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Preface

This Proceedings contains the papers and abstracts pre-
sented at the 1996 Annual Fall Symposium of the
American Medical Informatics Association. Although the
first meeting by this name, the Annual Fall Symposium
carries on the tradition of the Symposium on Computer
Applications in Medical Care (SCAMC), the premier
annual medical informatics conference in the world since

1977. 1t is fitting that the mééting’s twentieth anniversary.

is marked by a record number of submissions and pre-
sentations. I believe the contents of this Proceedings also
set a record for quality, reflecting the advances in our rel-
atively young field and the maturation of its researchers
and practitioners.

This year’s theme, “Beyond the Superhighway: Exploiting
the Internet with Medical Informatics,” is also a fitting sub-
ject for marking a milestone year. Long the domain of uni-
versity researchers, the Internet and World Wide Web were
fast becoming household words while the medical and med-
ical informatics communities lagged behind. Despite routine
use of the Internet by the end of the 1970s, the word
“Internet” did not appear in the Medline database until 1992,
when it was cited eight times. Since then, the medical infor-
matics community has made up for lost time—the number of
citations has tripled annually. By 1995, there were 206 cita-
tions that satisfied a search for “Internet,” “World Wide
Web,” or WWW.” I am happy to report that the leader that
year, by far, was the SCAMC Proceedings, with 23 citations
(The New England Journal of Medicine edged out JAMIA,
the Journal of the American Medical Informatics
Association, 9 to 8). This year’s Proceedings makes an even
greater contribution to the world’s medical literature.

The Internet and the Web are proving to be ideal adjuncts
. for medical Computing, breaking down the bamiers to
access that have prevented sharing and dissemination of
systems. A survey of the past nineteen SCAMC
Proceedings shows literally thousands of promising
applications that failed to meet their full potential,
undoubtedly due in part to their stand-alone, isolated
nature. In this Proceedings you will find many examples
of applications that exploit the opportunities presented by
the Internet and the Web to make systems more accessi-
ble and, therefore, more usable and useful.

Conversely, medical information science has much to
offer the Internet and the Web. The information overload
in medicine, lamented for years, has reached new
extremes and we find ourselves “drinking from a fire-
hose” of information. Freely available Internet search

engines seem to be capable of answering any question if
one is willing to wade through the thousands of docu-
ments they offer. Medical informatics provides solutions;
not only can we exploit the Internet for our purposes, but
we can also tame it with our-methods. In this
Proceedings, youw’ll find examples of how information
retrieval, expert systems, controlled vocabularies, clinical
systems, networking, education, and cognitive science
provide us with techniques that are relevant to the new
challenges presented by the Internet. ’

Of course, medical informatics is not just about the
Internet, and neither is this Proceedings or the sympo-
sium it represents. As in the past, you will find all areas
of health care informatics represented. We defined seven
tracks into which we shoehomed the diverse contribu-
tions of our authors: Training, Education, and Cognition;
Policies and Standards; Expert Systems and Algorithms;
Information Retrieval and Digital Libraries; Clinical
Information: Storage and Use; Health Information
Networks; and User Interfaces and Hospital Systems.
These only hint at the great diversity to be found in the
symposium. The track names are less important than the
individual papers they subsume. This Proceedings will
serve as a valuable resource for those who wish to leam
who's doing what and I}OW to build on that experience.

If anyone reads the preface of the Proceedings at all, they
most likely do it long after the symposium is over. If you
attended the symposium, you know that there was much
offered that is not represented between these pages. If
you weren’t there, think about attending the next one.
Reading the papers cannot begin to match the excitement
of hearing more than 150 presefntations, witnessing near-
ly 80 demonstrations, and interacting with close to 100
poster presenters, not to mention the elements of the
meeting that are not recorded here, including the opening
Plenary Session, nine track keynote lectures, 50 tutorials,
19 panels, 18 workshops, 26 “Meet the Experts” sessions,
the American’ College of Medical Informatics
Distinguished Lecture, numerous award presentations,
Working Group meetings, and commercial exhibits.

The 1996 symposium was the product of tremendous
teamwork. This year’s Program Committee labored
longer and harder than any I have known, and I believe
the result is self-evident. Each has given generously of
his or her time and made creative intellectual contribu-
tions. I owe each of them a personal debt. The Program
Committee members are Mark Tuttle, Vimla Patel, Mark



Musen, Mocn Mullins, Alexa McCray, Dan Masys, Gil
Kuperman, George Hripcsak, Sue Henry, Chris Chate,
Randy Barrows, and Andrew Balas. The AMIA staff has
also worked incredible hours to make sure 3l the minute
details of the meeting, the programs, and the Proceedings
are not only done, but done well. Their pride in their work
has been an inspiration to me, Led by Executive Director
Jeanne Nevin and Meetings Manager Vernell Henry, they
are Janice Kennedy, Andria Brummitt, Monica Jonas,
Sharon Jadmak, Kristina Sims, Michelle Daniels, and
Debbie Preusse. There have also been contributions from
the AMIA membership, including the Working Group
chairs, who helped develop special parts of the program;
Ted Shortliffe, who helped with the hardest task (getting
a keynote speaker); and, of coutse, the reviewers. I also
thank each of the authors who contributed their intellec-
tual effort to the symposium. I have had personal support
from Paul Clayton and the rest of the gang at the Columbia
University Department of Medical Informatics, with their
unofficial contributions, such as covering for me when [ was
absorbed in Program Chair duties. Any personal contribu-
tions I made to the meeting were-the result of training I

S,
i

i

received under previous Program Chairs Paul Clayton,
Mark Frisse, Charlie Safran, Judy Ozbolt, and Reed
Gardner, and AMIA’s forther executive director, Gail
Matnik. Acknowledgments would not be complete with-
out recognizing the sacrifices of my family, who gave me
up to AMIA for some periods of time and put up w1th my
distractedness for others. -

With this introduction, I now urge you to venture on into
the Proceedings. Whether you enter via the table of con-
tents, the author list, or the subject index, I think you will
find something of value. If you are locking at this during
the twentieth century, you will find relevant methods,
results, and discussion. If you are looking during the
twenty-first century (or beyond!), you will find an unpar-

" alleled archive of the state of the art of medical informat-

ics. The papers and abstracts contained herein include
landmark articles by current leaders of the field and the
first significant efforts by tomorrow’s.

James J. Cimino, M.D,
Program Chair
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Comprehension of complez controlled vocabularies
is often difficult. We present a method, facili-
tated by an object-oriented database, for depict-
ing such a vocabulary (the Medical Entities Dic-
tionary (MED) from the Columbis-Presbyterian
Medical Center) in a schematic way which uses
a sparse inheritance network of ares classes. The
resulting Object Oriented Health Vocabulary repos-
itory (OOHVR) allows visualization of the 43,000
MED concepts as 90 area classes. This view has
provided valuable information to those responsi-
ble with maintaining the MED. As a result, the
MED organization has been improved and some
previously-unrecognized errors and inconsistencies
have been removed. We believe that this schematic
approach allows improved comprehension of the
gestalt of large controlled medical vocabulary.

INTRODUCTION

Large medical vocabularies are emerging as im-
portant resources for use in medical information
systems. Acceptance of these vocabularies has
been slow, however. Part of this may be an in-
ability to understand and adapt a system devel-
oped elsewhere to systems grown at home—the
“not invented here” syndrome. These vocabu-
laries also present significant maintenance chal-
lenges for their creators, especially when they grow
to 10s or 100s of thousands of terms. We are
exploring the use of an object-oriented database
{OODB) paradigm for generating high-level vo-
cabulary schemata, intended to enhance compre-
hension by-users and maintainers of a large con-
_ trolled medical vocabulary. We present one such
schema (for the Qbject Oriented Health Vocab-
ulary repository (OOHVR)) generated from the
Columbia-Presbyterian Medical Center (CPMC)
Medical Entities Dictionary (MED) [1] and show
how the comprehension it provides has improved
the MED content. '

BACKGROUND

The Medical Entities Dictionary

The MED is a collection of over 43,000 concepts
which denote the coded terms in use by CPMC
clinical systems. Concepis are represented as
frames, consisting of slots which are attributes (lit-
eral values) and relationships (pointers to other
concepts). The concepts are organized into a se-
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mantic network which uses relationships to provide
named (i.e., semantic) relationships between con-

cepts (for example, a link between a laboratory =

concept and a specimen concept). The MED per-
mits multiple inheritance through an IS-A hierar-
chy. Studies show that current users of the vocab-
ulary at CPMC have trouble navigating through
the semantic network to find desired terms [2].
One of us (JJC) is responsible for maintaining the
MED, and he often finds it difficalt to add terms or
create links without a clear understanding of the
underlying vocabulary model. Others approach-
ing the MED have encountered similar problems
[3]. Figure 1 is a small part (about 0.2%) of the
MED. Four concepts (Allen Serum Amylase
Measurement, Calcification of Pericardium,
CPMC Drug: Benadryl 26MG Cap, and
Pancreatin), all ancestors of them, the IS-A hi-
erarchies, and semantic links between concepts are
shown; for clarity, some detail has been omitted:
other children of the ancestor concepts, recipro-
cal semantic links, names of the semantic links
(only their numeric codes are shown), and literal
attributes. Tn this example, we see some terms for
laboratory tests, medications, and diagnoses.

s

The OOHVR Schema = . -

The MED contains muitiple inheritance and reci

rocal relationships. Since the relational model can-
not model the complex objects directly and does
not provide the notion of inheritance, using an
QODB to model MED is a natural thing. The
question we faced was how.tg model the MED sge-
mantic network using the available constructs of
an OODB schema. Previously, an object-oriented
framework has been used for modeling thesauri
[4,5]. A terminology editor was also built in that

-context as a tool for extracting relevant informa-

tion from hypermedia documents [6].

One approach to modeling the OOHVR vocab-
ulary is to view all the nodes of the network uni-
formly. Everything is just a concept, 80 we can
define a single object class Concept and make all
nodes instances of it. All attributes and relation-
ships defined with respect to any concepts become
properties of this one class. This approach is un-
satisfactory for two reasons. First, the properties
of different concepts can vary greatly, and these
properties carry much of the semantics of the net-
work. The nodes of the network are linked to-
gether with relationships such as measures and
has-site. To assign all properties to a single class




==
Figure 1: Sample MED content (1s-

and thus provide all concepts with them will hide
the properties defined for a concept. Furthermore,
it is a waste of database étorage.

Second, the hierarchy supports property in-
heritance. E.g., Serum Amylase Test is &
Serum Chemistry Test and inherits its prop-
erties. Defining a single class means “fattening”
this hierarchy and failing to exploit a fundamental
aspect of object-oriented modeling,.

METHODS

Initial OOHVR Schema

Qur approach to mapping the MED onto an
OODB schema is based on the underlying pattern
- in which its properties are introduced. For each
property there is a unique concept C where it is
first introduced. This property is inherited by all
the descendants of C.

We partition the MED into groups such that all
concepts in one group have the same properties.
Such a group is called an area and is defined more
precisely as a sub-hierarchy of the MED satisfy-
ing the following conditions: (1) The sub-hierarchy
has a single root, and (2) the root is the only node
that introduces new properties. For example, the
concept Measurable Entity introduces a new re-
lationship measured-by and is thus the root of a
new area. All concepts below Measurable En-

_tity in the hierarchy that have the same proper-
ties are in this “Measurable Entity” area. If a con-
cept is below Measurable Entity and introduces

A hierarchies—solid arrows; semantic 1i_nk§¥bquen -arrows)
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properties, then it is a root in a new area.

Each area in the MED is modeled as an ob-
ject class in the schema, called an area class. The
properties defined for an area class in the OOHVR
schema are exactly those introduced by the area’s
root in the MED. In. the case of the class Measur-
able_Entity_Area, it has the relationship measured-
by, among others. All concepts in an area, includ-
ing the root concept, become instances of the cor-
responding area class in the OOHVR.

Each concept in the MED is a descendant of
Medical Entity. The root of any area is a child of
a node(s) in some other area(s), except for Medi-
cal Entity. The root of an area has all the proper-
ties of its parents’ areas plus the properties defined
explicitly for it. To capture this in our model, we
place each area class corresponding to a root node
in a subclags relationship to the area class(es) of
the root’s parent(s). The subclass hierarchy in-
duced by this process is not necessarily a tree. The
area class Medical Entity_Area is the root of the
OOHVR’s schema.

In the MED hierarchy most nodes do not intro-

duce properties. We call such a hierarchy a sparse

inheritance hierarchy. The QOHVR schema can
be seen as an abstraction of the property defi-
nitions and accompanying inheritance that occur
within the MED. We call this kind of schema fora
gparse inheritance hierarchy a network abstraction
schema. However, if one is still to use the concept
subsumption hierarchy of the vocabulary in the



other ways for which it was intended (e.g., in or-
der to reason with respect to it), then it is manda-
tory that that the hierarchy appears in its entirety
within the QOHVR. This is accomplished by in-
troducing two reflexive relationships at the root
area class Medical_ Entity. Area: has_superconcepls
and has_subconcepts. These properties are defined
as follows. In the MED, if X is a subconcept of
Y, then, in the OOHVR, the object correspond-
ing to X refers to Y with a has_superconcepts re-
lationship; has_subconcepts is the converse. In this
manner, instances in the QOHVR refer to their
guper- and sub-concepts. In other words, the hi-
erarchy of concepts in-the MED is represented in
the OOHVR at the instance level. -

Extended OOHVR Schem:;

One complication in the above mapping arises be-
cause of the possibility of multiple inheritance in
the MED. Let a concept, say, X that does not in-
troduce any new properties reside in two unrelated
areas, say, 4 and B. By unrelated areas we mean
that neither A’s area class nor B’s is a descendant,
of the other in the schema. This situation occurs
when X needs the properties introduced at both
A_Area and B_Area. We may even have a whole
set C of concepts which have the same properties
as X. Actually, C is exactly the intersection of the
areas of A and B.

According to the mapping described above, X's
membership in the two areas implies that the ob-
ject corresponding to it in the OOHVR must be
an instance of two separate area classes. However,
this is forbidden in most OQODB models. Te ac-
commodate this scenario, we define the intersec-
tion of two areas as an area, called an intersec-
tion area. A class is defined for it in the QOHVR.
schema, even though this class does not introduce
any new properties. Clearly such an area class
will be a subclass of two other classes. The notion
of intersection area can be extended to three or

more unrelated areas. For example, “Diphenhy-
dramine Prep.” is the intersection of three areas
“Antihistamine Drugs,” “DEA Controlied Subst.
Category,” and “Drug Allergy Class.”

For the above example, we introduce an inter-
section area class C.Area as a child of A_Area
and B_Area in the extended QOHVR schema.
That schema will include all intersection area
classes and their subclass relationships to other
area classes, which themselves may be intersec-
tion area classes. The concept X and the other
concepts in the set € will be instances of the in-
tersection area class C_Area. If Z is a root for C,
then the corresponding intersection area class for
C will naturally be denoted Z_Ares. Otherwise,
the schema designer has to arbitrarily select one
of the concepts of C, as the name of the intersec-
tion area class.

~ RESULTS
The QOHVR schema obtained. via the above de-
scribed mapping is very compact in terms of the
number of classes, compared to the MED. The

 MED's 43,000 concepts are partitioned into only
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90 area classes, of which 37 were intersection
¢lagses. Instead of listing area classes in a ta-

‘ble, graphical representation is useful for view-

ing and comprehending this complex schema. In
Figure 2, we present the partial -schema which
shows 24 of the area classes, corresponding to
the section of the MED shown in Figure 1. The
schema is presented using the new version 00-
dini2 of our graphical schema editor OQdini [7).
Seven of these are intersection classes: Chemi-
cal, Pancreatin,” Allen Serum Amylese Measure-
ment (ASAM), Heart Disease, Unknown and Un-
specified Cause of Morbidity and Mortality, Calci-
fication of pericardium, and Antihistamine Drugs.
The 24 area classes shown account for 26% of the
area classes in the entire schema and represent
28001 MED concepts, or 66% of the MED. Com-
pared to Figure 1 which is complicated and confus-
ing , Figure 2 is much simple and easy understand-
ing, but it still completely and correctly reflects
the MED. At present, a version of the QOHVR is
running as an ONTOS database {8].

Review of the schema by one of us (1.JC) showed
that the non-intersection areas are all appropri-
ate and correspond to the intended design of the
MED. Review of the intersection areas found that
19 of the areas are appropriate, 14 were collec-
tions of unrelated MED concepts which should be
grouped into classes corresponding to the inter-
section areas, and 5 were outright mistakes in the
MED. Exampies of gach are described below.

Understanding the MED Schema

The network abstraction schema provides users
with a high-level view of the MED. The intersec-
tion area classes provide demonstrations of com-
plex interactions between aréas. The Antihis-
tamine area class, for example, is a collection of
316 MED concepts grouped into 31 MED concept
groups. Each concept group represents a grouping
of drugs (such as antihistamines) which are descen-
dants of the Pharmaey Item area and the Ameri-
can Hospital Formulary Service Class area. To a
domain expert, this representation makes perfect
sense, since the concepts corresponding to medica-
tions are classified in multiple ways in the MED,
and inherit different attributes from each of the
parent areas. Review of this area class did not
result in any changes to the MED. -

Improving MED Organizational Structure

Certain single-result lab tests in the CPMC lab-
oratory system can, at times, be ordered sepa-
rately as single-test diagnostic procedures. The

r.r.-ﬁr} .
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Figure 2: Partial OOHVR. Schema showing the area classes which account for the Figure 1; subclasses relationships
are shown with heavy arrows and relationships are numbered and shown with thin arrows; numbers inside the boxes

represent attributes.

concepts in the MED which correspond to these
tests therefore have attributes of both tests and
procedures. The schema view grouped these tests
into the ASAM area, under the areas Single-Result
Lab Test and CPMC Lab Diagnostic Procedure.
However, in the MED, there was no single concept
which is the parent of these particular tests. We
therefore created a new concept in the MED called
Orderable Tests as a child of both Single-Resuit
Lab Test and CPMC Lab Diagnostic Procedure; we
then linked all the tests in the ASAM area as chil-
dren of Orderable Tests. When the schema was
redrawn (not shown), the ASAM area took on the
new name (rderable Tests, since that concept in
the MED is now the roct of all the other concepts
in the area class. :

Finding Inconsistencies in MED Content

The intersection area Calcification of the Peri-
cardium area contains all concepts which are both
heart diseases and anatomical structures (40 in
all). Until we saw this view of the MED, we did
not realize that the same concepts were listed as

both diseases and anatomical structures. This was -

not consistent with the original design of the MED
in which disease could be linked to body parts as
the “site of disease” but could not themselves be
body parts. Discovery of this intersection class led
directly to a study of these 40 terms and their re-
classification as body parts or diseases, as deemed
appropriate by an outside domain expert. As a re-
sult, when the schema was redrawn, there was no
longer any intersection area below Heart Disease
and Aratomical Structure.

Another example of an error discovered through
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use of the schema was the Pancreatin intersec-
tion area. In the MED, we have determined
that medications (such as those classified by their
DEA Controlled Substance category) would have
pharmaceutic-components which are chemicals but
that the medications would not themselves be
chemicals. The intersection area schema clearly
shows that Pancreatin violates this rule. On closer
inspection, we found that the concept Pancreatin
Preparations was properly classified as a medi-
cation and that it-was linked appropriately to the
concept Pancreatin. However, the concept Pan-
creatin was classified as a chemical and as a med-
ication (as shown in Figure 1). We corrected this
error by removing the IS-A link between Pancre-
atin and DEA Class 0. Since Pancreatin was
the only concept in the MED with attributes of
chemicals and medications,.the Pancreatin Area
had only one concept. After the correction, the
area no longer existed, since Pancreatin was now
inciuded in the Chemical Area.

- DISCUSSION

The development of gparse inheritance networks

-and intersection areas, is of more than theoretical

interest. The maintenance of the MED is a com-
plex and difficult task and no commercial tools are

- suitable to support it. Browsers and editors have

been developed, and continue to be developed, but
providing users of the MED (both MED maintain-
ers and application builders) with comprehensi-
ble, comprehensive views remains difficult. Oth-
ers using complex controlled vocabularies will un-
doubtedly face similar difficulties. Some of the
challenges of maintaining and using the MED in-



clude understanding the MED schema, improving
the MED organization, and finding and correct-
ing inconsistencies and errors in the MED con-
tent. In particular, the latter is a crucial issue
given the size and scope of the MED. With over
43,000 concepts in the MED, 88 attributes, 62 rela-
tionships, 55,000 hierarchical links and 96,000 non-
hierarchical links, understanding the “big picture”
is difficult. By reducing the MED hierarchy almost
500-fold, one can immediately see the important
areas and what their attributes and relationships
are. Someone looking to add a new concept to
the MED can easily review these areas and nar-
row them down to a handful of candidate areas.
Then the user can review the attributes and rela-
tionships of those areas to determine the appropri-
ate area for the new, concept. Thus, the OOHVR
schema can be shown to provide a valuable gestalt
of the MED complexity.

When new concepis are to be added to the
MED, or when someone needs to find appropriate
concepts in the MED, this lack of understanding
becomes immediately apparent. The situation is
often worsened because those people who main-
tain and use the MED may not be the same peo-
ple who modeled a particular domain. For exam-
ple, the difference between individual laboratory
tests (such as Serum Glucose Test) and proce-
dures (such as a CHEM-7, a panel of 7 individual

~ tests) often confuses users of the MED [2,3]. The

confusion is worsened at times because individual
tests can be ordered separately and therefore can
take on the characteristics of both tests and pan-
els. The above correction to the MED, based on
the schema, simplifies this situation with the cre-
ation of the Orderable Tests concept.

Over the past seven years, the MED has grown
by about 500 concepts per month. This growth has
been the result of the work of several individuals
and someiimes of automated mechanisms. Hence
it is not surprising that inconsistencies and out-
right errors have crept in. When two people share
the task of maintaining a content domain but have
glightly different organizational philosophies (e.g.,
“lumpers” wersus “splitters”), it is easy for con-

- cepts to be characterized differently. The OOHVR

schema, provides a way for two people to share the
same view of the MED and to identify differences
in their views.

Given the ambiguity that often occurs in medi-
cal terminology, it is easy for the MED to contain
a concept with a name that has multiple mean-
ings. Since the inception of the MED model {9], it
was thought that such ambiguity could be detected
through automated means. The use of intersection
areas has provided such a method. '

CONCLUSIONS

The maintenance of a la'rge controlled vocabulary
is a complex and difficult task. The complexity
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stemsg from the need to compréhend a complex

body of knowledge consisting of many concepts -

and links. An example of such a medical vocab-
ulary is the MED built at CPMC. In this paper,
we deéscribe an approach we have devised, using
an QODB schema which captures the structure of
the MED in a compact way. Experience shows
that this approach improves comprehension of the
MED and facilitates corrections of inconsistencies
and errors. ;
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