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Health care enterprises need enterprise-wide termi-
nologies to compare, reuse and repurpose health
care descriptions. But once they are created, these
terminologies need to be maintained and enhanced to
sustain their utility and that of the descriptions en-
coded with them. MEME II (Metathesaurus En-
hancement and Maintenance Environment, Version
II) supports the required activities and enables enter-
prises to leverage their investment in terminology
and descriptions by permitting remote - extra-en-
terprise- enhancements to terminology to be incor-
porated locally, and local -intra-enterprise - en-
hancements to be shared remotely. MEME II repre-
sents all changes to terminologies as data, or
"actions," that can be interpreted by an "action en-
gine. " These actions, or messages, represent seman-
tic "units of work" that can be interpreted by other
copies ofMEME II. The exchange of update mes-
sages increases the likelihood that the comparability
ofterminology-based health care descriptions can be
sustained.

THE PROBLEM

Caregivers, administrators, researchers and
information specialists all need to communicate,
share and reuse biomedical descriptions to provide
care, manage resources, assess quality, obtain third-
party reimbursements and conduct research. Any
terminologies used to help create these descriptions
must be maintained and synchronized to make these
and other kinds of communications possible. This
maintenance problem is complicated by the needs of
health care enterprises for both internal and external
communications. The former include managed care,
outcomes, case management, ambulatory care,
electronic data interchange, and cost management.
The latter include clinical trials, insurance payments,
patient transfer and referrals, government reporting,
medical research, and community health information
networks. Over time, these enterprises and their
subdivisions have developed both local terminologies
and non-concurrent versions of remote terminologies
to help serve these needs. Any lack of concurrency
*impedes communication by allowing the creation of
non-comparable descriptions.
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The National Library of Medicine (NLM) Unified
Language System' (UMLS) Metathesaurus solves
part of this problem by merging more than 30
national and international terminologies into a single
semantic representation.2 Because the Metathesaurus
sustains the meaning of its Concept Unique
Identifiers (CUIs) over time, descriptions created
using them remain comparable, provided that the
relevant information in the change files
accompanying each Metathesaurus release is acted
upon appropriately.3

Local needs, however, may require terminologies that
are not in the Metathesaurus, and any attempt to at-
tach them to a local copy of the Metathesaurus in-
evitably creates a local maintenance problem and an
update penalty (see Campbell, 1996) the next time
the Metathesaurus is updated.4 Some of these local
updates may be the very ones the Metathesaurus
needs to remain current, but at present there is no
reliable way to harvest them. Of course, if every
terminology represented and published change in the
same way, both update tasks would require less man-
ual effort,S but real economies of scale could be
achieved if some of the intellectual work required to
create updates could be shared and reused algo-
rithmically.6 Currently, most reuses of terminology
updates require manual "reverse-engineering" of the
changes between previous and new versions.7'8

The last five versions of the Metathesaurus were
produced using MEME I, and experience with that
version motivated the design ofMEME IH. MEME I
is a concept engine, the first to support a direct
manipulation interface. But these manipulations
changed the state of the MEME I database without
creating externally interpretable "actions."

A second effort to create an environment that
supports independent enhancement of terminology'0
is proceeding in parallel and an early evaluation of
the core methods appears promising.""2 The latter
citation includes references to other foundational
work in the U.S. and Europe. A third effort is
focused on guidelines and the models and
terminologies used to create and maintain them.'3
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In summary, there is currently no discipline nor sys-
tem by which updates to multiple biomedical termi-
nologies from different sites can be shared and re-
used, but certain conclusions can be drawn about
what would be required to remedy the situation.
Also, despite the diversity in the terminologies em-
ployed and the purposes for which they are used, the
problems faced by those who manage these termi-
nologies are similar across all health care enterprises.

Specificity, coverage, richness, and connectedness
are qualities that help make a terminology useful. A
terminology has "specificity" if its terms are suffi-
ciently precise to differentiate the phenomena being
named. A terminology offers "coverage" if it can
name all the phenomena being observed. A termi-
nology has "richness" if it carries sufficient informa-
tion about the phenomena so that users can unambi-
guously assign a term to any concept. A terminology
may be said to offer "connectedness" if it represents
for a particular user all useful relationships among
the phenomena being modeled. Not surprisingly,
different enterprises will place different relative val-
ues on these characteristics. Still, the fact that enter-
prises with very different (though interrelated) pur-
poses happen to share a small number of fundamental
requirements for their terminologies (regardless of
the relative importance they assign to each of these
requirements) opens the way for a scheme of mainte-
nance with potentially broad applicability.

A SOLUTION

MEME II is being developed to improve
Metathesaurus maintenance and enhancement
productivity. With the change in the UMLS release
date to early in each calendar year, MEME II is to be
deployed for use during the preparation of the 1998
release of the Metathesaurus. The principal benefits
will accrue from MEME II's ability to support the
necessary maintenance and enhancement activities
concurrently, and from increasing the productivity of
some of those activities, e.g., editing, through the
introduction of an "undo" function.

The Architecture
As shown in Figure 1, MEME II implements the
desired functionality with a four-layered architecture.
The top layer consists of applications that support the
activities required to maintain and enhance the
Metathesaurus. These activities are:

Creating New Terms. New terms need to be identi-
fied to extend the coverage of an existing terminol-

ogy and thereby assure its continued currency. Health
care domain experts are needed to develop appropri-
ate terms that are new names for existing concepts or
names of new phenomena such as newly discovered
(or newly differentiated) diseases or new procedures,
findings, drugs, or devices.

Enriching Terms. Attributes, e.g., definitions and
semantic types, need to be added to clarify the role of
terms in existing vocabularies, particularly when a
term needs to be related to those in other
vocabularies. This may require significant additional
information especially if it needs to be made more
amenable to machine processing.

Connecting Terms. To be useful in larger contexts,
terms need to be related to one another more
systematically and existing relationships need
semantic labels, e.g., "IS_A". To accomplish this,
the concepts represented by these terms must be
placed within a context and the relationships among
associated concepts must be specified.

Integrating External Knowledge. In order to
extend a terminology's coverage and to increase its
connectivity, remote terminologies need to be
routinely integrated. This requires the use of
sophisticated lexical and semantic techniques as well
as human review to identify connections between the
enterprise's local terminology and external sources.

Publishing. Enterprises that publish all or part of
their terminologies are likely to be in a position to
enhance those terminologies systematically. That is,
their-terms are likely to be enriched or, occasionally,
corrected, by remote feedback. But this will only
work if enterprises, maintain the currency of their
published terminologies, preferably automatically.
Publishing also allows the users of other
terminologies to incorporate the publishing
enterprise's concepts and terms into their own
terminologies thereby supporting diffusion.

Managing Activities. The best allocation of human
and computing resources for all of the preceding
activities will necessarily be determined by an
enterprise's needs and the characteristics of its
terminology. Increasingly, these activities will need
to be performed concurrently to maximize human
productivity and to meet an enterprise's internal and
external requirements.

The rest of the MEME II architecture is (from top to
bottom) the molecular layer, implementing
commands such as "merge," the atomic layer,
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Figure 1 -MEME H Architecture: A typical update interaction would begin with an application, such as an Editing
Interface, invoking (1) amolecuLr acio,L MQleqular actions call (2) the Integrity Supervisor to obtain an authorization
code with which to call (3) one or more atomic actions implemented as Ingres procedures. Each atomic action inserts
(4) a row each into the Atomic_Actions table. -Each Atomic_.Actions Table entry updates and/or inserts (5) into the
Core Tables. After all actions return, a molecular action raises (6) a single DBEvent. The DBEvent is received (7)
by the Action Broadcaster applicatiQn. The Action Broadcaster notifies (8) all appropriate applications of the action.
Each application's Listening Post receives (9) the DBEvent from the Action Broadcaster. Each application hanidles
(10) the consequences of the action.

implementing commands such as "insert," and the
database (Ingres"4) layer on which all other layers are
implemented.

MEME II is designed to be extensible, scalable, and
portable. By extensible, we mean that the principles
of its design are applicable to different terminologies.
By scalable, we mean that its architecture is able to
accommodate significant increases in the size of the
terminology. By portable, we mean that both clients
and servers can be ported without adversely affecting
one anothers' activities. The maintenance activities
discussed above are performed through an extensible
set of actions that are initiated by client applications.
These actions are passed from the client to the server,
which performs the necessary operations. Only
through observance of these procedures can infor-

mation be changed. This safeguard allows for quick
development of applications while maintaining the
integrity of the data. In addition, the architecture
illustrated in Figure 1 offers six important features:
(1) a multi-user environment, (2) integrity enforce-
ment, (3) support for concurrent activities, (4) auto-
matic external synchronization, (5) an action-based
record of changes, and (6) a distributed client/server
model.

A Scenario
Figure 2 shows how enterprises maintaining their
own terminologies can benefit by publishing their
enhancements and then integrating them with the
enhancements of others. Changes in published
information can be integrated automatically into all
participating vocabularies. In this scenario, three
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different kinds of health care enterprises maintain
their own terminologies but benefit from publishing
and incorporating one anothers' work. Potential
benefits are realized when new information is
integrated throughout the cooperating institutions.

To realize the benefits of cooperative tnanagement,
three operational problems must be overcome.
MEME II will detect redundancy by identifying
identical actions on the same data and then discard
the one with the later timestamp. MEME II will de-
tect disjointedness by identifying remote actions that
do not generate connections to existing information
and will deal with it by reporting these actions to ex-
perts for a review of connectivity. MEME II will
detect conflict by identifying remote actions that are
"stale," that is, inconsistent with the most current
information, and resolve it in a number of different
ways. It will implement this by identifying the latest
point previous to the inconsistency and trying to
identify any actions beyond that point that are not af-
fected by the inconsistency (disjointed or non-con-
flicting). For those actions that are affected by the
inconsistency, it will discard one set of actions based
on several user-selectable criteria (time, source of
actions, number of actions, etc.). It will also notify
affected parties so that they may review their content
in light of the conflict detected.

CONCLUSION

The chief benefits of the initial MEME II deployment
will be support for concurrent activities and the
existence of a log of actions that can be both shared
and "undone". The lack of these capabilities hinders
MEME I's productivity. While MEME II is intended
to serve many purposes, most of its benefits derive
from clean implementations of these functions. One
emerging benefit is the broader applicability of what
started out as a client-server solution to the more
general problem of leveraging independent
terminology updates. Finally, although it was not an
initial requirement, the database actions - the units
of work - that will fulfill these needs will have
semantic interpretations that can eventually be
displayed in human-readable fonn.
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