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Using SNOMED CT to Represent Two Interface Terminologies

S. TRENT ROSENBLOOM, MD, MPH, STEVEN H. BROWN, MS, MD, DAVID FROEHLING, MD,
BRENT A. BAUER, MD, DIETLIND L. WAHNER-ROEDLER, MD, WILLIAM M. GREGG, MD,
PETER L. ELKIN, MD

A b s t r a c t Objective: Interface terminologies are designed to support interactions between humans and
structured medical information. In particular, many interface terminologies have been developed for structured
computer based documentation systems. Experts and policy-makers have recommended that interface
terminologies be mapped to reference terminologies. The goal of the current study was to evaluate how well the
reference terminology SNOMED CT could map to and represent two interface terminologies, MEDCIN and the
Categorical Health Information Structured Lexicon (CHISL).

Design: Automated mappings between SNOMED CT and 500 terms from each of the two interface terminologies
were evaluated by human reviewers, who also searched SNOMED CT to identify better mappings when this was
judged to be necessary. Reviewers judged whether they believed the interface terms to be clinically appropriate,
whether the terms were covered by SNOMED CT concepts and whether the terms’ implied semantic structure
could be represented by SNOMED CT.

Measurements: Outcomes included concept coverage by SNOMED CT for study terms and their implied
semantics. Agreement statistics and compositionality measures were calculated.

Results: The SNOMED CT terminology contained concepts to represent 92.4% of MEDCIN and 95.9% of CHISL
terms. Semantic structures implied by study terms were less well covered, with some complex compositional
expressions requiring semantics not present in SNOMED CT. Among sampled terms, those from MEDCIN were
more complex than those from CHISL, containing an average 3.8 versus 1.8 atomic concepts respectively, p�0.001.

Conclusion: Our findings support using SNOMED CT to provide standardized representations of information
created using these two terminologies, but suggest that enriching SNOMED CT semantics would improve
representation of the external terms.
� J Am Med Inform Assoc. 2009;16:81–88. DOI 10.1197/jamia.M2694.
Background
Informatics researchers and developers have created numer-
ous “structured entry” systems in recent years with goals of
streamlining clinical documentation and data collection
workflows. Structured entry systems are a specialized type
of computer based documentation (CBD) system designed
to allow healthcare providers simultaneously and efficiently
to create both complete clinical notes1–3 and machine-read-
able data as an automatic by-product of documentation.2,4–7

Structured CBD systems have been used successfully for

Affiliations of the authors: Department of Biomedical Informatics
(STR, SHB, WMG), and Department of Internal Medicine (STR,
WMG), Vanderbilt University, Nashville-TN; Department of Veter-
ans Affairs Tennessee Valley Healthcare System (STR, SHB), Nash-
ville, TN; Department of Internal Medicine, Mayo Clinic College of
Medicine, (DF, BAB, DLW, PLE), Rochester, MN.

Supported by Grants from the United States National Library of
Medicine (Rosenbloom, 5K22LM8576-3) and from the Centers for
Disease Control and Prevention (Elkin, PH000022-02 and
HK00014-01).

Correspondence: S. Trent Rosenbloom, MD, MPH, Eskind Biomed-
ical Library, Room 440, 2209 Garland Avenue, Nashville, TN;
e-mail: �trent.rosenbloom@vanderbilt.edu�.
Received for review: 12/12/07; accepted for publication: 09/27/08
focused documentation tasks, including for guideline-based
pediatric care;2 for documenting radiology reports;8 for
guiding the care of patients with rheumatoid arthritis;9 for
performing examinations on Veterans requesting compensa-
tion and pension for disabilities;10 for recording endoscopy
procedure findings;11,12 and for managing chemotherapy treat-
ment and charting,13,14 among many others. Despite these
successes, investigators have identified factors reducing
their usability and flexibility.6,15–20 In particular, healthcare
providers generally prefer to document medical findings,
processes and outcomes using vocabularies that are more
similar to natural clinical language,19,21 and may eschew
documentation systems that seem to constrain their natural
mode of expression.

To improve their acceptability to healthcare providers, struc-
tured CBD systems may use specialized terminologies con-
taining relatively common clinical terms.5,7 These so-called
“interface terminologies” have evolved to fill this role and to
facilitate the interaction between healthcare providers and
structured CBD systems.5,22–28 The authors previously con-
densed various interface terminology definitions to produce
the following: “systematic collections of clinically oriented
phrases (i.e., ‘terms’) aggregated to support clinicians’ entry
of patient information directly into computer programs,

such as clinical documentation (i.e., ‘note capture’) systems
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or decision support tools.”5 While clinical terminologies in
general represent and aggregate the information that makes
up a given medical domain’s conceptual knowledge and
store this information in the form of terms, concept identi-
fiers, and semantic relationships,29–31 specialized clinical
terminologies may be designed to be used according to
varying functional needs.5,24,27,32–34 Interface terminologies
generally consist of a rich set of flexible and colloquial
phrases displayed in the graphical or text interfaces of
specific computer programs, including for clinical documen-
tation in electronic health record systems,2,16,22,28,35–38,39 text
generation,40 problem list entry,17,41–44 and computerized
provider order entry with decision support.45–51

Despite their prevalence in structured CBD systems, no
single standard interface terminology exists. In contrast,
standards have been identified for terminologies meeting
other needs, such as for reference terminologies. (Reference
terminologies are those terminologies designed to provide
exact and complete representations of a given domain’s
knowledge, including its entities and ideas, and their inter-
relationships, and are typically optimized to support the
storage, retrieval, and classification of clinical data.) For
example, in 2003, the United States National Committee on
Vital and Health Statistics (NCVHS) and the United States
government’s multiagency consolidated health informatics
(CHI) council recommended a core set of reference termi-
nologies as standards for representing aspects of patient
medical record information. The NCVHS selected the stan-
dard terminologies on the basis of those which “(1) are
required to adequately cover the domain of patient medical
record information and (2) meet essential technical criteria to
serve as reference terminologies”.52 The terminologies rec-
ommended to serve as standards include the Systematized
Nomenclature of Medicine Clinical Terms (SNOMED CT),
which was to be used as a reference terminology for “the
exchange, aggregation, and analysis of [certain types of]
patient medical information.” (Although the NCVHS did
not recommend it for this purpose, in some contexts
SNOMED CT may itself serve as an interface terminology.)
The NCVHS called for commonly used interface terminolo-
gies to be mapped to standard reference terminologies
rather than identifying one or more interface terminologies
to serve as standards. In particular, the NCVHS recom-
mended that the interface terminology MEDCIN be mapped
to SNOMED CT.

Motivated by the NCVHS report, the current study’s goal
was to characterize how well SNOMED CT can represent the
concepts and semantic relationships implied by terms from
two interface terminologies being actively used by health-
care providers documenting clinical care. These interface
terminologies include MEDCIN, which is in use in a number
of commercial and United States Department of Defense
CBD systems, and the Categorical Health Information Struc-
tured Lexicon (CHISL) in use at Vanderbilt University
Medical Center in support of a structured clinical documen-
tation system.7,40

Methods
To characterize SNOMED CT’s coverage for a quasi-random
selection (described below) of interface terms taken from

MEDCIN and CHISL, the current study applied methods
previously described23 to measure the following outcomes:
1) coverage for the concepts implied by terms in the two
vocabularies; 2) coverage and characterization of the seman-
tic linkages implied by complex compositional expressions
contained in the study terms; and 3) quantification of the
complexity of the concepts implied by the study terms,
according to the degrees of freedom35 required to represent
complex compositional interface terms. Degrees of freedom
(DOF) is a statistic that has been defined as the numbers of
atomic concepts contained in relatively complex concepts.35

The methods used to measure these outcomes during the
review process are detailed below.

Materials
The MEDCIN terminology,53 a terminology containing
215,000 concepts specifically designed to support a struc-
tured entry and reporting interface, has been in use for
clinical documentation since 1986. It is currently imple-
mented in numerous commercial EHR systems and was
licensed by the Department of Defense for the AHLTA EHR
system. Initially developed in 1978 by Peter Goltra as a
clinical interface terminology overlying a database of clinical
findings, MEDCIN has since expanded to include concepts
from clinical histories, physical examination, tests, diag-
noses and therapies to enable coding of complete patient
encounters. The MEDCIN concepts are pre-coordinated
with the goal of allowing “clinically precise phrasing”53

while preventing nonsensical compositions and concept
modification. Concepts are arranged consistently in multiple
hierarchies, have meaningless permanent identifiers, associ-
ated normal and reference values, and are linked to over
600,000 synonyms. The MEDCIN terminology also includes
sanctioning logic, called ‘relationships,’ to enable the display
of other concepts clinically relevant to the concept that a user
is documenting. The MEDCIN concepts have also been
encoded to include attributes to support prose generation
from categorically entered data. The MEDCIN terminology
is currently linked to other terminologies, including CPT-4,
ICD-9, ICD-10 and DSM-IV.

The Categorical Health Information Structured Lexicon
(CHISL) is an interface terminology designed to support
structured documentation of clinical encounters between
healthcare providers and patients. The CHISL was
derived from a subset of the terminology supporting the
INTERNIST-1® and the Quick Medical Reference® (QMR®)
diagnostic expert systems developed by Myers, Miller and
Masarie,54,55 and CHISL has been under development and
in use at Vanderbilt University Medical Center since 1999.
The CHISL encodes commonly documented concepts from
the history and physical examination sections in clinical
notes. Concepts in CHISL are generally partially pre-coor-
dinated but allow further post-coordination using modifiers
from sanctioned lists, much like the generic findings in
QMR.56 In this way, concepts may only be further detailed
using modifiers approved for use with that concept; sanc-
tioned lists are created concept by concept. In addition, a
given concept may be represented using any synonymous
terms according to the user’s preference. All concepts,
linkages to synonyms and relationships with sanctioned
modifiers are encoded in the CHISL terminology. The
CHISL has been used in general internal medicine, cardiol-

ogy, emergency room triage, neurology and cardiothoracic
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surgery to document inpatient, outpatient, and postopera-
tive care since 2000. It is used to generate an average of 150
physician notes per day.

Review Process
Reusing a method from prior investigations,57–59 the authors
applied automated processes using the Mayo Clinic’s multi-
threaded Clinical Vocabulary Server60 (MCVS) to link the
MEDCIN and CHISL interface terminologies to SNOMED
CT. The MCVS provides automatic concept and semantic
linkage mappings between clinical terminologies and from
free-text phrases to clinical terminologies. For the current
study, the MCVS software was then programmed to present
a random set of automatic mappings from the two interface
terminologies to trained reviewers for evaluation. For both
MEDCIN and CHISL, the MCVS presented 500 mappings
between interface terms and reference concepts for review.
A total of four board certified Internists were recruited as
reviewers for the current study. Two of the four Internist
reviewers evaluated each mapping between an interface term
and SNOMED CT concepts (i.e., reviewers evaluated 500
interface terms each), with disagreements adjudicated by a
third reviewer. All reviewers were blinded to others’ reviews.

In the first step of the evaluation, reviewers judged whether
SNOMED CT correctly covered the concepts expressed by
terms from MEDCIN and CHISL according to a process that
has been validated and applied in prior studies.57–59 With
this method, reviewers judged SNOMED CT as being “pos-
itive” when it contained the concepts represented by the
study terms, and “negative” when it did not. Reviewers then
qualified mappings as “true” or “false” based on whether it
should be expected to contain the study term (e.g.,
SNOMED CT would not be expected to contain an ambig-
uous or incomplete term, so a reviewer would term the
rating as a “true negative” when it did not contain that
term). In this way, reviewers judged SNOMED CT’s cover-
age as being: 1) “True Positive” when an appropriate
SNOMED CT concept was found to represent the term; 2)
“False Positive” when they believed the term to be ambig-
uous or incomplete, and yet SNOMED CT contained a
concept which matched to the term; 3) “False Negative”
when SNOMED CT could not represent an appropriate term
and, 4) “True Negative” when no SNOMED CT concept
could be found to represent what the reviewers believed to
be an ambiguous or incomplete term. The reason why
potentially ambiguous or incomplete terms were evaluated
is because they were contained in the terminologies under

F i g u r e 1. Reviewers’ script for evaluating term mappings.
investigation, with examples provided in the results section.
The reviewer script for this step is provided in Figure 1. To
determine whether terms were contained in SNOMED CT,
reviewers searched the MCVS for any concept that correctly
represented the concepts expressed by the term. The term
was considered as present in SNOMED CT if reviewers were
able to find or to compose it. Reviewers were instructed to
identify accurate concept-level matches, regardless of whether
SNOMED CT contained the precise term itself.

When judging whether SNOMED CT concepts could repre-
sent the sample MEDCIN and CHISL terms, reviewers were
permitted to use post-coordination. For all study terms
requiring a compositional SNOMED CT expression, the
review software counted degrees of freedom (DOF).35

Campbell operationally defined DOF as a statistic measur-
ing the number of atomic concepts used to compose complex
compositional expressions. He defined atomic concepts as
being the most general concepts from a reference terminol-
ogy that could be used to compose a more complex concept
in a mapped interface terminology.35 Using this definition,
evaluators can calculate the degrees of freedom for each
concept in an interface terminology by mapping them to a
relatively granular reference terminology (such as mapping
concepts in MEDCIN to SNOMED CT).23

In a subsequent step, reviewers characterized which seman-
tic linkages were required to build the compositional expres-
sions to represent the study terms. Reviewers could chose
from among the seventeen semantic linkages available in the
MCVS, according to methods used in prior studies.61–64 The
semantic linkages contained in the MCVS were originally
selected from all those available in SNOMED CT, based on
the judgment by Mayo investigators that they were nonover-
lapping.61 Mayo investigators supplemented the seventeen
semantic linkages selected from SNOMED CT with two
additional non-overlapping linkages to improve modeling

Table 1 y Semantic Linkages Available to the MCVS
and Study Reviewers, from SNOMED CT
Semantic ID Semantic Name

116680003 IS_A
116686009 HAS_SPECIMEN
246075003 HAS_CAUSATIVE_AGENT
246093002 HAS_COMPONENT
246100006 HAS_ONSET
246112005 HAS_SEVERITY
246454002 HAS_OCCURRENCE
246456000 HAS_EPISODICITY
260669005 HAS_APPROACH
260686004 HAS_METHOD
260870009 HAS_PRIORITY
260908002 HAS_COURSE
272741003 HAS_LATERALITY
363698007 HAS_FINDING SITE
363704007 HAS_PROCEDURE_SITE
261583007 USING
363714003 INTERPRETS
NA* IS_MODIFIED_BY
NA* IS_QUALIFIED_BY

MCVS � multi-threaded clinical vocabulary server; SNOMED CT �
systematized nomenclature of medicine clinical terms.
*Semantic linkages added to MCVS to complement those from

SNOMED CT.
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flexibility. The seventeen SNOMED CT and two Mayo
semantic linkages used for the current study are listed in
Table 1.

There were three possible outcomes of the attempt to
represent a concept implied by a study term in SNOMED
CT. In the first case, a term could exactly match a single
SNOMED CT concept, and no composition or semantic
linkage was necessary. In the second case, a term could be
completely matched to a composition derived from
SNOMED CT concepts, and the reviewers found the neces-
sary semantic linkages to model the compositional expres-
sion. In the third case, reviewers could identify multiple
concepts from SNOMED CT to represent relatively complex
concepts implied by single terms, but could not find all the
semantic linkages necessary to provide a complete compo-
sition. The rates of these three outcomes among mapped
terms were calculated, as judged by two of the Internist
reviewers working independently, with a third reviewer
adjudicating any disagreement.

Statistical Analysis
For all reviews, investigators derived descriptive statistics,
including total reviews categorized as true positives, true
negatives, false positives, false negatives, and the average
degrees of freedom contained in compositional expressions.
Coverage by SNOMED CT for the terms contained in the
study sample was calculated from these statistics as a
sensitivity, according to methods used in prior studies.57–59

Specifically, sensitivity was calculated as the rate of true
positives out of the sum of true positives and false negatives
(i.e., the rate at which SNOMED CT could represent the
interface term out of all cases in which the interface term
was judged to be a complete and unambiguous medical
expression). Comparisons of means were performed using
T-testing, and of proportions using Chi-squared testing.
Agreement statistics were measured as positive agreement,
which is the percentage of mappings for which both review-
ers agreed from out of all mappings presented for review.

Results
The MCVS automatically mapped a total 250 unique terms
randomly selected from the history subtree of MEDCIN, 250
randomly selected from the exam subtree of MEDCIN, and
500 randomly selected from the history and exam subtree of
CHISL to SNOMED CT and presented the mappings for
review. Terms were selected independent of the frequency
with witch they are used in corresponding structured entry
applications. Four reviewers completed the entire review,
with two evaluating each term. Reviewers had an initial
positive agreement of 68.8% for MEDCIN and 86.8% for

Table 2 y Statistics for How Well SNOMED CT Could
Regardless of Semantics
Terminology N TP TN

MEDCIN 500 438 21
CHISL 500 476 3

CHISL � categorical health information structured lexicon.
N is the number of terms in the study sample. TP is the number o
negative, as defined in the Methods section. Traditional coverage
reported with 95% confidence intervals.
CHISL term mappings to SNOMED CT concepts. With
semantic categorizations, reviewers had an initial positive
agreement of 68.8% for MEDCIN and 96.4% for CHISL. Upon
arbitration from the third reviewer, agreement reached 100%
for each.

Coverage
Overall, reviewers found that SNOMED CT concepts could
cover 92.4% of the terms in the MEDCIN sample and 95.9%
in the CHISL sample. Complete coverage statistics are pre-
sented in Table 2. Examples of covered terms follow, with the
SNOMED CT concepts represented as: (concept ID number,
concept preferred term). Reviewers mapped MEDCIN’s “pony
cart accident” to a compositional expression using the
SNOMED CT concepts (3997000, Pony (organism)), (85455005,
Cart, device) and (55566008, Accidental physical contact). The
MEDCIN term “allergy to chocolate” was represented by the
single SNOMED CT concept (300912001, Chocolate allergy).
The CHISL contained the term, “right upper extremity blood
pressure diastolic quantitative”, which was covered by the
compositional expression in SNOMED CT made up of the
concepts (271650006, Diastolic blood pressure), (30766002,
Quantitative) and (6921000, Right upper extremity struc-
ture). Reviewers represented the CHISL term “heart apical
impulse character—size” with the SNOMED CT concepts
(302509004, Entire heart), (248656000, Character of apex
beat) and (246115007, Size). In another case, reviewers
selected the SNOMED CT concept (44169009, Loss of sense
of smell) to cover the CHISL term “anosphrasia” [sic], even
though SNOMED CT did not include this synonymous term.

As indicated by Table 2, SNOMED CT concepts could not
represent all sampled MEDCIN and CHISL terms. An ex-
ample MEDCIN term that SNOMED CT could not represent
was “witness to violent trauma military event”. While
SNOMED CT contains the concepts (417746004, traumatic
injury) and (272379006, event), it did not contain concepts to
cover the components “witness” and “military event,” and
reviewers considered the concept (417746004, traumatic in-
jury) an inexact match. Likewise, reviewers found that the
MEDCIN term “living with stepsister” was not adequately
covered by SNOMED CT, which contained (46363003, Step
sister) but had no representation for the concept of living
with a person. Reviewers found the SNOMED CT concept
(365508006, Finding of residence and accommodation cir-
cumstances), which may have the same meaning, but which
also may be more general than is implied by the MEDCIN
term “living;” this was not clear to reviewers. This candidate
SNOMED CT concept had 189 child concepts including one
having a meaning that contradicts the MEDCIN term,
(105529008, Lives alone) but had none explicitly covering
“living with a person.” Reviewers rated this as a non-

esent the Interface Terms in the Study Sample,

FN Sensitivity, % Specificity, %

36 92.4 (89.6, 94.6) 80.7 (60.6, 93.4)
20 95.9 (93.8, 97.5) 75.0 (19.4, 99.3)

positives, TN is true negative, FP is false positive and FN is false
res are here reported as Sensitivity. Sensitivity and specificity are
Repr

FP

5
1

f true
measu
covered interface term. In another example, CHISL con-
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tained the term “slapping gait,” which was not covered by
any of the 90 SNOMED CT concepts that were descendants
of (22325002, Gait problem).

Reviewers observed that many CHISL terms also contained
in their name the method used to acquire the finding. For
example, the CHISL term “tremor observed” included the
term “observed,” which explicitly indicated that the finding
was obtained during the observation phase of a physical
examination, as opposed to during palpation in a physical
exam or by history-taking. Other methods of acquisition
contained in CHISL terms included “auscultated” and “elic-
ited,” none of which were contained in SNOMED CT. As a
result, while SNOMED CT included (26079004, Tremor), it
could not completely cover the CHISL term (tremor ob-
served). Examples of interface terms that were not covered
by SNOMED CT are presented in Table 3.

The reviewers found a total of 26 incomplete or ambiguous
terms in MEDCIN and 4 in CHISL. These were classified as
false positive and true negative, in Table 2. For example, the
study sample from the terminology MEDCIN contained the
term, “Meal Prep/Cleanup Prepare/Serve Food Moderate
Assistance.” In this example, the authors speculate that
reviewers judged the term to be ambiguous, perhaps that
the term component “Serve Food Moderate Assistance” did
not express clearly “Patient is able to serve food with only
moderate assistance.” Reviewers also rated the CHISL term,
“Nonfluency” as incomplete or ambiguous.

In one case, reviewers did not find a SNOMED CT concept
or compositional expression to cover study interface terms,
even though an appropriate concept existed. None of the
reviewers found a concept in SNOMED CT to cover the CHISL
interface term “hysterical dysbasia,” which can be defined as a
gait abnormality due to hysterics. While SNOMED CT did not
contain the term “dysbasia,” it could represent it using the
synonym “difficulty walking” in at least the two ways:
through the composition of (228158008, difficulty walking)
and (39638009, perception hysteria), or (228158008, difficulty
walking) and (44376007, hysteria).

Semantic Linkages
The review software and reviewers identified numerous
semantic linkages from the SNOMED CT subset used in the
current study to represent those implied by the complex
interface terms. Table 4 reports the rates at which covered
study interface terms required semantic linkages, and how
often the necessary linkages were present. The most com-
monly used semantic linkages included “HAS_FINDING_

Table 3 y Examples of Interface Terms Not Fully Cove
is Missing, the Concept is Missing or the Necessary S

Interface Term

Witness to violent trauma military event
Living with stepsister
Chronic emotional stress from broken home
The patient collapsed while holding the head
Slapping gait
Femoral artery systolic pressure over 40 mmHg above

brachial systolic pressure
Pouting of the lips with pressure on the lips

CHISL � categorical health information structured lexicon; SNOM
SITE”, “HAS_LATERALITY”, “HAS_PROCEDURE_SITE”,
“HAS_CAUSATIVE_AGENT” and “HAS_SPECIMEN”. Re-
viewers also found the two non-SNOMED CT semantic link-
ages previously added to MCVS, “IS_MODIFIED_BY” and
“IS_QUALIFIED_BY” to be implied by sample MEDCIN and
CHISL interface terms.

Complexity
Study terms from MEDCIN and CHISL had varying com-
plexity in terms of the number of concepts they represented.
MEDCIN terms represented a range of one to nine atomic
concepts each, while CHISL terms represented a range of
one to ten concepts each. Among sampled interface terms,
those from MEDCIN had a higher mean degrees of freedom
than those from CHISL (3.8 versus 1.8 respectively, p�0.001).

Discussion
The primary goal for interface terminologies is to support
the interaction between clinical users and structured repre-
sentations of medical data, often by serving to support
structured documentation into electronic health record sys-
tems.5 Terminological attributes that maximize the efficiency
of data entry may make interface terminologies more usable.
Such attributes include a rich synonymy, a level of detail
that matches the natural language common to relevant
biomedical discourse and a balance between pre-coordina-
tion and post-coordination which facilitates searching for or
composing terms when needed. However, these attributes
may make the interface less able to provide formal knowl-
edge representation required for clinical data exchange,
aggregation, and analysis.27 In contrast, reference terminol-
ogies are typically designed to provide a formal representa-
tion of medical knowledge and may be used to provide
ontologic rigor and standardization to interface terminolo-
gies. A reference terminology would be expected to be able
to represent a given interface terminology only if the two
covered the same knowledge domain.

The current study characterized how well the concepts and
semantic structures available in the reference terminology

y SNOMED CT, Categorized by Whether the Term
tic Linkages are Missing in SNOMED CT
rce Category

CIN Inadequate concept coverage
CIN Inadequate concept coverage
CIN Adequate concept coverage, missing semantics
CIN Inadequate concept coverage, missing semantics
L Inadequate concept coverage
L Adequate concept coverage, missing semantics

L Adequate concept coverage, missing semantics

� systematized nomenclature of medicine clinical terms.

Table 4 y Categories of Semantic Coverage for
Interface Terms Covered by SNOMED CT

Semantic Coverage Category MEDCIN CHISL

No semantic linkages needed 14 (3.2%) 232 (49.1%)
Necessary semantic linkages present 241 (55.1%) 80 (16.9%)
Necessary semantic linkages incomplete 182 (41.6%) 160 (33.9%)

CHISL � categorical health information structured lexicon; SNOMED
CT � systematized nomenclature of medicine clinical terms.
red b
eman

Sou

MED
MED
MED
MED
CHIS
CHIS

CHIS
p�0.001 for table.
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SNOMED CT could represent the concepts underlying a
random selection of terms from two interface terminologies
that have been used in clinical practice. The reviewers in this
study found that SNOMED CT had excellent coverage for
the concepts underlying the sample interface terms evalu-
ated, with better coverage for those from CHISL than from
MEDCIN. In the sample, the interface terms from MEDCIN
were more complex in terms both of average degrees of
freedom and implied semantics. That SNOMED CT concepts
covered the study interface terms generally supports the
NCVHS’ call to map commonly used interface terminologies
to standard reference terminologies such as SNOMED CT.

While coverage by SNOMED CT for the two interface
terminologies CHISL and MEDCIN was high in the current
study, it may actually be higher than measured by the
reviewers. As in the example above, some interface terms
did not match SNOMED CT terms, even though the under-
lying concept could be represented. Interface terminology
users may benefit from having access to a rich synonymy5

that allows them to represent clinical entities using the
words or phrases that they prefer. A rich synonymy can
improve the efficiency of searching a terminology for a
needed term and may enhance the expressivity and accuracy
of a document coded using the terminology. In the above
example, reviewers did not find a concept to represent
“hysterical dysbasia” even though it could be composed in
SNOMED CT. If SNOMED CT is used to represent com-
monly used interface terminologies for data storage and
aggregation rather than at the human-terminology interface,
missing synonyms may not be a problem.

Overall concept coverage statistics in the current study were
calculated without requiring that all necessary semantic
linkages be present when complex interface terms required
compositional expressions in SNOMED CT. When mapping
terminologies, requiring that terms be mapped using both
correct concepts and complete semantics may improve how
completely and correctly the knowledge implied by inter-
face terms is formally represented by the mapped reference
terminology. However, requiring that semantics be used for
all compositional expressions may reduce the number of
interface terms that can be completely represented by an
interface terminology and would increase the complexity of
the mapping task. In the current study, such a requirement
would have decreased coverage by up to 41% for MEDCIN
and 33% for CHISL. For example, the study sample included
the complex CHISL term above, “femoral artery systolic
pressure over 40 mmHg above brachial systolic pressure,”
which is synonymous with “Hill’s sign,” and is not repre-
sented directly in SNOMED CT. Reviewers represented this
concept using four concepts and two qualifiers from
SNOMED CT, “Entire femoral artery,” “Systolic blood pres-
sure,” “Over,” “mmHG,” “Entire brachial artery,” and “Sys-
tolic blood pressure.” The review software and human
reviewers did not specify any semantic linkages for struc-
turing the complex CHISL interface term, although it may be
reasonable to construct the following semantic structure
from SNOMED CT: [(271649006, Systolic blood pressure)
HAS_FINDING_SITE (244332003, Entire femoral artery)]
and [(271649006, Systolic blood pressure) HAS_FINDING_
SITE (181322008, Entire brachial artery)]. An additional

semantic linkage would need to be added to describe the
relationship between the femoral and brachial artery blood
pressures implied by this interface term. Without the added
semantic linkage, the reference terminology representation
for this interface term would be incomplete.

It is unclear the degree to which a complex interface term
containing numerous atomic concepts needs complete se-
mantics to be unambiguously modeled by a reference ter-
minology. For example, reviewers could not fully model the
semantic linkages implied by the interface term, “right
thumb adduction”, but they could find the underlying
concepts. It is likely that modeling the interface term to
SNOMED concepts and semantic linkages, [(302540006, En-
tire thumb) HAS_LATERALITY (24028007, Right (qualifier
value)] and (11554009, Adduction) is correct and unambig-
uous, even though not all the necessary semantic linkages
were found. The presence of a semantic linkage between
[(302540006, Entire thumb) HAS_LATERALITY (24028007,
Right (qualifier value)] and (11554009, Adduction) would
reduce ambiguity further, but it is not clear to what degree
and with what incremental utility. Terminology evaluators
should measure the incremental utility in real-world sys-
tems of having complete semantic representations of com-
positional expressions implied by complex interface terms.
Likewise, reference terminology developers should enrich
the set of available semantic linkages to ensure that interface
terms and other natural language phrases can be completely
and unambiguously covered.

The percent positive agreement among reviewers differed
for the two interface terminologies, with agreement for both
concept mapping and semantic categorization tasks lower
for MEDCIN than for CHISL. The authors speculate that the
lower rates of agreement for MEDCIN relate to two factors.
First, in the current study, complexity measures for MEDCIN
were higher than they were for CHISL (as above, MEDCIN
had 3.8 degrees of freedom, on average, versus 1.8 for
CHISL). Second, MEDCIN is much a much larger terminol-
ogy than CHISL and as a result likely contains more
specialized terms. These two factors would have increased
the difficulty of the reviewers’ task of finding the most
appropriate concepts for covering the study terms.

The authors have previously speculated that developers
may be able to enrich interface terminologies by using
reference terminology concepts as a starting point.5 With
this approach, interface terms could be created either by
identifying them or composing them from those contained
in standard reference terminologies such as SNOMED CT.
This method would require that developers and knowledge
domain experts assemble clinically meaningful composi-
tions, appropriate synonyms and linkages between concepts
and related concepts or modifiers. While this approach may
be somewhat labor-intensive, it may permit the underlying
formal structure provided by the source reference terminol-
ogy to remain, while simultaneously presenting clinicians
with complex and meaningful interface terms. Starting with
a single standard reference terminology such as SNOMED
CT would permit a uniform back-end representation regard-
less of the diverse terms that users require.

The current study did not explore how well MEDCIN and
CHISL function in their role as interface terminologies when

used directly at the human-terminology interface, or the
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relative frequency with which specific terms in these vocab-
ularies are actually used. Studies of interface terminologies,
as the investigators have previously speculated,5 should
directly test synonymy, the degree of pre-coordination and
ability to support post-coordination, and how well asser-
tional medical knowledge is used to link together related
concepts and modifiers. Other attributes, such as a consis-
tent syntactic approach to constructing concepts’ preferred
terms, including attributes to support natural language
generation, independence from the application that uses it
and a formal semantic structure, may also enhance interface
terminology usability. The investigators are not aware of
any studies evaluating the fitness of MEDCIN or CHISL as
interface terminologies according to these attributes.

Conclusion
Interface terminologies are designed specifically to support
human interaction with structured clinical data, particularly
when documenting clinical care into structured computer
based documentation systems. Such terminologies may ben-
efit from being linked to standard reference terminologies
such as SNOMED CT. The current study demonstrated that
SNOMED CT provided greater than 90% coverage for the
concepts contained in random samples of the history and
physical examination sections of two interface terminologies
in use supporting clinical documentation, but that this
coverage may be lower if a formal semantic model were
imposed upon the mappings, or higher if the study were
repeated using interface terms that are relatively frequently
used. These findings support using existing reference termi-
nology concepts—and possibly semantic linkages—for rep-
resenting interface terminologies.
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