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1. Solor Intro

"My Designin this Book is not to explain the Properties of Light by Hypotheses, but to
propose and prove them by Reason and Experiments.”
—Isaac Newton

1.1. Preface

Symbolic information uses symbols to represent perception, interpretation, communication, knowledge,
facts, data, and planning. Symbolic information is specifically concerned with symbolic representation
and interpretational infrastructure.[Information]

An interpretational infrastructure establishes meaning, value, and usefulness for the symbols, and can
generate and decode the symbols. Without consistent meaning of the symbols, there can be no stable
knowledge, facts, or data. After the initial assignment or development of meaning, the interpretation of
symbols must remain consistent if the symbols are to be used for perception, memory, communication,
or planning.

Symbols have no meaning or usefulness without an interpretational infrastructure. Because the symbols
and the interpretational infrastructure are both essential, they must develop or evolve together.

1.2. Motivation and Foundation

The essentia challenge of informatics practice within the healthcare enterprise isto quickly deliver ahigh
fidelity reasoned interpretation of principles.and factsto the point of care—and then to quickly aggregate
these point of care experiences for analytic analysis so that new principles and facts can be formulated and
validated as part of acontinuous optimization of healthcare knowledge and delivery. To effectively answer
this challenge, we must focus on simplification and integration of knowledge assets, and on build, test,
deploy, and release processes for delivering these assets to the points of care and analysis. This focus on
perhaps mundane topics is not because we think that novelty has no place in our work; rather, that without
afocus on aspects of our delivery challenge that are often treated as peripheral to the overall problem, we
cannot achievereliable, rapid, low-risk knowledge-asset devel opment and delivery in an efficient manner.

The Veterans Health Administration’s (VHA) Office of Knowledge Based Systems (KBS) Informat-
ics Architecture’s (IA) mission is to continuously improve the safety, functionality, and effectiveness of
Healthcare IT systems and standards. We accomplish this A mission by evaluating existing systems and
standards architecture, and then designing incremental improvements and novel solutions. |A creates that
can be pragmatically evaluated and deployed and collaborates with standards organizations and imple-
menters to realize the enhanced architecture.

IA specifically approaches its evaluation and improvement efforts according to the principles of a High-
Reliability Organization (HRO), in that welook for areaswhere processes may break down to the detriment
of patients, providers, or the overall organization, and seek to reduce or eliminate these opportunities for
breakdown through improvements in the underlying architecture. Our efforts at identifying the risk to
patients from “interoperability by mapping” is one example of problem identification and architectural
improvement. [ SolorWhitepaper]

The Veteran’s Administration (VA) ISAAC (InformaticS Architecture ACceleration) effort seeksaholis-
tic approach to architecture that supports novelty within a rigorous—and vertically integrated—deploy-
ment pipeline that enables knowledge engineers, developers, testers, build managers, and operations per-
sonnel to work together effectively to deliver assets to the points of care and analysis. This pipeline must
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support integrated delivery of iterative revisions of specifications, services, and content which are today
delivered by isolated silo organizations that place the implementation burden upon their consumers. This
pipeline will be built from existing software-based best practices, and will embrace DevOps culture and
practice by emphasizing collaboration and communication while automating the process of product deliv-
ery. ISAAC's KOMET (KnOwledge Management EnvironmenT) realizes ISAAC's architecture within
a DevOps environment that integrates development, testing, publication, and delivery of specifications,
content, and services into avertically integrated environment that supports continuous delivery.

A 2018 whitepaper [interoperabilityprogress2018] cited that great strides have been made in healthcare
data interoperability in the past decade...the vast mgjority of clinicians and patients have access to some
portion of their health data in electronic format, thanks to the proliferation of electronic health record
(EHR) systems installed in clinical care environments. The data in these EHRs usually follow HL7's
Consolidated Clinical Document Architecture (C-CDA) as it has become the generally accepted primary
data standard for structured clinical data exchange.

However, the whitepaper also found that significant gaps exist in the accurate encoding of the data con-
tained in those C-CDA documents —in an analysis conducted of C-CDA documents produced by various
EHR vendors and clinical organizations, the four most frequent problemsidentified as part of thisanalysis
were that medications should be encoded in RxNorm (frequency of medication appearing in 13.7% of
sampled test case documents), vital signs and results should use LOINC (9.2% of sampled documents),
vital signs, and results should use unified code of units of measure (UCUM) for physical values (8.7% of
sampled documents) and the inclusion of conflicting status information for medications (6.7% of sampled
documents)[interoperabilityprogress2018]. In short - even though standards and value sets exist for the
encoding of datain EHRSs, in the vast majority of instances thisis simply not being done.

These issues can have a direct impact on patient safety and point to the need to be able to consistently
represent and encode clinical data and observations. Thisisthe next great challenge to conquer for health
datainteroperability to positively influence patient outcomes nationwide through clinical decision support.

When considering these challenges, it can be daunting to consider from where to start. There are hundreds
of thousands of clinicians around the world, and up to the current century each was documenting their
observations from seeing patients in their own way. Granted there have been efforts over the years to
standardize medical terminology in order to encode it properly into systems, but even then there are in-
stances where nuances of medical observations cannot be captured consistently, from something as basic
as nuances of language (e.g.. English versus Chinese) to the specifics of how ameasurement was actually
taken procedurally - for example, in arriving at a quantitative measurement such as 90 beats per minute
for a patient's pulse, one clinician may have used a pulseometer, while another may have arrived at that
measurement using fingersto the patient's | eft wrist and a stopwatch. While the quantitative measurement
is the same, the procedural information should also be documented and the differences noted.

1.3. Separation of Concerns

A systematic way to think about this (borrowed from the software development industry) is something
called Separation of Concerns. Separation of Concerns is an architectural design principle that allows a
complete system to be subdivided into several distinct sections. If concerns are well separated from each
other, individual sections may be able to be reused, as well as worked on and updated independently to
address new requirements and use cases. Thisisespecially useful and important inamedical context given
how many different health information and clinical terminology projectsare ongoing at any given time, ef-
fortsthat are often uncoordinated and led by disparate and unrelated standards devel opment organi zations.
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The following diagram shows how the concept of Separation of Concerns can be applied
to the problem of systematically and consistently representing data from clinical observations:

Procedural
Knowledge Decision support and analytics

Define how to process measurements
Assertional (Decision support, analytics...)
Knowledge

HL7 FHIR, CIM], ...

Statement Define how to record a measurement
Model (Numerical and Subject of Information)

SNOMED, LOINC, RxNorm, ...
Define what can be measured
(Description Logic and Language)

Shared module system
Provides the interoperability foundation

Separation of concerns is an architectural design principle, whereby a system is divided into distinct
sections, such that each section can address separate concerns. In this case, each architectural layer
addresses separate concerns that can make use of the architecture layers below.

Starting from the bottom to the top of the Separation of Concerns diagram, the layers of the informatics
architectural separation of concerns are described as:

Architectural Foundation — The Architectural Foundation of the Knowledge Architecture provides the
common elements of interoperability such as object identity, versioning, modularity, and knowledge rep-
resentation. It includes a) the foundation and building blocks of the common model; (b) how the repeatable
transformation process of disparate standardsinto the common model promotesinteroperability with other
environments; and (c) how the modules of the architecture are tightly version controlled over time.

Terminology Knowledge— The Terminology Knowledge layer isresponsiblefor structured sets of medical
terms and codes that define concepts of interest, including descriptions, dialects, language, and semantic
hierarchy. SNOMED CT, LOINC, and RxNorm are part of this layer. It defines what valid codes or ex-
pressions may be used by higher level layers.

Statement Model — The Statement Model layer is responsible for defining how data elements are com-
bined to create a statement. ANF Reference Model belongs in this layer. Other standards-based clinical
statements are discussed later in this chapter. This layer reuses the artifacts defined in the Terminology
Knowledge layer.

Assertional Knowledge — The Assertional Knowledge layer makes use of the Terminology Knowledge
layer concepts to specify non-defining facts that may be used by procedural knowledge algorithms. An
example of such afact might be that "thiazide diuretics treat hypertension.” Assertional Knowledge may
indicate what symptoms may be associated with a disorder.

Procedural Knowledge — Procedural knowledge, also known as imperative knowledge, is the knowledge
exercised in the performance of sometask, such asdetermining ahypertension treatment plan by analyzing
a combination of a patients ANF statements, and the available assertional knowledge. The procedural
knowledge is responsible for information about standard ways to carry out specific procedures as well
as other procedural guidelines, e.g. treatment protocols for diseases and order sets focused on particular
patient situations. Procedural knowledge, together with assertional knowledge, enables clinical decision
support, quality measurement, and supports patient safety. Thislayer relies on the architectural foundation
and terminology layers, incorporatesthe statement model for information retrieval, and uses the assertional
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knowledge. Procedural knowledge artifacts may include clinical alert rules, reminders, etc. that trigger
actions or recommend interventions.

Examining aclinica procedurefor controlling hypertension illustrates each of the layers of theinformatics
architectural separation of concerns.

» At the Terminology Knowledge layer, there may be various codes and terms from disparate source ter-
minologies to define a concept (e.g. hypertension). Ideally, these overlapping codes and terms would
be oriented to the same parent concept during the transformation and integration process at the Termi-
nology layer (e.g., Solor).

» The Statement Model layer enables representation of blood pressure measurement values (e.g., systolic
BP = 140 mmHg) or the categorical data (e.g., pregnancy induced hypertension vs. renal hypertension)
within a standard data structure to facilitate information exchange or retrieval, such as within a stan-
dards-based clinical statement (i.e. CIMI, CDA, FHIR, ANF, etc.).

» The Assertional Knowledge layer represents non-procedural statements, or facts, such "Stage 2 high
blood pressureisover 140 systolic or 90 diastolic," or that beta-blockersand ACE inhibitors may be used
to treat hypertension, or that beta-blockers are contraindicated in patients with a diagnosis of reactive
airway disease.

 Finally, the Procedural Knowledge layer provides algorithms to analyze ANF statements about a pa-
tients, in combination with the Assertional Knowledge, to recommend atreatment protocol for different
kinds of hypertension, including the considerations of, e.g. patient age, co-morbidities etc., which can
be generated by an electronic clinical decision support system (Statement + Assertional layers). This
layer adds to support for workflow and conditional logic (i.e. if-then-else).
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2. Solor Architecture

2.1. Modularity and Versioning Overview

When dealing with the complexities of the various architectural layers of the informatics architectural
separation of concerns, one of the most important things to note is that any one of Solor's architectural
layers will be undergoing modifications at any given point in time, as various Standards Development
Organizations go through each of their various drafting, balloting, and approval lifecycles. Therefore it
is important to establish as a foundation for Solor a versioning and modularity architecture that allows
changes and subchanges to be referenced uniquely so that all parties can be on the same page as to a
particular version.

For example, the following diagram shows how each module could be given a unique version number and
contain all layers of the architectural stack. In the instance that a particular versioned module needsto be
extended, an extension module could be added to that main versioned module without the need to goto a
completely new full module version. This arrangement accounts for the constant change in the healthcare
interoperability space while still allowing two organizations to baseline on the same version for testing or
exchange purposes (i.e. Module M 13, Extension E25)

In software engineering, modularity refers to the extent to which software may be divided into smaller
modules. Modularity emphasizes separating the functionality of a program into independent, interchange-
able modules, such that each contains everything necessary to execute only one aspect of the desired func-
tionality. A module interface expresses the elements that are provided and required by the module, and the
elements defined in the interface are detectable by other modules. Modular programming is closely related
to object-oriented programming, having the same goal of facilitating construction of large software pro-
grams and systems by decomposition into smaller pieces (i.e., ‘polymorphism by encapsulation’ or ‘com-
position over inheritance’). With modular programming, concerns are separated such that modules perform
logicaly discrete functions, interacting through well-defined interfaces. Often modules form a directed
acyclic graph (DAG); in this case a cyclic dependency between modules is seen as indicating that these
should be asingle module. In the case where modules do form aDAG they can be arranged as a hierarchy,
where the lowest-level modules are independent, depending on no other modules, and higher-level mod-
ulesdepend on lower-level ones. A particular program or library isatop-level module of itsown hierarchy,
but can in turn be seen as alower-level module of ahigher-level program, library, or system. [modul €]
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Figure 2.1. Versioning; Modules and Extensions
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2.2. Architecture

An interoperable, integrated terminology model concerns (@) the foundation and building blocks of the
common model; (b) how the transformation process of disparate standardsinto the common model is made
repeatable and interoperable with other environments; and, (¢) how the modules of the common model are
tightly versioned controlled over time.

In this chapter we are concerned with detailing Solor’ s architectural foundation that will support semantic
interoperability. We achieve this foundation in two ways:

1. Use of SNOMED CT, RxNorm, and LOINC as the primary building blocks for the foundational archi-
tecture (more on thisin chapter 3).

2. Enablement of semantic operability within the foundational architecture through normalization of rep-
resentation and achieving coherence within and among the primary building blocks of the architecture.

Solor is an ecosystem that allows users to import, transform, and view content from disparate medical
terminologies, all in one common model. Users can navigate and search Solor content, view details of the
data elements, and sel ect specific conceptsto view more information. As Solor is open-source, developers
are encouraged to build on top of existing functionalities.

We adopted contemporary software principles to create a multi-layered architecture for integrating stan-
dard medical terminologies. We sought to adhere to three main principlesin our architectural design: ()
to store concepts from medical terminologies so that one could apply classifiers and identifiers; (b) to

10
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2.2.1.

allow for versioning and updates over timein away that preserved concept orientation; and, (c) to promote
collaborative, distributive workflows for devel opers.

Building Blocks

Solor has two fundamental building blocks: concepts and semantics. Concept is defined as an idea or a
genera notion. When abstracted out, it can be used to represent any idea, whether that is a medically
related idea (e.g., heart attack) or anideato represent metadata (e.g., asynonym or afully specified name).
A semantic enables addition of semantic data to the underlying concept’s content, in a standardized way
that provides for the same means of identifying, modularizing, and versioning. In other words, a semantic
is attached to a concept to provide contextual meaning to the concept. Semantics can be grouped together
in acollection to form an ‘assemblage’ . An assemblage consists of semantics that reference a component
and provide additional datato that member for some purpose. Solor also has ‘ description semantics' with
additional metadata specifying details including but not limited to ‘language’ and ‘ description type'.

Figure 2.2. Common M odel

Concept: representsany idea, whether that ismedically related (e.g., heart attack) or metadata(e.g., author)
*Fields: Universally Unique ID

String Semantic: providesidentifier to the concept in a standardized way

11
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2.2.2.

2.2.3.

2.2.4.

*Fields: Source Terminology Code
Description Semantic: provides a human-readable description
Fields: Fully-Specified Name, Long Common Name, Short Name, and Display Name

Logic Graph Semantic: provides description logic for traversing hierarchies and for specifying the view
of the relationships between and amongst data elements

«:Fields: Parent-child-sibling relationship

Assemblage: Grouping set specifically created to store all of the data elements, data types, and metadata
for aparticular use case

*Fields: Variable to accommodate a variety of use cases. For instance, [StringA, StringB, StringC,
StringD], [ID, String, Integer, Concept ]

Transformation Overview

After a standards developer releases its content, a process will need to occur to transform data from its
native format into Solor components. This programmatic processistailored to each incoming data stream,
where it will account for data represented in its original format. Other than transforming and applying
versioning coordinates, the underlying process will also address the notion of dependency. For example,
SNOMED US Extension will have a dependency on SNOMED International, and relationships from the
LOINC-SNOMED callaboration effort will have a dependency on SNOMED and LOINC.

Once the content is in Solor, there is a step where equivalency is determined through various methods
where concepts of the sameidea are aggregated. For example, Gentamycin from SNOMED isthe same as
Gentamycinfrom LOINC, andisal so the same Gentamycin from RxNorm. Theend result from thisprocess
isthe creation of a Solor concept that is devoid of any source information (but will have traceability). This
end result iswhat will be exposed to the user to view and use. In the Gentamycin example, auser will find
this concept that is devoid of any source information and will not need to know if thisis the SNOMED/
L OINC/RxNorm Gentamycin that needsto be selected. |f the Gentamycin concept was used in the context
of identifying what medication the patient is currently taking, then the underlying process will be able to
transmit the RxNorm code if the receiving system is expecting RxNorm codes. Conversely, if Solor were
adopted more universaly, the transmitted information could be isolated to the Solor Gentamycin rather
than a distinct code from a specific terminology.

Identifiable Components

A universally unique identifier (UUID) isa 128-bit number used to identify information in computer sys-
tems. The identifiable component layer of Solor manages the reproducible assignment of UUIDs to all
imported components as well as the assignment of primordial UUIDs to all internally generated compo-
nents. If imported components already provide UUIDsto identify components, those UUIDswill be used.
The identifiable component layer must allow components to have more than one UUID identifier, and if
previously independent components are given each other’ sidentifiers as alternate identifiers, the identifi-
able component layer must dynamically merge the parts of these previously distinct components into a
single integrated component. This merging of components by merging identifiers is a ssmple means for
managing duplicated content asit is identified.

Chronology

2.2.4.1. STAMP Coordinate

Thechronology component of the architecturelayer providesameansto generically represent therevisions
to a component over time, and to index those revisions by status (e.g., active, inactive), effective time of

12
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change, author of change, module within which the change occurred (international edition, US extension,
etc.), and the devel opment path of the change (development, release candidate, etc.). Taken together, these
fields can bereferred to asaversion's STAMP (status, time, author, module, and path). STAMP provides
afoundation for version control and configuration management of all the components of the information
architecture. The STAMP will provide a means to modularize content so that modules can be turned on
and off depending on specific use cases, and that modular content can be devel oped independently from
unrelated modules. This modularity will enable simplified development and quality assurance processes
for each module. The following figure shows the UML representation of Solor’s chronology layer on the
left, and that of STAMP on theright.

Figure 2.3. Chronology and STAMP

Time

2019-02-14
12:00
2019-02-13 Version Control/Management
12:00
Status (Active /InActive)
2019-02-12 Time (effective Time)
12:00 Author (Manufacturer)
Module (Model /UID)
Path (Publisher Version)
P

Author

There are also more nuanced components within Status, Time, Author, Module, and Path that can be con-
figured. Theseinclude: ‘Allowed States' (related to Status), precedence, and the ability to specify groups
of modulesin a‘Module Set’. Precedence can be set to stratify the mathematical constructs surrounding
the components (e.g., path, time) so that one component can be prioritized over the other.

In summary, STAMP provides a high degree of configuration for navigating versions of content and how
that content may be interacted within the Solor ecosystem.

2.2.4.2. Language Coordinate

The language coordinate provides the ability to configure details around what language of content to pro-
vide, and to select a particular dialect, and/or the order of dialects available in the Solor ecosystem. This
also provides the ability for users to get the exact level of granularity of content they desire.

2.2.4.3. Logic Coordinate

The logic coordinate allows configuration of description logics and formal knowledge representation of
Solor content. The fundamental modeling concept is an axiom—a logical statement relating roles and/or
concepts. Within thelogic coordinate, users can specify which classifier to use (e.g., Snorocket), and which
conceptsthey want to classify in their given use case (e.g., Solor content vs. Health content). Userscan also
specify how they want to configure the stated and inferred parent-child (supertype-subtype) relationships
that are either available in the source terminology native logic, or through additional integration provided
by the Solor common model.

13
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2.2.4.4. Manifold Coordinate

In order to easily exchange the complex configurations of facets of the Solor common model, we need
a unifying object to do that. The Manifold Coordinate restricts the instantiation of the configurations of
the STAMP coordinate, Language Coordinate, and L ogic Coordinate to one object, and provides a global
access point to it (i.e., Singleton design pattern). In other words, it acts as an abstraction layer between
the nuanced configurability of the other coordinates, and how it is ultimately executed with the Solor
ecosystem is used.

2.2.4.5. FLWOR

FLWOR is an acronym for "For, Let, Where, Order by, Return". The programming language XQuery
defines FLWOR as an expression that supports iteration and binding of variables to intermediate results.
FLWOR is loosely analogous to SQL's SELECT-FROM-WHERE and can be used to provide join-like
functionality to navigating content.

* For
- selects a sequence of nodes
e Let
- binds a sequence to avariable
* Where
- filters the nodes
e Order by
- sorts the nodes
* Return
- what to return (gets evaluated once for every node)

The advanced version control and modularity provided by the Solor Architecture is embedded within a
FLWOR framework. This alows for complex querying capabilities to navigate and search for concepts,
data elements, metadata, the rel ationshi ps between and amongst these data elements, and how they change
over time and/or differ between and amongst the modules. The complexities of these queries are abstracted
into a user-friendly graphical user-interface, and users are provided precise options for configuring their
gueries and use cases.

2.3. Challenges

2.3.1.

Solor isanintegrated clinical transformation processto represent and bring together disparate terminology
standards by using a single model that can encompass any customized content. In our experience with
building the Solor semantic architecture and transformation process, we have come to understand that
health IT systems must address the following antipatterns:

Accidental Complexity

Accidental (or incidental) complexity iscomplexity that arisesin computer programs or their devel opment
process that is non-essential to the problem to be solved. While essential complexity is inherent and un-
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avoidable, accidental complexity is caused by the approach chosen to solve the problem. Some examples
of accidental complexity as they relate to informatics are described in the following sections.

2.3.1.1. Semantic-laden Identifiers

Solving adistributed identifier allocation problem by using namespaces that are assigned to organizations
(or committeesin the case of HL7), semantics are often introduced into the identifier, which some devel-
opers useto identify what organization created the components that were associated with those identifiers.
Exposing derivable semantics in the identifier can lead to complexity when users/devel opers demand that
the semantics be maintained, which may result in unnecessary retirement as described in the next section.
Reliance on UUIDs rather than on identifiers with derivable semantics would eliminate this complexity.

2.3.1.2. Unnecessary Retirement

An unintended side effect of using identified namespaces as part of distributed identifier assignment is
an increase in the complexity of transferring responsibility for a component from one organization to
another. This complexity includes an elaborate sequence of marking a component for retirement in one
release, actually retiring it in a subsequent release, and creating an essentially identical component with an
identifier derived from the new organization’s namespace. Furthermore, there is the need for the creation
of mapping solutions to keep historical relationships between components retired for these reasonsto the
current concepts that replace them. Again, reliance on UUIDs rather than on identifiers with derivable
semantics would eliminate this complexity.

2.3.1.3. Post-coordination

Terminology models sometimes make it necessary to require post-coordination to provide domain cov-
erage at the point of care, however, the information models we use in healthcare typicaly can't handle
post-coordination well. Reliance on the information model to represent post-coordination has introduced
complexity that might be avoided if we used-a dynamic means to assign unique identifiers to post-coor-
dinated expressions.

2.3.1.4. Accidental Complexity Solutions

2.3.2.

Accidental complexity must be minimizedin any good architecture, design, and implementation. Working
in short iterations with ongoing design reviews may help reduce accidental complexity. We must also
develop an example implementation in parallel with the architecture, so that complexity can be identified
early, and evaluated critically with respect to the essential or accidental nature of that complexity.

Design by Committee

A project that has many designers involved but no unifying plan or vision.

2.3.2.1. No Unifying Vision

Design by committee is the result of having many contributors to a project, but no unifying vision. A
complex software design is the product of a committee process. The design has so many features and
variationsthat it isinfeasible for any group of devel opersto realize the specifications in areasonable time
frame.

2.3.2.2. Interoperability at the Expense of Operability

Interoperability provides an illusion of operability between disparate systems, and therefore there is no
need to standardize.
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2.3.2.3. Design by Committee Solutions

2.3.3.

A solution to design by committee is to articulate a set of architectural principles to which architectural
components will be evaluated against, and to have the committee be advisory to an architect that provides
the unifying vision.

Stovepipe

The Stovepipe Enterprise antipattern is characterized by alack of coordination and planning across a set of
systems. If every subsystem hasauniqueinterface, then the systemisoverly complex. Absence of common
multisystem conventionsisakey problem for systems. For example, currently, essentially no terminology
systems are the same with regard to their representation and semantics, despite the requirement that they
must work together.

2.3.3.1. Overlapping and unreconciled models

SNOMED CT and LOINC are classic examples of two terminologies that are proposed for common use
in health IT, but that are not well coordinated, and have unreconciled content (content that is not made
consistent or compatible). As an example of unreconciled content, SNOMED CT and LOINC both have
representations for Amoxicillin. In LOINC, Amoxicillin is atextua value in the has-component field of
the concept:

AMOXICILLIN [MASS/VOLUME] IN SERUM OR PLASMA

HAS-COMPONENT: AMOXICILLIN

While SNOMED CT has the concept:

AMOXICILLIN MEASUREMENT (PROCEDURE)

COMPONENT: AMOXICILLIN (SUBSTANCE)

In SNOMED CT, Amoxicillinis also a concept, rather than just atext value.

Froman end-user’ sperspective, theartificial separation and uncoordinated devel opment of theseimportant
systems has been a burden. RxNorm may help bridge the medication components of the overlap, but
there are other overlapping domains (method, type of scale, system, time aspect, and non-pharmaceutical
components) that RxNorm does not cover. The UMLS may help us formally reconcile some of these other
domains, but if coordination and reconciliation can be part of the devel opment processes for these sources,
rather than a cleanup exercise for implementers, we can allocate resources to solving more compelling
problems.

We hope that the newly announced cooperative agreement between IHTSDO (owners of SNOMED CT)
and the Regenstrief Ingtitute (owners of LOINC), and the NLM (owners of RxNorm) will change the co-
ordination of these systemsin asignificantly helpful way. Although SNOMED CT and LOINC areclassic
examples of overlapping and unreconciled models, there are many other examples. The UMLS identifies
over 150 sources, most of which are uncoordinated, and have independent models. These overlapping and
unreconciled models create an unnecessary burden for the implementer.
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2.3.3.2. Uncoordinated development

Today, related components from different organizations do not share their work prior to a release. The
result of this lack of sharing is that dependent components are always out of date with the latest release
of the underlying standard. For example, how can you keep a mapping of SNOMED CT to ICD-10-CM
components up to date, when it takes 6 months after the release of SNOMED CT to update and quality
assure the map? As an implementer, does that mean you should wait 6 months for the map to be updated
before deploying the latest SNOMED CT release? What if the new SNOMED CT release contains new
content that may improve the diagnosis, treatment, or prevention of disease? Is it realy acceptable to
delay implementation of the latest SNOMED CT release by 6 months while waiting for dependent system
components to be updated after the fact?

2.3.3.3. Stovepipe solutions

The primary solution for the stovepi pe systems we are working with isto break down the barriers that pre-
vent collaborative development of content, tools, processes, and ultimately architecture. Today, deploy-
ment delay is not asignificant issue because clinical decision support isrelatively nascent, and pharmacy,
laboratory, and clinical systems are poorly integrated. However, if we successfully create compelling de-
cision support on an integrated and shareable platform, coordination of development and release cycles
among clinical terminologies, logical representation, clinical facts, and clinical knowledge bases will be-
come increasingly important. We must prepare for success and work to better coordinate development
among dependent components.

Here we propose leveraging opportunities that are helping to break down these barriers. Those opportu-
nities include acquisition and development of open-source tooling. Improvements in open-source tooling
will help break down collaborative barriers significantly. Such improvement is afundamental focus of our
architecture effort. The solution to the stovepipe antipattern is effective collaboration without barriers of
proprietary concern.

2.4. Summary

Currently, medical terminologies come from different sources and are represented by disparate models.
However, by using a common model that integrates these terminologies seamlessly, Solor's architectural
layer can display content from different sources after the Solor transformation process. Users will conse-
quently not need to burden themselves with unnecessary complexities, and can instead focus on the mean-
ing of medical content. Built upon an architecture intended to facilitate semantic interoperability, Solor
stores concepts with UUIDs and classifiers, is maintained by robust version control, and promotes modu-
lar, collaborative development. Next steps include developing alist of agency-specific and industry-spe-
cific use cases for Solor upon which aformative eval uation approach and data collection and analysis can
be conducted.
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3. Terminology Intro

The desiderata for the design of a controlled healthcare terminology was published in 1989 with seven
items and was expanded in 1998 to alist of twelve desideratain the paper by JJ Cimino.[desiderata] These
desiderata are used to describe desirable characteristics of controlled medical terminologies. They are:

» Content

While missing content is expected, formally stated processes for requesting and adding content is re-
quired. SNOMED CT, LOINC and RxNorm all have formal processes in place for requesting changes
to the terminologies either through the organization that maintains them or through a national release
center in the case of SNOMED CT. While content can be added using these formal processes, thereis
usually adelay beforeaformal additionisavailablefor use. In addition to theformal processes available
through the standards development organizations (SDOs), SNOMED CT includes forma mechanisms
for users to extend the terminology and add missing content locally.

» Concept orientation

The most granular piece of a terminology must be a concept with a single coherent meaning. Terms
associated with a code should represent a single concept.

In the 1998 paper [Representing Thoughts, Words, and Things in the UMLS)] the authors describe that
the Ogden Richards semiatic triangle" shows that, although written or spoken symbols (words) cannot
completely capture the essence of areference (thought) or of areferent (thing), thereisacorrespondence
among them. Either aword or an object can inspire athought, and people may endeavor to expresstheir
thoughts with words or by identifying objectsin the world. The relationship between aword and athing
isindirect, however. The link can be completed only when an interpreter (usually a person) processes
the word, which invokes a corresponding thought, and then links that thought to a thing in the world
(the “referent”). This diagram is seductivein its simplicity.”

“By implying a one-to-one relationship between each pair of membersin the triangle, this simple dia-
gram masks hidden complexity. Ogden and Richards alluded to this complexity by the dotted line be-
tween asymbol and areferent, indicating that the link between asymbol and areferent can only be made
indirectly through an interpreter, but the notion that a symbol does—or could—refer to a single thought
and that a thought does—or could—refer to asingle referent is afallacy. Thus, it has been historically
recognized that multiple terms may refer to the same object or idea, asingle term may refer ambiguously
to more than one object or idea, and terms may be confusing because they are out of date. It is within
this context that we seek solutions to improve our ability to communicate about biomedical concepts.”
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Figure 3.1. Ogden and Richards semiotic triangle

THOUGHT OR REFERENCE

----- L A e T

Stands for
SYMBOL (an imputed relation) REFERENT

» Concept permanence

A concept's meaning cannot change, and concepts cannot be del eted after they have been released. Once
added to a terminology, concepts and their identifiers should persist. However, a mechanism to make
conceptsinactive when they are deemed to be duplicate or erroneous should be avail able. Terminologies
like SNOMED CT and LOINC both have mechanisms for inactivating concepts after they have been
deemed to bein error.

» Meaningless concept identifiers

Concepts should use unique identifiers that do not contain any contextual information about a concept.
Identifiers should not include any hierarchical information that would prevent changes in the concepts
hierarchy without retirement.

 Polyhierarchy

In traditional classification systems, categories are only allowed to exist in a single monohierarchical
representation. For example, in ICD-10 A39.0 Meningococca meningitis only exists as a subtype of
A39 Meningococcal infection. In this representation you can easily find all meningococcal infections,
but if you need to find all types of meningitisyou arerequired to know all the various codesthat represent
the different classifications of meningitis.
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Figure 3.2. Monohierarchy Example

A00- B99 Certain infectious and parasitic d

A30- A49 Other bacterial diseases

A39 Meningococcal infection

A39.0 Meningococcal meningitis

In awell designed terminology, concepts should be allowed to exist in multiple hierarchies if multi-
ple parent concepts are appropriate. For example, Bacterial meningitis is both a subtype of Bacterial
Meningitis and Meningococcal infectious disease and should exist in both hierarchies.
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Figure 3.3. Polyhierarchy Example

Disease caused

Neisseria

Meningococd
infectious
disease

* Formal definitions

Bacterial
meningitis

Meningococc
meningitis

Disease caused

Gram- negat
bacterial
meningitis

While hierarchical information is paramount, the inclusion of additional definitional knowledge can
help maintain and correctly place concepts within the appropriate hierarchy. Allowing computersto use
this additional information can aid in properly placing concepts in hierarchies that devel opers did not

originally add to a concept.

When content modelers add new content to a terminology, the relationships they create are sometimes
called stated relationships. These stated relationships help to give concepts a formal definition and can
be used to correctly place a concept in new hierarchies the content modeler did not originaly assign. In
large terminologies, correctly adding all the possible valid hierarchical relationships can be difficult as
it requires the content modeler to think of al the possible parents. By adding the additional information,

like Finding Site in the example below, additional hierarchical relationships can be inferred.
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Figure 3.4. Relationships Stated by a Content M odeler

structure

Is A

Finding sié

DL ontologies can be classified (i.e., some relationshi ps between concepts are inferred from the asserted
class descriptions) using aDL classifier and anew set of inferred relationships are created for concepts.
Solor provides both views of stated and.inferred relationships, and allow users to compare the differ-
ences. Solor has blocks of necessary & sufficient, necessary, and inherited (i.e., inferred) relationships.
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Figure 3.5. Inferred Relationships by DL Classifier

. . Lower lim
Finding si
structure
Is A
Finding si

« Noresidua categories (Reject "Not Elsewhere Classified")

Sinceterminologieswill never be completely finished, it iseasy to reject the concept orientation desider-
ata and begin to create or use concepts as grouper categories for missing content. Doing so introduces a
"semantic drift" that will cause problems with properly identifying historical data. By assigning mean-
ing to acategory or using aless specific concept to represent your intended meaning, information islost.
Rejecting these categories requires the capability to extend content as described in the first desiderata.

¢ Multiple granularities
The ability to represent meaning occurs at various levels, depending on the setting of care and users of
the terminology. As care progresses, a more finer grained concept may be required to more accurately
represent the diagnosis.

¢ Multiple consistent views
In addition to representing meaning at various levels, the display of the concepts that are relevant to

certain users should be able to be customized. Allowing usersto view conceptsin away that isintuitive
will support the adoption of terminologies by making the terminology more usable.
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Figure 3.6. Multiple Consistent Views

Before:

Search Box

Search Results

cranial nerve
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cranial nerve
cranial nerve
cranial nerve |
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cranial nerve [V
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cranial nerve VIII
cranial nerve [11
[+] more

After:

Search Box

Search Results

cranial nerve

| [s0]

cranial nerve
cranial nerve
cranial nerve |
cranial nervell
cranial nerve 11
cranial nerve IV
cranial nerveV
cranial nerve VI
cranial nerve VIl
[+] more

* Representing context

Terminologies should alow for the representation of the context in which the concepts should be used.
While some contextual information should not be supported in the terminology (like date, time, names,
etc), other contextual information should be supported (for example severity and |aterality).

Graceful evolution

Change in terminologies is inevitable but should not be done radically or without clear documented
reasons for the change. Changes should be carefully tested and vetted by end-users.

Recognize redundancy

Duplicate concepts should not exist in the terminology and processes should bein place to both prevent
and detect them. With large terminologies, it is inevitable that duplicate and erroneous concepts are
added. Robust terminologies need processes and proceduresin place to identify and retire duplicate and
erroneous concepts. Multiple processes can be utilized to ensure redundant concepts are not added to
terminologies. For example:

 Standardized naming conventions should bein placeto eliminate the possibility of creating redundant
concepts

» Description Logic classifiersthat utilize formal concept definitions to detect equivalent concepts
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4. Concepts and Codes

4.1. Introduction

Terminology systems are increasingly critical components for achieving interoperability across applica
tions in the healthcare domain. A standard terminology is one that has wide industry acceptance or use.
Therole of standard terminologiesin achieving interoperability for the purposes of advancing patient care
iswell documented. Ideally, these clinical terminology standards intend to provide rulesto alow for the
exchange, integration, and management of electronic clinical information. The federal government recog-
nizes the benefit of standard terminologies and promotes their development and use. The Federal Health
IT Srategic Plan 2015-2020 set a strategy to encourage consistent terminology standards implementation
in Electronic Health Records (EHRs) and encourage use through federal payment policies.

Standards are obtained from avariety of efforts, cover different domains of clinical and nonclinical content
relevant to the EHR, and serve various purposes. Currently, no single terminology or classification system
contains everything that is needed for the medical record.

Terminology systems typically consist of the following elements:

e Coded Concepts — the discrete units of knowledge managed within the terminology. They typically
consist of numeric codes and textual preferred names, synonyms, and descriptions.

» Concept Hierarchies — the logical organization of concepts into parent-child and ancestor-descendant
relationships that express the semantics of generalization and specialization. The hierarchical organiza-
tion of aterminology may be explicitly expressed through stored parent-child and ancestor-descendant
links, or it may be implicitly expressed through the logical definitions of individual concepts that a
computer can use to infer parent-child and ancestor-descendant rel ationships.

» Value Sets — named lists of individual concepts that represent more abstract categories useful in deci-
sion-support logic.

New applications and new medical knowledge constantly call for expansion and enhancement of existing
terminol ogies. However, since terminology systems are often non-static, incomplete and under specified,
inconsistencies may be introduced.

While many of these challenges are related to terminology evolution, others may be related to the design
of the standard clinical terminologies themselves. Cimino notably described the challenges of concept
orientation, completeness, correctness, currency, granularity, and redundancy when designing re-usable
medical terminologies. Today a menagerie of inconsistent and overlapping terminology models hinders
efforts that try to store and analyze encoded clinical data.

The scope of content covered in terminologies varies from focusing on avery specific domain to covering
multiple domains. The main terminologies supported in Solor (i.e.,, SNOMED CT, LOINC, and RxNorm)
all follow very structured and persistent code practices. They never delete codes but in some cases (i.e.,
RxNorm) they are moved to a separate table.

4.2. SNOMED CT Concepts

Systematized Nomenclature of Medicine-Clinical Terms (SNOMED CT®) is a comprehensive clinical
terminology, maintained by SNOMED International representing over 300,000 concepts including disor-
ders (22%), procedures (17%), body structures (11%), clinical findings other than disorders (10%), and
organisms (10%).
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SNOMED CT concepts span multiple domains, from findings and disorders to procedures and pharma-
ceutical and hiological products. SNOMED CT concepts exist at multiple levels of granularity, and mech-
anisms exist to add missing content to ensure that information is coded at the most granular level possible.
SNOMED CT concepts are identified with a 6- to 18-digit integer that has some structure that describes
where the identifier originated (the original creator of the identifier) and what type of identifier it is.

4.3. LOINC Codes

Logica Observation Identifiers, Names, and Codes (L OINC®) isaterminology representing about 50,000
clinical and laboratory observations, health measurements, and documents, developed and maintained by
the Regenstrief Institute.

LOINC codesareused to identify laboratory and clinical measurements, observationsand documents. Each
named concept in LOINC isgiven aL OINC code which has no structure other than a check digit appended
to the end. In addition, al of the components that make up the LOINC name are assigned LOINC Part
Codes(LP) totheminthe LOINC Database. LOINC Parts do not follow the same poli cies and maintenance
practices as LOINC terms and are not intended to be used as a standalone terminology. Some LOINC
codes are al so associated with answers (LA) and answer lists (LL) in the LOINC Database.

The screenshot from Komet bel ow exemplifies the 6 LOINC parts: Component, Method, Property, Scale,
System, and Timing.

Figure4.1. LOINC Code Example

Regular name MR CCYNCIREY & E: + Plasmodium sp Ag [Identifier] in Blood
¥ O SOLOR concept » Expand All History |_JoFe
» @ Metadata
v CON
v @ SNOMED CT Concept s
Active in SOLOR overlay module on Development path
» @ Body structure
pe Attachments:
» @ Environment or geographical location
s=wep 1} STR LOINCID rd
» @ Event 51865-4
» @ Organism prw LOINC record assemblage rd
» @ Pharmaceutical / biologic product component: Plasmodium sp Ag
@ method:
enomenon property: Prid
» O Body structure phenomenon scale: Nom
system: Bld
» @ Clinical finding timing: Pt
» O Dried blood specimen phenomenon
» O Inheres in Body structure phenomenon
» O Inheres in Organism phenomenon » Plasmodium sp Ag [Identifier] in Blood V4
» O Inheres in Pharmaceutical / biologic product pher:
» O Inheres in Substance phenomenon P
L
» @ Observable entity
» O Organism phenomenon

4.4. RxNorm

RxNormisaterminology for human clinical drugsinthe U.S., representing drug properties such asingre-
dient, strength, and dose form, maintained by the National Library of Medicine (NLM) and distributed via
the Unified Medical Language System (UMLYS).

RxNorm provides normalized clinical drug names and relationships between those hames and common
drug vocabularies for the purpose of easing the exchange of clinical drug information between systems
that use different drug vocabularies. Every concept in RxNorm is given a unique RXCUI. The names and
codes from the common drug vocabularies are then linked to that RXCUI.
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4.5. UMLS

The National Library of Medicine (NLM) integrates terms and codes from over 150 source vocabularies
by concept, attribute, and meaning in a set of files and software called the Unified Medical Language
System ® (UMLS). The UMLS brings together many health and biomedical vocabularies and standards
to enable interoperability between computer systems.

The UML Sisused to enhance or devel op applications such as electronic health records, classificationtools,
dictionaries and language translators. The UML S has been used to link health information, medical terms,
drug names, and billing codes across different computer systems. Additionally, the UMLS has been used
to aid in search engine retrieval, data mining, public health statistics reporting, and terminology research
The UMLS hasthreetools:

» Metathesaurus: Terms and codes from many vocabularies, including CPT®, ICD-10-CM, LOINC®,
MeSH®, RxNorm, and SNOMED CT®

» Semantic Network: Broad categories (semantic types) and their relationships (semantic relations)
» SPECIALIST Lexicon and Lexical Tools: Natural language processing tools

The Semantic Network and Lexical Tools are used to produce the Metathesaurus. The steps to produce
the Metathesaurus involve:

* Processing the terms and codes from source terminologies using the Lexical Tools
 Grouping synonymous terms into UMLS concepts
 Categorizing concepts by semantic types using the Semantic Network

* Incorporating relationships and attributes provided by source terminologies

Releasing the datain a common format called the Rich Release Format (RRF)
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These tools, while helpful, have gaps. Raje et a. highlighted issues with completeness, correctness, and
redundancy when they found gaps in the UMLS Metathesaurus coverage of disease concepts. [Raj€]
The UMLS does not necessarily look at semantic equivalence of concepts across or within terminologies,
rather focuses on lexical equivalence. A good example of thisis how the UMLS has represented content
from SNOMED CT in the pharmaceutical product and substance hierarchies. SNOMED CT has separate
concepts to represent the substance that makes up a pharmaceutical product, for example acetaminophen,
and a higher level concept in the pharmaceutical product hierarchy that is used to group products together
(al productsthat contain acetaminophen). In the UML Sthese concepts are grouped together under asingle
UMLS Concept Unique Identifier (CUI).

These issues related to integrating clinical content have a direct impact on patient safety and point to the
need to be able to consistently represent and encode clinical data and observations. Therefore, quality as-
suranceisan indispensable part of the terminology management lifecycle. A central limitation of integrat-
ing controlled medical terminologies is that they often lack any formal model to denote the relationships
among constituent data elements.

Recently, however, development teams for SNOMED CT, LOINC, and RxNorm have partnered to pro-
mote interoperability. Developers can how leverage SNOMED CT' s representation model for the build-
ing blocks of LOINC, and a new drug model in SNOMED CT facilitates extensions and consistency to
RxNorm. Bodenreider et al. wrote about the recent collaboration: “while this evolution leads to greater
compatibility and interoperability, integration of SNOMED CT, LOINC, and RxNorm still requires map-
pings among the three terminologies. Moreover, these three terminologies use different formalisms and
toolsfor their representation, have their own rel ease cycles and versioning mechanisms, which makestheir
seamless integration non trivial, if at all possible.”

The NLM, aso, in collaboration with the Office of the National Coordinator for Health Information Tech-
nology and Centers for Medicare & Medicaid Services, hosts the Value Set Authority Center (VSAC).
TheVSAC aimsto provide lists of values, codes, and names (i.e., value sets) from standard clinical termi-
nologiesto represent clinical concepts. Similarly, Winnenburg et al. highlighted duplicate value setsin the
VSAC, and showed that 19% of value setsin 2011 contained invalid codes. [Winnenburg] In subsequent
work, they highlighted issuesrelated to granul arity by evaluating over 1,000 val ue setsand found that value
setsvaried vastly in size with some only containing one code, while other value setsincluded over 20,000
codes. [Winnenburg2] Similarly, Bahr et al. showed issues with concept orientation by analyzing medica-
tion value sets and found extraneous and missing ingredientsin both the value sets and drug classes.[Bahr]

4.6. Observational Medical Outcomes Partner-
ship (OMOP)

Observational Health Data Sciences and Informatics (OHDSI) created OM OP Common Data Model toin-
form the appropriate use of observational healthcare databasesfor studying the effects of medical products.
ATHENA isused to harmonize disparate coding systems—with minimal information loss—to a standard-
ized vocabulary. The Standard Vocabulary is a foundational tool that enables transparent and consistent
content across disparate observational databases, and serves to support the OHDSI research community
in conducting efficient and reproducible observational research.

Problems: mapping, no description logic

4.7. Solor

Solor integratesterminology content (SNOMED, LOINC, RxNorm, etc.) fromitsnative format into acom-
mon Solor format. Oncethe content isin Solor, thereisastep where equivalency isdetermined through var-
ious methods where concepts of the same idea are aggregated. For example, Gentamycin from SNOMED
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is the same as Gentamycin from LOINC, and is also the same Gentamycin from RxNorm. The end result
from this processis the creation of a Solor concept that is devoid of any source information (but will have
traceability). Thisend result iswhat will be exposed to the user to view, use, and extend. Inthe Gentamycin
example, a user will find a concept that is devoid of any source information and will not need to know if
thisisthe SNOMED/L OINC/RxNorm Gentamycin that needs to be selected. Solor concepts areidentified
using a Universally Unique Identifier (UUID).

4.8. Interoperability by Mapping

4.8.1.

Today's health care terminology standards encompass methods, terminologies, and specifications for the
exchange, storage, and retrieval of information associated with health care systems. These standards con-
tain terminologies and concepts that are used in medical records to describe patient symptoms, lab results,
prescription medications, etc. In today's health care industry, the standard approach to integrating multi-
ple disparate health data sources is to conduct mapping, a manual process that attempts to associate data
to different systems for exchanging patient information and other data. Mapping, while pragmatically ac-
tionable, is prone to information loss and errors.

Preserving the meaning of information when exchanging electronic health record data (i.e., semantic in-
teroperability) is critical for delivering safe patient care and leveraging standards-based clinical decision
support. Given that individuals often receive health care from more than one health system, integration
of datafrom multiple sourcesis needed to ‘view' a patient’s complete health record and avoid erroneous
clinical decisions based on incomplete or inaccurate information, such as decisionsthat lead to performing
unnecessary tests or giving a patient adrug to which they are known to be allergic. To date, the strategy for
achieving semantic interoperability between the clinical systems of the Department of Defense (DoD) and
the Veterans Administration (VA) hasbeento‘map’ millions of dataelementsused in the respective EHRs
to standard terminologies (e.g., SNOMED CT, LOINC, and RxNorm). However, ‘round trip testing’ of
the mapped concepts has identified problems with the quality of the mappings for bidirectional use. New
strategies are required to achieve semantic interoperability to support safe patient care, both before and
after the two organizations start using a single vendor for their electronic health record systems. The use
of logical definitions and terminology system extensions to manage concepts used in the delivery of care
can overcome key challenges with the mapping strategy.

Mapping is Operational, but Incomplete

Despite the fact that mapping is plagued by challenges (e.g., being out of date, not scalable, inconsistent,
overly complex, incoherent, unstandardized), it still serves an operational need. Current data standards
hinder true interoperability, so mapping allows disparate organizations to share and use at |east some of
their clinical data across health systems. In this section, we will highlight some of the immediate benefits
that mapping provides from an operational perspective. Subsequently, we will discuss the challenges as-
sociated with mapping. These challenges may ultimately compromise patient safety and clinical decisions.

Here' s how terminology mapping accomplishes partial interoperability at the semantic level [HL]:

1. MakesData Exchange Possible: Terminology mapping enables semantic interoperability, helping the
healthcare sector reach the objective of fluent machine-to-machine communication. This function lets
IT systems, such as EHRs, map different terms to a shared semantics, or meaning.

2. Provides a Trusted Source: Adopts a unified approach for managing terminology so that a single
source of terminology can be leveraged across health systems. Mapping can help achieve a partially
normalized data set that allows departmental systems to operate.

3. Incorporates Terminology into Applications; Terminology mapping also provides a method for in-
corporating standard clinical terminology within healthcare apps, thereby promoting semantic interop-
erability among organizations.
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4. Manages a Range of Terminology Value Sets. A structured approach to mapping terminology can
help an organization monitor the multitude of groupers and value sets that are required for use for
different purposes.

4.8.2. Challenges with Mapping

The current lack of highly reliable, consistent, and complete semantic interoperability limits healthcare
organizations' ability to exchange information and pursue collaborative care. The standard approach to
integrating multiple disparate health data sources is to conduct mapping, a manual processthat is:

e QOut of date

Not scalable using local terminology
* Inconsistent and loses information at each transformation
* Unnecessarily complex and incoherent

 Lacking a standard approach and structure

4.8.2.1. Summary of Solor white paper - "From retrospective map-
ping to prospective standardization"

Methods: To describe the current mapping approach, we reviewed reports submitted by a consulting termi-
nology expert who evaluated the process and outcomes from the multi-year mapping efforts, summarized
key features of the mapping methods that threaten quality, and identified examples to illustrate mapping
challenges. To describe the new approach, we explain the strategy for representing concepts required for
interoperability, internal use, or integration of historical data, and we present basic modelsfor representing
concepts and managing requests for new concepts. Finally, we applied the new approach to the problems
identified from the mapping strategy and discussed strengths and limitations.[ M appingPaper]

Results: A major threat to quality concerned the requirement that local source terms be mapped to a sin-
gle standardized terminology element; no creation of logical expressions was allowed to represent target
concepts. The quality of the mappings were al so impacted by incomplete and different mapping rules used
by the two organizations. Ongoing resources are required to assess and maintain mappings over time.

[MappingPaper]
4.8.2.2. Example of Challenges due to Mapping

Mapping is an approach to share data; unfortunately, mapping at each step in the data exchange process
creates additional opportunities for error and for loss of information that may lead to a patient’s harm.
SNOMED CT and other meaningful use standards are frequently used as targets of this mapping, and their
use is mandated as part of the Meaningful Use regulations. Tables 1 and 2 below show how equivalent
concepts in two different care settings leads to information |oss when they are mapped to SNOMED CT
because SNOMED CT does not represent the equivalent meaning. In Tables 1 and 2, the Local Concept
column represents the concept created by Hospital A during the care of a patient, the Map Type column
specifiesbroader than or narrower than or equivalent, and the SNOMED CT Concept column representsthe
concept to which thelocal concept has been mapped. The Meaning Lost column describesthe information
lost due to mapping because an equivalent match of the local concept is not found in SNOMED CT. In
Table 1 below, the SNOMED CT Concept is broader than the local concept, causing important tumor
morphology information to be lost during mapping. In Table 2, the SNOMED CT Concept is also broader
than the local concept, causing important tumor location information to be lost in the mapping process.
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Hospital A Mapping Example

Local Concept Map SNOMED CT Concept Meaning Lost
Type
Local ID: 12345 < SCTID 373080008 Lost the morphology of
Infiltrating ductal Malignant neoplasm of breast lower the neoplasm
carcinoma of lower inner inner quadrant (disorder)
quadrant of the breast
Table 1: Hospital A Mapping Example
Medical Practice Mapping Example
Local Concept Map SNOMED CT Concept Meaning Lost
Type
6583-Clinic-id < SCTID 408643008 Lost the location of the
Infiltrating ductal Infiltrating duct carcinoma of breast  carcinoma
carcinoma of lower inner (disorder)
quadrant of the breast
Table 2: Mediical Practice Mapping Example

4.8.3. The Solor Solution

What' s needed isa semantically normalized information model (i.e., Solor) with an appropriate separation
of concerns in regard to the informatics architectural layers. Such a model is critical for the success of a
number of forward-thinking healthcare initiatives. Solor does not map one terminology system to anoth-
er. Rather, Solor integrates specific terminologies such as — but not limited to — SNOMED CT, LOINC,
RxNorm. These three terminol ogies form the foundation of Solor because they are meaningful use stan-
dards, where when integrated together, they represent the breadth of information necessary for clinical
data representation.

The new approach to data integration involves the use of description logic to model and manage concepts
from standard terminol ogiesto support clinical care. Instead of mapping an existing local code or termtoa
standard code with the goal of creating semantic equivalence, challenges created by mapping were avoided
by directly representing concepts using standard codes or logical expressions that conform to a descrip-
tion logic model. We described the strategy for representing ‘things' (i.e. meanings) about patient care
using existing single SNOMED, LOINC, and RxNorm concepts, computable logical expressions based
on SNOMED CT, LOINC, or RxNorm that are added to extensions managed by an organization, organi-
zation specific identifiersto support specific local needs, and by adding ‘ names’ (i.e., new dial ect-specific
synonyms) to already-existing ‘things'. Finaly, ‘aternate identifiers’ for SNOMED, LOINC or RxNorm
concepts are useful for integrating historical data so source terms (linked to alternative identifiers) are
accurately represented using standard concepts defined using description logic.

4.8.3.1. Design Features - Understandable, Reproducible and Useful

Content in Solor aims to adhere to design features for concept validity:

» Understandable: The meaning of a concept can be understood, without reference to private or inacces-
sible information.

» Reproducible: Multiple users can apply the concept to the same situations.

» Useful: The concept has a practical value to usersthat is self-evident or can be readily explained.

4.8.3.2. Licensing and Solor

Solor is not intended to compete with existing standards and processes, and does not redistribute content.
It enables the community of Solor to integrate terminologies — their own terminology and others' termi-
nology. Those who are distributing terminology must have a license to distribute these terminologies. For
example: If organization A isdistributing SNOMED CT, LOINC and its curated terminology, then orga-
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nization A needs to ensure it has alicense to redistribute SNOMED CT and LOINC. Solor’s transforma-
tion processes and architectural foundation are available under the Apache 2 Open Source License.

SNOMED CT, LOINC and RXNorm are foundational terminologies in Solor. Solor fully supports and
relies on these standards and their organizations. Solor’ sintent isto complement these standards. Organi-
zations are free to integrate Solor content into their standards.

4.8.3.2.1. LOINC License

The LOINC database can be obtained from the Regenstrief LOINC website (http://www.regenstrief.org/
loinc/), as a PDF report sorted alphabetically by class, as a tab-delimited ASCI| text file, and/or as an
Access database. The LOINC database and associated documents and programs are copyrighted, but the
copyright permitsall commercial and noncommercial usesin perpetuity at no cost. If the LOINC database
or its contents are distributed as a database, such distributions must include al parts of the formal LOINC
term, the LOINC short name, the LOINC code, the deprecated flag, and the copyright. The copyright
notice is needed to prevent variants, which would defeat the purpose of this standard. No such naotice is
required when LOINC codes are used in messages to report test results.

4.8.3.2.2. SNOMED CT License

Use of SNOMED CT is subject to the SNOMED International Affiliate license provisions and is free
in Member territories including the United States, in low income countries, and for Qualifying Research
Projects in any country. To learn more, please see the SNOMED CT and Licensing page. Users should
carefully read the license agreement before re-distributing any content in any type of application as there
may be additional restrictions, permissions or copyright considerations imposed by the content providers.
Users must contact the vocabulary content providers regarding any use that is not covered by the license.
The content providers may charge fees for these additional uses of their content. Appendix 1 of the li-
cense agreement lists contact information for-each content provider. The SNOMED CT® Affiliate Li-
cense Agreement is included as Appendix 2 of the UMLS Metathesaurus License and outlines possible
costs. NLM is a member of SNOMED International and there is no charge for SNOMED CT usein the
United States and other Member territories. For information about fees in non-member countries, see the
SNOMED International website.

4.9. Solor Integration - Integrating LOINC
Method Attributes and SNOMED CT Concepts

The collaborative agreement between LOINC and SNOMED CT devel opers has enabled informaticists to
leverage SNOMED CT for the representation of the building blocks of LOINC (e.g., method) and for a
more consistent representation of clinical and laboratory observations in SNOMED CT. We utilized the
derivative works from this collaborative effort to represent LOINC and SNOMED CT in Solor, an open-
source ecosystem for integrating disparate medical terminologies in acommon model.

Seamless integration of LOINC and SNOMED CT is non-trivial because LOINC and SNOMED CT
have different semantics models, and use different formalisms and tools for their representation, have
separate release cycles, and different versioning mechanisms. Furthermore, the initial collaboration be-
tween LOINC and SNOMED CT provided equivalent concepts between LOINC laboratory concepts and
SNOMED CT concepts but did not include many clinical concepts from LOINC. In thiswork, our objec-
tives are: (1) to assess the extent to which LOINC method attributes can be represented by concepts in
SNOMED CT, (2) to describe how to integrate equivalent LOINC method attributes and SNOMED CT
conceptsin the Solor common model, and (3) to explore the benefits and challenges of integrating LOINC
and SNOMED CT in the Solor common model.

Methods: We sought to identify the overlaps and gaps between method attributes in LOINC and con-
cepts in SNOMED CT, and integrated the equivalent concepts in Solor — an integrated common model
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for medical terminologies. First, we gathered the list of method attributes from LOINC version 2.63 and
mapped each to a concept unique identifier (CUI) from the UMLS (using the UMLS API). For CUIs rep-
resenting a LOINC method attribute, we retrieved associated atoms from SNOMED CT in the UMLS.
[Cholan_NLM]Next, we imported each LOINC identifier and attached description logic defining whether
there was equivalency of the method attribute to SNOMED CT concepts. When there was an overlap, a
Solor-navigation concept was created which facilitated an inferred taxonomy representation with seman-
tic context from SNOMED CT attached to the right LOINC method attribute. Finally, we evaluated the
alignments obtained between LOINC method attributes and SNOMED CT concepts to determine what
method attributes in LOINC were not covered by conceptsin SNOMED CT.

Results: Semantic profile of LOINC method attributes — The method axis of LOINC is used to specify
methods used for particular clinical observations and measurements. The distribution of the most preva-
lent semantic groups found in LOINC method attributes include procedures (58%), concepts/ideas (14%),
living beings (13%), occupations (8%), and disorders (2%). Whereas, SNOMED CT concepts represent
disorders (22%), procedures (17%), body structures (11%), clinical findings other than disorders (10%),
and organisms (10%).[Bodenreider_Solor]

Coverage of LOINC method attributes by the UMLS and SNOMED CT — Of the 1702 LOINC methods,
1688 (99%) were mapped to aUMLS CUI. Sampling the 1% not mapped implies provisional codes added
to a LOINC version update that were not yet added to the UMLS version release. We computed the cov-
erage of LOINC method attributes by SNOMED CT by analyzing the count of LOINC method attributes
that shared at least 1 UMLS CUI with a corresponding SNOMED CT concept. Of the 1688 CUls that
represented LOINC method attributes, 383 (23%) were associated with a SNOMED CT concept.

Solor Transformation —Solor is an ecosystem that allows users to import, transform, view, and export
content from disparate medical terminologies, all in one common model. Users can navigate and search
Solor content, view details of the data elements, and select specific concepts to view more information.
Solor has two fundamental building blocks: concepts and semantics. A concept is defined as an ideaor a
general notion and is represented by a universally unique identifier (UUID). A semantic is attached to a
concept to provide contextual meaning and semantic data to the concept’ s content.

Integrating LOINC method attributes into Solor required a transformation process in which the LOINC
data was transformed into Solor components using these defining relationships to create OWL EL++ de-
scription logic definitions. The LOINC identifier was used to create a Type 5 UUID for a Solor concept,
so that the identifiers used in Solor are idempotent, and are derivable directly from the LOINC data. Ad-
ditionally, the original LOINC identifier for this concept is properly represented, as are the other data ele-
ments required by the LOINC license. These Solor concepts integrate SNOMED CT and LOINC seman-
tics; the LOINC Method semantic and SNOMED CT semantic are grouped under the same Solor concept.
Thefigure below exemplifiestheintegration: the LOINC method attributeis“AUDIT”, and the SNOMED
CT concept is displayed as “ Alcohol use disorders identification test”.
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Figure4.2. Solor Editor: Representation of LOINC and SNOMED CT inacommon
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Conclusion: LOINC method attributes include concepts ranging from procedures, administrative con-
cepts, occupations, and a small number of disorders and phenomena. Only about 23% of LOINC method
attributes can be directly represented by a SNOMED CT concept. The overall interoperability between
LOINC method attributesand SNOMED CT conceptswas limited at best. I nterestingly, there were anum-
ber of procedures and specimen source details in LOINC method attributes with little or no coverage by
SNOMED CT. One suggestion is for developers of LOINC and SNOMED CT to review these gaps and
include better coverage in future versions, if appropriate.

Solor may assist in providing a collaborative ecosystem to host local extensionsfor SNOMED CT to rep-
resent LOINC method attributes. Currently, implementers of LOINC and SNOMED CT must traverse the
distinct hierarchies of each source terminology and version. Integrating the terminology content of LOINC
and SNOMED CT into the Solor common model may have a beneficial impact on the usability (i.e., re-
duced burden) for implementers in both traversing distinct formalisms and maintaining version control.
It may be helpful to communicate more specific details about LOINC method attributes by leveraging
the right SNOMED CT concepts for additional details about the method attributes. Next steps include
conducting a formative evaluation with a purposive sample of experts in standard clinical terminologies
to assess the benefits and challenges of integrating and representing overlapping LOINC and SNOMED
CT content in Solor's common model. We aim to have this evaluation completed by Summer 2019 and
will include these updated results if accepted. Solor’s integration of disparate medical terminology con-
tent may help implementers and authors of medical terminologies with orienting concepts and traversing
rel ationships between disparate standards.

4.10. Evaluating the impact of implementing
Solor

Electronic clinical quality measures (eCQMs) and clinical decision support (CDS) aerts are triggered by
clinical datathat is encoded by standards based clinical terminologies. Because these measures and alerts
intend to promote evidence-based clinical processes, variations in data caused by having inaccurate or
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antiquated implementations of underlying terminology standards may impact the ability of clinicians to
assess care and improve quality. Jean-Jacques et al. showed that health information technol ogy-supported
quality improvement (QI) initiatives can decrease disparities for some chronic disease management and
preventive measures [QIl]. Data-driven QI efforts rely heavily on patient-level data generated by eCQM
reports or CDS alerts, which are dependent upon standards-based encoded EHR data. If cliniciansrely on
inaccurate implementations of eCQMs and CDS, then they may have lists/alerts with patients intended
to be excluded from a measure/alert, and may therefore, target inappropriate patients for therapies, such
as recommending aspirin use for someone at high-risk for afatal bleeding event. Furthermore, their listy
alerts will not include the newly added patients who may need certain therapies to improve outcomes.
Having accurate eCQMS/CDS may translate into potential lives saved, and avoidable harms. Furthermore,
the comparability of clinical quality performance scores between healthcare organizations is negatively
impacted by the vast variation in standards-based terminology implementations. Vaue-based payment
programs rely on standardized implementations of standards-based data that generate eCQM data to be
able to benchmark scores effectively, and administer value-based payments accordingly. In the current
ecosystem, eCQM data and their underlying standards-based encoded clinical data may not be implement-
ed in a standardized way, and therefore the ability to increase value, and enhance population health, may
be hindered.

For official eCQMsendorsed by CM S, regular updates occur at least annually, and sometimestwo to three
times per year. These updatesto eCQM definitions may result in changes to measurelogic or to the official
sets of included and excluded codes in the standards-based terminologies (i.e. value set vocabularies). In
previous work, we found that clinics often lag behind in implementing the most updated, and accurate,
versions of official eCQM as outlined by value set specifications. When older and newer versions of eC-
QMs were implemented against the same clinical data, we found changes in measurement of quality of
up to 5% difference in overal performance score, and up to 28% difference in the number of patients
included in ameasure' s denominator. [Cholan_shift] Similarly, in other work, we showed that implemen-
tations of the same eCQM using distinct value set specifications also led to variations in the calculated
prevalence of patients at risk for key conditions; and in some cases led to variationsin CQM performance
percentages.[ concepts]

Proposed Study to Evaluate the | mpact of Solor

Purpose

Solor provides an easier way to verify that value sets are up to date and covered. Solor can also suggest
and add additional codes based on Solor concepts to value set specifications. In this study, our objectiveis
to use Solor to identify codes from eCQM value sets, to better understand the usage of these codes against
clinical data, and to assess the impact of the pre and post Solor codes on eCQM performance.

Methods

First, we will identify differences in the coverage of vocabulary specifications — unique identifiers, con-
cepts, code groups, and coding systems— between what iscovered in VSAC value setsand what isintended
to be covered in value sets according to Solor to define global concepts in measures. After this, we will
guery clinical data at xxx to determine the frequency of patients for whom the new Solor codes are used.
Finally, we will implement the measures in a quality measure calculation registry and CDS environment
to estimate the performance differences before and after Solor’s mapping of non-covered value set codes.

Evauation

Wewill computethefrequency of patientswho use any of the codes contained in CQM value sets, stratified
by measure. We will compare the change in frequencies before and after Solor’s addition of equivalent
codes. Wewill use Fisher’s exact test to compare aggregate-CQM performance rates between the original
versions of measures and the versions of measures after Solor value sets are implemented. We will use
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the Jaccard similarity index to assess the similarity between the patients included in the original versions
of the measures, and the versions including complete value set coverage. Number Needed to Treat and
Number Needed to Harm Statistics can be used to calculate the potential harms avoided, and harms causes
based on pre and post Solor encoded data.

Goals
1. Assess VSAC value sets before and after the use of Solor.
2. Understand the frequency of patients that are impacted by newly added Solor value set concepts.

3. Understand how increasing value set code coverage impacts CQM performance estimates, and the pa-
tients included in measure populations, and implications on population health.

Example Resultss

Overlap of patients included in denominators between
2015 and 2017 versions of Aspirin eCQM

Appropriate Use of Aspirin Composite

2017 version For asp_irin use, 1.3% were helped by
. N=1171 preventing a non-fatal heart attack, and 0.25%
were harmed by a major bleeding event

2015 version
N=1290

- 1to 2 people may have been harmed
\\ if the old definition persisted

\ «  With statin therapy, 1 in 21 people have a

N=1158 (98.9%) repeat heart attack

- ~1 of the 14 inappropriately included
/’ may have been harmed

Dropped \.c“l) ,\d:.h-d
N=132(10.2%) N=13(1.1%)

B 102017 version 18 2015 version [ 1 both versions

Assuming that the Solor value set specifications of a measure represent “perfect” inclusion, then every
newly included patient can be thought of as needing the evidence-based therapy (such as aspirin for sec-
ondary prevention of heart attacks) in order to avoid bad outcomes. Under the same assumption, every
dropped patient between value set versions of a measure can be thought of as avoiding potential harm
caused by the promoted therapy. For aspirin use, Number-Needed-to- Treat (NNT) statistics show that of
patients with known cardiovascular risk who took aspirin, 1.3% were helped by preventing a non-fatal
heart attack, and 0.25% were harmed by amajor bleeding event.[Aspirin], [antiplatelet] In the Cholan et a
study [Cholan_shift], 121 (92%) of the patients dropped in the Solor version of the Aspirin measure were
also taking an anticoagulant medication, so the Number-Needed-to-Harm (NNH) statistic for this subset
of patientsis likely much higher, and for these clinics, 1 to 2 people may have been harmed if the pre-
Solor definition persisted, as Hansen et. al showed that patients with combinations of aspirin, warfarin,
and clopidogrel are associated with up to athree-fold higher risk of bleeding for patients on dual therapy
and triple therapy.[Hansen] With another measure for statin therapy, 1 in 21 people have a repeat heart
attack, stroke or death avoided, so even 10 missed people have significant risk of events. Similarly, 10%
are harmed by muscle damage or pain, or ~1 of the 14 inappropriately included.[efficacy] Even in this
small study, failuretoinclude or exclude patients could haveled to real harm. With eCQM implementation
and QI infrastructure increasing, the problem of having, and using, antiquated CQM versions of value sets
could have significant potential negative impact on population health by not avoiding events, and avoiding
harms for patients.
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5. Language

Language is used to describe identified components. While the initial focus of Solor will be to use the
English language versions from the foundational coding systems, support for other languages will be in-
cluded as a part of Solor.

5.1. Language Layer Concerns
5.1.1. Language

SNOMED CT, LOINC, and RxNorm as well as other coding systems have various ways of representing
language.

Descriptionsin SNOMED CT include one Fully Specified Name and at |east one synonym for each lan-
guage. The Preferred and Acceptable Synonyms per language are then specified in aLanguage Reference
Set. Any additional synonyms, other than the preferred, that are relevant for alanguage would be identifed
as acceptable.

Table5.1. Description and RefSet Valuesfor Myocardial infarction

Description Term Description Type Refset(s) Refset Acceptability
Myocardial  infarction|Fully Specified Name |US and GB Dialects Preferred

(disorder)

Myocardial infarction | Synonym USand GB Dialects Preferred

Infarction of heart Synonym USand GB Dialects Acceptable

Cardiac infarction Synonym USand GB Dialects Acceptable

Heart attack Synonym USand GB Dialects Acceptable

Ml - myocardial | Synonym USand GB Dialects Acceptable
infarction

Myocardial infarct Synonym USand GB Dialects Acceptable

RxNorm identifies language in the RXNCONSO filein the STR field. The language of the name is spec-
ified in the LAT field and the source the name comes from is represented in the STT field. The namesin
the RXNCONSO are not unique as the same name can come from multiple sources.

Table5.2. RxNorm Strings Associated With " 100 ML Acetaminophen 10 MG/ML

I njection”

Property STR

Prescribable Synonym acetaminophen 1000 MG in 100 ML Injection
RxNorm Name 100 ML Acetaminophen 10 MG/ML Injection
RxNorm Synonym acetaminophen 1000 MG per 100 ML Injection
RxNorm Synonym 100 ML APAP 10 MG/ML Injection

LOINC has names spread across multiple fields with the Fully Specified Name constructed as a concate-
nation of the six parts. It also contains a Long Common Name and a Short Name. The screenshot from
Komet below exemplifiesthe 6 LOINC parts: Component, Method, Property, Scale, System, and Timing.
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5.1.2.

Table 5.3. LOINC Representation of " Glucose [Presence] in Urine by Test strip
--4.5 hours post 75 g glucose PO"

Glucose™4.5H |PrThr Pt Urine Ord Test strip
post 75 ¢
glucose PO
|
Regular name ~ | Inferred ~ | History| |oFF Pl @ E: v Plasmodium sp Ag [Identifier] in Blood Focus [ON
¥ O SOLOR concept . » Expand All History [_Jore| ~
» @ Metadata
v @ SNOMED CT Concept ¥ CON '
Active in SOLOR overlay module on Development path
» @ Body structure
Attachments:
» @ Environment or geographical location 0 SR LONCID P
» @ Event 51865-4
» @ Organism § ® R LONCrecordassemblage *
» @ Pharmaceutical / biologic product component: Plasmodium sp Ag
v @ Phenomenon g'rz‘:::;: prid
» O Body structure phenomenon scale: Nom
» @ Clinical finding fl’:f:g_“:'d
» O Dried blood specimen phenomenon
» O Inheres in Body structure phenomenon
» O Inheres in Organism phenomenon > F Plasmodium sp Ag [Identifier] in Blood 9
» O Inheres in Pharmaceutical / biologic product pher &
» O Inheres in Substance phenomenon RO eI *

» @ Observable entity

» O Organism phenomenon

Descriptions within a coding system can span multiple languages. For example, "deja vu" exists in both
the French and English languages as it is the description used to describe the memory finding.

Dialect

Merriam-Webster's Dictionary definesadialect as"aregional variety of language distinguished by features
of vocabulary, grammar, and pronunciation from other regional varieties and constituting together with
them asinglelanguage". Two common differences between dial ects deal with spelling variantsand phrases
that have alternate meanings. An example of a spelling variant would be "Anesthetic" in the US dialect
versus"Anaesthetic" inthe British dialect. The sameword in one dial ect can mean have adifferent meaning
in another, for example "napkin" in the US is used to describe a piece of cloth or paper used to wipe the
hands and mouth at atable whilein the UK it is used to describe a diaper.

Table 5.4. Description and RefSet Valuesfor Epidural anesthesia

Description Term

Description Type

Refset(9)

Refset Acceptability

Epidura anesthesia| Fully Specified Name  |USand GB Diaects Preferred
(procedure)

Epidural anesthesia Synonym US Dialect Preferred
Peridural anesthesia Synonym US Dialect Acceptable
Local anesthetic epidural | Synonym US Dialect Acceptable
block

LA - Loca anesthetic|Synonym US Dialect Acceptable
epidural block

Epidural anaesthesia Synonym GB Dialect Preferred
Peridural anaesthesia Synonym GB Dialect Acceptable
Local anaesthetic| Synonym GB Dialect Acceptable
epidural block
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Description Term Description Type Refset(s) Refset Acceptability
LA - Loca anaesthetic| Synonym GB Dialect Acceptable
epidural block
Epidural block Synonym USand GB Dialect Acceptable
Extradural block Synonym US and GB Dialect Acceptable

5.2. Cross Cutting Concerns

5.2.1.

5.2.2.

Understandability, Reproducibility, and Utility

The language used to describe a component must be concordant with the underlying semantics of the
object being identified. Therefore, there needs to be guidelines in place to ensure only correct terms are
associated with an object in Solor.

Having a consistent naming convention defined will assist with textual queriesto identify duplicateswhen
conceptsare primitive and not ableto befully defined using relationshipswithin Solor. Having a consistent
way of representing Fully Specified Names will alleviate the issue of users creating duplicate concepts
like "Disorder of immune function" and "Immune function disorder".

Consistent naming is also important to support effectiveretrieval. For example, the SNOMED CT concept
386560004 |Glasgow coma score finding (finding)| has 13 children all with the string Glasgow comascale
instead of Glasgow coma score.

Another common issue is to add a synonym to a.concept that is more specific than the concept itself. A
concept should only have synonyms that accurately represent a concept and not any of its children. If a
synonym has a more specific meaning, a new. concept should be created.

Language Query Requirements

For a search engineto retrieve meaningful results, it must be able to understand common usages of every-
day jargon, similar to how synonyms are used to help broaden the way to express the same word. This
section describes several strategies used to help with a query.

Word variants— Similar to synonyms, word variants are used to express the same word. While synonyms
are explicitly created as a term to describe a concept (for example, SNOMED's "Heart attack” and "My-
ocardial infarction"), word variants are utilized during searching to assist in finding the correct concept,
rather than explicitly creating the term. Hypothetical example - if "kidney failure" is a term created for
a concept, aword variant of 'renal’ could be created for 'kidney'. Instead of explicitly creating a separate
term of "renal failure", thisword variant could be utilized during searching to find all concepts that have
the explicit term of "kidney failure" when a user enters "renal failure" by replacing "rena” with "kidney".
Thiswould create the burden of creating all possible variant terms for a given word.

Misspellings— Certain terms are more commonly misspelled when searching over healthcare descriptions.
The ability for a search mechanism to recognize them and to search over both the correct and incorrect
spellingswill help to identify the correct concept. For example, perineal vs peroneal and aphagiavs apha
sia

Word order — Terms can be combined in different waysto mean the same synonym. The ability to search
over aterm in varying order of phrasesisimportant. For example, Disorder of the eye vs Eye disorder.

Components query — The importance of this searching strategy comes into play when a certain focusis
desired for the search result. For example, in LOINC, there may be circumstances where a certain axis
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is desired for the search. Similarly, a certain hierarchy may be desired when searching in SNOMED. For
example, "cold" isasynonym of common cold (adisorder) in SNOMED, and also exists as " cold sensation
quality" (aqualifier value). By allowing usersto limit the search criteria (disorder vs. qualifier), the most
appropriate query result will be returned to the user.

Activeand inactive— Concepts and termswill comein and out of use over time. Thisis often indicated by
an activelinactive designation. In order to properly return concepts/termsthat are active, query parameters
must contain a parameter to designate if the query result should/should not return active and inactive
concepts or terms.

Regular Expressions - Regular expression or regex is a sequence of characters that defines a search
pattern. This pattern would alow a user to retrieve results based on a certain pattern. For example "a|
b*" would return all "a", "b" and other b's that fits the pattern such as "bb", "bbb", "bab", etc. Since the
depth and breadth of regular expression is beyond the scope of this document, various syntaxes, usage and
explanation can be found in many resources such as https://regexr.com/.

Grouping Results by hierarchy - This search requirement can be thought of as a complement to "com-
ponents query"”. After casting awide net, results could be a bag of various terms (common cold vs. fegling
cold) that may be cumbersome for users to sift through if it is not organized in an orderly fashion. There-
fore, if results are placed together in alogical grouping, it would assist the user in finding the appropriate
query result. For example, in SNOMED, it may be worthwhile to group results by hierarchy (disorder vs.
procedures) to allow a user to look for aresult in a desired domain or in RxNorm where all Ingredient
results are grouped separately from Semantic Clinical Drug results.

42



https://regexr.com/



Draft Definitional

Draft

6. Definitional

6.1. Introduction

We, ashumans, are ableto expressindividual conceptsand expand on just the name of the concept, because
we are able to associate certain characteristics to individual concepts to further describe itself, as well as
establishing connections or relationships between concepts. Once concepts have a meaning beyond just a
name, and have relationships to other meaningful concepts, then reasoning can occur.

Whilethe purpose of Languageisto provide necessary vocabul ary to express various domains of medicine,
the purpose of the Definitions are to expand on just a name to go with an idea - single concepts with a
name by itself adds no value. In other words, a system must be capable of capturing not just the words of
the concept, but also provide a mechanism to express characteristics of that concept (it has the color white
[assuming color and white are already defined]) and rel ationships between concepts (it is a beta-blocker).
Additionally, oncerelationships of meaningful concepts are established, reasoning can occur (beta-blocker
is used to treat high blood pressure, therefore, it treats high blood pressure).

Onceasystemisableto 'digest' the meaning of concepts, it can begin to utilize logic to conduct reasoning.
Inthefield of computer science, the study of Description Logicisto represent the domain, then using these
concepts to specify properties of objects and individuals occuring in the domain. Additionally, another
feature of Description Logic isthe capability to conduct reasoning on represented knowledge®. The goal of
this section isto first provide a primer to those who may not be fully immersed in the study of description
logic, then an introduction to Solor designs to allow for a robust representation and relationships of con-
cepts, followed by topics or concerns from Solor devel opers and contributors that necessitate a discussion
on why these concerns could affect a system to conduct reasoning properly or successfully.

6.2. Description Logic Primer

6.2.1. Description Logic

Description Logics (DL) consist of afamily of formal knowledge representation language that implements
mathematical logic to support formal expressions, reasoning, and formal proof. It istypically more expres-
sive than propositional logic, which only deals with fixed truth values, which may or may not be true (e.g.
"itisraining"), and cannot have variables to represent 'things' (e.g. books or temperature). However, it is
less expressive than first-order logic, which assumes the world contains Objects, Relations and Functions,
allowsvariables and can quantify over non-logical objects. The main design principle of Description Log-
icsisits balance between expressivity and computational complexity to suit different applications, with
medical ontology modeling being one use case.

DL s provides away to model the domain by providing three entities: concepts, rolesand individual names:
» Concepts - represents sets of individuals

* Roles - relations between concepts

* Names - individual name to represent concepts

Instead of fully describing the state of a domain, as one would with a database, DLs contain axioms, or
statements. These axioms capture partial knowledge about the situation that the ontology is describing,
and there may be many different states of the world that are consistent with the ontologyz. With a proper

1 Badder, F., Nutt, W. (2003). The description logic handbook. Retrieved from https://www.inf.unibz.it/~franconi/dl/course/dihb/dlhb-02.pdf

2Krotzsch, M., Simanik, F., Horrocks, 1. (2013). A Description Logic Primer. Retrieved from https://arxiv.org/pdf/1201.4089.pdf
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modeling of forma semantics, DLs allows humans and computer systems to unambiguously exchange
ontologies without losing their meaning, and also provides the capability to infer (reason) additional in-
formation from given facts in order compute a conclusion.

6.2.1.1. Definitional Operators

Once statements or axioms are established, a set of syntax and properties are used for further expressivity.
Below isan overview of common DL syntax and properties seen in the medical domain, and major design
considerations for Solor.

6.2.1.1.1. Conjunction

Example: A B (A and B)

"A and B" istrue only if A istrueand B istrue. This syntax is aso known as intersection.
6.2.1.1.2. Disjointness

Example: A ;B (A or B)

"A or B" istrueif A istrue, or if B istrue, or if both A and B aretrue. This syntax isaso known as union.
6.2.1.1.3. Reflexive roles

Every element isrelated to itself. For example, X = X

6.2.1.1.4. Role inclusions [j
Example: A B (al A are B)
Roleinclusions allow expression of role hierarchies, transitive roles and right identities.
6.2.1.1.5. Necessary axioms
Condition A is said to be necessary for Condition B, if falsity of A guarantees the falsity of B.
In other words, if A then B: B is nhecessary for A because A cannot be true unless B is true.
Example:
* A =Human being isalive
» B = Airisnecessary for human being to breathe

o If "Human being isalive", then "human being has air to breathe"

6.2.1.1.6. Sufficient axioms
Condition A is sufficient for Condition B, if and only if truth of A guarantees the truth of B.

Continuing with the 'necessary’ example, air by itself does not guarantee a human being is alive since
other factors are required, such as water. In other words, there are several conditions that are required for
a human being to be aive, and a sufficient set of these conditions must be present in order for a human
being to be dive.

6.2.1.1.7. Defining relationships

Rolerelationships are represented as existential restrictions. These are used to logically represent aconcept
by establishing arelationship with other concepts. Thiswill be further elaborated in the Solor Definitional
Knowledge chapter of the Definitional section.
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6.2.1.1.8. Quantities

Concrete domains are a construct that can define new classes by specifying restrictions on attributes that
have literal values (as opposed to relationships to other concepts). The binary operators, equal to, greater
than, greater than or equal to, less than, and less than or equal to, can be used in concrete domain expres-
sions, and literal values can be integers, floating point numbers, string literals, and dates. 3

Concrete domains are used to model quantities in the definition of concepts, such as defining how much
ibuprofen may be in a medication tablet. This is further examined in the Topics of Concern chapter of
the Definitional Section.

6.2.1.1.9. EL++

6.2.2.

Since Solor is based on SNOMED, and SNOMED utilizes a subset of EL++, a brief introduction to this
topic appears to be necessary.

According to W3.org4, EL++ isalightweight description logic that admits sound and compl ete reasoning
in polytime. It is a syntactic fragment of OWL 1.1 DL. In particular, it shares the semantics of OWL 1.1
DL. The design goals behind EL ++ were two-fold:

* capture the expressive power that is used by large-scale ontologies from practical applications
« have polytime reasoning problems, in particular classification and instance checking

As of 2011°, SNOMED CT content limits itself to a subset of the EL++ formalism, restricti ng itself to
the following operators:

e Top, bottom

» Primitive roles and concepts with asserted parent(s) for each

» Concept definition and conjunction but NOT digjunction or representation of absence
» Role hierarchy but not role composition Domain and range constraints

» Existential but not universal restriction

A restricted form of roleinclusion axiom (XRy * ySz => xRz)

» Thelogic will be extended in the near future to include General Concept Inclusion Axioms

Terminology Layer Exclusions

While computation of language representation is an advanced area, there are certain scenarios that are
highly complex and which we humans either cannot consistently explain how a machine should interpret
or therejust is no way to consistently create the content in a manner which a machine can deduce its true
meaning. This section describes such scenarios, which would create known undesired effects, or will be
handled separately from normal description logic operations.

6.2.2.1. Logical negation

Logical Negation, or "Representation of absence” as it is described throughout this document, is the no-
tion of how to describe something that is not present. The complexity of thistopic is described in [refer-

3SNOROCKET 2.0 Concurrent Domains and Concurrent Classification
4https//www.w3.org/2007/OWL/Wi ki/EL
5https//en.wi kipedia.org/wiki/SNOMED_CT
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ence definitional_conceptAnalysis.xml, section 1.2.1] and illustrates why it is difficult to represent this
notion of something that is not present. Furthermore, it describes how current content in terminologiesis
inconsistently represented. The topic of absence representation is described in greater detail in [reference
absence representation_requirement.xml].

Therefore, content deemed as "absence" content are identified, which is described in [reference
definitional_conceptAnalysis.xml, section 1.2]. Theidentification of this set of content would alow asys-
temto handlethe "absence" computation, when available, in amanner that is separate and more specialized
from typical description logic operations.

6.2.2.2. Measurement

Measurement is a complex topic that can be both addressed through the statement model as well as the
terminology knowledge. Since measurements can be much better represented in the statement model and
to a much more granular level, measurement is a topic that was determined should not be handeled by
normal description logic.

6.3. Solor definitional knowledge

6.3.1.

In order to represent the various domains of healthcare, Solor "stands on the shoulder of giants" by building
on existing content from SNOMED, LOINC, and RxNorm. The purpose of this section is to discuss the
categories within Solor where concepts reside, as well as the relationships used to define the concepts.
Ultimately, the goa of thisrepresentation of concepts and their rel ationshipswoul d support the description
logic component of Solor.

Top level categories

In SNOMED, various hierarchies (e.g. Procedures, Clinical Findings, etc) are used to store and maintain
various concepts. These hierarchies are typically modeled such that higher level concepts (i.e. Disorder
of endocrine system) are more generic than lower level concepts, which are more granular (e.g. Type 1
diabetes mellitus). Through a series of Is arelationships, which will be explained in the next section, one
could traverse down the hierarchy from atop level generic concept to avery specific concept. In an attempt
to gather 'like' concepts, Solor created top level categories of concepts to 'house' concepts that belong to
those categories. This section will describe the intent and purpose of these categories.

6.3.1.1. Body structure

Contains both normal and abnormal anatomical structures.

Example of Body structures include Structure of left lower limb (body structure), Anastamosis, Roux-en-
y (morphologic abnormality) and Skin xenograft (body structure).

6.3.1.2. Environment or geographical location

This hierarchy contains the types of environments and named |ocations such as countries.

6.3.1.3. Event

Events are different from procedures in that they are occurrences that impact health or health care.

6.3.1.4. Medication

This hierarchy is comparable to the Pharmaceutical / biologic product in SNOMED CT and used to rep-
resent drug products.
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6.3.1.5. Object

Natural and man-made objects encountered in the healthcare environment.

6.3.1.6. Organism
Anindividua entity that exhibits the properties of life.
6.3.1.7. Phenomenon

This Hierarchy contains Observable Entities, Clinical Findings, and Disorders.

6.3.1.8. Procedure

Procedures are actions performed in the provision of health care.

6.3.1.9. Qualifier value

Miscellaneous concepts used to represent the values for definitional relationshipsin SNOMED CT.
6.3.1.10. Record artifact

The Record artifact hierarchy is used to represent the names of a clinical document or parts of a clinical
document.

6.3.1.11. Situation with explicit context

Clinical findingsor Proceduresthat have contextual information applied to them. Thiscaninclude concepts
like Family history and Procedures performed in the past or planned in the future.

6.3.1.12. SNOMED CT Model Component

Concepts and attributes used to create and organize SNOMED CT.

6.3.1.13. Social context

Social conditions and circumstances, for example ethnic groups, life styles, occupations, and religions.

6.3.1.14. Special concept

Inactive and navigational concepts from SNOMED CT.

6.3.1.15. Specimen

Material collected for examination or analysis. Usually from a patient but can also be obtained from other
sources, for example a catheter or the environment.

6.3.1.16. Stages and scales
SNOMED CT concepts used to represent stages, grades and scales.

6.3.1.17. Substance

Physical matter from which something is made or which has discrete existence. This hierarchy includes
alergens, agents, substances, and materials used to define Medications, Phenomenon, and Procedures.
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6.3.2. Relationship types

Asaluded in earlier sections, each concept with a name by itself does not provide any additional knowl-
edgeto reason. If the concept " Disorder of endocrine system™ is placed into a bucket of like concepts, such
as "Type 1 diabetes mellitus', without any formal definition, one could not possibly deduce that "Type 1
diabetesmellitus' isatype of endocrine system disorder. Therefore, a series of relationships must be used
to properly define the concept so that the concept could contain additional knowledge for reasoning to
occur. With the simple exampl e of diabetes, it may seem that one could simply createan"IsA" relationship
to relate "Disorder of endocrine system" and "Type 1 diabetes mellitus'. Although it may connect these
two concepts, there needsto be additional relationship typesto further define each concept to provide more
context and knowledge such that a concept is further defined and could provide additional knowledge.
This section describes the relationship types of Solor and provides example of its usage.

6.3.2.1. Accepted relationship types

6.3.2.1.1.Isa

Definition.  IsaRelationships are used to represent ahierarchical parent/child relationship between two
concepts. |s a relationships should only be used in the cases of a true parent child relationship between
two concepts. Only proximal |s arelationships should be distributed in rel eases, however they may exist
in modeling views. Concepts can have more than one Is a relationship but must have at least one Is a
Relationship.

Utility. IsaRelationships give a hierarchical structure to Solor and provide a mechanism to query and
retrieve subtype concepts.

Example. Bacterial pneumonia (disorder) hastwo Is a Relationships, one to Bacterial lower respiratory
infection (disorder) and another to Infective pneumonia (disorder).

6.3.2.1.2. Phenomenon relationship types

Table 6.1. Phenomenon Relationship Types Sub-Domain and Range

Attribute Parent Attribute Domain Range
Associated morphology None Clinical findings/ Morphologically
Disorder abnormal structure
(morphologic
abnormality)
Associated with None Clinical findings/ Clinica finding
Disorder (finding) OR
Procedure (procedure)
OR

Event (event) OR
Organism (organism)
OR

Substance (substance)
OR

Physical object (physical
object) OR

Physical force (physical
force)
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Attribute Parent Attribute Domain Range
Causative agent Associated with Clinical findings/ Organism (organism)
Disorder OR
Substance (substance)
OR
Physical object (physical
object) OR
Physical force (physical
force)
Dueto Associated with Clinical findings/ Clinical finding
Disorder (finding) OR
Procedure (procedure)
OR
Event (event)
Temporally relatedto  Associated with Clinical findings/ Clinical finding
Disorder (finding) OR
Procedure (procedure)
Before Temporally relatedto  Clinical findings/ Procedure (procedure)
Disorder
During During AND/OR after  Clinical findings/ Procedure (procedure)
Disorder
After During AND/OR &fter. ~ Clinical findings/ Clinical finding
Disorder (finding) OR
Procedure (procedure)

Clinical course

Characterizes

Component

None

None

None

Clinical findings/
Disorder

Observable entity

Observable entity

Courses (qualifier value)

Process (qualifier value)
OR

Procedure (procedure)

Body structure (body
structure) OR

Organism (organism)
OR

Substance (substance)
OR

Specimen (specimen)
OR

Physical object (physical
object) OR
Pharmaceutical /
biologic product
(product) OR

Record artifact (record
artifact)
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Attribute Parent Attribute Domain Range
Direct Site None Observable entity Body structure (body
structure) OR
Organism (organism)
OR
Substance (substance)
OR
Specimen (specimen)
OR
Physical object (physical
object) OR
Pharmaceutical /
biologic product
(product) OR
Record artifact (record
artifact)
Episodicity None Clinical findings/ Episodicities (qualifier
Disorder value)
Finding informer None Clinical findings/ Performer of method
Disorder (person) OR
Subject of record or
other provider of history
(person) OR
Person with
characteristic related
to subject of record
(person)
Finding method None Clinical findings/ Procedure (procedure)
Disorder
Finding site None Clinical findings/ Anatomical or acquired
Disorder body structure (body
structure)
Has definitional None Clinical findings/ Clinical finding
manifestation Disorder (finding)
Has interpretation None Clinical findings/ Finding values (qualifier
Disorder value) OR
Colors (quaifier value)
Has realization None Clinical findings/ Process (qualifier value)
Disorder, Observable
entity
Inherent location None Observable entity Body structure (body

structure) OR
Organism (organism)
OR

Substance (substance)
OR
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Attribute

Parent Attribute Domain

Range

Inheresin

Interprets

Occurrence

Pathological process

Precondition

None Observable entity

None Clinical findings/
Disorder

None Clinical findings/
Disorder

None Clinical findings/
Disorder

None Observable entity

Specimen (specimen)
OR

Physical object (physical
object) OR
Pharmaceutical /
biologic product
(product) OR

Record artifact (record
artifact)

Body structure (body
structure) OR
Organism (organism)
OR

Substance (substance)
OR

Specimen (specimen)
OR

Physical object (physical
object) OR
Pharmaceutical /
biologic product
(product) OR

Record artifact (record
artifact) OR

Person (person)
Observable entity
(observable entity) OR
Laboratory procedure
(procedure) OR
Evaluation procedure
(procedure)

Periods of life (qualifier
value)

Autoimmune (qualifier
value) OR

Infectious process
(qualifier value) OR
Hypersensitivity process
(qualifier value) OR
Pathological

developmental process
(qualifier value)

Clinical finding
(finding) OR
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Attribute

Parent Attribute Domain

Range

Procedure device
Property

Process agent

Process duration

Process output

Relative to

Relative to part of

None Observable entity
None Observable entity

None Observable entity

None Observable entity

None Observable entity

None Observable entity

None Observable entity

Precondition value
(qualifier value) OR

Procedure (procedure)
Device (physical object)
Property of
measurement (qualifier
value)

Body structure (body
structure) OR

Organism (organism)
OR

Physical object (physical
object) OR
Pharmaceutical /
biologic product
(product) OR

Substance (substance)

Time frame (qualifier
value)

Substance (substance)
OR

Process (qualifier value)

Body structure (body
structure) OR
Organism (organism)
OR

Substance (substance)
OR

Specimen (specimen)
OR

Physical object (physical
object) OR
Pharmaceutical /
biologic product
(product) OR

Record artifact (record
artifact)

Body structure (body
structure) OR
Organism (organism)
OR

Substance (substance)
OR
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Attribute

Parent Attribute

Domain

Range

Scaletype

Severity
Technique
Time Aspect

Towards

None

None

None

None

None

Observable entity

Clinical findings/
Disorder

Observable entity
Observable entity

Observable entity

Specimen (specimen)
OR

Physical object (physical
object) OR
Pharmaceutical /
biologic product
(product) OR

Record artifact (record
artifact)

Quantitative (qualifier
value) OR

Qualitative (qualifier
value) OR

Ordinal value (qualifier
value) OR

Ordinal or quantitative
value (qualifier value)
OR

Nomina value (qualifier
value) OR

Narrative value
(qualifier value) OR

Text value (quaifier
value)

Severities (qualifier
value)

Technique (qualifier
value)

Time frame (qualifier
value)

Body structure (body
structure) OR
Organism (organism)
OR

Substance (substance)
OR

Specimen (specimen)
OR

Physical object (physical
object) OR
Pharmaceutical /

biologic product
(product) OR

Record artifact (record
artifact)
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Attribute Parent Attribute Domain Range

Units None Observable entity Unit of measure
(qualifier value)

Using device Procedure device Observable entity Device (physical object)

6.3.2.1.2.1. Associated morphology

Definition.  Associated morphology is used to define Phenomenon by specifying the morphologic
changes that are characteristic of a disease.

Utility. The Associated morphology is useful in identifying the morphologic change associated with a
disease. Thisisusually grouped with afinding site to fully define a disease.
Example. [7 ##u# i has an Associated morphology of Fracture (morphologic ab-
normality)

6.3.2.1.2.2. Associated with

Definition.  The Associated with attribute is used to define Phenomenon to specify an association be-
tween two concepts that doesn't explicitly state a causal relationship.

Utility. The Associated with attribute is useful to define higher level concepts that collect the various
subtype attributes.

Example. [7 ##### # st # ## # has an Associated with of Acquired immune deficiency syn-
drome (disorder)
6.3.2.1.2.2.1. Associated With Subtype Roles
Associated With has three Subtype Attributes. Causative agent, Due to, and Temporally related to.
6.3.2.1.2.2.1.1. Causative agent

Definition.  The term disease causative agent usually refers to the biological pathogen that causes a
disease, such asavirus, parasite, fungus, or bacterium, or can refer to atoxin or toxic chemical that causes
illness. ©

Utility. The Causative agent attribute is useful to identify the cause of a disease that correctly place the
concept in the proper hierarchy and aid in search and retrieval of concepts.

Example. Welding of stainless stedl is awell recognised cause of occupational asthma, the chrome in
the fume has been shown to be the cause in some challenge tests. Non-stainless steel welding is more
problematic as specific causative agents have not been demonstrated, but neverthel ess occupational asthma
occurs. Probably the best evidence comesfrom longitudinal studies of apprentice welders. Priapism caused
by drug (disorder) has a Causative agent of Drug or medicament (substance).

Welders asthma (disorder) has Causative agent of Welding fume (substance)
6.3.2.1.2.2.1.2. Due to

Definition. Duetoisused to relate a Phenomenon directly with its causal Phenomenon, Event or Proce-
dure. If the Phenomenon, Event, or Procedure does not directly cause the disease then the parent attribute
of Associated with should be used instead.

Shttps://en.wikipedia.org/wiki/Disease_causative_agent




https://en.wikipedia.org/wiki/Disease_causative_agent



Draft

Definitional Draft

Utility. Dueto is used to define concepts where a Phenonmenon, Event or Procedure directly causes
a Phenomenon.

Example. [ ##i #it #t s has a Due to relationship of Cerebrovascular accident (dis-
order)

6.3.2.1.2.2.1.3. Temporally related to

Definition. Temporally related to is used in the Phenomenon hierarchy to specify the clinical entity
occurring either before, during or after a Phenomenon or Procedure.

Utility. Temporally related to is a parent attribute that can be used to describe a more general concept
that will collect the subtypes of Before or During AND/OR éafter.

Example. Thisattributeiscurrently not used to defineaconcept in Solor. However the subtype attributes
are used.

6.3.2.1.2.2.1.3.1. Temporally related to Subtype Roles

Temporally related to has two subtype attributes, Before and During AND/OR &fter.

6.3.2.1.2.2.1.3.1.1. Before

Definition.  Before is used in the Phenomenon hierarchy to define complications that occur prior to a
procedure.

Utility. Todefine Phenomenon that are complicationsthat occur prior to aprocedure the Before attribute
is used to represent the procedure that the Phenomenon occurs prior to.

Example. Thisattribute has not been used to define a concept in Solor.

6.3.2.1.2.2.1.3.1.2. After

Definition. The After attribute is used to define Phenomenon that occur after another Phenomenon or
Procedure.

Utility.  After indicates a sequence of events and not necessarily a cause. If a cause isimplied then a
Due to relationship should be used instead.

Example. [7 ### #ia###H has an After relationship of Testicular ablation (procedure)

6.3.2.1.2.2.1.3.1.3. During

Definition.  The During attribute is used to define Phenomenon that occur during another Phenomenon
or Procedure.

Utility.  During indicates a sequence of events and not necessarily a cause. If acauseisimplied then a
Due to relationship should be used instead.
#

Example. HAHEHAH I R A has a During relationship of Surgical procedure (procedure)

6.3.2.1.2.3. Clinical course

Definition.  The Clinical course attribute is used in the Phenomenon hierarchy to represent both the
course and onset of a disease.

Utility.  Course and onset are two categorizations that are typically used in conjunction with each other
though sometimes are considered separately. For example, sudden onset and short-term courses
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Example. (¥ sesetuesen st # tmons has a Clinical course of Chronic (qualifier value)

6.3.2.1.2.4. Characterizes

Definition.  The Characterizes attribute is used in the Phenomenon hierarchy to specify the process the
property describes and depends.

Utility.  Describe why the role is useful here.

Example. [7 #### #i# has a Characterizes of Cardiac process (qualifier value)
6.3.2.1.2.5. Component

Definition.  The Component attribute is used in the Phenomenon hierarchy to specify the numerator of
arelational property type.

Utility. Describe why therole is useful here.

Example. Hepatitis antibody radioimmunoassay (procedure) has a Component of Hepatitis antibody
(substance)

6.3.2.1.2.6. Direct site

Definition.  The Direct site attribute is used in the Phenomenon hierarchy to define the direct and some-
timestheindirect entity on which and observationismade. Anindirect siteis allowed to be specified when
adirect observation cannot be made.

Utility. Describe why therole is useful here.

Example. Heart rate measured at systemic artery (observableentity) hasaDirect siteof Systemic arterial
structure (body structure)

6.3.2.1.2.7. Episodicity

Definition. The Episodicity attributeis used in the Phenomenon hierarchy to define the episode of care
provided by a healthcare provider.

Utility. Episodicity is not used define the episode of disease experienced by the patient. Episodicity is
not currently used to define conceptsin Solor, but can be used to define new concepts or post-coordinated
expressions as needed.

Example.  Arthritis (disorder) with Episodicity = First episode (quaifier value) representsthe first time
the patient presents to their healthcare provider with arthritis.

6.3.2.1.2.8. Finding informer

Definition.  The Finding informer attribute is used to define the entity that informs about the clinical
finding.

Utility.  Finding informer is used to differentiate patient vs provider determined findings. Finding in-
former is frequently grouped with Finding method.

Example. Complaining of cough (finding) hasaFinding informer of Subject of record or other provider
of history (person)

6.3.2.1.2.9. Finding method

Definition.  The Finding method attribute is used in the Phenomenon hierarchy to define the way a
finding was determined.
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Utility.  Finding method is usually used in conjunction with the Finding informer attribute.

Example. Finding of pulsetaking by auscultation (finding) has a Finding method of Auscultation (pro-
cedure)

6.3.2.1.2.10. Finding site

Definition.  The Finding site attribute is used in the Phenomenon hierarchy to define the body site af -
fected.

Utility. Describe why therole is useful here.

Example. Cervical lymph node abscess (disorder) has a Finding Site of Cervical lymph node structure
(body structure)

6.3.2.1.2.11. Has definitional manifestation
Definition. Retired
6.3.2.1.2.12. Has interpretation

Definition.  TheHasinterpretation attributeisused in the Phenomenon hierarchy to definethe judgement
of the thing being evaluated or interpreted in the Interprets attribute.

Utility. Has interpretation is grouped together to with Interprets to represent what is being evaluated
with its interpretation.

Example.  Electrocardiogram normal (finding) has a Has interpretation of Normal (qualifier value)
6.3.2.1.2.13. Has realization

Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Example. Give an example of correct use here.
6.3.2.1.2.14. Inherent location

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.
6.3.2.1.2.15. Inheres in

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.
6.3.2.1.2.16. Interprets

Definition.  The Interprets attribute is used in the Phenomenon hierarchy to define the entity being eval-
uated.

Utility.  Interpretsis grouped together to with Has Interpretation to represent what is being evaluated
with its interpretation.

Example. Electrocardiogram normal (finding) hasan Interprets of Electrocardiographic procedure (pro-
cedure)
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6.3.2.1.2.17. Occurrence
Definition.  Insert definition here.
Utility.  Describe why the role is useful here.
Example.  Give an example of correct use here.

6.3.2.1.2.18. Pathological process

Definition.  Pathological processesis used in the Phenomenon hierarchy to define the underlying patho-
logical process of adisorder that is not structural and cannot be represented using the A ssociated morphol-

ogy relationship type.

Utility. Describe why the role is useful here.

Example. Lupus hepatitis (disorder) has a Pathological Process of Autoimmune process (qualifier val-

ue)
6.3.2.1.2.19. Precondition

Definition.  Insert definition here.

Utility.  Describe why theroleis useful here.

Example.  Give an example of correct use here.
6.3.2.1.2.20. Procedure device

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.
6.3.2.1.2.21. Property

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example. Give an example of correct use here.
6.3.2.1.2.22. Process agent

Definition.  Insert definition here.

Utility. Describe why the role is useful here.

Example. Give an example of correct use here.
6.3.2.1.2.23. Process duration

Definition.  Insert definition here.

Utility. Describe why the role is useful here.

Example.  Give an example of correct use here.
6.3.2.1.2.24. Process output

Definition.  Insert definition here.
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Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.

6.3.2.1.2.25. Relative to
Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.

6.3.2.1.2.26. Relative to part of
Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.

6.3.2.1.2.27. Scale type
Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.

6.3.2.1.2.28. Severity
Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.

6.3.2.1.2.29. Technique
Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.

6.3.2.1.2.30. Time aspect
Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Example.  Give an example of correct use here.

6.3.2.1.2.31. Towards
Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Example. Give an example of correct use here.

6.3.2.1.2.32. Units

Definition.  Insert definition here.
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Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.

6.3.2.1.2.33. Using device

Definition.  Insert definition here.
Utility. Describe why therole is useful here.
Example.  Give an example of correct use here.

6.3.2.1.3. Procedure relationship types

Table 6.2. Procedure Relationship Types Sub-Domain and Range

Attribute Parent Attribute

Sub-Domain

Range

Access None

Procedure

Surgical access values
(quadlifier value)

Component None

Evaluation procedure

Body structure (body
structure) OR

Organism (organism)
OR

Substance (substance)
OR

Specimen (specimen)
OR

Physical object (physical
object) OR

Pharmaceutical /
biologic product
(product) OR

Record artifact (record
artifact)

Direct substance None

Procedure

Substance (substance)
OR

Pharmaceutical /
biologic product
(product)

Has focus None

Procedure

Clinical finding
(finding) OR

Procedure (procedure)

Has intent None

Procedure

Intents (nature of
procedure values)
(quadlifier value)

Has specimen None

Evaluation procedure

Specimen (specimen)

M easurement method None

Evaluation procedure

Laboratory procedure
categorized by method
(procedure)

Method None

Procedure

Action (qualifier value)
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Attribute

Parent Attribute

Sub-Domain

Range

Priority

None

Procedure

Priorities (qualifier
value)

Procedure device

None

Procedure

Device (physical object)

Direct device

Procedure device

Procedure

Device (physical object)

Indirect device

Procedure device

Procedure

Device (physical object)

Using device

Procedure device

Procedure

Device (physical object)

Using access device

Using device

Procedure

Device (physical object)

Procedure morphology

None

Procedure

Morphologically
abnormal structure
(morphologic
abnormality)

Direct morphology

Procedure morphology

Procedure

Morphologically
abnormal structure
(morphologic
abnormality)

Indirect morphology

Procedure morphology

Procedure

Morphologically
abnormal structure
(morphologic
abnormality)

Procedure site

None

Procedure

Anatomical or acquired
body structure (body
structure)

Procedure site - Direct

Procedure site

Procedure

Anatomical or acquired
body structure (body
structure)

Procedure site - Indirect

Procedure site

Procedure

Anatomical or acquired
body structure (body
structure)

Property

None

Evaluation procedure

Property of
measurement (qualifier
value)

Recipient category

None

Procedure

Person (person) OR

Family (social concept)
OR

Community (socia
concept) OR

Donor for medical or
surgical procedure
(social concept) OR

Group (socia concept)

Revision status

None

Procedure

Primary operation
(qualifier value)

Revision - value
(qudlifier value)
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Attribute Parent Attribute Sub-Domain Range

Part of multistage
procedure (qualifier
value)

Route of administration |None Administration of Route of administration
substance via specific | value (qualifier value)
route

Scaletype None Evaluation procedure Quantitative (qualifier
value) OR

Qualitative (qualifier
value) OR

Ordinal value (qualifier
value) OR

Ordinal or quantitative
value (qualifier value)
OR

Nominal value (qualifier
value) OR

Narrative (qualifier
value) OR

Text value (quaifier
value)

Surgical approach None Surgical procedure Procedural approach
(qualifier value)

Time aspect None Evaluation procedure | Time frame (qualifier
value)

Using energy None Procedure Physical force (physical
force)

Using substance None Procedure Substance (substance)

6.3.2.1.3.1. Access

Definition.  Thisattribute describestheroute used to accessthe site of aprocedure and used to distinguish
open, closed or percutaneous procedures.

Utility.  Describe why the role is useful here.

Example. Open removal of foreign body from colon (procedure) has an Access of Open approach -
access (qualifier value)

6.3.2.1.3.2. Component

Definition.  The Component attribute is used in the Procedure hierarchy to represent what is being ob-
served or measured.

Utility. The Component attribute is used specifically to define Evaluation procedures.

Example.  Fluorescent antibody measurement (procedure) has a Component of Antibody (substance)
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6.3.2.1.3.3. Direct substance

Definition.  The Direct substance attribute is used in the Procedure hierarchy to represent the Substance
or Medicine on which the procedure's method directly acts.

Utility. Medications are currently not used to define Procedures, but can be used in Extensions and
Post-coordinated expressions.

Example. Intra-amniotic prostaglandin instillation (procedure) has a Direct substance of Prostaglandin
(substance)

6.3.2.1.3.4. Has focus
Definition.  Hasfocusis used in the Procedure hierarchy to define the focus of a procedure.
Utility. Describe why the role is useful here.
Example. Viral screening (procedure) has aHas focus of Viral disease (disorder)
6.3.2.1.3.5. Has intent
Definition.  TheHasintent attributeisused inthe Procedure hierarchy to definetheintent of aprocedure.
Utility. Describe why the role is useful here.
Example. Diagnostic procedure (procedure) has a Has intent of Diagnostic intent (qualifier value)
6.3.2.1.3.6. Has specimen

Definition.  Has specimen is used in the Procedure hierarchy to define the type of specimen ameasure-
ment or observation is performed.

Utility. Describe why the role is useful here.

Example.  Give an example of correct use here.
6.3.2.1.3.7. Measurement method

Definition.  Insert definition here.

Utility. Describe why the role is useful here.

Example.  Give an example of correct use here.
6.3.2.1.3.8. Method

Definition.  Insert definition here.

Utility. Describe why the role is useful here.

Example. Give an example of correct use here.
6.3.2.1.3.9. Priority

Definition.  Insert definition here.

Utility. Describe why the role is useful here.

Example. Give an example of correct use here.
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6.3.2.1.3.10. Procedure device

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.
6.3.2.1.3.10.1. Subtype Roles

Procedure device has three subtype roles.
6.3.2.1.3.10.1.1. Direct device

Definition.  Insert definition here.

Utility.  Describe why theroleis useful here.

Example.  Give an example of correct use here.
6.3.2.1.3.10.1.2. Indirect device

Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Example. Give an example of correct use here.
6.3.2.1.3.10.1.3. Using device

Definition.  Insert definition here.

Utility. Describe why therole isuseful here.

Example.  Give an example of correct use here.
6.3.2.1.3.10.1.3.1. Subtype Roles

Using device has a single subtype role.
6.3.2.1.3.10.1.3.1.1. Using access device

Definition.  Insert definition here.

Utility. Describe why the role is useful here.

Example. Give an example of correct use here.
6.3.2.1.3.11. Procedure morphology

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.
6.3.2.1.3.11.1. Subtype Roles

Procedure morphology has two subtype roles.
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6.3.2.1.3.11.1.1. Direct morphology

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.
6.3.2.1.3.11.1.2. Indirect morphology

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.
6.3.2.1.3.12. Procedure Site

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.
6.3.2.1.3.12.1. Subtype Roles

Procedure Site has two subtype roles.
6.3.2.1.3.12.1.1. Procedure site - Direct

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.
6.3.2.1.3.12.1.2. Procedure site - Indirect

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.
6.3.2.1.3.13. Property

Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Example.  Give an example of correct use here.
6.3.2.1.3.14. Recipient category

Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Example. Give an example of correct use here.
6.3.2.1.3.15. Revision status

Definition.  Insert definition here.
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Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.

6.3.2.1.3.16. Route of administration
Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Example. Give an example of correct use here.

6.3.2.1.3.17. Scale type
Definition.  Insert definition here.

Utility. Describe why the role is useful here.

Example.  Give an example of correct use here.

6.3.2.1.3.18. Surgical approach
Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.

6.3.2.1.3.19. Time aspect
Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Example. Give an example of correct use here.

6.3.2.1.3.20. Using energy
Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Example.  Give an example of correct use here.

6.3.2.1.3.21. Using substance
Definition.  Insert definition here,

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.

6.3.2.1.4. Body structure relationship types

Table 6.3. Body structure Relationship Types Sub-Domain and Range

Attribute Parent Attribute

Sub-Domain

Range

All or part of None

Body structure

Body structure (body
structure)
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Attribute Parent Attribute Sub-Domain Range

Proper part of All or part of Body structure Body structure (body
structure)

Constitutional part of Proper part of Body structure Body structure (body
structure)

Regional part of Proper part of Body structure Body structure (body
structure)

Lateral half of Regional part of Body structure Body structure (body
structure)

Systemic part of Proper part of Body structure Body structure (body
structure)

Laterality None Body structure Side (qualifier value)

6.3.2.1.4.1. All or part of

Definition.
Utility.

Example.

Insert definition here.
Describe why the role is useful here.

Give an example of correct use here.

6.3.2.1.4.1.1. All or part of Subtype Roles

All or part of currently has one subtype role, Part of.

6.3.2.1.4.1.1.1. Proper part of

Definition.
Utility.

Example.

Insert definition here.
Describe why the role is useful here.

Give an example of correct use here.

6.3.2.1.4.1.1.1.1. Proper part of Subtype Roles

Part of has three subtype roles that can be further used to define Body structures.

6.3.2.1.4.1.1.1.1.1. Constitutional part of

Definition.
Utility.

Example.

Insert definition here.
Describe why the role is useful here.

Give an example of correct use here.

6.3.2.1.4.1.1.1.1.2. Regional part of

Definition.
Utility.

Example.

Insert definition here.
Describe why the role is useful here.

Give an example of correct use here.

6.3.2.1.4.1.1.1.1.2.1. Regional part of Subtype Roles

Regional part of has one subtype role that can be further used to define Body structures.
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6.3.2.1.4.1.1.1.1.2.1.1. Lateral half of

Definition.  Insert definition here.
Utility.  Describe why the role is useful here.
Example.  Give an example of correct use here.
6.3.2.1.4.1.1.1.1.3. Systemic part of

Definition.  Insert definition here.
Utility.  Describe why the role is useful here.
Example.  Give an example of correct use here.
6.3.2.1.4.2. Laterality

Definition.

Laterality is an attribute used to represent the side of the body to which the body structure

belongs. It is only used for body structures that are symmetric to both sides of the body and is not used

to represent sidedness.

Utility.

Laterality is useful for defining body structures that are symmetric to both sides of the body

only. There are currently no attributes used to represent sidednessthat could define concepts like Structure

of left side of heart (body structure).

Example.

6.3.2.1.5. Situation with explicit context relationship types

Structure of right knee region (body structure) has a Laterality of Right (qualifier value)

Table 6.4. Situation with explicit context Relationship Types Sub-Domain and

Range

Attribute Parent Attribute Sub-Domain Range

Associated finding None Finding with explicit Clinical finding
context (finding) OR

Event (event)

Associated procedure  |None Procedure with explicit | Procedure (procedure)
context

Finding context None Finding with explicit Finding context value
context (qualifier value)

Procedure context None Procedure with explicit | Context values for
context actions (qualifier value)

Subject relationship None Situation with explicit | Person (person)

context context

Temporal context None Situation with explicit | Temporal context value
context (qualifier value)

6.3.2.1.5.1. Associated finding

Definition.
nomenon or Event

Utility.

Associated finding links the Situation with explicit context concept to the related Phe-

The Associated finding attribute is used to link a Phenomenon or Event to the contextual infor-

mation contained in the Finding context, Subject relationship context and Temporal context attributes.
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Example. Family history: Diabetes mellitus (situation) has an Associated finding of Diabetes mellitus
(disorder)

6.3.2.1.5.2. Associated procedure

Definition.  Associated procedure links the Situation with explicit context concept to the related Proce-
dure

Utility.

The Associated procedure attribute is used to link a Procedure to the contextual information contained in
the Procedure context, Subject relationship context and Temporal context attributes.

Example. 183985008 |Rena transplant planned (situation)| has an Associated procedure of Transplant
of kidney (procedure)

6.3.2.1.5.3. Finding context

Definition.  Finding context is used in the Situation with explicit context hierarchy to represent whether
a Phenomenon or Event is known or unknown.

Utility.  Finding context is used to define the contextual information about whether a Phenomenon or
Event is known or unknown.

Example. Chvostek sign positive (situation) has a Finding context of Known present (qualifier value)
6.3.2.1.5.4. Procedure context

Definition.  Procedure context is used in the Situation with explicit context hierarchy to represent the
status of a Procedure

Utility.  Procedure context is used to define the contextual information about the status of a Procedure.
Example. Hemodialysis procedure done (situation) has a Procedure context of Done (qualifier value)
6.3.2.1.5.5. Subject relationship context

Definition.  Subject relationship context is used in the Situation with explicit context hierarchy to rep-
resent the relationship of the finding or procedure to the subject of record. This can be the subject of record
or someone else.

Utility.  Subject relationship context is useful for representing the contextual information regarding who
the Procedure, Phenomenon, or Event is about.

Example. History of arthritis(situation) has a Subject relationship context of Subject of record (person).
Family history: Alzheimer's disease (situation) has a Subject relationship context of Person in family of
subject (person)

6.3.2.1.5.6. Temporal context

Definition.  This attribute represents the time of a procedure or finding when used in the Situation with
explicit context hierarchy

Utility. Temporal context is useful for representing the contextual information regarding when a Pro-
cedure, Phenomenon, or Event occurred.

Example. Hip replacement planned (situation) has a Tempora context of Current or specified time
(qualifier value). The concept History of malignant neoplasm (situation) has a Temporal context of In the
past (qualifier value)

69





Draft Definitional Draft
6.3.2.1.6. Medication relationship types
Table 6.5. Medication Relationship Types Sub-Domain and Range
Attribute Parent Attribute Sub-Domain Range
Has ingredient None Medication Substance (substance)
Has active ingredient Has ingredient Medication Substance (substance)
Has precise active Has active ingredient Medication Substance (substance)
ingredient
Has basis of strength None Medication Substance (substance)
substance
Has manufactured dose |None Medication Pharmaceutical dose
form form (dose form)
Has presentation None Medication Unit of measure
strength denominator (qualifier value)
unit
Has presentation None Medication Number (qualifier value)
strength denominator
value
Has presentation None Medication Unit of measure
strength numerator unit (qualifier value)
Has presentation None Medication Number (qualifier value)
strength numerator value
Has concentration None Medication Unit of measure
strength denominator (qualifier value)
unit
Has concentration None Medication Number (qualifier value)
strength denominator
value
Has concentration None Medication Unit of measure
strength numerator unit (qualifier value)
Has concentration None Medication Number (qualifier value)
strength numerator value
Has unit of presentation |None Medication Unit of presentation
(unit of presentation)
Playsrole None Medication Role (role)
Count of active None Medication Number (qualifier value)
ingredient
Count of base and None Medication Number (qualifier value)
modification pair
Count of base of active |None Medication Number (qualifier value)

ingredient

6.3.2.1.6.1. Has ingredient

Definition.
ingredient for aMedicinal

product.

The Has ingredient attribute allows for the definition of a Substance that can be used as an
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Utility. Thisattribute is not used to define Medicinal product, but is used as a parent attribute for Has
active ingredient. It is considered a grouper attribute for other ingredient attributes like Has active ingre-
dient. It can also be used for querying other ingredient attributes to find any Medicinal product with a
specific ingredient regardless of the subtype attribute used.

6.3.2.1.6.1.1. Has ingredient Subtype Roles
Has ingredient has one subtype role to further define Medications.
6.3.2.1.6.1.1.1. Has active ingredient
Definition.  Has active ingredient represents the substance that has a therapeutic action
Utility.  Describe why the role is useful here.
Example.  Give an example of correct use here.
6.3.2.1.6.1.1.1.1. Has active ingredient Subtype Roles
Has active ingredient has one subtype role to further define Medications.
6.3.2.1.6.1.1.1.1.1. Has precise active ingredient

Definition.  Has precise active ingredient represents the most specific substance present in the manu-
factured dose form

Utility. Describe why therole is useful here.
Example.  Give an example of correct use here.
6.3.2.1.6.2. Has basis of strength substance

Definition.  Hasbasis of strength substanceis used to represent an active ingredient or part of the active
ingredient that the strength of a product is based on.

Utility.  Describe why the role is useful here.

Example.  Give an example of correct use here.
6.3.2.1.6.3. Has manufactured dose form

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example. Give an example of correct use here.
6.3.2.1.6.4. Has presentation strength denominator unit

Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Example.  Give an example of correct use here.
6.3.2.1.6.5. Has presentation strength denominator value

Definition.  Insert definition here.

Utility.  Describe why theroleis useful here.
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Example. Give an example of correct use here.
6.3.2.1.6.6. Has presentation strength numerator unit

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.
6.3.2.1.6.7. Has presentation strength numerator value

Definition.  Insert definition here.

Utility. Describe why the role is useful here.

Example.  Give an example of correct use here.
6.3.2.1.6.8. Has concentration strength denominator unit

Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Example. Give an example of correct use here.
6.3.2.1.6.9. Has concentration strength denominator value

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.
6.3.2.1.6.10. Has concentration strength numerator unit

Definition.  Insert definition here.

Utility. Describe why the role is useful here.

Example.  Give an example of correct use here.
6.3.2.1.6.11. Has concentration strength numerator value

Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Example. Give an example of correct use here.
6.3.2.1.6.12. Has unit of presentation

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.
6.3.2.1.6.13. Plays role

Definition.  Insert definition here.
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Utility. Describe why therole is useful here.

Example. Give an example of correct use here.
6.3.2.1.6.14. Count of base of active ingredient

Definition.  Insert definition here.

Utility. Describe why the role is useful here.

Example.  Give an example of correct use here.
6.3.2.1.6.15. Count of active ingredient

Definition.  Insert definition here.

Utility.  Describe why the role is useful here.

Example.  Give an example of correct use here.
6.3.2.1.6.16. Count of base and modification pair

Definition.  Insert definition here.

Utility. Describe why therole is useful here.

Example.  Give an example of correct use here.

6.3.2.1.7. Substance relationship types

Table 6.6. Substance Relationship Types Sub-Domain and Range

Attribute Parent Attribute Sub-Domain Range

Has disposition None Substance Disposition (disposition)

Is modification of None Substance Substance (substance)

6.3.2.1.7.1. Has disposition

Definition.  The Has disposition attribute relates a Substance with the behavior that the substance will

exhibit or participate in.

Utility. The Has disposition attribute allows for the definition of behaviors like Antimicrobial (dispo-

sition), Decarboxylase (disposition), and Chelating agent (disposition).
Example. Estradiol (substance) has a Has disposition of Estrogen (disposition)

6.3.2.1.7.2. Is modification of

Definition.  The Is modification of attribute is used in the Substance hierarchy to define the structural

modification of another concept

Utility. The Is modification attribute allows for the definition of Substances that are modifications of

other Substances.

Example. Rilmenidine phosphate (substance) has an Is modification of Rilmenidine (substance)
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6.3.2.1.8. Specimen relationship types

Table 6.7. Specimen Relationship Types Sub-Domain and Range

Attribute Parent Attribute Sub-Domain Range

Specimen source None Specimen Morphologically

morphology abnormal structure
(morphologic
abnormality)

Specimen source None Specimen Anatomical or acquired

topography body structure (body
structure)

Specimen source None Specimen Person (person) OR

identity Family (social concept)
OR
Community (social
concept) OR
Environment

(environment) OR
Physical object (physical

object)
Specimen procedure None Specimen Procedure (procedure)
Specimen substance None Specimen Substance (substance)

6.3.2.1.8.1. Specimen source morphology

Definition.  Specimen source morphology is used in the Specimen hierarchy to specify the morphologic
abnormality from which the specimen was obtained.

Utility.  Specimen source morphology is useful for defining the morphol ogic change the Specimen con-
cept was obtained from.

Example. Swab from abscess of brain (specimen) has a Specimen source morphology of Abscess (mor-
phologic abnormality).

6.3.2.1.8.2. Specimen source topography

Definition.  Specimen source topography is used in the Specimen hierarchy to specify the anatomical
or acquired body structure from which the specimen was obtained.

Utility.  Specimen source morphology is useful for defining the body structure the Specimen concept
was obtained from.

Example. Excised breast ectopic tissue sample (specimen) has a Specimen source topography of Breast
structure (body structure).

6.3.2.1.8.3. Specimen source identity

Definition.  Specimen source identity is used in the Specimen hierarchy to specify the person, group or
location from which a specimen was collected.

Utility.  Specimen source identity is useful for defining the entity from which a Specimen concepts was
obtained.
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Example. Environmental swab (specimen) has a Specimen source identity of Environment (environ-
ment).

6.3.2.1.8.4. Specimen procedure

Definition.  Specimen procedureis used in the Specimen hierarchy to represent the procedure perfomed
to obtain the specimen.

Utility.  Specimen procedure is useful for defining Specimen concepts that are obtained by performing
aprocedure.

Example.  Specimen from eye obtained by fine needle aspiration biopsy (specimen) has a Specimen
procedure of Fine needle aspiration biopsy of eye (procedure).

6.3.2.1.8.5. Specimen substance

Definition.  Specimen substance is used in the Specimen hierarchy to specify the type of substance a
specimen is comprised.

Utility.  Specimen substance is useful for defining the substance the Specimen concept is comprised of.

Example. Arterial blood specimen (specimen) has a Specimen substance of Arterial blood (substance).

6.4. Topics of Concerns
6.4.1. Introduction

In order for a computer system to perform reasoning properly, it must be instructed with very specific
steps. However, there exist scenarios that would cause a reasoner to fail or improperly interpret the logic.
Therefore, these different groups of concepts must be handled differently with aspecific set of instructions.
The purpose of this section isto introduce various topics that are of concern within aterminology system.

6.4.2. Content Requiring Special Handling
6.4.2.1. Purpose

The creation of groupings (Assemblage) containing SNOMED CT concepts that require special handling
supports the maintenance of this content over time without the necessity of re-reviewing the entire con-
tent. Within Solor, these various Assemblages are imported and are properly grouped within the system.
Subsequently, a set of rules could be devel oped and applied to handle each of the cases appropriately.

Concepts may require special handling for a number of reasons:

* Hierarchies may be incorrect and could affect retrieval

» Concepts may reguire retirement or movement to the “ Situation” hierarchy
» Use of concepts may have to be limited

This section outlines the agreed upon rules, the reasoning for applying those rules and provides practical
examples of how they are applied.

The conceptsidentified in thistask as either meeting inclusion or exclusion criteriabelong to the following
categories:
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 Concept includes absence

» Concept is not related to the subject of record

» Concept is acompound observations concept

» Concept includes laterality

» Concept isan inverse of a concept

 Concept is aprimitive concept that should be fully defined

» Concept is symmetrically modeled
6.4.2.2. Special Handling Categories

6.4.2.2.1. Absence Representation

Absence, wherein the strictest sense within the descriptionlogic realm, is"NOT" and it means"everything
but". If one were to express "not diabetes’, it equates to "everything but diabetes".

This is further complicated within SNOMED by the parent-child relationship "Is A". Take the following
figure as an example:

Figure 6.1. Effect of IsA on absence

l
.

Having an “Apple” = Having a “Fruit” ‘ Having “No Fruit” = Having “No Apple”

| %

Having a “Fruit” # Having an “Apple” Having “No Apple” # Having “No Fruit”

Inahierarchical structure, IsA isaone-way pointer. If B isachild, and A isaparent, that meansB "Is A"
A. However, one cannot flip that relationship. For example, one can expressthat oneis"having an apple”,
and by the definition of "Is A", one can assume that one is "having a fruit" (apple is a fruit). However,
thisdirectionality cannot be flipped because "having afruit" does not necessarily mean that oneis"having

an apple".

In aseparate example, what if "No apple" isachild of "No fruit"? If onewere having "no apple”, it doesn't
necessarily mean that one is having "no fruit" (one could very well have other fruits). However, in this
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scenario, if one were to express having "no fruit", one could deduce that one is also having "no apple".
Note the directionality of the "Is A" in this scenario, which is opposite of the previous example.

Not shown in the figure, but what if "No apple" isachild of "Fruit"?

Although simplistic, this example shows how an absence concept in a hierarchical structure significantly
complicates any calculations. Without away to properly identify if aconcept isan 'absence' concept, com-
putational methods could not be applied because the directionality as shown with the apple/fruit example
would complicate any calculations.Therefore, it was deemed necessary that such "absent” concepts within
SNOMED required identification such that they can be segregated for further special handling.

“Absence’ vs. “Affirmation” are two polar opposite paradigms within the SNOMED CT Concept Model.
Where “ Affirmation” represents a statement that e.g. afinding or adisorder is present, absent states their
absence.

However, in SNOMED, the expression of "no diabetes' isapositive assertion that something isnot present.
This is different than "everything but diabetes’. As a result, these two potentially different semantics
could lead to confusion and delay if one were to apply computational methods - does "No diabetes' mean
"everything but diabetes' or "diabetesis not present"?

Example:
65124004 |Swelling (finding)| vs. 300890009 |Swelling absent (situation)|

“Absence” concepts are generally located in the 243796009 |Situation with explicit context (situation)|
hierarchy, where the Context terminological model isconsistently applied. Conceptsincluding or implying
absence, which are located outside this hierarchy pose challenges for the logical semantic hierarchies
they reside in. This study focused only on identifying concepts that are currently not located within the
“situation with explicit context” hierarchy. Some of these identified concepts may need to be relocated to
the situation hierarchy as aresult of this project.

Currently the logical hierarchy for absence concepts remains “upside-down”.

Example:

162298006 |No headache (situation)| is a subtype of 81765008 |No pain (situation)|, but “no headache”
does not necessarily mean the patient has no pain.

6.4.2.2.1.1. Approach

Theinitial task was to evaluate 50,000 concepts and determine their potential membership in one or more
of the Assemblages.

For each of the Assemblages for inclusion, word patterns that explicitly or implicitly identify a concept as
amember of the Assemblage were developed. As afirst automated step, queries using string matching of
those patterns or keywords were applied to the following SNOMED CT hierarchies:

1. Clinical Findings
2. Procedures
3. Body Structures

Based on the keywords, terminologists developed a set of rulesfor each inclusion/exclusion to be applied
to each Assemblage.

The sets of concepts that resulted from the initial automated query were then assigned to at least two
independent reviewers to confirm or deny Assemblage membership for each concept based on the rule
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sets. Disagreements between the reviewers were extracted and analyzed to determine if the rules needed
to be adjusted in order to achieve maximum reproducibility. Adjustmentsincluded clarifying rules, adding
rules or in some cases eliminating ambiguous rules.

Certain concepts such as “Dental referral - child (procedure)” or “Fetal distress affecting management of
mother (disorder)”, which were identified as ambiguous to an extent, where inclusion or exclusion from
Assemblage membership could not be determined were extracted and added to a separate Assemblage.

6.4.2.2.1.2. Rule Set Considerations

Besides clearly stated absencein the SNOMED CT (SCT) Fully Specified Names (FSN), implied absence
had to be considered in anumber of contexts.

Example: Symptom not changed (finding) vs. Late syphilis with clinical manifestations other than neu-
rosyphilis (disorder)

Thefirst concept clearly statesthe absence (“NOT changed”), thewords* other than” in the second concept
impliesit.

RulesFor Inclusion in “ Absence” Assemblage

» FSN states that something about the Subject of Record is “absent”.

Example: Ankle movement absent in “ No ankle movement (finding)”

» FSN states that something about a procedure is “absent” (Assumption: Procedures are documented,
when they are carried out on a Subject of Record).

Example: Useof contrast mediaabsent in“ Magneti c resonance imaging without contrast (procedure)”
» FSN negates everything “other” than what it describes.

Example: Perception of nothing other than light in “ Perceives light only (finding)”

6.4.2.2.1.3. Queries to Identify Candidate Concepts for Absence Assemblage

Identify content that would need to be evaluated for absence concepts:
« All Situations with a Finding Context = Known Absent
« All Situations with a Procedure Context assigned

» Any concept in Clinical Findings, Procedures, Situation with Explicit Context, and Body Structures
hierarchies with strings matching:

* no

* not

* unilateral
* none
 without
e only

* unable
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« inability

The query results were reviewed and either accepted or denied based on the development of a set of rules
as described above.

6.4.2.2.1.4. Examples for Inclusion/Exclusion in Absence Assemblage

Keyword: “NO”

276035000

304327001

164399008

405491001

226238008

No help available (finding)
No ankle movement (finding) v
Something about the subject of record is “absent™
Electrocardiogram: no heart block (finding) L
Adverse incident resulting in no harmful -
effect (finding)
No beef diet (finding) @ “No beef” iz not about the subject of record — it is about the diet.

Keyword: “NONE” or " NON-X"

Sensory nerve conduction block - none

308278002
(finding)

369984009 (1"““5 ;““g) A I R S A v et e ahat the subjocknl retard 1= absn

50874004 Nonerosive nonspecific gastritis (disorder) L

34390007 A e Lot v Something about the procedure is “absent”
(procedure)

445303008 Compression of lymphedema using - - 5
L e Tare) @ Nonelastic” does not apply to the procedure itself

Keyword: “NOT”

288887001

401169009

248256006

303863001

183052003

Does not eat (finding)

Natyatwalking (Gnding) < Something about the subject of record is “absent™
Not getting enough sleep (disorder) v

(R:;::e‘cfu'::;)lfdislouted joint, not prosthetic - Something about the procedure is “absené”

R dation not to eat (procedure) @ “Not™ does not apply to the procedure itself

Keyword: “UNILATERAL”

257840004

253662002

715905006

External fixation using static unilateral

bar (procedure)

Double aortic arch with unilateral atresia v Unilateral means that something about the concept is “absent™
(disorder) from one side and not the other

Unilateral polymicrogyria (disorder) v
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Keyword: “WITHOUT”

41119002 Akinetic seizure without atonia (finding)

Aafazillp :nﬁ:';;..ﬁ:)mce without sensory swareness s Something about the subject of record is “absent™
400081000 Blister without infection (disorder) v

90084008 :;n;ﬂ; e edum)' Elbe;witkont v Something about the procedure is “absent”

Keyword: “ONLY”

260296003 Perceives light only (finding)

170745003 Diabetic on diet only (finding)

267728009 Blind or low vision - one eye only (disorder) v e oties kit EEUE (- 0e St
Mediasti PY - inspection only e

173209004 T

169471006 Progestogen-only pill failure (finding) @ “Progestogen-only” is about the pill. not the subject of record.

Keyword: “UNABLE”

282475008 Unable to run (finding)
Something about the subject of record is “absent™
288885009 Unable to eat (finding)

Keyword: “INABILITY”

47695004 Inability to cope (finding)
Inability to imitate tongue movements & Something about the subject of record is “absent”

249881006 (fnding)

Keyword: “REJECTED”

Note: "Rejected" was not one of the original search strings but wasidentified while eval uating the concepts
for inclusion.

135839007 Sample rejected (finding) Someth.mg abont ﬂm s-bjec( of record iz “absent™

P iplelSp " was taken from the subject of
373880007 Speci jetted | motpracessed(nding) v record.
284348003 fp’r':::":“‘g Eticeted fransplanied Rud s ® “rejected” is not about the procedure — it is about the kidney.

6.4.2.2.2. Concepts Where Patient Is Not Subject of Record

The default context of SNOMED CT concepts as stated in the SNOMED CT Editorial Guide means that,
unless stated otherwise within the description or the definition of the concept, clinical findings are occur-
ring to the subject of record (the patient) and proceduresare performed on the subject of record (the patient).
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The only exceptions are concepts whose description actually contains a specific context (e.g. father
smokes), and these are all grouped in the “ situation with explicit context” hierarchy. Concepts, where the
patient is not the subject of record outside this hierarchy do not adhere to the guidelines. This study did
not focus on the concepts within the “situation with explicit context” hierarchy as they have their context
already identified using the context attributes.

6.4.2.2.2.1. Approach

Theinitial task was to evaluate 50,000 concepts and determine their potential membership in one or more
of the Assemblages.

For each of the Assemblages for inclusion, word patterns that explicitly or implicitly identify a concept as
amember of the Assemblage were developed. As afirst automated step, queries using string matching of
those patterns or keywords were applied to the following SNOMED CT hierarchies:

1. Clinica Findings
2. Procedures
3. Body Structures

Based on the keywords, terminologists developed a set of rules for each inclusion/exclusion to be applied
to each Assemblage.

The sets of concepts that resulted from the initial automated query were then assigned to at least two
independent reviewers to confirm or deny Assemblage membership for each concept based on the rule
sets. Disagreements between the reviewers were extracted and analyzed to determine if the rules needed
to be adjusted in order to achieve maximum reproducibility. Adjustmentsincluded clarifying rules, adding
rules or in some cases eliminating ambiguous rules.

Certain concepts such as “Dental referral - child (procedure)” or “Fetal distress affecting management of
mother (disorder)”, which were identified as ambiguous to an extent, where inclusion or exclusion from
Assemblage membership could not be determined were extracted and added to a separate Assemblage.

6.4.2.2.2.2. Rule Set Considerations

Definition for Inclusion: The SNOMED CT concept is about something / someone other than the
patient.

Although it can be assumed that all SNOMED CT concepts which are included in this Assemblage are
ultimately used to document something in a patient’ s record, this particular concept for documentation is
NOT about the patient.

Rulefor Inclusion in “Patient Not Subject of Record” Assemblage:

The concept is about patient’s family, family members, friends or other social contacts, even if it is the
patient’ s family members, friends or other social contacts.

Examples:
 Findings of relatives surviving (finding)
» Family tension (finding)
6.4.2.2.2.3. Queries to Identify Candidate Concepts for Patient Not Subject of Record Assemblage
I dentify content where the subject of record in NOT the patient:

 Subject Relationship Context is not equal to Subject of Record
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» Any concept in Clinical Findings, Procedures, Situation with Explicit Context, and Body Structures

hierarchies with strings matching:

* lower(term) like 'Y%father%'

« or lower(term) like '%omother%’

* or lower(term) like '%family%'

* or lower(term) like '%caregiver%'
 or lower(term) like 'Yopaternal %'

* or lower(term) like 'Yomaternal %'

« or lower(term) like '%child%'

 or lower(term) like '%wife%'

 or lower(term) like '%husband%'
 or lower(term) like 'Yopartner%’

 or lower(term) like '%spouse%e’

The query results were reviewed and either accepted or denied based on the development of a set of rules
as described above.

6.4.2.2.2.4. Examples for Inclusion/Exclusion in “Patient Not Subject of Record” Assemblage

Examples: “Family”, “Family Members’, “Friends’ or Other “ Social Contacts’

169944002

135412005

224334008

224139006

307101004

228302005

Mother has a social worker (finding)

Father made appointment (finding)

Friend arrested (finding)

Lives with mother (finding)

Deserted by father (finding)

Drinks with friends (finding)

>

o

Although it iz the patient’s “Mother”. “Father” or “Friend”, the concepts are
about the “Mother”, “Father” or “Friend” not the patient

Concept is about the patient. who lives with the mother — not about the mother

Concept iz about the patient, who was deserted by the father — not about the
father

Concept is about the patient, who drinks with friends — not about the friends

6.4.2.2.3. Concepts Including Compound Observation

Compound Observations are the set of concepts within SNOMED CT that involve the combination of
more than one observation. While these concepts do not necessarily have issues with them, the fact that
they combine multiple concepts into one can cause modeling issues that affect retrieval.

6.4.2.2.3.1. Approach

Theinitial task was to evaluate 50,000 concepts and determine their potential membership in one or more
of the Assemblages.

For each of the Assemblages for inclusion, word patterns that explicitly or implicitly identify a concept as
amember of the Assemblage were developed. As afirst automated step, queries using string matching of
those patterns or keywords were applied to the following SNOMED CT hierarchies:
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1. Clinica Findings
2. Procedures
3. Body Structures

Based on the keywords, terminologists developed a set of rulesfor each inclusion/exclusion to be applied
to each Assemblage.

The sets of concepts that resulted from the initial automated query were then assigned to at least two
independent reviewers to confirm or deny Assemblage membership for each concept based on the rule
sets. Disagreements between the reviewers were extracted and analyzed to determine if the rules needed
to be adjusted in order to achieve maximum reproducibility. Adjustmentsincluded clarifying rules, adding
rules or in some cases eliminating ambiguous rules.

Certain concepts such as “Dental referral - child (procedure)” or “Fetal distress affecting management of
mother (disorder)”, which were identified as ambiguous to an extent, where inclusion or exclusion from
Assemblage membership could not be determined were extracted and added to a separate Assemblage.

6.4.2.2.3.2. Rule Set Considerations

Definition for Inclusion: The SNOMED CT concept describes mor e than one observation or proce-
dure

Rulesfor Inclusion in “Compound Observation” Assemblage:

» Concept isabout X and Y, e.g., Malaise and fatigue (finding)

» Concept isabout X or Y, e.g., Mass in head or neck (finding)

» Concept is about X with Y, e.g., Cough with fever (finding)

» Concept isabout X without Y, e.g., Bee sting without reaction (disorder)

» Concept isabout X not Y, e.g., Radiographic image not correlated with tumor pathol ogy finding (find-
ing)

» Concept isabout X dueto Y, e.g., Malnutrition due to child maltreatment (disorder)

» Concept is about X associated with Y, eg., Limited duction associated with other condition of eye
(disorder)

» Concept isabout X after Y, e.g., Seizure after head injury (finding)

6.4.2.2.3.3. Queries to Identify Candidate Concepts for Compound Observation Assemblage

I dentify content that are compound observation concepts:

» Any concept in Clinical Findings, Procedures, Situation with Explicit Context, and Body Structures
hierarchies with strings matching:

¢ and
* or

¢ with
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* without
* w/o

e dueto

* and/or

o after

* resulting
 caused by
e causing
e prior

The query results were reviewed and either accepted or denied based on the development of a set of rules
as described above.

6.4.2.2.3.4. Examples for Inclusion/Exclusion in “Compound” Assemblage

Examples“X and Y”

417850002 Respiratory tract congestion and cough (disorder)
247805009 Anxiety and fear (finding) L Concepts describe more than one observation or procedure

16932000 Nausea and vomiting (disorder) L

Examples“X or Y”

211506004 Contusion wrist or hand (disorder)
248477007 Swelling or edema (finding) v Concepts describe more than one observation or procedure

287613009 Middle ear syringing or suction (procedure) v

Examples“ X with Y”

271503005 Pleural empyema with fistula (disorder)

120608000 Blister with infection (disorder) v Con deseribe o i one-ob oo 3
29532006 Proctoscopy with biopsy (procedure) v
408821002 Lives with partner (finding) ®

In these examples, the use of the word “with” does not constitute
the description of more than one observation or procedure
223455001 Assisting with procedure (procedure) L]

Examples“ X without Y”
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Incontinence without sensory awareness

448521006

(finding)
41119002 Akinetic seizure without atonia (finding) o] Concepts describe more than one observation or procedure
Ll Ischemic stroke without coma (disorder) v
19102
609242005 ?ﬁi;:lsini;)apaﬂment without elevator access ®
In these examples, the use of the word “without” does not
constitute an observation about 2 or more subjects
262312009 Without floor of mouth depressed (finding) @

6.4.2.2.4. Laterality Concepts

The purpose of the Laterality Assemblages is to identify concepts that are not currently modelled with
the correct body structure that utilizes laterality. This only pertains to laterality as currently represented
in SNOMED CT, which is used to designate one or both of paired bilaterally symmetrical (or near sym-
metrical) body structures. It therefore does not apply to sidedness of specific body structures. For example
364006 |Acute left-sided heart failure (disorder)| is not alateralized disorder since the heart is not a bilat-
erally symmetrical body structure. For more information on laterality vs sidedness, please see Choosing
Sides. Assigning Laterality as an Attributein SNOMED® CT.’

6.4.2.2.4.1. Approach
To identify content that would need to be evaluated for laterality concepts:

» Set 1: Find all concepts with “right”, “left”, or “bilateral” in an active term. Thisidentifies al concepts
that could potentially represent a lateralized concept based on aterm.

» Find all concepts where Set 1 is used as a destinationld for a defining relationship in the Relationship
table. This identifies concepts that use the concepts from Set 1 as a value for a defining relationship,
which would include both children of concepts in Set 1 and those that use them for other defining
relationships.

* Set 2: Find al concepts with alaterality defining attribute. Thiswould identify all Body Structures that
use a Laterality Attribute.

 Find all concepts where Set 2 is used as a destinationld for a defining relationship in the Relationship
table. Thisquery would identify those conceptsthat do not have aterm with “right”, “left”, or “bilateral”
but do use a Body Structure as a value for a defining relationship.

* Remove from all sets any concepts from the Body Structure hierarchy.
6.4.2.2.4.2. Rule Set Considerations
Rulesfor Inclusion in “Laterality” Assemblage:

1. If the concept being evaluated includes laterality in its FSN and it is not modelled using a Finding
Site or Procedure Site, even in cases where there is no current SCT body structure concept with the
correct laterality, it will be marked as incorrect. For example, 16730001000004104 [Thrombosis of
left peroneal vein (disorder)| should be defined with Structure of left peroneal vein, which does not
currently existin SNOMED CT.

7https//www.ncbi .nim.nih.gov/pmc/articlesyPM C2244155/ ?page=1
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Figure 6.2. Thrombosis of |eft peroneal vein (disorder) Laterality Example

16730001000004104
Thrombosis of left peroneal vein (disorder)

| » 443210003
Deep venous thrombosis of peroneal vein (disorder)

D 446841000124100
Deep venous thrombosis of left lower extremity (disorder)

> /fa_ssseauo? N p | 52153003
I\, Finding site (attribute) j Structure of left lower limb {body structure)

- (/ 363698007 \\1 p| 7750008
I, Finding site (atfribute) 4 Structure of peroneal vein (body structure)

ﬁ 16676008 \\ 396339007

\\Associated morphology (attribute) // ’ Thrombus (morphologic abnormality)

2. All bilateral concepts were evaluated against the current SNOMED CT modelling guidance, which
requires the use of two separate role groups with one representing the right body structure and one
representing the left body structure. If the concept is modelled using the bilateral body structure (e.g.
40638003 |Structure of both eyes (body structure))|), it was added to the L aterality Incorrectly Modeled
Assemblage. For example, 12239101000119100 |Bilateral degeneration of macula (disorder)| should
have two different role groups, one with 721947001 |Structure of macula lutea of |eft eye (body struc-
ture)| and the other with 721945009 [Structure of macula lutea of right eye (body structure)|.

Figure 6.3. Bilateral degeneration of macula (disorder) Laterality Example

12239101000119100
Bilateral degeneration of macula (disorder)

| » 12239141000119103
Degenerative disorder of macula of left eye (disorder)

D 12239181000119108
Degenerative disorder of macula of right eye (disorder)

D 456181000124104
Disorder of bilateral eyes (disorder)

> ( as3ss8007 3 p-| oG8001
|\, Finding site (atiribute) ) Left eye structure (body structure)

( as3sesno 3 p| 18241008
Y Finding site (attribute) )/ Right eye structure (body structure)

'Y //_116575_003 ) N\ » 33359002 _ _
\\\Assomated morphology (aftribute) ) Deg n (morphologic abr )

(7 s63898007 N p| 2850000
|, Finding site (atiribute) )/ Macula lutea structure (body structure)

—>

3. If the concept being evaluated included a plural form of a potentially lateralizable body structure in the
FSN, the concept would be considered to represent bilaterality and evaluated it as such. For example,
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248422003 |Warm hands (finding)| does not specify right, Ieft, or bilateral in the FSN but since it uses
the term “hands,” it would be considered as bilateral and evaluated against the current SNOMED CT
modelling guidance as stated above.

4. If the concept being evaluated represented sidedness of a non-bilaterally symmetrical body structure,
it was added to the Does Not Include Laterality Assemblage. For example, 111283005 |Chronic left-
sided heart failure (disorder)| represents heart failure on the left side of the heart.

5. If the concept being evaluated was ambiguous as to whether it represented one side vs both sides, it
was placed in the Ambiguous L aterality Assemblage. For example, “lacrimal canaliculi” conceptswere
considered to be ambiguous since their FSNs did not specify if it was the lacrimal canaliculi of both
eyes or theright or left eye.

6.4.2.2.5. Inverse Concepts

The purpose of the Inverse Assemblagesis to identify concepts that should have an opposing concept due
to a description indicating an opposite or inverse concept, regardless of whether that opposing concept
currently existsin SNOMED CT. It is not the purpose to identify and pair opposing concepts. In many
cases, the opposing concept does not exist in SNOMED CT and the next iteration of this Assemblage
should be to link the two inverse concepts together to identify missing content.

6.4.2.2.5.1. Approach
To identify content where there is an inverse concept:

 Any concept with strings matching aset of search term that would indicatetheinverse of another concept

Table 6.8. Inverse Concepts Search Terms

Search Term Opposing Term
Ableto Unableto
Normal Abnormal
Present Absent
Decrease Increase
Acquired Congenital
Localized Generalized
Does Does not

Benign Malignant
Complete Incomplete
Accidental Intentional
Active Inactive

Acute Chronic
Adequate Inadequate
Open Closed

Attends Does not attend
Can Cannot

(Stable or Stahility) (Unstable or Instability)
Primary Secondary
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Search Term Opposing Term
Positive Negative
Major Minor
Increased Decreased
Direct Indirect
Early Late
Internal External
Extrinsic Intrinsic
High Low
Legal Illegal
Appropriate Inappropriate
Increasing Decreasing
Effective Ineffective
Insufficient Sufficient
Irregular Regular
Loosening Tightening
Success (Unsuccess or not success)
Known unknown
Narrow Wide
Always Never
Dependent Nondependent
Hodgkin nonhodgkin
Smoker nonsmoker
Traum nontraum
Urgent nonurgent
Venomous NONVeNnomous
Old new
Satisfact (unsatisfactory or not satisfac)
Use does not use
Lengthening Shortening
Near Far
Infect noninfect
Inflammatory noninflammatory
Obstruct unobstruct
(Loss or Lost) Gain
Fit (unfit or not fit)

» Additional keywords were identified during the review process that should be added to future review

efforts:
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Table 6.9. Inverse Concepts Search Terms

Search Term Opposing Term
Anteversion Retroversion
Soft Firm

Recessive Dominant
Mature Immature
Functional Non-functional

6.4.2.2.5.2. Rule Set Considerations

Rulesfor Inclusion in “Inverse” Assemblage:

1. Concepts were only considered inverse if avalid opposing concept should exist in SNOMED CT. For

exampl e, 56313000|A bnormal placenta affecting management of mother (disorder)| was not considered
to beinverse since the opposing concept would be “Normal placenta affecting management of mother”
which would not be avalid concept.

. Anatomical positions and relative locations such aslateral, media, distal, proximal, etc., were not con-

sidered to be inverse.

. If thereisan Open procedure and the only “closed” concept that would ever need to be created would be

onethat uses only one specific device, these two conceptswould be considered asinverse. For example,
179820004 |Open excision of implanted ligament (procedure)| is inverse of 179891009 |Arthroscopic
excision of implanted ligament (procedure)| and 265071006 |Open bilateral clipping of fallopian tubes
(procedure)| isinverse of 176979002 |Endoscopic bilateral clipping of fallopian tubes (procedure)|.

4, Male and Female were not considered to be inverse.

6.4.2.2.6. Primitive Concepts

The purpose of the Primitive Assemblage is to identify concepts that could be easily fully defined under
the current concept model of SNOMED CT. From the SNOMED CT Technical Implementation Guide,
afully defined concept is defined as:

“ A

Concept isconsidered to befully defined if its defining characteristics are sufficient to defineit relative

to its immediate supertype(s). A concept which is not fully defined is Primitive and this is indicated by
the value of the definitionStatusld field.

1

233604007 |Pneumonial defining characteristics are specified that effectively distinguish 233604007 |
pneumonia from other lung diseases then it is regarded as a primitive concept.

If aconcept is primitive then the defining characteristics for that concept are incomplete. It is not pos-
sible to automatically compute that a concept represented as a postcoordinated combination of several
conceptsisor isnot a subtype of a particular primitive concept.

. The Concept "lung disease" qualified by 246075003 |causative agent| = 41146007 |bacteria] may be

233604007 [pneumonia| but could also be "bronchitis."

In contrast if a concept is fully defined it is possible to state that any concept represented as a combi-
nation of the same defining characteristicsis equivalent to or a subtype of that concept.

. Example: Assume that the Concept53084003 |bacterial pneumonia| is fully defined as 312342009 |in-

fective pneumonia| with 246075003 |causative agent| = 41146007 |bacterial and that 9861002 |pneumo-

89



https://confluence.ihtsdotools.org/display/DOCGLOSS/Concept

https://confluence.ihtsdotools.org/display/DOCGLOSS/fully+defined

https://confluence.ihtsdotools.org/display/DOCGLOSS/defining+characteristic

https://confluence.ihtsdotools.org/display/DOCGLOSS/Primitive

https://confluence.ihtsdotools.org/display/DOCGLOSS/definitionStatusId

http://snomed.info/id/233604007

https://confluence.ihtsdotools.org/display/DOCGLOSS/postcoordinated

https://confluence.ihtsdotools.org/display/DOCGLOSS/subtype

http://snomed.info/id/246075003

http://snomed.info/id/41146007

http://snomed.info/id/53084003

http://snomed.info/id/312342009

http://snomed.info/id/312342009

http://snomed.info/id/9861002



Draft Definitional Draft

coccus| is a 41146007 |bacteria). It then follows that the post coordinated representation of 233607000
|pneumococcal pneumonia| as 312342009 |infective pneumonial with 246075003 |causative agent| =
9861002 |pneumococcus| is computably a subtype of [bacterial pneumonia.|

6.4.2.2.6.1. Approach
To identify content that are currently primitive concepts, but may be able to be fully defined:

» Select al conceptsthat are intermediate primitives, meaning they have both ancestors and descendants
that are fully defined but they are primitive

» Select al conceptsthat are primitive leaf nodes but they have fully defined ancestors
6.4.2.2.6.2. Rule Set Considerations

1. If the evaluated concept can be fully defined within the current SNOMED CT concept model and no
changes are required, then it will be placed in the Can Be Fully Defined Assemblage. For example,
201558003 |Reactive arthropathy of shoulder (disorder)| can be changed to fully defined today asthere
is nothing missing from its definition.

2. If aconcept could be fully defined by the addition of a new concept to represent a single parent or
by adding a single concept that could be used as a value for a current concept model attribute, the
concept will be placed in the Can Be Fully Defined Assemblage. For example, 207959006 |Closed
fracture lumbar vertebra, wedge (disorder)| currently cannot be considered as fully defined because an
Associated Morphology concept doesn't currently exist to represent a Wedge Fracture. By adding that
single concept, the concept will then be able to be fully defined.

Figure 6.4. Closed fracture lumbar vertebra, wedge (disorder) Primitive
Example

207958006
Closed fracture lumbar vertebra, wedge (disarder)

| » 281932007 |

Wedge fracture of lumbar vertebra (disorder)

Closed fracture lumbar vertebra (disorder)

207357008 ‘

ﬁwefﬁsnoa _\.w | 430144005
\ Assoclated morphology (attrioute) J Closed cempression fracture (merphologic abnormality)

75002003 |

p
i 3638007 h >

'\\\Fmdmg site (attribute) J Structure of body ef lumbar vertebra (bedy structure)

3. If the evaluated concept requires a change to the Concept Model, for example, adding a new attribute
or changing the range of values an existing Concept Model attribute takes, then it will be placed in the
Can Not Be Fully Defined Assemblage. For example, 427252003 |Pain radiating to right side of chest
(finding)| cannot be fully defined because there is no concept model attribute to represent that the pain
radiated to the right side of the chest. Currently, it only indicates radiating pain and doesn’t specify the
body structure of chest or that it is on the right side.

6.4.2.2.7. Symmetric Concepts

Symmetry is the complete and consistent representation of the concept model for a particular domain.
Symmetry describes the need to eliminate two inconsistency issues that arise in large terminologies re-
garding completeness:. selection bias (no ability to select the concept a user is looking for) and measure-
ment bias (inconsistent semantic overloading of a parent concept due to the lack of appropriate children).
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In addition, issues of completeness of hierarchies can also arise from the inconsistent application of the
concept model causing concepts to subsume under the inappropriate hierarchy.

We consider modeling of concepts to be “symmetrical” if:
1. Concepts which are opposites of each other (i.e., inverse concepts):
» Existin SNOMED and
» Residein the correct hierarchy under the correct parent concept
Note: Some keywordsthat could indicate the need for symmetry are not alwaysreliable, for example:

e Traumatic vs. non-traumatic - concepts without a stated “traumatic” in the FSN are considered
non-traumatic by default.

« With vs. without - not every concept that has a“with” or “without” in the FSN needs its opposite,
e.g. Diagnostic arthroscopy of elbow with synovial biopsy (procedure) doesnot need a“...without

biopsy”.

Example 1 I nver se Concepts. In thisexample, it is the two children concepts that are being evalu-
ated for symmetry, not the parents.

Table 6.10. I nver se Concepts#1

299331007 |Knee joint varus deformity (finding)| has two children, which are opposites. Both are
present and under the correct parent concept:

» 64925008 |Acquired genu varum (disorder)|

e 79168008 |Congenital genu varum (disorder)|

Note: Inverse concepts do not necessarily have to reside under the same parent to be considered
symmetrically modeled.

Example 2 I nver se Concepts: In the example below, again it isthe children conceptsthat are being
evauated for symmetry and not the parent. In this example, the child concepts reside under different
(but correct) parents.

Table 6.11. I nver se Concepts #2

230763008 [Traumatic cerebral edema (disorder)| and 330011000119102 |Non-traumatic cerebral
edema (disorder)| are inverse, where:

» 230763008 [Traumatic cerebral edema (disorder)|isachild of 127295002 |Traumatic brain injury
(disorder)|

e 330011000119102 |[Non-traumatic cerebral edema (disorder)| is a child of 2032001 |Cerebral
edema (disorder)|

Further, for non-inverse concepts, we consider the following concepts to be modeled symmetrically if:

2. Concepts, which have more than one of the same attribute have the same attribute valuesin theinferred
view.

3. Concepts are correctly modeled and in the correct hierarchy.
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4. Concepts, which are Leaf Node concepts with one child have the correct Leaf Concept child.

5. Concepts, which are Grades, Scales, Stages, and Scores have no missing concepts and the concepts are

consistently model ed.

Note: There can be overlap between 2 and 3, meaning that the same concept can meet the criteriain both

2 and 3 but does not have to.

Some keywords that could indicate the need for symmetry are not always reliable, for example:

» Traumatic vs. non-traumatic

- concepts without a stated “traumatic” in the FSN are considered non-traumatic by default.

* With vs. without

- not every concept that has a “with” or “without” in the FSN needs its opposite, e.g. Diagnostic
arthroscopy of elbow with synovial biopsy (procedure) does not need a*“...without biopsy”.

6.4.2.2.7.1. Approach

The below approach was used to identify the content to be reviewed to create the Assemblages:

1. Missing Content — Via I nverse Work

» Prior Inverse Assemblage work identified roughly 6,000 concepts that needed to be reviewed to
confirm missing opposing concepts. Some examples are shown below.

Table 6.12. Example of missing opposing concepts

Conceptid Fully Specified Name (FSN)

8587003 Congenital diverticulum of colon (disorder)
Missing opposite: Acquired diverticulum of colon
(disorder)

8656007 Total traumatic cataract (disorder)
Missing opposite: Partial traumatic cataract
(disorder)

9027003 Norma pulmonary arteriadl wedge pressure
(finding)
Missing opposite: Abnormal pulmonary arteria
wedge pressure (finding)

21370008 Tenotomy of abductor of hip, open (procedure)
Missing opposite: Tenotomy of abductor of hip,
closed (procedure)

2. Missing Content —Via L eaf Nodes

* ldentify all concepts that are parents of aleaf with only one leaf (child).

3. Content Modeled Inappropriately — Non-Inverse

» Concepts that are inferred where concepts each have more than one of the same Attribute Type
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Figure6.5. Concept with multipleClinical Courseattributesthat havedifferent

values

Concept Details

Summary Details Diagram Expression Refsets Members References
Parents

» = Acute arthritis (disorder)

» £ Acute polyarthritis (disorder)

> Juvenile rheumatoid arthritis (disorder)

© Acute polyarticular juvenile % &
rheumatoid arthritis (disorder)

SCTID: 756822003

75822003 | Acute polyarticular juvenile rheumatoid

arthritis (disorder) |

en Acute polyarticular juvenile rheumatoid arthritis

en Acute juvenile rheumatoid arthritis

en Acute polyarticular juvenile rheumatoid arthritis
(disorder)

Occurrence — Childhood

Clinical course — Chronic

Clinical course — Sudden onset AND/OR short
duration

Associated morphology — Acute inflammation
Finding site — Joint structure

Associated morphology — Chronic
inflammatory morphology
Finding site — Joint structure

Children (0)

No children

¢ From this set of concepts, remove any Concept that is modeled with more than one of the same

Attribute Type and the same Value
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Figure 6.6. Concept with multiple Associated morphology attributes and the
same values

Parents

b4
b4

Fracture of fibula (disorder)

Fracture of tibia (disorder)

@ Fracture of tibia Finding site — Bone structure
AND fibula (disorder) of fibula

SCTID: 414293001 Associated morphology —
Fracture

414293001 | Fracture of tibia

AND fibula (disorder
( ) Finding site — Bone structure

en Fracture of tibia AND fibula of tibia

(disorder) Associated morphology —
en Fracture of tibia AND fibula Fracture

¢ Also remove from this set of concepts, any Concept with Attributes that are frequently used with
different values, like Finding Site or Associated Morphology

¢ Finally remove from this set of concepts, any Concepts from hierarchies that will not be reviewed
(Products, Substances, Qualifier value, Situations, Body structures)

¢ The remaining set of concepts are considered to potentially have content modeled inappropriately
and should be reviewed.

4. Concept Modeled Inappropriately — Inverse
¢ Using conceptsthat are paired asinverse of each other, weidentified those conceptsthat are modeled

differently based on querying the number of defining relationship differences. Not all of theidentified
modeling differences are symmetrical modeling issues but can be an indicator of them.
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Figure 6.7. Example of Inver se Concepts modeled with radical differences

The Open subcapital facture of left femur concept is incorrectly modeled with multiple role groups
while the Closed subcapital fracture of left femur is correctly modeled with asingle role group

Concept Details on Concept Details on

Detals  Diagram  Expression  Refsels  Members  References Summary | Delais  Diagam  Expression  Refsets  Members  References

Parents Farents

> EE=Open fracture of neok of loftfemur (disorder)

» = Open subcapial fracture of femur

SN Open st copdal Associated morphoiogy — Fractue
(disorder)
SomD: tasse021000119103

*

Closed subcapital fracture of J¢ 3

gm“,m,m, . ‘Associated morphology — Fracture, closed
= Finding site — Structure of subcapital ssstion
EEIRAETIES = of head of left femur

446471000124105 | Closed subcapital fraciure of
leftfemur (disorder) |

10535021000113103 | Open subcapital
frachure of left femur {disorder) |

en Open subcapital racture of el fermur
(@isorder)

en Open subcapital racture of el fermur

en Open subcapital fracture of el upper
leg bone.

en Closed subcapital fracture of efl femur
ted morphology — Fracture, (disorder)
en Closed subcapital fracture of efl femur

Finding site — Structure of bone of eft

Children (1)

| = = [E=Closed subcapital fracture of neck of left femur (disorder)

| Children (0)

Definition for radically different modeling: Inverse concept and its opposite where the modeling
for each is not equivalent for data retrieval and queriesin the inferred view.

Table 6.13. Examplesfor “radically different”

I nver se Concepts Attributes Comment

102461004 |Increased Interprets -> General clinical  Query for all findings that
intolerance (finding)| state “interpret the function of
102462006 |Decreased Role Group: intolerance” would not return

the 102461004 |Increased

intolerance (finding)| ; Sl
[Has interpretation -> decreased intolerance (finding)| concept

Interprets -> Intolerance,

function]
Outside Role Group:
Interprets -> General clinical
state
164920002 |Electrocardiogram: Role group: Query for al “normal R-wave
R wave normal (finding)| features’ would not return
[Interprets -> 164920002 |El ectrocardiogram:

Electrocardiographic procedure R wave normal (finding)|; there

is nothing in the modeling
Interprets -> R wave feature]  yhgt “hasinterpretation” of

164921003 | Role Group: “normal”.

Electrocardiographic R wave

abnormal (finding)| [Has interpretation ->
Abnormal 164921003 |

Electrocardiographic R wave

Interprets -> abnormal (finding)| "interprets”
Electrocardiographic both a procedure AND an
procedure] observable
Outside Role group:
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I nver se Concepts

Attributes

Comment

Interprets -> R wave feature

Table 6.14. Examplefor “different, but not radically”

I nver se Concepts

Attributes

Comment

95750004 |Acute blepharitis
(disorder)|

Role Group:

[Associated morphology ->
Acute Inflammation

Finding site -> Eyelid
structure]

95751000 |Chronic blepharitis
(disorder)|

Role group:

[Associated morphology -
> Chronic inflammatory
morphology

Finding site -> Eyelid
structure]
Outside Role Group:

Clinical course -> Chronic

Query for both “acute” or
“chronic” inflammation of
eyelid would return both
concepts.

5. Identify conceptsthat contain a common phrase without the appropriate corresponding role.

This does not necessarily cause a symmetry issue as the concept may still be placed in the correct
hierarchy, but can be used as a query to find a symmetry issue. If the concepts are in the appropriate
hierarchy, they are considered to be symmetrical even though they are under-modeled.

 Find all conceptsthat have common phraseslike“Acute”, “ Chronic”, “Acquired”, “Congenital” and
that do not have the corresponding attribute.
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Figure 6.8. FSN contains" Acute", but does not have a Clinical Course = Acute

200700005
Acute lymphadenitis of face, head and neck (disorder)

> 363177008
Inflammatory diserder of immune system (disorder)

D 363169009
Inflammation of specific body organs (disorder)

78616003
Disorder of lymph node (disorder)

v

118254002
Finding of head and neck region (finding)

[ 116676008 i »
*O-b |\, Associated morphology (attribute) Y

7 33838007 3 >
\Q:inding site (atiribute) //

v

4532008
Acute inflammation {morphologic abnormality)

312501005
Structure of lymph node of head and neck (body structure)

6. Grades, Scales, Stages, and Scores

» Review concepts that represent Grades, Scales, Stages and Scores to ensure all are present in the
Finding and Disorder hierarchies.

6.4.2.2.7.2. Rules for Evaluating Membership in Assemblages
For the Symmetry project, four Assemblages were created that categorize our efforts as follows:
1. Symmetric Concepts

» A simple Assemblage of concepts that were reviewed and deemed to be in the correct hierarchy and
correctly modeled. This includes inverse concepts.

2. Non-symmetric Concepts

» A simple Assemblage of conceptsthat werereviewed and deemed to be placed in thewrong hierarchy
(under an incorrect parent). Thisincludes inverse concepts.

3. Symmetric Concepts Children Present
» A simple Assemblage of parent concepts that had correct children.
4. Non-symmetric Concepts, Non-existent Children

* An Annotation Assemblage with parent concepts that are missing symmetrical children that should
exist and any comments on what needs to be done to make them symmetrical.

Notes:

» Overlap can exist between the Symmetric Concept and Symmetric Concepts Children Present Assem-
blages as well as between Non-symmetric Concepts and Non-symmetric Concepts, Non-existent Chil-
dren Assemblages. For example for Symmetric Concept Assemblage, we could have “ Acquired bone
deformity” and “ Congenital bonedeformity” asinverse child concepts, where both are children of “Bone
deformity.” “Congenital bone deformity” could be a parent of a leaf node concept “Congenital defor-
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mity of femur.” Thus, that concept is a parent concept with correct symmetric children and the parent
goes into the Symmetric Concepts Children Present Assemblage.

» Symmetric Concepts Assemblage and Non-symmetric Concepts Assemblage are mutually exclusive.

» Symmetric Concepts Children Present Assemblage and Non-symmetric Concepts, Non-existent Chil-
dren Assemblage are mutually exclusive.

6.4.2.2.7.3. Rules for Placing Concepts in the Assemblages

Note: For this “symmetric modeling” review, we only consider concepts “incorrectly modeled” if the
incorrect modeling pertains to symmetry. If concepts have other — unrelated — modeling issues, they are
not referenced as “incorrectly modeled”. Thisincludes concepts that are under-modeled, such 162940005
On examination — vocal fremitus increased (finding) and 162941009 On examination — vocal fremitus
decreased (finding). Except for the concept name, where the concepts are distinguished by “increased”
and “decreased,” the concepts are modeled exactly the same, with no attributes included for “increased”
and “ decreased.”

Inverse concepts

 If an inverse concept has an existing opposite concept and it is in the appropriate hierarchy, it was
considered Symmetric Correct Modeling and placed in the “ Symmetric Concepts’ Assemblage.

« If the child isan inverse concept, where its opposite would be included under a different parent but the
opposite does not exist or the concept is incorrectly modeled, it was considered Symmetric Incorrect
Modeling and placed in the “Non-Symmetric Concepts’ Assemblage.

Parents of leaf concepts (concepts with only one child):

« If the child isin the correct hierarchy and is modeled correctly, it was considered Symmetric Correct
Modeling and placed in the “ Symmetric Concepts Children Present” Assemblage.

« If the child is an inverse concept and its opposite does not exist or the concept is incorrectly modeled,
it was considered non-symmetric and placed in the “Non-symmetric Concepts, Non-existent Children”
Assemblage.

Note: “correct modeling” only applies to the correct inferred view for this concept as it pertains to
symmetry. |f a concept has other modeling problems, as previously noted, it is not marked as
“incorrectly modeled”.

6.4.2.2.7.4. Inclusion Criteria by Assemblage

1. Symmetric Concepts Assemblage

Table 6.15. Symmetric Concepts Assemblage Inclusion Criteria

Concept Type Rule Symmetrical Example Comment
Inverse Concepts |Opposite  exists|# 371350001 || Since inverse
AND resides in Tolerance related|concepts can be
+ Can be parents|correct hierarchy finding (finding)| |parents of leaf
of leaf concepts concepts, concepts
_ I's parent of in this Assemblage
e Can be children can aso appear
of leaf node # 102460003 ||in the Symmetric
concepts Decr eased Concepts Children
tolerance
(finding)|

98





Draft

Definitional

Draft

Concept Type

Rule

Symmetrical

Example

Comment

# 102459008 |
Increased
tolerance
(finding)|

Present
Assemblage

Non-inver se
concepts

e Can be parents
of leaf concepts

e Can be children
of leaf concepts

Concepts, which
have more than
one of the same
attribute have the
SAME attribute
vaues in the
inferred view

#*

414293001 |
Fracture of tibia
AND fibula
(disorder)|

116676008 |
Associated
morphology
(attribute)| -
72704001 |Fracture
(morphologic
abnormality)|
occurs twice:
one for tibig
one for fibula
Correctly modeled
in separate Role
Groups.

*Concepts, which
fit this rule
will be in the
“SymmetricConcep
Assemblage,

unless they have
other modeling
issues that pertain
to symmetry

Concepts are
correctly modeled
and in the correct
hierarchy

#

306963008 [
Choanal stenosis
(disorder)|

I's parent of

34821005 |
Congenital
stenosis of choanae
(disorder)|

Grades, Scales,
Stages, and Scor es

e Can be inverse
concepts

e Can be non-
inverse concepts

Have no missing
concepts AND
the concepts are
consistently
modeled

#

446766005 |
Assessment using
arthritis impact
measur ement

scale (procedure)|

304708005 |
Arthritis  impact
measurement scale
(assessment scale)|

446478005 |
Arthritis  impact
measurement scale
score (observable
entity)|

2. Nonsymmetric Concepts Assemblage
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Table 6.16. Nonsymmetric Concepts Assemblage Inclusion Criteria
Concept Type Rule Symmetrical Example Comment
Inver se Concepts |Opposite does not | # 432734004 || Since inverse
exist OR residesin Congenital concepts can be
+ Can be parents|wrong hierarchy asymmetry of [parents of leaf
of leaf concepts breasts (finding)| |concepts, concepts
. in this Assemblage
» Can be children Oppog'te Acquiraj can aso appear in
of leaf concepts asymmetry of | the Nonsymmetric
breasts does not|Concepts  Non-
exist but should  |Existing Children
Concepts, where|# 102461004 || Assemblage
the opposites are Increased
modeled radicaly intolerance
different (finding)| vs.
102462006 |
Decr eased
intolerance
(finding)|
“Increased” is
modeled only with
an “interprets’
atribute and a
“Genera  clinical
state” value;
“Decreased” is

modeled with the
same attribute, but
additionally  with
an “interprets’
attribute and a
“intolerance,
function”
and a
interpretation”
attribute  with a
“decreased” value.

vaue
“has

Non-inver se
concepts

e Can be parents
of leaf concepts

e Can be children
of leaf concepts

Concepts DO
have more than
one of the
same attribute with
DIFFERENT
vaues in
inferred view

the

1602443100011914
|[Acute
polyarticular
juvenile
idiopathic
arthritis
(disorder)|

has 2 “clinical
course” attributes,

one with a

oo
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Concept Type

Rule

Symmetrical

Example

Comment

“chronic” and one
with a “sudden
onset and/or short
duration” value.

Grades, Scales,
Stages, and Scor es

¢ Can be inverse
concepts

« Can be non-
inverse
concepts

Not al concepts
exiss OR are
consistently
modeled

#

396922003 |World
Health
Organization
grade | central
nervous  system
tumor  (finding)|
has 2 “interprets’
attributes with
different values

3. Symmetric Concepts Children Present Assemblage

Table6.17. Symmetric ConceptsChildren Present Assemblagelnclusion Criteria

e Can be inverse
concepts

e Can be non-
inverse
concepts

AND no children
missing

Concept Type Rule Symmetrical Example Comment
Parents of Leaf|Childrenareinthe|# 168555002 |Plain|Since parents
Concepts correct  hierarchy X-ray skull|of leaf concepts

normal (finding)|

Has child:
168562006 |Plain
X-ray nose norma
(finding)|, which is
inverse.

Its opposite
168563001 [Plain
X-ray nose
abnormal (finding)|
exists and is in
correct hierarchy

can be inverse
concepts, concepts
in this Assemblage
can aso appear
in the Symmetric
Concepts
Assemblage

4. Nonsymmetric Concepts Non-Existing Children Assemblage

Table 6.18. Nonsymmetric Concepts Non-Existing Children Assemblage
Inclusion Criteria

Concept Type Rule Symmetrical Example Comment
Parentsof Leaf |Children are # 237784000 | Since parents
Concepts That missing Adrenal cyst of leaf concepts
Should Have (disorder)|Has |can beinverse
Multiple Children child: 205744006 |concepts, concepts
that Are Inverse |Congenital in this Assemblage

cyst of adrenal can also appear in
+ Canbeinverse gland (disorder)|, |the Nonsymmetric

concepts whichisinverse. |Concepts
Its opposite Assemblage
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Concept Type Rule Symmetrical Example Comment
e Canbenon- “Acquired cyst of

inverse adrenal gland” is

concepts not present.

6.4.2.2.7.5. Other Symmetry Issues
During our review, we identified another symmetry issue, as shown below, which was out of scope for
this deliverable, but could possibly be proposed to the IHTSDO as an area of content to be reviewed and
edited to achieve consistency.

 Clinical Course vs. Associated Morphology

Throughout SNOMED, inconsistent modeling using attributes “clinical course” and “associated mor-
phology” exists.

Example:

19429009 |Chronic ulcer of skin (disorder)| is modeled using 116676008 |Associated morphology (at-
tribute)| = 405719001 |Chronic ulcer (morphologic abnormality)|

111422001 |Chronic abscess of breast (disorder)| is modeled using both the |Associated morphology
(attribute)| = 79203009 |Chroni ¢ abscess (morphol ogic abnormality)| and the 263502005 |Clinical course
(attribute)| = 90734009 |Chronic (qualifier value)|

6.4.2.2.8. Grades, Scales, Stages, and Scores
As a part of the Symmetry Assemblage creation all concepts that represent Grades, Scales, Stages and
Scoreswere evaluated to ensure all are present in the Finding and Disorder hierarchiesand are consistently

model ed with the appropriate Observable entity, Procedure and Stage and scales hierarchies.

Thefollowing analysis of the inconsistent use of Procedures and/or Observable Entities asthe value of the
“Interprets’ Attribute is exploratory and not part of the Assemblage creation.

The Findings and Disorders reviewed were found to use a Procedure 42 times vs. an Observable Entity

352 times. In 41 cases, both a Procedure and Observabl e Entity were used for the Interprets attribute. 400
of the concepts had no Interprets Attribute at all.

Figure 6.9. Grade concept with an Interprets= Procedure

417507004
Heaf test grade 1 (finding)

‘ > 307577005

Finding of Heaf test (finding)

363714003 252538005
Interprets (attribute) Heaf test (procedure)
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Figure 6.10. Grade concept with an Interprets = Observable Entity

391125004
Medical Research Council Dyspnoea scale grade 4 (finding)

| > 267036007

Dyspnea (finding)
Fffra_&namoa N p| 248546008
I Interprets (aftribute) ) Ease of respiration (observable entity)
(r(rafﬁsgano:" Q\\\u p| 20130000
|\ Finding site (attribute) g Structure of respiratory system (body structure)

Figure6.11. Grade Concept with both a Procedure and Observable Entity used for
the Interprets Attribute

396922003
World Health Organization grade | central nervous system tumor (finding)

| > 396921009
©_._D World Health Organization grade finding for central nervous system tumor (finding)

> é’//E_u&?MDOH \i > 252416003

I\ Interprets (attribute) J Histopathology test (procedure)
> |!1'7;165;?‘600!3 -\\ > SZo88006

I\ Associated morphology (attribute) J Lesion (merphologic abnormality)
» " 363714003 i p| 364636000

kunte rprets (attribute) j Lesion observable (observable entity)

Figure 6.12. Grade with no Interprets Attribute

236575009
Acute rejection of renal transplant - grade | (disorder)

| » 236574008
Acute rejection of renal transplant (disorder)

> (@&6‘3800? -\\\l » 70948008
\, Finding site (attribute) 7 Structure of transplanted kidney (body structure)
» (6&502005 \ » 424124008
I\, Clinical course (attribute) f Sudden onset AND/OR short duration (qualifier value)

» (" 255234002 1 » TO536003
K\Aﬂer (attribute) j Transplant of kidney (procedure)
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6.4.2.2.8.1. Potential Changes to Grades, Scales, Stages, and Scores Concepts

A consistent model needs to be developed and implemented to ensure Grades, Scales, Stages, and Scores
concepts are symmetrical. There are many possible options available for creating a consistent concept
model for Grades, Scales, Stages, and Scores but the options outlined below can be accomplished without
the addition of new concept model attributes. It will require the addition of 254291000 |Staging and scales
(staging scale)| as an allowable value for Interprets. A large number of Observable Entity concepts would
either need to be retired or remodeled as subtypes in the Procedure hierarchy.

Figure 6.13. Proposed M odel for Grades, Scales, Stages, and Scor es Concepts

71388002 | Procedure Finding/Disorder
(procedure) |

Has focus Interprets Has interpretation
404684003 |Clinical finding 254291000 272396007 |Ranked
(finding) | | Staging and scales categories (qualifier value) |

(staging scale) |

363787002 Retire or move these Observable
| Observable entity Entity concepts to be subtypes of
(observable entity) | Procedure

In the exampl e bel ow, the 120861000119102 [Systolic heart failure stage C (disorder)| concept is modeled
using an Interprets to a new concept [American Heart Association (AHA) and American College of Car-
diology (ACC) Stages of Heart Failure (staging scale)| and a Has interpretation to the existing concept
261626008 |Stage C (qualifier value)|. Separately, a new Procedure concept would need to be created, |
Assessment using American Heart Association (AHA) and American College of Cardiology (ACC) Stages
of Heart Failure (Procedure)|. Since these stages focus on the functioning of the cardiovascular system, the
new procedure concepts would have a Has focus attribute that would link it to the 301458000 |Functional
cardiovascular finding (finding)|.
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Figure 6.14. Example of Systolic heart failure stage modeled with the new concept
model

120861000119102 |Systolic heart
failure stage C (disorder)|

Interprets Has interpretation

Has focus

301458000 | Functional
cardiovascular finding (finding) |

261626008 |Stage C
(qualifier value) |

6.4.3. Concrete Domains

All examples in this section are as of the April 2017 SNOMED CT US Edition Release. Many of the
examples below have since been corrected in subsequent releases.

6.4.3.1. Introduction

Concrete domains are used to model concrete properties such as numbers, time intervals, and spatial re-
gions.[reasonConcreteDomain] However, alimitation of description logic is the ability to fully represent
concrete values. For example, "male husband is younger than afemale spouce" could only be represented
by an abstract mean and does not fully capture the semantics.[complexity DL _concreteDomain]

In patient records, there is no shortage of a need to represent these values (weight, temperature, dosages,
etc), and SNOMED CT has aready begun work on addressing concrete domain. In order to "stand on the
shoulders of giants', Solor developersrely heavily on current SNOMED CT work to extend the represen-
tation of concrete domains. Therefore, the intent of this discussion is to propose the use of the SNOMED
CT modé to represent and reason over values like integersin Description Logic.

Thisinitial work focused on medications and evaluating the use of concrete domains to represent not only
the product strength, but also the unit of usesize. Tofully test thefeasihility of concretedomains, additional
attributes were also added, in order to fully represent all information regarding medications, which will
then allow concepts to be fully defined. Thus, thiswill enable testing the equivalence and subsumption of
concepts by the Description Logic classifiers within the tooling.

At the beginning of the project therewas no ability to represent numeric attributes of conceptsin SNOMED
CT, which made machine readability of numeric attributes difficult, proneto error, and | eft alarge portion
of Productsas primitive concepts. Without the ability to fully represent the numeric properties, equivalence
checking and subsumption using the Description Logic classifier is not possible. With the introduction of
the new Drug Concept Model inthe July 2017 International Release the representation of product strength
and units has begun to be modeled. However, this new Drug Concept Model currently does not utilize
concrete domains but instead creates the strength numbers as concepts themselves to be used as values
for the product strength attributes.
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6.4.3.2. Approach

By using a lexical search for strings containing integers and textual representation of integers, 10,114
potential Pharmaceutical / Biologic Product concepts were identified, which were modeled with the pro-
posed attributes, including one attribute to represent product strength. To properly represent the numeric
information contained in these products, the Australian Medicines Terminology Approach was applied to
the International SNOMED CT content.

To speed up the modeling process, already available data around strength and units from NDF-RT through
RxNorm RXNSAT relationships that was linked to the SNOMED CT concepts through the RXCUI was
used. Technical validation was performed on these values and any incorrect strength or units identified
were corrected before using these values to popul ate the rel ationships. After loading the new relationships
into the terminology editor, further manual review was conducted to verify the relationships and add any
missing information.

Using the findings from the drug modeling, the team evaluated other hierarchies that were identified as
having potential for modeling concrete domains.

6.4.3.3. Attributes for Representing Medications
Below are attributes that have been added to the medications model to represent concrete domains:

» HasBasisof Strength Substance (BoSS) — The substance(s) that correspond to the strength. If strength
isnot stated, then this attribute is not used. The Has Active Ingredient attribute is still used and grouped
together with this attribute.

¢ Range: << Substance (substance)

» Has Product Strength — The strength of the'Has Basis of Strength Substance and is always grouped
together.

« Range: Float 0 to 1,000,000,000
» Units— Unit of Measure is aways associated with the Strength.
¢ Range: <<Unit (qualifier value)
» Has Unit of Use — Describes a discrete unit that a product presentsin, for example avial, bag, etc.

» Range: (<<)Type of drug preparation (qualifier value) and (<<) Unit of drug administration (qualifier
value)

» Unit of Use Size — Represents the size of the unit of use.
» Range: Float 0 to 1,000,000,000
 Unit of Use Quantity — Represents the packaging quantity.

» Range: Float 0 to 1,000,000,000

6.4.3.4. Findings

Under the new SNOMED CT International Drug Concept Model, existing conceptswill be updated to meet
the new modeling guidelines and terming updated to conform to the terming guidelines in the editorial
guide. One of the most frequent issues found while modeling the medication attributes was that the Fully
Specified Names (FSN) were not completely fully specified or that the values needed to fully define a
concept were not available. For example, the common issues seen around FSN's were due to the salt or
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dose form not present or not fully defined in the FSN, but modeled with the more specific value in the
current Has active ingredient and Has dose form attributes. With the SNOMED CT International review
and application of the new modeling guidelines, these FSN’s should be corrected and fix the issues found
with FSN’s.

* Example:
(FSN does not explicitly state that it is an Oral suspension):
370762006 |Azithromycin 1g/packet ora (product)|
<<< 392327001 |Oral form azithromycin (product)| :

127489000 |Has active ingredient (attribute)] = 391805000 |Azithromycin dihydrate (substance)],
411116001 |Has dose form (attribute)| = 385024007 |Oral suspension (qualifier value)|

Another common issue with fully defining concepts using this proposed model was associated with sug-
ar free, gluten free, preservative free, etc. dose forms. This issue is currently out of scope for the new
SNOMED CT International Drug Concept Model and will prevent the concepts that currently exist in
SNOMED CT from being fully defined. A potential solution for representing these dose forms and fully
defining the drug concepts would be to create conceptsin the qualifier value hierarchy for sugar free dose
form, gluten free dose form, etc and use a nested relationship to combine it with the other appropriate
dose form. This would eliminate the need to create all the possible combinations of dose forms required
to support the Drug Concept Model.

* Example:
320108004 |Salbutamol 2mg/5mL sugar free syrup (product)|
<<< 135639005 [Ora form abuterol (product)] :

127489000 [Has active ingredient (attribute)| = 48474002 |Albuterol sulfate (substance)|, 411116001 |
Has dose form (attribute)| = (385032004 [Syrup (qualifier value)| + XXXXXX|Sugar free dose form
(quaifier value)|)

The sections of the SNOMED CT International Drug Concept Model dealing with Grouper, Virtual Medic-
inal Product (VMP), and Virtual Medicinal Product Form (VMPF) concepts in the Pharmaceutical / bio-
logical product hierarchy did not affect the concrete domain work as these concepts do not include product
strength as a part of their FSN. However, correcting issues with these concepts will have downstream
effects on the modeling of concepts.

The section that was most rel evant to the concrete domain work was the Virtual Clinical Drug model. The
main differences between the approaches are:

» Strength is not represented as a number in the SNOMED CT International model, but as a conceptid
that is a representation of that number.

» The SNOMED CT International model currently hasno way to represent ranges of strength (for example
radiopharmaceuticals).

* The SNOMED CT International model separates out numerator and denominator for both strength and
units whereas this model normalized the strength.

After the testing of concrete domains using the pharmacy model, concepts in findings, procedures and
observables were reviewed to determine the feasibility of applying concrete domains to conceptsin those
hierarchies as well. 3668 concepts were identified that may potentially benefit from the use of concrete
domainsin these hierarchies.
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These concepts mainly fall into 4 categories:
» Grades/Stages/Scales
This category of conceptsisleast likely to benefit from concrete domains as some grades/stages/scales
are apha-numeric and would more likely fall into asimilar model asthe SNOMED International Drug
Concept Model.
« Examples:
109970006 |Follicular lymphoma, grade 1|
112110007 |Glasgow comascale, 4|
112241002 |Lymphomastage 111 1|
* Measurements/Percentiles
This category of concepts mirrors the requirements of the Drug Concept Model most closely and would
be very similar in that it would require both an attribute for recording the numeric value and another
attributeto record the unit. Thiswould also requirethe ability to capturelessthan, greater than and equal
to which is not currently something supported in the SNOMED CT International Drug Concept Model.
Therefore using concrete domains would be a much more suitable solution asit allows for that capture
of that information but would require a change to the SNOMED CT Release Format to accommodate
these relationships.
e Examples:
314643009 |Child head circumference < 0.4th centile]|
385303005 |pT3: Tumor morethan 5 cm in greatest dimension (anal canal)|
e Timing/Frequency
While these concepts contain numeric values, they may not lend themselves to being captured by con-
crete domains due to the fact that there are some expressions like “every 12 months’, “once a week”,
“five times aweek”, etc.
« Examples:
34259007 |Measurement of glucose 5 hours after glucose challenge for glucose tol erance test|
416755008 |Cervical smear every 12 monthsfor life
» Dosing Number/Episode
This would be a small subset of concepts that would be affected but would be a good target for a set
of relationships to use for post-coordination instead of adding pre-coordinated concepts to the stan-
dard. Making these relationships strictly available through post-coordination and using concrete do-
mainswould not require achangeto the release format. It would however require existing concepts (less
than 100) to beretired in order for al concepts to be aggregated appropriately.
o Examples:

170425007 |Typhoid and Paratyphoid first dose|

231499006 |Endogenous depression first episode)
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6.4.4. Disjoint Content

6.4.4.1. Introduction

Classesaredisjoint if they cannot have common instances. In an ontology, all classes are assumed to have
potential overlapping instances unlessthey are explicitly stated to not have them. Since Solor reliesheavily
on SNOMED, adiscussion of thistopic is necessary.

The current modeling of SNOMED CT does not contain any explicit statements stating disjointness, there-
fore all concepts are considered to have the potential to allow overlapping concepts. For example, there
is no formal statement that would prohibit the clinical findings and body structure hierarchies from con-
taining concepts that have parents from both hierarchies even though this should never be the case. With
the exception of the physical object and products that currently overlap, the top level primitive hierarchies
like clinical findings and body structures should be digjoint.

6.4.4.2. Problem

Explicitly stating digoint content would assist not only in detecting potential modeling errors, but also
potentialy aid in creating correct post-coordinated expressions. With more extensions to SNOMED CT
being created at the National Release Center level and at the local implementations, more rich features
are needed to ensure the correct creation of local content. SNOMED CT contains many concepts with
similar Fully Specified Names across upper level primitive hierarches that can easily be assigned as a
parent to a concept in another upper level primitive hierarchy. For example, “Hematoma’ exists in both
the disorder and morphol ogic abnormality hierarchies. If you are modeling a subtype of hematomain the
disorder hierarchy the morphologic abnormality-could easily be chosen by aless experienced modeler if
the tools used to model do not appropriately specify the hierarchy the parent comes from. Without the
digoint statements explicitly stated, the classifier would not be able to detect this error and a separate
Quality Assurance (QA) statement derived from documentation would be needed to prevent this error.
Likewise, having explicit diioint statements can assist in the creation of post-coordinated expressions as
they can be queried and used to restrict the allowabl e parents assigned when using multiple focus concepts.

6.4.4.3. Solution

All top level primitive concepts should be stated as disjoint with the exception of 260787004 |Physical
object (physical object)[and 373873005 |Pharmaceutical / biologic product (product)|. A particular focus
was placed on primitive hierarchies of substance and body structure. For each hierarchy, all concepts that
are currently digioint from each other beginning at the top of the hierarchy and traversing downward were
the focus. This method will identify potential disoint statements, which were reviewed by clinicians to
confirm that they are correct.
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Figure 6.15. Query strategy to identify potential digoint content

Query Strategy To Identify Potential Disjoint

; * A js potential disjoint of C
Level 1 +  Bis potential disjeintof C
Level 2 +  Als potentialdisjeintof G
Level 3

+ ) ls potential disjointof K

6.4.4.4. Results

The US Extension to SNOMED CT was utilized to perform an initial assessment for digjoint statements.
While calculating the digoint statementsfor the upper level hierarchies, 243796009 |Situation with explicit
context (situation)| and 123037004 |Body structure (body structure)| were not being calculated as poten-
tially digjoint. The single concept that was causing them not to be stated as digjoint was 119741000119108
[History of amputation of right lower limb (situation)| due to the fact that it was modeled in the US Exten-
sion as having parents in both hierarchies. This issue was reported to the National Library of Medicine
and has been corrected in the March 2017 US Extension.

169 digjoint statements were added to the upper level primitive hierarchiesto test the feasibility of running
areasoner over them successfully and within a reasonable amount of time using dijoint statements using
the minimum number of statements needed.

The tIs2_StatedRel ationshipsToOWIKRSS _Script_INT.pl from the SNOMED International GitHub reg-
istry was utilized to create an OWL file from the March 2017 US Edition release. Utilizing thisfile within
the Protégé 5.2.0 editor and the included HermiT reasoner, the OWL file without disjoint statements was
reasoned in 3,015,366 milliseconds. The 169 disjoint statements were then added to the upper level prim-
itive concepts and reasoning over this version took 2,494,176 milliseconds.

The same test was performed using the Snorocket reasoner plugin and achieved the results of 122,438
milliseconds and 54,498 milliseconds respectively. Therefore adding digjoint statements does not increase
the time to reason over the OWL version of SNOMED, but actually significantly decreased the amount
of time using both reasoners we tested.

An additional 133 conceptsweretested for potential disjointness within the substance, body structure, and
situation with explicit context hierarchies asthese hierarchiesare most likely to benefit from the addition of
digoint statements. 13 substance statements, 1193 body structure statements, and 12 situation with explicit
context statements were able to be added. These digjoint statements only cover the immediate children for
all the hierarchies listed above except for body structures, where a traversal down three levels deep was
performed to identify potential disjoint content.
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However, adding digoint statements to these concepts will provide limited benefit for error checking. The
body structure and substance hierarchies will have limited use cases for extension and post-coordination
once the redesign is complete. The situation with explicit context hierarchy is one where heavy post-
coordination and/or extension will take place, however most of this work will involve assigning asingle
parent that is a direct subtype of the upper level primitive. A more productive use of resources would be
to focus on addressing any modeling issues in these hierarchies and introducing a mechanism for blocking
the editing of these concepts without editorial approval. Focusing only on the first level below the upper
level primitives in each of these hierarchies would be the best use of resources in the short term until the
redesign of the concept model for body structure and substances is complete.

6.4.4.5. Conclusion

6.4.5.

Without statements to detect disioint content, there is a potential for modeling errors, such as modeling
incorrect parents for SNOMED CT concepts. This will affect both equivalence detection and content re-
trieval viathe SNOMED CT hierarchies. Adding disjoint content statements to the SNOMED CT defini-
tionswill assist both SNOMED CT International and extension content creators by providing built-in QA
to prevent errors in assigning parents. The creation of these statements should focus on the upper level
primitive hierarchies and their direct descendants. Assigning further statements may become more useful
once the redesign of the concept model for the various hierarchies is compl ete.

Meronomy / Partonomy

All examples in this section are as of the April 2017 SNOMED CT US Edition Release. Many of the
examples below have since been corrected in subsequent releases.

6.4.5.1. Introduction

Meronomy / Partonomy is a type of hierarchy that deals with part-whole relationships. Part-of Relation-
ships are:

» Transitive—apart of apart isalso apart of the whole, example below:
 Atrioventricular junction: Part of = Entire Heart
¢ Entire Heart: Part of = Entire heart and pericardium

 Entire heart and pericardium: Part of = Entire middle mediastinum, Part of = Entire cardiovascular
system

Therefore, Atrioventricular junction is a part of the Entire heart and pericardium, Entire middle me-
diastinum, and the entire cardiovascular system.

* Reflexive—apartisapart of itself
» Antisymmetric — nothing is a part of its parts
* The Entire Heart is not apart of the Atrioventricular junction
Unless properly identified, it is difficult for areasoner to determineif it is part or whole.
This study evaluated the representation of Part-of relationshipsin the Body Structure, Pharmaceutical/Bi-

ologic Product, and Laboratory Procedure (LOINC) hierarchies, and developing and testing a proposed
model where appropriate.
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6.4.5.2. Tooling

termMed’ s termSpace authoring tool was used to evaluate the proposed model for the three hierarchies.
termSpace currently supports Object Properties with reflexive and transitive properties. For the Pharma-
ceutical/Biological Product hierarchy, Nested Expressions were used to represent the powders used for
injection solutions, as they do not currently exist as pre-coordinated concepts. termSpace can represent
L OINC concepts to support the partonomy modeling of laboratory concepts; however, these concepts will
need to be transformed into a SNOMED RF2 format in order to load them into termSpace. However, the
LOINC model was unable to be tested due to the complexities of adding LOINC to termSpace. Collabo-
ration will continue with termMed to represent LOINC in termSpace to potentially test the model in future
iterations.

6.4.5.3. Body Structure Concepts

There are currently 42,596 Part-of Relationships assigned to Body Structure concepts remaining from the
2003 decision to transform them to non-defining.

SNOMED International is currently in discussions with the Foundational Model of Anatomy (FMA) to
collaborate on an anatomy model in SNOMED CT. SNOMED International is currently modeling Part-of
relationships in a Protégé version of the Body Structure hierarchy; however, they are only exporting the
resulting IS-A relationships. As apart of the IS A and Part-of Modeling Subproject at SNOMED Interna-
tional, they plan to perform Quality Assurance (QA) to the Part-of relationships and assign sub-attributes
of Part-of:

* Regional part of

 Congtitutional part of

e Systemic part of

SNOMED International is currently in the process of documenting the updated Anatomy Model at: https://
confluence.ihtsdotool s.org/display/| AP/Revision+of +| S-A+rel ationshi ps+for+anatomy

FMA also includes arole hierarchy for Part-of relationships.

112





Draft Definitional Draft

Figure 6.16. FM A Part-of Role Hierarchy

- constitutional part

member

= regional part
branch

----- tributary

= part of
- constitutional part of
member of
=2 regional part of
. branch of
tributary of

6.4.5.3.1. Proposed Body Structure Model

With the forthcoming update to the SNOMED .CT Anatomy concept model, exploration of thisareais not
recommended for concept model work, but instead focus on the Pharmaceuti cal/Substance and L aboratory
hierarchies, where no current implementation of partonomy is planned.

6.4.5.4. Pharmaceutical / Substance Concepts

At this time, SNOMED project groups have not held a discussion around partonomy for Pharmaceuti-
cal/Substances. The most promising area where partonomy would apply within the Pharmaceutical Prod-
uct hierarchy are products that are made up of two or more products, for example a package that contains
two separate tablets. For example, Clarithromycin 500mg tablet and lansoprazole 30mg capsule would
be considered parts of a concept like 317329000 |Clarithromycin 500mg tablet and lansoprazole 30mg
capsule and amoxycillin 500mg capsule pack (product)|. Concepts like this are different from a single
product that contains two or more active ingredients. These packages can be made of products that have
different active ingredients or can be products that have the same active ingredient, but different strengths
for each product in the package.

6.4.5.4.1. Proposed Pharmaceutical / Substance Model

Add anew attribute |Has packaging component (attribute)| that will take as a value another concept from
the product hierarchy. This will be a Part-of attribute and will need to be transitive and reflexive. These
conceptswill need to have anew hierarchy to live under as they are not really subtypes of the product that
make up the packages but are packagesthat contain them. Creating anew hierarchy named “ Package” con-
taining multiple products (product) and as needed create sub-hierarchies to ease navigation is suggested.

Below are examples of the products that potentially require the addition of new product concepts in order
for the new attribute to be modeled or require the use of nested expressions to represent the missing con-
tent. The pilot study represented these concepts using nested expressions, however if the model were im-
plemented in the International Release of SNOMED CT, it may require creating pre-coordinated concepts.
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 Disodium etidronate 400mg tablet and calcium carbonate 1.25g effervescent tablet pack (product) —
Disodium etidronate 400mg tablet and calcium carbonate 1.25¢g effervescent tablet exist and will be
used to fully define this concept. The purpose of the parent concept, 346404007 |Disodium etidronate
+calcium carbonate (product)|, must be determined.

 Lutropin alfa 75iu injection (pdr for recon)+solvent (product) — solvent is packaged separate from the
powder. Being able to model the solvent part + the powder part will allow for afully defined concept.

There are some drugs, mainly multi-tablet packages that do have theindividual clinical drugs represented
as pre-coordinated concepts and will not require the use of a nested expression.

324934004 |Proguanil hydrochloride 100mg tabl et and chloroquine phosphate 250mg tabl et pack (prod-
uct)| - Proguanil hydrochloride 100mg tablet and chloroquine phosphate 250mg tabl et both exist as sep-
arate pre-coordinated concepts and could be used to fully define this concept.

* Quetiapine 25mg+100mg+150mg tabl et starter pack (product) — Thisconcept isarepresentation of three

separate tabl ets contained within apack. All three tablets exist as separate pre-coordinated concepts and
could easily be fully defined with three separate “Has packaging” components.

6.4.5.5. Laboratory Concepts

Part-of Relationships will be useful in the definition of LOINC concepts that represent Panels. These
panel concepts contain both individual laboratory tests and other panel concepts. Panels may also require
multiple sufficient sets to represent tests that are not always a part of the panel but optional.

Figure 6.17. LOINC Panel with optional parts

24331-1 Lipid 1996 panel - Serum or Plasma

PANEL HIERARCHY (view this panel in the LForms viewer)
LOINC# LOINC Name R/OVC

24331-1 Lipid 1996 panel - Serum or Plasma

13-3 Cholesterol [Mass/volume] in Serum or Plasma
Triglyceride [Mass/volume] in Serum or Plasma
Cholesterol in HDL [Mass/volume] in Serum or Plasma
Cholesterol in LDL [Mass/volume] in Serum or Plasma by calculation
Cholesterol in VLDL [Mass/volume] in Serum or Plasma by calculation
Cholesterol in LDL/Cholesterol in HDL [Mass Ratio] in Serum or Plasma
Cholesterol total/'Cholesterol in HDL [Mass Ratio] in Serum or Plasma

cCoCOoOmAm

6.4.5.5.1. Proposed Laboratory Model

Add a new attribute that applies to concepts in the Observable Entity hierarchy named Contains lab test
(attribute). This attribute will take other Observable Entity concepts as values and will be transitive and
reflexive.
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Figure 6.18. LOINC Panel with multiple levels of parts

. . T
24320-4 Basic metabolic 1998 panel - Serum or Plasma
PANEL HIERARCHY (view this panel in the LForms viewer)
LOINC# LOINC Name R/O/C CardinalityEx. UCUM Uni
24320-4 Basic metabolic 1998 panel - Serum or Plasma
2345-7 Glucose [Mass/volume] in Serum or Plasma R mg/dL
3094-0 Urea nitrogen [Mass/volume] in Serum or Plasma R mg/dL
Creatinine [Mass/volume] in Serum or Plasma R mg/dL
Urea nitrogen/Creatinine [Mass Ratio] in Serum or Plasma (8] mg/mg {creat
Electrolytes 1998 panel - Serum or Plasma
Sodium [Moles/volume] in Serum or Plasma R mmol/L
Potassium [Moles/volume] in Serum or Plasma R mmol/T
Chloride [Moles/volume] in Serum or Plasma R mmaol/T
Carbon dioxide, total [Moles/volume] in Serum or Plasma R mmol/L
33037-3 Anion gap in Serum or Plasma (0] mmol/L
NAME
Fully-Specified Name: Component Property Time System  Scale Method
Basic metabolic 1998 panel - Pt Ser/Plas  Qn
TERM DEFINITION/DESCRIPTION(S)
The components of this panel were defined by HCFA (now CMS)
Source: 1 O
BASIC ATTRIBUTES
Class/Type: PANEL.CHEM/Lab
Panel Type Panel
First Released in Version: 1.0o
Last Updated in Version 2.42
Order vs. Obs.: Order
Cratue A tiea et
= — Separatec o = Print | Close
TYPS U1 1 LU DTUILT] LIS LTAL VI LIS YsLdi . [ Mo

To fully represent the information contained within the LOINC Panel spreadsheet, an Ordered RefSet
would have to be created because the tests contained in the panel are ordered in the spreadsheet.

In order to represent the optional tests that are sometimes part of a Panel there are several options. These
optional tests and panels could be represented in an Association Reference Set, but a better representation
may be using multiple sufficient sets.

6.4.6. Logical Nesting
6.4.6.1. Introduction

Figure 6.19. Example of Compositional Grammar with a nested laterality
125605004 |Fracture of bone (disorder)| :

{ 363698007 |Finding site {(attribute}| = (72001000 |Bone structure of lower limb
{body structure) [: 272741003 [Laterality (attribute)}|= 7771000 [Left (qualifier value}{),

116676008 |Associated morphology (attribute)] = 72704001 [Fracture
{morphologic abnormality)| }

A Nested Expression is an expression that is defined within another expression, the enclosing expression.
Due to smple recursive scope8 rules, a Nested Expression is itself invisible outside of its immediately

8https//en.wi kipedia.org/wiki/Scope_(programming)
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enclosing expression. The nesting istheoretically possibleto any ideas of depth, although only afew levels
are normally used in practice. Nested Expressions have been a part of SNOMED CT post-coordinated
expressions for years and are able to be represented as a part of the compositional grammar.

However, SNOMED International isnot currently permitting the use of nesting outside of post-coordinated
expressions. The rationale as stated in the SNOMED CT L ogic Profile Enhancements document® is due
to two main reasons currently limiting the use of nested expressions:

1. Lack of supportin RF2
2. Potential for arbitrary levels of nesting

The ability to have Nested Expressions applied to pre-coordinated concepts in SNOMED CT would be
beneficial to fully define concepts where the values for attributes are currently not represented as pre-
coordinated concepts, for example lateralized body structures. Since creating pre-coordinated concepts to
cover every aspect of medicine would lead to combinatorial explosion, Nested Expressions allow for the
creation of awide variety of conceptsto supplement content that is currently missing from theinternational
release. However, since nested expressions can be recursive, there need to be some limitations on the
amount of expressivity allowed to keep content creation using nested expressions understandable and
reproducible and to keep quality checks simple. Although Nested Expressions are easily represented in
the compositional grammar syntax and OWL, they would require magjor changes to the SNOMED CT
RF2 structure.

The purpose of this study is to identify a sample of expressions that are not nested and do not require
nesting and a sample of expressions that should be nested and where a model for nesting is proposed.

6.4.6.2. Pharmaceutical / Biological Concepts

During our work on partonomy, the need to use Nested Expressions to fully define products in two in-
stances was identified. The first instance involved concepts that did not have a precoordinated concept
available to fully define drugs that were representing packages that contain multiple drugs. The second
set of concepts represented a powder that is packaged separately from the solution used to mix prior to
use. The model below represents the pharmacy model tested, and it has not been updated to the new drug
model SNOMED International released in January 2018.

9https//docs google.com/document/d/LtaqNEA 6S4f EF4fgj 150PabY A2EQV Tz8epxvRRwczKizQ/edit#heading=h.yijdvy700v0l
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Figure 6.20. Example of starter pack that contains multiple tablets. Diagram
containsthecurrent SCT definition (top) and the updated definition (bottom) using
partonomy with a nested expression.

402056002

Nicotinic acid 375mg mir tablet and nicotinic acid 500mg m/r tablet and nicofinic acid 750mg m/r tablet starter pack (product)

OX &

83530004
Product containing nicotinic acid (medicinal product)

411116001
> 635 manufactured dose form (attribute)

P—

421026008
Oral tablet (qualifier value)

On &

1181000161108
Package containing multiple preducts (product)

g nicomaiion
(

Has packaging component (attribute)

B

408058001
Nicotinic acid 750mg m/r tablet (product)

oo 17icoviation
(—{as packaging component (attribute)

D—

408057006
Nicotinic acid 500mg m/r tablet (product)

53830004
Niacin preparation (product)

1171000181101
> @as packaging componant (attribute)

.. 127480000
Has active ingredient (attribute)

o[ 1oEremiaies
Has basis of strength substance (atiribute)

!
P

268584004 |

273043001
Nicotinic acid (substance)

e

385061002
Modified-release tablet (qualfier value)

273943001
Nicotinic acid (substance)

o imeoo
Qas dose form (attrioute)

sct-primitive-conoept

375 |

g 1oer0omianer
(—Ias product strength (attribute)

milligram (qualifier value)

pof 2eorct
@Jmts (attribute) /
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Figure 6.21. Example of an injection powder that is packaged separate from
the solvent. Diagram contains the current SCT definition (top) and the updated
definition (bottom) using partonomy with a nested expression.

320673004
Alprostadil 10micrograms powder and solvent for injection solution vial (product)

o =

(s11mz001 N .
M{as manufactured dose form (attribute) /}

1121000181104
Package containing multiple products (product)

(resnooisiize

{\ Has unit of use (attribute)

> { rmcasienan N 387859007
\_Ha‘s packaging component (attribute) J Parenteral form alprostadil (product)
127430000 42082008
( ) > [+ B & |

|\ Has active ingredient attribute) Prostaglandin PGE (substance)

387850007
Praduct containing alprostadil in parenteral dosage form (medicinal product form)

Injection (qualifier value)

325218008 |

415815006
Vial - unit of product usage (qualifier value)

\\
> D

(Froarooororios

48082008
'\Qias basis of sirength substance (aftribute) |

Prostaglandin PGE1 (substance)

N
j/_'

(srmomon

N
Y\ Has dose form (attribute)

385223008
Powider for injection solution (qualifier value)

ﬁ%sucm \\
KKU”"S (attribute) j

microgram (qualifier value)

258885002 |

( 1oerenntanor

'\ Has product strength (atiribute)

set-primitive-concept
10

~
J—'

%17103’3151131 \\ 410672005
|\ Has packaging component (atiributs) Pharmaceutical fluid or solution (product)

6.4.6.3. Findings and Procedures Involving Laterality

Our work on identifying Findings and Procedures that incorrectly use laterality has identified a set of
concepts that are not currently modeled correctly due to a lateralized body structure not existing as a
precoordinated concept. Rather than add these concepts to an extension or submit them for addition, they
could easily use nested expressions to represent the missing body structure concepts that have alaterality
attribute assigned to them.
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Figure6.22. Current definition of Chronic deep venousthrombosisof femoral veins
of both lower extremities (disorder) where laterality isnot correctly defined.

26:5411000199101
Chronic deep venous thrembaosis of femoral veins of both lower extremities (disorder)

L@

M~ B45T2001
Diz=ase (dizordar)

6E 3502006

. L0734008
|\Clinica course {attributa)

)

Chronic (qualifier value) |

JEIEIB007
Finding site {atiribute)

|

J » H 32153003

Structure of left lower limb (body structure)

62175007

» JEIEIBO0T
G nding site {attribute)

Siructure of right lower Emb (body structure) ‘

J H
fV SEILAB007 3
%, Finding site (atinbute) /’1

E3412000
Femaral vein structure (body structure)

3LEIFL00T

rO—»
|m| BETEICA

\\_Ass:uciatec morphology (attribute) Thromibus (morphologic abnormality) |

-]

Figure6.23. Updated definition of Chronic deep venousthrombosisof femoral veins
of both lower extremities (disorder) where laterality is represented as a nested
expression.

28541100011€101
Chronic deep venous thrombosis of femoral veins of both lower extremities (disorder)

64572001
Disease (disorder)

50734009
Chronic (qualifier value)

Ir’ 263502005
Clinical course (attribute)

16676008
Assoclated morphology
{attribute)

363698007
Finding site (attribute)

396339007
Thrembus (morphologic
abmormality)

83419000
Femoral vein structure
(body structure)

272741003
Laterality (attribute)

FRT1000
Left {qualifier value)

P

I,./ 16676008 396335007
Associated morphology Thrembus (morphologic
S, [attribute] abnormality)

83419000
Femoral vein structure
{body structure}

(363698007
b, Finding site (attribute)

{arara002
. Laterality [attribute)

24028007
Right {gqualifier value)

P

6.4.6.4. Recommendations

Support for Nested Expressions in the international and national releases would require major changes to
the RF2 specification and are not apart of therecommended L ogic Profile Enhancements. In addition, there
must be constraints on the ability to model Nested Expressionsto ensure errorsare not introduced dueto the
ability to infinitely Nest Expressions. While Nested Expressions are not supported at the international and
national level due to distribution issues, there is a definite benefit for including them in local extensions.

119





Draft

Definitional Draft

Using Nested Expressions to represent missing lateralized anatomy concepts will cut down the need to
request new body structure concepts or temporarily creating new concepts in local extensions that will
have to be reconciled with each international/national release. Representation of package concepts using
Nested Expressions was the chosen method rather than creating new concepts in an extension. However,
these concepts would be much better suited as a pre-coordinated concept in the international or national
release as they have the potential to be used for data recording or retrieval. Any further uses of nesting
outside of laterality would need to be evaluated and constrained to ensure that modeling can be easily
checked for completeness and consistency. Outside of the two use cases tested for Nested Expressions,
one could make modificationsto findings and procedures that are used as values for defining relationships.
However, in most cases these concepts would probably be better suited as pre-coordinated concepts.

6.4.6.5. Resulting Artifacts

Two Reference Sets were created:(1) those reviewed concepts where nesting could be used to represent
both the product and laterality nesting and (2) those reviewed concepts that would not need nesting.

6.4.6.6. Additional Issues

When modeling the Pharmaceutical/Biological Product hierarchy, amodel developed by Solor devel opers
was used to test concrete domains. SNOMED International has since started utilizing the new drug model
in the January 2018 international release, which will make the Solor developer model obsolete once the
SNOMED model isimplemented. The new SNOMED CT drug model will allow for the addition of more
fully defined content including the addition of more values to represent concepts that include units of
presentation like cartridges. With the new SNOMED model, removal of definitions added during previous
work has begun, where some were partially modeled via an automated update. For example:

» 318166002 |Bendrofluazidet+potassium 2.5mg/7.7Mmol m/r tablet (product)|

318171009 |Bendrofluazide+potassium 2.5mg/8.4Mmol m/r tablet (product)|

134499006 |Budesonide + formoterol fumarate 100/6mcg breath-actuated dry powder inhaler (product)|
134498003 [Budesonidet+eformoterol fumarate 200/6mcg breath-actuated dry powder inhaler (product)|
+ 318165003 |Bumetanide+potassium 500mcg/7.7Mmol m/r tablet (product)|

447089002 |Amlodipine 5mg + hydrochlorothiazide 25mg + ol mesartan medoxomil 40mg tablet (prod-
uct)|

In the Pharmaceutical/Biological Product hierarchy, alergy kits that are represented as separate concepts
were identified and should potentially be considered duplicates:

» 358640003 Silver birch alergy initial kit (product)

358641004 Silver birch alergy maintenance kit (product)

346734001 Timothy grass alergy initial kit (product)

» 346754000 Timothy grass allergy maintenance kit (product)

346735000 Treemix alergy initia kit (product)

» 346755004 Treemix allergy maintenance kit (product)
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/. Application of Terminology
Knowledge Layer

Terminology is used throughout the architectural layers. In this section we will give examples of how
terminology should best be used in the various architectural layers.

7.1. Analysis Normal Form Terminology Usage

The Statement Layer requires that the Terminology Expression fields in a statement are digoint: There
should be no confusion—or creation of false dichotomies. There should be one, and only one, place to
put each type of information in a terminology expression. For example, the Statement Layer defines a
particular placeto represent the subject of information. Therefore, the terminology layer must not allow the
subject of information to be redundantly—and possibly contradictory—represented in a topic expression
(such as would be the case if "maternal history of diabetes’ were an allowed topic expression).

topic: The particulars of how topics—and other statement fields—are modeled as a Terminology Knowl-
edge Layer concern, not a Statement Layer concern. The Statement Layer requires that the topic represent
an Action asacode or expression according to the rules of the Terminology Knowledge Layer, and that the
rules of the Terminology Knowledge Layer enforce a disjointness between different types of terminology
expressions. Here we present a starting point for what the Terminology Knowledge Layer editoria rules
may look like, based on current SNOMED CT practice.

» SNOMED CT can accommodate this requirement for simple observations by using Observation proce-
dures to represent the topic (or other types of procedures when appropriate, such as the administration
of amedication). In SNOMED CT examples, the Observation procedure specifies a Has focus attribute
linking it to the Clinical Finding or Disorder that it is being observed. The Observation procedure can
a so be further refined by adding attributes in the terminology model, including Method, Procedure site
- Direct, and if appropriate Laterality and Using device. For example:

« Diabetes Méllitus Type 2 Present = [Observation procedure]-(Has focus) [Diabetes mellitus type 2]

* Pulse Rate 68 bpm, Taken by Pulse Oximeter = [Observation procedure]-(Method) [Examination -
action]-(Has focus) On examination - pulse rate]-(Using device) [Pulse oximeter];

* Medication administrations will use an Administration of substance concept to represent the topic. All
Administration of substance concepts will be refined with the substance, dose form and strength being
requested. If Route of administration exists, then it will also be added. For example:

« Patient Took One Acetaminophen 500 mg Tablet by Mouth for Pain = [Administration of sub-
stance]-(Method) [Administration - action]-(Direct substance) [Product containing precisely parac-
etamol 500 milligram/1 each conventional release oral tablet]-(Route of administration) [Oral]

¢ Ribavirin 200 mg Capsule Oral, Take 2 Capsules Every Morning = [Administration]-(Method)[ Ad-
ministration - action]-(Direct substance)[Ribavirin 200 MG Oral Capsule]-(Route of administra-
tion)[Oral]

 Laboratory tests will use a Laboratory Procedure concept to represent the topic. These concepts can be
further refined. For example:

* Rheumatoid Factor 1 Time Routine = Rheumatoid factor measurement
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 Imaging Procedures will use an Imaging Procedure concept to represent the topic. These concepts will
be further refined with a Method, Procedure site, and a laterality for those sites that are lateralizable.
For example:

e X-ray Chest to Evaluate for Heart Failure = Plain chest X-ray

purpose: The purpose is why an action was requested. The purpose of the topic is typically some type of
therapeutic intent, diagnostic intent, or both. There can be more than one therapeutic intent and diagnostic
intent and therefore there can be more than one purpose. The purposeis represented as a post-coordinated
expression, based on two possible procedures:

386053000 |Evaluation procedure]
e 277132007 |Therapeutic procedure]

The procedureisthen refined by post-coordinating with a* 363702006 |Has focus (attribute)|” attribute and
identifying a finding/disorder or procedure concept as the value for the attribute. For example: Request
for administration of Ibuprofen 400 mg tablet oral every 6 hours as needed for back pain has a purpose
of [Therapeutic procedure]-(Has focus)[Backache]

subjectofl nfor mation: The subjectOfInformation is used to represent who the statement is about. Thisis
normally the patient (Subject of record) unless explicitly stated otherwise, for example Mother, Sibling,
Donor, etc.

associationSemantic: A logical expression to capture how the target statement is associated (e.g. a pre-
condition, an interpretation, a component).

measur eSemantic: Measure semantic represents a unit of measure or scale specified by the interval val-
ues. It is described using alogical expression using standard-based terminology (i.e. SNOMED CT). For
systolic blood pressure, the unit of measure is millimeters of mercury, and thus the measure semantic is
aSNOMED CT concept: 259018001 [Millimeter of mercury|. For blood glucose measurement daily for 2
weeks, the measure semantic would be 258705008 |week|. For quantity/count measure values, the measure
semantic to express anumber of findings or phenomena described in the ANFStatement.topic '3 dot-and-
blot hemorrhages" would be 30766002 |Quantitative]. If Measureis used to represent date or time:

 Date/time using Unix Epoch time: [ 762636008] Duration, [257997001] Seconds
 Duration using Unix Epoch time start time and end time: [ 762636008] Duration, [257997001] Seconds

status: Thisis acoded value used with a Performance of action representing the current status of the in-
tervention (e.g. completed, on hold, needed, rejected, etc). This data element is not intended as a substitute
for workflow specification.

healthRisk: In PerformanceCircumstance, healthRisk is used to flag a result with coded values such as
'low", 'normal’, high', and ‘critical".

participantRole: Participants can be specified or requested.
» A Performance of action can specify participants using participant in PerformanceCircumstance.

» A Request for action can specify requested participants using requestedParticipant in RequestCircum-
stance.
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8. Statement Model Principles

8.1. Representing Statement Instances

My Design in this Book is not to explain the Properties of Light by Hypotheses, but to
propose and prove them by Reason and Experiments.
—Isaac Newton

The purpose of this part is:

1. To define the Satement Model layer for the purpose of Clinical Statment data representation.
2. To provide a set of guidelines to model statements.

3. Todiscuss previous statement modeling efforts and the strategies used.

4. To define the types of statements and their attributes.

5. To present the Analaysis Norma Form Reference Model.

What isaClinical Statement? Simply stated, it is a clinically relevant statement made about a patient at
aparticular time as part of the longitudinal record of the patient. Although this definition is rather vague,
the definition is made clearer with the following narrative examples of various clinical statements.

» Was observed to have the presence or absence of a clinical phenomenon
« Diabetes mellitusis present
» Diabetes mellitusis not present
< Dot blot hemorrhage is present

» Underwent a specific test/screening or procedure, and its resultant value, if any
» Pulse Rate 68 bpm, taken by pulse oximeter
« Systalic blood pressure 120 mmHg, taken on right brachial artery, using BP cuff adult size, patient
in sitting position for at least 5 minutes, urinated not more than 30 minutes prior to measurement
¢ Three dot blot hemorrhages
* Positive screen for fall risk
» Negative screen for PTSD and depression

» Was administered a medication or other substance
« Patient took one Acetaminophen 500 mg tablet by mouth for pain

» Was provided educational materials
* Patient was provided with educational materials on diabetes

Clinica History
» History of breast cancer
< Family history of breast cancer

Although these examples are in the narrative, their meaning is the target in our attempt to model this
information in a computable and reproducible manner. The purpose of the Statement Model layer in the
previously described Architectural Layers, isto define a structural model which can represent an instance
of any Clinical Statement.

Statement Models are conceptua-level data models describing these discrete statements about patients
that can be stored in, processed by, and retrieved from a clinical information system. Statement Models
are defined for discrete types of clinical statements such as blood pressure measurements, lab test results,
physical exam findings, patient-reported symptoms, clinical diagnoses, and other observations.
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Statement Models define the structure and semantics of discrete clinical observations as formal “types”
that are later instantiated to represent specific recorded observations that apply to particular patients. Like
object types in programming languages, these type definitions include enumerations of the specific data
elements that may make up the observation, the datatypes used to populate those elements, and which
elements must be populated in every instantiated object versus optionally populated. Figure 8.1 showsthe
graphical depiction of an example statement model for a blood pressure measurement.

Figure 8.1. Example clinical statement model for a blood pressure measur ement
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Data j."/ Q Mean arterial pressure B
- \ QPrulse pressure B

B T Position T comment E
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B i Exertion \\ State mf:
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8.1.1. History of Statement Modeling

Thereisalong history of modeling efforts to represent Clinical Statements, and from all these efforts, a
common design pattern has emerged which is to separate clinical statement modeling into two separate
modeling concerns. The first is a structural model which is designed to house an instance of a clinical
statement. This structural model has been called an Information Model, a Reference Model, a Logical
Model, an Instance Model, and probably others, but herewewill usetheterm Reference Model. The second
modeling concern is a Constraint Model intended to ensure the validity of the various clinical statement
instances that can be represented by the Reference Model. This relationship is diagramed in Figure 8.2
with the Reference Model on the left and the Constraint Model to the right. We propose that the Reference
Model does belong in the Statement Model Architectural Layer. However, we propose that Constraint
Model does not belong in the Statement Model layer, but instead livesin the Assertional Knowledge layer
above the Statement Model layer as shown in Figure 8.3. Constraint Modelsin the Assertional Knowledge
layer are dicussed in Chapter/Section AAA (link).
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Figure 8.2. Two-Layer Design Pattern for Clinical Statements
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Figure 8.3. Architectural placement of Reference and Constraint M odels
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Although the separation of the Reference Model and Constraint Model has become common practice,
there obvioudly still exists differences as to how the Reference Model and Constraint Models should be
designed. Figure 8.3 shows the modeling efforts of OpenEHR, 13606, Clinical Element Model, CIMI,
FHIR, and ANF. Since we are discussing the Architectural Statement Model layer, we will be focusing
on the Reference Model Side of thisfigure.
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Figure 8.4. Design of existing modeling efforts

Standard Reference Model Constraint
Model
CEM CE Instance Model CEM
syntax : spec syntax : ceml
CIMI v1 ClinicalStatement Archetype
syntax : bmm syntax @ adl
CIMI v2 ClinicalStatement Archetype
syntax : bmm syntax : adl
OpenEHR Entry Archetype
syntax : bmm syntax : adl
13606 Entry Archetype
syntax : bmm syntax @ adl
FHIR Resource Profile

syntax : structure definition

ANF ANMNFStatement

syntax : umil

In Figure 8.3, the Referece Models of both CIMI v2 and FHIR are shaded grey, which isintended to illus-
trate that these Reference Models mix clinical terminology concernsinto the properties of their Reference
Model. Remember, it is a tenant of the Architectural Separation of Concerns that layers should not mix
concerns. What does this mean in terms of the Statement Model layer? Figure 8.5 shows the FHIR Obser-
vation resource which names properties for specimen and method. The problem is that the code property
for this resource aready represents some of thisinformation. Thus the named properties optionally dupli-
cate the coded information, resulting in inconsistant instances of this resource.
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Figure 8.5. FHIR Observation Resource

Observation (DomainResource)

identifier : Identifier [0..*]

basedOn : Reference [0..*] « CarePlan | DeviceRequest |
ImmunizationRecommendation | MedicationRequest| NutritionOrdef|
ServiceRequest »

partOf : Reference [0..*] « MedicationAdministration |
MedicationDispense | MedicationStatement| Procedure | Immunizatign |
ImagingStudy »

status : code [1..1] « ObservationStatus! »

category : CodeableConcept [0..] « ObservationCategoryCodes? »

code : CodeableConcept [1..1] « LOINCCodes?? »

subject : Reference [0..1] « Patient| Group | Device | Location »

focus : Reference [0..*] « Any »

encounter : Reference [0..1] « Encounter »

effective[x] : Type [0..1] « dateTime| Period | Timing| instant »

issued : instant [0..1]

performer : Reference [0..*] « Practitioner | PractitionerRole |
Organization| CareTeam | Patient | RelatedPerson »

value[x] : Type [0..1] « Quantity | CodeableConcept| string | boolean|
integer |Range | Ratio| SampledData | time| dateTime | Period »

dataAbsentReason : CodeableCancept [0..1] « DataAbsentReason+ »

interpretation : CodeableConcept [0..*] «
ObservationInterpretationCodes+ »

note : Annotation [0..*]

bodySite : CodeableConcept [0..1] « SNOMEDCTBodyStructures?? »

method : CodeableConcept [0..1] « ObservationMethods?? »

specimen ; Reference [0..1] « Specimen »

device : Reference [0..1] « Device | DeviceMetric »

hasMember : Reference [0..*] « Observation | QuestionnaireResponse |
MolecularSequence »

derivedFrom ; Reference [0..*] « DocumentReference | ImagingStudy |
Media | QuestionnaireResponse | Observation | MolecularSequence

On the other end of the spectrum, OpenEHR has a very simple generic Reference Model showm in Fig-
ure 8.6. This reference model obviously does not encroach on the concerns of the Terminoly Layer, and
thusin regard to the Statement Model layer and the Terminology Layer, conforms to the principles of the
Architectural Separation of Concerns. The advantage of these types of generic reference models is that
all datainstances are uniform, which makes it easy to create data stores and consistant tooling to process
these instances.
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Figure 8.6. OpenEHR Reference M odel

OpenEHR Reference Model

Entry ' ltem

I ]
Cluster Element
- datatype

The question still remains as to whether a ssmple generic reference model, such as OpenEHR, ultimately
conforms to the Architectural Sepration of Concerns for al Layers. The truth is, models with a generic
reference model, which also includes 13606 and the Clinical Element Model, push the complexity into the
Constraint Models which live in the Assertional Knowledge Layer. It is here that the generic arrays are
dliced to conform to a clinically meaningful data structure, but it is also here, where a modeler can once
again encroach on the concerns of the Terminology Layer.

As an example, Figure 8.7 demonstrates a hypothetical ADL constraint model where the reference model
issliced torepresent al aboratory result with aspecimen. Just as FHIR did in the Statement Model layer for
the Observation Resource, this ADL Constraint Model in the Assertional Knowledge Layer, encroaches
on the conern of the Terminology Layer in regard to Specimen Type.
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Figure8.7. Using ADL to dlicethe OpenEHR Reference Model
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8.1.2. The Role of Statement Models

In general, Statement Models serve at least two purposes:

1. Statement models standardize the capture; retrieval, and exchange of clinical observations within and
between information systems. As seen in Figure 8.1, even relatively basic observations can comprise
numerous sub-components. Different implementers of clinical information systems may model these
sub-components and their relationships in arbitrarily different ways, which can prevent different soft-
ware modules from managing and processing the same observations consistently and correctly. Formal
and agreed-upon statement models provide a shared model of each type of observation that enables
software modules created by different implementers to handle the same observations uniformly. Note
that such software modules may comprise different parts of the same information system (such as the
user interface and the rules engine of asingle EHR) or entirely different information systems (such as
distinct EHRs from different commercia vendors).

2. Statement models de-couple the creation and maintenance of domain-specific objects in clinical
medicine (such as observations) from their technical implementation in software code and database
structures. The types of clinical observations that may be recorded in software systems are numerous,
diverse, and subject to relatively frequent modification over time, as well as customizations across
clinical sub-domains. Meanwhile, the technical implementation of software applications and clinical
databases is an arduous process that requires the careful design, detailed writing, and extensive testing
of software code. Whenever changes are required to an application or database, a time-consuming and
costly implementation process must be applied. Clinical applications and databases, however, that are
implemented at a more abstract level can process any statement models that conform to a certain high-
level reference model. Such implementations may not need to change as statement models are added or
updated. Statement models can therefore serve as conceptual-level objects that represent domain-spe-
cific data and drive domain-specific functionality without being tightly coupled, at least in theory, to
the underling implementation of the information system.

Figure 8.8 shows how statement models serve both of these purposesin an information system. Note how
the set of clinical information models serves as a “view” or “interface” to al clinical data that may be
stored by and retrieved from the information system. The design of the statement modelsis flexible and
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must conform only to a“reference model” of basic data structures. These basic structures are, in fact, the
only objects tightly coupled with the underlying application and database implementations. In this man-
ner, the statement models provide a standard conceptual model against which all data-input, data-query,
and data-exchange functions operate, and that can be readily extended without (again, in theory) costly
modifications to the underlying application and database. The approach for creating and maintaining in-
formation systemsin thisway is called Model Driven Devel opment.

Figure 8.8. Therole of statement modelsin electronic health record systems
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8.2. Patterns for Statement Modeling

8.2.1.

M odel-Driven Development provides a useful framework to build EHR systems that include standardized
representations of medical data and that are flexible and extensible. However, the ultimate effectiveness
of these EHR systems depends to a great extent on the specific design of the clinical statement models
they include. As discussed, the same types of statements may be modeled in many different ways, and the
design choices made will influence the ease and consistency with which the clinical statements models
can be used. This section discusses some of those choices and the design criteriathat should govern them.

Clinical Statements in the Abstract

It's useful to consider what clinical statements essentially are. In the abstract, they are discrete patient
descriptors that document information gathering, diagnostic testing, and decision making about patients.
Such descriptors may include, for example, adiagnosis, an LDL cholesterol level, asystolic blood pressure
measurement, an Apgar score, a patient-reported symptom, or afamily history.

Each clinical statement pertaining to a patient consists in the abstract of two general components:

e The Aspect or Topic of the patient that is being described, either implicitly or explicitly. For example,
the statement “The patient’ s systolic BPis 130 mmHg” explicitly describes the Aspect “ Systolic Blood
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Pressure,” whereas the statement “ The patient has asthma” implicitly describes the aspect “ Diagnosis’.
If the general form of a patient descriptor is“The patient has X of Y”, the aspect denotes “X”.

» The Value or Magnitude of the descriptor. For example, the statement “ The patient’ s systolic BPis 130
mmHg” specifies the magnitude “ 130" whereas the statement “The patient has asthma’ specifies the
value “Asthma’. If the general form of a patient descriptor is “The patient has X of Y”, the value or
magnitude denotes“Y™”.

The aspect/topic and the value/magnitude of a statement may, themselves, be further modified or qualified
to denote the complete semantics of the statement. For example, the aspect “ Systolic Blood Pressure’
in the example above could be further qualified by the date/time that the measurement was taken or the
position of the patient at the time it was taken. Likewise, the magnitude “ 130" in the example above could
be further qualified to specify that the units of measure that apply are “mmHg”.

Sometimes, athird component of aclinical statement is specified:

» TheContext inwhich theclinical statement occurred or wasrecorded. Thiscomponent typically denotes
information that isimportant to record but does not directly modify the Aspect or the Value/Magnitude.
Examples may include who specifically reported the statement (e.g., the patient versus the patient’s
mother) or what instrument or technique was used to collect the statement (e.g., by rhythm strip versus
12-lead EKG). Notably, there is sometimes a fuzzy distinction between information that modifies the
Aspect of aclinical statement and information that denotes its Context. For example, the fasting state
of apatient at the time aserum LDL cholesterol measurement was taken could be considered to denote
the Context of the measurement (with the Aspect being simply “Serum LDL Cholesterol”) or the fast-
ing state could denote a qualifier of the Aspect (with the Aspect being “ Serum LDL Cholesterol, with
FastingState = Trug”).

Based on these abstract components of aclinical statement, the same statement can be modeled in different
ways. The examples in Figure 8.9 show reasonable variations in the use of aspect, value, and context to
represent the same statement semantics.
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Figure 8.9. Example variationsin modeling of clinical statements

= “Patient has fasting LDL cholesterol of 185 mg/dL”

1. Aspect = Serum LDL cholesterol measurement
Value = (185, with units-of-measure = mg/dL)
Context = Fasting

2. Aspect = Lab Test Result

Value = (Test type = Fasting Serum LDL cholesterol, mg/dL
Test result = 185)

= “Patient’s Father had Heart Failure”
1. Aspect = Diagnosis
Value = Heart Failure
Context = (Family History, with Relation = Father)
2. Aspect = Family History
Value = (Heart Failure, with Relation = Father)

8.2.2. General Design Patterns for Clinical Statements

At least three general structural patterns may be considered for the design of clinical statement models:
Assertion, Evaluation, and Belief:

» Assertion pattern. No Aspect isexplicitly specified; aValue, with possible qualifiersisalways specified;
a Context is optionally specified. Example:
e Aspect = NULL
¢ Value = (Asthma, with type = intrinsic, with severity = mild, with status = active)

This pattern assumes that, for every Value, the Aspect of the patient that is being described isimplicit
and unambiguous, and therefore need not be explicitly specified. The pattern is most naturally suited
for symptoms, exam findings, past medical history findings, and diagnoses, where the assumption usu-
aly holds. However, exceptions exist. For example, the Assertion pattern cannot distinguish between a
patient-reported symptom of “arm weakness,” and a physical exam finding of “arm weakness’ (unless
“patient-reported” or “physical-exam” are denoted as Contexts). .

» Evaluation pattern. An Aspect/Topic is always specified; a Value, with possible qualifiers is aways
specified; a Context is optionally specified. Example:
e Aspect = Serum LDL Cholesterol
* Value = (185, with units-of-measure = mmHg)
e Context = Fasting

This pattern explicitly specifiesthe Aspect and considersit the “ question” that the statement is address-
ing. The Value constitutes the “answer” to the question. The pattern is most naturally suited to state-
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ments represented as “ attribute/value” pairs, such as simple testing results (blood glucose, FEV 1), scor-
ing instruments (Apgar, Braden scores), and patient characteristics with quantitative or ordinal values
(pulse, pain intensity).

» Bélief pattern. An Aspect/Topic, with possible qualifiers, is always specified; a Value, with possible
qualifiersis always specified; a Context is optionally(but rarely) specified. Examples:
e Aspect = Diagnosis
* Vaue = (Asthma, with type = intrinsic, with severity = mild, with status = active)
e Aspect = Serum LDL Cholesteral, with Fasting-State = True
* Value = (185, with units-of-measure = mg/dL)

Thispatternisthe most general and can be applied equally to symptoms, findings, diagnoses, test results,
scoring instruments, and quantitative characteristics. It does require, however, that an Aspect/Topic is
explicitly specified in all cases as part of the statement model (although this constraint does not nec-
essarily require that the Aspect be specified by users at the time the statement is instantiated, since us-
er-interface functionality may populate the Aspect automatically and “ behind the scenes” for statements
where it isimplied and unambiguous).

8.2.3. Desiderata for Clinical Statement Model Design
Patterns

Given that multiple design patterns exist for clinical statements, it's useful to consider design criteria
that can guide modeling choice. Among the best known criteria for designing clinical concepts are the
properties of Understandability, Reproducibility, and Usability (URU), defined as follows:

 Understandability: Concept definitions should be understandable by average clinicians and others who
use the definitions (such as data analysts), given brief explanations.

» Reproducibility: The retrieval and representation of the same concept should be consistent regardless
of the nature of the interface, user preferences, or time of entry.

» Usefullness: Concepts, concept properties, and distinction among concepts should only be modeled
when there is current use in healthcare.

Among these criteria, reproducibility is arguably the most important in selecting an optimal design pat-
tern for clinical statements, because the property of reproducibility most influences the value of clinical
statements as standar dized representations of clinical information that can be shared by different software
modules and information systems. As illustrated in Figure 8.8, multiple software modules may use the
same clinical statement models to implement distinct functions. To ensure that the creation, use, and ex-
change of clinical data is done uniformly, the clinical statement models must not vary according to the
contexts in which they are created or processed, i.e., they must be reproducible.

To help ensurereproducibility, modelers should follow at |east two guidelineswhen creating clinical state-
ment models; Avoid arbitrary variation and explicitly represent clinically relevant distinctions. Figure 8.10
illustrates relevant examples and counterexamples of these guidelines. Note that the first example shows
three different modeling patterns for the same type of statement. In this case, it would be preferable to
model all statements of this type using only one of the patterns (applying any one of the patterns to all
three statements is left as an exercise for the reader). The second example shows a statement for which
the complete clinical meaning of the finding (“Weakness in Right Arm”) depends on whether it was ob-
jectively discerned by the physician through examination, or just subjectively reported by the patient.
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Figure 8.10. Guidelinesfor designing clinical statement models

= Avoid arbitrary variation, such as
1. Aspect = NULL

2. Aspect = Skin Turgor

3. Aspect = Physical Exam Finding
Value = Brisk Knee Reflex

1. Aspect = Patient-Reported Symptom

2. Aspect = Physical Exam Finding
Value = Weakness in Right Arm

Value = Regular pulse VS.

Value = Normal VS.

= Explicitly represent clinically relevant distinctions, such as

Value = Weakness in Right Arm VS.

Figure 8.11 shows a poorly designed clinical statement model that violates the reproducibility criterion.
Using this model, the family history of a particular problem or diagnosis could be represented in two dif-
ferent ways, depending on the user’ s preference. Such variation in the representation of the same statement
entered by one user or another will necessarily complicate subsequent data querying and analysis. For
example, a data analyst seeking all patients with a family history of coronary artery disease would have
to search both the “ Per problem” and the “ Per family member” paths of each “Family History” statement

stored in the EHR.

Figure8.11. A poorly designed clinical statement model
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8.2.4. Approach Options

Given the Model-Driven Devel opment approach and the design considerations described above, two gen-
eral options exist for specifying clinical statements models:

1. Standardize on a single design pattern for all clinical statements models (i.e., either the Assertion,
Evaluation, or Belief pattern described in Section 8.2.2). This approach may facilitate the tasks of data
analysts and software devel opers, who will need to learn many clinical statements models to use them
effectively in application development, CDS rule design, clinical measure specifications, etc.

Withthisoption, the“Belief” patternislikely preferred, asit isthe most generic and supportsall manner
of clinical observations, as described in Section 8.2.2.

2. Allow multiple design patterns, specific to individual types of statement models (e.g., al lab results, al
symptoms, al physical exam findings), or even to specific statement models (e.g., distinct models for
skin turgor versus knee reflex). This approach offers maximum flexibility in modeling specific clinical
statementsin the most natural manner. Because individual clinical statement modelswill often be quite
complex and extensive in any case (as seen from the examples in this report), the basic pattern they
follow (i.e., Assertion vs. Evaluation vs. Belief) may be theleast of the variations among them that data
analysts and software developers will need to be concerned with. Hence, it may not practically matter
whether clinical statement models conform to a single pattern or to multiple patterns, as long as the
models are clearly documented.
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9. Statement Model History and
Implementations

9.1. OpenEHR: An Example Framework for
Clinical Statements

In considering the appropriate design of statement models, it's useful to review how such models will
be used in practice within aModel Driven Development architecture. OpenEH R offers one such archi-
tecture that is relatively complete and mature, so it serves as a good example. Figure 9.1 illustrates the
components of the OpenEHR architecture, which are further described below.

Figure9.1. OpenEHR architecture

Screen Message Document APls Generalod artefacts
Forms Schemas Schemas

Templates
I \ Terminology

/ Bindings
Archetypes Terminologies
1 \ Queries
Reference
Model

9.1.1. OpenEHR Reference Model

The foundation of the OpenEHR architecture is a reference model that contains only the most generic
set of objects and data types needed to define the contents of an EHR. These objects include organizing
structures such as “Folders’, “ Compositions’, and “ Sections’, aswell as generic clinical data objects such
as “Entries’, “Clusters’ of entries, and “Elements’ that comprise the entries. The reference model also
includes several dozen datatypesthat may be used to populate the values of Elements, such as* Quantity”,
“Text”, and “ Timed Event”. Collectively, these constructs define the general building blocks available to
construct more detailed models for representing clinical observations, actions, and other data in EHRSs.
Figure 9.2 shows the constructs of the OpenEHR reference model and how they are hierarchically orga-
nized to create the “ scaffolding” for patient records.

!Demski H, Garde S, Hildebrand C. Open data models for smart health interconnected applications: the example of openEHR. BMC Med Inform
Decis Mak. 2016 Oct 22;16(1):137. (available at https.//www.nchi.nlm.nih.gov/pubmed/27770769).
2http://www.openehr.org/what_is openehr.
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9.1.2.

Figure 9.2. OpenEHR Reference Model
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Within the reference model, the “Observation” class is a specific sub-type of the “Entry” object, and
it is used to record information from a direct observation or measurement on a patient or to record the
perspective of the patient, such asin history taking. The Observation classincludes only asmall number of
dataelements that are inherited by al clinical observation models, such as* Subject” (the person to whom
the observation applies) and “ Information Provider” (the person or agent who generated the observation).
Otherwise, al Entries and Elements used to record actual observations are specified within sub-types of
the Observation class, which OpenEHR calls“ Archetypes.”

OpenEHR Archetypes

Archetypes are clinical object models that specify:

1. The set of Elements that may be used to represent various kinds of observations
2. The datatypes used to populate those Elements

3. Which Elements must be populated versus being optional, and

4. Whether Elements can have only one or may have multiple values.

The values of Elements, themselves, may be collections of other Elements (“Clusters’) or instances of
other Archetypes (effectively, nested Archetypes). Figure 9.3 shows the graphical representation of an
OpenEHR archetype.

For primitive Elements, the Archetype may define further constraints that define how the Element may be
populated, as shown in the callouts of Figure 9.3. For example, the value of the “ Systolic” Element in the
Blood Pressure Artifact is specified to be a“ Quantity” datatype, to represent the property of “Pressure’,
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and to be recorded using the units of measure “mm[Hg]”. Similarly, the “Position” Element is specified to
be a“Coded Text” datatype and to be populated by one of several enumerated code values, with the code
for “Sitting” being the default if no other value is specified.

Figure 9.3. Example of an OpenEHR Archetype

Archetype ID openEHR-EHR-OBSERVATION. blood_pressure.v1
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OpenEHR Archetypes must be defined using only the constructs of the underlying Reference Model, as
shown in Figure 9.1. This constraint ensures that the Archetypes may be stored and processed by the
underlying database and application implementations, which are otherwise loosely bound to the specific
structures of the Archetypes themselves.

The OpenEHR framework uses a specific structured language to define Archetypes, the Archetype Defi-
nition Language (ADL). Figure 9.3 shows the graphical rendering of an Archetype, although the actual
definition is specified using atext-based ADL expression (not shown). Other Model-Driven Devel opment
frameworks, of course, may use different languages for defining statement models and different graphical
rendering methods.

Like structured data types and object classesin programming languages, Archetypes specify and constrain
in detail how instances of actual data (clinical observations, in this case) may be represented within the
information system. These specifications govern how software modules must create instances of those
observations (i.e., modules such as graphical user interfaces or EDI interface engines) and how software
modules may retrieve and process instances of those observations (i.e., modules such as user displays or
decision-support rule engines). Using conceptual -level Archetypesrather than low-level datastructuresfor
these purposes allows domain experts to formally specify Archetypes, and (in theory, at |east) de-couples
Archetype specifications from low-level implementation dependencies.

OpenEHR currently includes several hundred Archetyp&es, including many for clinical observations. The
framework, however, remains very much awork in progress, and many Archetypes remain in draft form.

3See http://www.openehr.org/ckny for an online listi ng.
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9.1.3. OpenEHR Templates

To support specific use cases and system functions, OpenEHR allows Archetypes to be combined and/
or further constrained to create purpose-specific data structures called “ Templates’. Templates may then
drive the automated generation of computing artifacts used to collect, retrieve, or export clinical observa-

tions (see Figure 9.1).

Figure 9.4 shows an example OpenEHR Template that represents the information captured during an
initial visit to a heart failure clinic. Note that the template combines a number of Archetypes, such as
Blood Pressure, Pulse, and Full Blood Count, as well as adds navigational and organizational nodes such
as “Physical Exam.” The latter nodes are also Archetypes, specifically sub-classes of the Section object
specified in the Reference Model.

Figure 9.4. Example of an OpenEHR Template
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Although not shown in Figure 9.4, Templates may also include additional constraints applied to their
congtituent Archetypes. Such constraints may entail the inclusion of only a subset of the Archetype's
Elements, the allowance of only a subset of the coded values specified for an Element, the designation
of default values for Elements, etc. The purpose of these constraintsis to customize an Archetype for use
in a specific context, while ensuring that any data collected or retrieved using Templates that contain the
Archetype conform to the Archetype's underlying constraints.

For example, Figure 9.5 shows a graphical user interface (“Screen Form”) for data entry generated from
the heart-failure Template in Figure 9.4. Because the Template design constrained the Blood Pressure
Archetype to include only the “ Systolic” and “Diastolic” Elements (as opposed to the full set of Elements
shown in Figure 9.3), the Screen Form displays only those two Elements. Note that the display includes
the units of measure and allowed value ranges specified for the “ Systolic” and “Diastolic” Elements, as
derived from the complete Archetype. In this manner, all data collected via Screen Forms generated from
the Template in Figure 9.4 will conform to the constraints specified within the Archetypes that the Tem-
plate includes. This aspect of Model Driven Development allows the observation modeling features and
congtraints that are formally specified in Archetypes to be uniformly and automatically applied across
various uses of the Archetypes (through Templates) within and across information systems.
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Figure 9.5. Example of a Screen Form generated from an OpenEHR Template

> 4 Risk Factors
> « 3. Presentation and symptoms
4 & 4 Physical Exam

Q weign

4 @ Pulse

Q Fulse Rate - min

Q Height

4 @ Blood Pressure

9.1.4. Querying OpenEHR Data

Although OpenEHR Templates may combine and further constrain Archetypesto enable purpose-specific
data collection and data processing, the querying of OpenEHR data need not consider the structure of
any individual Templates that were used to instantiate clinical observations. Rather, querying requires
knowledge of only the Archetypes, the underlying Reference Model, and any controlled terminologies
used in the definition of Archetypes (See Figure 9.6 for agraphical representation of these dependencies).

Figure 9.6. Architectural components used in querying of OpenEHR data.

Screen Message Document APls Generated artefacts
Forms Schemas Schemas
Templates
Terminology
,.___T.___/__Bmdm.QL _________ I
I Archetypes Terminologies
|
- |
I t Queries I
|
I Reference I
Model I

Asdiscussed above, all persisted observation data must conform to the constraints of the Archetypes used
to collect them (even if those Archetypes are combined and further constrained in Templates). Further,
none of the navigational elements of Templates (such as the grouping of Archetypes into a “Physical
Exam” category, as shown in Figure 9.4) influence the semantics of the Archetype data collected via
Templates. Specifically, the semantics of aclinical observation represented by an Archetype should exist
independently of any encompassing navigational or organizational category in which that Archetype may
appear within a Template (Archetypes must be carefully designed to confer this property).

At the sametime, queries may reference sub-parts of an OpenEHR medical record in which the Archetype
instances were recorded. These named sub-parts of a record, such as “Problem List” and “Medication
Order List,” are also Archetypes defined to specialize the “Section” class of the Reference Model (see
Section 9.1.1).

Finally, queries may also reference the terminology model from which specific codes were drawn when
defining clinical observation Archetypes. For example, a query could seek to retrieve any patient with a
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diagnosis subsumed by the coded concept “ Cardiovascular Disease,” although no Archetype specifically
references that very general disease concept. Such a query would rely upon the hierarchical subsumption
relationships represented in the terminology model to associate the general “ Cardiovascular Disease” con-
cept with the specific disease concepts (such as “ Atherosclerosis’) that are actually referenced in defined
Archetypes.

9.2. Current CIMI Clinical Statement Modeling
Effort

This chapter describes the CIMI clinical statement model. This model uses a traditional structured data
tree approach which can then be compared and contrasted with the ANF model.

The central focus of the CIMI Reference Model isthe CIMI Clinical Statement. A CIMI Clinical Statement
represents structured electronic communication made about a patient typically documented as an ‘entry’
in the patient record. For example, a CIMI Clinical Statement can be used to represent the following
statements made about a patient.

» Was observed to have the presence or absence of aclinical phenomenon
« Diabetes mellitusis present
« Diabetes mellitusis not present
» Dot blot hemorrhage is present

» Underwent a specific test/screening or procedure, and its resultant value, if any
» Pulse Rate 68 bpm, taken by pul se oximeter

Systalic blood pressure 120 mmHg, taken on right brachia artery, using BP cuff adult size, patient
in sitting position for at least 5 minutes, urinated not more than 30 minutes prior to measurement

Three dot blot hemorrhages
* Positive screen for fall risk
» Negative screen for PTSD and depression

» Was administered a medication or other substance
 Patient took one Acetaminophen 500 mg tablet by mouth for pain

* Was provided educational materials
 Patient was provided with educational materials on diabetes

* Clinical History
» History of breast cancer
e Family history of breast cancer

CIMI Clinical Statement, shownin Figure 9.7, hasa‘topic’, ‘ context’, and ‘ various metadata’ . The ‘topic’
is the clinical entity being described. The ‘context’ describes the circumstances that form the setting in
which the ‘topic’ should be evaluated. Finally, ‘various metadata’ is shown in the diagram for purely
illustrative purposes to represent the collection of attributes that represent the who, where, why and when
information. But 'various metadata itself is not actually an attribute of CIMI Clinical Statement.

CIMI adopts a compositional approach rather than inheritance, where a particular topic and context are
added to aCIMI Clinical Statement. But topics and contexts themselves are defined with inheritance. This
isthe same general approach taken by ANF except for the following differences. CIMI definesthetopic as
astructured tree where ANF definestopic as a post-coordinated SNOMED CT expression. Both CIMI and
ANF define context as a structured tree, but ANF has alternatively named ‘context’ to be ‘circumstance'.
This differenceisillustrated for Pulse rate in Figure 10.31 and Figure 10.32.
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Figure 9.7. CIMI Clinical Statement

Clinical Statement

Topic

Context

CIMI .
topic

A

context

O

J
Various Metadata...)

The ‘topic’ is the clinical entity described by the Clinical Statement. A few examples of
topic include clinical assertions, evaluation results, and procedures. For each of these top-
ics the information described is quite different. Therefore, CIMI describes topic types that
contain the appropriate attributes to describe the required information for the given topic.
The number of topic types will change as CIMI progresses. Currently the allowable topic
types are ProcedureTopic and FindingTopic which has subtypes of EvaluationResultTopic
and AssertionTopic.

The topic in ANF Statement and CIMI Clinical Statement should contain the same infor-
mation. The ANF Statement will represent this information as a Logical Expression, and
CIMI represents this same information as a structured tree.

In both ANF Statement and CIMI Clinical Statement, the topic is represented consistently
across both performances and requests. The difference between aperformanceand requestis
expressed in'circumstance for ANF Statement, and in‘context’ for CIMI Clinical Statement.

e ProcedureTopic

» FindingTopic
» BEvauationResultTopic
» AssertionTopic

In ANF, these various structured trees representing the topic will all be represented with
a SNOMED CT concept or post-coordinated expression. Some CIMI uses of topic will be
illegal in ANF. For example, if CIMI modeled using EvaluationResultTopic with a coded
result in the Context, thiswould not be possiblein ANF because ANF does not allow coded
results. Instead, this would need to be modeled in an AssertionTopic style with the result
moved into the topic to be representable by ANF. Again, this difference is illustrated for
Pulse rate in Figure 10.31 and Figure 10.32.

The ‘context’ describes the circumstances that form the setting in which the ‘topic’ should
be evaluated. The various CIMI context types contain the appropriate attributes required for
the given context. The number of context types will change as CIMI progresses. Current-
ly the allowable context types are ActionContext and FindingContext. ActionContext has
subtypeswith examplesincluding ReguestContext, OrderContext and PerformanceContext.
FindingContext has subtypeswith examples such as PresenceContext, AbsenceContext, and
Goal Context.
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9.2.1.

« ActionContext

* RequestContext

 OrderContext

¢ PerformanceContext
* FindingContext

¢ PresenceContext

» AbsenceContext

» GoalContext

ANF has aternatively named 'context’ to be'circumstance’ but it servesthe same functionin
both models. A major differenceisthat ANF only allows quantitative resultswhereas CIMI
also alows coded results. Another difference is that ANF describes all quantitative results
asarange. Thisallows ANF to describe presence and absence using this quantitative range,
thus eliminating the need for many of the CIMI contexts describing presence and absence

Metadata  ‘metadata isnot actually an attribute of CIMI Clinical Statement, but is intended to repre-
sent the various attributes in a clinical statement that represent metadata about the clinical
statement. This includes attribution information relating to the statement itself such aswho
authored, verified, recorded, or signed the statement or more informally, the who, where,
why, and when information. Other attributes of this nature are recordStatus and encounter.

Examples Using Topic and Context

Earlier, various descriptive examples of textual examples of clinical statements were given. Here we will
represent similar examples using the CIMI Clinical Statement ‘topic - context’ paradigm. In Congestive
Heart Failure, the topic has been declared to be asubtype or AssertionTopic called ConditionTopic stating
“assertion of congestive heart failure”, and the context has been declared to be of type PresenceAbsence-
Context stating “ Known Present” . What may not be apparent in thefigure isthat when the topic isdeclared
to be of type AssertionTopic then all the attributes of AssertionTopic are available for use. However, in
the figure only the attribute named 'topicCode' is shown for clarity.

Figure 9.8. CIMI Presence Context Example

topic ;
GOAIER contextCode
(PresenceContext)

Patient has diagnosis of congestive heart failure

CIMI

Clinical Statement Congestive Heart Fallura

Known Present )

In Order for physical therapy, the example for “ Patient has an order for Physical Therapy.” is shown. The
topic has been declared to be of type ProcedureT opic stating “ procedure of type physical therapy”, and the
context has been declared to be of type OrderContext. Again, the majority of attributesfor ProcedureTopic
and OrderContext are not shown for clarity.
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9.2.2.

Figure 9.9. CIMI Order Context Example

topic
(ProcedureTopic)
context
(OrderContext)

Patient has an order for Physical Therapy

CIMI
Clinical Statement

Physical Therapy )

StatementTopic and StatementContext are both collections of attributes and have the following character-
istics:

1. They are reusable components that can be assembled to form clinical statements. For instance, one can
coordinate the ProcedureTopic with the Proposal Context to represent a ProcedureProposal statement.
Alternatively, ProcedureT opic may be paired with OrderContext to create a ProcedureQOrder statement.

2. They represent groupings of attributes aligned with the SNOMED CT Concept Model. For instance,
ProcedureTopic is aligned with the SNOMED CT Procedure Concept Model. PerformanceContext
aligns with the Situation with Explicit Context (SWEC) Concept Model.

3. They provide for amechanism to state presence or absence of afinding aswell as performance or non-
performance of an action. For instance, the pairing of ProcedureTopic with NonPerformanceContext
allows for the expression of a procedure that was not performed.

CIMI Topic Patterns

Topic Patterns include al the attributes required to fully describe a clinical entity. The topic patterns
CIMI hasdevel oped to dateinclude FindingTopic and ProcedureT opic, with FindingTopic having children
of AssertionTopic and EvaluationResultTopic. They are shown in Figure 9.10 and are described in the
following sections. Each of these topic subtypes contain a collection of attributes that describe the given
pattern. These patterns provide the foundational structure for detailed clinical model (DCM) archetype
instances that can be visualized at http://models.opencimi.org

ANF, on the other hand, does not create its own topic patterns, and instead relies on SNOMED CT post-
coordinated expressionsto represent the topic. ANF operates under the principle of separation of concerns,
and believes that terminology should be a separate concern from the ANF Statement data structure and
its properties.
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Figure 9.10. Topic Hierarchy

StatementTopic

A

FindingTopic ProcedureTopic

T 1

AssertionTopic || EvaluationResultTopic

9.2.2.1. AssertionTopic

Thefirst CIMI topic typedescribed hereisthe AssertionTopic pattern with itsincluded attributes, as shown
in Figure 9.11. Not shown in the previous diagram is that AssertionTopic has been further refined with
subtypes. ConditionTopic, shown in Figure 9.12 is a child of AssertionTopic which is used to represent

clinical findings such as the presence (or absence) of a condition in a patient. For example:

» Assert the presence of chest pain.
 Assert the absence of chest pain.
» Assert the presence of edema.

Figure 9.11. AssertionTopic

AssertionTopic

topicCode : Concept [1..1]

result : DataType [1..1]
description : PlainText [0..1]
multimedia : Multimedia [0..*
interpretation : Concept [0..%)
dateAsserted : DateTime [0..1
verificationStatus - Concept [0..1]
findingMethed : Concept [0..*
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Figure 9.12. ConditionTopic

ConditionTopic

topicCode : Concept [1..1]

result : DataType [1..1]

description : PlainText [0..1

multimedia : Multimedia [0..*

interpretation : Concept [0..*

dateAsserted : Temporalvalue [0..1
verificationStatus : Concept [0..1]
findingMethod : Concept [0..*
associatedEntry : InformationEntryAssociation [0..1]
dueTe : Concept [0..*

severity : Concept [0..1]

clinicalCourse : Concept |0..1]

episodicity : Concept [0..1]

diseasePhase : Concept [0..1]
associatedSignAndSymptom : Concept (0%
perodicity : Concept |0..*)

alleviating Factor : Concept [0..%]
exacerbatingFactor - Concept [0..%]
suspectedEntity : Entity [0..1)

clinicalStatus : Concept [0..1

The assertion pattern for aclinical statement is as follows:

Figure 9.13. CIMI Assertion Pattern with Context Representing Presence

(Confﬁifn'%mc, topicCode Diabetes mellitus type 2)
contextCode present ]

Diabetes Méllitus Type 2 Present

CIMI

Clinical Statement

9.2.2.1.1. Assertion Hierarchy

The full hierarchy for AssertionTopic is shown in Figure 9.14. AssertionTopic serves the following pur-
poses: (1) it provides the core set of assertion attributes that are relevant in assertion of presence and
absence; and (2) it is the parent type for the more specific assertions such as ConditionTopic and Find-
ingSiteAssertionTopic. If additional attributes are identified as required to properly model assertions, they
would either be added to one of the existing assertion types or a new type could be created with these
attributes. This modeling decision would be based on whether adding these attributes make sense for ex-
isting assertions or only for anew subset of assertions. Typically an attribute is added to the parent class if
that attribute is relevant in all the subclasses derived from the parent class. If an attribute is only relevant
in some of the subclasses, then the attribute is introduced in these subclasses. This ensures that a class
does not have an attribute that is incongruent and thus requires that attribute to be frequently constrained
out. As an analogy, CIMI wants to minimize the design practice that would create an Animal class that
contains arms, legs, and wings and then create an instance of a dog that constrains out wings since dogs
do not have wings.
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Figure 9.14. Assertion Hierarchy

AssertionTopic

ConditionTopic

FindingSiteAssertionTopic

9.2.2.1.2. Assertions

Assertions affirm or deny the existence of clinical conditions, diseases, symptoms, etc., in the patient.
As just described, different varieties of assertion may extend an existing AssertionTopic class with any
additional attributes necessary to fully represent this new group of assertions. In the following sections,
Diabetes Present and Diabetes not present show examples of clinical statements using the AssertionTopic
classfor the topic, and later, Right femur fracture shows aclinical statement using FindingSiteAssertion-
Topic for the topic. These examples show the ‘topic.topicCode’ and ‘ context.contextCode’ for each, with
the addition of any extraattributes from the chosen topic needed to describe the clinical statement. Context
will be discussed in depth later in this document. For now, be aware the chosen context isafull classwith
many attributes but here we are only showing the context code attribute that iscommon to all context types.

Figure 9.15. CIMI| Assertion Pattern with Presence Context and Age of Onset

topicCode j—( Diabetes mellitus type 1 )
topic
(ConditionTopic)
ageOfOnset
" g H 24 years )
Clinical Statement

context contextCode
(PresenceContext)

Diabetes Médllitus Type 1 Which was Diagnosed at Age 24

Confirmed Present
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Figure 9.16. CIM| Assertion Pattern with Presence Context of Absent

topic f
GO contextCode
(PresenceContext)

The Patient does not Have Diabetes Mellitus Type 1

CIMI
Clinical Statement

Diabetes mellitus type 1)

Known absent )

Figure9.17. CIMI Assertion Pattern with Presence Context of Present

(c(,nf,ffifni?opic, topicCode Diabetes mellitus type 2}
contextCode ]

Diabetes Méllitus Type 2 Present

CIMI

Clinical Statement

Note, in the CIMI aignment with the SNOMED CT concept model, the AssertionTopic pattern corre-
sponds to the Finding hierarchy as inflected by the Situation hierarchy.

Other attributes may aso inflect the semantics; e.g., an AssertionStatement.topic.findingMethod that
would align with the concept model’ s Finding.findingMethod.

9.2.2.1.3. Finding Site Assertions

A FindingSiteAssertionTopic is an assertion about a finding found on the body. This assertion isa“de-
sign by extension” assertion because it contains the additional attribute findingSite that is used to capture
the body site affected by the condition. The FindingSiteAssertionTopic encourages post-coordination as
shown in Right femur fracture, and intentionally aligns with the SNOMED CT Clinical Findings concept
model.
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Figure 9.18. CIMI Finding Site Assertion Pattern

topicCode ]—( Fracture of bone
findingSite —— Bone structure of
femur

Right
contextCode

N

topic
(FindingSiteAssertionTopic)

'
N

CIMI
Clinical Statement

laterality

Confirmed Present

AN

context
(PresenceContext)

Femur fracture of theright leg

9.2.2.2. Evaluation Result

The second topic pattern we will discussis EvaluationResultTopic which is used to document a character-
istic of apatient or aclinical value being observed. An EvaluationResultTopic may hold the name of atest
in the ‘topicCode’ attribute (e.g., “heart rate evaluation”, “ serum glucose lab test”, etc.) and the resulting
value of the test would be represented in the context ‘result’ attribute. Viewed another way, the Evalua-
tionResultTopic topicCode holds a question (e.g., "what isthe heart rate?", "what is the serum glucose?")
and the context ‘result’ holds the answer. Any-clinical statement such as a laboratory test, a vital sign,
or a questionnaire question that fits this pattern of a question and a resulting value is modeled with the
EvaluationResultTopic pattern.

The evaluation result pattern for aclinical statement is asfollows:

* topic.topicCode = what' s being evaluated (“heart rate”, “ serum glucose”, “breath sound”, etc.).
* context.result = the result of the evaluation (“72 bpm”, “100 mg/dL", “rales’)

The following is an isosemantic comparison of the evaluation result pattern to the previously described
assertion pattern using blue eye color as an example

Assertion « topic.topicCode = blue eye color
« context.contextCode = present
EvaluationResult « topic.topicCode = eye color

* topic.result = blue eye color

Like Assertion, Evaluation Result corresponds to the SNOMED CT concept model. The
EvaluationResultStatement.topi c.topicCode attribute corresponds to the observation being evaluated.

9.2.2.2.1. Evaluation Result Hierarchy

EvaluationResultTopic currently hastwo subtypes; Laboratory TestResultTopic (which includesadditional
attributes necessary to describe laboratory tests) and Physical Eval uationResultTopic.
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Figure 9.19. Evaluation Result Hierarchy

EvaluationResultTopic

;S

LaboratoryTestResultTopic PhysicalEvaluationResultTopic

9.2.2.2.2. Modeling in the Constraint Layer

This section will use LaboratoryTestResultTopic, which exists in the Reference Model Layer, to further
describe modeling in the Constraint Layer. There are different categories of laboratory tests that differ
in their resulting data type, such as quantitative labs and nominal labs, where the former would have a
Quantitative result and the latter would have a Coded result. For the different lab categories thereis not a
need for new named attributes to be added in the reference model layer, but only a need to constrain the
result to the appropriate datatype. Since anew named attributeis not required, the style CIMI has adopted
is to create subtypes in the constraint layer, where in this case, an ADL Archetype would be created for
both Quantitativel aboratory TestResult and Nominal L aboratory TestResult.

9.2.2.2.3. Evaluation Result Subtypes in the Reference Layer
L aboratoryTestResultTopic LaboratoryTestResultTopic contains attributes specific to the lab
evaluation process. These include information about the physi-
cal process (e.g., specimen) plus process management information
(e.g., status).
PhysicalEvaluationResultTopic Physical EvaluationResultTopic contains attributes specific to the
clinical evaluation process. These include information about the

physical examination process (e.g., patient position, body site).

Figure9.20. CIMI Physical Evaluation Result Pattern

topicCode ]—( Skin turgor )
evaluationProcedure

resultValue Fragile skin )

(Concept)

topic
(PhysicalEvaluationResultTopic)

'

CIMI
Clinical Statement

context
(EvaluationResultRecordContext)

The patient’ s skin turgor isfriable
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Figure 9.21. CIMI Tubular Breath Sounds Evaluation

topic X
Toplc.key
Topic.result

CIMI
Clinical Statement

Respiratory sounds

Tubular breathing ]

Tubular Breath Sounds

Figure 9.22 and Figure 9.23 are both Eval uation Result style representations of asystolic blood pressure. In
thefirst, where CIMI has a simpletopic, the styleis very similar to how it would be modeled in ANF. But
in Figure 9.23, which has a complex topic, CIMI represents this with named propertiesin atree structure.
ANF, on the other hand, would put all this structured topic complexity into a post-coordinated SNOMED
CT expression.

Figure 9.22. CIMI Systolic Blood Pressure Evaluation

topic
(PhysicalEvaluationResultTopic)

context
(EvaluationResultRecordedContext)

topicCode Systolic blood
pressure

CImI
Clinical Statement

resultValue
(Quantity)

Millimeter of mercury

Systolic Blood Pressure 120 mmHg
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Figure 9.23. CIMI Systolic Blood Pressure with Sitting Position and Urination
Evaluation

Systolic blood pressure
topic
(PhysicalEvaluationResultTopic)
.d.e"'c‘? H code %ood pressure cuff, adult size
(ClinicalDevice)

code Structure of brachial artery
bodyLocation
( icalLocation)

laterality Right

AN

CIMI

Clinical Statement

=

Create code (sitting position for
at least 5 minutes prior to
evaluation)
Create code (urinated not more
than 30 minutes prior to
context evaluation)
(EvaluationResultRecordedContext)
value 120

resultValue
(Quantity)

units Millimeter of mercury

Systolic Blood Pressure 120 mmHg, Taken on Right Brachial Artery, Using BP Cuff Adult Sze, Patient in
Sitting Position for at Least 5 Minutes, Urinated Not More than 30 Minutes Prior to Measurement

9.2.2.2.4. Guideline: Assertion versus Evaluation

Any evauation model may be transformed into an assertion model. Conversely, any assertion model may
be transformed into an evaluation model. Some more easily than others.

The general guidelineisif it is natural to think of the concept as a noun, as a condition or state that exists
in the patient, model as an assertion or set of assertions. If the statement about the patient is thought of as
aname/value pair (i.e., anoun representing the attribute and an adjective representing the value), such as
“hair color” = (“black”, “brown”, “blonde”), then model it as an evaluation. However, it is important to
note both styles are allowed and the true determinant of their use is whether a result for a given criteria

other than true/false or present/absent is specified.

This discussion highlights the importance of isosemantic models. Even if one model or set of models can
be agreed upon as the preferred style (e.g., assertion models for “bradycardia’ and “tachycardia’ instead
of an evaluation model with “bradycardic” and “tachycardic” asvalues), inevitably there will be use cases
(e.g., data entry, messaging, reporting, etc.) for the other model and a need to identify use cases where
different modeling patterns describe semantically identical phenomena. These patterns are isosemantic.
An essential (as of now unfulfilled) requirement is for a mechanism of identifying isosemantic models,
managing isosemantic groups, and transforming between them. We expect a great deal of thiswork to be
facilitated by the semantic underpinnings of the models supporting the ability to classify the content of
two models and determine their logical relations (equivalent, subsumed, digjoint).
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It should be noted the Assertion vs. EvaluationResult topic is solely concerned with the structure and
schema pattern used to capture clinical information. Choosing Assertion vs. Eval uationResult patterns has
nothing to do with whether the information being captured is subjective vs. objective.

9.2.2.3. ProcedureTopic

Procedure models are used to represent actions taken related to the care of apatient such as a cholecystec-
tomy, periphera 1V placement, delivery of a warm blanket, dressing change, ambulation, patient educa
tion, etc. The CIMI ProcedureTopic, as shown in Figure 9.24, is a base class for a number of specializa
tions such as surgical, imaging, and laboratory procedures. The CIMI Procedure Model isaligned with the
SNOMED CT Procedure Concept Model when such an alignment exists.

Figure 9.24. ProcedureT opic Hierarchy

ProcedureTopic

I
| |

LaboratoryProcedure- SpecimenCollection- | | SurgicalProcedure-
Topic Topic Topic
ImagingProcedure- SurgicalProcedureOnDevice-
Topic Topic

9.2.2.4. Context Patterns

When a Clinical Statement is defined it will be modeled as a combination of atopic and a context. The
‘context’ describes the circumstances that form the setting in which the ‘topic’ should be evaluated. Spe-
cializations within the context hierarchy, shown in Figure 9.25, add important attribution information for
the situation being described. Thisisapartial view of the context hierarchy for illustration purpose, but it
should be clear that more context classes exist, and more will be modeled in the future as necessary.

Figure 9.25. Context Hierarchy

StatementContext
VA NG
FindingContext ActionContext
*?- 4 s
PresenceAbsenceContext GoalContext RequestContext
z‘[\
OrderContext

The StatementContext abstract class has the following specializations:

FindingContext The FindingContext class aligns with the SNOMED CT Situation with Explicit
Context for findings and provides the context for either the EvaluationResultTopic
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or AssertionTopic of aclinical statement. For example, a context about a finding
may state that the finding was present or absent.

ActionContext The ActionContext class aligns with the SNOMED CT Situation with Explicit
Context for procedures and provides the context for the topic of a clinica state-
ment. For instance, a statement about a procedure may specify the procedure has
been proposed, ordered, planned, performed, or not performed. Each action con-
text, in turn, has its own lifecycle. Another child of ActionContext, not shown in
Figure 9.25 is PerformanceContext shown in Figure 9.26.

Figure 9.26. PerformanceContext

PerformanceContext

contextCode : Concept [1..1]
temporalContext : Concept [0..1]

justification : Concept [0..1]

currentStatus : Attribution [0..1]

scope @ Concept [0..1]

supportinginformation : InformationEntryAssociation [0-*]
perfermed : Attribution [D..*]

enactsPlan : PlannedProcedureStatement [0..1]
fulfillsOrder : PlannedOrderStatement [0..1)
basedOn : PlanmedProposalStatement [0..1]
duration : Duration [0..1]

partf @ ClinicalStatement [0..%]
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10. Analysis Normal Form

10.1. Why Analysis Normal Form? A Normal
Form for Clinical Statements

A clinical statement isadefiniteand clear representation of aclinically-significant fact or situation that was
observed to exist or happened. A clinical statement can be expressed as a narrative that provides awritten
account that can be naturally read by humans, as well as a normal form which is a machine-processable
representation of the statement's data as a standardized and encoded fundamental form. Today, clinical
statements are often represented in unpredictable and denormalized forms, which makes reliable and safe
decision support challenging, and reduces the quality of other types of data processing.

Healthcare organizations are striving to become high reliability organizations (HROs), characterized by
high levels of safety under inherently risky, technologically-complex, and demanding conditions. [1] De-
ployment of EHR systems is nearly ubiquitous in the US and there is increasing opportunity to leverage
standards-based clinical statementsto improve population health through quality measures, case reporting,
and decision support. The ability to measure and improve outcomes relies on consistent, high-quality data
that was aggregated from avariety of systems. Analysis using normal form allows HROs to derive added
knowledge from data and reach high levels and safety. [2] A standard normal form can help replicate
HROs across our industry.

In this document, we present background on other logical HL7 and 1SO clinical statement models, and
focus on the need for—and logical specification of—an Analysis Normal Form (ANF). ANF isanormal
form intended to safely and reliably support data analysis that can be used to aggregate data created using
any standard or non-standard input form or exchange mechanism. The ANF Reference Model, isalogical
model and part of the CIMI library of models.

ANF isamodel for clinical statements used in analysis that meet the following criteria: Understandable,
Reproducible, and Useful (URU) [3][4]

* Understandable. The content of an ANF statement can be processed by health IT systems and under-
stood by most healthcare providers, without reference to private or inaccessible information.

* Reproducible. Multiple users or systems apply the ANF to the same situations and source data with
an equivalent result.

» Useful. The ANF statement is fit-for-purpose—it has practical value for data analysis, in support of
clinical decision support, research, and population health that requires information aggregated across
health IT systems.

This document describes how information systems can improve patient safety and outcomes by increasing
the precision of clinical information using anormal form to enhance and support quality data and analysis.

10.1.1. Motivation: Why Do We Need ANF?

Information systems record and manage clinical statements using a variety of standard or ad-hoc models.
However, both treatment and analysis of clinical statements require consistency not only at the format
level (e.g. CDA, FHIR, V2) but also the content model (i.e. an instance of an ISO/TS 13972 DCM, CIMI
model, etc.). [5] In most cases the data quality is the greatest obstacle to analysis, but even in the case of
structured, semantically-clear information, inconsistency across sources of information raises obstaclesto
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analysis. Analysis of aggregate information managed by health information networks poses the greatest
challenge today because a meaningful use of data for patient outcomes or research requires a common
format, semantic clarity, and quality data.

Not only is there a potential for alack of consistency with representing clinical statements with current
detailed clinical modeling efforts, but there is also further variation in how the datais entered into infor-
mation systems by end-users. This reality has a direct impact on patient safety if a clinical statement is
recorded and displayed differently across the continuum of care. Clinicians author clinical statements and
enter them into their organization’s EHR systems where they are represented as some type of "Clinical
Input Form" (CIF). This concept describes the representation of any natural language processing or data
entry mechanism used by cliniciansto record clinical statements. Vendors may compete on usability which
may result in proprietary CIF data, or, clinical statements are based on standards-based models (e.g. CIMI,
openEHR archetypes). For the purposes of this document, the type or usability of CIF data structures are
not in scope. We assume that any suitably encoded clinical statement may be normalized.

Ideally, clinical informationismodeled in amanner that ismost efficient for use. Thisisaproblem because
there are many different use cases for clinical information with awide range of requirements. Thereis no
single model that can be the most efficient model for all the various use cases. Maximum efficiency for
each use case necessitates that any particular clinical information be available in multiple modeled forms.
These models, although different in form, semantically represent the same information, and are known as
isosemantic models. Any particular detailed clinical model exists within afamily of isosemantic siblings.

Clinical statements can be expressed and documented in many different ways in EHR systems, where
clinical input forms provide different options to document the same clinical statement. These differences
pose challenges for how the datais modeled, how the datais stored, and therefore has implications on data
retrieval, data analysis, and accuracy of clinical analysis results.

10.1.1.1. Variation by Implementation: Clinical Input Forms

Clinicians enter clinical statements into their organization’s EHR typically in a manner that we call here
clinical input form (CIF), or the manner in which information is presented to the clinicians and how they
enter the data, such as by constraining the information to alow only certain values to be entered - for
instance, through a drop-down list, radio buttons, or breaking up large chunks of related information into
smaller parts, or through natural language processing.

Let's consider the following example, represented below, in which data collected by an EHR combines
information reported by devices with findings and interpretation:

1. A vital signs monitor transmits the systolic and diastolic blood pressure including date/time and the
id of the device.

2. The nurse marks the measurement as "verified".

3. Next, the nurse documents how the measurement was performed:
* using an adult cuff size
* inprone position
* brachia artery

* ontheleft side
* the micturition context is left empty/unknownl

4. Next, the physician adds an interpretation.

Istudies have shown that systolic blood pressure measurements could increase 10 to 15mmHg with a full bladder. Micturition, the process of
emptying the bladder, is therefore a data element that can be recorded with some Clinical Input Forms. [6][7][8
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Figure 10.1. Blood Pressure Statement recorded by an EHR system

Blood Pressure

Systolic: | 140 mm[Hg] Adult Cuff v
Prone -
Diastolic: | 90 mm[Hg] At rest :
5/M19/2019 2:34:35 pm Brachial Artery v
Left side -

Method: Vital Signs Monitor -

Verified by Athena Pallas, RN 51972019 4:30 pm .
Signed by Athena Pallas, RN

ACME Capriosus Monitor 5192019 4:35 pm

Interpretation: Hypertensive disorder

Signed by A Coronis, MD 5/20/2019 9:23 am

In this example the CIF provides the measurement information from the device to be verified by a nurse.
The nurse adds annotations describing how the measurement was taken (at rest, prone) and the location
(Ieft brachial artery). The user may also fill in information about micturition, if known. A physician may
interpret the measurement to be indicative of hypertension.

Another EHR system may capture or display a subset of information in CIFs about the blood pressure
measurement—omitting "micturition context" and pre-coordinates site and laterality as:

 Right brachial artery
 Left brachia artery

The image below illustrates another distinct CIF in which the user interface captures a set of clinical
statements related to Blood Pressure.

Inthefirst case, the clinical input form has separate drop-down constraintsto enter the artery and laterality
as distinct concepts. In the alternative data entry form, the location and laterality are represented by a
single, compound concept. This variation present in ClFs may also have implications on how the clinical
statement is model ed.
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Figure 10.2. Alternative Blood Pressurerepresentation in a second EHR system

Systolic: 140 mm[Hg] Adult Cuff

Diastolic: 90 mm[Hg] Prone

Atrest
5/19/2019 2:34:35 pm Left - Brachial Artery

Method: @ Vital Signs Monitor

| Verified by Athena Pallas, RN 5M19/2019 4:30 pm )
+ Signed by Athena Pallas, RN

ACME Captiosus Monitor 5/19/2019 4:35 pm

Hypertensive disorder

|

In this second CIF example, a similar system (or an alternative configuration of the same system) may
support a different set of options to verify and record blood pressure measurement. This representation
combines laterality and site and excludes details related to micturition.

10.1.2. Analysis Normal Form

Analysis Normal Form (ANF) isalogical model intended to represent a normalized view of aggregate
clinical statements recorded during treatment for analysis, research, clinical decision support, and other
purposes. ANF can be used to represent any isosemantic clinical statementsirrespective of how the infor-
mation was captured at its source (i.e. information systems or medical devices). ANF can be used in con-
junction with other models intended to ensure that clinical information is structured and complete at the
time of entry (e.g. CIMI models, ISO/TS 13972 Detailed Clinical Models) or exchanged among systems
(e.g. HL7 CDA templates, HL7 V2 message profiles, FHIR profiles).

Clinicians, integrators, health IT developers, and researchers face different priorities, forcing trade-offs
to be made that optimize data entry brevity at the cost of computability. ANF represents a collection
of patterns and approaches to provide a predictable normal form to aggregate data sets across multiple
systems . The more normalized a data set is, the simpler it will become to analyze, and errors will be
reduced. In addition to improving analysis, ANF introduces the ability to compare statements with ease
and no loss of semantic integrity.

10.1.2.1. Objectives and Purpose of ANF

ANF's purpose is to introduce standards-based, normalized representation of clinical statements from a
heterogeneous source using an objective measure to help evaluate the result, presence, and magnitude of
a specific finding, request or observation. ANF requires an ability to classify the topic of a statement us-
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ing standard terminology expressions. ANF defines responsibility for different representational aspects of
input data along well-defined compositional layers (see Separation of Concerns). In practice, information
systems may create normal data natively or transform other representations of clinical statements (e.g. C-
CDA templates, FHIR profiles) to normal form (i.e., ANF).

Overal, ANF alows healthcare enterprises to normalize information aggregated across multiple sources
to better support a set of analysis. ANF enhances the ability to analyze and compare clinical statements
aggregated across systems and organi zations and provide alogical model to:

* Specify acommon form for clinical statements extracted from EHR systems and FHIR.
 Provide acommon analysis form to data exchange paradigms (e.g. HL7 messages, FHIR and CDA).

» Enhance clinical data for use in Clinical Decision Support Systems, Clinical Quality Measures and
National Registries, Healthcare Guidelines and Protocols, and Epidemiological Research.

10.1.2.2. Assumptions for ANF

10.2.

10.3.

ANF provides a precise statement specification that is comparable and sharable between multiple care
providers, health enterprises, and standards-based Healthcare Information Technology (HIT) systems.
ANF does not define the terminology specification but relies on terminology knowledge to specify the
meaning of clinical statements. ANF coded data may use single codes, as well as any legal terminology
expression defined within the terminology layer of the architecture.

ANF supports pre-coordinated and post-coordinated terminology expressions to provide greater content
coverage than can be achieved by relying only on pre-coordinated concepts. Post-coordinated composi-
tional terminologies are more expressive and can achieve better analysis than can be achieved by relying
only on pre-coordinated concepts.

Successful analysis requires appropriate data quality necessary for systems to define a precise topic, cat-
egory, and clear measure or result of what was observed, requested, or assessed during treatment. ANF
can be applied to any input data and any formalism as long as the data semantics and terminology are
sufficiently precise to define the elements mandatory for analysis.

Building Blocks: ANF Reference Model

The ANF Reference Model is alogical information model describing the format of a normalized clinical
statement that may have originated from an information system data store, a standard-based message (e.g.
HL7 Version 2), a standard-document (e.g. HL7 CDA), a standard-based resource (e.g. HL7 FHIR), or an
instance of a CIMI model (e.g. FHIR-based profile, openEHR archetype).

ANF UML Model

The ANF Reference Model is a logical model described herein using the Object Management Group
(OMG) Unified Modeling Language (UML) 2.0 notation to describe the structure of normalized clinical
statements for computational analysis. This logical model may be implemented using any programming
language, database technology, or interoperability specification (e.g. FHIR) suitable for analysis. ANF is
intended to normalize approaches and methodologies in use across the industry and provide a uniform
representation of datato enable analysis.

Thefollowing diagram describesthelogical structure of aclinical statement that conformsto the Analysis
Normal Form specification. At a high-level an ANF statement defines the topic (WHAT happened, was
observed, requested, measured, asserted, etc.) and under what circumstances-(HOW, WHY, WHEN, and
with what RESULT).
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Figure 10.3. ANFStatement Structure

CIMI Clinical
Statement

10.3.1. ANFStatement

Thisisthe main class which describes aclinical statement. Most importantly it contains the 'topic' which
describes what this statement is about, and the 'cir cumstance' which will contain either request or result
information regarding the 'topic'.

- topic

iﬁ"“- context

Attribute

Multiplicity

Notes

id Identifier

[1..1]

Unique Identifier of the statement.

time Measure

[1.1]

This data element describes when the statement was
documented. Isits expressed asa_Measure.

For example the date of 2019-07-09T 00: 12: 31+00: 00 would
be represented as Unix Epoch time as 1562631151 seconds:

* interval.lowerBound = 1562631151
¢ interval.includeL owerBound = true

« .interval.upperBound = 1562631151

interval.includel_owerBound = true
* semantic = Seconds | 257997001

The ANFStatement separates the timing related to
documenting a statement vs, the timing of the phenomenon
that the statement is describing. This data element specifies
when the statement was recorded/asserted.

subjectOfRecord
Participant

[1.1]

A patient's clinical record will contain many statements. The
subjectOfRecord is a reference to the patient clinical record
in which this statement is contained.

author Practitioner

[0..%]

Optional  reference(s) list of identified authoring
practitioners.

subjectOfl nfor mation
Logical Expression

[1..1]

A logical expression describing the subject of the statement;
it's used to express WHO the clinical statement is about.
A patient's clinical record may contain statements not
only about the patient, but also statements about children,
relatives and donors. Thus, some possible values for
subjectOfInformation, would include codes for 'subject
of record' (the patient), ‘family member', or 'donor'. The
majority of statementswill have asubjectOfInformation with
a value of 'subject of record’, since most statements in a
patient record will be about the patient.
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Attribute

Multiplicity

Notes

The subjectOfInformation is used to represent who the
statement is about. This is normally the patient unless
explicitly stated otherwise.

associatedStatement
AssociatedStatement

[0..%]

An ANF statement to the performance of an action. If the
topic is a laboratory result panel, each association would
point to another statement which is alaboratory result.

It may include:
« aprecondition

e aninterpretation

topic Logica Expression

[1..1]

This data element is an expression of WHAT is being
requested or what was performed. For both ANFStatement
types (request or performance) a pre-coordinated or post-
coordinated “procedure” concept as a logical expression is
required to sufficiently capture the action, which is either
reguested or performed.

The topic is the central component of clinical statements.
The following are proposed principles for the topic of an
ANFStatement.

Principle 1: Thetopic definesthe action (being performed or
requested) or what is being requested, measured or observed.

Principle 2: The topic has to be able to exist on its own and
still retain original intent and clarity of meaning.

Principle 3: Each clinical statement may only have onetopic
[but the topic is comprehensive expression].

type Logica Expression

[1.1]

This data element distinguishes between a performance
(‘performed’) and a request (‘requested’). Performances
may be observational performances, e.g. the observation of a
clinical finding or disorder being present or absent. They can
also beaprocedure or intervention which has been performed
on the subject of record in the past, e.g. “a procedure using
a12-lead electrocardiogram” . Performances can — but do not
have to — include quantitative or qualitative results, e.g. “3
dot blot hemorrhages’ or “Hepatitis A antibody positive”.

circumstance
CircumstanceChoice

[1.1]

A choice of circumstance appropriate to the type of clinica
Statement.

10.3.2. Circumstance

Circumstances can describe HOW, WHY, WHEN, and with what RESUL T arequested or performed
action will be or was carried out. ANF promotes anormalized representation of observation or intervention
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results where all results are reduced to a "measure”. This approach reduces data retrieval difficulties by
eliminating the potential for multiple differing representations of the sameclinical statement. For example,
with coded resultsthere are multiple potential methodsto represent eye color that complicate dataretrieval.
The Topic could be a Finding refined by an Observable (Iris finding->Interprets = Color of iris) or a
Finding with no refinement (Finding of color of iris). In both of these casesthe Result would be aqualifier
of Blue color. The ANF Statement would represent Eye color using the Blue iris Finding as the Topic and
the Result would be Present, represented as interval .lowerBound =1, interval .upperBound=INF.

Figure 10.4. Circumstance

nCircumstance
+ timing: Measure
+ purpose: LogicalExpression [0..%]

+
¥

sCircumstance

class Circumstance /
«Choice»
CircumstanceChoice AT
—— {XOR}
RequestCircumstance
+ conditionalTrigger: AssociatedStatement [0..%] Feiiommsstee s
+ requestedParticipant: Reference [D..¥] + status: LogicalExpression
+  priority: LogicalExpression NarrativeCircumstance ‘ + result: Measure
+ reguestedResult: Measure e - + healthRisk: LogicalExpression [0..1]
+ repetition: Repetition L o5t L + normalRange: Measure [0..1]
+

timing: Measure
purpose: LogicalExpression [0..%]

participant: Participant [0..¥]
=Circumstance
+  timing: Measure

|
I
1
I
1
]
i
WV
Data Structures:
LogicalExpression

‘, expression: Expression ‘

+ purpose: LogicalExpression [0..%]

Circumstance

_____ |
1 :

timing: Measure
purpose: LogicalExpression [0..%]

10.3.2.1. CircumstanceChoice

This class provides an exclusive choice of circumstances that may be chosen when an ANFStatement is

instantiated:

» PerformanceCircumstance

* RequestCircumstance

» NarrativeCircumstance

10.3.2.2. Circumstance

This abstract classis used to describe the default data needed describe any circumstances associated with

aclinical statement.

Attribute Multiplicity

Notes

timing Measure [1..1]

WHEN arequested action should be performed or WHEN an
observed finding or disorder was present or absent. Timing is
used to capture atime or time range for:
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Attribute Multiplicity Notes
* Requests for action at afuture time

 Performance of action, which has taken place in the past
(including “History of X....)

» Performance of action that hasn't taken place

purpose [0..%] This data element describes WHY a procedure was requested
Logical Expression or performed in a post-coordinated expression, based on two

possible procedures:
» 386053000 |Evaluation procedure (procedure)|
e 277132007 |Therapeutic procedure (procedure)|

The procedure is then refined by post-coordinating with a
“363702006 |Has focus (attribute)|” attribute and identifying
a finding/disorder or procedure concept as the value for the
attribute.

10.3.2.3. RequestCircumstance

This class further specifies HOW arequested action isto be performed, e.g. how often or how long.

A Request for Action clinical statement describes arequest made by aclinician. Most of the times, but not
always, the object of the request (e.g., lab test; medication order) will be fulfilled by someone other than
the clinician (e.g., l1ab technician, pharmacist). making the request. All information about the request will
be documented in this clinical statement, including information about details relating to the request, such
as patient must fast for 12 hours before having alipids blood test.

Examples:
* Request for Rheumatoid factor 1 time routine

* Request for X-ray chest to evaluate for heart failure

Cardiology referral

Ribavirin 200 mg capsule oral, take 2 capsules every morning

Advised to participate in tobacco cessation counseling once a week.

Attribute Multiplicity Notes
conditional Trigger |[O...*] This data element is used to represent a condition, or set of
AssociatedStatement conditionsthat must exist in order for Request to be executed. For

example, Ibuprofen 400 mg tablet oral every 6 hours as needed
for pain, the use of Ibuprofen is conditional on the presence of

back pain.
requestedParticipant [O...*] This data element is an optional list of either specific persons or
Reference roleswho perform an action, assist in performing an action or are

targets of an action.
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Attribute Multiplicity Notes
priority [1..1] This data element species the priority with which a requested
Logical Expression action hasto be carried out, e.g. “routing” or “stat”. By default a
Request will be considered "routine” unless otherwise specified.
requestedResult [1..1] This data element specifies the measurable result.
Measure

repetition Repetition|[1...1]

This data element describes when an action isrequested for more
than a single occurrence using the M easure data structure:

* When the repeated action should begin (periodStart), e.g.
NOW

« How long the repetitions should persist (periodDuration), e.g.
for 3 weeks

* How often the action should occur (eventFrequency), e.g. 3
times per week

« How long between actions (eventSeparation), e.g. for 2 weeks

« How long every action should last (eventDuration), e.g. for 5
minutes

10.3.2.4. PerformanceCircumstance

Thisclass describes the circumstances associated with a statement. It is used when an action or observation
are performed and specifies the result of intervention using both as a measure and a coded status.

For example, "Insulin placed on hold 24 hours prior to catheterization" would have a status of "On hold".
A typical, successfully completed procedure would have a status of "Completed”.

Attribute Multiplicity Notes

status [1..1] This is a coded vaue representing the current status of the

Logical Expression intervention (e.g. "completed"). This data element is not intended
as a substitute for workflow specification.

result Measure [1..1] Intervention result as a measure.

healthRisk [0..1] Thisoptional dataelement isused to flag aresult with coded values

Logical Expression such as'low’, 'normal’, high', and ‘critical.

normalRange [0..1] This optional data element is the interval of values that are

Measure normal for the observation/finding described by the"topic" for this
"subject”. It refers to "normal" for the patient/subject with these
conditions.

participant [0..%] Thisoptional dataelement identifiesthe practitioner(s) responsible

Participant for the results reported.

10.3.2.5. NarrativeCircumstance

This classis used to describe the circumstances of aclinical statement using natural language/text rather

than a structure.

This class may be used to specify either a performance or request circumstance.
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Multiplicity Notes

text string-primitive  |[1...1] Text description of circumstances.

10.3.3. Data Structures

The following are data structures used to represent an ANFStatement. This section describes the data
structures specific to ANF. Thismodel references a set of logical structuresto represent unique identifiers
(i.e. Identifier, Expression) and primitive types (boolean, float).

Figure 10.5. Data Structures
class Data Structures -

‘ Repetition

+ periodStart: Measure

+ periodDuration: Measure

+ eventSeparation: Measure

+ eventDuration: Measure [0..1]
+ eventFrequency: Measure

|
|
|
V ‘ Circumstance:Circumstance ‘

Measure e — = |* timing: Measure
dinvariant® + lowerBound: float + purpose: LogicalExpression [0..%]
{upperBound >= .|+ includeLowerBound: boolean i
lowerBound} + semantic: LogicalExpression :
+ resolution: decimal-primitive [0..1] \L.f
+  upperBound: float ] .
+ includeUpperBound: boolean ‘ LogicalExpression ‘
_____ )‘ + expression: Expression
“invariant»
{lnvariant: if (lowerBound == -INF) { “invariant»
includeLowerBound = false; }.} {if (upperBound == INF) {
includeupperBound = false; }}

10.3.3.1. Measure

This class captures measurable elements of clinical statements, e.g. the results of test procedures, time
periods, frequencies of repetitions for procedures or medication administrations. The measure formally
represents a numeric interval between two non-negative real numbers with a semantic and precision/reso-
[ution. Theinterval can be open or closed depending on whether the upper and lower bounds are included
in the measureinterval.

The measure provides a single way to represent both "presence” or "absence" values and numeric values
for a phenomenon. In general, the interval value represents the numeric range within which the observed
value of a phenomenon occurs. Note that this formalism allows both exact values and ranges of valuesto
be expressed. In case that the beginning and end point of an interval are the same value, the meaning is
that the value of the phenomenon is exactly that value.

In the case that the lower and upper bound of an measure are the same number, n, the meaning is that the
value of the phenomenon is exactly n.
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* [10, 10] : meansthe valueis exactly 10 because the lower Bound and upper Bound are both 10;

In the special case that the beginning of the interval is a number, n, and the end point is INF (infinity),
the meaning is that the value of the phenomenon is > n or >= n, depending on whether the interval is
open or closed.

* (O,INF) : >0; (greater than 0)
* [10,INF) : >= 10 (greater than or equal to 10)
* (-INF, 10): <10 (less than 10)

Theinterval value also representswhether aphenomenonis”present"”, "absent”, or "indeterminate". Specif-
ically, any interval value that includes only numbers that are > 0 also denotes the value "present”.

Any interval value that includes only the number O, itself, denotes the value "absent”. Any interval value
that includes both the number 0 and at |east one number > 0 denotes the values "indeterminate”. Lastly,
there are two interval values that explicitly denote "present" and "absent”, respectively. These value may
be assigned to phenomena that would not otherwise take on a numeric value (such as "nausea'):

» Nauseavalue = (0,INF) : present (greater than 0)
* Nauseavalue = [0, INF): indeter minate (greater than or equal to 0)
» Nauseavalue =[0,0] : absent (exactly zero)

The numeric attributes of this class are of type "float" to support both positive and negative values that
conform to |EEE 754 standard for Floating Point Numbers.

Note

A Javafloat number uses 32 hits to represent the sign, exponent, and mantissa consistent with
IEEE 754:1985. The values +infinity and -infinity are denoted with an exponent of all ones
and a mantissa of al zeros. The sign bit distinguishes between negative infinity and positive
infinity.

Attribute Multiplicity |Notes

lower Bound [1..1] It specifies the lower bound of a measurable element. This can
be the lower bound of arange:

float
¢ Forthe“Tumor greater than 1 cm but lessthan 4 cm” the lower
bound is 1.

 For atest result, which is not arange, lower and upper bound
are the same. Example: systolic blood pressure 110 mmHg.
The lower and upper bound are both 110 mmHg.

¢ For an unbound measure, the lowerBound is -INF(negative
infinity) and includeLowerBound is "false"

includeL owerBound |[1...1] It states whether the lower bound in the interval isincluded in
boolean the interval. In the tumor size example above, the lower bound
would not be included. The lower range size of 1cm is not
included. Theinclusion or exclusion of lower bound is needed to
express measurable elements which include relative properties,
such as “greater than”, “less than” and others.
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Attribute

Multiplicity

Notes

Example: “Persistent cough for more than 10 days’. If alower
bound of “10” is chosen, it would not be included, because the
exampl e states: morethan 10 days. Choosing “11” would require
it to include the lower bound If "true" the lower bound is part
of theinterval.

Invariant: if (lowerBound == - INF) { includeLowerBound =
false}.

semantic
Logica Expression

[1..1]

M easure semantic represents aunit of measure or scal e specified
by the interval values. It is described using alogical expression
using standard-based terminology (i.e. SNOMED CT).

For systolic blood pressure, the unit of measure is millimeters
of mercury, and thus the measure semantic isa SNOMED CT
concept: 259018001 |Millimeter of mercury (qualifier value).

For blood glucose measurement daily for 2 weeks, the measure
semantic would be “ 258705008 |week (qualifier value)”.

For quantity/count measure values, the measure semantic to
express a number of findings or phenomena described in the
ANFStatement.topic "3 dot-and-blot hemorrhages " would be
"30766002 | Quantitative (qualifier value)".

If Measure is used to represent date or time:

« Date/time using Unix Epoch time: [762636008] Duration,
[257997001] Seconds

e Duration using Unix Epoch time start time and end time:
[762636008] Duration, [257997001] Seconds

resolution

decimal-primitive

[0...1]

It defines the possible or allowed increments in which the
measured “thing” can be counted. In the example of the systolic
blood pressure of 120 mmHg, the resolutionis“1”, because the
blood pressure measurement result can be counted in 1 mmHg
increments. The Resolution is not aways defined or known.
Example: a clinical statement like “History of breast cancer”
implies an undefined amount of time in the past and it is not
stated, if it is years, months, etc.

upper Bound

float

[1..1]

It represents the upper bound of ameasurable element. This can
be the upper boundary of arange: For the “ Tumor greater than 1
cm but lessthan 4 cm” the upper bound is 4. In cases, where the
measurable element does not represent arange, upper and lower
bound have the same value.

Invariant: upperBound >= lowerBound.

includeUpper Bound
boolean

[1..1]

It stateswhether the upper bound intheinterval isincludedinthe
interval. Similar to lower bound, where the measurable element
has relative properties, the same rules apply. If the upper bound
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10.3.3.2. Repetition

Attribute

Multiplicity

Notes

of a measure is not defined, e.g. “blood glucose measurement
daily for at least 2 weeks”, the upper bound will be captured as
“INF” (infinite). Infinite as an upper bound is never included. If
"true" the upper bound is part of the interval.

Invariant: if (upperBound == INF) { includeUpperBound =
false}.

This class builds on Measure and it is used to represent when an action is requested for more than asingle
occurrence. Repetition is an optional component for a RequestCircumstance.

Attribute Multiplicity Notes

periodStart [1..1] This required field is used to represent when a repeated action

Measure should begin (e.g. NOW). If it is not specified, a default value
of [O,INF) will be used.

periodDuration [[1...1] This required field is used to represent how long a repeated

Measure action should persist (e.g. for a year). If it is not specified, a
default value of [0,INF) will be used.

eventSeparation |[1...1] This required field is used to represent how long between

Measure actions (e.g. 1 week). If it is not specified, a default value of
[O,INF)-will be used.

eventDuration [0..1] This optional field is used to represent how long a repetition

Measure should persist (e.g. for 2 hours). If it is not specified, a default
value of [0,INF) will be used.

eventFrequency |[1...1] This required field is used to represent how often the action

Measure should occur (e.g. 4 times per month). If it is not specified, a

default value of [0, INF) will be used.

10.3.3.3. LogicalExpression

This class represents is awrapper for logical expression.

Attribute Multiplicity Notes
expression [1..1] Logical expression could be represented using FHIR
Expression Expression structure or a similar standard-based syntax (e.g.

SNOMED CT Expression Constrain Language - ECL).

The expression must use valid, standard-based terminology.

10.3.4. References

A clinical statement references other information managed by a system:
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* referencesto patient/records

* references to health practitioners

ANF statements may also reference other related statements
Figure 10.6. References

class References

| Participant
AssociatedStatement

+ id: Identifier
+ practitioner: Reference

+ semantic: LogicalExpression + code: LogicalExpression [0..1]

+ id: Reference ‘

10.3.4.1. AssociatedStatement

This class specifies how a statement may be associated with another statement.

Attribute Multiplicity |Notes

id Reference [1..1] A reference to the associated statement.

semantic [1..1] A logical expression to capture how the target statement

Logical Expression is associated (e.g. a precondition, an interpretation, a
component).

10.3.4.2. Participant

This class specifies the role/specialties/services that a practitioner may perform relative to the ANFState-
ment:

* theauthor
* requested participant

» performance participant

Attribute Multiplicity |Notes

id Identifier [1..1] Unique identifier (e.g. National Provider Identifier).

practitioner Reference |([1...1] Reference to the participating practitioner.

code Logica Expression |[0...1] Role(s) which this practitioner is authorized to perform for the
organization.
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10.4. How ANF Works: ANF Clinical Statements

In the context of the ANF Model, aclinical statement represents an entry in the patient record that docu-
ments, in a structured/computable manner, clinical information related to the patient that is asserted by a
particular source, recorded, and potentially verified.

Asseeninthe CIMI Clinical Statements section, clinical information related to the patient can be entered
and stored in an EHR in multiple different ways. ANF strives to standardize the structure of clinical state-
ments to eliminate the disparity of clinical information by limiting the design choices a clinical modeler
must make. ANF can then act as a consistent transformation target for the multiple differing clinical infor-
mation representations that currently exist, making this clinical information more easily computable and
eliminating the need to create multiple ways to analyze the same data.

10.4.1. Types of ANF Statements

There are two types of ANF Statements:
Performance of Action

A Performance may include the observation of a phenomenon related to patients and their health status or
family history, and may also include interventions, such as providing education or administering medica-
tions or documenting that a patient is participating in exercise to improve their overall health status.

Request for Action
Requests for clinical testing, active interventions, future goals, or consultation with other providers.

See Editorial Rule: Performance versus request

10.4.1.1. Performance of Action Statements

A Performance of Action statement describes a topic that has previously been performed, and—if appli-
cable—the result that corresponds to the topic. As shown in the examples below, this can range from doc-
umenting that a subject of information:

» The presence or absence of aclinical phenomenon
« Diabetes mellitusis present
« Diabetes mellitusis not present
« Dot blot hemorrhage is present

» Theresults of specific test/screening or procedure

« Pulse Rate 68 bpm, taken by pul se oximeter
Systalic blood pressure 120 mmHg, taken on right brachia artery, using BP cuff adult size, patient
in sitting position for at least 5 minutes, urinated not more than 30 minutes prior to measurement
Three dot blot hemorrhages
* Positive screen for fall risk
« Negative screen for PTSD and depression

» Administered a medication or other substance
* Patient took one Acetaminophen 500 mg tablet by mouth for pain

 Provision of educational materials
 Patient was provided with educational materials on diabetes

» Has any other state or specific characteristic that isclinically relevant
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» Family history of breast cancer

10.4.1.1.1. Presence or Absence of a Clinical Phenomenon

See Editorial Rule: Timing - past, present, or future

See Editorial Rule: Topics are dways an action

See Editorial Rule: Presence and absence are a countable quantity

Figure 10.7. Diabetes M ellitus Present ANF Example

[Observation procedure]-
(Has focus) [Diabetes mellitus type 2]

ANF Statement

Performance
Circumstance

Gl,inf) Countable quantity]

Diabetes Méllitus Type 2 Present.

In the Diabetes Méllitus type 2 exampl e above, the Topic is an Observation procedure with a Has focus of
Diabetes mellitus type 2. To represent that it is present, the Result is alowerBound of 1, an upperBound
of infinite (inf), and a measureSemantic of "Countable quantity”. To see a more detailed representation
see the tabular form here: Section 10.8.1.4, “ Condition Present”

See Editorial Rule: Presence and absence are a countable quantity

Figure 10.8. Diabetes M ellitus Type 2 Absent ANF Example

[Observation procedure]-
(Has focus) [Diabetes mellitus type 2]

ANF Statement

Performance
Circumstance

result

[[0,0] Countable quantity)

Diabetes Méllitus Type 2 Absent.

In the Diabetes Mellitus Type 2 Absent example, the topic is the same as Diabetes Mellitus Type 2 Present
example. The difference is in the Result which is represented as an upperBound and lowerBound of ze-

173





Draft Analysis Normal Form Draft

ro with the same measureSemantic. To see a more detailed representation see the tabular form here: Sec-
tion 10.8.1.5, “Condition Not Present”

Figure 10.9. Dot Blot Hemorrhage Present ANF Example

[Observation procedure]-
(Has focus) [Deep retinal hemorrhage]

ANF Statement

Performance
Circumstance

result

Gl,inf) Countable quantity]

Dot Blot Hemorrhage Present.

To see amore detailed representation see the tabular form here: Section 10.8.1.7, “Dot Blot Hemorrhage
Present”

10.4.1.1.2. Test/Screening or Procedure and Resultant Value

See Editorial Rule: Results are always a ranged quantity

See Editorial Rule: Techniques are inseparable from the topic

Figure 10.10. Pulse Rate ANF Example

[Observation procedure]-
(Method) [Examination - action]-
(Has focus) On examination - pulse rate]-
(Using device) [Pulse oximeter];

ANF Statement

Performance
Circumstance

result

[ [68, 68] Beats/minute )

Pulse Rate 68 bpm, Taken by Pulse Oximeter.

The Pulse Rate example above utilizes a technique, the pulse oximeter device, and contains a resultant
value of 68 beatsminute. Since a Result is represented with an upperBound and lowerBound they are
both represented as 68 in this case. To see a more detailed representation see the tabular form here: Sec-
tion 10.8.1.2, “Pulse Rate M easurement”

See Editorial Rule: Prerequisites must be separated from the topic
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Figure 10.11. Systolic Blood Pressure with Associated Statements ANF Example

ANF Statement

[Observation procedure]-
(Method) [Examination - action]-
(Has focus) [Sitting systolic blood pressure]-
(Procedure site — Direct) [ Structure of right brachial
artery]-
(Using device) [ Blood pressure cuff, adult size];

Performance
Circumstance

@20,120] Millimeter of mercun)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, { ANF Statement 1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, { ANF Statement 2 )

Systolic Blood Pressure 120 mmHg, Taken on Right Brachial Artery, Using BP Cuff Adult Sze, Patientin
Stting Position for at Least 5 Minutes, Urinated Not More Than 30 Minutes Prior to Measurement.

associatedStatement

associatedStatement

Figure 10.12. Systolic Blood Pressure Sitting Position Associated ANF Statement
Example

[Observation procedure]-
(Has focus) [Sitting position finding]

Associated
ANF Statement 1

Performance
Circumstance

[ [5,inf) minute ]

Patient in Stting Position for at Least 5 Minutes.
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Figure 10.13. Systolic Blood Pressure Urination Associated ANF Statement
Example

[Observation procedure]-
(Has focus) [Micturition finding]

Associated
ANF Statement 2

Performance
Circumstance

[ [0,30] minute )

Urinated Not More Than 30 Minutes Prior to Measurement.

The systolic blood pressure example above not only includes a technique of using an adult sized cuff,
but also includes two prerequisites that are represented as separate associated ANF Statements. In the
Associated Statements we see examples of Results having a range of values using the upperBound and
lowerBound. To see a more detailed representation see the tabular form here; Section 10.8.1.1, “Blood
Pressure M easurement”

Figure 10.14. Three Dot Blot Hemorrhages ANF Example

[Observation procedure]-
(Has focus) [Deep retinal hemorrhage]

ANF Statement

Performance
Circumstance

result [[3,3] Countable quantity]

Three Dot Blot Hemorrhages.

To see amore detailed representation see the tabular form here: Section 10.8.1.6, “Three Dot Blot Hem-
orrhages’
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Figure 10.15. Positive Screen for Fall Risk ANF Example

[Observation procedure]-
(Method) [Evaluation - action]-
(Has focus) At risk for falls]

ANF Statement

Performance
Circumstance

Gl.inf) Countable quantity]

Positive Screen for Fall Risk.

See Editorial Rule: Separate compound topics

See Editorial Rule: Related statements should be associated

Figure 10.16. Negative Screen for PTSD ANF Example

[Observation procedure]-
(Method) [Evaluation - action]-
(Has focus) [Posttraumatic stress
disorder]

ANF Statement

Performance
Circumstance

result [[0,0] Countable quantity]

associatedStatement semantic ]—CAssociated observation]
\1\“ ative coroen
Negative screen for

depression

Negative Screen for PTSD.
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Figure 10.17. Negative Screen for Depression ANF Example

[Observation procedure]-
(Method) [Evaluation - action]-
(Has focus) [Depressive disorder]

ANF Statement

Performance
Circumstance

[[0,0] Countable quantity]

Negative Screen for Depression.
10.4.1.1.3. Administering a Medication or Other Substance

See Editorial Rule: Purpose indicates the reason for arequest

See Editorial Rule: Topics are always an action

Figure 10.18. Administration of Medication ANF Example

[Administration of substance]-
(Method) [Administration - action] -
(Direct substance) [Product containing precisely
paracetamol 500 milligram/1 each conventional
release oral tablet]-

ANF Statement (Route of administration) [Oral]

Performance
Circumstance

result

[1,1] Tablet )

/ Pain control ]
N

purpose

Patient Took One Acetaminophen 500 mg Tablet by Mouth for Pain.

In the medication example above a purpose is specified using Pain control which has afocus of pain. The
Topic is built using Administration of substance with a Direct substance specifying the pharmaceutical
product and a Route of Administration specifying Oral.

10.4.1.1.4. Provision of Educational Materials

See Editorial Rule: Topics are always an action
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Figure 10.19. Provision of Educational Material ANF Example

[Provision of educational materiall-
(Has focus) Diabetes mellitus]

ANF Statement

Performance
Circumstance

Gl.inf) Countable quantity]

Patient was Provided with Educational Material on Diabetes.
Inthisexample, the concept Provision of educational material isused with aHasfocus of Diabetesmellitus.
10.4.1.1.5. Other States or Specific Characteristics That Are Clinically Relevant

See Editorial Rule: Subject of information is used to represent family and donor history

Figure 10.20. Family History ANF Example

subjectOflnformation

[ Person in the family ]

[Observation procedure]-
(Has focus)-[Malignant neoplasm of breast]

ANF Statement

Performance
Circumstance

result Gl,inf) Countable quantity]

Family History of Breast Cancer.

In the Family history of breast cancer example we see that the Family history is represented by the Subject
of information with avalue of Person in the family.

See Editorial Rule: Normal Range can be specified for aresult

See Editorial Rule: HealthRisk indicates the clinical risk of the result
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10.4.1.1.6. Normal Range Information or Health Risk Specified

Figure 10.21. Systolic Blood Pressure with Normal Range and Health Risk ANF
Example

[Observation procedure]-
(Method) [Examination - action]-
(Has focus) [On examination - Systolic blood

pressure reading]

[90,120]
resﬁ ( [180,180] Millimeter of )

mercury

ANF Statement

Performance
Circumstance

Systalic Blood Pressure 180 mmHg, Normal Range (90-120), Health Risk Critical.

Systolic Blood Pressure for adults has a normal range of 90-120 and is represented in the normal-
Range. Systolic Blood pressure above 180 would represent a critical health risk and is represented in the
healthRisk.

10.4.1.2. Request Clinical Statements

A Request for Action clinical statement describes aregquest made by aclinician. Most of the times, but not
always, the object of the request (e.g., 1ab test, medication order) will be fulfilled by someone other than
the clinician (e.g., lab technician, pharmacist) making the request. All information about the request will
be documented in this clinical statement, including information about details relating to the request, such
as patient must fast for 12 hours before having alipids blood test.

Examples of Request clinical statements:

* Request for Rheumatoid factor 1 time routine

* Request for X-ray chest to evaluate for heart failure

» Cardiology referral

Ribavirin 200 mg capsule oral, take 2 capsules every morning
Advised to participate in tobacco cessation counseling once a week.

10.4.1.2.1. Request Examples

See Editorial Rule: Timing - past, present, or future

See Editorial Rule: Topics are always an action

See Editorial Rule: Priority defaults to routine for a request
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Figure 10.22. Laboratory Request ANF Example

/ Rheumatoid factor
k measurement

ANF Statement

Request
Circumstance

requestedResult [1,1] Countable quantity)

priority bﬁ —C Routine ]

Rheumatoid Factor 1 Time Routine.

The Laboratory Request exampl e above shows how the topic isbuilt using alaboratory procedure concept,
with no refinementsin this case. It also has a Priority of Routine as stated in the narrative description.

See Editorial Rule: Topics are always an action

Figure 10.23. Imaging Request ANF Example

Plain chest X-ray )

0

ANF Statement

Request
Circumstance

requestedResult

[1,1] Countable quantity]

purpose

/ [Evaluation procedure]- )

k (Has focus)[Heart failure]

X-ray Chest to Evaluate for Heart Failure.

The Imaging Request example above is built using a subtype of image procedure concept and includes a
Purpose to record why the procedure is being done.
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Figure 10.24. Referral Request ANF Example

Referral to cardiology service >

ANF Statement

Request
Circumstance

requestedResult

[[1,1] Countable quantity)

Cardiology Referral.

See Editorial Rule: Topics are always an action

See Editorial Rule: Repetition is used to request multiple occurences of atopic

Figure 10.25. M edication Request ANF Example

[Administration]-
(Method)[Administration - action]-
(Direct substance)[Ribavirin 200 MG Oral Capsule]-
(Route of administration)[Oral]

requestedResult

periodStart
periodDuration
eventFrequency

eventSeparation

Ribavirin 200 mg Capsule Oral, Take 2 Capsules Every Morning.

U

ANF Statement

[2,2] Conventional release
oral capsule

Request
Circumstance

AN

[1,1] Morning

repetition

[0,inf) Unit of time

[1,1] Per day

[0,inf) Unit of time

[0,inf) Unit of time

A7 N N N N

The Medication request example represents one of the more complicated ANF Statements that includes
not only the Topic, but also the Repetition information for completing the request.
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Figure 10.26. Counseling Request ANF Example

Referral to tobacco use cessation counseling
program

Request _ ; )
Circumstance H requestedResult H [1,inf) Unit of time

[ repetition periodStart H [0,inf) Unit of time

Advised to Participate in Tobacco Cessation Counseling Once a \Week.

ANF Statement

[0,inf) Unit of time

[1,1] Per week

[0,inf) Unit of time

[0,inf) Unit of time

NN N N N N R N

In this example we see Repetition used only to define the eventFrequency while the other Repetition
information is defaulted to [0,inf) Unit of time.

10.5. Methodology—ANF Design Principles and
Rules

10.5.1. ANF Design Principles

Asan overarching principle we favor the simpler, consistent model over more complex models that allow
for multipleinconsistent representations. As such, the following principles have been used when designing
the ANF model:

A. Overall Model Simplicity: In cases where different principles collide, we shall favor simplicity of the
entire system over simplicity in one area of the system.

B. Convention Over Configuration: Convention over configuration isadesign paradigm used by frame-
worksthat decreases the number of decisionsthat adeveloper using the framework isrequired to make,
without necessarily losing flexibility because conventions can be overridden when necessary.

C. Modd Consistency: Patterns should allow the consistent representation of information that is com-
monly shared across models. For instance, attribution and participation information should be captured
consistently. Failure to do so forces implementers to develop heuristics to capture and normalize attri-
bution information that is represented or extended differently in different classes (e.g., FHIR).
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D. No Semantic Overloading: Semantic overloading occurs when a model attribute’' s meaning changes

entirely, depending on context. While the refinement of the semantics of an attribute in a subclassis
acceptable, a change of meaning is problematic. For instance, in FHIR, the Composition class defines
an attribute called Subject. In some subclasses, the attribute may be the entity that this composition
refers to (e.g., the patient in a medical record). In other cases, it is the topic being discussed by the
composition (e.g., amedication orderable catal og).

E. Assumption-free: Implied semantics must be surfaced explicitly in the model.

F.

Composition Over Inheritance: Composition over inheritance (or composite reuse principle) is the
principle that classes should achieve polymorphic behavior and code reuse by their composition (by
containing those instances of other classes that implement the desired functionality) rather than inher-
itance from a base or parent class.

To favor composition over inheritanceis adesign principle that gives the design higher flexibility. Itis
more natural to build business-domain classes out of various components than trying to find common-
ality between them and creating afamily tree.

Initial design issimplified by identifying system object behaviorsin separate interfaces instead of cre-
ating ahierarchical relationship to distribute behaviors among business-domain classes viainheritance.
This approach more easily accommodates future requirements changes that would otherwise require a
complete restructuring of business-domain classes in the inheritance model.

G. ANF Clinical Statements Represent the Minimum Digjoint Set: AnalysisNormal Form (ANF) clin-

ical statements represent the minimum disjoint set of statement topic, result, and circumstance and may
not be further specified.

. Clinical Statement Model Stability: Stable meansthat the model can still meet unanticipated require-

ments without having to change. It is not acceptable to change the model every time a new way to
administer adrug or to treat a condition isidentified. By representing these types of potentially dynam-
ic concerns in the terminology expressions, as opposed to static fields in a class structure, we do not
have to change the model every time something new is discovered. A design imperative is anticipating
breakdowns, and providing a space for action when they occur. [11]

In some regards, in this context “stable” means “not brittle.” A model easily broken by changes that
someone could anticipate is one possible definition of brittle. A stable model is critical in the phase of
a known changing landscape. We do that by isolating areas of anticipated change into a dynamic data
structure. That dynamic data structure may also be immutable in an object that represents a clinical
statement.

. Reusability: Architectural patterns should encourage class reusability where possible. Reusability may

further refine encapsulation when composition is considered.

No False Dichotomies. Dichotomies are created when model fields are not completely disoint (mu-
tually exclusive), such as allowing family history to be represented in the topic field in addition to
the subject of information field. False dichotomies lead to arbitrary classification rules and result in
ambiguity based on different assumptions about the domain. False dichotomies must be eliminated by
ensuring that fields in the model are mutually exclusive.

. Model Symmetry: Symmetric models are more consistent, and easier to comprehend and use.

. Iterative development and validation of model using use cases. ANF has been developed using

an iterative approach evaluating the model with narrative use cases. Examples of narratives used to
evaluate the model can be found in the Appendix.
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10.5.2. Shared Modeling Guidelines

All ANF statements share some common model components. The following modeling guidelines can be
used to properly model anarrativeinto the appropriate components of asingle statement or astatement that
has multiple associated statements. For the purposes of ANF, a statement isarequest for—or performance
of—an action that hasto be ableto exist on its own. Therefore a narrative would be separated into multiple
clinical statementsif it contains multiple requests or performance of actionsthat could exist on their own.
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Figure 10.27. Shared Modeling Guideline Decision Tree

Narrative for
evaluation

- _ _ _ Clinical Statement
- #The statement has to be able to exist on its own.
Evaluate and
associate each
e statement
separately

=1

subjectOfinformatip
= Another Person

Yes
W

Prerequisite

Prerequisites are part of the details under which a
procedure is being performed. For example,
Seated for 5 min or 30 min after urination. A
prerequisite is separable from the topic and must
be expressed as a stand- alone clinical statement
and then associated with the main clinical

Build an Associated statement to which it belongs.

Clinical Statement

subjectOfinformatipn
= Subject of Record

y————/~"—~ —_—

Istherea
prerequisite?

| Purpose

#Why an action was requested represented as a
Procedure with a hasFocus attribute describing the
purpose

Does Statement
include a Purpose?

Build Expression fo!
each Purpose

Is this a Performanee
of Action?

Is this a Request
Action?

=

w

Yes Yes

) 3

Go to Performande
of Action
Guidelines

Go to Request for
Action Guidelines

Editorial Rule: Techniques are inseparable from the topic

Editorial Rule: Prerequisites must be separated from the topic

Editorial Rule: Subject of information is used to represent family and donor history

Editorial Rule: Purpose indicates the reason for arequest
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10.5.3. Request for Action Guidelines

Figure 10.28. Request for Action Modeling Guideline Decision Tree

Does Statement have
Requested Participant

Request for Actign
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No— Priority

Is Priority Routine?

Add Measure wit
Future Time to
Timing

Add Participant Routine Priority Does Statement ha
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Measure Yes ™ Measure
No
Add eventDuratiogVe Does Repetition havé~an
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Add eventFrequengy N Add .
» eventSeparation
Measure
Measure
No
Administration N Imaging
Medication? o Procedure?
Yes Yes All other procedures
Create Statemen N L re ‘:\:aos'élr?t:deb
Yes——  with Narrative P bt fy 9
Circumstance Build topic with Build topic with subtype o
Radiographic Observation Procedure
imaging procedufe procedure
Build topic with
Administration of
oy A i
rocedure; v 2
® ) specified in
narrative
Add Method to topic Add Has focus t
v l if one exists Topic
Add Direct
substance to Requested Resul
Administration th contains upperLimit,
includes dose form lowerLimit of doses
and strength i &
Add Method,
Add Procedure site- Procedure site-
Direct and Lateral Direct, Laterality],
Using device
-

Complete Statem

Requested Resul
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measureSemantict
0O 8601 after
statement time

S

Editorial Rule: Timing - past, present, or future

Editorial Rule: Participants can be specified or requested

187





Draft

Analysis Normal Form

Draft

Editorial Rule: Priority defaults to routine for a request

Editorial Rule: Topics are dways an action

Editorial Rule: Repetition is used to request multiple occurences of atopic

Editorial Rule: A desired result can be specified in arequest
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10.5.4. Performance of Action Guidelines

Figure 10.29. Performance of Action Modeling Guideline Decision Tree
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Editorial Rule: Timing - past, present, or future

Editorial Rule: Topics are dways an action
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Editorial Rule: Status indicates the state of aresult

Editorial Rule: HealthRisk indicates the clinical risk of the result

Editorial Rule: Normal Range can be specified for aresult

Editorial Rule: Results are always a ranged quantity

10.6. Editorial Rules

Editorial Rule 10.1. Performance ver susrequest

* ANF Statements must be either a Performance of an action or a Request for an action.

» A Performance may include the passive observation of a phenomenon related to patients
and their health status or family history, and may also include active interventions, such as
providing education or administering medications or documenting that a patient is partici-
pating in exercise to improve their overall health status.

* A Request may include requests for clinical testing, active interventions, future goals, or
consultation with other providers.
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Editorial Rule 10.2. Topicsare always an action

The particulars of how topics—and other statement fields—are modeled as a Terminolo-
gy Knowledge layer concern, not a Statement Layer concern. The Statement Layer does
require that the Terminology Expression fields in a statement are disjoint: There should be
no confusion—or creation of false dichotomies. There should be one, and only one, place
to put each type of information in a terminology expression. For example, the Statement
Layer defines a particular place to represent the subject of information. Therefore, the ter-
minology layer must not allow the subject of information to be redundantly—and possibly
contradictory—represented in a topic expression (such as would be the case if "maternal
history of diabetes' where an allowed topic expression). The Statement Layer requires that
the topic represent an Action as a code or expression according to the rules of the termi-
nology layer, and that the rules of the terminology layer enforce a disjointness of between
different types of terminology expressions. Here we present a starting point for what the
Terminology Layer editorial rules may look like, based on current SNOMED CT practice.

SNOMED CT can accommodate this requirement for simple observations by using Obser-
vation procedure to represent the topic (or other types of procedures when appropriate, such
as the administration of a medication). In SNOMED CT examples, the Observation proce-
dure specifies a Has focus attribute linking it to the Clinical Finding or Disorder that it is
being observed. The observation procedure can also be further refined by adding attributes
in the terminology model, including Method, Procedure site - Direct, (if appropriate) Lat-
erality, and Using device.

Medication administrations will use an Administration of substance concept to represent
the topic. All Administration of substance concepts will be refined with the substance and
dose form and strength being requested. If Route of administration exists, then it will also
be added.

Laboratory testswill use a Laboratory Procedure concept to represent the topic. These con-
cepts can be further refined.

Imaging Procedures with use an Imaging Procedure concept to represent the topic. These
conceptswill befurther refined withaMethod, Procedure siteand (if appropriate) alaterality
for those sites that are lateralizable.

Editorial Rule 10.3. Timing - past, present, or future

For a Performance of Action, the Timing can represent atime in the past or a current time.
If a history of a performance of action is to be represented in ANF the Timing will be for
atimein the past prior to the statement. Otherwise the Timing will be represented with the
current time of the statement.

For a Request of Action, the Timing will always represent afuture time.

Editorial Rule 10.4. Results are always a ranged quantity

Results are dways a Measure, which isaranged quantity. Measure includes both anumeric
interval along with a Measure Semantic specified asa L ogical Expression.

If aResult isintended to represent a numeric result then the upperBound and lowerBound
would be populated with the appropriate numeric values and the Measure Semantic would
indicate the unit of measure.
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Editorial Rule 10.5. Presence and absence ar e a countable quantity

» Any statement that representsthe Presence or implies Presence of aTopic will have a Result
with an upperBound of infinite (inf), lowerBound of 1, and M easure.semantic of "Countable
quantity".

» Any statement that represents the Absence or implies Absence of a Topic will have aResult
with an upperBound of 0, lowerBound of 0, and Measure.semantic of "Countable quantity"”.

Editorial Rule 10.6. Separate compound topics

* For the purposes of ANF, a statement is a request or performance of an action that should
exist independently. Thus, if a compound topic contains two topics that could each exist
separately, then they should be divided into separate ANF Statements. These independent
ANF Statements can then be associated with each other as associated statements.

» For example, "Negative screen for PTSD and depression™, containstwo separate ANF State-
ments that would then be associated to each other. However, if the narrative represents two
or more actions that are performed as a single activity at the same time without the need
for stopping the action, then a single topic would be used. For example, "Lumbar/Thoracic
Spine CT" would be represented with asingle topic as it represents a single activity that is
performed at the same time even though a Lumbar CT and a Thoracic CT could be done

separately.
Editorial Rule 10.7. Techniques ar e insepar able from the topic
A technique must be true within the duration of the performance.

« A technique isinseparable from the topic and cannot be expressed as a stand-alone clinical
statement.

A technique is a device used, a method applied, or atemporary state in which the patient
was actively placed during performance of the action.

Editorial Rule 10.8. Prerequisites must be separated from the topic

» A prerequisite is separable from the topic and can be expressed as a stand-alone clinical
Statement

» A prerequisite is a state that must exist before something else can happen or be done. Pre-
requisites are part of the details under which aprocedure is being performed. The state must
exist prior to the performance of the action.

Editorial Rule 10.9. Related statements should be associated

» Use an associated statement when it is important for the interpretation of one statement
that the other statements were observed, performed, or requested. Also, if there is some
implicitness that the two statements are related (pleural empyemawith fistula) or that they
areunrelated (Akinetic seizure without atonia) then the two statements shoul d be associ ated.

Editorial Rule 10.10. Subject of information is used to represent family and donor
history

* The subjectOfInformation is used to represent who the statement is about. Thisis normal-
ly the patient (Subject of record) unless explicitly stated otherwise, for example Mother,
Sibling, Donor, etc.
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Editorial Rule 10.11. Statusindicates the state of a result

» The status of a Performance of action can be specified with concepts such as (on hold,
needed, rejected, etc).

Editorial Rule 10.12. HealthRisk indicatesthe clinical risk of the result

* In PerformanceCircumstance, healthRisk is used to flag aresult with coded values such as
‘low’, 'normal’, high', and ‘critical’.

Editorial Rule 10.13. Normal Range can be specified for a result

* In PerformanceCircumstance, normalRange is used to flag a result with coded values such
as'low', 'normal’, high', and ‘critical’.

Editorial Rule 10.14. Participants can be specified or requested

A Performance of action can specify participants using participant in PerformanceCircum-
stance.

» A Request for action can specify requested participants using requestedParticipant in Re-
questCircumstance.

Editorial Rule 10.15. Purpose indicates the reason for arequest

e The purpose is why an action was requested. The purpose of the topic is typically some
type of therapeutic intent, diagnostic intent, or both. There can be more than one therapeutic
intent and diagnostic intent.

Editorial Rule 10.16. Priority defaultsto routinefor a request

* Priority is used to represent the priority for which arequest is to be carried out. By default
aRequest will be considered "routine” unless otherwise specified.

Editorial Rule 10.17. Repetition isused to request multiple occurrences of atopic
 Repetitionisused to represent when an action isregquested for more than asingle occurrence.

* Repetitionisan optional component for aRequestCircumstance and containsfive Measures
that are used to further define the parameters of the Repetition:

» periodDuration: This required field is used to represent how long a repetition should
persist. If it is not specified, a default value of [O,inf) will be used. e.g. for 3 weeks

« periodSart: Thisrequired field isused to represent when arepeated action should begin.
If it is not specified, adefault value of [0,inf) will be used. e.g. NOW

* eventSeparation: Thisrequired field is used to represent how long between actions. If it
is not specified, a default value of [0,inf) will be used. e.g. for 2 weeks

« eventFrequency: This required field is used to represent how often the action should
occur. If it is not specified, adefault value of [0,inf) will be used. e.g. 3 times per week

< eventDuration: Thisisan optional field that is used to represent how long every action
should last.
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Editorial Rule 10.18. A desired result can be specified in arequest

» A desired result can be specified as a Measure using requestedResult in RequestCircum-
stance.

* If arequestedResult is specified, the appropriate upperBound and lowerBound is specified
with the correct Measure.semantic.

* If arequestedResult is not specified in the request, an upperBound and lowerBound of 1is
used with a Measure.semantic of 1SO 8601 after statement time.

10.7. Differences between ANF and CIMI

There are two fundamental differences between the ANF and CIMI Statement approach.

1. The representation of topic.
2. The representation of results.

10.7.1. The Representation of Topic

Inthe ANF Statement model, the topicisrepresented by asinglefield containing aterminology expression.
Thisexpressionisnot limited to any particular terminology model, but in this document we use SNOMED
CT, as Solor would potentially have extensions to SNOMED CT. In the CIMI Statement model, all the
pieces of information that make up the topic can be broken out and structured as needed into a tree of
objects with multiple properties and appropriate datatypes.

Figure 10.30. Topic Comparison

ANF
Statement

topic Terminology Expression

circumstance

CiMI
Statement
: Tree of Objects, properties
topic and datatypes
context

Aswe can see in the Pulse Rate examples below, the ANF topic is represented as a post-coordinated ex-
pression whilethe CIMI topicis represented with atopic containing a single concept along with associated
structural properties representing the pulse oximeter device. Since the ANF Statement will always be ei-
ther the request for an action or the performance of an action, the post-coordinated expression will always
be a procedure that is further refined providing a consistent representation.
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Figure 10.31. Pulse Rate - ANF Representation

[Observation procedure]-
(Method) [Examination - action]-
(Has focus) On examination - pulse rate]-
(Using device) [Pulse oximeter];

ANF Statement

Performance
Circumstance

[ [68, 68] Beats/minute ]

Figure 10.32. Pulse Rate - CIM| Representation

topic
(PhysicalEvaluationResultTopic)

'

device
CIMI (ClinicalDevice)

Clinical Statement

) ]_Geart rate measured at system@
topicCode
artery
H code H Pulse oximeter }

context
(EvaluationResultRecordedContext)

resultValue
(Quantity)

Beats/minute

Pulse Rate 68bpm, Taken by Pulse Oximeter ANF vs CIMI Representations

Oneimplication of thisisthat the ANF Statement Model is using two formalisms to represent the clinical
statement. First it uses the formalism that represents the ANF reference model. Second, it uses SNOMED
CT's syntax for post-coordinated SNOMED CT expressions. Tools for authoring and analysis would be
required to parse and process both syntaxes.

The CIMI Statement model in this example, on the other hand, would be fully represented using the for-

malism that represents the CIMI reference model. This model however alows for the possibility of mul-
tiple modeling style representations of the same data that are then not easily queried for equivalence.

10.7.2. The Representation of Results

Inthe CIMI model, Eval uationResult and Assertion models are used to represent observations. Evaluation-
Result has atopic representing what is being observed, and a result represented by a choice of datatypes.
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EvaluationResult can be thought of as a question and an answer. An Assertion on the other hand, has
simply atopic stating what is observed, and a coded result stating presence or absence.

In the ANF model, the topic represents what is being observed and the result may only be arange of a
guantity. No coded results are alowed. Not allowing coded results forces more of the semantics to be
represented in the terminology model and limits the ability to allow multiple different representations of
the same data. In the example below we see Dot blot hemorrhage represented in ANF as either present or
with the number of hemorrhages that exist.

Figure 10.33. Dot Blot Hemorrhage Present - ANF Representation

[Observation procedure]-
(Has focus) [Deep retinal hemorrhage]

ANF Statement

Performance
Circumstance

result

Gl.inf) Countable quantity]

Dot Blot Hemorrhage Present - ANF Representation

Figure 10.34. Three Dot Blot Hemorrhage - ANF Representation

[Observation procedure]-
(Has focus) [Deep retinal hemorrhage]

ANF Statement

Performance
Circumstance

result [[3,3] Countable quantity]

Three Dot Blot Hemorrhage - ANF Representation

In the CIMI Statement model, when creating a model with a numeric result, the choice is quite clear,
and the choice will be an EvaluationResult, such as atopic of 'Systolic Blood Pressure’ and result with a
numeric quantity. In this case, the CIMI and ANF model are very aligned, except for the fact that the ANF
model will always use arange of that quantity.
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Figure 10.35. Systolic Blood Pressure - CIM| Representation

topic f

context
(EvaluationResultRecordedContext)

Systolic blood
pressure

CImI
Clinical Statement

resultValue
(Quantity)

Millimeter of mercury

Systalic Blood Pressure 120 mmHg - CIMI Representation

But when a CIMI model has a potential coded result, the choice between EvaluationResult and Assertion
becomes muddied. For example, amodel for Breath Sound could be an EvaluationResult with a topic of
‘breath sound' and a coded result with the following valueset. Thus, any of the breath sounds within the
valueset can act as aresult for this model.

Table 10.1. Breath Sound Valueset

Breath Sound Value
Absent

Audible

Clear

Coarse Breath Sounds
Coarse Crackles

Crackles
Diminished
Expiratory wheezing

Faint

Fine Crackles
Forced
Inspiratory wheezing

Left Ventricular Assist Device Noise
Markedly Decreased

Moderately Decreased

Pleural Rub

Prolonged Expiration
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Breath Sound Value
Rhonchi

Slightly Decreased
Stridor

Tubular Breath Sounds
Upper Airway Congestion

Wheeze

Figure 10.36. Tubular Breath Sounds - CIM| Evaluation Representation

CIMI topic i i
Clinical Statement Topic.key Respiratory sounds
Topic.result Tubular breathing

Tubular Breath Sounds - CIMI Evaluation Representation

The other option, is that each of the breath soundsin the valueset is modeled as an Assertion with atopic
of Tubular breathing and a contextCode indicating presence or absence. To decide which model is better,
usually we ponder how the clinician thinks about the data, or how it will be collected, or how it will be
queried.

Figure 10.37. Tubular Breath Sound - CIMI| Assertion Representation

topic f
GO contextCode
(PresenceContext)

Tubular Breath Sounds - CIMI Evaluation Representation

CIMI

Clinical Statement Tubular breathing ]

Present )

In this example, the ANF model doesn't support an EvaluationResult style model asit doesn't allow coded
results. Thus, ANF is forced to make one and only one choice, which is an assertion style where the
particular breath sound is the topic, and the result will be a countable quantity indicating presence or
absence.

When querying instance data, the Assertion or ANF style can be more difficult to represent as it requires
concepts to be pre-coordinated in the terminology or having sufficient semantics available in the concept
model to allow for representation of apost-coordinated expression. To successfully query any breath sound
instances using the Assertion/ANF style, the underlying terminol ogy must be correctly model ed to support.
If one of the breath sound values is not correctly placed under the higher level concept of 366135003 |
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Finding of breath sounds (finding)|, then retrieving al breath sounds will require knowledge of al the
possible breath sound values. With the EvaluationResult style, querying is smpler as you simply query
for atopic of 'breath sound’, and the coded result tells you what type of breath sound it is. Thus, you do
not have to know all the members of the valueset apriori to form the query.

10.7.3. ANF vs CIMI Examples

The following examples seek to highlight the differences between the ANF and CIMI models. These
representations are at a graphic high level and are not intended to be exact representations.

10.7.3.1. Simple Systolic Blood Pressure Statement

In thissystolic blood pressure example both the ANF and CIMI modelsare closely aligned. Sincethe ANF
model requires both an upper and lower bound there is extra information required.

Figure 10.38. Systolic Blood Pressure - ANF Representation

[Observation procedure]-
(Method) [Examination - action]-
(Has focus) [On examination - Systolic blood
pressure reading]

ANF Statement

Performance
Circumstance

mercury

resﬁ [ [120,120] Millimeter of )

Figure 10.39. Systolic Blood Pressure - CIM| Representation

) iepane ) topicCode
(PhysicalEvaluationResultTopic)

context
(EvaluationResultRecordedContext)

Systolic blood
pressure

CImI
Clinical Statement

resultValue
(Quantity)

Millimeter of mercury

Systalic Blood Pressure 120 mmHg - ANF vs CIMI Representations
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10.7.3.2. Complex Systolic Blood Pressure Statement

In this systolic blood pressure example the ANF model requires multiple statements to accurately capture
all parts of the narrative clinical statement. The ANF model requires a clinical statement to be separated
if the clinical statement could stand on its own. For example, in the clinical statement "Systolic Blood
Pressure 120 mmHg, taken on right brachial artery, using BP cuff adult size, patient in sitting position for
at least 5 minutes, urinated not more than 30 minutes prior to measurement”, the patient sitting position
and urination parts of the statement are recorded as separate associated clinical statements sincethey could
both be recorded as clinical statements on their own if they were not associated with the blood pressure
clinical statement.

The ANF model is much more expressive and is able to capture the timing information for the position
and urination that requires a separate precondition code to be created in the CIMI model.

Figure 10.40. Systolic Blood Pressure with Associated Statementss ANF
Representation

ANF Statement

[Observation procedure]-
(Method) [Examination - action]-
(Has focus) [Sitting systolic blood pressure]-
(Procedure site — Direct) [ Structure of right brachial
artery]-
(Using device) [ Blood pressure cuff, adult size];

Performance
Circumstance

result

@20,120] Millimeter of mercun)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, { ANF Statement 1 ]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, { ANF Statement 2 )

Systalic Blood Pressure 120 mmHg, Taken on Right Brachial Artery, Using BP Cuff Adult Sze, Patient
in Stting Position for at Least 5 Minutes, Urinated Not More Than 30 Minutes Prior to Measurement -
ANF Representation

associatedStatement

associatedStatement
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Figure 10.41. Systolic Blood Pressure Sitting Position Associated - ANF
Representation

[Observation procedure]-
(Has focus) [Sitting position finding]

Associated
ANF Statement 1

Performance
Circumstance

result

[ [5,inf) minute )

Patient in Stting Position for at Least 5 Minutes - ANF Representation

Figure 10.42. Systolic Blood Pressure Urination - ANF Representation

Associated

[Observation procedure]-
(Has focus) [Micturition finding]
ANF Statement 2

Performance
Circumstance

result

[ [0,30] minute )

Urinated Not More Than 30 Minutes Prior to Measurement - ANF Representation
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Figure 10.43. Systolic Blood Pressure with Associated Statements - CIMI
Representation

Systolic blood pressure
topic
(PhysicalEvaluationResultTopic)
.d.e"'c‘? H code %ood pressure cuff, adult size
(ClinicalDevice)

code Structure of brachial artery
bodyLocation
( icalLocation)

laterality Right

NN

CIMI
Clinical Statement

=

Create code (sitting position for
at least 5 minutes prior to
evaluation)
Create code (urinated not more
than 30 minutes prior to
context evaluation)
(EvaluationResultRecordedContext)
value 120

resultValue
(Quantity)

units Millimeter of mercury

Systolic Blood Pressure 120 mmHg, Taken on Right Brachial Artery, Using BP Cuff Adult Sze, Patient
in Stting Position for at Least 5 Minutes, Urinated Not More than 30 Minutes Prior to Measurement -
CIMI Representation

10.7.3.3. Diabetes Mellitus Statement

The Diabetes Mdllitus example highlights the main difference between ANF and CIMI in the case of
stating that a condition is present. In the case of ANF, since Result is not allowed to use a coded value it
represents the presence as alowerBound of 1 and an upperBound of infinite. Representing absence would
be done with an upper and lower bound of zero.

Figure 10.44. Diabetes M dllitus Present - ANF Representation

[Observation procedure]-
(Has focus) [Diabetes mellitus type 2]

ANF Statement
Performance

Circumstance

Gl,inf) Countable quantity]

result

Diabetes Méllitus Type 2 - ANF Representation
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Figure 10.45. Diabetes M ellitus Present - CIMI Representation

(cmf,%fi%pic) topicCode Diabetes mellitus type 2]
(Pregg-lgetgittext) contextCode Present ]

Diabetes Méllitus Type 2 - CIMI Representation

10.8. ANF Examples

10.8.1. Examples of Performance Clinical Statements

CIMI

Clinical Statement

For the examplesin the following chapters, the focus has been toillustrate the ANF Model, using easy and
intuitive examples, rather than focus on the correctness of the modeling. The modeling within the post-
coordinated expressions of the “topic” could potentially be done in different ways.

10.8.1.1. Blood Pressure Measurement

Table 10.2. Blood Pressur e Perfor mance Statement

Narrative: Systolic blood pressure 120 mmHg; taken on right brachial artery using adult blood
pressure cuff; patient in sitting position for at least 5 minutes; urinated not more than 30 minutes prior
to measurement

Statement type:[ Performance]

Subject of info: [ Subject of record]

Authors: [Healthcare professional]

Topic: [ Observation procedure] -

(Method) [ Examination - action] -

(Has focus) [ On examination - Systolic blood pressure reading] -
(Procedure site — Direct) [ Sructure of right brachial artery]-

(Using device) [ Blood pressure cuff, adult size];

Circumstance: Performance Circumstance
e Timing: [1S0 8601 date/time format]
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* Purposes. @
» Triggers. @
* Participants: [ Subject of record]

* Priority: @
* Result:

* [120,120] Millimeter of mercury

Associations:
[UUID] (Table: Associated Clinical Statement 1)

[UUID](Table: Associated Clinical Statement 2)

Statement time: [1SO 8601 date/time format]

Stamp coordinate: [ Solor Module] , [ Release Path] , 2007-04-05T14:30Z Statement id: [UUID]

Subject of record ID:[UUID]

Table 10.3. Blood Pressure Positioning Associated Statement

Narrative: Arterial blood pressure 120 mmHg; taken on right brachial artery using adult blood pressure
cuff; patient in sitting position for at least'5 minutes; urinated not more than 30 minutes prior to
measurement

Statement type:[ Performance

Subject of info: [ Subject of record]

Authors: [Healthcare professional]

Topic: [ Observation procedure] -

(Has focus) [ Stting position finding]

Circumstance: Performance Circumstance

 Timing: > 5 min. prior to statement time
* Purposes. @

e Triggers. @

* Participants: [ Subject of record]

* Priority: @
* Result:

¢ [5,inf) minute
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Associations: [UUID]

Statement time: [1SO 8601 date/time format]
Stamp coordinate: [ Solor Modul€] , [ Release Path] , 2007-04-05T14:30Z

Statement id: fc48551f-876a-42c1-b179-3169e3748332

Subject of record ID:[UUID]

Table 10.4. Blood Pressure Urination Associated Statement

Narrative: Arterial blood pressure 120 mmHg; taken on right brachial artery using adult blood pressure
cuff; patient in sitting position for at least 5 minutes; urinated not more than 30 minutes prior to
measurement

Statement type:[ Performance]

Subject of info: [ Subject of record]

Authors: [Healthcare professional ]

Topic: [ Observation procedure] -

(Hasfocus) [ Micturition finding]

Circumstance: Performance Circumstance

+ Timing: < 30 min. prior to statement time
» Purposes. @

» Triggers. @

* Participants: [ Subject of record]

* Priority: @
* Reasult:

 [0,30] minute

Associations. [UUID]

Statement time: [1SO 8601 date/time format]
Stamp coordinate: [ Solor Module] , [ Release Path] , 2007-04-05T14:30Z, Statement id: [UUID]

Statement id: df478857-2eae-40b2-909f-68ef 0d0b9eb5

Subject of record ID:[UUID]
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10.8.1.2. Pulse Rate Measurement

Table 10.5. Pulse Rate M easur ement Perfor mance Statement

Narrative: Pulse Rate 68 bpm, taken by pulse oximeter

Statement type:[ Performance

Subject of info: [ Subject of record]

Authors: [Healthcare professional ]

Topic: [ Observation procedure] -
(Method) [ Examination - action] -
(Hasfocus) [ On examination - pulse rate] -

(Using device) [Pulse oximeter];

Circumstance: Performance Circumstance

» Timing: [1SO 8601 date/time format]
* Purposes. @

» Triggers. @

* Participants: [ Subject of record]

* Priority: @

* Result:

 [68,68] Beatyminute

Associations. @
Statement time: [1S0 8601 date/time format]

Stamp coordinate: [ Solor Module] , [ Release Path] , 2007-04-05T14:30Z, Statement id: [UUID]

Subject of record ID:[UUID]

10.8.1.3. Patient History

Table 10.6. Patient History Perfor mance Statement

Narrative: Patient has thromboembolism history

Statement type:[ Performance

Subject of info: [ Subject of record]
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Authors: [Healthcare professional]

Topic: [Observation procedure] -
(Method) [ Examination - action] -

(Has focus) [ Thromboembolic disorder];
Circumstance: Performance Circumstance

e Timing Vaue [1, inf) 1SO 8601 prior to
statement time

* Purposes. @
» Triggers. @
* Participants: [ Subject of record]

* Priority: @
e Result:

* [1,inf) Countable quantity

Associations. @
Statement time: [1S0 8601 date/time format]

Stamp coordinate: [ Solor Modul€] , [ Release Path] , 2007-04-05T14:30Z, Statement id: [UUID]

Subject of record ID:[UUID]

10.8.1.4. Condition Present

Table 10.7. Condition Present Perfor mance Statement

Narrative: Diabetes Mellitus present

Statement type:[ Performance

Subject of info: [ Subject of record]

Authors: [Healthcare professional ]

Topic: [ Observation procedure] -
(Method) [ Examination - action] -

(Hasfocus) [ Diabetes mellitus] ;
Circumstance: Performance Circumstance
» Timing: [1SO 8601 date/time format]

* Purposes. @
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e Triggers. @
* Participants: [ Subject of record]

* Priority: @

* Result:

* [1,inf) Countable quantity

Associations: @
Statement time: [1SO 8601 date/time format]

Stamp coordinate: [ Solor Module] , [ Release Path] , 2007-04-05T14:30Z, Statement id: [UUID]

Subject of record ID:[UUID]

10.8.1.5. Condition Not Present

Table 10.8. Condition Not Present Perfor mance Statement

Narrative: Diabetes Mellitus not present

Statement type:[ Performance

Subject of info: [ Subject of record]

Authors: [Healthcare professional ]

Topic: [ Observation procedure] -
(Method) [ Examination - action] -

(Has focus) [ Diabetes mellitus];

Circumstance: Performance Circumstance

e Timing: [1S0 8601 date/time format]
» Purposes. @

» Triggers. @

* Participants: [ Subject of record]

* Priority: @

* Result:

 [0,0] Unit of time

Associations. @
Statement time: [1SO 8601 date/time format]

Stamp coordinate: [ Solor Module] , [ Release Path] , 2007-04-05T14:30Z, Statement id: [UUID]
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‘Subject of record ID:[UUID]

10.8.1.6. Three Dot Blot Hemorrhages

Table 10.9. Three Dot Blot Hemorrhages Perfor mance Clinical Statement

Narrative: Three dot blot hemorrhages

Statement type:[ Performance

Subject of info: [ Subject of record]

Authors: [Healthcare professional ]

Topic: [ Observation procedure] -
(Method) [ Examination - action] -

(Hasfocus) [ Deep retinal hemorrhage];

Circumstance: Performance Circumstance

» Timing: [1SO 8601 date/time format]
» Purposes. @

» Triggers. @

* Participants: [ Subject of record]

* Priority: @

¢ Result:

* [3,3] Number

Associations: @
Statement time: [1SO 8601 date/time format]
Stamp coordinate; [ Solor Module] , [ Release Path] , 2007-04-05T14:30Z, Statement id: [UUID]

Subject of record ID:[JUUID]

10.8.1.7. Dot Blot Hemorrhage Present

Table 10.10. Dot Blot Hemorrhage Present Performance Clinical Statement

Narrative: Dot blot hemorrhage present

Statement type:[ Performance

Subject of info: [ Subject of record]
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Authors: [Healthcare professional ]

Topic: [ Observation procedure] -
(Method) [ Examination - action] -

(Has focus) [ Deep retinal hemorrhage];

Circumstance: Performance Circumstance
e Timing: [1S0 8601 date/time format]

» Purposes. @
» Triggers. @
* Participants: [ Subject of record]

* Priority: @
* Result:

* [1,inf) Countable quantity

Associations. @
Statement time: [1SO 8601 date/time format]

Stamp coordinate; [ Solor Module] , [ Release Path] , 2007-04-05T14:30Z, Statement id: [UUID]

Subject of record ID:[UUID]

10.8.1.8. Family History

Table 10.11. Family History Performance Clinical Statement

Narrative: Family history (mother) of colon cancer

Statement type:[ Performance

Subject of info: [Mother of subject]

Authors: [Healthcare professional ]

Topic: [ Observation procedure] -
(Method) [ Examination - action] -

(Has focus) [ Malignant neoplasm of colon];

Circumstance: Performance Circumstance
e Timing: [1, inf) ISO 8601 prior to statement time

* Purposes. @
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Triggers. @
Participants: [ Subject of record]

Priority: @

Result:

* [1,inf) Countable quantity

Associations, @

Statement time: [1SO 8601 date/time format]

Subject of record ID:[UUID]

Stamp coordinate; [ Solor Module] , [ Release Path] , 2007-04-05T14:30Z, Statement id: [UUID]

10.8.2. Examples of Modeling Request Clinical State-

ments
10.8.2.1. Medication Order

Table 10.12. I buprofen Order Request Clinical Statement

Statement type:[ Request]

Subject of info:[ Subject of record]

Authors: [Healthcare professional ]

Topic: [ Procedure] -

(Route of administration) [Oral]

Narrative: Request for administration of 1buprofen 400 mg tablet oral every 6 hours as needed for
back pain; may increase dose frequency to onetablet every 4 hours

(Method) [ Administration - action] (Direct substance) [ Ibuprofen 400 MG Oral Tablet]

Circumstance: RequestCircumstance:

timing: [1S0 8601 date/time format]
purpose: [ Backache]
requestedParticipant: [ Subject of record)]

priority: [Routine]

repetition:

 eventFrequency: [4,6] hour

requestedResult
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Associations: @

Statement time: [1S0 8601 date/time format]

Stamp coordinate: [ Solor Modul€] , [ Release Path] , 2007-04-05T14:30Z, Statement id: [UUID]

Subject of record ID:[UUID]

Table 10.13. Nitroglycerin Order Request Clinical Statement

Narrative: Request for administration of nitroglycerin 0.4 mg tablet sub-lingual every 5 minutes as
needed for chest pain; maximum 3 tablets (routine).

Statement type:[ Request]

Subject of info:[ Subject of record]

Authors: [Healthcare professional ]

Topic: [ Procedure] -

(Method) [ Administration - action] (Direct substance) [ Nitroglycerin 400micrograms tabl et]
(Route of administration) [Oral]

(Method) [ Administration - action] (Direct substance) [ Ibuprofen 400 MG Oral Tablet]

(Route of administration) [Oral]
Circumstance: Request Circumstance
e Timing: [1SO 8601 date/time format]

 Purpose: [ Chest pain]

* Priority: [Routine]
Frequency
eventFrequency: [5,15] min

* resolution: 5

e requestedResult: [1,1] Conventional release
sublingual tablet

» resolution: 1

Associations, @

Statement time: [1SO 8601 date/time format]

Stamp coordinate: [ Solor Module] , [ Release Path] , 2007-04-05T14:30Z, Statement id: [UUID]
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Subject of record ID:[UUID]

10.8.2.2. Radiology Order

Table 10.14. Radiology Order Request Clinical Statement

Statement type:[ Request]

Subject of info:[ Subject of record]

Authors: [Healthcare professional ]

Topic: [Plain chest X-ray]

Narrative: Request for x-ray chest to evaluate chest pain (routine)

Circumstance:

Reguest Circumstance

* timing: [1SO 8601 date/time format]
e purpose: [ Assessment of chest pain]
* requestedParticipant: [ Subject of record)]

* priority: [Routine]

* requestedResult

Associations; @

Subject of record ID: [UUID]

Statement time: [1SO 8601 date/time format]

Stamp coordinate; [ Solor Module] , [ Release Path] , 2007-04-05T14:30Z, Statement id: [UUID]

10.8.3. Examples of Modeling C-CDA Entries Based on

ANF

10.8.3.1. Summary of Care

Table 10.15. Summary of Care

C-CDA Category/Entry

Modeling

Reason for referra

» Pulmonary Function Tests

Statement type:[ Request]

Topic:[23426006 |Measurement of respiratory
function] -
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(260686004 |Method) [ 129266000 |Measurement —
action]

Allergies, Adverse Reactions and Alerts
» Allergen: Penicillin G
* Reaction: Hives

» Reaction severity: Severe

Statement type: [ Performance]

Topic: [5751000205109|Observation procedure] -

(363702006 |Has focus) [294499007 |Allergy to
benzylpenicillin]

Associated statement:

Statement type: [ Performance]

Topic: [5751000205109|Observation procedure] -
(363702006 |Has focus) [ 247472004 |Weal] -

(42752001 |Due to) [294499007 |Allergy to
benzylpenicillin] -

(246112005 |Severity) [ 24484000 |Severe (severity
modifier)]

Problem list
¢ Costal Chondritis

* Asthma

Statement type: [ Performance]

Topic: [5751000205109|Observation procedure] -

(363702006 |Has focus) [64109004 |Costal
chondritis]

Statement type: [Performance]

Topic: [5751000205109|Observation procedure] -

(363702006 |Has focus) [ 195967001 |Asthma]

Socia History

* Never smoked

Statement type:[ Performance]

Topic: [5751000205109|Observation procedure] -

(363702006 |Hasfocus) [ 266919005 |Never smoked
tobacco]

Immunizations

« Influenzavirus vaccine: completed

Statement type: [ Performance]

Topic: [86198006 |Influenza vaccination] -

Result status: [255594003 |Complete]

Medications

 Albuterol 0.09 mg ACTUAT

Statement type:[ Performance]

Topic: [416118004 |Administration] -
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(260686004 |Method) [ 129445006 |Administration
—action]-

(363701004 |Direct substance) [Rx; 329498
Albuterol 0.09 MG/ACTUAT]

Functional and Cognitive Status
» Functional status: No impairment

 Cognitive status. No impairment

Statement type: [ Performance]

Topic:[5751000205109| Observation procedure] -

(363702006 |Has focus) [118228005 |Functional
finding] -

(363714003 |Interprets) [ 246464006 |Function] -

(363713009 |Has interpretation) [17621005 |
Normall;

Statement type: [ Performance]

Topic:[5751000205109| Observation procedure] -

(363702006 |Has focus) [373930000 |Cognitive
function] -

(363714003 |Interprets) [311465003 |Cognitive
functions] -

(363713009 |Has interpretation) [17621005 |
Normall;

Vital signs

e Height: 70in

Weight: 195 Ib.
» Body Mass Index (calculated): 28

* BPsystolic: 155 mmHg

BP diastolic: 92 mmHg

Statement type: [ Performance]

Topic: [14456009 [Measuring height of patient]-

(260686004 |Method) [129266000 |Measurement -
action]

Result: 70 [258677007 |Inch]

Statement type: [ Performance]
Topic: [39857003 |Weighing patient] -
(260686004 |Method) [129266000 |Measurement -

action]

Result: 195 [ 258693003 |pounds]

Statement type: [ Performance]

Topic: [698094009 |Measurement of body mass
index] -
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(260686004 |Method) [129266000 |Measurement -
action]

Result: 28

Statement type: [ Performance]

Topic: [5751000205109|Observation procedure] -

(260686004|Method) [302199004|Examination -
action] -

(363702006 |Has focus) [163030003 |On
examination - Systolic blood pressurereading];

Result: 155 [259018001 |Millimeter of mercury]

Statement type: [ Performance]

Topic: [5751000205109|Observation procedure] -

(260686004|Method) [302199004|Examination -
action]-

(363702006 |Has focus) [163031004 |On
examination - Diastolic blood pressure reading]
Circumstance:

Result: 92 [259018001 [Millimeter of mercury]

Results

e CO2 27 mmol/L

Statement type:[ Performance]

Topic: [38007001 |Carbon dioxide measurement]

Circumstance:

Result: 27 258813002 [Millimolefliter]

Plan of Care

e Goa: Weight loss. Patient education: Diet
counseling
Patient

« Asthma management: education:

Resources and instructions

Statement type: [ Performance]

Topic:
education]

[266724001  |Weight-reducing  diet

Statement type: [ Performance]

Topic: [698605001 |Education about asthma self
management]
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10.8.3.2. Patient Chart Summary (Excerpt)

Table 10.16. Patient Chart Summary

C-CDA Category/Entry

Modeling

Advance Directives

* Do not resuscitate

Statement type: [ Performance]

Topic: [5751000205109|Observation procedure] -

(363702006 |[Has focus) [304253006 |Not for
resuscitation]

Allergies, Adverse Reactions and Alerts
* Allergen: Penicillin

» Reaction: Nausea

Statement type: [ Performance]

Topic: [5751000205109|Observation procedure] -

(363702006 |Has focus) [91936005 |Allergy to
penicillin]

Associated statement:

Statement type:[ Performance]

Topic: [5751000205109|Observation procedure] -

(363702006 |Has focus) [422587007 |Nausea] -

* Former smoker

« Consumes 12 alcoholic drinks/day

(42752001 |Due to) [91936005 |Allergy to
penicillin];
Problem list Statement type: [ Performance]
e Chest pain
Topic: [5751000205109|Observation procedure] -
* Angina
(363702006 |Has focus) [ 29857009 |Chest pain]
Statement type: [ Performance]
Topic: [5751000205109|Observation procedure] -
(363702006 |Has focus) [ 194828000 |Angina]
Social History Statement type: [ Performance]

Topic: [5751000205109|Observation procedure] -

(363702006 |Has focus) [ 8517006 |Ex-smoker]

Statement type: [ Performance]

Topic: [5751000205109|Observation procedure] -
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(363702006 |Has focus) [228319007 |Drinks
alcohol daily]-

(363714003 |[Interprets) [160573003 |Alcohol
intake];
Result: 12 [258950000 |Unit/day]
Results Statement type: [ Performance]
* Hemoglobin 13.2 g/d|
Topic: [104718002 |Hemoglobin, free
* Hematocrit 33.5% measurement] -

Result: 13.2 [258795003 |Gramvdeciliter]

Statement type: [ Performance]

Topic: [28317006 |Hematocrit determination] -

Result: 33.5[118582008 |Percent (property]

10.8.4. Examples of Modeling KNARTs Based on ANF
10.8.4.1. Atrial Fibrillation / Atrial Flutter Order Set (Excerpt)

Table 10.17. Atrial Fibrillation

Orderable Procedure/Narrative

Modeling

Referral to cardiology to evaluate atrial fibrillation/
atrial flutter

Statement type: [ Request]

Topic: [183519002 |Referral to cardiology service]

Purpose: 386053000 |Evaluation procedure] -

(363702006 |Has focus)
fibrillation and flutter]

[195080001 |Atrial

Resting 12-lead e€lectrocardiogram to evaluate
arrhythmia

Statement type: [ Request]

Topic: [447113005 |12 lead electrocardiogram at
rest]
Purpose: [ 386053000 |Evaluation procedure] -

(363702006 |Has focus) [698247007 |Cardiac
arrhythmia]

Echocardiogram to evaluate left ventricular

function

Statement type: [ Request]
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Topic: [40701008 |Echocardiography]

Purpose: [386053000 |Evaluation procedure] -

(363702006 |Has focus) [366188009 |Finding of
left ventricular function]

X-ray chest to evaluate heart failure STAT

Statement type: [ Request]

Topic: [399208008 |Plain chest X-ray]

Purpose: 386053000 |Evaluation procedure] -

(363702006 |Has focus) [84114007 |Heart failure]

Priority: [49499008 |Sat]

Basic metabolic panel

Statement type: [ Request]

Topic: [1421000205106 |Basic metabolic panel]

Complete blood count ROUTINE

Statement type: [ Request]

Topic: [26604007 |Complete blood count]

Priority: [50811001 |Routine]

Metoprolol tartrate 50 mg tablet oral daily 2 times

Statement type:[ Request]

Topic: [416118004 |Administration] -

(260686004 |Method)
Administration — action] -

[[129445006 |

(363701004 |Direct substance) [318475005 |
Product containing precisely metoprolol tartrate 50
milligram/1 each conventional release oral tablet] -

(410675002 |Route of administration) [[ 260548002
|Oral];

Requested Result: 1[421026006 |Oral tablet]

Frequency: 2258703001 |day]
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10.8.4.2. Diagnostic Breast Imaging Documentation Template (Ex-

cerpt)

Table 10.18. Diagnostic Breast Imaging Documentation Template

Observation/Narrative

Modeling

Screening Mammogram

Statement type: [ Performance]

Topic: [24623002 [Screening mammography]

Mammaogram I nterpretation Normal

Statement type: [ Performance]

Topic: [370851004 |Evaluation of diagnostic study
results]-

(363702006  |Has focus) [71651007 |
Mammography]

Result Status: [17621005 |Normal]

Nipple discharge

Statement type:[ Performance]

Topic: [5751000205109|Observation procedure] -

(363702006 |Has focus) [54302000 |Discharge
from nipple]

Nipple discharge is normal lactation

Statement type: [ Performance]

Topic: [5751000205109|Observation procedure] -

(363702006 |Has focus) [54302000 |Discharge
from nipple]

(42752001 |Due to) [ 82374005 |Lactation normal]

Breast Skin Changes

Statement type: [ Performance]

Topic: [5751000205109|Observation procedure] -

(363702006 |Has focus) [115951000119105 |
Breast symptom of changein skin]

First degreerelativeisa BRCA mutation carrier

Statement type:[ Performance]

Subject of Information: [125678001 |First degree
blood relative]

Topic: [5751000205109|Observation procedure] -
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(363702006 |Hasfocus) [ 445333001 |Breast cancer
genetic marker of susceptihility positive]

10.8.5. Interval Truth Table

Interval

Algebraic
expression

ANF
interva

lower Bound

lower Bound-
Present

upper Bound

upportBound-
Present

Theinterva is
thevaueb5.1

n=5.1 [

5.1,5.1

true

true

Theinterval
contains
values greater
than or equal
to 0.5 and less
than 10.1

0.5 <=n <
10.1

[0.5,
10. 1)

0.5

true

10.1

fal se

Theinterval
contains
values greater
than O

n>0

(0,
| NF)

fal se

I NF

fal se

Theinterval
contains
values greater
than equal to
10 and less
than or equal
to 19

10 <= n <=
19

[ 10,
19]

10

true

19

true

Theinterval

is greater than
equal to 4.1
and less than
or equal to 5.5

fal se

fal se
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11. Solor Assertional Knowledge
11.1. Introduction

11.2

Previously we discussed definitional knowledge which defines purely structural rel ationships among con-
cepts. Definitional knowledge relationships do not represent how conceptsinfluence or relate to each other
inaclinical setting. Thistype of information is represented by assertional knowledge. For example, short-
ness of breath may be caused by myocardial infarction. Assertional knowledge represents facts related
to adomain of study and is used to provide nuance and context to a concept, but does not define it. For
example, Aspirin is used to treat pain, but it can also be used to treat fevers, prevent blood clots, reduce
the risk of stroke and heart attack and many other things. The two major goals of including assertional
knowledge are (1) to enhance usability and (2) improve documentation quality when using aterminology.
Additional facts about clinical concepts can also be provided to support reasoning for automated quality
monitoring and clinical decision support.[Elkin_Terminology]

Additionally, assertional knowledge supports interface implementation by providing increased synonymy
that is specific as to the context in which it should be used. What has been previously caled interface
terminology can bedefined asa" systematic collection of clinically oriented phrases (terms) whose purpose
isto support clinicians entry of patient information into computer programs, such as clinical note capture
and decision support tools". [Elkin_Terminology]

Thisinterface support is used to accomplish one of two tasks:
1. Encoding clinical narrative into a structured form, or

2. Reviewing structured clinical information that has previously been encoded using a different terminol-
ogy.

Thisinterface support must enable correct and rapid interaction between clinicians and structured clinical
data, support ease of use by healthcare providers through easy understandability, and integrate well with
other clinical computerized systemsin the environment. [Rosenbloom_model]

Assertional knowledgeiskey to supporting interface implementation of theterminology layer. Assertional
knowledge can support interface implementations of terminology by:

1. Assisting end usersin adding clinical modifiers to concepts
2. Representing additional relationships for clinical concepts
3. Providing support for synonymy
https://www.ncbi.nlm.nih.gov/pmc/articles’PM C1513664/

Adding Clinical Modifiers to Concepts

There are one of two general approaches to representing knowledge domains by clinical terminology.

In one approach, developers precoordinate (or enumerate) al possible complex concepts apriori and
essentially create a list of all the complex concepts that can be expressed. A strength of this approach is
increasing the chances a user will find a desired concept. Disadvantages include making aterminology so
large that search becomes burdensome, and reduced flexibility in situations where the terminology does
not contain concepts that a user may need.

An alternative is postcoordination in which users compose complex concepts by assembling general
concepts and modifiers as needed. An advantage is increased flexibility for representing a wide range of
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concepts. Disadvantages include increased variation and inconsistent application of terminologies against
clinical data, increased ability to create nonsensical complex concepts from modifiers and concepts, and
inefficiency since postcoordination processes can be time-consuming.

Bringing these two approaches together can optimize aterminology's flexibility, ease of use, and overall
coverage. "Compositional balance" makes concept selection tasks efficient by reducing the effort to as-
semble complex concepts from general concepts, and reducing the time needed to search through long
lists of precoordinated concepts.

Prior to 2012, SNOMED CT included qualifying relationships that could be used for creating a user inter-
face that would post-coordinate concepts using pre-approved attribute value pairs. With the introduction
of the RF2, qualifying relationships were no longer released in favor of the Machine Readable Concept
Model (MRCM). The MRCM is amore comprehensive and flexible format for representing relationships
and values that can be used to refine concepts.

11.3. Representing Additional Relationships for
Clinical Concepts

11.3.1. Facts Supporting Reasoning

Attributeslike the ones bel ow are common in proprietary interface terminol ogies and represent assertional
knowledge that can then be mapped to standard reference terminologies like SNOMED CT or RxNorm.

» “Agpirin treats pain”
» “Penicillin treats bacterial infections”
e “Myocardial infarction is associated with chest pain”

The VA's National Drug File - Reference Terminology (NDF-RT) has assertional knowledge contained
in relationships like:

» may_treat {} # DISEASE_KIND - therapeutic use or indication of a generic ingredient preparation or
drug

» may_prevent {} # DISEASE_KIND — preventative use or indication of ageneric ingredient preparation
or drug

» may_diagnose{} # DISEASE_KIND — diagnostic use or indication of ageneric ingredient preparation
or drug

Structure Product Labeling has assertional knowledge contained in sections such as:
* Indications

» Contraindications

11.3.2. Representation of Concept Hierarchies

Ideally, aterminology is represented in a way to promote easy use for automated data storage, manage-
ment, and analysis. Description logics can formally model and specify the relationships that exist among
concepts and modifiers and provide a structured representation of the knowledge domain. For instance, in
the following screenshot, when "Diabetes mellitus type 1" is selected, the options for "type 2" are hidden
and de-emphasi zed to the user.

225





Draft Solor Assertional Knowledge Draft

Diabetes mellitus
Diabetes mellitus type complication status

complications

Diabetes mellitus Diabetic retinopathy
complication detail severity

with diabetic
retinopathy

11.3.3. Relationships Between Clinical Concepts and Pa-
tient Populations

An example of arelationship between aclinical ‘concept and patient population is pregnancy is not present
in men or women who have had a hysterectomy or who are post-menopausal .

11.4. Support for Synonymy
11.4.1. Support for Human-Readability

The goal of interface terminologies is to optimize the user experience. Increasing efficiency and clarity
of datareview are key considerations for helping clinicians access, read, and understand encoded clinical
data. A simple approach isto userelatively colloquia termsand display common phrases and words. More
complex approaches include "auto-complete” features - when a user selects a concept (e.g., "chest pain)
and modifiers(e.g., "anterior", "dull" "present"), the system may leverage tagged terminologiesto generate
the natural language sentence (e.g., "anterior dull chest pain is present").

11.4.2. Clarifying synonymy

Assertional knowledge relationships can be used to clarify whether synonyms are accurate representations
of the same concept. For example, thorax pain and chest pain could be defined in a similar way, but thorax
pain may imply to a healthcare provider that the pain isin the chest wall rather than internally asthe term
chest pain may imply.

11.4.3. Completeness of Synonym Coverage

An adequate representation of synoynms in aterminology can increase the terminology's usability. Ter-
minologies should represent the richness present in colloquia phrases of medical discourse and represent
the variety of different types of synoynmsthat exist:
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Alternate Terms. "Myocardia Infarction” for "Heart Attack"

Acronyms: "MI" for "Myocardial Infarction”

Definitional phrases. "lIschemic injury” for "necrosis of heart muscle cells resulting from absent or di-
minished blood flow in a coronary artery"

Eponyms: "Levine sign" for "a clenched fist held over the chest indicating ischemic cardiac chest pain”

However, rich synonymy may increase the chances that a given term may be used to represent more than
one concept (e.g., "cold" for "low temperature" and for "upper respiratory tract viral infection”. Parame-
ters for metrics for evaluating the completeness of synonym coverage in clinical interface terminologies
include:

Concept Accuracy: how closely aterm's meaning corresponds with the underlying concept it represents,
and,

Synonym Expressivity: how well aterm's semantic character matches the wordsin the phraseit is meant
to represent rather than the underlying meaning.

For example apatient describes having a"feathery discomfort occurring acrossthe chest". Withinaclinica
terminology, thereis a concept for "chest discomfort” and modifiers like "soft" and "anterior chest wall".
The end-user selects "noncrushing” to represent "feathery". The concept accuracy of "noncrushing” for
"feathery" is adequate because the two have the same meaning. However, "noncrushing” does not fully
express the character of "feathery".

11.5. Solor Representation of Assertional
Knowledge

The Solor representation of Assertional Knowledge reaches beyond the patient as the subject of record
and observations and evaluation results about the patient. It represents knowledge that can be applied to
the patient's care, e.g. the patient's treatment or diagnostics.

The Solor capability of associating statements enables the use of Assertional Knowledge to clinical de-
cision support applications, clinical pathways and general information (“info button”) that can be made
available to users of EMR systems.
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12. Procedural Knowledge
Representation

12.1.

Generally, Procedural Knowledge can pertain to Clinical Decision Support, e.9.:
» Standard ways of performing a procedure

* Treatment protocols for diseases

* Standard evidence-based Order Sets

Applied Procedural Knowledge can enable the use of Clinical Decision Support, Clinical Pathways, and
Knowledge Artifacts (KNARTS) that standardize patient documentation, quality improvement interven-
tions, and protocols focused on specific clinical domains and patient situations.

Introduction to Clinical Decision Support

As defined by Osheroff et a Clinical decision support (CDS) “provides clinicians, staff, patients, or
other individuals with knowledge and person-specific information, intelligently filtered or presented at
appropriate times, to enhance health and health care.” [ Osheroff] CDS encompasses a variety of tools to
enhance decision-making in the clinical workflow. Examples of CDS toolsinclude but are not limited to:

» order sets created for particular conditions or types of patients

» recommendations/databases that can provide information relevant to particular patients

» remindersfor preventive care

 documentation templates

» diagnostic support

« aertsabout potentially dangerous situations.

*Some of these ‘types’ of CDSare explored and discussed further in subsequent sections that follow.

Osheroff also published “The CDS 5 Rights framework” [5Rights]which asserts that, to improve targeted
healthcare decisions/outcomes with well developed and deployed CDS interventions, the interventions
must provide:

* theright information,

totheright people,

in theright intervention formats,

through the right channels,

at theright pointsin workflow.

Understanding and leveraging effectively the 'what, who, how, where, when' information process/work-
flow dimensionsis central to configuring useful CDS and Quality Improvement approaches.

A 2012 Literature Review commissioned by the Agency for Healthcare Research and Quality (AHRQ)
found evidence showing that CDS had positive impact on process measures and increasing user knowledge
relevant to amedical condition. (Lobach et al., 2012) [CDSOptimize]
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Additional studies show that well-executed CDS can [CDSOptimize]:

» reduceadversedrug-drug interaction eventsand medication errors (Smithburger et al., 2011; Sonnichsen
etal., 2016) (Fritzet a., 2012);

* decrease unnecessary lab testing (Felcher et a., 2017);

« reduce cardiovascular risk in patients with type 2 diabetes (Cleveringa et al., 2008);

 improve practitioner performance (Garg et a., 2005);

* increase cardiovascular disease risk assessment in routine primary care practice (Wells et a., 2008);
 improve public health outcomes associated with outbreaks of foodborne illness (Wu et al., 2012);

» and, produce cost savings associated with hospital-based pharmacy interventions (Calloway et al.,
2013).

The avail able evidence shows that CDS —when implemented properly with formal management—can re-
duceerrors, improvethe quality of care, reduce cost, and easethe cognitive burden on health care providers.
[CDSOptimize] As aresult, the impetus for achieving standardized, widespread adoption of CDS across
health systemsis clear. The AMIA CDS Roadmap Development Steering Committee describes three pil-
lars for realizing this promise of CDS [Osheroff]:

1. Best Knowledge Available When Needed

CDSiswell organized, accessible, and written, stored and transmitted in aformat that makesit easy to
build and deploy CDS interventions that deliver the knowledge into decision-making.

2. High Adoption and Effective Use

CDStoolsare widely implemented, extensively used, and produce significant clinical value while mak-
ing financial and operational sense to their end-users and purchasers.

3. Continuous I mprovement of Knowledge and CDS M ethods

Both CDS interventions and clinical knowledge undergo continuous improvement based on feedback,
experience, and data that are easy to aggregate, assess, and apply.

In order for thevision of the AMIA CDS Roadmap Steering Committeeto be achieved, the science of CDS
needs to support implementers, clinicians, and technology vendorsin devel oping CDStoolsthat are share-
able, standards-based, publicly-available, and patient-centered. Namely, the trand ation of evidence-based
clinical practice guidelinesinto implementable clinical tools needs to occur in amanner that is consistent,
systematic, and comprehensive. There have been anumber of historical effortsthat have aimed to achieve
interoperable and robust CDStools and artifacts that appropriately translate guidelinesinto care (see sub-
sequent section about the Historical Context for Representing the Expression Logic of CDS). The Agency
for Healthcare Research and Quality depicts the following image representing the “ CDS lifecycle” for the
following areag] CDSConnect]:

 authoring CDS tools and artifacts that leverage knowledge sources such as clinical practice guidelines,
quality measure specifications, and peer-reviewed journal articles;

* publishing CDStools to a public repository (e.g., AHRQ's CDS Connect);

 implementing CDS tools in a community (i.e., learning network) and collecting on-the-ground stories
and evaluation metrics to then inform the subsequent design, build, and implementation of future CDS
tools.
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12.2. Lack of Standardized Encoded Clinical
Data - Impact on CDS

In this section, we will explore an important question regarding appropriate and highly-reliable CDS: how
can we provide patient-safe clinical decision support given the lack of standardization relating to how
we encode data? We will discuss the challenges faced by authors, implementers and evaluators of CDS
implementations by considering the following example of a CDS intervention by Adam Wright et a in
the NIH-funded “1Q-MAPLE” study (i.e., Improving Quality by Making an Accurate Problem List in the
EHR). [IQMAPLE] In1Q-MAPLE, theinvestigatorsdesigned CDSinterventionsin the EHRs of four study
sites to alert physicians when a candidate problem (e.g., Asthma, COPD, Hypertension, Hyperlipidemia)
was detected that was missing from the patient's problem list (i.e., absence of structured input of diagnosis
codes/terms to specify the key condition of interest). The clinician would then be able to accept the alert
and add the problem, override the dert, or ignore it entirely. The investigators conducted a randomized
trial and evaluated the effect of the problem list aert on three endpoints: alert acceptance, problem list
addition rate and clinical quality.

In IQ-MAPLE, ateam of clinical experts and informaticians designed and validated a series of problem
inference algorithms, using rules-based techniques on structured datain the electronic health record (EHR)
and natural language processing on unstructured data. Then, they created CDS rules for suggesting con-
ditionsto add to a patient’s problem list that may have included the following example criteria

* queriesfor the presence or absence of a diagnosis code (e.g., ICD-10CM, SNOMED CT value sets by
key condition) included in apatient’s problem list or encounter diagnosis;

» querieslooking for currently active medications (e.g., RXCUI value sets by medication classes) in the
patient’ s record;

 queriesfor lab values (e.g., LOINC value sets) that are within a specified range;
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« various combinations and compound queries made up of the af orementioned sub-queries.

Even though the CDS rules and value sets in the IQ-MAPLE study were created centrally, there would
have inevitably been variation in the implementations of the rules against clinical data at the four study
sites. A report produced out of the collaboration between the ONC and the National Academy of Medicine
(NAM) stated that there are at least four important technical challenges to sharing and therefore standard-
izing implementations of CDS content: (1) insufficient standardization of patient data representation; (2)
insufficient standardization of CDS knowledge representation; (3) insufficient standardization of CDSin-
tegration mechanisms; and (4) a need to align with broader standardization initiatives. [CDSOptimize]

Fundamentally, the representation and usage of clinical data and CDS knowledge across the four 1Q-
MAPLE study sites would have varied. One of the reasons that CDS interventions are difficult to imple-
ment between health care systems is because different EHR systems and health care systems utilize dif-
ferent underlying patient data models and CDS integration mechanisms. Even different instantiations of
use of the same EHR systems differ in how they represent patient data. The ONC and NAM report stated
that "[b]ecause CDSrelies on inferencing using patient data, this heterogeneity in patient data representa-
tion poses an immense obstacle to sharing CDS." [CDSOptimize] In IQ-MAPLE, there were likely vast
variations in the EHR user interfaces for how clinical data was entered in problem lists, representation
of lab results, status and recording of currently active medications, and other miscellaneous clinical data
inputsin patients’ encounter notes. (see ‘Clinical Input form’ in the Statement Representation Chapter)

In addition, there were likely variations in the usage of the value set and terminology content at the four
study organizations. Therefore, there may have been discrepancies in how the CDS rules were triggered
when they were deployed. For example, perhaps physicians at one of the study sites had been trained to
use only diagnosis codes that align with Hierarchical Condition Category (HCC) codesin CMS' risk-ad-
justment model. These physicians would not have used any other diagnosis codes that may have existed
in the IQ-MAPLE authored value sets for the CDS alerts. The other three study sites may not have opera-
tionalized such specific workflows, thereby reducing the standard representation of the IQ-MAPLE CDS
alert implementations between the different medical centers.

The following challenges plaguing CDS implementations were described in a report produced out of the
collaboration between the ONC and the National Academy of Medicine.[CDSOptimize]

1. Various pathways for implementation of CDS within different health care organizations
2. Lack of standards and incentives to use and improve CDS

3. Poor data quality

4. Gapsinthe evidence

These challenges are due in part — according to the summary of Kawamoto's commentary in the ONC and
NAM report —to alack of clear standardsfor CDS content representation: " standards are not always defined
clearly enough, so adeveloper will make adecision that enables content to work within [test] systems...but
are not scalable nationally."[ CDSOptimize] Consequently, there are vendor-specific solutions and organi-
zation-specific solutions that exist with "either alaborious configuration of external licensed content or a
laborious reinvention of the wheel as the organization creates its own content." [CDSOptimize] Instead of
creating aknowledge representation based on a standardized clinical datarepresentation, current effortsare
focused on creating and re-creating one-off "solutions”. Even the latest CDS content standards, including
Clinical Quality Language (CQL), CDS Hooks, and OpenCDS have yet to achieve "the necessary level of
detail in the standards and how they are applied to clinical decisions."[CDSOptimize]

Therefore, one of the overarching challenges of standards that aim to make CDS shareable and interoper-
able is that there is currently not a robust way to associate rules in knowledge-based systems with other
dependenciesin clinical data representation systems to ensure proper operation. Current CDS standards
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aresilent on the notion of identifying asafe configuration of dependencies between (a) the expression-log-
ic for rules-based CDS techniques, (b) the value sets with codes and terms to define clinical concepts of
interest contained in the CDS rules, and (c) the variability of how clinical data within the value sets and
rules are inputted, modeled, and stored in data repositories.

These challenges have been explored by Wright et a when they studied CDS functionality at Brigham
and Women'’s Hospital and illustrated ways in which clinical decision support systems malfunction and
identified patterns of such malfunctions. [CDSMalfunction] As a part of this study, a survey of 29 Chief
Medical Information Officers (CM10s) showed that 93% of CM1Os experience CDS system malfunctions,
and two-thirds experienced the malfunctions at least annually.

» One such malfunction was described asinvolving inappr opriate dependencies between and amongst
the electronic health record system, clinical decision support system, and other external systems
(e.g., lab information systems) . For example, “an alert for monitoring thyroid function in patients re-
ceiving amiodarone stopped working when an internal identifier for amiodarone was changed in another
system.” [CDSMalfunction]

» Wright et a also found that inappropriate configuration of dependencies per petuated mistakesin
underlying databases and value set management: “a malfunction in an externa drug classification
system caused an alert to inappropriately suggest antiplatelet drugs, such as aspirin, for patients already
taking one”. [CDSMalfunction]

» Thirdly, Wright et al wrote about how inappr opriate dependencieson EHR softwar e caused numer -
ous spurious alertsto fire. [CDSMalfunction]

12.3. Monitoring CDS - Design & Testing Con-
siderations

Asdescribed above, Wright et al |earned that Brigham and Women’ sHospital did not have asystemto track
the siloed components of their EHR and CDS systems, nor did they have a process for tracking changesto
the CDS rules, logic, and terminology implementations that were tied to other dependencies upstream or
downstream in the implementation and process flow. Therefore, in IQ-MAPLE, the investigators tried to
keep a closer eye on the design and functionality of CDS tools, including the background work required
to update and maintain these complex systems.

Totestthevalidity of their IQ-MAPLE CDSa ertimplementations, each study site organization might have
built atesting environment to implement the CDS rulesto detect whether each suggestion of acondition to
add to apatient’ s problem list was “appropriate” or not. Such atesting environment would allow the CDS
alertsto“silently” fireafter they werebuilt. In other words, the al ertswere built and set to fire on patientsin
the back-end of the systems. End-userswould NOT receive aerts at this stage. The alertswould “silently”
fire for two weeks or some other agreed upon trial period. Then, the implementers would generate the list
of patients for whom the silent alerts fire.

Next, basic face-validity would be performed upon perusal of the patient lists for whom the alerts silently
fired. For a condition with a high prevalence like hypertension, an implementer may not be surprised to
see hundreds of alertsfiring in a2-week span in their hospital, clinic, or medical center. Conversdly, if the
condition for a problem-list suggestion CDS rule is rarer, such as Sickle Cell Disease, then it would not
be surprising to only see a handful of alerts fired in a 2-week silent run. If implementers thought that the
count of alerts seemed off based on condition prevalence, then this could inform an analysis of the alert
implementation and/or rules without having to do a more time-consuming chart-audit.

Next, patient charts for whom the alerts silently fire were abstracted to validate that the alerts fired on
appropriate people. In this step, it may suffice to validate a smaller subset of patient records rather than
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validating hundreds of patient charts for whom alerts may silently fire. If the alerts were accurate at some
threshold (e.g., 90%) based on the chart audit, then the alert could be marked as “ appropriate” at a given
institution. If inaccuracies arise in the chart audit during the silent firing testing phase, it may reveal errors
in the implementation, or in the rules themselves prior to go-live deployment.

This sort of CDS testing environment would also allow for intra-organizational comparison of value set
implementations or to assess the impact of inter-organizational updatesto standard clinical terminologies
over time. It could also be used to detect changes to CDS expression logic or rule changes and study the
impact on the clinical data prior to deployment to better understand the impact of proposed updates.

12.3.1. Metrics for Monitoring CDS Implementations be-
fore and after Go-Live Deployment

This section will describe quality metrics for monitoring CDS performance. The ONC and NAM report
highlighted the impetus for measuring whether CDS interventions are working: “ To optimize CDS and
increase adoption and acceptance, it will be critical to determine which interventions are firing at the
appropriate times and are then accepted by the clinical care team and patients and changing care for the
better. This capability will be important at both the local and national scale if the goal is to reduce the
burden on providers and health systems to each identify important lessons on their own." [CDSOptimize]
The following table shows examples of measures to determine the impact of CDS interventions. [refine]

Table 12.1. Examples of measures commonly captured to measure the effects of
CDSinterventions

Measure Examples

CDS satisfaction, usage, usability « usability assessments from end-users, end-user
feedback, use of CDS from logs

Workflow impact, efficiency * time to complete work tasks before and after
CDS, e.g., direct order entry, medication turn-
around time

CDSuse by clinicians * alert use, rate of alertsfiring alert overrides

* number of times CDS aerts happen: (e.g.,
absolute counts, central tendency, percent
change over time)

Healthcare services utilization and efficiencies e reductions in unnecessary or inappropriate
laboratory test orders

Costs * resource management,medication (number, type,
class) and laboratory test costs

Unintended consequences (includes all measure|e alert fatigue, overrides of serious alerts, adverse
types above) events dueto CDS

Care processes, adherence to guidelines « adherenceto clinical guidelines; timeto ordering
of important medications

Patient saf ety * error reports, adverse events, transfers to 1CU,
death, medication prescribing errors

Patient Outcomes » disease management related to adoption of
guidelines (e.g., blood pressure control, lipid
levels, HBA1c levels), hospital lengths of stay,
rehospitalizations
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12.3.1.1. Signs of an Effective CDS Roll-Out

Health 1T.gov published a how-to manual for healthcare organizations to monitor CDS rollout plans and
included the following criteria: [rollout]

 All end-users were adequately trained for using the intervention

» End-usersfelt the trainings were well-timed in relation to the roll-out
* End-usersdid not feel overwhelmed by the introduction of CDS

» End-users knew how to provide feedback and get support if needed

» Changesin workflow were smooth and improved care processes

12.3.1.2. Statistical Process Control Methods for CDS Anomaly De-
tection

A CDS malfunction (aka true positive anomaly) occurs when the CDS rule does not function as it was
designed or expected to. The question that an evaluator of CDS interventions may ask is: Predict, given an
expected number of eventswill happen, how many eventswill happen over time??When monitoring CDS
count data over time, the underlying denominator likely will vary insignificantly. Therefore, statistical
process control (SPC) charts can be created and the following tests can be performed: [kassakian]

Test #1 the presence of asingle point outside the control limits using the threshold 3* standard deviation.

Test #2 two of three consecutive points are more than 2 standard deviations from the average line and
both on the same side of the average line.

Test #3 eight or more consecutive points on the same side of the average line.
» Test #4 consisted of 6 or more values steadily increasing or decreasing.
SPC anomaly detection can be attempted on time points for various time scales (e.g., weekly and monthly

scale). To determine the characteristics and performance of SPC detection methods sensitivity, specificity,
precision and the F measure can be determined.

12.4. Best Practices for CDS Knowledge Man-
agement and Deployment

As aforementioned in the section “Introduction to Clinical Decision Support”, the AMIA CDS Roadmap
Development Steering Committee describes three pillars for realizing the promise of CDS [Osheroff]:
(1) Best Knowledge Available When Needed, (2) High Adoption and Effective Use, and (3) Continuous
Improvement of Knowledge and CDS Methods.

Given our discussion of challenges that plague CDS implementations, we propose a fourth pillar to be
explicitly added to this framework:

» Standardization Related to how we Encode and Represent Clinical Data

The underlying clinical data that feeds into CDS tools, interventions, and deployments must be repre-
sented, version-controlled, and encoded in a consistent, comprehensive, and systematic way.
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12.4.1.

Best Practices for CDS Knowledge Management

Below are some suggestions for Best Practices for CDS Knowledge Management: [WrightWebinar]

12.4.2.

Implement a clear, standard process for submission, review, evaluation, prioritization, and creation of
al new CDS

Maintain an up-to-date inventory of all CDS, including type (e.g., alert, order set), owner(s), dates of
creation, dates of review, sources of evidence, clinical areas affected, and short description

Manage terminologies and value sets using formal processes (e.g., Solor)

Periodically review the clinical evidence and assertional knowledge underlying the CDS rules and up-
date as needed

Use aformal software change control process for al CDS updates

Enable review of the logic for CDS rules in human-readable format by clinical end-users (e.g., in a
portal or repository)

Best Practices for CDS Deployment

Below are some suggestions for Best Practices for CDS Deployment: [WrightWebinar]

12.4.3.

Use a process where changes to value set terminology codes made by Standards Devel opment Organi-
zations (SDOs), value set developers, or by ancillary department internal systems are communicated
and pushed to CDS authors, implementers, and evaluators to be analyzed for impact before the changes
are made

Employ aprocess where changes to attribute values (e.g., units of measurement) are communicated and
pushed to CDS authors, implementers, and evaluators to be analyzed for impact before the changes are
made

Test and deploy EHR vendor patches and upgrades in atimely manner
Inform users of significant CDS changes

Require I T staff to use automated tools to migrate CDS rules between EHR system environments (e.g.,
test and production)

Ten Commandments for Effective CDS

Bates et a published the Ten Commandmentsfor Effective Clinical Decision Support: Making the Practice
of Evidence-based Medicine a Reality with “the goal...to present generic lessons from [their CDS] expe-
riences that may be useful to others, including informaticians, systems developers, and health care orga-
nizations.” [CDS10] The paper includes the following Ten Commandments for Effective CDS [CDS10]:

1. Speed isEverything

» “[T]he speed of an information system isthe parameter that users value most. If the decision support
iswonderful, but takes too long to appear, it will be useless.”

2. Anticipate Needs and Déliver in Real Time

» “[A]pplications must anticipate clinician needs and bring information to clinicians at the time they
need it.”
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3. Fit intothe User’s Workflow

» “Understanding clinician workflow, particularly when designing applications for the outpatient set-
ting, iscritical.”

4. Little Things Can Make a Big Difference

 Usahility mattersalot. CDS must be understandable, useful and encompass the needed functionality.
Furthermore, CDS should be easy to learn, efficient to use, easy to remember, subjectively pleasing,
and contain few (or no) errors.

5. Recognize that Physicians Will Strongly Resist Stopping

» Bateset a “found that physicians strongly resist suggestions not to carry out an action when [they
did] not offer an alternative, even if the action they are about to carry out is virtually always coun-
terproductive.”

6. Changing Direction IsEasier than Stopping

» CDS can be a powerful tool for changing physician behavior. Bates et a were “especially effective
whentheissue at hand is one attribute of an order the physician probably does not have strong feelings
about, such as the dose, route, or frequency of a medication or the views in aradiographic study.”

7. Simple Interventions Work Best
» “If you cannot fit a guideline on a single screen, clinicians will not be happy about using it.”
8. Ask for Additional Information Only When You Really Need It

» “[T]helikelihood of success in implementing a computerized guideline is inversely proportional to
the number of extra data elements needed.”

9. Monitor Impact, Get Feedback, and Respond
o “Carefully evaluate and prune the CDS knowledge base.”
10.Manage and Maintain Your Knowledge-based Systems

» Maintaining the knowledge within the system and managing the individual pieces of the system are
critical to successful delivery of decision support.

12.5. Historical Context for Representing the
Expression Logic of Clinical Decision Support

While there have been advancements over the past few decades in implementing clinical data standards
(e.g., SNOMED CT, LOINC), there is still room to improve portability of CDS implementations across
healthcare organizations. Different health care institutions may increasingly have their clinical data en-
coded according to standards-based terminologies, but each site will still require human intervention and
hand-crafted implementations of computerized CDS, including patient safety alerts and health mainte-
nance reminders intended to improve popul ation health. One implementation of a CDS aert at the Veter-
ans Health Administration, for instance, is not completely transferrable to another institution, even if the
organization is using the same Health IT system. Analysts at each organization will have to modify the
underlying query so that it is computable against their respective clinical database structure. Furthermore,
not all clinical concepts are recorded and stored in the same way in different EHR implementations; what
may be structured in one system may be free text in another. While the Health Quality Measure Format
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(HQMF), Quality Data Model (QDM), and Clinical Quality Langauge (CQL) are the more recent efforts
to improve standard representations of CDS expression logic, efforts date back to the mid 1970's when
early implementers of computer-based clinical information systems were first recognizing the value of
computer-based decision support into their designs.

Notably, Clem McDonald' swork on the Regenstrief Medical Record System exemplifiesimportant early
work in pseudocode logic expression. McDonald realized that the number of CDS reminders and alerts
would quickly increase, so rather than hand-crafting each rule into computer code with programmers, he
created one of thefirst CDSrule languages called CARE. [McCalli€] The CARE language allowed clinical
experts and those without programming expertise to structure if-then logic aerts using aflexible scripting
language that could be interpreted by programmers to implement against the patient record system. As
computerized EHRs continued to spread to other academic medical centers in the years that followed, it
became clear that a standard way to replicate the expression logic of CARE-style if-then decision rules
would be needed. In the late 1980s, informaticists at Columbialed an important initiative to standardize
CDS scripting language and created the Arden Syntax or Medical Logic Modules, the goal of which was
to encode if-then-else rules in a standard format that could be computed against different EHR systems,
regardless of thelocation or specific vendor. Arden Syntax logic moduleswere novel in that they consisted
of standard sections called ‘categories', and each category contained severa ‘sots . For instance, the
‘logic’ slot contained the actual clinical logic of arule, and the ‘action’ slot defined the message that the
rulewould display to the clinician-user. Modern EHRs often still usethisframework even if thefull Arden
Syntax is not used: when aclinician’s workflow reaches atrigger point, then arule in the system isfired,
and evaluates the clinical logic attached to the trigger point. [McCalli€]

By the mid 1990's, CDS rules using the Arden Syntax began to spread to numerous commercial systems,
however dissemination was limited in that rules written in one facility would not run against any other
system. While the ‘logic’ slot contained machine-executable if-then-else code, there was also a ‘curly
brace' part of the syntax that only contained a human-readable textual description of the database process
and actions necessary for the rule to access clinical datain the EHR. This required human-interpretation
and hand-crafting at each specific site and this challenge was referred to as the “curly brace problem”.
[McCallig] This challenge to achieve portability across environments has persisted throughout the 1990s
to 2000s to the current day. These challenges were only worsened when guideline-based techniques were
introduced attempting to separate clinical problems into a series of linked clinical decisions. There were
some notabl e efforts such as Guideline Interchange Format (GLIF), PROforma, SAGE, and GEM, which
aimed to incorporate aguideline slogic into the executabl e part of decisionlogic, however these languages
suffered due to alack of maturity of standards to integrate the guideline engines into EHRs directly.[Mc-
Calig]

In 1998, HL 7 found the“ curly brace” problem to be unsolvable by the Arden approach and began effortsto
create expression logic standards based on HL 7 Version 3 Reference Information Model (RIM).[RIM] One
attempt was the GELL O Expression Language, which in theory was supposed to access and manipulate
clinical databy common clinical entities; however RIM wasnot provento beavery practical representation
of the complexity of real-world data. Only asmall number of vendorswere successfully ableto implement
RIM-based EHRs and therefore the vision of GELLO and HL7 V3 efforts remained unproven. In 2013,
HL7 replaced GELLO with ECA (“Event, Condition, Action”), an expression in XML data structures
intended to abstract the representation of expression logic. Shortly thereafter, the standards community
realized the benefit in aligning CDS logic expression with those of eCQMs, as the goals of CDSrules are
often used to prompt clinicians to achieve improved clinical quality outcomes. Therefore, HL7 defined
QUICK —the Quality Improvement and Clinical Knowledge model. [quick] QUICK and ECA have now
been wrapped up into the Clinical Quality Language (CQL), which attempts to capture lessons learned
from Arden, GELLO, and ECA.

An emerging HL7 International standard that might help with electronic processing of eCQM and CDS
logic is CQL, a new specification that focuses on a common model for representing expression logic for
CQMsand Clinical Decision Support. Accordingto CMS' eCQI Resource Center, CQL will beusedinall
quality measure specificationsin the future, will replace the Quality DataModel (QDM), and isintended to
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12.6.

reduce the burden on implementers for consuming measure artifacts. CQL representations of eCQMs will
replace the QDM pseudocode historically published in HQMF files; it aims to provide a human-readable,
conceptual-level language to define eCQMs and clinical decision support independent of specific data
models, such asthe QDM or FHIR (Fast Healthcare Interoperability Resource).

CMSisrapidly rolling out the CQL standard initseCQMs and CDS for the 2019 reporting year. The goa
of CQL moving forward is to use emerging Application Programming Interfaces like FHIR as a way to
alow for more direct access to clinical datathat does not require the overhead of RIM mapping. [Jiang]
The potentia for FHIR and CQL in CDS and eCQM implementations remains to be seen, however, the
community is optimistic.

Tools that Enhance CDS

CDS encompasses a variety of toolsto enhance decision-making in the clinical workflow. In this section,
we will define and discuss Standard Operating Procedures, Clinical Practice Guidelines, Clinical Path-
ways, Treatment Protocols, Order Sets, and KNARTS.

12.6.1. Standard Operating Procedures

Standard Operating Procedures (SOPs) "are a specific set of practices that are required to be initiated
and followed when specific circumstances arise. In clinical care, clinicians have historically been familiar
with SOPs in specific types of restricted contexts. For example, emergency room physicians have SOPs
for patients who are brought in an unconscious state; nurses in an operating theater have SOPs for the
forceps and swabs that they hand over to the operating surgeons; and laboratory technicians have SOPs
for handling, testing, and subsequently discarding body fluids obtained from patients." [SOP)

Now that EHRs and el ectronic clinical datain some capacity are essentially ubiquitousinthe US, Health I T
implementations often come with tools making it possible to achieve SOPs "into routine clinical practice;
that is, not for special patients (e.g. those who are unconscious) or for special circumstances (e.g. clinical
trials), but for every patient in everyday clinical care."[SOP]

12.6.2. Clinical Practice Guidelines

Clinical Practice Guidelines are systematically developed statements on medical practices that assist a
clinician in making decisions about appropriate diagnostic and therapeutic healthcare servicesfor specific
medical conditions. These guidelines should be evidence-based and use research evidence along with clin-
ical expertise and patient preferencesin providing care. Guidelines are usually developed by authoritative
professional societies and organizations. Guidelines provide clinicians and patients the recommendations
for screening, diagnostic and therapeutic actions that are known or believed to favorably affect the health
outcomes of patients. Guidelines are not meant to replace the clinical judgement of theindividual provider
or establish astandard of care. They are meant to be flexible and are only considered as recommendations.
Where Guidelines are meant to be flexible, standards are arigid set of criteria, meant to be followed under
any circumstances. [Guidelines]

12.6.2.1. Examples of Guidelines

The Society of Nuclear Medicine & Molecular Imaging in collaboration with other professional society
creates and hosts 'Procedure Standards' for a variety of comprehensive procedure guidelines describing
how to perform medical and research procedures. [snmmi]

Similarly, the American Academy of Family Physicians (AAFP) devel ops evidence-based clinical practice
guidelines (CPGs), which serve as aframework for clinical decisions and supporting best practices. Clin-
ical practice guidelines are statements that include recommendations intended to optimize patient care.
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They are informed by a systematic review of evidence, and an assessment of the benefits and harms of
alternative care options. CPGs should follow a sound, transparent methodol ogy to translate best evidence
into clinical practice for improved patient outcomes. Additionally, evidence-based CPGs are a key aspect
of patient-centered care.[CPG]

AHRQ's Guidelines and Measures (GAM) provides users a place to find information about legacy guide-
lines and measures clearinghouses, ‘National Guideline Clearinghouse' (NGC) and 'National Quality Mea
sures Clearinghouse' (NQMC). The NGC mission was to provide physicians and other health care profes-
sionals, health care providers, health plans, integrated delivery systems, purchasers and others an accessi-
ble mechanism for obtaining objective, detailed information on clinical practice guidelines and to further
their dissemination, implementation, and use. The NQMC mission was to provide practitioners, health
care providers, health plans, integrated delivery systems, purchasers and others an accessible mechanism
for obtaining detailed information on quality measures, and to further their dissemination, implementation,
and use in order to inform health care decisions.

12.6.3. Clinical Pathways

Clinical Pathways are one of the main tools used to manage the quality in healthcare concerning the stan-
dardization of care processes. They intend to reduce variability and clinical practice, thereby improving
outcomes. Clinical pathways appeared as a result of the adaptation of the documents used in industrial
quality management, the Standard-Operating-Procedures, whose goals areto improve efficiency in the use
of resources and to finish work in a set time.

Clinical pathwaysincorporate evidence-based guidelines and protocols for common diagnoses, conditions
and proceduresinto algorithms. These algorithms are used by the multidisciplinary care team in providing
care to the patient.

Items addressed on the clinical pathway may include:
¢ Patient assessment and monitoring
» Testsand procedures

¢ Treatments

» Consultations

* Medications

» Activity

 Nutrition

+ Education

e Targeted length of stay

+ Outcome Criteria

* Notification for deviations

Standardizing treatments improves the continuity and coordination of care provided by al disciplines
involved. This should result in greater quality of care and decreased costs.

12.6.3.1. Pathways vs SOPs vs Guidelines

Rao et al provide definitions to help compare/contrast SOPs, guidelines, and clinical pathways:
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"Theterms SOPs, guidelinesand [clinical] pathways are defined by different medical bodies. Furthermore,
whereas clinical practice guidelines are systematically developed statements that assist decisions about
appropriate health care for specific circumstances, SOPs are more specific than guidelines and are defined
in greater detail. They provide a comprehensive set of rigid criteria outlining the management steps for a
single clinical condition or aspects of organization.

Guidelines are rigorously developed using evidence-based medicine criteria and consist of two distinct
components: the evidence summary and the detailed instructions for the application of that evidence to
patient care. For the common health care provider, guidelines require local adaptation to suit local circum-
stances and to achieve afeeling of ownership, both of which are important factorsin guideline uptake and
use. SOPs, therefore, help bridge the gap between evidence-based medicine, clinical practice guidelines,
and the local realities at the point-of-care." [SOP]

12.6.4. Treatment Protocols

Standardized treatment protocol s decrease variability and improve the quality of clinical care by simplify-
ing the treatment options, particularly in primary health care. Standard treatment protocols can be devel-
oped by preparing new treatment guidelines or by adapting or adopting existing national or international
guidelines. [Protocols] When embedded in electronic health records, treatment protocols can serve asclin-
ical decision support at the point of care so no opportunities are missed to achieve control. [millionhearts)

12.6.5. Order Sets

Order sets are a group of related orders which a user can apply to a specified diagnosis or a particular
period of time. Order sets reduce both time spent entering orders and terminal usage, helping to improve
user acceptance of computer-based physician order entry.[orderset][ordersets?]

12.6.6. Knowledge Artifacts (KNARTS)

KNART isaClinical Decision Support Knowledge Artifact and is a structured way of documenting the
content/knowledge for three different types of CDS interventions: 1) event condition action (ECA) rule
(e.g., clinical reminder), 2) order sets, and 3) documentation templates (VA hascalled them SMARTForms
or PNCS formsin the past).

KNARTSs are a standard HL7 format. While they are not the actual executable CDS interventions, they
provide the information that a devel oper can take and then implement within an EHR. The main benefit
to KNARTSsis that you can share them with other healthcare organizations in a standardized manner that
they can take and implement within their own EHR, if they choose.
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13. From Information to Knowledge

In this chapter we aim to walk through a"round trip" use case that illustrates how information flows from
structured clinical input (using clinical conceptsfrom the terminology and foundational layers), to alogical
representation modeled in analysis normal form, to storage in a data repository, and then to a query for
decision support.

The example that we will illustrate is hypertension disability benefits for veterans. If aveteran's hyperten-
sion isrelated to his/her time in service, then he/she may be eligible for VA disability benefits.

The Department of Veterans Affairs utilizes a hypertension VA disability benefits questionnaire for clin-
icians to complete. The questionnaire states that “for the VA disability rating purpose, the term hyperten-
sion meansthat the diastolic pressureis predominantly 90mm or greater, and isol ated systolic hypertension
means that the systolic blood pressure is predominantly 160mm or greater with a diastolic blood pressure
of less than 90 mm.”

See questionnaire by clicking here.

For VA purposes, theinitial diagnosis of hypertension or isolated systolic hypertension must be confirmed
by readingstaken two or moretimeson at least three different days. Blood pressure results may be obtained
from existing medical records or through scheduled visits for blood pressure measurements.

1. Thefirst question of the hypertension VA disability benefits questionnaire, question 1A asks “doesthe
veteran now have or has he or she ever been diagnosed with hypertension or isolated systolic hyper-
tension?’

2. Question 2A relates to the veteran’s history with hypertension. Here the VA asks the clinician to “de-
scribe the history, including the onset and course, of the veteran’s hypertension condition.”

3. Section 3 relates to other pertinent physical findings, complications, and conditions of the veteran's
hypertension.

4. Section 4 of the hypertension VA disability benefits questionnaire is about the functional impact of
hypertension on the veteran. Here the VA asks, “does the veteran’s hypertension or isolated systolic
hypertension impact his or her ability to work?’

Clinicians at VA will then enter these data from the questionnaires and represent them as "clinical
statements' into VA’sEHR. Thisdataentry (i.e., structured clinical input) will depend onthe manner in
which theinformation is presented to the clinicians and how they enter the data, such as by constraining
the information to allow only certain values to be entered, e.g. through a drop-down list, radio buttons,
or breaking up large chunks of related information into smaller parts. Therefore, clinicians at different
VA Medical Centers may enter the same datafrom the hypertension disability questionnairein different
formats. Furthermore, there may be additional variation based on whether clinicians choose to use
ICD-10-CM to represent ahypertension diagnosis or whether they choose to use acodefrom SNOMED
CT.

To help reduce this variation, informaticists and terminologists may model these clinical statements
using alogical model, such asthe latest models from CIMI, or perhaps by using Analysis Normal Form
(ANF). [insert hyperlink to ANF example for hypertension in statement chapter]

From an aggregated data standpoint, the VA will want to enable processes that normalize every repre-
sentational format that confers the same meaning as being equivalent. These equivalent representations
of the information coming from the hypertension questionnaire will then be stored in VA's data repos-
itory and made available for information exchange, retrieval, and querying for clinical decision support
(CDS). The god at a large integrated health system like the VA is to normalize the data in the data
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repository so that queries and clincal decision support expression logic can be shareable and re-usable
across every medical center, clinic, provider, and patient.

One of the overarching challenges of standards that aim to make CDS shareable and interoperable
is that there currently is not a robust way to associate rules in knowledge-based systems with other
dependencies in clinical data representation systems to ensure proper operation. For example in the
hypertension disability questionnaire, a CDS alert may be configured to fire if a patient's BPis greater
than or equal to 160/90 at a recent encounter. The same aert may also fire based on the presence
of a SNOMED CT or ICD-10-CM code in a patient's encounter diagnosis or problem list. The same
alert may also fire based on the presence of 1 or more anti-hypertensive medications present in the
patient's record. All of the underlying expression-logic behind this alert, and the terminologies utilized
to represent the labs, diagnoses, and medications need to be configured in a controlled manner.

Current CDS standards are silent on the notion of identifying a safe configuration of dependencies
between (a) the expression-logic for rules-based CDS techniques, (b) the value sets with codes and
terms to define clinical concepts of interest contained in the CDS rules, and (c) the variability of how
clinical datawithin the value sets and rules are inputted, modeled, and stored in data repositories.
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14. Tooling for Solor
14.1. Introduction to KOMET

KOMET (Knowledge Management Tool) istheforthcoming tool suitethat will bereleased for Solor. It will
be published along with a user guide and appropriate downloads for installation at http://www.solor.io. !

14.1.1. KOMET

The VA’s Foundational Informatics Architecture — which we call ISAAC —is an integrative logical ar-
chitecture, which deliberately builds each new layer upon selected, compatible elements of its underlying
components to build a coherent system. The Foundational Informatics Architecture builds primarily up-
on SNOMED CT, RxNorm, and LOINC by integrating their content and semantics, and normalizing the
means to identify and version components, lexically search, logicaly define, semantically retrieve, and
collaboratively extend. Support for evolutionary change is acritical feature of the Foundational I1nformat-
ics Architecture (DERIVIATE), given that support for changes in knowledge over timeisacritical aspect
of health informatics.

The primary goal of the Foundational Informatics Architecture (DERIVIATE) is semantic operability
(vs. interoperability). Semantic operability is the meaningful (semantic) use of data within the various
components and uses of asingle health IT system (vertical integration). Semantic operability is achieved
by using a coherent integration of SNOMED CT, RxNorm, and LOINC as the primary building blocks
upon which the foundational architecture is based. DERIVIATES's strict separation of concerns enables
terminology components, as well as higher order derived structures such as clinical rules, to undergo
evolutionary change without requiring changes to the architecture that it resides within. This allows for
an agile environment with a stable architecture.

The lowest 'pad stone' layer of the DERIVIATE architecture is the integrated suite of standard terminolo-
giesincluding SNOMED CT, RxNorm and LOINC. Two higher layers build upon this terminology ‘pad
stone'. A Clinical Datalayer uses standardized terminology to describe factsabout apatient e.g., "John Doe
has PNEUMONIA." A Procedural Knowledge layer uses standardized terminology to express biomedical
and organizational knowledge, independent of any specific patient. For example, "Hydrochlorothiazide
treats Hypertension” or "Myocardial Infarction elevates Troponin T Levels." CDS rules, order sets and
documentation templates are also expressed in the "Procedural Knowledge" layer.

The VA must have toolsto help knowledge workers create and maintain standards-based clinical decision
support artifacts at enterprise scale. Tools must be able to produce CDS content that is standards compli-
ant when such standards exist (e.g. HL7 CDS Artifact Specification DSTU 1.3). Tools must also build
CDS artifacts that contribute to an ecosystem of semantic operability. This necessarily means building
artifacts using standards-based “ pad stone” building blocks of SNOMED CT, RxNorm and LOINC. CDS
knowledge engineering content devel opment tools must create artifacts in the layered approach described
in DERIVIATE (i.e., tools must build more complex, standards-based artifacts by reusing less complex
standards-based artifacts as components whenever possible). Tools supporting ahighly collaborative, inte-
grated and layered knowledge management environment must be carefully designed to be highly reusable
within acommon framework and use experience.

In the following sections we will first describe the common features required of all componentsin thein-
tegrated standards-based knowledge management tool suite and then document tool-specific requirements
necessary for each artifact type.

http:/iwww.solor.io
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14.1.1.1. Heuristic principles

To develop an optimal user interface (Ul) for al of the editors that will be used to create and update
clinical decision support artifacts, the Contractor shall execute an agile, User-Centered Design (UCD) and
implementation process that addresses the stages shown in the figure below. Note that each stage is meant
to be iterative and repeated as often as needed for each editor before moving to the next editor.

Part of user-centered design includes measuring usability.

M easuring usability startswith thefive attributes of usability commonly referenced in theliterature, shown
below.

» Easy to learn (and re-learn)

« Efficient to use (performance)

* Effective to use (completion)

 Prevents errors (not cause harm)

 Satisfying to use (subjective impression)

To accomplish this, the usability testing strategy consists of two main components:

1) Formative Testing: Evaluating the usability of early designs of the user interface for the CDS editors
and Governance Tool prior to and/or during software development.

* 2) Summative Testing: Measuring and testing system usability of the coded software that is stable and
releasable in atest account with valid test data

CDS and other knowledge artifacts share many similarities. Certain similarities are manifest in their basic
components and structure. All CDS and knowledge artifacts should refer to standard terminologies (i.e.,
the lower layers of DERIVIATE) for the clinical entities and clinical actions comprising the higher order
artifact. For example, a CDS rule that evaluates if a specific medication is being taken by a patient as a
condition for execution should refer to RxNorm medications. DERIVIATE layers more complex artifacts
on top of theterminology pad stone and on top of each other. In general, more complex layers each specify
an artifact-specific syntax to orchestrate terminol ogical and other less complex componentsinto the desired
higher level artifact. This means that more complex CDS artifacts may be composed of CDS artifacts of
lesser complexity.

CDsS artifacts of different levels of complexity may be devel oped by the same knowledge engineers. This
has important implications for design and functionality of the user interface. The user interface must be
consistent and provide an integrated view of knowledge artifacts at all levels of complexity. CDS artifacts
must be searchable in clinically relevant ways, regardless of their final composition. An obvious example
is finding artifacts containing identical or similar terminological concepts. Ancther is that basic editing
functions must be consistent, easily learned and similar to typical editing conventions (e.g., copy, paste).

Knowledge engineers must collaborate to develop CDS artifacts in several ways. First, knowledge engi-
neers may request review and critique of their work products by others, both informally during the build
process and formally prior to release. Some CDS artifacts will be complex due their sheer size or because
they are composed of collections of sub-artifacts. For example, a complex artifact for ordering clinical
subspecialty consults may contain sub-artifacts of ECA rules, order sets and documentation templates.
Knowledge engineers may take responsibility for portions of a complex knowledge artifact, divided by
section or by sub-artifact type. Knowledge engineers must be able to request the devel opment of sub-arti-
facts by other knowledge engineers and to track fulfillment. Tools must be able to support collaboration
amongst knowledge engineers.
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CDS artifacts share common metadata because they are formally dependent on each other (i.e., expression
of asset to asset linkages). Artifacts must share common metadata regarding time stamps, editing, version-
ing and tracking. Other types of metadata are common because of overlapping requirements for linking
the assets to the deploying organization, to the literature and to clinical work processes.

The fact that there are numerous similarities among CDS and other knowledge artifacts has important
implications for the knowledge engineering tools used to create them. In short, CDS knowledge engineer-
ing tools share many common features and capabilities that will be described in the sections below. We
acknowledge the work done by Zhou and colleagues regarding rule authoring environments requirements
and reuse certain of their best practice requirements in this document.

14.1.1.2. Look and feel

14.1.1.3. Document template editor

The HL7 Version 3 Standard: CDS Knowledge Artifact Specification, DSTU (Draft Standard for Trial
Use) Release 1.3, page 38, presents the following definition of documentation template from the HeD
(Hedlth eDecisions) Artifact Sharing Use Case:

“... adocumentation template is a structured form for recording information on a patient into a set of pre-
defined data dlots. These templates are used to guide structured data entry within an EHR or other clinical
information system.”

Thetypesof clinical documentsthat can be represented using documentati on template artifactsinclude, but
are not limited to, patient visit (encounter) summaries, procedure notes, consultation reports, patient-re-
ported outcomes, and flowsheets.

A Documentation Template editor should be able to create documentation template artifacts representing
avariety of clinical document types for useat both the VA local (facility) and enterprise level.

TheHL7 Version 3 Standard: CDS Knowledge Artifact Specification, DSTU Release 1.3 includes Docu-
mentation Templates as a primary artifact type and Figure 4 on page 39 of the specification, provides a
conceptual overview diagram of required and optional components.

The purpose of the Documentation Template editor tool is to support the creation of standardized Docu-
mentation Template knowledge artifacts. The Government requires a model-based Documentation Tem-
plate editor that will allow the user to create documentation template knowledge artifacts that are based on
SME-defined content that can be implemented within the VA's electronic health record (EHR) at the point
of care and within the clinical workflow, and that conforms to the specifications in the HL7 Version 3
Standard: CDS Knowledge Artifact Specification, DSTU Release 1.3 (or later HL7 version or final stan-
dard if oneisreleased).

The VA requires a Documentation Template Editor that can be used by the VA and non-VA end users
to generate Documentation Templates of various types as may be needed in the full spectrum of medical
practice. The Documentation Template Editor shall generate documentation templates that ultimately will
be used by VA clinicians to manage patient care in a production environment.

The Documentation Template Editor shall be able to be used to create any type of documentation template
as a structured collection of documentation concepts (also referred to as “form elements” or “ observation
items”). Per the HL7 Version 3 Standard: CDS Knowledge Artifact Specification, DSTU Release 1.3,
“Each documentation concept ... also can be thought of as a question to the user entering the data’. Ele-
ments within the documentation concept serve a purpose to guide and constrain the user’ s responses -- for
example, a list from which to choose an answer; whether an answer is a number, a date, or some other
type; and the cardinality of the answer. (HL7 Version 3 Standard: CDS Knowledge Artifact Specification,
DSTU Release 1.3, pages 38 and 39.)
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Documentation concepts are contained in an action of type CollectinformationAction, enabling these con-
cepts to be presented to the user conditionally (e.g., to ask questions appropriate to a patient’s gender
or to ask questions based on other responses), to compute responses for a concept based on previous re-
sponses or datafrom an EHR score (e.g., arisk score), and to bind the responses into expressions that can
drivelogic elsawherein the documentation template (e.g., ask questions conditionally as described above).
Thus, resulting documentation templates are capable of branching logic, and the forms created must be
able to specify all the actions (such as action of type CollectInformationAction) within the HL7 Version
3 Standard: CDS Knowledge Artifact Specification, DSTU Release 1.3.

The documentation concepts in a template typically are organized hierarchically, into sections and sub-
sections with the concepts themselves at the very bottom of the structure. In HeD Knowledge Artifact
schema, these “sections” are called actionGroups - which in documentation templates may have behavior
indicators associated with each actionGroup, e.g., whether adocumentation concept must have aresponse.

14.1.1.4. Event condition action rule editor

The HL7 Version 3 Standard: CDS Knowledge Artifact Specification, Release 1.3, page 31, presentsthis
definition of an event condition action (ECA) rule from the HeD (Health eDecisions) Artifact Sharing
Use Case:

... an event condition action rule is an artifact with the general syntax “on event, if condition istrue, then
do action.” The event triggers the invocation of the rule. The conditionisalogical test that, if satisfied or
evaluates “true,” causes an action. The action part consists of a set of operations to execute. These actions
may in turn cause further events to occur, which may in turn cause other ECA rulesto fire...The action
groups are the containers and organizers of the actionsin an ECA rule. A ruletypically hasasingle action
group (top level section), but may have more. Conceptually, a set of actionsin arule could be considered
a“mini order set” which is presented to aclinician at certain times and under certain conditions. As such,
the actions may be structured hierarchically using action groups and behaviors to specify how the orders
should be ashown to aprovider, and to place restrictions on how a provider chooses from the available set
of orders. It should be noted that thisis just a conceptual example, and that not all actions are necessarily
orders. For example, an action can beacreation of anew event that triggers another rule, afuture encounter,
or the creation of a state description of the patient.

“Efficient rule authoring tools are critical to allow clinical Knowledge Engineers (KEs), Software Engi-
neers (SEs), and Subject Matter Experts (SMES) to convert medical knowledge into machine executable
clinical decision support rules.”

An ECA Rules editor should be able to facilitate the user’s ability to generate both local (i.e., for asingle
facility), VISN (i.e, for agroup of facilities), and enterprise-level ECA rulesthat are standardized, sharable,
interoperable, and extensible.

TheVA requiresamodel-based ECA Ruleseditor that will allow the user to generate ECA Rule knowledge
artifacts based on SME-defined content that can be implemented within VA's electronic health record
(EHR) at the point of care and within the clinical workflow. The ECA Rules editor shall generate CDS
knowledge artifacts with the general syntax "on event, if condition istrue, then do action.”

The VA requires an ECA Rules editor that will be used by government and non-government end users
to generate ECA rules applicable to the full spectrum of medical practice, including generation of ECA
rules that support the application of clinical practice guidelines and protocolsin patient care aswell asthe
dynamic management of these guidelines and protocols. The ECA Rules editor shall generate ECA rules
that ultimately will be used by VA clinicians to manage patient care in a production environment.

The CDS knowledge artifacts generated by the ECA Rules editor shall conform to specifications defined
inthe HL7 Version 3 Standard: CDS Knowledge Artifact Specification, Release 1.3 (or later version or
final standard if oneis released).
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14.1.1.5. Condition editor
14.1.1.6. Expression editor
14.1.1.7. Action editor

14.1.1.8. Order set editor

Clinical orders are used to initiate the majority of healthcare delivery activities in the US and thus are
amajor driver of cost, quality and safety. Orders are used in virtually all healthcare settings including
(but clearly not limited to) medication prescribing, laboratory tests, imaging, procedures, consultations,
encounters and hospital admissions. Inthe VA, for example, well over 1.2 million orders are entered every
day and VistA contains billions of ordersin aggregate.

Clinical orders' ubiquity and impact on healthcare delivery has made ordering a central focus of quality
improvement efforts. Health Information Technology (HIT) was used to improve the ordering process
when paper was the only available medium. Computerized provider order entry has taken clinical quality,
safety and efficiency improvement initiativesto another level. Order related interventionsare manifold and
include allergy and interaction checking among medications and foods, appropriateness checks amongst
all combinations of disease, drugs and labs; the establishment and enforcement of ordering prerequisites;
and limitation of authority to place orders.

Order setsare an important category of order related interventions that enjoy widespread use because they
have been shown to improve quality while enhancing the efficiency of the ordering provider (ararity).

The HL7 Version 3 Standard: CDS Knowledge Artifact Specification, DSTU Release 1.3, includes order
sets as a primary artifact and on page 34, presents this definition of an order set from the HeD (Health
eDecisions) Artifact Sharing Use Case:

...an order set isapre-defined and approved group of ordersrelated to aparticular clinical condition (e.g.,
hypertension treatment and monitoring) or stage of care (e.g., hospital admission to Coronary Care Unit).
An order set is used as a checklist for the clinician when managing a patient with a specific condition. It
isastructured collection of orders (or actionsin the HeD schema) relevant to that condition and presented
to the clinician in a computerized provider order entry system (CPOE).

Ordering providers use order sets as check lists, menus, and order construction shortcuts. Order sets are
often embellished with clinical rationale and guidance about their proper use and literature references for
the ordering provider.

TheHL7 CDS specification provides aconceptual overview diagram of required and optional components.

An order/order set editor is needed that will be used to create knowledge artifactsfor individual ordersand
order sets applicable to the full spectrum of medical practice and which conform to specifications defined
in the HL7 version 3 Standard: CDS Knowledge Artifact Specification, Release 1.3 (or later version or
final standard if oneis released).

14.1.1.9. Aggregate artifact editor

The VA intends to use HL7 KNART artifacts for a variety of purposes in addition to documentation. In
particular, we will include document templates as a core component for the ordering of specialty consults
in combination with orders and order sets. We refer the class of artifacts that are composed of multiple
KNART artifacts as “composite artifacts’. We anticipate that there will be need for multiple types of
composite artifacts in addition to specialty consultations.
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The magjority of the effort of creating specialty consults and other composite artifacts above and beyond
construction of the subcomponents will be devoted to subcomponent integration into the desired consullt.
Other requirements can be met using editing environments for the individual subcomponents.

14.1.1.10. Presentation layer editor

The HL7 CDS Artifact specification is designed as an interchange format for CDS artifacts. This approach
promotes the exchange of clinical decision support content because poorly shareable platform-specific
implementation details are not included in the exchanged artifacts. While platform-specific implementa-
tion details are absolutely needed in order to execute the artifact in a given live HIT system, they might
impede efforts to implement the clinical components of CDS artifacts in some other environment. The
separation of CDS artifact interchange format from implementation format is an important step towards
creating an ecosystem of shareable standards-based CDS on shareable standards-based data. As a result
of these beneficia tradeoffs, HL7 CDS Artifacts must be transformed from an interchange format to an
implementation format in order to be executed.

The purpose of presentation layer tools is to support the conversion of standardized interchange artifacts
into implementable CDS artifacts. The scope included in this section includes any type of tool needed for
CDS exchange artifact conversion. The initial tool to be constructed will support the conversion of HL7
CDS Documentation Templates with CQL into HTML5 templates with Drools DRL.

14.1.1.11. Governance workflow management

Achieving standards-based shared clinical decision support at the enterprise scaleisacomplex undertaking
with many technical and organizational steps that require careful orchestration. Knowledge management
tools supporting organizational processes are as important as technical tools for achieving wide-spread
support, implementation and adoption of knowledge products such as clinical decision support rules, order
sets and documentation templates. Numerous organizational challenges must be met at different phases
of the CDS lifecycle, including problem identification, solution analysis, knowledge development, orga-
nizational vetting, impact assessment and periodic assessment (fig x in introduction).

CDS enterprise governance tools are designed to support organizational vetting and periodic review of
enterprise knowledge artifacts. The desired end results are high quality knowledge artifacts that have been
reviewed and approved for implementation by appropriate and authoritative bodies. Organizational vetting
and periodic review involves various subject matter experts and governing bodiesto perform thefollowing
functions:

« Critically assess and evaluate the proposed CDS artifact

» Document potential issues

Decide to pursue or ignore identified issues
» Develop potential resolutions to those issues
» Approve of one or more resolutions and re-eval uate the proposed remediated artifact.

To complicate matters, different groups may be involved in vetting and periodic review of the same ar-
tifacts. Methods to integrate and harmonize or version and track different CDS artifacts are an essential
feature of governance tools. Business requirements supporting these essential steps are described bel ow.

14.1.1.12. Metrics and refactoring support

We need to think through the types of metrics and refactoring. Look at some of Fowler's books on these
topics, and then come up with analogies for our domain.
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14.1.1.12.1. Linguistic knowledge refactoring
Linguistic knowledge codifies the relationship between our words, and the shared concepts we hope they
adequately represent. In ISAAC, we depend on several aspects of linguistics to make abstract concepts,
initially defined with only a set of identifiers, sufficiently concrete to prove a shared understanding of the
thoughts those concepts represent. For ISAAC, relevant aspects of linguistics include morphology (the
structure of words), syntax (the structure of sentences), semantics (meaning), pragmatics (language in
context), language variation (i.e., dialects), and language change over time.

14.1.1.12.2. Definitional knowledge refactoring
T-Box semantics

14.1.1.12.3. Declarative knowledge refactoring

A-Box semantics

14.1.1.12.4. Imperative knowledge refactoring
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A. Solor Concept Glossary

Insulin dependent diabetes mel- Descriptions:

litustype 1A Insulin dependent diabetes mellitus type | A (disorder)
Insulin dependent diabetes mellitus type 1A
Insulin dependent diabetes mellitus type A

Codes:
UUID: ¢cc0759c¢3-623e-3417-badb-8dbad681e0f5
SCTID: 23045005

Text definition:
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Pulse rate Descriptions:

Heart rate measured at systemic artery (observable entity)
Pulse rate
Heart rate measured at systemic artery
PR - Pulserate

Codes:
UUID: 1f621ed0-b2b9-37bf-ba99-cdcdclabe24a
SCTID: 78564009

Text definition:
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Administration of medication Descriptions:

Administration of drug or medicament (procedure)
Administration of medication
Medication administration
M edication treatment
M edication administration treatments and procedures
Administration of drug or medicament
Giving medication
Codes:
UUID: 8a39a4e6-97¢8-3ab1-b589-71edfelf32ce
SCTID: 18629005
Text definition:
a
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Peripheral pulse taking Descriptions:

Peripheral pulse taking (procedure)
Peripheral pulse taking
Peripheral pulse rate taking
Codes:
UUID: 8a07a347-abb7-3cae-997a-649205922577
SCTID: 424411004
Text definition:
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Measurement of blood pressure Descriptions:
at anterior tibial pulse using

Measurement of blood pressure at anterior tibial pulse using
doppler

doppler (procedure)

Measurement of blood pressure at anterior tibial pulse using
doppler

Anterior tibial doppler pressure
Codes:
UUID: 697518a2-7d28-3bc3-8213-e5e7b3b86b99
SCTID: 446695008
Text definition:
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O/E - pulserate Descriptions:

On examination - pulse rate (finding)
O/E - pulserate
On examination - pulserate

Codes:
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Measurement of blood pressure Descriptions:

using cuff method Measurement of blood pressure using cuff method (procedure)

Measurement of blood pressure using cuff method
Codes:
UUID: 74374092-8c3a-328¢-9370-balechara0d0
SCTID: 371911009
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Solor Concept Glossary Draft

Blood pressure taking Descriptions:

Blood pressure taking (procedure)
Blood pressure taking
Codes:
UUID: 215fd598-e21d-3e27-a0a2-8e23b1b36dfc
SCTID: 46973005
Text definition:
]
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