
http://dx.doi.org/10.1197/jamia.M2025.

[22] Vincent A, Kaelber DC, Kaelber DC, Pan E, Shah S, Shah SS, et al. A
patient-centric taxonomy for personal health records (PHRs). AMIA Annu Symp
Proc. 2008;p. 763—-767.

[23] Kaelber D, Pan EC. The value of personal health record (PHR) systems.
AMIA Annu Symp Proc. 2008;p. 343-347.

[24] Mandl KD, Simons WW, Crawford WCR, Abbett JM. Indivo: a personally
controlled health record for health information exchange and communication.
BMC Med Inform Decis Mak. 2007;7:25. Available from:
http://dx.doi.org/10.1186/1472-6947-7-25.

[25] Google Health;. Available from: http://www.google.com/health (accessed
July 2010).

[26] Microsoft Health Vault;. Available from: http://www.healthvault.com/
(accessed July 2010).

[27] Indivo;. Available from: http://indivohealth.org/ (accessed July 2010).
[28] Vest JR, Gamm LD. Health information exchange: persistent challenges
and new strategies. J Am Med Inform Assoc. 2010 May;17(3):288-294. Available
from: http://dx.doi.org/10.1136/jamia.2010.003673.

[29] Starr P. Smart technology, stunted policy: developing health information
networks. Health Aff (Millwood). 1997;16(3):91-105.

[30] McDonald CJ, Overhage JM, Barnes M, Schadow G, Blevins L, Dexter PR,
et al. The Indiana network for patient care: a working local health information

126



infrastructure. An example of a working infrastructure collaboration that links
data from five health systems and hundreds of millions of entries. Health Aff
(Millwood). 2005;24(5):1214-1220.

[31] Miller RH, Miller BS. The Santa Barbara County Care Data Exchange: what
happened? Health Aff (Millwood). 2007;26(5):w568-w580. Available from:
http://dx.doi.org/10.1377/hlthaff.26.5.w568.

[32] Hammond WE. The making and adoption of health data standards. Health
Aff (Millwood). 2005;24(5):1205-1213. Available from:
http://dx.doi.org/10.1377/hlthaff.24.5.1205.

[33] Coffey RM, Ball JK, Johantgen M, Elixhauser A, Purcell P, Andrews R. The
case for national health data standards. Health Aff (Millwood). 1997;16(5):58-72.
[34] Kleinke JD. Dot-gov: market failure and the creation of a national health
information technology system. Health Aff (Millwood). 2005;24(5):1246-1262.
Available from: http://dx.doi.org/10.1377/hlthaff.24.5.1246.

[35] DesRoches CM, Campbell EG, Rao SR, Donelan K, Ferris TG, Jha A, et al.
Electronic health records in ambulatory care—a national survey of physicians. N
Engl J Med. 2008 Jul;359(1):50-60. Available from:
http://dx.doi.org/10.1056/NEJMsa0802005.

[36] Ambulatory Care Data from Health, United States, 2006. National Center
for Health Statistics, Center for Disease Control;. Available from:
http://www.cdc.gov/nchs/ahcd/ambucare.htm.

[37] Fontaine P, Zink T, Boyle RG, Kralewski J. Health information exchange:
participation by Minnesota primary care practices. Arch Intern Med. 2010
Apr;170(7):622—-629. Available from:
http://dx.doi.org/10.1001/archinternmed.2010.54.

[38] Hripcsak G, Kaushal R, Johnson KB, Ash JS, Bates DW, Block R, et al. The
United Hospital Fund meeting on evaluating health information exchange. J
Biomed Inform. 2007 Dec;40(6 Suppl):S3-10. Available from:
http://dx.doi.org/10.1016/j.jbi.2007.08.002.

[39] Kern LM, Dhopeshwarkar R, Barron Y, Wilcox A, Pincus H, Kaushal R.
Measuring the effects of health information technology on quality of care: a
novel set of proposed metrics for electronic quality reporting. Jt Comm J Qual
Patient Saf. 2009 Jul;35(7):359-369.

[40] Vest JR. More than just a question of technology: Factors related to
hospitals' adoption and implementation of health information exchange. Int J
Med Inform. 2010 Dec;79(12):797-806. Available from:
http://dx.doi.org/10.1016/j.ijmedinf.2010.09.003.

[41] Grossman JM, Kushner KL, November EA. Creating Sustainable Local
Health Information Exchanges: Can Barriers to Stakeholder Participation be
Overcome? Center for Studying Health System Change. 2008;Research brief.
[42] Lorenzi NM. Strategies for Creating Successful Local Health Information
Infrastructure Initiatives; 2003. U.S. Department of Health and Human Services.
Available from: http://aspe.hhs.gov/sp/NHII/LHII-Lorenzi-12.16.03.pdf (accessed
July 2010).

127



[43] Grossman JM, Bodenheimer TS, McKenzie K. Hospital-physician portals:
the role of competition in driving clinical data exchange. Health Aff (Millwood).
2006;25(6):1629-1636. Available from:
http://dx.doi.org/10.1377/hlthaff.25.6.1629.

[44] Information Week. What Do Newt Gingrich And Hillary Clinton Agree On?
Fed Money For Health IT. 2005;Available from:
http://www.informatihttp://www.informationweek.com/news/global-
cio/showArticle.jhtml?articlelD=163101097.

[45] Office of the National Coordination for Health Information Technology.
American Recovery and Reinvestment Act; 2009. Available from:
http://healthit.hhs.gov/.

[46] Blumenthal D, Tavenner M. The "meaningful use" regulation for electronic
health records. N Engl J Med. 2010 Aug;363(6):501-504. Available from:
http://dx.doi.org/10.1056/NEJMp1006114.

[47] Department of Health and Human Services. Final Rule; 2010. Available
from: http://www.ofr.gov/OFRUpload/OFRData/2010-17207_PI.pdf (accessed
July 2010).

[48] Department of Health and Human Services. Establishment of the
Temporary Certification Program for Health Information Technology - Final Rule;
2010.

[49] Rishel W. Simple Interop: A PowerPoint Presentation; 2010. Available
from: http://blogs.gartner.com/wes_rishel/.

[50] The Direct Project;. Available from: http://directproject.org/ (accessed
December 9, 2010).

[51] Mostashari F, Tripathi M, Kendall M. A tale of two large community
electronic health record extension projects. Health Aff (Millwood).
2009;28(2):345-356. Available from: http://dx.doi.org/10.1377/hlthaff.28.2.345.
[52] Dixon BE, Zafar A, Overhage JM. A Framework for evaluating the costs,
effort, and value of nationwide health information exchange. J Am Med Inform
Assoc. 2010 May;17(3):295-301. Available from:
http://dx.doi.org/10.1136/jamia.2009.000570.

[53] Rittenhouse DR, Shortell SM, Fisher ES. Primary care and accountable
care—two essential elements of delivery-system reform. N Engl J Med. 2009
Dec;361(24):2301-2303. Available from:
http://dx.doi.org/10.1056/NEJMp0909327.

[54] Shortell SM, Casalino LP, Fisher ES. How the center for medicare and
medicaid innovation should test accountable care organizations. Health Aff
(Millwood). 2010 Jul;29(7):1293-1298. Available from:
http://dx.doi.org/10.1377/hlthaff.2010.0453.

[65] Labkoff SE, Yasnoff WA. A framework for systematic evaluation of health
information infrastructure progress in communities. J Biomed Inform. 2007
Apr;40(2):100-105. Available from: http://dx.doi.org/10.1016/j.jbi.2006.01.002.
[56] Wright A, Soran C, Jenter CA, Volk LA, Bates DW, Simon SR. Physician
attitudes toward health information exchange: results of a statewide survey. J

128



Am Med Inform Assoc. 2010;17(1):66—70. Available from:
http://dx.doi.org/10.1197/jamia.M3241.

[57] Christopher M, Jensen M. Funding RHIO Startup and Financing for Life:
the 2006 Survey of Regional Health Information Organization Finance. Health IT
Transition Group. 2006;.

[58] Shapiro JS. Evaluating public health uses of health information exchange.
J Biomed Inform. 2007 Dec;40(6 Suppl):S46—S49. Available from:
http://dx.doi.org/10.1016/j.jbi.2007.08.003.

[59] Ash JS, Guappone KP. Qualitative evaluation of health information
exchange efforts. J Biomed Inform. 2007 Dec;40(6 Suppl):S33—-S39. Available
from: http://dx.doi.org/10.1016/j.jbi.2007.08.001.

[60] Overhage JM, Dexter PR, Perkins SM, Cordell WH, McGoff J, McGrath R,
et al. A randomized, controlled trial of clinical information shared from another
institution. Ann Emerg Med. 2002 Jan;39(1):14-23.

[61] Lang E, Afilalo M, Vandal AC, Boivin JF, Xue X, Colacone A, et al. Impact
of an electronic link between the emergency department and family physicians: a
randomized controlled trial. CMAJ. 2006 Jan;174(3):313-318. Available from:
http://dx.doi.org/10.1503/cmaj.050698.

[62] Vest JR. Health information exchange and healthcare utilization. J Med
Syst. 2009 Jun;33(3):223-231.

[63] Devaraj S, Kohli R. Performance Impacts of Information Technology: Is
Actual Usage the Missing Link? Management Science. 2003;49:273-289.

[64] Finnell JT, Overhage JM, Dexter PR, Perkins SM, Lane KA, McDonald CJ.
Community clinical data exchange for emergency medicine patients. AMIA Annu
Symp Proc. 2003;p. 235-238.

[65] Liang H, Xue Y, Byrd TA, Jr RKR. Electronic data Interchange usage in
China's healthcare organizations: the case of Beijing's hospitals. International
Journal of Information Management. 2004;24:507-522.

[66] Johnson KB, Gadd CS, Aronsky D, Yang K, Tang L, Estrin V, et al. The
MidSouth eHealth Alliance: use and impact in the first year. AMIA Annu Symp
Proc. 2008;p. 333-337.

[67] Vest JR, Jasperson J. What should we measure? Conceptualizing usage in
health information exchange. J Am Med Inform Assoc. 2010 May;17(3):302-307.
Available from: http://dx.doi.org/10.1136/jamia.2009.000471.

[68] Bourgeois FC, Olson KL, Mandl KD. Patients treated at multiple acute
health care facilities: quantifying information fragmentation. Arch Intern Med.
2010 Dec;170(22):1989-1995. Available from:
http://dx.doi.org/10.1001/archinternmed.2010.439.

[69] Overhage JM. Health information exchange: 'lex parsimoniae’. Health Aff
(Millwood). 2007;26(5):w595-w597. Available from:
http://dx.doi.org/10.1377/hlthaff.26.5.w595.

[70] Waber RL, Shiv B, Carmon Z, Ariely D. Commercial features of placebo
and therapeutic efficacy. JAMA. 2008 Mar;299(9):1016-1017. Available from:
http://dx.doi.org/10.1001/jama.299.9.1016.

129



[71] eHealth Initiative. Health Information Exchange: From Startup to
Sustainability; 2007. Available from: www.ehealthinitiative.org (1 March 2008).
[72] Katz ML, Shapiro C. Technology Adoption in the Presence of Network
Externalities. Journal of Political Economy. 1986;94:822—-841.

[73] Glaser J. The Advent of RHIO 2.0. Journal of Health Information
Management. 2007;21:7-9.

[74] de Brantes F, Emery DW, Overhage JM, Glaser J, Marchibroda J. The
potential of HIEs as infomediaries. J Healthc Inf Manag. 2007;21(1):69-75.

[75] Tripathi M, Delano D, Lund B, Rudolph L. Engaging patients for health
information exchange. Health Aff (Millwood). 2009;28(2):435-443. Available
from: http://dx.doi.org/10.1377/hlthaff.28.2.435.

[76] Berg BL. Qualitative Research Methods for the Social Sciences 6th Edition.
Pearson; 2007.

[77] Charmaz K. Constructing Grounded Theory: A Practical Guide through
Qualitative Analysis. Sage; 2006.

[78] Venkatesh V, Morris MG, Davis GB, Davis FD. User Acceptance of
Information Technology: Toward a Unified View. MIS Quarterly. 2003;27:425—
478.

[79] Vest JR, Zhao H, 'jon Jaspserson, Gamm LD, Ohsfeldt RL. Factors
motivating and affecting health information exchange usage. J Am Med Inform
Assoc. 2011 Jan;Available from: http://dx.doi.org/10.1136/jamia.2010.004812.
[80] Greenhalgh T, Stramer K, Bratan T, Byrne E, Mohammad Y, Russell J.
Introduction of shared electronic records: multi-site case study using diffusion of
innovation theory. BMJ. 2008;337:a1786.

[81] Hincapie AL, Warholak TL, Murcko AC, Slack M, Malone DC. Physicians'
opinions of a health information exchange. J Am Med Inform Assoc. 2011
Jan;18(1):60-65. Available from: http://dx.doi.org/10.1136/jamia.2010.006502.
[82] Shapiro JS, Kannry J, Kushniruk AW, Kuperman G, Subcommittee
NYCIENCA. Emergency physicians' perceptions of health information exchange. J
Am Med Inform Assoc. 2007;14(6):700-705.

[83] Ross SE, Schilling LM, Fernald DH, Davidson AJ, West DR. Health
information exchange in small-to-medium sized family medicine practices:
motivators, barriers, and potential facilitators of adoption. Int J Med Inform.
2010 Feb;79(2):123-129. Available from:
http://dx.doi.org/10.1016/j.ijmedinf.2009.12.001.

[84] Rudin RS, Simon SR, Volk LA, Tripathi M, Bates D. Understanding the
decisions and values of stakeholders in health information exchanges:
experiences from Massachusetts. Am J Public Health. 2009 May;99(5):950-955.
Available from: http://dx.doi.org/10.2105/AJPH.2008.144873.

[85] Patel V, Abramson EL, Edwards A, Malhotra S, Kaushal R. Physicians'
potential use and preferences related to health information exchange. Int J Med
Inform. 2011 Mar;80(3):171-180. Available from:
http://dx.doi.org/10.1016/j.ijmedinf.2010.11.008.

130



[86] Halamka JD. Making the most of federal health information technology
regulations. Health Aff (Millwood). 2010 Apr;29(4):596—600. Available from:
http://dx.doi.org/10.1377/hlthaff.2010.0232.

[87] Berg M. Patient care information systems and health care work: a
sociotechnical approach. Int J Med Inform. 1999 Aug;55(2):87-101.

[88] Fisher ES, Staiger DO, Bynum JPW, Gottlieb DJ. Creating accountable care
organizations: the extended hospital medical staff. Health Aff (Millwood).
2007;26(1):w44—w57. Available from: http://dx.doi.org/10.1377/hlthaff.26.1.w44.
[89] American Academy of Family Physicians. Joint principles of the Patient-
Centered Medical Home. Del Med J. 2008 Jan;80(1):21-22.

[90] The Direct Project;. Available from: http://directproject.org/ (accessed
February 20, 2011).

[91] Correspondence with largest medical group in community; October, 2010.
[92] Jee SH, Cabana MD. Indices for continuity of care: a systematic review of
the literature. Med Care Res Rev. 2006 Apr;63(2):158-188. Available from:
http://dx.doi.org/10.1177/1077558705285294.

[93] Greenhalgh T, Stramer K, Bratan T, Byrne E, Russell J, Potts HWW.
Adoption and non-adoption of a shared electronic summary record in England: a
mixed-method case study. BMJ. 2010;340:¢c3111.

[94] Casalino LP, Pham H, Bazzoli G. Growth of single-specialty medical groups.
Health Aff (Millwood). 2004;23(2):82-90.

[95] Certification Commission for Health Information Technology;. Available
from: http://www.cchit.org/.

[96] Doran T, Fullwood C, Reeves D, Gravelle H, Roland M. Exclusion of
patients from pay-for-performance targets by English physicians. N Engl J Med.
2008 Jul;359(3):274-284. Available from:
http://dx.doi.org/10.1056/NEJMsa0800310.

[97] Rudin RS. The litmus test for health information exchange success: will
small practices participate?: comment on "health information exchange". Arch
Intern Med. 2010 Apr;170(7):629-630. Available from:
http://dx.doi.org/10.1001/archinternmed.2010.59.

[98] Adler-Milstein J, Bates DW, Jha AK. A survey of health information
exchange organizations in the United States: implications for meaningful use.
Ann Intern Med. 2011 May;154(10):666—671. Available from:
http://dx.doi.org/10.1059/0003-4819-154-10-201105170-00006.

[99] Frisse ME. State and community-based efforts to foster interoperability.
Health Aff (Millwood). 2005;24(5):1190-1196. Available from:
http://dx.doi.org/10.1377/hlthaff.24.5.1190.

[100] Rudin RS, Salzberg CA, Szolovits P, Volk LA, Simon SR, Bates DW. Care
transitions as opportunities for clinicians to use data exchange services: how
often do they occur? J Am Med Inform Assoc. 2011 Apr;Available from:
http://dx.doi.org/10.1136/amiajnl-2010-000072.

131



[101] Isaacs SL, Jellinek PS, Ray WL. The independent physician—going, going....
N Engl J Med. 2009 Feb;360(7):655-657. Available from:
http://dx.doi.org/10.1056/NEJMp0808076.

[102] Fisher ES, Shortell SM. Accountable care organizations: accountable for
what, to whom, and how. JAMA. 2010 Oct;304(15):1715-1716. Available from:
http://dx.doi.org/10.1001/jama.2010.1513.

[103] Albert R, Jeong H, Barabasi AL. Error and attack tolerance of complex
networks. Nature. 2000;406:378-382.

[104] Pham HH, O'Malley AS, Bach PB, Saiontz-Martinez C, Schrag D. Primary
care physicians' links to other physicians through Medicare patients: the scope of
care coordination. Ann Intern Med. 2009 Feb;150(4):236-242.

[105] Berwick DM. Launching Accountable Care Organizations - The Proposed
Rule for the Medicare Shared Savings Program. N Engl J Med. 2011 Mar;Available
from: http://dx.doi.org/10.1056/NEJMp1103602.

[106] McClellan M, McKethan AN, Lewis JL, Roski J, Fisher ES. A national
strategy to put accountable care into practice. Health Aff (Millwood). 2010
May;29(5):982-990. Available from: http://dx.doi.org/10.1377/hlthaff.2010.0194.
[107] Mucha PJ, Richardson T, Macon K, Porter MA, Onnela JP. Community
Structure in Time-Dependent, Multiscale, and Multiplex Networks. Science. 2010
May;328:876-878.

[108] Sinaiko AD, Rosenthal MB. Consumer experience with a tiered physician
network: early evidence. Am J Manag Care. 2010 Feb;16(2):123-130.

[109] Berenson RA, Ginsburg PB, Kemper N. Unchecked provider clout in
California foreshadows challenges to health reform. Health Aff (Millwood). 2010
Apr;29(4):699-705. Available from: http://dx.doi.org/10.1377/hlthaff.2009.0715.
[110] Bates DW, Ebell M, Gotlieb E, Zapp J, Mullins HC. A proposal for electronic
medical records in U.S. primary care. J Am Med Inform Assoc. 2003;10(1):1-10.
[111] Torda P, Han ES, Scholle SH. Easing the adoption and use of electronic
health records in small practices. Health Aff (Millwood). 2010 Apr;29(4):668—675.
Available from: http://dx.doi.org/10.1377/hlthaff.2010.0188.

[112] Fontaine P, Zink T, Boyle RG, Kralewski J. Health Information
Exchange(HIE): Participation by Minnesota Primary Care Practices. Archives of
Internal Medicine;.

[113] Nutting PA, Miller WL, Crabtree BF, Jaen CR, Stewart EE, Stange KC.
Initial lessons from the first national demonstration project on practice
transformation to a patient-centered medical home. Ann Fam Med.
2009;7(3):254-260. Available from: http://dx.doi.org/10.1370/afm.1002.

[114] Chan KS, Fowles JB, Weiner JP. Review: electronic health records and the
reliability and validity of quality measures: a review of the literature. Med Care
Res Rev. 2010 Oct;67(5):503-527. Available from:
http://dx.doi.org/10.1177/1077558709359007.

[115] Adams JL, Mehrotra A, Thomas JW, McGlynn EA. Physician cost profiling—
reliability and risk of misclassification. N Engl J Med. 2010 Mar;362(11):1014—
1021. Available from: http://dx.doi.org/10.1056/NEJMsa0906323.

132



[116] Mehrotra A, Adams JL, Thomas JW, McGlynn EA. Cost profiles: should the
focus be on individual physicians or physician groups? Health Aff (Millwood).
2010 Aug;29(8):1532-1538. Available from:
http://dx.doi.org/10.1377/hlthaff.2009.1091.

[117] Fisher ES, McClellan MB, Bertko J, Lieberman SM, Lee JJ, Lewis JL, et al.
Fostering accountable health care: moving forward in medicare. Health Aff
(Millwood). 2009;28(2):w219-w231. Available from:
http://dx.doi.org/10.1377/hlthaff.28.2.w219.

[118] Blumenthal D. Keynote speech. AMIA conference. 2010;.

[119] Bodenheimer T. The future of primary care: transforming practice. N Engl
J Med. 2008 Nov;359(20):2086—2089. Available from:
http://dx.doi.org/10.1056/NEJMp0805631.

133



