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Executive Summary

With the recent national focus on health care and the infusion of funds that HITECH will bring to
Health IT (HIT), it is hard to imagine a more appropriate time for the U.S. Department of Veterans
Affairs (VA) to formulate policy aimed at making its HIT system, VistA, more widely available. In
fact, judging by the transformative impact that open platforms have had in many technology
domains, it is likely that if done correctly, the VistA software could form the basis of a thriving
ecosystem that would drive down cost and unleash innovation. The kernel of a socio-technical
ecosystem based on VistA is functioning today outside of VA, but it needs help and support from VA
policies if it is to thrive, grow to its full potential, and help to transform HIT.

Socio-technical ecosystems are extraordinarily complex, but research has recently begun to reveal
the keys to software platforms that spark successful ecosystems. The primary difficulty is charting
the course to growth and en route there is a set of fundamental issues that need to be addressed:
What technical work must be done to evolve VistA into a suitable platform for use outside of VA?
How should an ecosystem consisting of great numbers of vendors, service providers, IT
departments, many classes of users, VA, non-profits, and many other types of players be governed
so that coherence can be maintained, while still encouraging innovation? What kind of cultural and
technological infrastructure must be deployed in order to support information dissemination and
effective decision-making? How can a critical mass of adopters be attracted quickly to create viable
business opportunities?

In this technical report, we help to answer such questions by mapping out the VistA ecosystem and
comparing it with four well-established, highly successful software ecosystems. We begin by
providing the results of a year-long qualitative study of the current VistA ecosystem. For this study
we conducted interviews with stakeholders, examined documents, e-mail lists, and other sources,
to create an up-to-date view of VistA development and distribution, and the people and
organizations outside VA who are involved with it. Second, we performed four smaller-scale case
studies of long-lived, thriving ecosystems based on software platforms: Apache, Eclipse, GNOME,
and Mozilla. We looked for similarities and differences across these four cases, and then applied
what we learned to the current state of VistA. Based on this analysis, we discuss ways of moving
VistA forward, capitalizing on lessons from successful platforms. We identify the key choices facing
VA and other participants, summarized below.

The architecture of the ecosystem: Our observations of the four established ecosystems lead us
to note several obvious differences between the architecture of the VistA ecosystem and all the
others. The established ecosystems all have a single main distribution and code that is centrally
managed. Licensing is uniform or at least compatible across the ecosystem, and each has a central
foundation that owns the intellectual property or the community is kept together by one shared
license. Moreover, VA plays a role not present in other ecosystems. In particular, VA accepts very
little outside code, and does not release key parts of the VistA system. There are good reasons for
both of these behaviors, but they create a powerful damping effect, as we explain.

We believe it is possible for VA to meet its unique needs, reduce costs, and support HIT adoption
nationally, and create business opportunities to forward-looking firms by pursuing an open source
ecosystem strategy. It will require successful resolution of several issues, outlined below, for
evolving the technical architecture, establishing a governance regime, and creating an effective
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collaborative infrastructure. From a business perspective, we believe the appropriate incentives
can readily be put in place to establish the four key elements of a VA ecosystem-based strategy:

* VA performs or directs the vast majority of platform maintenance and enhancement.

* Vendors will provide small, focused platform enhancements for free.

* Vendors will provide the bulk of application development, enhancement, and maintenance
for a free distribution.

* VA will fund application enhancements required by VA, and release the enhanced versions
to the ecosystem.

Key choices about the structure of the community and the role of VA are:

*  VA: Will the VA commit to full participation in the ecosystem, and adopt an ecosystem-
based software strategy?

* Community: Will the community continue to maintain several distributions or will it rally
around a single distribution with uniform or compatible licenses?

The technical characteristics of the platform: VistA is currently not separated neatly into an
underlying platform and applications that run on top of it. All of the established ecosystems have
such a technical structure, although they differ considerably on how large the platform is relative to
the entire distribution, and nature of the Application Programming Interfaces (APIs) through which
the platform functionality is exposed. A closely related question concerns what will be included in a
free distribution. In all the established ecosystems, a set of applications sufficient for a fairly wide
range of uses is included, helping to spur adoption and grow market share. Including too much can
reduce business opportunities, such as the ability to sell the included functionality. Including too
little suppresses adoption and growth of the market. Key choices about the technical
characteristics of the platform are:

* Will a platform be “cored” from VistA? What will it include?

*  What APIs will be defined and developed? What functionality will be exposed for each? In
what specific way will the APl make the functionality available?

* Will free, open versions of applications be included in a distribution of the platform? If so,
which ones? With what level of functionality (will it, for example, qualify for “meaningful
use”)?

* Will VA choose contractual arrangements with vendors that will make all useful platform
code available to the community, or will vendor code continue to be regarded as
proprietary?

Technical and social collaborative infrastructure: In each of the established ecosystems, the
community converged on a common set of tools to support collaboration, communication, and
coordination. They also developed cultures with norms and values about cooperation,
transparency, and citizenship. The VistA ecosystem has the potential to be much larger and more
interconnected than any of the established ecosystems, so having an effective set of tools and a
culture that strongly encourages prosocial behavior will be particularly important. Key choices
about the technical and social collaborative infrastructure are:

* Will all participants agree on and use a common set of tools, including a hosting service,
mailing lists, source control, change management, etc.?

* Will all participants (including VA and participating firms) agree to openly discuss
important technical decisions in advance in agreed-upon public forums?
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* Will all participants agree to take on the values and follow the norms appropriate for open
source, even when this causes some friction with organizational values and norms?

Governance structures: Finally, we note that all the established ecosystems had governance
structures built around foundations. A number of key decisions were made centrally, by the
foundation, often in consultation with members or advisory boards. Other decisions, such as what
products to build, services to offer, and business models to pursue, were left completely up to
participants. There were various levels of decision-making, with some showing a strong “meso”
level, with projects having considerable authority over their own schedules, processes, and what
features to build. There were also a variety of participatory mechanisms such as councils and
committees that allowed participants to have a role in making decisions. The established
ecosystems differed with respect to the status of firms - some had firms as members, others only
recognized individuals. Key choices about ecosystem governance are:

* Will a foundation be recognized as the legitimate steward of the ecosystem? Will it have
ownership of the intellectual property, or be granted the power to insist on compatible
licenses?

*  What kind of input will VA and the community have in the technical direction and evolution
of the platform?

* Will an organizational structure include a meso-level with independent development
projects, or will a foundation be the main decision-making entity?

*  What will be the scope of the foundation’s decision-making, and what kinds of decisions will
be left to Councils or members?

* How would a foundation be funded?

* Will companies participate, for example, as members, board members, council or committee
members in such a foundation? If yes, how?

We wish to call particular attention to the process by which decisions are made in the established
ecosystems we studied. In each case, the communities are built on open debate, meritocracy, and
decision-making based on consensus. They are by no means free of conflict, but they resist
imposition of solutions from the outside. The nascent VistA ecosystem has a similar culture, and
would be seriously damaged by decisions simply imposed upon it. We believe that making
decisions the right way - in an open community-based process - is at least as important as making
decisions that are correct on their merits. Incorrect decisions can be changed if the community
remains intact. Community-building may be the most important activity to be undertaken.

A critical role for research. Enhancing and growing the VistA ecosystem will push the boundaries
of practical experience and the current state of knowledge. For this reason it is critically important
for ecosystem development to proceed in close collaboration with a research community
committed to addressing the essential unknowns, anticipating issues, applying state of the art
solutions, and taking on key issues that will help the ecosystem thrive over the longer term. Among
the central issues research must address are the following:

* What social and technical collaborative infrastructure - tools, practices, and norms - will
support an ecosystem on the scale and with the interconnectedness that VistA could
achieve?

*  What delivery models make sense for VistA - cloud deployment? Providing applications as
a service? Providing the platform as a service?

* How can the very large-scale VistA legacy system be evolved into a desired architecture?
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* For individual and corporate participants, what is the business case for contributing to the
creation and maintenance of a platform and a fully-functional free distribution? How can it
be modeled in convincing fashion so participants will have a sound basis for their decisions
about participation and contribution?

* How can the critical performance, security, availability, and other quality attributes of
deployed systems be assured?

* How can open source governance mechanisms - foundations, projects, councils,
committees, user groups, vendors, service providers, health professionals, standards bodies
- be orchestrated to provide effective policies, dispute resolution, and guidance for an
ecosystem of unprecedented scale and complexity? Will novel mechanisms be needed?

* In order to guide overall decision-making, how can the socio-technical ecosystem be
modeled so that the effects of establishing or changing various design parameters can be
predicted, and the space of parameter combinations explored?

Research on these issues, critical for near- and long-term success, should be adequately funded, and
mechanisms provided for frequent interaction between the research community and thought
leaders in the ecosystem.

VistA approaches a critical juncture. VistA might well suffer the fate of Unix, and continue to
fragment into multiple and somewhat incompatible versions, each with its own small community.
This is not such a terrible fate - except by comparison to what VistA could become. Imagine a free
platform and basic applications that could be used by doctors’ offices, clinics, small hospitals, and
medical centers. This platform is highly reliable, secure, and standard-compliant, and is naturally
adopted by a substantial segment of the HIT market. Service providers of various sizes and
specialties stand ready to install, configure, customize, and train. Vendors supply upmarket
versions of the applications to large hospitals and hospital networks. All the participants, including
VA, benefit from the huge market created by adoption of the free version, and by sharing the cost of
maintaining the platform and basic applications. HIT costs drop, since duplication of effort is
avoided, and each firm can focus on its differentiating competencies. Innovative companies, large
or small, can sell their novel products and services with low barriers to entry because of the
openness of the ecosystem. Such an ecosystem would not meet all HIT needs, and proprietary
solutions would thrive alongside the VistA-based ones, just as now happens with Apache, Eclipse,
GNOME, and Mozilla. Yet VistA would be at the center of the HIT agenda, driving down costs
through competitive pressure, unleashing innovation, providing business opportunities for firms of
all sizes, and making solutions available to those who otherwise could not afford them.
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1 Introduction

We have arrived at a critical point for Health Information Technology (HIT) in the United States.
The convergence of several key events presents us with a rare opportunity. The U.S. Department of
Veteran’s Affairs (VA) is currently considering policy options for encouraging wider use and
adoption of the powerful VistA HIT system, currently in use in VA facilities around the country, and
adopted by a number of hospitals and clinics around the world. As claimed by VA CIO Roger Baker
(Baker, 2010), it is arguably the finest HIT system in the world. A working group of the Industry
Advisory Council (IAC), commissioned by VA to look at ways of evolving VistA and deploying it to a
wider community, has recommended pursuing an open source strategy (VistA Modernization
Working Group, 2010). We believe an open source strategy built around a VistA platform could
have a transformative impact on cost, adoption, and innovation in HIT (Yellowlees, Marks, Hogarth,
& Turner, 2008), as this approach has already had in information technology areas such as web and
application servers (e.g., Apache, MySql, and Perl), operating systems (e.g., Linux), mobile
technologies (e.g., app stores for platforms such as Android), and development environments (e.g.,
Eclipse).

Platforms and the ecosystems that grow up around them have the power to “drive innovation and
transform industries” (Evans, Hagiu, & Schmalensee, 2006). They form the context for both
cooperation and competition, in ways that potentially combine the best of both (Brandenberger, &
Nalebuff, 1996). Open platforms can orchestrate people, technology, and organizations into socio-
technical ecosystems that remain, even on large scale (Northrop, 2006), flexible and innovative. For
ultra-large, highly interconnected systems, such as HIT, socio-technical ecosystems are the only
mechanism that will allow sufficient resources to be brought together in a coordinated way to
produce the systems we need (Northrop, 2006).

The time for taking bold steps in HIT could not be better. The Affordable Care Act of 2010 has
focused national attention on health care, and focused a spotlight on the serious, health-threatening
shortcomings of our current information technology and the promise of technologies that are now
within reach (Chaudhry et al,, 2006; Hillestad et al., 2005; Longman, 2010). At the same time, the
Health Information Technology for Economic and Clinical Health (HITECH) Act will provide
sufficient funds to have a very large impact on rapid adoption and deployment of HIT systems.

Yet growing a healthy ecosystem is fraught with uncertainties. Success clearly depends on much
more than the quality and the design of the software itself. How to create and sustain a critical
mass of adopters that will provide a viable market? How to design the platform so that new
technologies can be quickly integrated? How to ensure system-level security and regulatory
compliance when multiple vendors operate independently? How can such an ecosystem be
governed so that technical coordination and coherence are assured, yet novelty and innovation are
encouraged? Why would firms, naturally seeking profit and avoiding uncertainty, adopt business
models that are tied to the success of an overarching ecosystem over which they have limited
control? These are but a few of the very difficult questions that must be addressed in order to
design a viable ecosystem. Design principles to guide such decisions are uncertain at best, and lack
scientific basis.

Yet there exist a number of long-lived, robust ecosystems generating products that are highly
competitive, or, as in the case of Apache (see Netcraft, 2010) even dominate their markets. We
believe that careful study of such ecosystems can provide guidance for anyone wishing to grow the
network of users, vendors, and service providers that surround VistA, and can also begin to provide
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more general design principles and move us toward a more systematic understanding of
ecosystems.

The goals of this report are twofold. We have the pragmatic goal of providing concrete advice,
grounded in empirical observation and analysis, to help guide the formation of a viable VistA-based
ecosystem. We have the scientific goal of identifying design dimensions, begin to formulate design
principles, and identify choices in ecosystem design. Toward these ends, we have conducted an
extensive qualitative study of the VistA ecosystem, and used a comparative case study of four highly
successful open source ecosystems in order to suggest directions VistA could take to grow and
thrive beyond VA.

The remainder of this report is structured as follows. Section 2 presents the results of our
qualitative case study of the existing VistA ecosystem. Section 3 compares the VistA ecosystem to
four established ecosystems that are long-lived, robust, and thriving. They represent plausible,
albeit smaller scale, models for what the VistA ecosystem could become. In order to provide this
comparison we draw on research that has recently begun to identify some of the critical decisions
for the design of ecosystems. Gawer and colleagues (Gawer, 2010; Gawer & Cusumano, 2002) have
identified four “levers,” i.e., design parameters that firms striving for platform leadership, including
the scope of the firm, product technology, external relationships, and internal organization. We
adopt an analytic framework consisting of four dimensions that are critical to ecosystem design: the
technical architecture, governance regime, collaborative infrastructure, and business
opportunities.! At the heart of any ecosystem is a technical platform that supports the accumulation
of the efforts of diverse contributors (Evans et al., 2006; Gawer, 2009; Gawer et al., 2002). A
governance regime is the way in which a particular ecosystem distributes types of decisions over
types of participants and decision-making mechanisms. Successful collaboration over distances and
across organizational boundaries is widely recognized as a challenging problem (e.g., Olson &
Olson, 2000), but established ecosystems have addressed this with a combination of a culture
favoring openness and a collection of internet-based tools that foster communication and
coordination around the product (Moon & Sproull, 2000). The final dimension we use to compare
the ecosystems is the set of business opportunities that are actively being pursued in the ecosystem
(see generally Messerschmitt & Szyperski, 2005).

2 The VistA ecosystem

In this section, we present the results of our empirical case study of the VistA ecosystem. We first
describe our research methods, then give a brief history of VistA in order to provide context. We
then present our results in several sections. First, we provide a technical overview about the VistA
system, describing the main distributions. We then describe the VistA community and how it is
organized. Finally, we discuss challenges for the VistA ecosystem that were identified by our
interviewees.

' Various appendices contain the details of these dimensions along which we compared ecosystems (Appendix A), our four case studies of
established ecosystems (Appendix B), our analysis of commonalities and variabilities among the cases (Appendix C), a table with our detailed
point by point comparison of all the ecosystems considered (Appendix D), a brief overview of open source licenses (Appendix E), a
comparison of VistA discussion groups (Appendix F), and a description of the role of Fedora in the Red Hat Linux ecosystem (Appendix G).
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2.1 Research methodology

Our study of the VistA ecosystem adopts a grounded theory approach (Glaser, & Strauss, 1967). The
goal is to provide insights about the functioning of the VistA ecosystem after collecting data from
primary and secondary data sources and developing a rich description. Over a six-month period of
time beginning in September 2009, data were collected through individual interviews, analysis of
documents (e.g., research articles, news, websites) and participant observations during meetings.
The first steps in our process of field data collection were identifying the existing key players in the
ecosystem and becoming familiar with the role of information technology in the health care
industry. Based on the findings of the document analysis, the first interviews were conducted and
additional documentation was identified. The collected information yielded further interview
participants.

By means of this iterative process, we identified and interviewed a total of 24 informants. All
interviewees represented different stakeholders in the ecosystem. At the beginning, the interviews
were semi-structured and the questions were dependent on the particular interviewee. Later in the
data collection phase, the interviews became much more structured, especially the final interviews
that sought to address specific holes in our understanding. The interviews were between 30 and 90
minutes long and included the following topics: (1) organizational issues regarding VistA
development process, (2) technical issues regarding VistA distributions, (3) legal issues regarding
VistA distributions, (4) organizational issues regarding the VistA ecosystem, and (5) the future of
the VistA ecosystem.

Classification criteria Number

Number of participants

Total interviewees 21
Total interviews 24
Medium used

Telephone interviews

In-Person interviews 15
Affiliation*

Software vendor 11
Non-profit organization (501(c)(3), (6)) 8
Department of Veterans Affairs 4
Roles*

Developer 7
Implementer 8
Vendor 11

Table 2-1: Summary of interview participants. *Interviewees could have multiple roles and affiliations.

In Table 2-1 represents an overview of the participants. Interviewees are classified according to
three different criteria: medium of interview, affiliation, and role. Most interviews were carried out
in-person and were held mainly during the VistA Community Meeting in January 2010. Three
groups of affiliations could be differentiated: software vendors, non-profit organizations, and
Department of Veterans Affairs (VA). This study deals with the open source ecosystem that exists
outside VA; therefore, the majority of interviews were not conducted with VA employees. There are
some multiply affiliated participants; for example, a person who is involved in a non-profit
organization might also work for VA. The third classification criterion is the assignment of
interviewees to one of three main roles: developer, implementer, or vendor. A developer is a person
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who actively programs functions for extensions to the VistA system. An implementer is a person
who installs the VistA system—funded or unfunded—and adapts the system, if necessary. A vendor
is employed by a company that installs, customizes, or sells a VistA distribution.

In order to develop a description of the VistA ecosystem, the interview data were inductively
analyzed. The interviews were transcribed and then categorized by assigning codes. These codes
were based mainly on existing stakeholders and topics. In the next step, the different codes were
clustered and the resulting concepts were used to identify specific themes. The latter step was
applied specifically for concepts that address existing challenges in the ecosystem. All insights and
findings are summarized and documented.

Based on these results, as well as our analyses of four open source ecosystems reported in
Appendix B. We developed a framework (see Appendix A) that we used to describe and evaluate the
VistA ecosystem, to derive recommendations for improvement, and to highlight existing similarities
and dissimilarities to several thriving, well-established ecosystems (see Appendices C and D for a
detailed comparison).

2.2 Brief history of VistA2

The first ancestor of today’s system was created in 1977: VA MUMPS (Massachusetts General
Hospital Utility Multi-Programming System) medical system3 (cf. Figure 2-1). More and more VA
medical centers acquired their own computing systems and VA MUMPS was increasingly adopted
and enhanced (Brown, Lincoln, Groen, & Kolodner, 2003, p.137). Implemented improvements or
extensions of the system had been shared between Medical Centers; however every VA MUMPS
system was customized for the specific needs of each site.

In 1979, the further development of the VA MUMPS system was officially terminated. But a group of
volunteers, who still believed in the capabilities of the system, continued its development. This
group named itself the Hardhats%. Over a period of three years, they worked in the “underground”
as a geographically distributed development team. This development process was a precursor to
the open source development style (Trotter, 2007). However, the system was increasingly utilized
within and outside the US. In 1981, during the Symposium on Computer Applications in Medical
Care, VA MUMPS with its different components was presented to VA physicians and administrators
from around the country. Because of the outstanding capabilities of the system, in February 1982,
the VA officially legitimized the MUMPS work and founded a task group on the DHCP (Decentralized
Hospital Computer Program). In the first years, the software had been developed in a user-centric
manner that meant that its development was closely related to clinical processes and attuned to the
specific needs of the physicians. Various independent, regional development centers existed across
the US. In 1996, because of an ongoing system evolution, the Department of Veterans Affairs (VA)
renamed DHCP as the Veterans Health Information Systems and Technology Architecture (VistA)
(Brown et al,, 2003). One major improvement was the introduction of a graphical user interface
CPRS (Computerized Patient Record System). In the following years, VistA has been continuously
extended and improved, for example the Barcode Medication Administration (BCMA) to
electronically manage medications, and Clinical Reminders for chronic disease management.>

? For a history of VistA focusing on its role in the extraordinarily effective healthcare at VA, see generally Longman (2010).

’ In the late 1960s, MUMPS was created as an operating system and programming language intended for and designed to build database
applications for the health care industry. More information about M can be found at: http://en.wikipedia.org/wiki/MUMPS.

4 More information can be found at http://www.hardhats.org.

* We are grateful to DSS, Inc. for pointing this out.
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Nowadays, VA provides care to approximately 5.3 million patients (among 7.7 million enrollees or
“covered lives”) through 1,400 sites (including 171 medical centers and hospitals, 876 outpatient
clinics, and a variety of other long-term, community mental health, and home care programs
(Veterans Health Administration, 2006).6

VistA does not only exist in VA. Internationally, VistA is the HIT system, for example, at the Berlin
Heart Institute in Germany and the Nasser Institute Hospital in Egypt?. The Department of Defense
(DoD) installed their variant of VistA, the CHCS (Composite Health Care System) in military
hospitals, and the Indian Health Service (IHS) called their variant RPMS (Resource and Patient
Management System). Both variants can be seen as dialects of VistA. RPMS and VistA are most
closely related because VA and IHS have repeatedly exchanged software code over the years.

In the last few years, the nature of software development in VA has profoundly changed. Today, the
Office for Enterprise Development (OED) coordinates all development activities. In the OED, VistA
has been in maintenance mode with a skeleton staff for the last 5 years while about 700 developers
are working on a rewrite of the original system. New requirements are identified by NSR (new
software requests) in VA. In order to avoid duplication of work, all change requests are collected by
the OED and prioritized. Implemented changes (patches) to the VistA system are aggregated to
releases and distributed in VA twice a year or on an as-needed basis. A new version of VistA is
slated for a first release in 2018.

1978:
Development of FileMan (VA) 1996:
DHCP renamed into VistA
1982: (VA)
Creation of DHCP (VA)
2002:
Late 1960: 1984: First FOIA release
Creation of the IHS implements DHCP
MUMPS language and it evolves to RPMS
| | | |
T T T T
1970 1980 1990 2000 2010
1990:
DHCP implementation (VA) on
N a national scale completed 1997:
1977: .
- CPRS now used in all
ANSI standardization Medical Centers in VA
of MUMPS
MUMPS: Massachusetts General Hospital Utility
1978: Multi-Programming System
First clinical use of VA: Department of Veterans Affairs
f DHCP: Decentralized Hospital Computer Program
MUMPS system in VA RPMS: Resource Patient Management System

CHCS: Composite Health Care System
FOIA:  Freedom of Information Act
PTTH:  Pacific Telehealth & Technology Hui

Figure 2-1: Timeline of the development of VistA in VA.

¢ Numbers are given by Ben Mehling on Google Group Hardhats (http://groups.google.com/group/hardhats/msg/1d22c0ad3dce7d09).

” Information is given by Chris Richardson on Google Group Hardhats (http://groups.google.com/group/hardhats/msg/80adfala90f7da3d).
Community  hospitals  that have installed the system are listed on the Hardhats website  (http://www.
hardhats.org/adopters/vista_adopters.html).

nstitute for
I S SOFTWARE 5
RESEARCH



In October 2009, the Department of Veterans Affairs commissioned the Industry Advisory Council
(IAC) to invite experienced healthcare and information technology professionals from IAC
membership organizations to form the VistA working group (Blankenhorn, 2009; Brewin, 2009).
Possible deployment models for VistA, such as open source, as well as strategies for modernizing
VistA were discussed in this working group. In May 2010, the IAC working group presented its
recommendations to VA (VistA Modernization Working Group, 2010) consisting of two main ideas:
(a) replace VistA by a new VistA 2.0 core system that is realized by an open source software
development model, and (b) build a sustainable ecosystem around VistA that is governed by a non-
profit foundation.

VistA already forms the technical core of an open source ecosystem, albeit one that is far smaller
and more fragmented than one might expect, based on the value of the technology. The software is
made available via the Freedom of Information Act (FOIA) of 1966, which requires disclosure of
governmental documents and information. VistA and unlimited ongoing updates (500-600 patches
per year) are provided as public domain software8 by the US government. Certain parts of VistA are
precluded from publication because they fall into existing exemptions; for example, records that are
closely related to VHA’s internal rules and practices, as well as proprietary code, security related
routines, or financial information are not released. However, each year VA publishes existing
changes on its website. Patches are assembled in so-called KIDS builds (Kernel Installation and
Distribution System). Most of these patches are written to enhance the software, sometimes also to
fix existing software errors.

2.3 Technology and main distributions

VistA is not a single application; it is more a conglomerate of various packages and programs.
According to the VistA-HealtheVet Monograph, VistA includes 120 applications (Enterprise
Development, 2009). A common framework for VistA implementations is utilized in VA allowing
third party health care providers to easily access health information (Veterans Health
Administration, 2006).

The underlying technology of most of VistA’s applications is MUMPS. MUMPS is both a procedural
programming language and a hierarchical or multidimensional key-value database®. Since 1977,
MUMPS has been an ANSI standard which has primarily fostered its utilization in health care
information technology. During 1966 and 1967, MUMPS was developed at Massachusetts General
Hospital (MGH) in Boston, and apart from health care it is also used in the financial sector. The
design of MUMPS is primarily aligned to multi-user database-driven applications. Compared to
widely used programming languages today, MUMPS has a very different syntax and terminology.
For example, MUMPS has a single data type of string and it is not possible to freely use white space.
Global variables are used for persistent storage and are accessible across all processes in the
system. Almost every MUMPS command can be abbreviated to one single letter, which makes it
possible to have succinct code, but at the same time reduces the readability of the code for
inexperienced programmers10. In Figure 2-2 and Figure 2-3, a simple Hello World example is given
in MUMPS, in MUMPS with abbreviated commands, and in Java.

% «“Public domain” is not a license; it is more the absence of any license or restriction. The exact rules for public domain depend on the country.
More information is available here: http://www.copyright.cornell.edu/resources/publicdomain.cfm.

° More information can be found at http://www.mcenter.com/mtrc/whatism.html.

' More information can be found at Vistapedia http://vistapedia.net/index.php?title=What is VistA Really.
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hello()
write "Hello, World!",!
quit

hello() w "Hello, World!",! q

Figure 2-2: Hello World example in MUMPS (line 1-3) and MUMPS with abbreviated commands (line 5).

class HelloWorld {
public static void main(String[] args) {

System.out.println("Hello World!"); // Display the string.
}

Figure 2-3: Hello World example in Java.

Because MUMPS is a programming language and incorporates, based on its design, a database file
system, all database interactions are part of the language. In VA, the proprietary object database
management system Caché is employed!l. In opposition to common relational databases such as
MySql, MUMPS has a native hierarchical storage structure. The VistA systems use a VA constructed
database called File Manager that has properties of both relational and hierarchical databases.
MUMPS has object-oriented capabilities via Caché ObjectScript or ESI objects in order to allow for

object-based programming while Caché also allows creation of SQL tables and supports SQL code to
access the database!2.

. Abstract
VA VistA open source VistA
Client/GUI CPRS P CPRS/CIS
Client operating system Windows Linux
CoCC DT TSToIT ST ITnToTonTonT T T
o . \ |
Network layer RPC Broker i RPC Broker ‘ 1
s ; !
erver | 2.
(virtual operating system) 1 ’ Kemel ‘ ’ Kernel ‘ ©
Database management ! ’ VA FileMan ‘ ’ FileMan ‘ |
Program/database server ’ Caché ‘ ’ GTM ‘
Server operating system ’ Open VMS ‘ ’ Linux ‘
Hardware ’ Alpha ‘ ’ Intel ‘

Figure 2-4: VA VistA and abstracted open source VistA technology stack (following (Mehling, 2008)).

The core infrastructure of VistA consists of two main components: VA FileMan and Kernel (cf.
Figure 2-4). VA FileMan is a database management system that organizes the medical data, storing
it in fields, records, and files (Kolodner, & Douglas, 1997). The Kernel provides the portability layer
on top of the operating system, as well as system management tools and shared services such as

"' More information about this proprietary version of MUMPS can be found at http://www.intersystems.com/cache/. A single user version of
Caché can be downloaded from the website.

"> There is an open source equivalent to Caché's SQL capability, although it is not as fully featured. More information can be found at:
https://medsphere.org/community/project/fm-projection.
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sign-on and security service, menu management, and error processing. This infrastructure enables
applications to be integrated on a database level and all data between applications can be
consistently shared. This common infrastructure of the core code can be updated more easily
because the layer between applications and the operating system is stable (Brown et al., 2003).

VistA was originally mainframe software that allowed users to interact with the system via
character-based terminals. But since the mid-90s, the Computerized Patient Records System
(CPRS), which is written in Delphi, is the primary graphical user interface for much of the clinical
data in VistA (Veterans Health Administration, 2006). It uses a client-server architecture, with a
client user interface in Windows style!3. However, many departmental systems (e.g., Pharmacy,
Laboratory, Radiology) still use a terminal-based user interface.14

In 2003, under a contract from the Pacific Telehealth & Technology Huil5, VA and DoD, in a joint
effort, converted FOIA VistA into Hui OpenVista. The main motivation behind this project was the
need for an affordable HIT system in the Pacific region. VA VistA runs on proprietary software and
the licensing cost turned out to be a major issue for this region. Therefore, Hui OpenVista operates
on an open source database management system GT.M16, a free equivalent of Caché that runs on
Linux. Hui OpenVista was the first available open source stack of FOIA VistA. A team called the Hui
717 realized this ambitious project; it can be seen as a starting point for the development of today’s
open source VistA ecosystem.

There are four main distributions of VistA outside VA: FOIA Vista (unlicensed, public domain
software), WorldVista EHR (GPL-licensed), OpenVista (AGPL-licensed) and vxVista (EPL-
licensed)!8. These distributions, i.e. flavors, are described in more detail in the following sections
(see also Noll, 2009).

2.4 VistA community

In this section, we describe the different stakeholders of the VistA ecosystem and their governance
models. The stakeholders can be divided into two groups: organizations and software vendors.

System name Vendor/implementer # Patient records # Sites
Non-government:

WorldVistA

EHR/VOE 1.0 Sequence Managers, etc. 293,195 16
RPMS EHR 1.1 Svo\r/nlgnumty Health Network of 242.816 30
OpenVista 1.5 Medsphere Systems Corp. 213,948 18
vx VistA DSS Inc. 189,106 4
Sub-total non-federal 939,065 68
Government:

VistA Department of Veterans Affairs 23,442,000 1,007

13 A demo of this software can be found at http://www1.va.gov/cprsdemo/.

'* We are grateful to Ben Mehling for pointing this out.

'S More information can be found at http://www.pacifichui.org.

' More information can be found at http:/fisglobal.com/Products/TechnologyPlatforms/GTM/index.htm.

' Team members in alphabetical order: Dee Knapp, Brian Lord, Rick Marshall, Chris Richardson, Steve Shreeve, George Welch, and David
Whitten.

'8 A brief description of these licenses is given in Appendix E.

"% The initial implementation is done in collaboration with Medsphere Systems Corp.
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RPMS EHR 1.1 Indian Health Service ~ 1,000,000 600
Sub-total government 24,442,000 1607
Total | | 25,381,065 | 1,675

Table 2-2: OSS deployments and aggregate numbers of patient records in deployed system (after Valdes, 2008).

The first group refers to non-profit corporations or two types of associations: 501(c)(3) and
501(c)(6). This group comprises WorldVistA, VISTA Expertise Network, VistA Software Alliance
and Open Health Tools. The second group comprises all existing companies. Because of their
prominent roles in the VistA ecosystem, two companies are described in more in detail.

Table 2-2 provides an overview of existing applications and their approximate number of
implementations. One may see that governmental application of VistA and related distributions
exceed by far the applications outside the governmental sphere.

2.4.1 WorldVistA

WorldVistA20 is a non-profit organization (501(c)(3)), incorporated on March 18, 2002. It is
dedicated to further development of VistA as open source health care software (WorldVistA, 2009):

“The primary purposes of this corporation shall be to further the cause of affordable health care
information technology worldwide.”

A key part of WorldVistA’s purpose is to ensure that VistA will be available for the world even if VA
eventually stops using it. Therefore, WorldVistA has extended the work of the Hardhats (cf. Section
4.1). The primary goal of the Hardhats has been fostering the virtual community of VistA users
worldwide. For example, they offered help with installing and using FOIA VistA. But the Hardhats
had no formal, legal existence. Necessary activities, such as applying for grants, contracting, or
formal alliances, could not be carried out. Establishing WorldVistA closed this gap. The main goal
was to ensure the availability of VistA code outside VA and to provide “a neutral meeting place for
VA programmers, VA bureaucrats, and those external to the VA.” (Trotter, 2007). WorldVistA is
independent from commercial interests, federal governmental interests, and foreign-government
interests. During its first years, WorldVistA had been a more technically focused group; today in its
self-conception, WorldVistA aspires to be an umbrella organization for all members of the
community.

In October 2009, WorldVistA coordinates with 75 implementations outside VA. Its goal is to be an
international organization (there are board members from England, Canada, and Jordan). At the
beginning of 2010, an important adopter is the country of Jordan, which is implementing
WorldVistA EHR, and there are interested parties in India as well.

Governance. The general organizational structure of WorldVistA consists of the Board of Directors,
the Executive Team, and regular membership. A member can be any individual but not a company.
The Board itself elects the Board of Directors. It is responsible for the management and allocation of
assets, the overall strategic direction and priorities, and the delegation of decisions to the Executive
Team. The Executive Team develops and implements WorldVistA's operational plan, as well as
establishing working groups that are an extension of the management team.

» More information can be found at http://worldvista.org.
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According to the bylaws, WorldVistA is not a membership organization; this means that non-elected
members have no official role in participating in the decision-making process.2! The main reasons
for this model are the number of members of WorldVistA and the size of the community. It has been
pointed out that a membership-based model might endanger the vision of WorldVistA’s founders. A
membership model can be an option with a larger and stronger membership base. However, two
Advisory Councils give voice to WorldVistA’s members: the User Advisory Council and the Vendor
Advisory Council. Councils are self-organized within the terms of reference provided by the Board.
During all Board meetings, representatives of both Councils are invited to attend. An overview of
the organizational structure is given in Figure 2-5.

tablish
’ Board of Directors %::;ffefsi 2S5 5| User Advisory Council

;
/

ccd-cer-project

N e
. defines .
Executive Team (- working groups

self-election

Members (individuals)

Figure 2-5: Organizational structure of WorldVistA Foundation.

Responsibilities. WorldVistA activities can be divided roughly into three main areas: community
development, software development, and business development.

The community development addresses the development of a community of VistA users,
supporters, and developers. It involves the organization of the VistA Community Meeting, the
WorldVistA Education Seminars, developer meetings, and micro training. The VistA Community
Meeting takes place twice a year at various places around the US where low or no cost hosts can be
found (Robert Morris University, University of Washington, University of Arizona, the National
Library of Medicine, Midland Memorial Hospital, Hewlett Packard, and Intersystems).

While the VistA Community Meeting serves as gathering point for the whole open source VistA
community, the WorldVistA Education Seminar is aligned to the specific needs of the WorldVistA
community. The types of technical trainings such as in MUMPS or EsiObjects training at the expert
level for WorldVistA EHR reflect this. Attendees of this seminar are end users, potential users, or
adaptors. Developer meetings, i.e. coding camps, comprise small, intensive programming sessions.

With the community-driven wiki VistApedia.org??, information (installation, configuration, and
usage) about existing distributions (i.e. varieties or flavors) of FOIA VistA, Astronaut (cf. Section
2.4.5), and RPMS EHR is provided (cf. Section 2.2). It is furthermore aimed to give an overview

?! Regarding the role of community participation in WorldVistA, contrary opinions exist. This issue is more deeply discussed in Section 2.5.1.
2 More information is available at http://www.VistApedia.org. (This website is owned by one member of WorldVistA’s Executive Team.)
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about the comprehensive VistA Documentation Library. Moreover, WorldVistA provides
information and documentation for the whole community, such as CPT codes?23 and Lexicon files.

Software development is mainly focused on the integration of VA patches into the WorldVistA EHR
systems and the development of new functionality. The latter is carried out either by WorldVistA
itself or by collaborative development. Even though WorldVistA initiates those projects, the lack of
funding often leads to voluntary work done by community members. However, WorldVistA
provides the organizational frame to enable collaborative projects. One successful example of these
efforts is the CCR/CCD project. This project addresses new standards to represent patient
information from different sources in one unit document. The ASTM Continuity of Care Record
(CCR) is a standard to transfer patient-related health care information between different medical
applications. The Continuity of Care Document (CCD) standard also supports exchange of clinical
documents, but it was proposed by HL724 in order to harmonize the CCR and the HL7 Clinical
Document Architecture (CDA). In 2006, a proposal to add this functionality to WorldVistA EHR led
to formation of a working group, which subsequently has implemented it (e.g., for the Electronic
Primary Care Research Network, ePCRN).

Part of WorldVistA’s business development effort is providing appropriate support for vendors,
depending on their level of knowledge. For new vendors, WorldVistA recommends the participation
in the Education Seminars or the Community Meeting. For established vendors, support is mainly
carried out by “bringing together others with expertise to help them”. As WorldVistA is a non-profit
organization it is not involved in any business activities. For that reason, the VistA Software Alliance
(cf. Section 2.4.3) has been formed.

WorldVistA EHR. WorldVistA EHR25 consists of GNU Linux, GT.M, FOIA VistA, and EsiObjects26.
Besides the pure open source stack, WorldVistA can be used with Caché and MS Windows.
However, it is the result of two-year effort funded by the Center for Medicare and Medicaid Services
(CMS) to provide an affordable EHR that could help physicians improve their patient care.
WorldVistA EHR was the first open source software product that received CCHIT certification??.

Another important technical task of WorldVistA is the consolidation of VA single patches, i.e. KIDS
builds, into multi-builds in order to enhance the existing distribution. Such multi-builds can
comprise up to 600 KIDS builds and can be used to update WorldVistA EHR. Having single patches
eases the identification of existing problems that can occur during their integration. Projects that
exceed these activities, i.e. larger software development projects, are dependent on available
funding.

Approximately 99 percent of all the WorldVistA EHR code is based on FOIA VistA. But only about
one percent of the source code that has been developed by the open source community goes back
into VA (quotation from WorldVista Education Seminar 10/2009).

» CPT (Current Procedural Terminology) codes are numbers assigned to every task and service a medical practitioner may provide to a patient
including medical, surgical, and diagnostic services (http://patients.about.com/od/costsconsumerism/a/cptcodes.htm).

* HL 7 is an ANSI-accredited Standards Developing Organization providing widely used standards in health care. More information is available
at http://www.hl7.org/.

2 The WorldVistA EHR is available at http://worldvista.org/Software Download.

*6 EsiObjects is a standards-compliant, object-relational, database management and interoperability system from ESI Technology Corporation.

7 CCHIT has defined certification criteria in order to ensure that EHRs achieve measurable outcomes in patient engagement, care coordination,
and population health. More information is available at http://www.cchit.org.
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Extensions or modifications from the community are evaluated based on various criteria in order to
decide about their integration into WorldVistA EHR. An expert group reviews these extensions
based on the following considerations:

* License: extension must be GPL compatible,

* Compatibility: extensions must comply with the SAC (Standards and Conventions,
maintained by the Standards and Conventions Committee (SACC)) and other technical
standards in order to ensure compatibility with WorldVistA EHR,

* Quality: extensions must be suitable for use in terms of code quality (e.g., “good
housekeeping” for variables), ease of code maintenance, and documentation,

* Relevance: extensions must be useful for other members of the community, and

* Feasibility: extensions must run on two different stacks (WorldVistA EHR with Caché
and MS Windows or WorldVistA EHR with GT.M and Linux).

These criteria do not apply for “trusted” submitters such as VA and Medsphere. However, other
extensions or modifications that do not meet these criteria are available on the WorldVistA server.
One main reason that contributed source code is not approved by WorldVistA is that is has not been
tested on different platforms. The testing of this source code by WorldVistA is often impossible
because of a lack of funding. At the moment an important challenge is to receive a CCHIT re-
certification of WorldVistA EHR.

2.4.2  VISTA Expertise Network

The VISTA Expertise Network?® is a 501(c)(3) organization that aims: “[...] to improve people’s
health through the use of technology by providing advice and hands-on assistance for new adopters of
VISTA and affordable support for existing users.”

The VISTA Expertise Network has been founded by Rick Marshall and was incorporated in August
2007. The goal is to close the existing generation gap of VistA developers. The main reasons for this
gap are on the one hand, missing training programs for VistA in the last decade and on the other
hand, the growing number of retirements of VistA experts. In order to support the development of a
new generation of VistA experts, the VISTA Expertise Network has developed a unique educational
program called Paideia. In this program VistA experts teach VistA novices while working on real-
world programming problems that exist in open source VistA distributions (e.g., FOIA VistA,
WorldVistA EHR, RPMS). The program follows a “learn-do-teach” model, i.e. craftsmanship model, of
education.

The network has partnerships in the whole VistA community such as with WorldVistA, with public
health agencies (e.g., Department of Veterans Affairs, Indian Health Service), as well as with
academic institutions (e.g., University of Washington). This cross-organizational approach creates a
strong expert base and addresses the need for the revitalization of the VistA community.

The Paideia approach is a much more elaborated educational concept than WorldVistA’s Educations
Seminars (cf. Section 2.4.1) because of the integration of classes and long-term mentoring. But the
VISTA Expertise Network supports neither community building nor development work to extend
available functionality in open source VistA distributions.

% More information can be found at http://www.vistaexpertise.net/index.html.
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2.4.3  VistA Software Alliance

The VistA Software Alliance (VSA) is a non-profit trade association (501(c)(6)), a trade organization
for vendors, founded in 2004 for the purpose of promoting the VistA electronic health record
system.2?

It is committed to “improv[e] health care by increasing the quality of care, reducing patient errors,
and lowering costs”. In January 2008, the VistA Software Alliance had more than 40 members, for
example HP, IBM, and Perot (now Dell/Perot cf. Section 2.4.5). In opposition to WorldVistA,
members of the VSA can be individuals and companies who are involved in the implementation,
integration, and support of VistA distributions and who share a common understanding of VistA
being a valuable business model. Members are therefore commercially interested in a higher
adaptation of VistA. The VSA has emerged from WorldVistA members who “felt that their
perspective was not being served” because WorldVistA is not involved in any business activities
because of its non-profit status. Large hospitals especially use so-called “request for proposal”
mechanisms. The VSA performs a clearinghouse function, enabling companies to apply for those
proposals. Another issue has been the self-conception of WorldVistA because its activities have
been more concentrated on system development rather than on promoting the system usage: “[...]
there should be more than engineers or groupies saying how great VistA is, there should be people who
actually use it.” But even though companies joined the VSA, they retained their WorldVistA
membership status. However, it is said that major challenges for the VSA have been the missing
technological community and the costs to keep this organization running. Another issue has been
the missing value because VistA software could not be sold as successfully as expected. Finally, in
2009 the organization fell apart.

2.4.4  Open Health Tools

Open Health Tools (OHT)3?, a non-profit trade association (501(c)(6)), was founded in 2007 (OHTF,
2010) in order to “enable a ubiquitous ecosystem where members of the Health and IT professions can
collaborate to build open, standards-based interoperable systems that enable patients and their care
providers to have access to vital and reliable medical information at the time and place it is needed.”
OHT will therefore be part of various communities in this area of Open Health IT.

¥ More information can be found at http://www.vistasoftware.org.
3% More information can be found at http://www.openhealthtools.org.
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Figure 2-6: Organizational structure of Open Health Tools.

OHT is modeled on the Eclipse open source ecosystem3! in its core areas such as governance, legal
and intellectual property policies, development processes, and business models32. It will facilitate
collaboration among diverse participants by involving stakeholders such as software companies,
government health service agencies, and standards organizations. These stakeholders shall work
together in a transparent software development process in order to produce software products
collaboratively (Open Health Tools Foundation, 2010). The OHT will provide the needed neutral
space for these activities by creating a “common health interoperability framework, exemplary tools
and reference applications”. OHT supports all licenses that have been approved by the Open Source
Initiative.33

In January 2009, DSS, Inc. (cf. Section 2.4.5) joined OHT, and contributed its VistA distribution
vxVistA to OHT. Because of this contribution, OHT became actively involved in the VistA community
and is now more widely recognized. This is the first actively promoted project of OHT, however,
and it can be seen as a test case in the area of Open Health IT to verify the sustainability of its
concept.

Governance. As of May 2010, Open Health Tools had 47 corporate members (with eight in process),
including companies such as RedHat, IBM, and Nex] Systems, Inc., organizations such as Eclipse and
the Veterans Health Administration (VHA), and academic organizations such as the Oregon State
University.34 The goal is to increase the number of members by eight in each quarter. The OHT is
committed to the open source principles of meritocracy, openness, and transparency. All members
of OHT have an equal status that is reflected by a single vote of each member. Individuals have the
same importance as companies. Information, such as deliberations of Board and Councils, project
information, software development processes, and guidelines are openly accessible and decision-

31 More information can be found at http://www.eclipse.org.

% Although the Eclipse Foundation and the OHT Foundation are not affiliated in a corporate sense.

* The Open Source Initiative (OSI) was founded in 1998. It is a non-profit organization that stewards the Open Source Definition (OSD) and
approves licenses as OSD-conformant. More information can be found on its website: http://www.opensource.org.

3 Although OHT has only organizational members, persons are permitted as well if they “can make substantial contributions”.
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making processes will be transparently designed. OHT follows a contribution-based membership
model. There is no membership fee, but members are explicitly encouraged to make contributions
such as assets, existing software, or other intellectual property, and participate in software
development projects.

The organizational structure of OHT is shown in Figure 2-6. Each member can nominate
representatives (Stewards) to the Board. The goal is to foster collaboration between the different
board members. The Board additionally includes representatives of project leads and committers
who have a vote in the Board as well. The Board is responsible for, amongst other things, policies,
technology plans, and directions. It approves furthermore so-called Charter Projects and appoints
Councils. At the moment there are three Councils: the Requirements Council, Architectural Council,
and the Health Council. These Councils are defined to deal with specific issues of OHT, such as
budget and intellectual property.

Technical Goals. OHT provides an open source technology repository. The idea is that different
software with different licenses (proprietary and open source software) can coexist and can be
combined into one bundle. For this, a rule-based engine is planned that checks under what
conditions such a merge is possible. The objective is to maximize user choice.

The repository contains two kinds of projects - Charter Projects and Forge Projects. The Board
approves Charter Projects; they are reviewed based on their goals, expected contributions, etc. and
if they have been licensed under a commercially friendly license such as Eclipse Public License,
Mozilla Public License, and the Apache License. A development process for those projects shall be
defined in order to ensure high quality of the projects. For example, certain checkpoints shall be
specified which are accompanied with certain sets of rules that are reviewed quarterly and
becoming a committer in those projects shall be based on the principle of meritocracy. The OHT
wants to provide a trusted environment for health care projects that might be related to each part
of the EHR life cycle and can range from development of architectures over standards to trainings.
Additionally, OHT supports so-called Forge Projects that are complementary to Charter Projects.
For those projects, no certain quality criteria exist but there shall be a process how Forge Projects
can graduate to Charter Projects. Forge Projects shall encourage innovative solutions because no
pre-defined rule set exists. In April 2010, there are 9 either approved to proceed or approved in
principle Charter Projects and 11 Forge Projects.

In order to harvest projects the OHT has defined two phases. In the first phase the goal is to gather
as many projects as possible. This phase is almost finished as this report is written. In the second
phase, collaboration within and between projects shall be enhanced. It is planned to have a release
cycle of one year. Tools such as a source code management system, an issue tracking system as well
as project pages, wikis, and discussion forums will enable collaboration between projects.

2.4.5 Commercial firms

It is fairly challenging to assess the number of business that are based on, related to, or that are
using the FOIA VistA distribution. Because the software is in the public domain, it is not even
necessary for a business to mention that their software is based on this distribution. However,
based on the information we were able to collect, Table 2-2 shows selected vendors of VistA
distributions. Three companies that provide open source products are briefly introduced and two
vendors—Medsphere and DSS—are described in more detail.
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Astronaut, LLC35 offers the VistA InstallerSuite for WorldVistA and OpenVista. Based on experiences
gathered by implementing WorldVistA EHR in the IntraCare Hospital in Houston, TX, the necessity
for an installer has occurred because the overall implementation process was very time-consuming
and long-winded. The Astronaut installer, that packages the server, clients, and auxiliary modules,
promises to reduce this process to less than one hour. Besides the Astronaut installer the company
offers support, further development, training, and the Astronaut Shuttle, a pre-configured Amazon
Machine Image (AMI) with Astronaut VistA pre-installed.

Dell Perot Systems36 was founded as Perot Systems Corporation in 1988 and the Perot Systems
Healthcare Group was established in 1995. Dell Perot Systems is a software integrator. Active
software development does not exist. Dell Perot has been involved in various VA contracts, doing
everything from configuration management to project management. One of the offered health care
products is FOIA VistA and a major customer is Jordan with 46 hospitals (WorldVista EHR will be
implemented). Within this project, Dell Perot Systems collaborates with Medsphere because they
are using their OVID framework (cf. Section 4.3.5).

Sequence Managers Software, LLC37 was founded in February 2004. It results from the Hui initiative
(cf. Section 2.3). The company offers OnDemandCARE that is based on the WorldVistA EHR.
Sequence Managers Software aims to deploy software and services for underserved areas, for
example small communities clinics, rural hospitals, and custom development work.

In 2002, two brothers founded Medsphere Systems Corporation38. The company has various
governmental contracts, amongst others, contracts with VA (e.g., several years for FileMan) and the
Indian Health Service (IHS). For IHS, Medsphere provides the VueCentric front end for RPMS39. The
VueCentric front end is based on a componentized CPRS (cf. Section 4.2). As of May 2010,
Medsphere has around 100 employees; and 20 implementations of the company’s OpenVista EHR
solution40. Medsphere and/or its partners are currently in the process of implementing five
additional non-governmental OpenVista hospital sites.

3 More information is available at http://astronautvista.com.

3 More information is available at http://www.perotsystems.com.

3" More information is available at http://sequencemanagers.com.

3 More information about the company and its mission is available at http://www.medsphere.com.
¥ Additional details are available at http://www.ihs.gov/cio/ehr/index.cfm?module=faqg.

* The number of implementations does not include approximately 200 THS sites.

nstitute for
SOFTWARE
RESEARCH 16



Welcome, Guest ~ Login  Register

&) Medsphere.org

® o @ & 9
What's New Getting Started Join a Group
Medsphere.org is a community gathering place where healthcare @ Physicians
FM Projection Released administrators, clinicians, developers and enthusiasts can interact, share,
and collaborate in the largest ecosystem in healthcare. © Nurses
© Pharmacists
Recent Releases 4 Search %y Ask (J)Browse & Tour
@ Behavioral Health WG
Community Demo and . Post Your Browse Take a @ .edu Initiatives
Discussion (Go) Question Communities Quick
log in 5| Demos Tour
@ Groups Get on the
FAQs 1
Popular Blogs ¥ Downloads

Communities
® OpenVista & VistA in the News

Filter

@ Community Events Recent Documents and Discussions
i, Re: first time use of appliance by craigin [
22 hours
Recent Blog Posts Unable to generate ORM&ORU for lab
%) orders 7 by urpurush | &
(@ Bazaar repository formats i 4 days ago
2, Re: OpenVista window size by Octavian | €) Help and Feedback
@ CliqueHealth: A chance to blog 4 days ago d ) - ) Lounge
and vote on the Stimulus ROI -
Calculator in Re: "Workload not activated” - how to

*) build/activate a workload by R
4 days ago
@ stimulus cash to help doctors

go electronic; help for 1300+ Re: Enable Word 2007 as Spell Checker
Ohio docs on the way in ‘5 days ago
Sample Patient Data for CCR Creation ™

Figure 2-7: Screenshot of OpenVista community portal (April, 2010).

In 2004, the company acquired its first contract and deployed FOIA VistA outside VA for the first
time in seven state veterans’ homes in Oklahoma for the Oklahoma Department of Veterans
Affairs#!. In collaboration with Hewlett Packard (who provided hardware and project management
experience) and Department of Veterans Affairs (provided consultative expertise), FOIA VistA has
been installed with minimal customization. The Oklahoma project gave Medsphere the opportunity
to develop a series of methodologies and tools for rapidly deploying VistA systems; many of these
were the roots of the implementation methodology and tools in use today.

In 2005, Midland Memorial Hospital in Midland, Texas, requested FOIA VistA with extensive
customization4? for a private hospital setting. The OpenVista release contains the commercial
changes made to the software in order for it to more closely match the workflow and processes of
the private hospital setting. The adaptation includes removal of VA-specific elements/functions,
small commercial enhancements, and a suite of interfaces for connecting OpenVista to
departmental systems. In its first years, Medsphere mainly concentrated on software development,
in an effort to commercialize FOIA VistA and move the applications onto an open source stack, but
has now shifted the focus to providing hospitals with EMR implementations.

“ More information isavailable at http://www.medsphere.com/company/partners/customer-partners/379-oklahoma-department-of-veterans-
affairs.

* The hospital reported their cost were less than half of estimated costs for proprietary EHRs [Goth, 2006] or an independent case study at
http://www.medsphere.com/midland-memorial-case-study.
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Figure 2-8: Medsphere OpenVista distribution.

In mid 2006, WorldVistA announced the coming release of a 2006 CCHIT-certified open source
distribution of FOIA VistA. But because that distribution was not released for some time, the
certification was ambulatory only, and the existing commercialization targeted for hospitals,
Medsphere decided to release its own distribution - called OpenVista - under a AGPL license (cf.
Figure 2-8). With its products and services, Medsphere is mainly targeting hospitals with a
minimum of one hundred beds, whereas WorldVistA especially addresses small physician offices.

In 2007, Medsphere launched a community website43 containing information regarding existing
open source projects. This website mainly consisted of static information, release notes and
software downloads. At the end of 2008, this website had been comprehensively re-designed in
order to encourage more collaboration in the community (cf. Figure 2-7). The community portal
especially supports collaborative development projects in the VistA community. It provides a
development platform for OpenVista and periodic releases. Many projects have an open
development process with code reviews and bug tracking, and in the future more and more projects
will be managed in this way. Medsphere sees the community portal as providing a central location
for collaboration and information, especially on OpenVista, but also for VistA in general, and it
contains various channels of communication such as blogs, forums, wikis. Community development
has become a more relevant part of Medsphere’s overall business strategy (Medsphere):

“Medsphere also actively nurtures a Healthcare Open Source Ecosystem. This vibrant global
community of customers, partners, developers and other online collaborators is growing daily as it
helps drive OpenVista innovation, and provides a parallel development and support structure.”

This is expressed for example by the collaboration of WorldVistA and Medsphere. In the last two
years, WorldVistA and Medsphere have worked closely together on projects that are important for
both organizations such as the CCR/CCD project (cf. Section 2.4.1).

* More information is available at http://www.medsphere.com/community and http://www.medsphere.org.
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Figure 2-9: vxVistA collaboration cycle (April, 2010).

Major products of Medsphere are OpenVista Server, OpenVista CIS, OpenVista Interface Domain
(OVID), and FileMan Projection. Core and foundation modules in OpenVista are are licensed under
the LGPL license, application modules are licensed under the AGPL, and the server distribution is
released under a mixed LGPL/AGPL license (cf. Appendix E), in order to improve collaboration in
the community and to avoid further forking. The OpenVista Server is based on FOIA VistA. Existing
errors in FOIA VistA were eliminated and commercial enhancements and interfaces were included.
A cross-platform frontend for the OpenVista Server is the OpenVista Clinical Information System
(CIS) (cf. Figure 2-4). It is based on VA’s Computerized Patient Record System (CPRS) and includes
commercial enhancements such as image viewing. The OpenVista Interface Domain (OVID) is an
RPC#* resource-messaging interface with Java bindings. It comprises a set of development tools to
ease the access to OpenVista data using Java5. A number of platform technologies have been
developed using OVID (or on its underlying technology), including FM Projection (an SQL-like
projection tool), FMQL (a semantic web end-point), OpenVista REST (a RESTful web service layer)
and others.

In 1991, Document Storage Systems, Inc. (DSS) was founded and today the company has around 250
employees. DSS had been developing only proprietary modules for VistA in VA for over 14 years
and conducted over 2,300 VistA installations. At the beginning of 2009, DSS announced its first
open source release of an enhanced version of FOIA VistA - vxVista; for example, vxVistA uses
medical record numbers instead of social security numbers to identify patients, and is CCHIT
certified. At the moment there are four implementations (e.g., Texas Tech Health University,
Bayside Clinic) and four are in progress (e.g., Ramsey County Mental Health). vxVistA is not a single,
monolithic solution. It is rather a modular system that can be customized depending on existing
requirements.

41' Remote Procedure Call (RPC) is an inter-process communication technology.
* For example it is used by the company Contineo to provide ubiquitous portable access to critical information on mobile devices such as the
iPhone.
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This VistA distribution is specifically designed to enable collaboration between companies based on
a plug-in model. The Eclipse Public License (EPL)46 was chosen to ensure that open source and
proprietary products could be integrated. vxVistA can be seen as a core platform. On top of this
platform companies can develop additional products by programming and packaging plug-ins,
modules and extensions (DSS, 2009). More than 20 companies are already working with DSS to run
their products on top of vxVistA. vxVistA is integrated in the VA’s patch stream in order to maintain
the FOIA VistA basis.

Another major effort of DSS is to create and sponsor a community (“melting point”) around vxVistA
and therefore a community platform4? was launched at the beginning of 2010. The goal is to build a
collaboration cycle (cf. Figure 2-9) that is triggered by users’ needs and their ideas. Developers
whose efforts are supported by Atlassian donated collaboration tools such as Confluence and Jira
implement best practices. The community platform will help customers to identify specialists and
will support companies and specialists to promote their knowledge. At the end of 2010, it is
planned to provide the complete collaboration functionality*8 on this website.

The overall development process consists of four stages. In the first stage, any community member
can propose a new module but the whole community rates this suggestion. After identifying a
project leader and development team, the Community Board will define this project as
vxCommunity Project. A project will remain in this status until the new module has passed a pre-
defined testing and certification process. A passed module reaches the third stage—vxCertified
modules. The vxVistA Governance Committee will finally decide which vxCertified modules are
included in the core stack of vxVistA. However, customers can individually decide which modules
they want to use. vxCompatible and vxUnsupported modules will be provided as well. A description
of the whole process is at the moment only available on this meta-level but further refinements are
planned.

DSS has joined the Open Health Tool Foundation (cf. Section 4.3.4) and vxVistA will be an OHT
Charter project (DSS, 2009).

2.5 Perceived challenges for the VistA ecosystem

In order to provide one global picture of the VistA community, in this section we consolidate
responses from our interviewees (cf. Table 2-1) concerning the challenges facing the VistA
ecosystem. In the first part of this section, responses containing existing challenges are
summarized, and in the second part, these perceived challenges are discussed in relation to the
literature.

2.5.1 Challenges seen by community members

In the previous sections, various members of the VistA ecosystem were briefly introduced. This
information and additional data collected in the interviews are now utilized to describe existing
challenges.# The main challenge for providing an open source health care system is to build a
successful ecosystem, because the “[sJurvival of VistA is closely connected to the survival of the VistA

** More information regarding the EPL is available in Appendix E.

47 More information is available at http://www.vxvista.org .

* DSS cooperates with Atlassian (http://www.atlassian.com) and is using products such as Confluence, Crowd and Jira (with GreenHopper).
¥ Unless otherwise indicated, quoted passages are taken directly from our interviews with VistA stakeholders.
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ecosystem.” Only an ecosystem that mirrors the specialties of VistA, therefore, will support its
further development. In the following paragraphs, further challenges are discussed.

At the beginning of 2010, three main community models were differentiated by community
members: the WorldVistA model, the OpenVista model, and the vxVistA model. Because of these
three models, the ecosystem does not have one coherent organization. Our interviewees noted that
one solution to overcome this dilemma might be an “umbrella” organization or consortium that
unifies the community and involves all members of the ecosystem. However, a balance is needed
between the different interests and the type of license, which is seen as a major pitfall. Although
people want this change, they fear “[...] differences that can pull the community apart.” However,
different members of the ecosystem are striving towards a unified community. WorldVistA, for
example, is trying to “provide the framework to bring together diverse points of use”.

But there are divergent views regarding the role of WorldVistA in the ecosystem. According to one
group of interviewees, the “WorldVistA community is [...] very disorganized; the organization should
be improved.” They do not view WorldVistA as a neutral mediator, instead they see a need for an
organization that supports open collaboration and feedback loops. Another challenge seen by our
informants is that WorldVistA does not offer a membership model to its community. The Board of
Directors makes all strategic decisions, and possibilities to actively participate in the general
strategy of the Foundation are very limited. Neither decision-making processes nor development
processes are transparent. On the other hand, even though WorldVistA is not a membership
organization, participation is highly encouraged by the Board. In the past, new Board members
were mainly recruited from these voluntary participants. The Board itself just oversees community
activities and provides strategic direction when needed, but this strategic direction is strongly
influenced by the community and its needs.5° The contrasting perceptions of WorldVistA can be
seen in the following comment: “there are gatekeepers [in WorldVistA] that make sure that VistA
does not change, but [at the same time it is] positive in terms of protecting [VistA] from vandalism and
providing stability.” Besides these differences in perceiving the role of WorldVistA, another
challenge WorldVistA is facing is funding: “I don’t see that we have a real good funding source, right
now.” There are only a few volunteers who keep this organization running. One WorldVistA
representative explained that there should be goals to appoint a grant writer on WorldVistA’s
Board of Directors and to develop strategies to get more people involved.

We were told that Medsphere has become an important role because WorldVistA has some
difficulties in coordinating and directing existing development initiatives: “[t]here is a vacuum and
WorldVistA has not filled that vacuum [...] Medsphere is [..] essentially trying to fill that vacuum.”.
Medsphere’s community portal not only contains general information on VistA but also gives an
overview about existing development projects. Medsphere even plans to provide an open but
formalized development process in order to increase transparency for its internal processes and to
attract more people to engage in the development. Even though the production processes will be
more openly designed, our informants told us that Medsphere does not offer community members
the chance to participate in the overall decision-making process of the product. Medsphere applies
the AGPL license in almost all its products; this might be one reason why Medsphere and
WorldVistA are partners in community projects. Our informants told us that WorldVistA has often
assumed the role of initiator in those projects. Although Medsphere designed a fairly open
environment around its product, it hinders real participation because it lacks a formal concept to
invite external contributors.

*"'We are grateful to Joseph dal Molin for pointing this out.
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Another challenge for participatory software development within the community is the
unavailability of a source code management system for VistA. The whole development of VistA is
based on convention and patch sequences and therefore the community must constantly re-
integrate contributions manually. We were told that “investment in tools (or adaption there of) like
distributed revision control [...] would be a massive accelerator for the VistA codebase.”

However, our interviewees told us that they would like to see a more active involvement of VA in
the community because “VA is been the mother ship of the VistA technology” but “VA has not done a
good job of developing their software”. In the past, VistA has been seen as legacy system in VA and
there were only low investments in the system. Therefore, VA did not hire new MUMPS developers
and new expertise was mainly built up outside VA (e.g., see, VistA Expertise Network, Section 2.4.2).
We were informed that a main issue working with VA has been the missing consistency in their
actions “[...] in the last 10 years the reporting structure within the VA has changed several times”.
These organizational changes might have caused that for example two years ago, new patches for
VistA were released every two months but since then it is only once a year. Our informants told that
at the same time, there are approximately up to 800 changes a year within VA. However, we were
told that other governmental organizations such as the Department of Defense (DoD) approached
this challenge differently as they support research projects, providing grants, and release new
technology in order to support new businesses that can in turn support the DoD.

Another difficulty is the lack of a sufficient number of MUMPS developers, although the WorldVistA
GPL license might attract other developers to join the community. Young developers are generally
more interested in “modern” languages such as Java. MUMPS is often seen as an ancient, dying
technology albeit it has many unarguable advantages for HIT systems. Recruitment is therefore
seen as one of the major challenges in the community. The success of attracting new members will
heavily influence the survival of the whole community. Universities such as Robert Morris
University in Pittsburgh, Pennsylvania are very important because they are educating students to
use MUMPS.

Our informants fear that the different distributions of VistA lead to higher fragmentation of the
ecosystem. Reasons for this fear are, on one side, the community is fairly small, especially when
considering the developer pool. Each organization finds the process of attracting experienced
programmers more challenging. On the other side, adopters are insecure about the survivability of
the different distributions. This situation endangers the survivability of the whole ecosystem. At the
same time, available information is distributed over the whole community and therefore, “[there
are] ten places were you find information”. Especially people that are new to the community “[...] are
having a hard time to get access to information they need”. Specific sessions during the VistA
Community Meeting specifically addresses those needs but it is still challenging to get a first
overview about available distributions and their differences: “we need to be organized open source
wised in that same way, that everybody understand and we can clearly communicate [that way]”.
Even though VA provides their comprehensive VistA Documentation Library, there is no document
available that shows existing differences between VistA used within VA and the FOIA distribution.

The overall complexity of VistA makes it very challenging to use in small offices. In VistA, existing
user interfaces are often too complicated for small offices because they offer unnecessary functions.
Our interviewees informed us that configuration tools are needed for small hospitals and that a
better documentation of VistA configuration would be helpful. At the same time, FOIA VistA does
not provide critical functions such as billing and e-prescribing: “Real stopper for small doctor’s office
is the [missing] billing [system].”.
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We were told that companies such as Medsphere and DSS could fill this gap by providing their own
proprietary solutions. But those missing modules are a drawback for VistA’s functional capabilities
because interested parties are less likely to invest in such an incomplete solution. The question
remains whether a joint community initiative could provide a complete open source solution. At the
moment, there is no clear path to a single distribution or efforts underway to minimize variations
between the distributions of VistA. There are also people who see a need for a completely new
infrastructure for VistA. Regarding the age and the size of the software it was pointed out that this
requirement is difficult to realize.

Communication processes in the ecosystem are mainly carried out on the hardhats mailing list51.
This list seems to be used by all members of the community. However, all community members
additionally use their own communication tools. Interviewees see an improved overall
transparency of the community if all used only one set of communication channels.

2.5.2  Discussion of perceived challenges

The overall framework of this ecosystem is unique because VA does the vast majority of
development work even though it is not part of the ecosystem. Knowledge transfer between VA and
the open source community mainly occurs because employees of VA are actively involved in the
community in their spare time. Additionally, VA has opened up attendance to the Veterans E Health
University, their annual educational conference, to people outside VA, and provides access to the
VistA Document Library (VDL), an online repository of user and technical documentation52.

However, both sides are losing existing opportunities such as sharing source code, collaboratively
developing extensions, or exchanging expertise. Moreover, the VistA ecosystem revolves around
several different distributions of the same source code. The unique situation of having almost
completely governmentally-developed software seems to cause certain challenges for the
development of a successful and sustainable ecosystem.

One important dimension to create a successful ecosystem is the governance regime (cf. Appendix
A). A governance model reflects expectations of its community members. It defines how potential
contributors should and can engage with the project and shows who exerts what kind of control. A
governance model can range from centralized control of a single person, a small group of people or
an organization (benevolent dictatorship) to a distributed control that honors contributions
(meritocracy) (Ljungberg, 2000). These forms can be seen as polar opposites in a spectrum. A
governance model can be at any given point in between. Depending on the maturity of the open
source project, the governance model might change over time.

WorldVistA’s organization can be seen as close to Linux kernel development (high tendency to
benevolent dictatorship) because the majority of power is centered on a few people i.e., the Board
of Directors. Such an organization is often chosen to prevent a takeover by another organization or
firm. The management of community-initiated projects, such as WorldVistA, normally changes
organically. In the start-up phase of those projects, decision-making is mainly carried out by its
founders in a cathedral-like central control (Raymond, 2001). Because WorldVistA emanated from
the Hardhats group, the usual community development pattern can be seen. Although the software
itself is quite mature, its initial open source implementation is relatively young. In community-

fl An overview about existing mailing lists and their number of members and posts is given in Appendix F.
52 More information is available at http://www4.va.gov/vdl/.
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initiated projects, the selected license heavily influences the attractiveness for other developers to
join the project (West, & 0'Mahony, 2005).

Despite community-initiated models such as WorldVistA, there are sponsored open source models
(cf. West et al,, 2005; West, & O'Mahony, 2008b). Medsphere with OpenVista and DSS or OHT with
vxVistA belong to the latter group. Both companies have made their source code available to the
public.

In our interviews, the role of Medsphere was widely discussed but vxVistA/OHT and its role are
more difficult to assess because it is relatively new in the open source VistA sphere even though it
has extensive experience with VistA within VA. In comparison to Medsphere, DSS decided to
contribute its source code to OHT which, as a non-profit foundation, serves as a neutral body.
Modeled after the Eclipse Foundation, its form of governance encourages contributors to actively
participate in decision-making processes. OHT wants to ensure that no single entity is able to
control the strategy and that the process of meritocracy drives the community structure. OHT gives
every single community member the possibility to actively engage in the community. The technical
architecture of vxVistA is designed in a more modular manner. By providing the core VistA system,
interested parties can add additional functionality in independent modules by using existing APIs.
This increases existing incentives for potential developers to join the community and to participate
in the development process (cf. Baldwin, & Clark, 2006). DSS wants to bring together various open
source solutions on the same platform. However, the chosen EPL license hinders possible
collaboration with other stakeholders in the ecosystem, especially WorldVistA, because EPL and
GPL code can not be mixed (cf. Eclipse, 2010).

In this section, we have reported the results of our case study of the current VistA ecosystem. In
order to enable a comparison with several larger, more established ecosystems, we next develop a
set of dimensions on which ecosystems can be compared.

3 Possible paths for VistA

In this section, we seek to apply the lessons from existing ecosystems to VistA (see Appendices A-C
for a detailed description of our cases studies). Our starting point assumes that what is common
across all four ecosystems is likely to be a relatively general characteristic of successful ecosystems,
and therefore something likely to be helpful or even necessary if a VistA ecosystem is to grow along
the same lines. Characteristics that differ among the four present ecosystem design choices.

We derived the main dimensions of our comparison from our analysis of the literature on open
ecosystems and our own research (see Appendix A for a more detailed discussion). In brief, the
dimensions are

* Technical platform: The technical characteristics of the platform that provide common
functionality and support integration of contributions from multiple participants.

* Governance regime: The particular way that decisions are distributed over decision-
makers and decision-making mechanisms, supporting both coherence and innovation.

* Collab