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The clinical computing environment at Columbia-Presbyterian Medical Center is organized
around a centralized database of coded patient information collected from various ancillary
sources. The Medical Entities Dictionary (MED) is the central repository for the controlled
vocabulary used to encode the patient data. The MED is composed of terms used in the
ancillary departments and, as such, changes in the source vocabularies must be maintained
in the MED. The MED also contains some basic knowledge about the terms, and sophisti-
cated maintenance tools have been developed that take advantage of this knowledge. This
paper describes the success of the knowledge-based approach by describing the techniques
used in two tasks: addition of a new vocabulary and maintenance of an existing one.

1. Introduction

One common scenario for clinical information systems is the departmentalized approach: each ancillary depart-
ment has its own system for generating, using and maintaining data in a specialized domain (laboratory. pharmacy.
radiology. etc.). In such a scenario, there are several options for giving health care providers access to this data. At the
Columbia-Presbyterian Medical Center (CPMC), a centralized clinical database has been created to collect clinical
data from diverse systems and to act as a clinical information server for client applications such as results review.
adverse event monitoring. clinical research, and quality assurance []. A ¢ritical feature in the central database is the
ability to code the data and support their use by these applications. Each ancillary system uses its own approach to code
its data. Simply storing these codes in the central system is inadequate, since :he client applications may not know each
coding system. In fact. the client applications may make use of their own coding schemes, which may not be compat-
ible with those of the ancillary systems. Application developers can strive to map the ancillary vocabularies into those
of their own systems: however, such mapping is extremely sensitive to changes in the vocabulary that may change in
ancillary vocabularies as new systems are added or existing ones arc moditied [1. 2].

2. CPMC Approach

One solution would be to adopt a general-purpose controlled vocabulary. such as the Systematized Nomenclature
of Human and Veterinary Medicine (SNOMED International) [3]. Unfortunately. the ancillary and client systems at
CPMC do not use vocabularies that are readily represented in SNOMED. nor are they likely to do so. It has been
necessary at CPMC. therefore. to create a centralized controlled vocabulary. the Medical Entities Dictionary (MED).
The MED is a repository for the source and client vocabularies and serves to ailow the integration of these vocabularies
[4]. For example. the laboratory system includes several cades for specific tests measuring glucose in serum. while the
Clinical alerting system includes a more general term “Serum Glucose.™ In the MED, the more specilic terms are
positioned as children of the more general term. Thus. when the alerting system requests a “Serum Glucose.” the MED
can provide the codes for the more specific tests that actually appear in the patient database.

The MED includes features which are intended to facilitate vocabulary maintenance. One of thesc features is the
inclusion of formal definitional knowledge about the terms. For example. the MED includes the knowledge that
lahoratory tests have specimens and measure substances. When a new serum glucose test (€.g.. ~Stat Serum Glucose™)
is added to the labaratory vocabulary. it is added to the MED with the additional knowledge (implicit in the name but
made explicit in the MED) that the test has scrum as a specimen and measures the substance glucose. This information
allows it to be placed automatically with the other serum glucose tests so zhat it will be properly recognized by the
clinical alerting system.

Since the original description. and subsequent implementation [5]. of the MED design [3]. significant experience
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has been gained with the use of knowledge-based techniques for vocabulary maintenance. The purpose of this paper is
to describe that experience in two tasks: adding a new ancillary vocabulary (laboratory) and maintaining an existing
one (pharmacy).

3. Adding a New Laboratory Vocabulary

The first terms to be placed in the MED in 1989 were those of the CPMC clinical laboratory system. This locally-
developed system included 2,309 terms for individual tests, procedures (panels of tests), specimens, and test results.
Over the subsequent five years, the laboratory vocabulary remained relatively stable, with the addition of 224 terms
(less than a 10% increase).

In 1994, a new commercial laboratory system was purchased. The new system provided a number of new capa-
bilities for the laboratories, including opportunities to expand the coding of tests and results. As a consequence. the
new vocabulary consisted of 5,291 terms. Although there was some correspondence hetween the old and new vo-
cabularies, there were no formal translation capabilitics and, due to some changes in the modeling of tests and results
in the new system, onc-to-one correspondence was rare. Therefore, it was necessary to place all of the terms from the
new vocabulary into the MED as entirely new entities requiring their own classification. The new vocabulary was not
finalized until mid-Junc 1994 and had an expected go-live date of July 24, 1994, Given Lhis time frame. attempting to
add the 5,291 new terms in a coordinated manner was not possible using manual methods.

The new terms were analyzed with a combination of automated lexical and knowledge-based approaches. Lexical
methods included partially matching new terms with cxisting terms. For cxample. new test names were compared to
existing terms for matching words. Test names were also compared to substance terms to help create the links between
tests and the substances they measure.

Knowledge-bascd techniques made use of links between terms 1o help with automated classification.  For ex-
ample, tests were initially placed in the MED as children of the term “Single-Result Laboratory Test.” Once a test was
linked to a particular specimen (using information available from the laboratory system) and to a particular substance
(using lexical techniques). it was then possible to “push™ it down the hierarchy by comparing it to all of the other
children in this class.

[n some cases, the new terms were similar enough to old terms to justify the creation of a new class to include them
both. For example, the old system had only one test which involved the measurement of ceruloplasmin. so no class of
“ceruloplasmin tests” was created. However. with the addition of the new “ceruloplasmin test” termt. the creation of
such a class was desirable. When the class detection feature of the MED Editor was applied to the class “Serum
Chemistry Test.” it detected the similarity between the two tests and suggested that a new class be added that would
include the two Lests as children (see Figure 1).

By July 4, all of the new terms had been successfully added to the MED. with complete classification approxi-
mately half accomplished by that time. As of this writing. the classification process is continuing. with every expecia-
tion of completing the task well before July 24. This accomplishment would not have been possible using manual
methods for inserting the 5,291 new terms into the centralized vocabulary.

4. Maintainingg the Pharmacy Vocabulary

In 1993, CPMC purchased a commercial pharmacy system. This system contributed several new vocabularies to
the MED, including American Hospital Formulary System (AHES) codes [6].allergy classes, Drug Entorcement Azency
(DEA) classes, and the medications themselves. For the most part, these terminologics are stable. However. the
hospital formulary is constantly changing and. since the initial 2,091 medication terms were placed in the MED. an
additional 1,402 have been added. These inclusions can occur on a daily basis and. as soon as they occur. they may
appear in the drug order information which is transmitted from the pharmacy system 1o the central patient database.
Therefore, it has become imperative that the MED updates occur in a timely manner.

In response to this need, an automated maintenance program was created. This program directly accesses. viaa
local area network, a formulary file on the pharmacy’s computer and compares the information in this file with the
information in the MED. When information about a medication has changed. the program calls the MED Editor
functions needed to make the update. When a new medication is encountered. the program determines a likely position
in the MED hierarchy for placing the new medication. based on information such as its AHFS code. generic ingredi-
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ents, allergy codes. e, In
interactive mode. il i

 mode. the program then adds the new medication to the MED. In the
w the user toagree or to browse the MED and select a new position.

For example. during orecentupdate, the precan encountered the drug “Erythromycein Estolate 25mg/ml™ and sug-
gested adding itas wch o the class *Nacr L de Antibiotic Preparations.” When the user examined this class in the

MED (see Tigure 20w better class was found (Erythromyein Preparations™) which was “exported” to the update
program as the apprapricite class for the new medication term. This combination of suggested placement. browsing,
and automated addition has greatly simpliticd the daily maintenance of the formulary changes in the MED.
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Figure 1. The MED Editor suggesting a new class: tests that measure ceruloplasmin
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drug. When such information is discovered during MED editing. it is provided to the pharmacy so that the formulary
database can be corrected. The pharmacy. in turn. provides this information to the database vendor who. in turn, can
correct the information provided to thousands of pharmacies throughout the United States. Thus, the knowledge-based
approach can enable the MED to be better than its constituent parts.

5. Conclusions

The CPMC scenario for centralized, reusable clinical information requires the capability to centralize the myriad
local ancillary-controlled vocabularies into a single resource. The work necessary to create such a resource is signifi-
cant. Addition of terms to the CPMC Medical Entities Dictionary requires extra cffort in order to include knowledge
about the terms being added. The original argument to support this approach was that sophisticated vocabulary main-
tenance tools could be created that would permit automation of some of the work and yield a more consistent, higher
quality vocabulary. Experience to date has substantiated this claim. New vocabularies are added much sooner than
would be pessible with manual methods, and the quality has been higher than that of the original éource vocabularies.
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