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Abstract Objective: To estimate the coverage provided by SNOMED CT for clinical research concepts
represented by the items on case report forms (CRFs), as well as the semantic nature of those concepts relevant to
post-coordination methods.

Design: Convenience samples from CRFs developed by rheumatologists conducting several longitudinal,
observational studies of vasculitis were selected. A total of 17 CRFs were used as the basis of analysis for this
study, from which a total set of 616 (unique) items were identified. Each unique data item was classified as either
a clinical finding or procedure. The items were coded by the presence and nature of SNOMED CT coverage and
classified into semantic types by 2 coders.

Measurements: Basic frequency analysis was conducted to determine levels of coverage provided by SNOMED
CT. Estimates of coverage by various semantic characterizations were estimated.

Results: Most of the core clinical concepts (88%) from these clinical research data items were covered by
SNOMED CT; however, far fewer of the concepts were fully covered (that is, where all aspects of the CRF item
could be represented completely without post-coordination; 23%). In addition, a large majority of the concepts
(83%) required post-coordination, either to clarify context (e.g., time) or to better capture complex clinical concepts
(e.g., disease-related findings). For just over one third of the sampled CRF data items, both types of post-
coordination were necessary to fully represent the meaning of the item.

Conclusion: SNOMED CT appears well-suited for representing a variety of clinical concepts, yet is less suited for
representing the full amount of information collected on CRFs.
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Introduction
Data standards in clinical medicine generally receive greater
attention than the use of standards to represent, manage,
and share data in clinical research,1 although the need for
data standards in clinical research is being identified.2 The
National Institutes of Health (NIH) roadmap includes goals
for the use of data standards in clinical research that are
compatible with health care data standards.3 Inherently,
clinical research is on the cutting edge of medicine, often
creating new terminology and standards needs. In many
cases, standards have not caught up with new concepts in
the various subspecialty fields. Unlike day-to-day opera-
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is little known about whether the data standards for health
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dards will help illuminate unmet needs and inherent com-
plexities that may impede semantic interoperability and
effective clinical research data management.

Background
Clinical Research Data
Clinical research, as defined by NIH, is patient-oriented
research conducted with human subjects (or on specimens
that can be linked to an individual) with whom an investi-
gator directly interacts.5 Such research includes mechanisms
of human disease, therapeutic interventions, clinical trials,
development of new technologies, epidemiologic studies,
behavioral studies, and outcomes and health services re-
search. Clinical research, as evidenced by the content of the
definition above, encompasses a broad scope of users, pur-
poses, requirements, and concepts. Although the goals for
clinical research are varied, they generally include empirical
evaluations or comparisons of one or more interventions
using a variety of outcome measures, which often include
clinical findings or observations. Rather than focusing on all
possible observations of the whole patient, as in clinical care,
the data focus of clinical research is narrower, and motivated
to answer one or more questions that are explicitly defined
before any data are collected.

Since data collection in clinical research generally supports
pre-defined analyses, coded data elements are preferable.
The notion of standardized data includes shared and adopted
specifications for both data fields and value sets that encode
the data within these fields. Representing the breadth,
depth, and overall variety of data collected in clinical
research is a key challenge to identifying and properly
utilizing existing data standards.

Data Standards
We define standards here as consensual specifications for
the like collection, scope (i.e., content), and representation
(i.e., encoding) of data from different sources or settings.
These specifications can include data elements, value sets for
data elements (which can be entire terminologies), survey
questions and responses,6-9 and processes for data collection
and/or coding that are equivalent among multiple data
collection sites. Additionally, microarray research data stan-
dards are becoming important for comparing the results of
experiments. Ideally, the use of standards results in having
the same data representations from different applications,
and the capture of variations in data collection or represen-
tation that affect the quality, utility, and comparability of
data for future, sometimes unforeseen, uses. In clinical
research, standards are applicable to structured data that
represent inputs [independent variables] (e.g., baseline pa-
tient status, patient description such as age and gender),
interventions (e.g., medications, procedures), outcome mea-
sures [dependent variables] (e.g., signs and symptoms, test
results), and study descriptors (e.g., study design, length of
follow-up).

In the rheumatology domain, the Arthritis, Rheumatism,
and Aging Medical Information System (ARAMIS)
project10,11 represents a long and ambitious history of using
standards for patient assessment and outcomes,9,12-14 clini-
cal research procedures,15,16 and data representation. The
use of these standards has resulted in many advances in the

diagnosis and treatment of rheumatologic and other chronic
diseases.17 Over the past 30 years, the project has con-
structed large longitudinal data banks of patients with
chronic and rheumatic diseases, and used them to answer
questions about the natural history of diseases, toxicities of
medications, identification of diagnostic subgroups, predic-
tion of risk, efficacy and safety of treatment strategies, costs
of care, and the development of risk factor models. Data
standards and procedures for the evaluation of patient
assessment (including clinical findings and outcomes) are
critical to the epidemiological study of disease and the
pursuit and evaluation of various treatment strategies.16 The
ARAMIS project, the first large-scale chronic disease data
bank system, illustrates the impact of data standards on care
delivery, and should inspire broader efforts to address
standards that apply across all domains of clinical care and
research.

In the United States, the Consolidated Health Informatics
(CHI) initiative is a collaborative agreement between all
federal organizations that collect health care data. Represen-
tatives from multiple agencies have worked together to
identify and recommend the use of the “best” data stan-
dards in a variety of areas (e.g., anatomy, laboratory, diag-
noses and problem lists). Although the CHI standards have
named SNOMED CT as the standard to use for diagnoses
and problem lists, anatomy, and procedures,4 there is no
consensus for the use of SNOMED CT in local applications,
nor proof that the Description Logics that underlie
SNOMED CT concept organization are sufficient to deter-
mine equivalence across variations in coding strategy.

Federally funded clinical research has recently been charged
to share data following NIH guidelines,18 and is obligated to
follow the CHI-recommended data standards, including
SNOMED CT. This project was conducted to explore the
adequacy and coverage of current standards in a specific
clinical research domain, vasculitis, which is a part of a
larger, NIH-funded clinical research network.19 The ques-
tions undertaken by this project include: Is SNOMED CT
adequate for coding clinical research data in a specific
clinical research domain? Is it clear and straightforward to
use? Are there SNOMED CT structure and implementation
issues that are unique to clinical research applications?
Following a short description of the research network that
provided the setting for this research, and an overview of
the current SNOMED CT terminology model, we report the
results of a study conducted using a sample of data concepts
from several vasculitis research studies to demonstrate both
the extent of coverage and areas where more attention may
be needed. Lastly, we discuss important research directions
that may help inform future data standards implementation
discussions in the broader clinical research arena.

The Rare Disease Clinical Research Network
The Rare Disease Clinical Research Network (RDN) consists
of ten clinical research consortia, each focused on several
related rare diseases. Each research consortium consists of a
team of clinical investigators partnering with patient sup-
port groups and institutions (mostly within the United
States). The network is funded by several NIH components,
including the Office of Rare Diseases (ORD), National Cen-
ter for Research Resources (NCRR), National Institute of
Neurological Disorders and Stroke (NINDS), National Insti-

tute of Child Health and Human Development (NICHD),
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National Institute of Arthritis and Musculoskeletal and Skin
Diseases (NIAMS), and the National Institute of Diabetes
and Digestive and Kidney Diseases (NIDDK).19 One goal is
to accelerate the development of diagnostics and treatments
across a variety of rare diseases by encouraging cooperative
partnerships and data sharing among the investigators at
these centers.

The ten research consortia of the RDN each focus on specific
research activities in the areas of: urea cycle disorders,
neurological channelopathies, bone marrow failure diseases,
cholestatic liver diseases, vasculitis, genetic steroid disor-
ders, rare thrombotic diseases, rare lung diseases, genetic
diseases of mucociliary clearance, and Angelman, Rett, and
Prader-Willi syndromes. Collectively, these ten consortia
research over 50 rare diseases. Currently, a centralized Data
and Technology Coordinating Center supports the research
design, data storage, study monitoring, and analysis for
more than 35 protocols at various stages of development.
The RDN is committed to the use of data standards, and is
storing all data related to clinical findings, procedures, and
anatomy using SNOMED CT, as recommended by CHI. The
study reported here emerged from these efforts.

SNOMED CT
SNOMED CT is the CHI-recommended data standard in
three CHI-defined areas (procedures, anatomy, problem lists
and diagnoses), and is identified as the standard terminol-
ogy for several RDN data constructs. Further, because
SNOMED CT is the largest and most comprehensive clinical
vocabulary, there are additional areas where SNOMED
content could be used (e.g., adverse events, eligibility crite-
ria, EKG results, vital signs, family history, behavioral risk
factors), although it is not a recommended standard in those
areas at this time.

SNOMED CT contains approximately 800,000 terms that
represent over 350,000 unique concepts, and is experiencing
a period of renewed growth with an increase in access
generated by the National Library of Medicine public license
agreement in 2000.20,21 While SNOMED CT is often consid-
ered the most comprehensive vocabulary,22-24 widespread
adoption has not been achieved in clinical medicine or
research, and there has been little exploration about consis-
tency and reliability of SNOMED CT “coding” across per-
sons and institutions, especially since the expansion of the
SNOMED CT terminology model in 1999.25-27 After the
merging of SNOMED RT and Read codes, SNOMED CT
became a “third generation” terminology, with a robust
conceptual model that allows for post-coordination (i.e., the
creation of new concepts using the logical combinations of
other concepts). The use of post-coordination is relatively
straightforward in many areas where the SNOMED CT
(conceptual) terminology model (called the clinical context
model) is complete and intuitive. In some important cases,
however, such as for the use of context-dependent concept
qualifiers, such as negation and subject of observation, the
use of post-coordination is novel and complex.

The SNOMED CT terminology model specifies a series of
valid attributes for each different “axis” (or broad grouping
type) of concepts, and defines legal values (i.e., groups of
concepts) for each attribute using subsets of SNOMED CT

concepts. As an example, Figure 1 illustrates the attributes
whose domain is the SNOMED CT Procedures hierarchy,
and the allowable ranges of SNOMED CT concepts for each
attribute. There are other defined sets of valid attributes of
other groups of SNOMED CT concepts (e.g., clinical find-
ings, body sites, etc.).

Using the sanctioned SNOMED CT terminology model (as
depicted in Figure 1) for the post-coordination of new or
complex concepts eases terminology maintenance and
makes for a more efficient terminology by reducing “com-
binatorial explosion.” However, in practice, there is tension
between terminology management and navigation; i.e., the
needs for overall efficiency of the terminology, the desired
ease of coding (enhanced by offering “pre-coordinated”
terms such as “fracture of the left clavicle”), and the flexi-
bility for users to quickly create missing concepts are often
competing interests.28

Theoretically, the SNOMED CT terminology model is suited
to clinical research data insofar as it has the potential to
represent complex clinical concepts, including time, subject,
and negation. What is not clear at this point is how much
post-coordination is necessary to fully represent clinical
research data, and whether inadequacies in coding reliabil-
ity and validity might emerge as an inevitable consequence
of complexity in coding tasks. This early examination of the
types of data collected for a typical clinical research study
should help to illuminate this and related issues.

Perhaps the most widely-used terminology evaluation crite-
rion is coverage.22,24,29-40 A second common evaluation
metric is to rate existing terminologies on whether they
support various attributes or desired criteria,41,42 including

Defining Attribute Permissible Values
(Concepts listed and their descendents) 

Procedure site 
    Procedure site - direct 
    Procedure site - indirect 

Anatomical concepts
257728006

Acquired body structure
280115004

Procedure morphology 
    Direct morphology 
    Indirect morphology 

Morphologically abnormal structure 49755003

Method Action 129264002   

Procedure device Device 49062001 Physical force 78621006

    Direct device Device 49062001   

    Indirect device Device 49062001   

    Using Device 49062001 Physical force 78621006

    Access instrument Endoscope, device 37270008   

 seulav ssecca lacigruS sseccA
309795001

Approach Procedural approach 
103379005

Direct substance Substance 105590001 Pharmaceutical/biologic 
product 373873005 

Priority Priorities 272125009   

Has focus Clinical finding 404684003 Procedure 71388002

Has intent Intents (nature of procedure values) 363675004

Recipient category Person 125676002 
Family 35359004 
Community 133928008

Donor for medical or surgical 
procedure 105455006
Group 389109008

Revision status Primary operation 261424001
Revision-value 255231005

Part of multistage procedure 
257958009

F i g u r e 1. Valid Attributes and Ranges for Procedure
Concepts in SNOMED CT: A Partial Representation of the
SNOMED CT Terminology Model. Any SNOMED CT con-
cept in the Procedure hierarchy can be modified by these
defining attributes and the ranges of concepts listed as
permissible values. From SNOMED CT Users Guide, Janu-
ary 2006.
post-coordination.23,37,43 Coverage studies comparing mul-
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tiple terminologies, including those that allow post-coordi-
nation in addition to enumerated concepts, have shown that
those terminologies that support post-coordination (specifi-
cally SNOMED CT) have higher coverage than terminolo-
gies that do not support post-coordination.24,37,44

Concept coverage and assessment of structural features of
the terminology are obviously important and useful evalu-
ation metrics, but activities surrounding the evaluation and
adoption of standard terminology in new domains, such as
clinical research, will benefit from the development of other
evaluation criteria, including complexity and the resources
required for accurate and reliable use of the terminology. In
terminology coverage studies, various designs usually in-
clude one or more domain experts searching pre-coordi-
nated terms. Interfaces and tools provided to testers can be
considered confounding factors.45 Because use of post-coor-
dination is difficult and prone to variation, fewer studies
thoroughly evaluate the coverage achieved with post-coor-
dination or compare the reliability of coding across multiple
individuals.26,46

A recent review by Rosenbloom et al.47 summarizes the
problems with post-coordination succinctly as: a) the need
for mechanisms or syntax to restrict post-coordination to
meaningful concepts; b) the creation of duplicate concepts
(or “undetected synonymy”); and c) the potential for ineffi-
ciency in creating concept expressions. These three conse-
quences imply a need for guidance and structural features to
ensure “correct” use of post-coordination. The ability to
create duplicate concepts in terminologies supporting post-
coordination has been noted.46,48-50 The increased likelihood
for duplicate concepts directly implies variation in coding
across coders, and has implications for any other study
trying to truly measure coverage in post-coordinated termi-
nology systems.

McKnight et al.46 used automated term composition and
custom interfaces to control the view and use of the termi-
nology model in an attempt to reduce coding burden on
research coders, but despite good coverage concluded that
post-coordination was too cumbersome for practical use by
clinicians (although inter-coder variation was not exam-
ined). McDonald et al.51 note a drawback of complex termi-
nologies was limitations in clinicians’ ability to document
data efficiently and perhaps reliably.

Methods
Research Objectives
This study estimates the coverage provided in SNOMED CT
for clinical research concepts represented by the items on
case report forms (CRFs), as well as the semantic nature of
those concepts relevant to post-coordination methods. We
examined the data items collected from three similar longi-
tudinal studies being conducted on three rare types of
vasculitis. Our aim was to characterize requirements for the
use of SNOMED CT to represent data items collected for
these studies. We expected that a large majority of the
concepts needed to represent the data items collected in
these studies would indeed be represented to one degree or
another by SNOMED CT, but hoped to identify specific
issues related to the use of this terminology to code the data

items collected in clinical research.
Data Source
The CRFs from several longitudinal, observational studies of
vasculitis were selected. Each CRF is simply a data collection
form; multiple CRFs [e.g., Eligibility, Physical Exam, Medi-
cal History] collectively comprise the data collection for a
given research study. A team of rheumatologists that are
experienced researchers and clinicians designed these stud-
ies and spent a period of one year developing the CRF data
collection forms. Several of these instruments have been
used in previous research.

A total of 17 CRFs were used as the basis of analysis for this
study. The CRFs are designed to collect the data needed to
accurately track the progression of the disease, and to
answer specific research questions described in the three
longitudinal research protocols. The assumption is that,
collectively, the items on the CRFs represent all of the
important variables to be used for later analyses. From these
17 CRFs, 13 contained (clinical findings and procedures)
data items appropriate for SNOMED CT coding. CRFs with
content covered by other CHI data standards, such as
Logical Observation Identifiers Names and Codes (LOINC)
for lab test names and RxNorm for clinical drugs names,
were excluded from the study. The specific forms analyzed
in this study are listed in Table 1, along with the number of
data items on each form for which SNOMED CT is the
appropriate data standard.

A set of (unique) items (n � 616) for which SNOMED CT is
an appropriate data standard was used in this study. In an
attempt to examine the items for which SNOMED CT coding
was clearly the appropriate standard, the sampled items
represented only the findings (99%) and procedures (1%)
constructs. The sampled items included all of the findings
and procedures items collected in the three longitudinal
studies.

Each unique data item was identified and classified as either
a clinical finding or procedure. The items were then coded
into SNOMED CT concepts jointly by two coders (RR, JA)
using a commercial coding tool (TermWorks, Apelon, Inc.)52

Table 1 y Sample of Data Items by Form Name and
Construct Type

Name of Case Report Form

Number of
Unique
Items Construct*

Baseline Medical History Form 142 Findings
Baseline Medical History Form 5 Procedures
Follow-up Medical History 41 Findings
Baseline Comorbidity Form 79 Findings
Follow-up Comorbidity Form 52 Findings
Follow-up Comorbidity Form 1 Procedures
Hospitalization Form 6 Findings
Physical Exam Form 37 Findings
Physical Exam Form 7 Vital Signs
Patient Global Assessment Form 2 Findings
Angiogram Study Form 113 Findings
Patient Assessment (LWID) 42 Findings
Eligibility Forms (3) 35 Findings
Vasculitis Damage Index Form 54 Findings
Total 616

*Construct type assigned by informatician.
that used term matching algorithms and hierarchy naviga-
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tion to offer a list of possible SNOMED CT concepts for each
item. Both coders are informaticians and familiar with the
SNOMED CT terminology model. The coding tool used
allowed the investigators to search existing pre-coordinated
SNOMED CT terms and “descriptions” (i.e., synonyms).
When not successful, a top-down approach was used, which
essentially involved navigating the hierarchies (drilling
down from broad conceptual groupings to more detailed
conceptual groupings) until a term could be selected. Both
coders’ knowledge of the SNOMED CT terminology model
allowed for the identification of SNOMED CT concepts that
might be missed by the coding tool, but could be constructed
using post-coordination. The coders did not use a shared
syntax for post-coordination, but rather looked at the seman-
tics of the data item and the SNOMED CT terminology
model to determine if the concept expression could be
covered by the current SNOMED CT model. Figure 2
describes the process that was followed. The July 2005
version of SNOMED CT was used.

In this study, coverage refers to whether or not a concept
appears explicitly in the terminology. Coverage decisions
were based on a consensual agreement reached between the
coders, who consulted domain experts when needed. It is
important to note that the goal of this study was to deter-
mine if concepts could be represented in SNOMED CT (via
existing terms or post-coordinated using the current
SNOMED CT terminology model), not how they would be
coded. Because of the lack of shared post-coordination
syntax between coders and the collaborative nature of the
coding (including the mutual development of coding and
classification rules for the sample), the inter-rater agreement
of coding was not analyzed.

Each coder independently recorded additional information
on the nature of the semantics of the original data item while
coding with SNOMED CT. For each data item, the following
were recorded as either yes or no: 1) whether the primary
clinical concept [defined as: the medical concept(s) that is the
clinical focus/subject of the data item] was present in
SNOMED CT; 2) whether all dimensions [including time,

subject, and any clinical qualifiers] of the actual CRF item
were adequately captured by an existing SNOMED CT
concept; and 3) if post-coordination was needed to fully
represent (in a SNOMED CT expression) all of the clinical
concepts and dimensions that made up the CRF item.
Further, for those CRF items requiring post-coordination to
be covered, each item was rated on the nature of the
post-coordination required: “Level 1” post-coordination re-
fers to the need for non-clinical or context qualifiers, such as
the time period or date, to fully represent the item; and
“Level 2” post-coordination refers to the need for additional
clinical concepts or qualifiers (e.g., site, finding due to disease,
or other complex concepts) to modify the meaning of an
existing clinical concept to fully represent the complete
intended meaning of the data item from the original CRF.

One way to view the distinction between Level 1 (contex-
tual) and Level 2 (clinical) post-coordination is that those
concepts requiring a Level 1 post-coordination are not
changing the essential clinical concept, but only the situa-
tional context (e.g., time and place dimensions). CRF data
items requiring Level 2 qualifiers (e.g., “severe,” “sudden
onset,” “left side”) have potential to alter the clinical meaning
of the term to a domain expert. An example of the distinc-
tion between Level 1 and Level 2 post-coordination is
whether a data item describing that a subject has suffered
from a neurological disease is found on a Medical History
CRF. If so, then Level 1 post-coordination would be required
to add “History of” to the concept “Neurologic disease.”
Level 2 post-coordination requires a more complex combi-
nation of SNOMED CT concepts by the coder, usually
involving some clinical qualification of the clinical concept.
As an example, Level 2 post-coordination is required in
cases where hypertension, for example, is associated with
another condition within a single data item, such as “renal
vascular involvement with hypertension.” Therefore, some
data items would need to be coded in such a way as to
require both Level 1 and Level 2 post-coordination when
both contextual and clinical qualifiers are present in the data
item (e.g., “Pulmonary embolus with documented deep vein

F i g u r e 2. Process for Coding
Coverage and Semantic Charac-
teristics of Data Items
thrombosis—since last visit”).
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There are many instances in SNOMED CT where particular
complex concepts have been pre-coordinated, even though
comparable concept expressions could be built from post-
coordination. For instance, “Thrombosis of inferior vena
cava” is a pre-coordinated (i.e., existing singular) concept in
SNOMED CT, but a coder could use post-coordination to
represent the same concept. In these instances, the sampled
data items were coded as having the coverage for both the
concept and the entire meaning of the entire data item. For
these measures of the nature of SNOMED coverage (i.e., the
types of concept qualifiers needed for post-coordination),
decisions were based on consensual agreement between the
authors. The authors jointly reviewed coding and/or char-
acterization of coverage, arriving at a SNOMED CT cover-
age decision (covered/not covered) and a characterization of
whether post-coordination was required and if so what type.
Simple tabulations were then performed that are the basis of
our analysis, including an examination of the semantic
nature of these clinical research data items.

For open-ended data items (e.g., “Specify lung disease:
____”), we considered the item to be covered if a suitable
parent concept (i.e., a concept with existing sub-concepts)
was present in SNOMED CT. The post-coordination charac-
terization for these types of questions was made based upon
the wording of the item available on the CRF. Since there is
no way to anticipate the concepts needed as answers to these
types of items, the assumption is that the item is covered if
SNOMED CT could represent a parent concept with multi-
ple child-concepts (e.g., “lung disease” in the “Specify lung
disease: ____” item example). In contrast, if an item included
a structured list of value options, (e.g., Item � “Type of
study performed”; selection values � “Dye,” “Catheter-
directed angiogram,” “Magnetic resonance angiogram,”
“Computerized-tomography angiogram”), then all of the
concepts in the “answers” had to be included in SNOMED
CT to be classified as having coverage for the clinical
concept. Despite the use of multiple SNOMED CT concepts
in these cases, the data item was still considered a single
item in our analysis. This strategy was chosen to keep the
focus of the study on the characteristics of CRF “data items”
which consist of questions and answer values. To separate
the values into different instances would give some ques-
tions (those with long answer groups) more weight in the
descriptive results than others.

All items with an explicit time point or interval (e.g., current,
history of, last three months, last seven days) were classified
as having a need for Level 1 post-coordination; if post-
coordination was also necessary to represent the key clinical
concepts [defined as: the medical concept(s) that is the
clinical focus/subject of the data item], then the item was
classified as requiring Level 2 post-coordination as well.
Because the default temporal context in the SNOMED CT
clinical context model is “current,” if no time dimension was
specified in the item, but a “current” time was clearly
implied (e.g., from the context of a Physical Exam form, or
the header “Current Findings”), we did not include these as
requiring post-coordination to represent the dimension of
“current.” However, when the dimension of “current” was
explicitly part of the item, and other items on the same data
form had other time periods specified (e.g., “past ten days”),

then the item was classified as requiring Level 1 post-
coordination, because it would be to distinguish a clinical
concept from multiple contexts (e.g., “history of,” “past 30
days,” “current”) on a single form. Had we classified all
items with a current time dimension as requiring post-
coordination, then our entire sample (100%) would be
classified as requiring Level 1 (contextual) post-coordina-
tion. Our strategy to highlight those items with time dimen-
sions other than current (except for those needing an explicit
specification for current) allowed us to dissect the semantic
context of clinical research data items that are likely different
from concepts used in clinical care delivery.

Results
A total of 616 unique data items were identified from the 13
CRFs examined. Table 2 shows the overall breakdown of
coverage by SNOMED CT.

As expected, most clinical concepts needed for clinical
research data in these studies are covered by SNOMED CT.
Interestingly, however, is the inverse proportion of concepts
fully covered; that is, where all aspects of the CRF item can
be represented completely by existing SNOMED CT codes
without post-coordination. It appears that SNOMED CT is
well-suited for representing a variety of clinical concepts yet
is less suited for representing the full amount of information
collected on CRFs. [Note: we did not assess features of the
actual language or wording of the item, but did include
parts of the question text, e.g., “ever” or “history of” as
important dimensions of the data item.]

An important feature of SNOMED CT is the use of a formal
terminology model for post-coordination that allows for
great flexibility in the creation of new concepts. A vast
majority of the concepts appear to require post-coordination,
either to clarify context (e.g., time) or to better capture
complex clinical concepts (e.g., disease-related findings). For
roughly half of the sampled CRF data items, both levels of
post-coordination were necessary to fully represent the
meaning of the item.

Table 3 illustrates the coverage and post-coordination re-
quirements for the sample, stratified by the temporal context
of each item (as determined by the informaticians). While
still having high coverage, items that constituted “current”
(in relation to the administration of the CRF) findings or
procedures had a lower percentage (80% vs. 99%) of cover-
age of key clinical concepts than those items assessing
historical events and observations. Although both “current”
and historical data items overwhelmingly required post-
coordination for the representation of their complete in-
tended meaning, more historical items (93% vs. 25%)
required Level 1 (contextual) coordination than did the
“current” data items.

Discussion
A key finding from this investigation is that a large majority
of the concepts represented in the CRF data items for this
specific clinical research domain can only be partially rep-
resented by existing SNOMED CT concepts. SNOMED CT is
an extensive clinical vocabulary, which also allows for
complex concept construction through post-coordination.
However, the more complex the nature of the concepts, the
more difficult SNOMED CT is to use. Examining the seman-

tics of the concepts and classifying the type of post-coordi-
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nation needed (and therefore the expertise required) is one
way to understand the complexities involved in moving a
clinical data standard into the world of clinical research
data. Most Level 1 post-coordination (defined by us as that
post-coordination where existing clinical concepts are qual-
ified via attributes describing only time or place) can be
relatively straightforward given the numerous contextual
qualifiers offered in the terminology. Perhaps this type of
coding may be done by even a novice without domain
expertise. These types of data items are particularly impor-
tant in the context of clinical research, where clinical status is
monitored at specific time intervals and in relationship to
various interventions. For some diseases, the time concepts
are clear and important markers of disease or disease

Table 2 y SNOMED CT Estimated Coverage of Sampl
Features of Sampled CRF Data Items Covera

Key Clinical Concepts Covered in
SNOMED CT

88% covered; 12%

Full Meaning of CRF Data Item Covered 23% full concept
fully covered

Post-Coordination 83% require post
do not

Level 1 52% require Lev

Level 2 67% require Lev

Both 36% both Levels
coordination

Table 3 y SNOMED CT Estimated Coverage and Deta
Context of Item

Temporal
Context

SNOMED CT
Coverage of Key

Concept(s)

SNOMED
Coverage o

Meaning of D

Current (n � 367) 296 (80%) 132 (36%

History (n � 249) 246 (99%) 11 (�1%)
progression, but can be quite complex—e.g., “Petechiae in
last 30 days but not in past 24 hours.” It is possible that the
current SNOMED CT terminology model, or instructions for
post-coordination using both SNOMED CT attributes and
numerical values, will need to be expanded to support these
requirements (especially various time periods of follow-up),
and it is not clear how much of this is part of the SNOMED
CT mission. It might be more efficient to address these types
of qualifiers as part of the local data model than by adding
more complexity to the current SNOMED CT terminology
model.

When Level 2 post-coordination (that involving clinical
concept qualifiers) also is necessary, and in cases where the

F Data Items (N � 616 Concepts)
Type Notes and Examples

overed Examples of key clinical concept covered:

a.) “Hypertension”
b.) “Hypertension—since last visit” (The

key clinical concept Hypertension is
covered in SNOMED CT; although the
time dimension requires post-
coordination.)

Example of concept not covered: “Total #
lifetime thrombotic events.”

d; 77% not Example of concept not fully covered:
“Lung disease-since last visit.” (The
concept lung disease exists in
SNOMED CT, but the “since last visit”
piece does not.)

ination; 17% Note: If a pre-coordinated term was
available, that term was selected and
post-coordination deemed unnecessary
(even if possible). Exceptions to this
specified in methods.

st-coordination Example: Data (attribute) of Arterial
thrombosis (disorder)

st-coordination Example: “Radial Left Pulse: Present/
Absent/Unknown”

Note: for any items using present/absent
as “answers”—we consider the notion
of Present/Absent a clinical qualifier—
because this qualifier is so important to
the essence of the finding.

2 post- Examples: “Pulmonary embolus without
documented deep vein thrombosis—
since last form completed”

“Above the knee deep vein thrombosis—
Ever”

Note: Both of the above examples have
contextual (time) and clinical
(meaning) qualifiers.

oding Requirements of Data Items by Temporal

Post-Coordination
Required Level 1 Level 2

275 (75%) 91 (25%) 240 (65%)
ed CR
ge and

not c

covere

-coord

el 1 po

el 2 po

1 and
il of C

CT
f Full
ata Item

)

238 (96%) 231 (93%) 175 (70%)
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intended clinical meaning is at stake, both domain expertise
and an intimate understanding of the SNOMED CT termi-
nology structure will be important requirements for effec-
tive coding. Even with such expertise, the size, flexibility,
and complexity of the SNOMED CT terminology model
could lead to significant variance among coders, an area that
requires further research. Our findings indicate that more
attention is needed in the data standards’ evolution regard-
ing the representation of data items on clinical research
CRFs.

Future work should examine how well the current
SNOMED CT clinical context model captures the Level 1
and 2 (contextual and clinical) qualifiers (please see Appen-
dix 1, available as a JAMIA on-line supplement at www.
jamia.org) identified in this study, and whether the model
needs to be expanded. For this project, we were not inter-
ested in capturing details related to the strict format (that is,
the verbatim text on the CRF) and administration of the
sampled data items, although others have argued that these
are important attributes to capture, especially when measur-
ing psychometric variables.53,54 The items that we examined
on the CRFs were all intended to be completed by a clinician
(as opposed to the research subject) as part of standardized
research protocols. While the structure of the item undoubt-
edly can bias the result in many examples, our intention was
to evaluate the coverage of SNOMED CT on the complete
intended meaning of each CRF data item. Many of these data
items are unique to research, but future use of these items in
clinical care is plausible; for instance, to establish risk factors
or history in the context of a clinical visit. Also, because data
items are the vehicle of structured data entry into electronic
health record systems in clinical care, the representational
needs of clinical research data items presented here are
relevant to SNOMED CT implementation discussion in the
milieu of health care delivery. It would be interesting to
similarly explore common clinical data concepts to see
whether clinical care delivery has the same or different
needs from clinical research data.

Limitations
All items were sampled from CRFs from several longitudi-
nal studies of a group of similar vasculitis diseases, and so
the content is biased to the rheumatology domain. The area
of rheumatology has a long history of recognizing the value
of structured data and data standards.17 These might not be
representative of clinical research data, but anecdotally they
appear similar in nature to items on the CRFs of other RDN
longitudinal studies—Specifically, the presence of multiple
temporal qualifiers and complex clinical concepts. While the
sample did include all of the clinical finding data items
collected for these studies, it would be interesting to see if
these characterizations of clinical research data apply in
other domains and study designs.

Another limitation comes from the likelihood of variability
in coding between the two coders—both for coverage de-
termination and semantic characterization. We attempted to
address these by seeking consensus on all items, and con-
sulting outside expertise to help clarify the nature of the
item where needed. The coding procedures shown in Figure
2 were arrived at by collaboration and discussion with both
coders throughout the process. Although the coding process

was somewhat subjective, and the informaticians lacked
clinical expertise, the purpose was to estimate, rather than
measure, SNOMED CT coverage of concepts and dimen-
sions as seen on selected CRFs, and to characterize the
semantic nature and complexity of the sampled CRF data
items. Future studies exploring inter-rater agreement among
coders and samples from different disciplines are warranted
to measure the complexity and reliability of this standard,
particularly in light of the recent expansion of the SNOMED
CT clinical context model.

There was no formal process for capturing context (e.g.,
form name, heading name), although the coders did have
access to view the original forms, and the data set included
the form name and heading name. A more robust descrip-
tion and capture of context would strengthen these results
and provide insight for how to capture these contextual
semantics in future SNOMED CT implementations.

Because a key objective of this study was to look at the
semantics of clinical research data items and to get a gross
estimate of coverage, the scope and rigor of the methods to
determine SNOMED coverage differ from other coverage
studies. Additionally, our coverage estimates possibly
slightly over-estimate coverage, given our liberal approach
to classifying coverage for open-ended items. For open-
ended data items (e.g., “Specify lung disease: ____”), we
considered the item to be covered if a suitable parent
concept (concept with existing sub-concepts) was present in
SNOMED CT. Since there was no way to anticipate the
concepts needed as answers to open-ended items, our as-
sumption was that the item is covered by SNOMED CT if an
appropriate parent concept existed. This decision was forced
by lack of actual subject data to evaluate the “answers” that
vasculitis researchers are seeking for open-ended items. Of
the 616 sampled items, 23 are open-ended and fall into this
category.

The forms sampled for this study were designed by re-
searchers for planned analyses, not for efficiency of
SNOMED coding. The assumption is that these items ad-
dress clinical research needs and are typical. Future studies
in other clinical research domains will be required to know
if these assumptions are correct. Further awareness of data
semantics and coding issues as described here can facilitate
standards in CRF design, which has received little attention
from a data standards perspective.17 The issues presented
are not all necessarily addressed by changing the termino-
logical standards or implementation guidance; additional
standards at the “front end” of clinical research might be
warranted.

Implications for Future Clinical Research
The results from this study suggest the need for improved
understanding of how best to capture context in clinical
research. A shared representation of context is critical in any
kind of communication, but particularly in clinical set-
tings.55 For data to be successfully retrieved and useful, and
in order to ensure a more ideal level of data integrity, some
standard representation of context is necessary. Context is a
complex and multi-dimensional construct. In one sense,
context can be viewed as the situational attributes surround-
ing a core concept. Without standards or processes that
capture the context indicators contained within the form

itself (e.g., “Physical Exam Form,” “Family History Form”)

http://www.jamia.org
http://www.jamia.org
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or section headings within a form (e.g., “Current Findings,”
“Co-Morbidities,” “Reason for Hospitalization,” “Maternal
History”), the data items cannot be free-standing and re-
trieval loses meaning. This is an emerging issue for clinical
care messaging standards and is the subject of several HL7
technical committees and special interest groups. We look
forward to the recommendations of various groups examin-
ing the terminology model/information model interactions,
particularly within the HL7 Vocabulary Technical Commit-
tees.56 The issues of how to address overlaps and gaps
between a sophisticated terminology such as SNOMED CT,
and complex information models, such as HL7’s RIM, mir-
ror the challenges of inserting terminology into diverse data
models that are inevitable across different research organi-
zations. Standards activities in health care delivery have
long recognized the need for information model standards
within which to house and define terminological stan-
dards.57-59 This study illustrates that discussion of standard
information models and information model / terminology
model interaction should be discussion topics for the clinical
research data standards community.

Because the data items on CRFs could be thought of as
“questions,” there are important relationships between this
study and the efforts to represent structured assessments or
patient response questionnaires. Others have pursued the
use of existing data standards to represent questions. For
instance, two previous studies33,53 used LOINC to capture
elements of questions on standardized questionnaires, yet
both reported limitations on the coverage of clinical con-
cepts within LOINC. Brandt et al.22 stress the importance of
standards for representing the content of questions and
questionnaires for the maintenance and curating of data
libraries that support the clinical research process.60 They
also speculate that such standards could allow intelligent
aggregation and analysis of multiple question formats that
attempt to measure the same construct in different settings.
Although SNOMED CT does not claim to represent ques-
tions per se, it may be flexible and comprehensive enough to
accommodate this unmet need.

There is no recommended CHI standard for questions on
standardized or non-standardized instruments, nor is this
listed as a subject area for consideration. However, many of
the data standards recommended by CHI cover domains
that would be found on case report forms in clinical research
(e.g., diagnoses on a medical history form, findings on a
physical exam form, medications on a self-reported medica-
tion form), suggesting the possible need for more than one
standard to properly code CRF data items. Additionally,
other areas of great interest in clinical research (e.g., quality
of life, risk factors, family history) are not addressed by
current CHI standards, yet are also captured via “questions”
(patient directed) or data items (clinician directed) on data
collection forms. A broad model for indexing questions
(including the content, the exact text, the answer values, and
other structural features of the question construction) might
be required to represent the “context” within which other
standards operate. The use of such a model in clinical
research settings could encourage the item re-use, and
therefore the promulgation of similar data, facilitating stan-

dardization.
Many types of clinical research data represent construct
areas where CHI-recommended standards are not named
(e.g., eligibility criteria, adverse events), and candidate stan-
dards need to be identified and evaluated for these areas.
Coverage of concepts is typically the most quantitative
evaluation metric, although several methods have been
employed to test this.24,31-33,37,45,61-67,62-68 As the SNOMED
CT model becomes more comprehensive and more widely
used, traditional coverage studies will need to address the
issues of the nature and complexity of post-coordination
that were explored in this study. We propose that additional
metrics can supplement coverage studies and provide other
solid data to help in making informed choices between
competing data standards. The complexity of coding, type of
coding required, coder requirements, and estimates of inter-
rater reliability are all measurable and important metrics to
explore when evaluating data standards for clinical re-
search. A central question for determining “best” standards
is identifying the future information retrieval needs and the
implications of using multiple terminologies to best capture
the data from various studies. While there is general agree-
ment on the features of a “good” terminology,42 there is little
consensus or direction on how to formally and quantita-
tively evaluate and compare terminological standards as
they apply to this domain.43

While an organization could easily become submerged with
these complex issues of the implementation of data stan-
dards, it is important to maintain a spirit of practicality and
purpose. The clinical research community must clearly de-
fine the purpose of data standards, describing real “use
cases” for interoperability and data sharing. An explicit and
collective understanding of the purpose of data standards is
critical to successful implementation and evaluation.68 What
is the purpose of standardized data in clinical research? To
share CRF data items? To share concepts? To represent con-
text? To share data sets? If the purpose is to share data items,
then perhaps clinical research interests should push for
standards in CRF design, and advocate for the alteration or
expansion of the SNOMED CT model or standards for its
use in clinical research applications. If the purpose is to
make clinical research data sets “free standing,” then stan-
dards for data model design and the level of reliance on the
terminology model aspects of SNOMED CT will be needed.
Regardless, lobbying efforts to bring forward clinical re-
search data needs56,69 to relevant standards bodies are
warranted and should continue. The intended nature of data
sharing will determine in which standards activities clinical
researchers need to be represented.

Certainly, data standards have enormous potential to impact
the clinical research process and the standard of care deliv-
ery, as the ARAMIS project has demonstrated. To date,
hundreds of peer-reviewed publications have been pub-
lished from the ARAMIS group of investigators. The project
(which involves over a dozen centers in the United States
and Canada) has just been re-funded by the National Insti-
tutes of Health for years 26–30.70 The fruitful examination of
data from multiple sites and time points, as well as the
diversity of research staff (clinicians, epidemiologists, bio-
statisticians, information scientists, health economists, and
health service researchers), requires data standards and

informatics tools. While most standards selection has been
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within the ARAMIS network, this and similar projects could
benefit from an awareness of strategies to apply mainstream
clinical data standards into their clinical domains. This study
illustrates the issues that emerge with attempts to use
standard terminologies, such as SNOMED CT, in several
studies of rare vasculitis. As with the clinical concepts used
in vasculitis research, the key clinical concepts used in many
ARAMIS studies are likely contained in SNOMED CT. Our
findings should give an appreciation for the complexities
involved in applying data standards into a focused clinical
research domain, and inspire future implementation and
evaluation activities in other areas of clinical research.

Conclusion
The data items from clinical research CRFs contain impor-
tant contextual data that are perhaps as elaborate as that
collected in health care delivery, and complete coverage in
SNOMED CT requires the use of post-coordination. The
semantic characteristics of these data items imply the need
for guidance on how to use the current SNOMED CT
terminology model. The semantic nature of these CRF items
presents a possible dividing line for coding tasks, and might
indicate areas where non-domain experts could relieve the
coding burden. Further examination of this work within
other clinical domains is warranted, and further exploration
of the use of data standards, such as SNOMED CT, in the
context of a multi-institutional research network (NIH’s
Rare Disease Clinical Research Network), is ideal since
many domains and study designs are represented. Addi-
tionally, standards in the area of data model design and
appropriate use of SNOMED CT will be required. Once the
nature of the coding required for clinical research can be
described, different expertise can be used to apply different
pieces of the standard, and implementation approaches can
be discussed and tried, leading to interoperability of clinical
research data and realizing the vision of standardized data
and data sharing.
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